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ABSTRACT 

Chiral 3-aryl-indan-1-ones are incredibly useful compounds; they not only occur as the 

primary pharmacophore of a wide array of drugs and natural products, but also serve as 

building blocks towards medicinal scaffolds and other attractive compounds. There are 

countless examples of indan-1-ones exhibiting considerable medicinal properties, 

however often only the racemate is reported in such cases. This thesis describes the 

development of a general route for the synthesis of enantiomerically enriched 3-aryl-

indan-1-ones and their subsequent transformations into a range of interesting compounds. 

Chapter 1 provides an introduction to indan-1-ones – in particular those bearing a 

pendant 3-aryl group – and an insight into their biological importance. Asymmetric 

approaches towards these species are briefly examined, with a focus on the different 

resolution techniques that are available. This is followed by a more thorough discussion 

on oxidative kinetic resolutions of secondary alcohols, which serves as an avenue towards 

enantioenriched 3-aryl-indan-1-ones. 

A convenient synthetic route that allows access to the individual enantiomers of 3-aryl-

indan-1-ones in high enantiomeric excesses is discussed in Chapter 2. To begin, the 

straightforward synthesis of a series of racemic 3-aryl-indan-1-ones from commercially 

available starting materials is communicated. Following this is a “2.5-step” resolution of 

these racemic species into their individual enantiomers, the principal step being a highly 

stereospecific ruthenium-catalysed oxidative kinetic resolution.  

Chapter 3 demonstrates the usefulness of 3-aryl-indan-1-ones as building blocks towards 

a variety of interesting medicinal scaffolds. The chapter opens with a survey of the 

biological properties of these compounds, after which two ring expansion transformations 

of 3-aryl-indan-1-ones – the Beckmann rearrangement and Schmidt reaction – are 

investigated. Further manipulations towards additional compounds of medicinal interest 

are then described, followed by the facile transformation of 3-aryl-indan-1-ones into their 

biologically active benzylidene counterparts. The syntheses of both enantiomers of two 

highly bioactive synthetic targets are also presented herein.    
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TEMPO  (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl 

TET   Tetracycline 

THF   Tetrahydrofuran 

Tf   Triflate (trifluoromethanesulfonate) 

TFA   Trifluoroacetic acid 

TLC   Thin layer chromatography 

TMS   Tetramethylsilane 

TOF   Time of flight 

TPSA   Topological polar surface area 

TS   Transition state 

TsDPEN  N-p-tosyl-1,2-diphenylethylenediamine 

UV   Ultraviolet 

w   Weak 

WT   Wild type 
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1.0 Enantiomerically Enriched 3-Aryl-indan-1-ones 

1.1 Biological Importance of Indan-1-ones 

The indane framework – that of a 5-membered aliphatic ring fused to an aromatic ring – 

is an important cyclic component found in a large number of biologically active molecules 

(Figure 1);1-3 many natural products and drug candidates contain this motif, such as 

natural products mutisianthol (1) and jungianol (2),4-6  and the drug indinavir® (3) which 

is marketed as a protease inhibitor for the treatment of HIV and AIDS.1, 7 

  

Figure 1 Indanes found in biologically active natural products and drugs. 

Indanones are derivatives of indanes, of which there are two isomers possible: indan-1-

one and indan-2-one (4 and 5, Figure 2). Indan-1-ones are an important class of bioactive 

compounds,8, 9 including tripartin (6), a natural product shown to inhibit histone 

demethylase,10 and the family of pterosin sesquiterpenes (e.g. 7 and 8), which can exhibit 

antimicrobial,11 antispasmodic,12 and cytotoxic activities.13 

 

Figure 2 Structures of indan-1-one (4) and indan-2-one (5), and indan-1-ones found in 

biologically active natural products and drugs. 

 



2 

In addition to natural products, the indan-1-one skeleton is frequently observed within 

drugs. Also shown in Figure 2, and perhaps the most renowned indan-1-one derivative, 

is donepezil (aricept® 9). Discovered in 1995,14 donepezil is a very potent 

acetylcholinesterase (AChE) inhibitor with an IC50 of only 5.7 nM and, as such, has been 

used as a first-line therapy for Alzheimer’s disease. It works by increasing the levels of 

cortical acetylcholine, a neurotransmitter crucial to cognitive function. The most 

significant characteristics of donepezil that make it ideal are its strong anti-AChE activity, 

a very high selectivity for AChE, and a half-life within humans (and animals) long enough 

to allow for convenient once-daily dosage.15, 16 

In addition to fighting Alzheimer’s disease, indan-1-ones have been found to possess anti-

cancer activity.17-24 Examples include indanocine (10), a microtubule-binding indanone 

that has been identified as a selective inducer of apoptosis in multidrug-resistant cancer 

cells,22 and compounds 11-15, inhibitors of enzyme aromatase for the potential treatment 

of cancer (Figure 3).24  

 

Figure 3 Indanocine and inhibitors of enzyme aromatase. 

Microtubules are a major target for anti-cancer chemotherapy due to their significance in 

the mitosis and cell division processes.25 The structure of microtubules mainly consists 

of tubulin, a dimeric protein molecule containing two non-identical α and β subunits.26 

Colchicine (16, Figure 4), a tropolone derivative, binds to tubulin at the interface of the 

α/β-tubulin subunits and near the GTP-binding site of α-tubulin. Binding slows down the 

polymerisation and consequent elongation of the tubulin, therefore slowing subsequent 

depolymerisation and thus inhibiting cell mitosis.27  

Major colchicine-domain binders include chalcones such as MDL-27048 (17),28 as well 

as combretastatin A-4 (CA-4, 18).29 These and other diverse chalcones have gained 

intense interest as potential anti-cancer agents, binding both rapidly and reversibly to the 

colchicine-binding site, causing them to be strong antimitotic agents and, as such, have 

been found to be potent anti-cancer agents against various human cancer cell lines.30-32 

The latest advances of cytotoxic chalconoids targeting tubulin polymerisation has been 

recently reviewed.33 
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Figure 4 Colchicine and colchicine-domain binders that have gained intense interest as 

potential anti-cancer agents. 

With the knowledge that indanones possess anti-cancer properties, Dulla et al. 

synthesised a number of indanone-indole hybrids (20-24) from indanones (e.g. 10) and 

indoles (e.g. 19, Figure 5), the latter of which are also known to exhibit similar medicinal 

benefits.21  

 

Figure 5 Newly designed indanone-indole hybrids 20-24. 

This new framework, made via a Pd/C–Cu mediated coupling–cyclisation strategy as a 

key step, was anticipated to also show promising anti-cancer properties – in vitro 

pharmacological properties of this class of molecule had not previously been explored. 

All synthesised compounds were evaluated for their anti-proliferative properties in vitro 

against six cancer cell lines, including human chronic myeloid leukemia cells (K562), 

human colon carcinoma cells (Colo-205) and breast cancer cells (MDA-MB-231 and 

MCF7). Despite all compounds showing selective growth inhibition of cancer cells,  
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20-24 were found to be most promising with IC50 values in the range of 0.1–1.2 μM, 

indicating their potential as novel anti-cancer agents.21 

Although there are a large number of biologically important 2-substituted indan-1-one 

compounds, the following discussions will focus on indan-1-ones substituted at the  

3-position. 

As part of an investigation into the tubulin binding properties of combretastatin A-4 (18) 

and related chalcone analogs, Lawrence et al. found that the s-trans configuration of 

chalcone 25 proved to be important to its biological activity (Figure 6).18, 31 As a result of 

this discovery, the same group initiated a study of conformationally constrained analogs 

that mimic this s-trans arrangement, leading to the synthesis of a series of racemic “CA-

4-like” indanones (26-30, Figure 6). The cell growth inhibitory properties in the K562 

human chronic myelogenous leukaemia cell line of a number of these indanones were 

determined. Most of the indanones examined showed promising anti-cancer properties, 

though unsurprisingly it was the 3,4,5-trimethoxy- substituted variants that generally 

possessed greater cell growth inhibitory properties, with indanone 28 (IC50 = 0.13 μM) 

bearing the greatest resemblance to CA-4 displaying high activity – the presence of three 

methoxy groups is known to be highly beneficial for good tubulin-binding properties.18  

 

Figure 6 Biologically active s-trans chalcone 25 and potent 3-aryl-indan-1-ones related 

to combretastatin A-4. 

Saxena et al. reported 3-substituted gallic acid-based indanone derivatives with powerful 

anti-cancer activity against various human cancer cell lines (Figure 7), including oral, 

liver and hormone-dependent breast cancer.17 Notably, the most potent compound (31, 

IC50 = 2.2 μM), showed no toxicity to human red blood cells even at higher 

concentrations, despite being reported only as a racemic mixture. All of the compounds 
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studied possessed a 3,4,5-trimethoxy- phenyl fragment, which is known to bind with 

microtubules to induce tubulin polymerisation inhibition, inducing cytotoxicity through 

the antitubulin effect.34 

 

Figure 7 Potent anti-cancer gallic acid-based indanones. 

Later work by the same team (Negi et al.) involved the synthesis of a series of  

2-benzylidene indan-1-ones, via Claisen–Schmidt condensation of intermediate indanone 

31 with various benzaldehydes (Scheme 1), and the subsequent evaluation of their 

biological activities.19  

 

Scheme 1 Synthesis and anti-cancer profile of 2-benzylidene indanone 35. 

These compounds exhibited strong cytotoxicity against human cancer cell lines (IC50 = 

0.01–0.88 μM) and also tubulin polymerisation inhibition (IC50 = 0.62–2.04 μM). The  

3,4-methylenedioxybenzylidene analogue 35 was the best compound of the series; the 

IC50
’s of this compound against MCF-7 (breast) and HCT (colon) cell lines were 0.01 and 

0.10 μM, respectively, and it was shown to effectively inhibit tubulin polymerisation. 

Moreover, in vivo acute oral toxicity tests in Swiss-albino mice showed compound 35 to 

be non-toxic up to 1000 mg/kg dose, despite being reported as a racemate. Further in vitro 
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and in vivo studies demonstrated potent cytotoxicities (IC50 = 0.01–14.8 μM) of 35 against 

various human carcinoma cells, as well as 45.5 % inhibition of tumour growth at 20 mg/kg 

dose in Ehrlich ascites carcinoma within Swiss albino mice. This led to the conclusion 

that benzylidene indanone 35 is an antimitotic, apoptosis inducing, safe and moderate 

anti-tumour lead molecule.20, 23 

Benzylidene indan-1-ones have also been shown as promising candidates for the 

treatment of Alzheimer’s disease. Li et al. designed, synthesised, and tested a number of 

these indanone derivatives to assess their potential as anti-Alzheimer's disease agents.35 

Most compounds demonstrated good inhibitory activity against AChE, with IC50 values 

in the nanomolar range, and some displayed activities similar to donepezil. Benzylidene 

indan-1-ones were made by the direct condensation of indan-1-ones and appropriate 

substituted benzaldehydes in a methanolic NaOH solution. 

Gallic acid-based indan-1-ones have also been shown to combat E. coli, in particular 

reducing the minimum inhibitory concentration (MIC) of tetracycline (TET) against 

multidrug resistance clinical isolate of E. coli.36 TET antibiotics are well-known mainly 

because of their broad spectrum of antimicrobial properties, cost-efficiency, and 

relatively low toxicity.37 Tetracyclines are effective not only against prokaryotic 

organisms but also against some eukaryotic parasites,38 however their clinical usefulness 

has been declining because of the appearance of an increasing number of TET-resistant 

isolates of clinically important bacteria; one of the predominant resistance mechanisms 

in prokaryotic systems, TET efflux, was first discovered in a study on E. coli.39 Efflux 

pumps continuously emerge as a major problem of multidrug resistance in the last three 

decades, rendering existing antibiotics ineffective and thus new therapeutic options 

needed.40 Within this study by Dwivedi et al., a series of indan-1-ones were synthesised 

and evaluated for their antibacterial potential both alone and in combination with TET. 

Compound 31 – highlighted above for having anti-cancer activity – was found to be the 

best derivative with respect to drug resistance reversal in combination with TET against 

all strains of E. coli, acting through efflux pump inhibition. In addition, 31 extended the 

post-antibiotic effect – the phenomenon of continued suppression of growth after short 

exposure of bacteria to the antimicrobial agents – and was non-toxic and well tolerated 

up to 300 mg/kg dose in subacute oral toxicity study in mice.36 

The indan-1-one framework was further highlighted as an important pharmacophore with 

the synthesis of two indanone acetic acids (36 and 37) and their pyrazolone derivatives 

(38 and 39) in 2010 (Figure 8).41 These compounds demonstrated anti-inflammatory 
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activity in rats (20 mg/kg dose), with both acetic acid derivatives displaying 70 % 

inhibition of edema, persisting for 3 hours, and 60-70 % inhibition persisting for 5 hours 

in the case of the pyrazolone adducts. 

 

Figure 8 Indan-1-ones possessing anti-inflammatory activity. 

Overall, it has been seen that the indan-1-one moiety with functionality at the 2- and/or  

3- positions has been the core structural unit of a variety of drugs and natural products; 

from anti-cancer and anti-inflammatory activities, to treating Alzheimer’s disease and E. 

coli, it is clear that synthetic and natural chiral indan-1-ones are of great importance to 

the pharmaceutical industry. As such, a convenient and effective method towards these 

substrates is highly sought-after, especially given that often only one of a drug’s 

enantiomers is responsible for the desired physiological effects, while the other 

enantiomer is less active, inactive, or can sometimes cause adverse effects.42 Arguably 

the most (in)famous example of a drug with undesirable side effects is thalidomide.43 

1.2 Towards Enantioenriched Indan-1-ones 

In recent years the discovery and development of drugs and active ingredients has moved 

away from chemical processes that give racemic compounds towards those that produce 

stereochemically defined products. To this end, several ‘tools’ are becoming increasingly 

available such as the chiral pool, asymmetric catalysis, chiral reagents, chiral auxiliaries, 

preparative chiral HPLC, resolution and biotransformation.44 Asymmetric synthesis 

should ideally yield stereochemically enriched molecules both practically and efficiently, 

however developing an enantioselective route is rarely simple, often proving to be time-

consuming and resource-intensive, among other defining factors.45 A number of synthetic 

pathways towards enantioenriched indan-1-ones have already been developed. 
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1.2.1 Direct Pathways – Asymmetric Synthesis 

One major approach towards enantioenriched indan-1-ones is asymmetric synthesis, the 

primary technique of which is perhaps asymmetric catalysis, in which chiral coordination 

complexes are utilised as catalysts. Examples include rhodium-catalysed 

hydroacylations,46, 47 rhodium-catalysed asymmetric intramolecular 1,4-addition,48 and 

asymmetric Heck cyclisations.49 The latter was first reported by Püschl and co-workers 

as a racemic synthesis of 3-aryl-indan-1-ones.50 However, Buchwald et al. improved the 

methodology by introducing the ancillary phosphine ligand (R)-3,5-XylMeOBIPHEP 

(40) to efficiently deliver enantiomerically enriched 3-substituted indan-1-ones (41) via 

an intramolecular palladium-catalysed asymmetric Heck reaction from the corresponding 

(E)-chalcones (42, Scheme 2).49 Enantioenriched 3-aryl-indanones were typically formed 

in good yields and high enantioselectivities.  

 

Scheme 2 Enantioselective reductive Heck cyclisation towards enantioenriched 3-aryl-

indan-1-ones.49 

The use of chiral auxiliaries to give enantioenriched 3-aryl-indan-1-ones is also known, 

for instance the work by Rocher and coworkers in 1994 (Scheme 3).51 The authors utilised 

imidazolidinone auxiliary 43 to introduce chirality during the addition of a Grignard 

reagent to α,β-unsaturated ketone 44, allowing a substituent (R”) to be incorporated in the 

desired configuration in 45. The auxiliary was removed with lithium hydroxide and 

hydrogen peroxide, and the enantioenriched indan-1-one 46 was then formed from 47 via 

an intramolecular Friedel–Crafts acylation.  
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Scheme 3 Use of chiral imidazolidinone auxiliary 43 in the synthesis of enantioenriched 

3-aryl-indan-1-ones (46).51 

Organocatalysis,52 or indeed enantioselective organocatalysis,53 on the other hand, has 

not been well-documented within the literature as an approach towards enantioenriched 

indan-1-ones. The same is true for chiral pool synthesis, which involves making use of 

the chiral pool provided by nature, i.e. using enantiopure starting materials. In instances 

where the requisite starting material is produced by nature in great abundance, or where 

the target is itself a complex natural product which would be very expensive to synthesise 

in a laboratory, the chiral pool approach is unbeatable. However, the range of compounds 

provided by nature is limited with respect to structure and stereochemistry, which 

severely limits the versatility of the chiral pool.45 This appears to be the case with respect 

to the target indanones. 

1.2.2 Indirect Pathways – Racemic Synthesis & Chiral Resolution 

Whilst multiple enantioselective methods are available for the direct (asymmetric) 

synthesis of enantioenriched 3-aryl-indan-1-ones, one of the most common and effective 

approaches towards indan-1-ones is a Nazarov cyclisation reaction of the corresponding 

chalcones,54-56 which yields a racemic mixture, thus opening up an avenue for chiral 

resolution into the two enantiomers.45 Named after Russian chemist I. N. Nazarov (1906–

1957), the Nazarov cyclisation is broadly defined as the acid-catalysed cationic pericyclic 

closure of divinyl ketones to 2-cyclopentenones.57, 58 The transformation was initially 

discovered in 1903 by Vorländer and coworkers,59 but it was not until Nazarov et al. 

comprehensively investigated the cyclisation in the 1940s and 1950s that the reaction 

became more fully understood.60, 61 The Nazarov reaction involves the cyclisation of 
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divinyl ketones (48) by construction of a new carbon-carbon bond (49) through a 4π 

conrotatory electrocyclic process (50, Scheme 4). This is followed by proton loss (51) 

and finally ketone regeneration from the resulting enolate (52) to form the product indan-

1-one (53) – it must be noted that the direction of rotation can be clockwise or 

anticlockwise, hence a racemic product ultimately forms.54 The Nazarov cyclisation 

typically employs a Brønsted or Lewis acid (LA) to promote the reaction since it usually 

requires quite forcing conditions. Common promoters of the transformation include 

AlCl3,
62-64 trifluoromethanesulfonic acid,65 methanesulfonic acid,66 polyphosphoric acid 

(PPA),67, 68 and trifluoroacetic acid under thermal or microwave conditions;5, 17-20, 23, 36, 69 

it is believed phosphorus pentoxide is the active cyclisation agent in PPA.67  

 

Scheme 4 The Nazarov cyclisation of divinyl ketones. 

It is important to note that often stoichiometric, or even greater, quantities of the acid 

promoter are required,58, 70 although the last decade has seen a rise in the reports of 

catalysis addressing synthetic problems associated with this transformation. Both 

organocatalysts, e.g. diamine monotriflate,71 and transition metal catalysts, e.g. 

Cu(OTf)2,
72, 73 have been employed in the reaction, albeit not to very good effect, 

especially for unactivated dienones.54 The same is true for asymmetric Nazarov 

cyclisations, either catalytic or chiral auxiliary-controlled, whereby they are limited to 

specific substrate types, particularly to the very reactive ones; the challenges in catalytic 

asymmetric induction include slow catalyst turnovers, product inhibition, inconsistent 

enantioselectivity and the use of nearly stoichiometric amounts of the chiral Lewis acid 

catalyst.55, 70, 72, 73 Overall, a general asymmetric Nazarov reaction is yet to be developed, 

and relatively few of these types of reactions have been reported, therefore the racemic 
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process is still favoured. Recent advances of the Nazarov cyclisation have been reviewed, 

including examinations of both asymmetric,70 and catalytic Nazarov processes.54 

Asymmetric synthesis, the preparation from achiral precursors using chiral auxiliaries, 

reagents or catalysts, is an attractive way to produce enantioenriched materials, however 

it is not always the best approach.74 The major alternative approach is chiral resolution, 

in which enantiomers are separated by chemical or physical means. An unattractive 

consequence of performing a resolution, as opposed to asymmetric synthesis, is that only 

50 % (of the total yield) of one enantiomer can be formed. Therefore, except in those rare 

cases where both enantiomers can be employed productively, this approach is less 

favourable and often avoided. The first reported resolution was Louis Pasteur’s 

investigation of tartaric acid in 1857, which was the first observation of enantioselectivity 

in a biological (biochemical) process.75, 76 There are three types of resolution available:45 

1) Classical Resolution 

‘Classical’ resolutions comprise the use of a chiral resolving agent that binds (covalently 

or non-covalently) to each enantiomer to generate a pair of diastereomers, which can be 

separated based on differing physical properties, followed by removal of the resolving 

agent from the substrate via a chemical reaction (Scheme 5).77  

 

Scheme 5 Classical resolution using a chiral resolving agent (X). 

A racemate can only be resolved with ease if the enantiomers form separate crystals, i.e. 

salt formation is straightforward. The process is subtle and complex, yet classical 

resolution techniques are overwhelmingly used over other more complex methods. This 

was highlighted by an article published by Carey et al. in 2006,78 in which they surveyed 

the chemical syntheses within the Process Chemistry R&D departments of 

GlaxoSmithKline, AstraZeneca and Pfizer. For the 128 drug candidate molecules 

assessed resolution was the predominant method of chirality generation, of which two 

thirds were performed by classical salt formation and the remainder evenly distributed 

between dynamic kinetic, chromatographic and enzymatic methods. The availability of 

screening methods to develop classical resolutions, the increased understanding of 

crystallisations and the ease of scale-up continue to make this the preferred methodology 

for many chiral molecules.79 
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2) Chiral Chromatography 

Chiral chromatography employs a chiral stationary phase to resolve enantiomers 

contained in a mobile phase, and can be carried out on analytical or preparative scale. 

Preparative chiral HPLC is a technique that can result in significant savings of both time 

and labour, which is exemplified through its use within the synthesis of preclinical 

drugs.80 Preparative chiral HPLC has also found its way into the formation of 

enantioenriched indan-1-ones.81 However, this technique still faces many challenges, 

including issues of loading capacity, chemical and/or mechanical stability, availability in 

large quantities at reasonable cost, and solvent limitations. All of these issues can have a 

great impact on both solubility and retention of the chiral compound, and thus on the 

productivity.82 

3) Kinetic Resolution 

Kinetic resolutions are a means of differentiating two enantiomers in a racemic  

mixture by different rates of reaction with a chiral catalyst or reagent. Kinetic resolution  

by synthetic means was first reported by Marckwald and McKenzie in 1899 through their 

work on the esterification of racemic mandelic acid (54) with optically active (–)-menthol  

(55, Scheme 6).83  

 

Scheme 6 First kinetic resolution by synthetic means; racemic mandelic acid (54).83, 84 

They discovered that heating 55 with an excess of racemic mandelic acid (54) formed 

ester 56 more rapidly than its diastereomer, allowing the isolation of a small amount of 

pure (–)-mandelic acid. McKenzie later showed that the saponification rates of the esters 

also differed and that pure (+)-mandelic acid could be obtained by partial saponification 

of 56.84 This result initiated the use of kinetic resolutions in organic chemistry.45, 85 

The theory behind a kinetic resolution is that the reaction of one enantiomer is promoted 

over the other giving a mixture of enantioenriched starting material and product, which 
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can then be separated.45, 86 At the outset of a reaction, the system displays its best synthetic 

selectivity between the enantiomers because an equal amount of each enantiomer is 

present, however as the reaction proceeds, statistics begin to interfere as the fast-reacting 

enantiomer is depleted and its concentration reduces, causing the rate of the slow-reacting 

enantiomer to become significant. This means that although the maximum yield for the 

process is necessarily 50 %, unfortunately high enantiomeric excesses are found at the 

extremes of conversion – the enantioenrichment of the product is largest at the start of the 

reaction while that of the remaining starting material is largest just before the end of the 

reaction.77 The ideal scenario is depicted in Figure 9, whereby only one of the starting 

material enantiomers reacts, i.e. SMR, to give enantiopure product PR and leaving 

enantioenriched unreacted starting material SMS. In this case, kR >> kS, where kR and kS 

are the rates of reaction for substrate enantiomers SMR and SMS respectively. 

 

Figure 9 Ideal kinetic resolution of a racemic starting material (SM) to give product (P). 

 

Figure 10 Representational energy diagram for a kinetic resolution.87 

By definition, both enantiomeric products exist at the same Gibbs free energy level, as do 

those of the starting material enantiomers.45 However, the transition state energy, ΔG‡, of 

each transformation can differ due to diastereomeric interactions with the chiral catalyst; 

for instance in Figure 10, ΔG‡ is smaller for the (R)- enantiomer, thus requires less 



14 

activation energy and so reacts faster than the (S)-enantiomer. The difference between 

these activation energies is denoted ΔΔG‡.45 In a catalytic kinetic resolution the relative 

rates of reaction for the substrate enantiomers, typically expressed as the selectivity 

factor, s, or krel = kfast / kslow, are dictated by the magnitude of ΔΔG‡, as follows:86 

𝑠 = 𝑘𝑟𝑒𝑙 =
𝑘𝑓𝑎𝑠𝑡

𝑘𝑠𝑙𝑜𝑤
= 𝑒ΔΔG

‡/𝑅𝑇     (𝟏) 

This selectivity value has been utilised for assessing the efficiency of the resolution, 

whereby s will be high for an efficient kinetic resolution.88-91 In fact, since e.e. changes 

as a function of conversion in standard kinetic resolution reactions, s values are generally 

considered to be more useful for the evaluation (and comparison) of kinetic resolution 

catalysts. For simple first-order kinetics in substrate concentration, the selectivity can also 

be expressed in terms of e.e. of the recovered starting material and conversion (c), which 

will be derived below.45, 86, 88, 92 If it is assumed that the (S)-enantiomer of the starting 

material racemate will be recovered in excess (i.e. kR > kS), and that conversion is equal 

to c (0 < c < 1) at time t, then the amount of recovered starting material, [SSM], and  

its enantiomeric excess at time t is given by Equations 2 and 3 respectively.  

[N.B. c = conversion (%) / 100; e.e.SM = e.e. of remaining starting material (%) / 100.]    

[𝑆SM] + [𝑅SM] = 1 − 𝑐    (𝟐)               𝑒. 𝑒.𝑆𝑀 =
[𝑆SM] − [𝑅SM]

[𝑆SM] + [𝑅SM]
    (𝟑) 

By combining these two relations, the concentrations of the (R)- or (S)-enantiomers (of 

starting material) can be calculated at any time: 

[𝑆SM] =
(1 − 𝑐)(1 + 𝑒. 𝑒.SM )

2
    (𝟒)               [𝑅SM] =

(1 − 𝑐)(1 − 𝑒. 𝑒.SM )

2
    (𝟓) 

For an irreversible first-order reaction with respect to substrate, the basic set of kinetic 

equations are: 

d[𝑅SM]

d𝑡
= −𝑘𝑅[𝑅SM]     and     

d[𝑆SM]

d𝑡
= −𝑘𝑆[𝑆SM]      

Therefore, the relative rate is expressed as Equation 6, which can be simplified to 

Equation 7 by elimination of time t and taking 𝑘𝑅 𝑘𝑆 = 𝑘𝑟𝑒𝑙 = 𝑠⁄ : 

d[𝑅SM] d𝑡⁄

d[𝑆SM] d𝑡⁄
= (
𝑘𝑅
𝑘𝑅
) (
[𝑅SM]

[𝑆SM]
)    (𝟔)     

              
→         

d[𝑅SM]

[𝑅SM]
= 𝑠

d[𝑆SM]

[𝑆SM]
    (𝟕)      

Subsequent integration of Equation 7 and further manipulation leads to Equation 8, where 

[R0] and [S0] are defined as the initial concentrations of the two enantiomers (t = 0): 
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𝑠 =
ln([𝑅SM] [𝑅0]⁄ )

ln([𝑆SM] [𝑆0]⁄ )
  =   

ln([𝑅SM]) − ln([𝑅0])

ln([𝑆SM]) − ln([𝑆0])
    (𝟖) 

Substitution of Equations 4 and 5 into Equation 8, and rearrangement gives Equation 9.  

𝑠 =
ln[(1 − 𝑐)(1 − 𝑒. 𝑒.SM )] − ln2 − ln([𝑅0])

ln[(1 − 𝑐)(1 + 𝑒. 𝑒.SM )] − ln2 − ln([𝑆0])
    (𝟗) 

Finally, knowing that [R0] = [S0] = ½ for a racemic starting material allows the selectivity 

factor to be given as a function of conversion and the enantiomeric excess of the starting 

material (Equation 10):  

𝑠 =
ln[(1 − 𝑐)(1 − 𝑒. 𝑒.SM )]

ln[(1 − 𝑐)(1 + 𝑒. 𝑒.SM )]
    (𝟏𝟎) 

The selectivity can also be expressed in terms of the enantiomeric excess of the product. 

If it is assumed that the (R)-enantiomer of the product will be predominant (i.e.  

kR > kS), and that conversion is equal to c (0 < c < 1) at time t, then the amount of product, 

[RP], and its enantiomeric excess at time t is given by Equations 11 and 12 respectively.  

[𝑆P] + [𝑅P] = 𝑐    (𝟏𝟏)               𝑒. 𝑒.P=
[𝑅P] − [𝑆P]

[𝑃P] + [𝑆P]
    (𝟏𝟐) 

By taking into account that at any time any amount of the (R)-enantiomer of the  

initial racemic mixture is distributed between the chiral product and the recovered  

starting material, Equation 13 may be derived, which is independent of s.  

[N.B. e.e.P = e.e. of product (%) / 100.] 

𝑒. 𝑒.SM
𝑒. 𝑒.P

=
([𝑆SM] − [𝑅SM]) (1 − 𝑐)⁄

([𝑅P] − [𝑆P]) 𝑐⁄
     =      

c

1 − c
    (𝟏𝟑) 

From Equation 13, it can be seen that: 

1 − 𝑒. 𝑒.SM=
1 − 𝑐 − (𝑐)(𝑒. 𝑒.P )

1 − 𝑐
    
              
→         (1 − 𝑐)(1 − 𝑒. 𝑒.SM ) = 1 − 𝑐(1 + 𝑒. 𝑒.P ) 

1 + 𝑒. 𝑒.SM=
1 − 𝑐 + (𝑐)(𝑒. 𝑒.P )

1 − 𝑐
    
              
→         (1 − 𝑐)(1 + 𝑒. 𝑒.SM ) = 1 − 𝑐(1 − 𝑒. 𝑒.P ) 

This allows to modify the fundamental equation (Equation 10) to give the selectivity 

factor as a function of conversion and the enantiomeric excess of the product (Equation 

14):  

𝑠 =
ln[1 − 𝑐(1 + 𝑒. 𝑒.P )]

ln[1 − 𝑐(1 − 𝑒. 𝑒.P )]
    (𝟏𝟒) 
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Equations 10 and 14 have been established for well-defined conditions: pseudo first-order 

in substrate (but any order in stoichiometric or catalytic chiral auxiliary) and no change 

of mechanism during the course of the reaction.92 For reactions in which the s value is not 

identical or similar at different conversions, a change in the structure of the reagent during 

the reaction is possible, or it might be the case that the reaction is not first-order with 

respect to the substrate.  

Further practical and theoretical considerations behind kinetic resolutions is well 

explained in a review by Jacobsen et al. from 2001,45 therefore they will not be covered 

in further detail here. A more thorough discussion on the rate laws associated with kinetic 

resolutions can be found elsewhere,85, 86, 88, 90 including those based on stoichiometric,92 

biochemical,86, 93, 94 and dynamic kinetic resolutions,94 which are outside the scope of this 

report. A comprehensive review of catalytic non-enzymatic kinetic resolutions was 

published recently by Hélène Pellissier, in which the different types of compounds that 

have been resolved through this process are examined.96 This report, however, will focus 

solely on the oxidative kinetic resolution of secondary alcohols. 

1.3 Oxidative Kinetic Resolution of Secondary Alcohols 

Within an ideal oxidative kinetic resolution, one alcohol enantiomer (e.g. (R)-57) reacts 

faster with the catalyst to provide oxidised product 58, while the other enantiomer  

((S)-57) reacts far more slowly – ultimately the remaining enantiopure alcohol (S)-57 and 

ketone 58 can be separated by standard techniques (Scheme 7).  The enantiomeric excess 

of the starting material 57 will always increase with increasing conversion for any 

oxidative kinetic resolution with a selectivity factor greater than 1, therefore kinetic 

resolutions have the capacity to provide alcohols with high enantioenrichment for even 

modestly selective processes at higher levels of conversion. For this reason oxidative 

kinetic resolutions are typically used to access enantioenriched alcohols.96 

 

Scheme 7 Schematic principle of an ideal oxidative kinetic resolution. 
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The first example of a non-enzymatic catalytic enantioselective oxidation of alcohols was 

reported by Rychnovsky through his work on the oxidation of benzylic secondary 

alcohols, such as 1-phenylethanol (59), using chiral nitroxyl radical 60 and sodium 

hypochlorite as the oxidising agent (a, Scheme 8).97  

 

Scheme 8 Oxidative kinetic resolution of 1-phenylethanol (59); comparison of methods 

reported by Rychnovsky,97 Ohkubo,99 and Noyori.100 

Despite improvements to this method,98 attention with respect to oxidative kinetic 

resolution of secondary alcohols has generally turned towards transition metal-catalysed 

procedures; the first such approach was demonstrated by Ohkubo et al.,99 whereby a 

transfer hydrogenation process using RuCl2(PPh3)2 as the catalyst, a menthol-derived 

phosphine ligand (61) and enone 62 as the sacrificial hydrogen acceptor was employed to 

provide (S)-1-phenylethanol ((S)-59) in only 1.2 % e.e. (b, Scheme 8). In 1997, Noyori et 

al. developed a highly enantioselective variant of a ruthenium-catalysed kinetic resolution 

of secondary alcohols,100 adopting conditions similar to those employed for the 
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asymmetric hydrogenation of ketones and therefore demonstrating the reversible 

characteristic nature of this transformation.101 The asymmetric catalytic oxidation of 1-

phenylethanol (59) using this method – (1S,2S)-Ru(p-cymene)(TsDPEN) (63) in acetone 

at 28 oC – proved far more effective than that of Ohkubo, giving the (R)-enantiomer ((R)-

59) in 92 % e.e. (c, Scheme 8).  

Noyori further highlighted the versatility of his ruthenium-diamine catalysts by resolving 

a range of secondary alcohols 64-69 with acetone as both the hydrogen acceptor and 

reaction solvent (Scheme 9); this work involved the use of ruthenium complex 70, which 

comprises an unsubstituted arene ligand instead of cymene as seen previously. Of 

particular note were the oxidative kinetic resolutions of racemic indan-1-ol and α-tetralol, 

which gave the corresponding (R)-enantiomers ((R)-68 and (R)-69) in 97-99 % e.e. at 

almost 50 % conversion in only 6 hours. Most of these alcohols were difficult to obtain 

in high enantiomeric purity by reduction of the corresponding ketones with 2-propanol,102 

which emphasises the advantage of Noyori’s oxidative kinetic resolution method. 

Arguably the most attractive feature of this ruthenium-catalysed reaction is the use of 

acetone as the inexpensive and well-behaving hydrogen acceptor. 

 

Scheme 9 Noyori’s Ru-catalysed oxidative kinetic resolution of secondary alcohols.100 

The active catalyst within the oxidation catalytic cycle (Scheme 10) is widely recognised 

by organic chemists as a 16-electron square planar complex (70) with both nitrogen atoms 

of the bis-diamine acting as an amido X-type ligand to the ruthenium atom.101 However, 

70 can be viewed as an 18-electron species (71) whereby the non-tosylated nitrogen 

donates its lone pair of electrons to the metal, thus behaving an an amido LX-type ligand 

to generate a Ru═N double bond – for simplicity, formal atom charges on the ligand and 

metal atom are invariably not shown in chemical structures featuring such interactions.103  
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Scheme 10 Ruthenium-catalysed oxidation catalytic cycle. 

The catalytic cycle begins with the active species 70 acquiring two hydrogen atoms from 

one of the starting material enantiomers (72) via transfer hydrogenation, which gives the 

product ketone (73) and unreacted enantioenriched alcohol. The 18-electron ruthenium 

species that forms (74) – one amido nitrogen ligand and one amino-type ligand – is then 

converted back to its oxidising form via the transfer of the two hydrogens to acetone.  

Since Noyori’s report in 1997 on the kinetic resolution of secondary alcohols by hydrogen 

transfer,100 the employment of chiral diamine Ru(II) complexes – with acetone as the 

hydrogen acceptor – as an oxidative method of resolving alcohols has not been prevalent 

within the literature.104, 105 One rare example, published in 2003, reported the oxidative 

kinetic resolution of a range of 3-hydroxymethyl-1-tetralols as well as 3-hydroxymethyl-

1-indanol using Noyori’s Ru(II)-(S,S)-TsDPEN catalyst 63; the corresponding (S)-

ketones and remaining (R,R)-alcohols were obtained in moderate to high e.e., albeit after 

increasing catalyst loading and employing methanol alongside acetone as the solvent.106 

Higher enantioselectivities have been reported for the oxidative kinetic resolution of 

similar secondary alcohols with a range of different chiral ruthenium catalysts, including 

[RuCl2(PPh3)(FOXAP)], utilising optically active FOXAP ligands 75 and 76,107 and 

Ru(salen) complexes (77-79), employing ligands derived from the highly popular salen 

(N,N′-bis(salicylidene)ethylenediamine) ligand (Figure 11).108  
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Figure 11 Reported ruthenium catalysts for the oxidative kinetic resolution of alcohols. 

In addition to ruthenium catalysts, a diversity of other transition metal catalysts, such as 

rhodium,109-111 have been used to good effect in the oxidative kinetic resolution of 

secondary alcohols.96, 112 In 2003, Xia reported the oxidative kinetic resolution of 

secondary alcohols using manganese-salen catalysts 80-84 with iodobenzene diacetate as 

the stoichiometric oxidant (Figure 12).113 

 

Figure 12 Mn(salen) catalysts used in oxidative kinetic resolutions of alcohols. 



21 

Xia demonstrated that water could be successfully used as a benign solvent in this reaction 

system, which is an attractive feature from a green chemistry standpoint.114 Several 

improvements to this method included changes to the water-based solvent system, 

modification of the catalyst and counteranion (85-88, Figure 12), and the introduction of 

additives such as KBr, for which enantioselectivities of up to >99 % e.e. for range of 

aliphatic and unsaturated alcohols were demonstrated.115, 116 

Palladium is another transition metal that has received interest in this area. The groups of 

Stoltz and Sigman independently developed an aerobic oxidative kinetic resolution that 

uses (−)-sparteine (89) as the chiral ligand, catalytic Pd(OAc)2 and O2 as the 

stoichiometric oxidant (Scheme 11).117-119 This is an attractive approach due to the 

practicality of being able to harvest atmospheric oxygen, in addition to sub-stoichiometric 

amounts of both Pd(II) and 89 being tolerable. This methodology has permitted the 

successful resolution of a number of allylic, benzylic and cyclopropyl secondary alcohols 

in good to high selectivity.120, 121 Whilst this is an attractive approach, it only gives the 

(−)-enantiomer in large quantities – sparteine is only commercially available as its  

(−)-antipode. One attempt to combat these issues involved the use of an alternative chiral 

diamine (90) derived from (−)-cytisine (91) as a (+)-sparteine surrogate for oxidative 

kinetic resolution. This was exemplified by the kinetic resolution of indan-1-ol (92), 

whereby (R)-92 was obtained in 80 % e.e. when the (+)-surrogate 90 was employed. In 

spite of this, the reaction progressed with inferior stereocontrol compared to that observed 

for (−)-sparteine (89), which gave the (S)-product in 98 % e.e. (Scheme 11).122 

 

Scheme 11 Comparison of (−)-sparteine and its (+)-surrogate for the Pd-catalysed 

oxidative kinetic resolution of indan-1-ol (92); includes structures of (−)-sparteine (89), 

(–)-cytisine (91) and its (+)-sparteine surrogate (90). 
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Similar results were obtained by Ikariya et al. through the employment of a TsDPEN-

derived iridium complex (93) and O2 as the stoichiometric oxidant. A series of Ir catalysts 

based on Noyori’s diamine ligand motif were shown to generally yield highly 

enantioenriched secondary benzylic alcohols; most notable examples are the reactions of 

indan-1-ol (68) and α-tetralone (69) using Ir complex 93, in which the corresponding  

(R)-alcohols were formed in >99 % e.e. in about 6.5 hours (Scheme 12).111  

 

Scheme 12 Aerobic Ir-catalysed oxidative kinetic resolution of indan-1-ol (68) and  

α-tetralol (69) reported by Ikariya et al.111 

In 2012, an environmentally benign procedure was reported for the oxidative kinetic 

resolution of racemic secondary alcohols, utilising a chiral Ir-diaminodiphosphine 

catalyst with water as the solvent. The catalytic reaction proceeded smoothly with 

moderate to high enantioselectivity (up to 97 % e.e.) under mild conditions.105 

Several other catalysts have been reported for the aerobic oxidative kinetic resolution of 

alcohols, including the use of titanium,123 and vanadium complexes.124, 125 For instance, 

Toste et al. described the highly selective asymmetric oxidation of α-hydroxy esters like 

94 using a vanadium catalyst with a chiral salicylaldimine ligand (95), although this 

methodology proved less effective for less-activated benzylic alcohols and required high 

catalyst loadings.126 The best result is shown in Scheme 13.  

 

Scheme 13 Asymmetric oxidation of α-hydroxy ester 94 using a chiral salicylaldimine-

vanadium catalyst.126 
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Furthermore, α-hydroxy esters and similar benzoins have recently been resolved using 

complexes based on cobalt by Sekar and coworkers, with the reactions also performed in 

the presence of molecular oxygen; Co(OAc)2 in conjunction with an (S)-BINAM based 

salen ligand (96) was found to be the best system, selectively resolving (±)-benzoin (97) 

in 92 % e.e. (a, Scheme 14).127, 128  

 

Scheme 14 Work by Sekar et al. on the oxidative kinetic resolution of (±)-benzoin (96) 

using cobalt, copper and iron catalysts. 

In the same year, Yamada et al. reported moderate to high enantioselectivities, with only 

one instance of  >90 e.e. (96 % e.e.), for the oxidative kinetic resolution of a series of 

benzylic alcohols using a chiral ketoiminatocobalt(II) complex as the catalyst.129 One 

major downside with metals such as ruthenium, palladium, manganese, cobalt and iridium 

is that they are expensive, with chiral ligands that are often not readily available and must 
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therefore be arduously synthesised. In this context, the use of copper to catalyse the 

oxidative kinetic resolution of alcohols represents an economic, mild and biomimetic 

functional model of the mononuclear copper enzyme galactose oxidase.130 As such, Sekar 

et al., alongside their work highlighted above, developed the first Cu-catalysed oxidative 

kinetic resolution of benzoins, providing high enantioselectivities of up to 98 % e.e., albeit 

at low yields, using (R)-BINAM and copper(II) triflate in air (b, Scheme 14).131 

The same authors reported the asymmetric oxidation of benzoins using another 

environmentally benign and relatively inexpensive metal, iron. The Fe complex, 

comprising ligand 98 also derived from (R)-BINAM, generally provided very high 

enantioselectivities although at only moderate yields; application of the iron-catalysed 

method to (±)-benzoin (97) afforded the (R)-enantiomer in 98 % e.e. (c, Scheme 14) – 

this was the first reported iron-catalysed oxidative kinetic resolution of alcohols.132 In 

2013, the first example of using a nanoparticle surface for oxidative kinetic resolution of 

alcohols was reported; within the oxidations of a number of benzylic alcohols using the 

precatalyst trans-(R,R)-[Fe(NCMe)CO(PPh2C6H4CH=NCHPh-)2][BF4]2 it was believed 

that the active species was in fact small (4-5 nm) zero-valent Fe nanoparticles.133  

1.4 Previous work in the Fox Group 

Prior efforts in the Fox group involved the attempted synthesis of both enantiomers of a 

non-cytotoxic anti-inflammatory compound, 6-B345TTQ (99), which was previously 

only published and patented as a racemate, with no other mention of activity on 

structurally similar compounds except for its 2,3,4-trimethoxy- counterpart (100),  

which showed no pharmacological effects (Figure 13) – see Section 3.2.1 for further 

discussion of 99.134, 135 The prior research also extended to structurally similar  

4-aryl-3,4-dihydroquinolin-2-ones.87  

 

Figure 13 Anti-inflammatory compound 6-B345TTQ (99) and inactive analogue  

6-B234TTQ (100). 
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Towards this aim, a range of avenues towards synthesising enantiomerically enriched  

3-aryl-indan-1-ones were scoped.87 Initially, two asymmetric approaches to give these 

enantiopure materials were attempted. The first method was an acylation approach, 

involving a stereoselective Michael addition of an aryl cuprate, as described by Rocher 

and coworkers,51 making use of an Evans (chiral) auxiliary.136 Chirality was effectively 

introduced into the system in the form of enantiomerically enriched 3,3-diaryl propanoic 

acids, however subsequent cyclisation of these substrates (101) to give the desired chiral 

indan-1-ones (102) proved unsuccessful, despite several attempts (a, Scheme 15).87  

Following this, asymmetric catalysis was explored, with an intramolecular Heck reaction 

the method of choice. A number of 2’-bromochalcones (103) were synthesised and then 

cyclised according to a method reported by Buchwald et al.49 Very poor yields and 

enantioselectivities were obtained with BINAP employed (b, Scheme 15) and, although 

the optimised (R)-3,5-XylMeOBIPHEP ligand (40) used in conjunction with an aromatic 

triflate gave improved results, they were still considered low particularly for the naphthyl 

derivatives. In addition, no product was observed for some substrates, particularly those 

with a para- electron withdrawing group attached to the pendant 3-aryl ring.87 

 

Scheme 15 Cyclisation steps in acylation and alkylation approaches towards 

enantioenriched 3-substituted naphthyl-indan-1-ones (102).87 

Consequently, attention was turned towards kinetic resolution, whereby a small library of 

racemic indan-1-ones was assembled and subsequently resolved. The racemic synthesis 

was achieved via a Claisen–Schmidt condensation of acetophenones (104) and 
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benzaldehydes (105) to yield appropriate chalcone derivatives (106), according to 

common literature procedures,137, 138 followed by a Nazarov cyclisation to give indan-1-

ones of type 107 using TFA as the acid-mediator (Scheme 16);69 in an attempt to improve 

the transformation for the substrates at hand, it was found a combination of TFA with 

P2O5 offered the best yields, and consequently this method was used thereafter.87  

 

Scheme 16 Synthetic route to racemic naphthyl-indan-1-ones (107).87 

The racemic indan-1-ones were then subjected to asymmetric transfer hydrogenation 

(ATH) using tethered (R,R)-TsDPEN-ruthenium catalyst, (R,R)-108;139 the catalyst was 

provided by the Wills group from the University of Warwick and a formic acid : 

triethylamine (5 : 2) solution was prepared using the method by Sterk et al.140 

Unfortunately, this transformation showed poor selectivity, with both ketone enantiomers 

reacting and a total of three alcohol stereoisomers forming (Figure 14). As a result, 

attention was turned to a different resolution approach.  

 

Figure 14 Tethered (R,R)-TsDPEN-ruthenium catalyst, (R,R)-108, and three 

stereoisomers of indan-1-ol 109 from ATH reactions.87 
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It was believed that resolving the corresponding indan-1-ols would be more fruitful; the 

route chosen involved selectively reducing the racemic indan-1-ones (110) to give a pair 

of cis-diastereomers (109), which could then be more easily resolved (Scheme 17).  

 

Scheme 17 Conceived kinetic resolution pathway of racemic 3-aryl-indan-1-ones. 

Given the high cis-selectivity reported for the reduction of indan-1-ones using sodium 

borohydride,141 this method was applied with excellent selectivity for the indan-1-one 

structures.87 An enzymatic acylation process, obtained from the literature, was then 

employed to facilitate the kinetic resolution of the recently formed racemic cis-indan-1-

ols (111); treatment of the alcohol with vinyl acetate (irreversible acyl donor), catalysed 

by the acrylic resin-immobilised lipase enzyme Novozym® 435,142 gave excellent 

enantioselectivities (>99 % e.e.) and near quantitative yields for most substrates  

(Scheme 18).87 Unfortunately however, the method failed to produce the desired acylated 

naphthyl- derivatives, despite modifications to the solvent, reaction time and temperature 

– likely a consequence of the reported deep narrow active site,143 in addition to 

unfavourable interactions.144 The resulting enantiomerically enriched (R,R)-indan-1-yl 

acetates ((R,R)-112) were subsequently transformed into the corresponding (R,R)-indan-

1-ols by cleavage of the carbonyl bond using potassium carbonate and methanol.145 

Finally, a manganese dioxide oxidation was employed to convert both enantiomers of 

each indan-1-ol to the desired enantiomerically enriched 3-aryl-indan-1-ones.146 

Scheme 18 Kinetic resolution of 3-aryl-indan-1-ols using Novozym® 435.87 
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The inability to resolve the naphthyl-indan-1-ol derivatives using the enzymatic acylation 

approach led to the employment of an oxidative kinetic resolution utilising Noyori’s  

(S,S)-TsDPEN-ruthenium catalyst 63 and method.100 Initially, the reaction was performed 

on some cis-6-methoxy-3-aryl-indan-1-ol substituents (113-117, Scheme 19). All 

reactions were only allowed to reach <50 % conversion, which meant that only ketone 

enantioselectivities were analysed. As shown in Scheme 19, the asymmetric oxidation of 

these substrates generally gave moderate ketone enantioselectivities and, with 

conversions as low as those reported, alcohol enantioselectivities would have been 

equally as modest.87 

 

Scheme 19 Ruthenium-catalysed oxidative kinetic resolution of substituted racemic  

cis-indan-1-ols 113-117.87 

Despite these results, a range of substituted naphthyl- derived indan-1-ols were subjected 

to the oxidative kinetic resolution method, using identical conditions to those employed 

previously. These substrates appeared far more suited towards this reaction, with 

generally very high enantioselectivities achieved with respect to both ketones and 

alcohols.87 Finally, as in the case of the enzymatic acylation resolution, the residual 

alcohol products were oxidised using manganese dioxide to give the corresponding 

enantiomerically enriched indan-1-ones.146 Overall, the oxidative kinetic resolution 

method shown in this study provided a novel method for the access of enantiomerically 

enriched 3-aryl-indan-1-ols and indan-1-ones.87 
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1.5 Aims of Research 

It is unequivocally evident that chiral indan-1-ones with functionality at the 2- and/or  

3- positions are of huge biological importance,9, 18-25, 37, 41 frequently occurring as the 

primary pharmacophore of a wide array of drugs and natural products.10-17 In fact, the 

majority of compounds that have been shown to exhibit beneficial medicinal properties 

were only reported as racemic compounds. As such, a convenient and effective method 

to resolving these racemic molecules would be highly beneficial. 

The primary aim of this research is to synthesise a series of enantiomerically enriched  

3-aryl-indan-1-ones, varying with respect to the substituents on both aromatic rings 

(Figure 15), and efforts towards achieving this aim will be covered in Chapter 2. Based 

on previous work in the Fox group,87 and the relatively straightforward construction of 

racemic indan-1-ones,18, 19 chiral resolution is the preferred method over a more direct 

approach such as asymmetric catalysis, especially since both ketone enantiomers are 

desired. Specifically, the focus will be on oxidative kinetic resolution, whereby a range 

of racemic cis-3-aryl-indan-1-ols will be subjected to Noyori’s (S,S)-TsDPEN-Ru catalyst 

and method;100 in view of the novelty of this transformation for the access of 

enantiomerically enriched 3-aryl-indan-1-ols and 3-aryl-indan-1-ones, a more detailed 

investigation into the transformation is greatly desired. 

 

Figure 15 Targeted enantiomerically enriched 3-aryl-indan-1-ones 118-125. 

6-Methoxy and 4,5,6-trimethoxy- derivatives were chosen based on former work within 

the Fox group,87 in addition to anti-cancer properties attributed to the three methoxy 

groups attached to the indanone ring.18-20 Indan-1-ones comprising chlorine-based 3-aryl 

derivatives were also of interest – in addition to the unsubstituted (phenyl) ring – since 

these substrates have been shown to possess notable activity against some human cancer 

cell lines, despite only being reported as racemic compounds;18, 19 synthesising these 

species asymmetrically may result in enhanced medicinal properties,42 which is an 

attractive prospect.  



30 

Chapter 3 will focus on various transformations of 3-aryl-indan-1-ones (125), 

emphasising their use as building blocks towards medicinal scaffolds (Figure 16). A 

significant portion of this chapter will be devoted to two ring expansion reactions, the 

Beckmann rearrangement and the Schmidt reaction, with a focus on comparing the two 

transformations with respect to substrate structure and reaction conditions. It is the desire 

for these ring expansion reactions to facilitate the synthesis of enantiomerically enriched 

4-aryl-dihydroquinolinones (127) and 4-aryl-dihydroisoquinolinones (128), two ring 

systems that are associated with a wide range of biological properties and exist as the 

structural motif in several natural products and bioactive synthetic compounds. The 

attempted synthesis of both enantiomers of the non-cytotoxic anti-inflammatory 

compound 6-B345TTQ (99) – a long term aim of the Fox group (see Section 1.4) – will 

also be illustrated within this chapter.  

 

Figure 16 Transformations of 3-aryl-indan-1-ones (126) into medicinal scaffolds. 

4-Aryl-tetrahydroisoquinolines (129) have also received significant attention due to their 

presence in an array of naturally occurring biologically active molecules, and a large 

number of papers and patents detailing their vast bioactivities have been published. As 

such, Chapter 3 will also cover the synthesis of various enantiomerically enriched  

4-aryl-tetrahydroisoquinolines through reduction of the corresponding δ-lactams and 

further manipulations. The diverse biological properties exhibited by these compounds 

will be highlighted in Section 3.1. The chapter will conclude with the formation of a 

series of racemic benzylidene indan-1-ones (130), associated with anti-cancer activity,20, 

21, 24 via Claisen–Schmidt condensation of 3-aryl-indan-1-ones and a range of 

benzaldehydes.  
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2.0 A “2 + 2.5-step” Asymmetric Synthesis 

2.1 Synthesis of Racemic 3-Aryl-indan-1-ones 

2.1.1 Overview   

A small library of racemic 3-aryl-indan-1-ones (131) was required prior to kinetic 

resolution into their corresponding enantiomers. As discussed in Section 1.2.2, the most 

common route towards these materials involves a Nazarov cyclisation of chalcones (132), 

which can themselves be synthesised by Claisen–Schmidt condensation of an 

acetophenone (133) and an aromatic aldehyde (134) (Scheme 20). This process tolerates 

a number of functional groups relevant to this project. 

 

Scheme 20 Disconnection approach from 3-aryl-indan-1-one derivatives. 

2.1.2 Claisen–Schmidt Condensation 

Chalcone formation via Claisen–Schmidt condensation of acetophenones and 

benzaldehydes has been well-documented,1-4 and was first reported independently by 

Claisen and Schmidt in 1881.5, 6 The reaction is a type of aldol condensation, in which 

the reacting aldehyde/ketone reacts with an aromatic carbonyl compound lacking an 

alpha-hydrogen – typically base promoted – to give an α,β-unsaturated ketone with high 

chemoselectivity.7 Chalcones have found important use in the pharmaceutical industry as 

a result of the interesting biological activities they possess (see Section 1.1.2).4, 8 Within 

this study, chalcones 135-142 were synthesised via Claisen–Schmidt condensation, 

utilising conditions adapted from common literature procedures,2, 3 and the results are 

displayed in Table 1. All chalcones were formed at short reaction times in generally very 

high yields with product typically precipitating out within 1 hour and, as a result, most 

substrates were easily isolated through filtration of the reaction mixture. 
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Table 1 Claisen–Schmidt condensations towards substituted chalcones 135-142.  

 

R1 R2 Base s Temp. / oC Yield / % b Chalcone 

H H NaOCH3 (1.5 eq.) 20 94 135 

H 4-Cl KOH (3.75 M) 50 81 136 

H 3,4-Cl KOH (3.75 M) 50 93 137 

H 2,4-Cl KOH (3.75 M) 50 88 138 

OCH3 H NaOCH3 (1.5 eq.) 20 94 139 

OCH3 4-Cl KOH (3.75 M) 50 73 140 

OCH3 3,4-Cl KOH (3.75 M) 50 94 141 

OCH3 2,4-Cl KOH (3.75 M) 50 99 142 

a Reaction performed with aqueous KOH (3.75 M) instead of NaOCH3 to avoid 

nucleophilic aromatic substitution; b Isolated yield. 

The condensations gave exclusively E- (trans-) chalcones, confirmation of which was 

achieved by 1H NMR through inspection of the coupling constants for the vinylic protons. 

This geometry is generally more thermodynamically stable as a result of strong steric 

effects between the carbonyl and 3-aryl groups within the Z-isomer.9 

2.1.3 Nazarov Cyclisation of Substituted Chalcones 

The Nazarov cyclisation of substituted chalcones into corresponding indan-1-ones is 

well-known,1, 10-12 and a more thorough discussion can be found in Section 1.2.2. Within 

this study, chalcones 135-142 were all cyclised using TFA as the acid.13 Phosphorous 

pentoxide was also employed in the Nazarov reaction in accordance with previous work 

in the Fox group,14 whereby the use of P2O5 resulted in greater yields of 3-aryl-indan-1-

ones (143) from chalcones (144), as well as minimised the formation of known side 

products – acetophenones (145) and aldehydes (146) – that result from a water promoted 

retro-Claisen–Schmidt reaction; this process typically occurs for ‘unfavourable’ 

substrates with respect to cyclisation, i.e. Ar = electron rich (Scheme 21).11 P2O5 is 

commonly used for the removal of water from solvents.15 
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Scheme 21 Side product formation in the Nazarov cyclisation of chalcones. 

The Nazarov cyclisations were successful for the 3,4,5-trimethoxy-chalcones, giving 

desired 3-aryl-indan-1-ones 122-125 in good to excellent yields (Table 2). Unfortunately, 

the reaction of 3-methoxy-chalcones 135-138 yielded an unknown by-product, with all 

starting material being consumed within 3 hours and only a relatively small amount of 

the desired indan-1-one forming. The formation and identity of this unknown by-product 

was deemed unimportant and thus not further explored. Instead, attention was turned 

towards improving the Nazarov cyclisation of 3-methoxy-chalcones 135-138.  

Table 2 Nazarov cyclisations of substituted chalcones 135-142, with P2O5.  

 

Chalcone R1 R2 Yield / % a Indan-1-one 

135 H H - b 118 

136 H 4-Cl 11 119 

137 H 3,4-Cl 18 120 

138 H 2,4-Cl 9 121 

139 OCH3 H 51 122 

140 OCH3 4-Cl 79 123 

141 OCH3 3,4-Cl 91 124 

142 OCH3 2,4-Cl 82 125 

a Isolated yield; b Unable to isolate after silica column chromatography. 

Both the reaction temperature and age of the TFA had a small positive effect on 

conversion to the desired indan-1-ones. In addition, upon sampling the reactions 

performed at lower temperature, it was discovered that all starting material had been 

consumed within 3 hours, and the 1H NMR spectrum of the sample obtained at this time 

showed fewer side products than that typically seen after 24 hours.  
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As a result, the Nazarov cyclisations of chalcones 135-138 were repeated for 3 hours at 

40 oC (Table 3). These milder conditions gave indan-1-ones 118-121 in greater yields 

than previously accessed, however the overall yields were still low in comparison to their 

trimethoxy- counterparts, and still gave significant amounts of the unknown by-product.  

Table 3 Nazarov cyclisations of 3-methoxy-chalcones 135-138 under milder conditions.  

 

Chalcone R Yield / % a Indan-1-one 

135 H 15 118 

136 4-Cl 29 119 

137 3,4-Cl 23 120 

138 2,4-Cl 43 121 

a Isolated yield. 

The formation of the unknown material was thought to be a result of the P2O5 present in 

the reaction. This was confirmed when the reactions were repeated without the 

phosphorus reagent; the Nazarov cyclisation gave desired 3-aryl-indan-1-ones in 

excellent yields without any of the unknown species forming (Table 4). Consistent with 

literature reports,16, 17 the cyclisation of the 3-methoxy-chalcones formed both the  

6-methoxy- and 4-methoxy-3-aryl-indan-1-one derivatives, the ratio of which was 

determined by 1H NMR spectroscopy, in comparison with the literature.17 Unfortunately, 

the desired 6-methoxy-3-aryl-indan-1-ones could not be completely separated from the 

undesired isomer by silica column chromatography, however since the ratio of desired : 

undesired isomers was large for each substrate, the mixtures were characterised as formed 

and then used for the subsequent cis-reduction (see Section 2.2.2) – it was discovered that 

the alcohols resulting from the undesired isomers could be removed far more easily by 

column chromatography.  
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Table 4 Nazarov cyclisations of substituted chalcones 135-142, without P2O5.  

 

Chalcone R1 R2 Yield / % a Ratio a : b b Indan-1-one 

135 H H 84 0.94 : 0.06 118 

136 H 4-Cl 82 0.95 : 0.05 119 

137 H 3,4-Cl 89 0.94 : 0.06 120 

138 H 2,4-Cl 96 0.94 : 0.06 121 

139 OCH3 H 97 N/A 122 

140 OCH3 4-Cl 98 N/A 123 

141 OCH3 3,4-Cl 97 N/A 124 

142 OCH3 2,4-Cl 97 N/A 125 

a Isolated yield; b Ratio determined by 1H NMR spectroscopy prior to purification.  

As expected, reactions of chalcones 139-142 with three methoxy groups on the 1-aryl 

ring gave higher yields than the single methoxy analogues; the Nazarov cyclisation is 

accelerated by electron donating substituents in the aromatic ring at the 1-position of the 

chalcone, since they are a resonance contributor to the enone system.12, 18 In fact, the 

presence of both electron donating and electron withdrawing groups in the starting 

chalcone (147) can facilitate cyclisation and regioselectivity, although they must be 

positioned so they are able to polarise the conjugated system (148), as demonstrated by 

Scheme 22.18 By analogy to the substituted chalcones studied in this work, the 1-aryl ring 

is the electron donating group (D); the carbocation that forms after ring closure is 

stabilised by the methoxy groups ortho- and para- to the δ- carbon atom through 

delocalisation of the oxygen lone pairs – the mesomeric effect.19 

 

Scheme 22 Substituent effects in the Nazarov cyclisation.18  
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The 3-aryl ring, however, is not in the correct position (E) to influence the cyclisation, 

instead it is in place of R”. Nonetheless, the effect this ring has on the reaction can be 

predicted based on the same principles; for greater reactivity the vinyl electrophile needs 

to be electron deficient, specifically the β-carbon. As a result, the reaction should 

theoretically be more favoured for substrates in which there are electron withdrawing 

substituents attached to the 3-aryl ring. This was generally observed in the Nazarov 

cyclisations performed, albeit not through reaction yields, but instead their rates. The rates 

of cyclisation were as follows: 139 > 142 > 138 > 135 > 140 > 136 > 141 > 137. For 

deeper analysis, one must consider the chemistry of halogen atoms such as chlorine. Due 

to the electronegativity of halogens they exhibit a negative inductive effect (-I), however 

they also have a positive mesomeric effect (+M) that arises from the presence of ‘free’ 

electrons in their outer shell. These effects are opposite and so are able to partially cancel 

each other out.20 Based on the Hammett values (Table 5), the meta- positions experience 

more of this substituent effect,21 which is a result of a lower mesomeric effect at this site. 

Therefore, halogens such as chlorine are ortho- and para- directing, but deactivate the 

ring (I > M).  

Table 5 Hammett values derived from the dissociation constants of benzoic acids.20, 21 

Substituent σpara σmeta 

Bromo- 0.232 0.391 

Chloro- 0.227 0.373 

Fluoro- 0.062 0.337 

This explains why 136 and 140 (4-Cl) react slower than the chalcones bearing a phenyl 

group (135 and 139), since the positive mesomeric effect of the chlorine atom outweighs 

its inductive effect because it is so far away from the vinyl electrophile – the phenyl group 

in 135 and 139 is electron withdrawing by induction. Furthermore, chalcones with an 

ortho- and para- chlorine atom (138 and 142) react faster than 136 and 140, with similar 

rates to the unsubstituted analogues; this likely arises due to the ortho- chlorine atom 

possessing a larger inductive effect than mesomeric effect because of its proximity to the 

target alkene, hence the electron withdrawing and donating effects of the two chlorine 

atoms balance out. The rates observed for the Nazarov cyclisation of chalcones 137 and 

141 (2,4-Cl) is surprising; one would expect these substrates to react faster than they do, 

given the low mesomeric and high inductive nature of the meta- chlorine atom they 
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possess. This result suggests some other factor might be in operation here, possibly a 

steric effect caused by the positioning of the chlorine in the ring, which may hinder the 

molecule’s ability to achieve the correct conformation to react and hence result in higher 

transition state energy. Finally, as anticipated, within each ‘chalcone pair’, i.e. identical 

3-aryl functional group (e.g. 138 and 142), the trimethoxy- derivative reacted faster.  

Overall, 3-aryl-indan-1-ones 118-125 were obtained in very high yields from the  

TFA-mediated Nazarov cyclisation of their corresponding substituted chalcones, without 

the addition of P2O5. 

2.2 Chiral Resolution of Racemic 3-Aryl-indan-1-ones 

2.2.1 Overview   

Scheme 23 “2.5-step” sequence towards enantiopure indan-1-one derivatives. 

With the racemic 3-aryl-indan-1-ones in hand, attention was turned towards the chiral 

resolution process to afford individual ketone enantiomers, via the corresponding indan-

1-ols. The employed route, obtained from previous work by the Fox group,14 comprised 

a “2.5-step” sequence comprising a diastereoselective cis-reduction into a pair of indan-

1-ol diastereomers, followed by the key enantiospecific oxidation, and finally oxidation 

of the unreacted enantioenriched alcohols into the corresponding ketones (Scheme 23).  
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2.2.2 Diastereoselective Reduction of Racemic Indan-1-ones 

Racemic indan-1-ones 118-125 were reduced into their corresponding cis-indan-1-ols,22 

whereby a range of 3-aryl-indan-1-one derivatives were reduced with sodium 

borohydride to give the corresponding cis-alcohols in high purity and generally good 

yields. The results of the cis-reductions are shown in Table 6.  

Table 6 Cis-reduction of racemic 3-aryl-indan-1-ones 118-125.  

 

rac-Indan-1-one rac-Indan-1-ol 

 R1 R2  Ratio cis- : trans- b Yield cis- / % a 

118 H H 149 
0.96 : 0.04 

(0.98 : 0.02) d 
94 

119 H 4-Cl 150 
0.94 : 0.06 

(0.96 : 0.04) d 
91 

120 H 3,4-Cl 151 
0.84 : 0.16 

(0.93 : 0.07) d 
90 

121 H 2,4-Cl 152 
0.89 : 0.11 

(0.92 : 0.08) d 
- c 

122 OCH3 H 153 
0.88 : 0.12 

(0.88 : 0.12) d 
86 

123 OCH3 4-Cl 154 
0.81 : 0.19 

(0.88 : 0.12) d 
80 

124 OCH3 3,4-Cl 155 
0.78 : 0.22 

(0.85 : 0.15) d 
79 

125 OCH3 2,4-Cl 156 
0.78 : 0.22 

(0.82 : 0.18) d 
- c 

a Isolated yield of cis- diastereomer; b Cis- / trans- ratio determined by 1H NMR 

spectroscopy prior to purification; c Formed as an inseparable cis- / trans- mixture;  

d Reductions performed with 1.0 equiv. of NaBH4. 
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Cis- and trans- diastereomers were distinguished by comparison with literature.22, 23 The 

reduction proceeded with very high selectivity and excellent yields for the single methoxy 

indan-1-ones derivatives 118-121. However, the reactions did not give the cis-isomer 

exclusively as was seen in literature,22 and previous work in the Fox group, even for those 

compounds (118 and 119) previously reduced by this method in the group.14 Attempts at 

trying to increase the diastereoselectivity through changes to both solvent and equivalents 

of NaBH4 were found to generally improve the cis- : trans- ratio slightly, but failed to 

afford a single diastereomer. It is not clear why the reductions were not completely 

selective, especially given the identical procedure; one can therefore only assume that 

changes to the reaction setup is responsible, for instance how slowly the sodium 

borohydride was added, or how long the reaction was stirred at 0 oC after NaBH4 addition 

prior to allowing it warm to room temperature – these conditions were not previously 

explicitly stated. 

Indan-1-ones with three methoxy groups attached to the 1-aryl ring were also reduced in 

high yields, however the cis- : trans- ratios obtained were all markedly lower than for the 

single methoxy analogues, which is consistent with previous work in the group;14 this 

suggests that the presence of more substituents on this ring is detrimental to the selectivity 

of the cis-reduction by NaBH4. As with the single methoxy analogues, efforts were made 

to improve the diastereoselectivity of the reaction by reducing the equivalents of sodium 

borohydride employed; these actions proved more fruitful with these substrates, in 

general resulting in a greater cis- : trans- ratio, although still did not give selectivity 

similar to that obtained for the single methoxy analogues. 

The 3-aryl substituent also appeared to have an impact on outcome of the sodium 

borohydride reduction. Yields obtained from the reductions clearly decreased as the 

number of chlorine atoms incorporated into the ring increased, but there was also a 

noticeable trend between the cis- : trans- ratio and the number of chlorine atoms. There 

was greater formation of the trans- diastereomer with more chlorine atoms present, with 

the percentage of trans- isomer increasing by about 7 % on the introduction of two 

chlorine atoms in the case of the single methoxy indan-1-ones, and by ca. 10 % for the 

trimethoxy- derivatives.  

Unfortunately, the cis- and trans- diastereomers of two of the indan-1-ol derivatives could 

not be separated by silica column chromatography; those possessing chlorine atoms in 

the 2- and 4-positions of the 3-aryl ring (152 and 156). As a result, attention was turned 

to a more selective method that utilises the more sterically demanding reducing agent  
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L-Selectride in an attempt to obtain the cis- diastereomers exclusively.24, 25 Its application 

to substrates 121 and 125 is shown in Scheme 24. The reactions gave lower yields than 

those with sodium borohydride, forming some unknown side-products in addition to 

unreacted starting material – 1H NMR spectra of the crude products were indiscernible 

apart from key peaks corresponding to the product alcohols and starting ketones. 

Crucially, however, the desired cis-diastereomers were formed exclusively. 

 

Scheme 24 Cis-reduction of racemic 121 and 125 using L-Selectride. 

Due to the success of these two reactions, the L-Selectride method was applied to the 

other trimethoxy- indan-1-one derivatives in an attempt to obtain the corresponding cis-

indan-1-ols with greater selectivity than those showed by the sodium borohydride 

reduction. Unfortunately, it was clear the reactions yielded a considerable amount of the 

undesired trans-isomer, similar to that obtained from the NaBH4 reactions, although the 

exact cis- / trans- ratios could not be established from the 1H NMR spectra of the crude 

mixtures. This heavily suggests the positioning of the substituents on the 3-aryl ring is 

important to the diastereoselectivity of the L-Selectride reduction. From this work it 

appears as though there is a requirement for an ortho- substituent to direct the selectivity 

towards the cis-indan-1-ol, however previous work from the group saw the completely 

selective reduction of trimethoxy- indan-1-ones bearing a 3-fluoro- or 4-methoxy- 

substituted ring in the 3-position using L-Selectride. Overall, these results elude to the 

possibility of electronic effects influencing the L-Selectride reduction, in addition to the 

clear steric factors in play.  

In summary, two different methods of reduction were successfully applied across  

the series of 3-aryl-indan-1-ones, possessing a variety of substituents on the two aromatic 

rings; the desired corresponding cis-indan-1-ols were either obtained after isolation  

by column chromatography from a cis- : trans- diastereomeric mixture formed on 

reduction by sodium borohydride,22 or exclusively from the more reductive L-Selectride 

process.24, 25 
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2.2.3 Oxidative Kinetic Resolution of cis-Indan-1-ols 

As discussed in Section 1.3, oxidative kinetic resolutions are commonly employed with 

a focus on obtaining enantioenriched alcohols,26, 27 however they can be equally as 

valuable with respect to the access of enantiopure ketones when an additional stereogenic 

centre is present. As such, the principal step in the resolution of racemic 3-aryl-indan-1-

ones 118-125 into their enantiomers was the kinetic oxidative resolution, which involves 

the selective oxidation of a single cis-indan-1-ol enantiomer (157) into the corresponding 

enantiopure 3-aryl-indan-1-one (e.g. (S)-158) and leaving behind the other indan-1-ol 

enantiomer (e.g. (R,R)-157) in high enantiomeric purity – this is the ideal scenario, 

occurring at ~50 % conversion (Scheme 25).  

 

Scheme 25 Ideal oxidative kinetic resolution of cis-3-aryl-indan-1-ols (157). 

The conditions of choice for asymmetric oxidation was that of Noyori, utilising his  

(S,S)-TsDPEN-Ru catalyst ((S,S)-63) and method, which was reported as highly 

enantioselective for a range of secondary alcohols, including indan-1-ol.28  

Noyori’s asymmetric oxidation is an enantiospecific process, one that is typically highly 

enantioselective; the stereochemistry of the product is defined by the stereochemistry of 

the (chiral) enantioenriched substrate (stereospecificity), but one stereoisomer is reacting 

preferentially over the other due to more favourable interactions with the chiral catalyst 

(stereoselectivity) – a stereospecific process is necessarily stereoselective but not all 

stereoselective processes are stereospecific.29 An example of a solely stereoselective 

process is the asymmetric transfer hydrogenation of a (prochiral) ketone,30 whilst an SN2 

reaction at a sp3 centre of an enantiomerically pure compound, which proceeds with 

inversion of configuration, is an example of a totally stereospecific process. For the case 

of the asymmetric oxidation studied within this work, a racemic mixture of cis-indan-1-

ol 157 is present instead of a single enantiomer. The (S,S)-stereoisomer of 157 can only 

be oxidised to give the (S)- enantiomer of the product while the same is true of (R,R)-157 

to give (R)-158, therefore the process is enantiospecific. The reaction is also 

enantioselective since one indan-1-ol enantiomer oxidises preferentially; it is the extent 

of reaction of one enantiomer over the other that is measured – enantiomeric excess. 
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Prior to the oxidation of cis-indan-1-ols, the active catalyst (S,S)-63 was prepared from 

ruthenium dimer 159 and (S,S)-TsDPEN (160) according to Noyori’s procedure (Scheme 

26), confirmed through comparison of spectroscopic and observational data to those 

within the literature.28  

 

Scheme 26 Synthesis of Noyori’s catalyst (1S,2S)-Ru(p-cymene)(TsDPEN) ((S,S)-63). 

Small-scale oxidations of 3-aryl-indan-1-ols 149-156 were then performed as a 

preliminary test of conditions, to ascertain the point at which the reaction has reached  

50 % conversion for each substrate, and to devise a simple and effective sampling 

procedure for reaction profiling (Table 7).  

Table 7 Preliminary oxidative kinetic resolutions of racemic cis-indan-1-ols 149-156.  

 

Racemic  

cis-Indan-1-ol 

Catalyst 

Loading 

/ mol% 

(S)-Indan-1-one 
(1R,3R)- 

Indan-1-ol  

 R1 R2  e.e. / % a  e.e. / % a 

149 H H 0.5 118 92 149 93 

150 H 4-Cl 0.5 119 95 150 80 

151 H 3,4-Cl 0.5 120 96 151 78 

152 H 2,4-Cl 1 121 91 b, d 152 76 c, d 

153 OCH3 H 0.5 122 91 153 76 

154 OCH3 4-Cl 0.5 123 89 154 93 

155 OCH3 3,4-Cl 1 124 83 155 98 

156 OCH3 2,4-Cl 2 125 87 b, d 156 85 c, d 

a e.e. % determined by chiral HPLC analysis; b (R)-configuration; c (1R,3S)-configuration; 

d configuration deduced through literature comparison. 
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The majority of cis-indan-1-ols were successfully oxidised using Noyori’s method and a 

0.5 mol% catalyst loading of (S,S)-63, with 50 % conversion being achieved within 7 

hours – this was the desired maximum duration for the asymmetric oxidations for reaction 

profiling purposes. Compounds 152, 155 and 156 required higher catalyst loadings to 

achieve the desired conversion within this timeframe; 1 mol% gave 50 % conversion of 

152 and 155, although a loading of 2 mol% was needed to drive the oxidation of 156 to 

the same extent within 7 hours – the reaction of 156 was attempted with 1 mol% at higher 

temperature (50 oC) but 25.5 hours was required to reach 50 % conversion.  

A notable observation during this initial study was the partial deactivation of the 

ruthenium catalyst, as evidenced from a non-linear relationship exhibited between 

catalyst loading and conversion, which was believed to be a result of the sensitivity of the 

active 16-electron ruthenium catalyst with respect to acid – neutral conditions are 

required.28 This was confirmed when diminished conversion was observed for oxidations 

whereby the acetone was stored over molecular sieves prior to their use, which are known 

to be acidic;31 a fresh batch of dried acetone was required for each reaction.  

K2CO3 (1.00 eq.) was added to the reactions to combat the catalyst deactivation, which 

was sufficient to neutralise any acid present without hindering sampling.  

The stereochemistry of each product was confirmed by analogy, where both enantiomers 

of 6-methoxy-3-phenyl-indan-1-one (118) and 6-methoxy-3-(3,4-dichlorophenyl)-indan-

1-one (120) were consistent with literature reports.32 All reactions showed high selectivity 

towards a single cis-indan-1-ol enantiomer, giving generally high enantioselectivity for 

both ketone and alcohols at 50 % conversion. In fact, many of the substrates demonstrated 

greater overall enantioselectivity – slightly less product e.e. but far larger alcohol e.e. – 

just after the 50 % point had been reached.  

With optimum conditions and a sampling procedure for the asymmetric oxidation in hand, 

larger scale oxidative kinetic resolutions of 3-aryl-indan-1-ols 149-156 were carried out; 

as before all reactions were performed with 0.50 mol% of catalyst (S,S)-63 apart from 

those of 152 and 155 (1.00 mol%) and 156 (2.00 mol%). The oxidative kinetic resolutions 

yielded enantioenriched indan-1-ones 118-125 and enantioenriched indan-1-ols 149-156 

in good to excellent enantioselectivities (Table 8). Observed yields were also very good; 

since the reaction was only permitted to reach about 50 % conversion, the total yield for 

each reaction is the combined ketone and alcohol yields. 
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Table 8 Oxidative kinetic resolutions of racemic cis-indan-1-ols 149-156.  

 

Racemic  

cis-Indan-1-ol Conv. 

/ % 

(S)-Indan-1-one  (1R,3R)-Indan-1-ol  

 R1 R2  
Yield  

/ % a 

e.e.  

/ % b 
 

Yield  

/ % a 

e.e.  

/ % b 

149 H H 48 118 43 87 149 45 89 

150 H 4-Cl 49 119 41 95 150 47 94 

151 H 3,4-Cl 50 120 42 96 151 43 90 

152 H 2,4-Cl 51 121 46 91 c, e 152 44 93 d, e 

153 OCH3 H 51 122 47 89 153 51 89 

154 OCH3 4-Cl 51 123 44 93 154 47 89 

155 OCH3 3,4-Cl 52 124 44 85 155 42 90 

156 OCH3 2,4-Cl 51 125 46 85 c, e 156 50 90 d, e 

a Isolated yield, as a % of racemic starting material; b e.e. % determined by chiral HPLC 

analysis; c (R)-configuration; d (1R,3S)-configuration; e configuration deduced through 

literature comparison. 

To further analyse the oxidative kinetic resolution of 3-aryl-indan-1-ols 149-156 multiple 

reaction profiles of ‘% enantiomeric excess’ against ‘% conversion’ were constructed, 

with the example displayed in Figure 17 being that of the oxidation of indan-1-ol 153. 

These profiles give more accurate illustrations of the efficiency and selectivity of the 

reactions, thus allowing easier and more thorough comparisons to be made between 

substrate structure and the oxidation process. Before the reaction begins, at time = 0 mins, 

the e.e. of the starting material alcohol is zero since a racemic mixture is present and as 

no conversion has taken place, the enantiomeric excess of the product ketone can’t be 

established. The selectivity of the oxidation is at its highest once the reaction starts  

– assumed when one molecule of starting material is transformed into product (time is 

just greater than 0 mins) – hence the e.e. of the ketone is effectively 100 %. As the reaction 

progresses, the enantiomeric excess of the indan-1-ol increases quickly as one enantiomer 

is consumed preferentially over the other, however as less of this enantiomer becomes 
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‘available’ for oxidation the reaction slows and the catalyst starts to convert the opposite 

enantiomer, lowering the product e.e. as a result. Consequently, greater ketone 

enantiomeric excess is obtained at shorter reaction times whilst the same is true for the 

alcohol the further the oxidation progresses. At ~50 % conversion the reaction should 

theoretically attain the ‘best’ enantiomeric excess for both product indan-1-one and 

starting material indan-1-ol.  

 

Figure 17 Reaction profile for the oxidative kinetic resolution of indan-1-ol 153. 

Every constructed reaction profile possessed a similar shape to the example shown in 

Figure 17. Comparison of these reaction profiles to generic plots of e.e. vs conversion for 

both starting material and product in kinetic resolutions (Figure 18), which are generated 

from Equations 10 and 14,33 provides a qualitative insight into the selectivity factor, s, for 

the oxidative kinetic resolution studied within this work.  

𝑠 =
ln[(1 − 𝑐)(1 − 𝑒. 𝑒.𝑆𝑀 )]

ln[(1 − 𝑐)(1 + 𝑒. 𝑒.𝑆𝑀 )]
    (𝟏𝟎)               𝑠 =

ln[1 − 𝑐(1 + 𝑒. 𝑒.𝑃 )]

ln[1 − 𝑐(1 − 𝑒. 𝑒.𝑃 )]
    (𝟏𝟒) 

The higher the selectivity factor the more efficient the kinetic resolution. This can be seen 

in the plots in Figure 18, in which at 50 % conversion the e.e. of starting material and 

product tends towards 100 % as s increases. From these plots it is evident that a selectivity 

factor of greater than 50 is required to obtain ~90 % e.e. for both starting material and 

product at 50 % conversion. Similar levels of enantiomeric excess were observed for the 

oxidative kinetic resolutions performed in this work at this extent of conversion, 

suggesting s ≥ 50 for each substrate studied; for instance alcohol e.e. is 91 % and ketone 

e.e. is 93 % at ~50 % conversion for the asymmetric oxidation of 153.  
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Figure 18 Plots of e.e. vs. conversion as a function of s for starting material (left) and 

product (right). [Obtained from a paper by Greenhalgh et al.33] 

While it is relatively straightforward to calculate s values from conversion and e.e. data 

using these equations, it is unlikely that they will be accurate. The evaluation of s depends 

in no small part on the accuracy of the measurements of enantiomeric excess and 

conversion and, as a consequence, any analytical error should be considered in its 

calculation. This is not a serious problem with e.e. measurements due to the employment 

of methods such as HPLC, however determination of the conversion requires care and 

precision, especially since this is commonly achieved through less accurate techniques 

such as 1H NMR spectroscopy.34 Fortunately, in a kinetic resolution in which both the 

starting material and product are chiral, such as the one studied in this work, the reaction 

conversion can be calculated from the associated e.e. values using Equation 15.  

𝑐 =
𝑒. 𝑒.SM

𝑒. 𝑒.SM+ 𝑒. 𝑒.P
    (𝟏𝟓) 

The use of Equation 15 not only reduces the error in the calculation of the selectivity 

factor, but also renders the overall error in s dependent on the accuracy of the e.e. 

measurements. The absolute error in s has been closely estimated in recent work by 

Greenhalgh et al. (Equation 16), which serves as a reasonable guide for kinetic resolutions 

whereby both e.e. and conversion have been determined by HPLC analysis using a chiral 

support and standard processing software.33 The authors note that Equation 16 most likely 

gives an overestimation as it effectively compounds the errors in measuring both starting 

material and product e.e. values. 

absolute error ≈ 0.0003𝑠2 + 0.02𝑠    (𝟏𝟔) 
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It can be seen from Equation 16 that errors associated with low s values are relatively 

small, whereas errors in higher s values are much more significant. It is for this reason 

that Greenhalgh et al. recommend the selectivity factor is reported to the nearest integer 

for s values below 50 and to the nearest 10 for kinetic resolutions with s = 50-200.33  

As discussed in Section 1.2.2, Equations 10 and 14 hold true for kinetic resolutions in 

which the selectivity-determining step is first-order in substrate. Although this is 

generally assumed to be the case, in reality it is not unlikely that this dependence changes 

during the course of the resolution. Rate laws for synthetically useful kinetic resolutions 

are almost never determined, for it is often too challenging to do so, and different e.e. vs 

conversion curves are obtained in kinetic resolutions displaying other kinetic 

dependencies on substrate.35  

The intrinsic error within its calculation, coupled with the assumed first-order kinetics 

with respect to substrate, render accurate determination of the selectivity factor very 

difficult, and it is often found that s values vary significantly with conversion.36 Indeed, 

similar results were discovered within this work. For example, in the case of the oxidative 

kinetic resolution of indan-1-ol 153 – the profile of which is shown in Figure 17 – the s 

value can be calculated from Equation 10 or 14 as 90 (± 4.23) at 49.5 % conversion, 

however at 36.6 % conversion this value is calculated to be 70 (± 2.87). Discrepancies 

such as these highlight the difficulty associated with calculating accurate values of s for 

the oxidative kinetic resolutions of 3-aryl-indan-1-ols 149-156 from solitary conversion 

and e.e. data. Nonetheless, another method for the calculation of selectivity factors has 

been realised,33 one that gives arguably a more accurate s value that is representative of 

the entire resolution and independent of reaction conversion. This alternative route is to 

perform a linear regression analysis, which involves rearrangement of Equation 14 to 

Equation 17. 

ln[1 − 𝑐(1 + 𝑒. 𝑒.P )] = 𝑠ln[1 − 𝑐(1 − 𝑒. 𝑒.P )]    (𝟏𝟕)  

Equation 17 resembles a typical straight line equation, therefore plotting ‘ln[1 −

𝑐(1 + 𝑒. 𝑒.P )]’ against ‘ln[1 − 𝑐(1 − 𝑒. 𝑒.P )]’ for all time points should theoretically 

yield a straight line that passes through the origin with gradient equal to s. This is 

evidenced by Figure 19, which is a plot for the oxidative kinetic resolution of 3-aryl-

indan-1-ol 153. The selectivity factor of 80 (± 3.52) for this reaction can be extracted 

from the equation for the fitted regression line, which is displayed on the plot.  
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[N.B. A similar approach for the determination of the selectivity factors using starting 

material e.e. values, by plotting ‘ln[(1 − 𝑐)(1 − 𝑒. 𝑒.SM )]’ against ‘ln[(1 − 𝑐)(1 +

𝑒. 𝑒.SM )]’ for all time points – acquired from rearrangement of Equation 10 – gave 

identical results, as one would expect.] 

Figure 19 Plot of ‘ln[1 − 𝑐(1 + 𝑒. 𝑒.P )]’ against ‘ln[1 − 𝑐(1 − 𝑒. 𝑒.P )]’ for the 

oxidative kinetic resolution of cis-indan-1-ol 153; selectivity factor, s = 80 (± 3.52). 

Also shown in Figure 19 is the coefficient of determination, R2, for the fitted regression 

line. The value is very high (95 %) – as was the case for each reaction – indicating 

uniformity over the course of the kinetic resolution, which suggests that this is a 

reasonable approach towards determination of the selectivity factors for the ruthenium-

catalysed oxidative kinetic resolution. As such, these s values were determined for each 

substrate (Figure 20). 

As previously stated, the higher the selectivity factor the more efficient the resolution, 

this is because lower conversions are required to achieve higher product enantiomeric 

excesses. There are no clear trends in the s values calculated for the oxidative kinetic 

resolution of 3-aryl-indan-1-ols 149-156, however they are all greater than 50, with the 

exception of 156. These values are very good, especially considering the desire to obtain 

both indan-1-ols and indan-1-ones in high enantioenrichment, the latter of which typically 

requires higher selectivity factors; as reflected by the e.e. vs conversion plots in Figure 

18, s values in excess of 50 are generally required if product of high enantiomeric purity 

is to be obtained in useful yield, whereas even a selectivity factor as low as 10 can 

theoretically allow isolation of starting material in 98 % e.e. with a quite reasonable  

30 % recovery.  
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Figure 20 Selectivity factors, s, acquired from linear regression analysis for the oxidative 

kinetic resolution of 3-aryl-indan-1-ols 149-156 catalysed by Ru catalyst (S,S)-63; errors 

were calculated using Equation 16 in accordance with best practice guidelines published 

by Greenhalgh et al.33 

2.2.4 Oxidation of Residual Enantioenriched cis-Indan-1-ols 

The final step involved the simple and effective oxidation of the residual enantiopure cis-

indan-1-ols by manganese dioxide;37, 38 MnO2 is a widely used oxidant for the 

transformation of allylic and benzylic alcohols into aldehydes and ketones, offering mild 

conditions and extremely high selectivity for these substrates, as well as involving 

straightforward work-up that comprises filtration of the suspended solid and solvent 

removal.39 Oxidation of enantioenriched alcohols 149-156 – recovered after the oxidative 

kinetic resolutions – with MnO2 yielded the desired enantiomerically enriched 3-aryl-

indan-1-ones 118-125 in good to excellent yields and enantioselectivities (Table 9); there 

are no clear trends between the nature of the indan-1-ol and the yield of the reaction.  
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Table 9 MnO2 oxidation of residual enantiomerically enriched indan-1-ols 149-156.  

 

Indan-1-ol (1R,3R) Indan-1-one (R) 

 R1 R2  Yield / % a e.e. / % b 

149 H H 118 85 85 

150 H 4-Cl 119 83 91 

151 H 3,4-Cl 120 80 88 

152 c, e H 2,4-Cl 121 d, e 86 89 

153 OCH3 H 122 82 94 

154 OCH3 4-Cl 123 81 91 

155 OCH3 3,4-Cl 124 99 93 

156 c, e OCH3 2,4-Cl 125 d, e 75 88 

a Isolated yield; b e.e. % determined by chiral HPLC analysis; c (1R,3S)-configuration; d 

(S)-configuration; e configuration deduced through analogy with previous results. 

2.3 Summary 

Within this chapter a convenient and attractive synthetic route has been discussed that 

allows access to the individual enantiomers of 3-aryl-indan-1-ones, compounds which are 

known to possess an array of interesting biological properties. Racemic 3-aryl-indan-1-

ones were synthesised in overall very good yields via the Nazarov cyclisation of 

substituted chalcones, which were prepared using a Claisen–Schmidt condensation of 

commercially available acetophenones and aromatic aldehydes. 

The “2.5-step” chiral resolution involved initial reduction of the racemic ketones to give 

corresponding cis-indan-1-ols in high diastereoselectivity. Subsequent ruthenium-

catalysed oxidative kinetic resolution, utilising Noyori’s (S,S)-TsDPEN-Ru catalyst 

((S,S)-63) and method,28 proceeded with high enantioselectivity, affording 

enantioenriched 3-aryl-indan-1-ones and 3-aryl-indan-1-ols in generally excellent 

enantiomeric excesses at ~50 % conversion. Finally, oxidation of the unreacted 

enantiopure alcohols provided the opposite 3-aryl-indan-1-one enantiomers in good to 

excellent yields. 



59 

2.4 Experimental for Chapter 2 

2.4.1 General 

Room temperature (rt) refers to ambient temperature (20-22 °C), 5 °C refers to a cold 

water bath and 0 °C refers to an ice-slush bath. Heat transfer for reactions was achieved 

using drysyn© apparatus and were performed using commercially available reagents and 

solvents which, unless otherwise stated, were used as received. Reactions involving 

moisture sensitive compounds were performed under a dry, oxygen-free atmosphere and 

in dry solvents. Such solvents were dried prior to use using the methods described in 

“Purification of Laboratory Chemicals, 6th Ed.”, and used accordingly.15 The use of 

‘petroleum ether’ refers to ‘petroleum ether (40-60 °C)’ unless otherwise stated. pH 2 

buffer is an aqueous solution (0.25 M H2SO4 and 0.75 M Na2SO4).  

Reactions were followed by thin layer chromatography (TLC), performed on aluminium 

plates coated with 0.2 mm silica gel (DC Kieselgel 60 F254, Merck), developed either from 

UV fluorescence (254 nm) or potassium permanganate followed by heating. Column 

chromatography was carried out using SiO2 (40-63 microns).  

Melting points were determined on a Stuart Scientific SMP10 melting point apparatus 

(uncorrected), with 3 runs of each compound, and the average value given in ºC rounded 

to the nearest degree. 

Infrared (IR) spectra were recorded as thin films on a Perkin-Elmer Paragon 1000 FT-IR 

spectrophotometer and results are quoted in wavenumbers (cm-1). Peak intensities are 

specified as strong (s), medium (m), weak (w) and broad (br). Sulfoxide S=O stretches 

are denoted as asymmetric (as) and symmetric (s). 

NMR spectra were recorded on Bruker Advance DRX 250, 300, 400 and 600 MHz 

spectrometers at room temperature (298 K). Chemical shifts are reported in parts per 

million (ppm), downfield relative to tetramethylsilane (TMS) (0.00 ppm), and referenced 

from CDCl3 in most instances (δH: 7.26 ppm and δC: 77.2 ppm). Coupling constants (J) 

are reported in Hertz (Hz) and rounded to the nearest 0.5 Hz. Multiplicities are denoted 

as singlet (s), doublet (d), triplet (t), quartet (q), pentet (p), multiplet (m) and broad (br.), 

whilst more complex multiplicities are in line with these denotations, e.g. doublet of 

doublets (dd). Spectra were analysed using MestReNova©, with 1H and 13C assignments 

established on the basis of COSY, DEPT, HMQC and HMBC correlations, in addition to 

NOE experiments. [Carbon spectra were determined with broadband decoupling].  
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Mass spectra were obtained using the University of Warwick Mass Spectrometry Service, 

where low resolution electrospray ionisation (ESI) mass spectra were recorded on an 

Agilent 6130B single Quad instrument, and high resolution ESI mass spectra (HRMS) 

were recorded using a Bruker micro-TOF ESI spectrometer by either Dr Lijiang Song, 

Mr Philip Aston or Mr James Morrey. 

Chiral HPLC was performed on a HPLC instrument consisting of a Varian Prostar 335 

Photodiode Array Detector, a Varian Prostar Solvent Delivery Module and a Varian 

Prostar 420 Autosampler.  

Optical rotations were recorded on an Optical Activity Ltd. AA-1000 millidegree auto-

ranging polarimeter (589 nm). Specific rotations are given in units of 10-1 deg cm2 g-1. 

Concentrations (c) are given in grams / Litre (g/L). The samples were prepared using 

spectroscopic grade CHCl3. 

Naming of compounds has been performed in accordance with IUPAC guidelines.40 

(R)- and (S)- configurations were assigned according to the Cahn–Ingold–Prelog priority 

rules.41 

 

NMR assignments for each compound are using the following notations: 

 

1H NMR Assignments: 

ArH (aromatic hydrogen), CHX (non-aromatic hydrogens). 

 

13C NMR Assignments: 

ArC (aromatic carbon bearing no hydrogens), ArCH (aromatic carbon bearing a 

hydrogen), CH (non-aromatic carbon, bearing a hydrogen), C (non-aromatic 

carbon, bearing no hydrogens). 
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2.4.2 Substituted Chalcone Formation by Claisen–Schmidt Condensation  

– General Procedure A 

 

The following procedure was performed in accordance with previous literature.2 

To a solution of substituted acetophenone (1.00 equiv.) and substituted benzaldehyde 

(1.00 equiv.) in MeOH (0.75 mL/mmol), was added NaOMe (1.48 equiv.). The resulting 

mixture was stirred at room temperature for 3 hours unless otherwise stated. If a 

precipitate formed, this was filtered, washed with MeOH and dried under vacuum. If no 

precipitate formed, HCl (2.00 M) was added slowly and the mixture was evaporated to 

near dryness under reduced pressure. The residue was suspended in saturated NaHCO3 

(aq.) and extracted with Et2O. The organic layer was washed with brine, dried over 

MgSO4 and concentrated in vacuo. The crude product was then purified by flash column 

chromatography as specifically mentioned. 

(E)-1-(3′-Methoxyphenyl)-3-phenylprop-2-en-1-one, 135 

 

General procedure A was applied using 3-methoxyacetophenone (9.20 mL, 67.0 mmol), 

benzaldehyde (6.84 mL, 67.0 mmol), MeOH (50.0 mL) and NaOMe (5.35 g, 99.0 mmol) 

and was used without further purification. The title compound was formed as a viscous 

yellow oil (15.0 g, 94 %); max /cm-1 (neat) 3001 (m, ArC-H), 2834 (m, C-H), 1662 (s, 

C=C), 1588 (s, C=O) 1254 (s, C-O); δH (500 MHz, CDCl3) 7.82 (1H, d, J = 16.0 Hz, 

C(O)CH=CH), 7.65 (1H, dd, J = 3.5, 1.0 Hz, ArH), 7.64 (1H, d, J = 2.0 Hz, ArH), 7.61 

(1H, dt, J = 7.5, 1.0 Hz, ArH), 7.55 (1H, dd, J = 2.5, 1.5 Hz, ArH), 7.51 (1H, d, J = 16.0 

Hz, C(O)CH=CH), 7.44-7.39 (4H, m, 4 x ArH), 7.14 (ddd, J = 8.0, 2.5, 1.0 Hz, ArH), 

3.89 (3H, s, OCH3); δC (126 MHz, CDCl3) 190.3 (C=O), 159.9 (ArC), 144.9 

(C(O)CH=CH), 139.6 (ArC), 134.9 (ArC), 130.6 (ArCH), 129.6 (ArCH), 129.0 (2 x 

ArCH), 128.5 (2 x ArCH), 122.1 (C(O)CH=CH), 121.1 (ArCH), 119.3 (ArCH), 112.9 

(ArCH), 55.5 (OCH3); m/z (ESI) 261 [M+Na]+; HRMS (ESI) C16H14O2Na+ requires 

261.0886, found 261.0886 [M+Na]+. These data are consistent with those previously 

reported.14, 42, 43 
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(E)-3-(4-Chlorophenyl)-1-(3-methoxyphenyl)prop-2-en-1-one, 136 

 

General procedure A was applied using 3-methoxyacetophenone (9.20 mL, 67.0 mmol), 

4-chlorobenzaldehyde (9.42 g, 67.0 mmol), MeOH (50.0 mL) and KOH solution (3.75 

M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 3 hours, cooled 

to room temperature, filtered, and used without further purification. The title compound 

was formed as a pale yellow solid (14.8 g, 81 %); m.p. 85-86 ºC (lit.44 83 °C); max /cm-1 

(neat) 2998 (m, ArC-H), 2837 (m, C-H), 1655 (s, C=C), 1565 (s, C=O) 1255 (s, C-O); δH 

(500 MHz, CDCl3) 7.76 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.62-7.58 (2H, m, 2 x ArH), 

7.58-7.56 (1H, m, ArH), 7.55-7.53 (1H, m, ArH), 7.48 (1H, d, J = 16.0 Hz, C(O)CH=CH), 

7.43 (1H, d, J = 8.0 Hz, ArH), 7.41-7.40 (1H, m, ArH), 7.40-7.38 (1H, m, ArH), 7.14 

(1H, dd, J = 8.0, 2.5 Hz, ArH), 3.89 (3H, s, OCH3); δC (126 MHz, CDCl3) 190.0 (C=O), 

160.0 (ArC), 143.4 (C(O)CH=CH), 139.5 (ArC), 136.5 (ArC), 133.4 (ArC), 129.6 

(ArCH), 129.6 (2 x ArCH), 129.3 (2 x ArCH), 122.5 (C(O)CH=CH), 121.1 (ArCH), 

119.5 (ArCH), 112.9 (ArCH), 55.5 (OCH3); m/z (ESI) 295 [M+Na]+; HRMS (ESI) 

C16H13
35ClO2Na+ requires 295.0496, found 295.0498 [M+Na]+. These data are consistent 

with those previously reported.14, 44 

(E)-3-(3,4-Dichlorophenyl)-1-(3-methoxyphenyl)prop-2-en-1-one, 137 

 

General procedure A was applied using 3-methoxyacetophenone (9.20 mL, 67.0 mmol), 

3,4-dichlorobenzaldehyde (11.7 g, 67.0 mmol), MeOH (50.0 mL) and KOH solution 

(3.75 M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 3 hours, 

cooled to room temperature, filtered, and used without further purification. The title 

compound was formed as a pale yellow solid (19.1 g, 93 %); m.p. 113-114 ºC (lit.45 116 

°C); max /cm-1 (neat) 3020 (m, ArC-H), 2832 (m, C-H), 1663 (s, C=C), 1597 (s, C=O) 

1250 (s, C-O); δH (500 MHz, CDCl3) 7.73 (1H, d, J = 2.0 Hz, ArH), 7.70 (1H, d, J = 16.0 

Hz, C(O)CH=CH), 7.60 (1H, dt, J = 7.7, 1.0 Hz, ArH), 7.54 (1H, dd, J = 2.5, 1.5 Hz, 

ArH), 7.50 (1H, d, J = 8.5 Hz, ArH), 7.49 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.46 (1H, 

dd, J = 8.5, 2.0 Hz, ArH), 7.43 (1H, t, J = 8.0 Hz, ArH), 7.15 (1H, ddd, J = 8.0, 2.5, 0.5 



63 

Hz, ArH), 3.89 (3H, s, OCH3); δC (126 MHz, CDCl3) 190.0 (C=O), 160.0 (ArC), 141.9 

(C(O)CH=CH), 139.2 (ArC), 135.0 (ArC), 134.4 (ArC), 133.4 (ArC), 131.0 

(C(O)CH=CH), 129.8 (ArCH), 129.7 (ArCH), 127.5 (ArCH), 123.6 (ArCH), 121.1 

(ArCH), 119.7 (ArCH), 112.9 (ArCH), 55.5 (OCH3); m/z (ESI) 329 [M+Na]+; HRMS 

(ESI) C16H12
35Cl2O2Na+ requires 329.0107, found 329.0106 [M+Na]+. These data are 

consistent with those previously reported.21, 45, 46 

(E)-3-(2,4-Dichlorophenyl)-1-(3-methoxyphenyl)prop-2-en-1-one, 138 

 

General procedure A was applied using 3-methoxyacetophenone (9.20 mL, 67.0 mmol), 

2,4-dichlorobenzaldehyde (11.7 g, 67.0 mmol), MeOH (50.0 mL) and KOH solution 

(3.75 M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 3 hours, 

cooled to room temperature, filtered, and used without further purification. The title 

compound was formed as a pale yellow solid (18.1 g, 88 %); m.p. 100-101 ºC; 

max /cm-1 (neat) 3072 (m, ArC-H), 2834 (m, C-H), 1657 (s, C=C), 1585 (s, C=O) 1260 

(s, C-O); δH (500 MHz, CDCl3) 8.10 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.68 (1H, d, J 

= 8.5 Hz, ArH), 7.58 (1H, dt, J = 8.0, 1.5 Hz, ArH), 7.53 (1H, dd, J = 2.5, 1.5 Hz, ArH), 

7.46 (1H, d, J = 2.0 Hz, ArH), 7.45 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.41 (1H, t, J = 

8.0 Hz, ArH), 7.30 (1H, dd, J = 8.5, 2.0 Hz, ArH), 7.15 (1H, ddd, J = 8.0, 2.5, 0.5 Hz, 

ArH), 3.88 (3H, s, OCH3); δC (126 MHz, CDCl3) 189.8 (C=O), 160.0 (ArC), 139.3 

(C(O)CH=CH), 139.2 (ArC), 136.5 (ArC), 136.1 (ArC), 131.9 (ArC), 130.2 (ArCH), 

129.7 (ArCH), 128.5 (ArCH), 127.6 (ArCH), 125.1 (C(O)CH=CH), 121.2 (ArCH), 119.6 

(ArCH), 113.0 (ArCH), 55.6 (OCH3); m/z (ESI) 329 [M+Na]+; HRMS (ESI) 

C16H12
35Cl2O2Na+ requires 329.0107, found 329.0110 [M+Na]+. This compound is 

known but was previously reported without characterisation data.47 

(E)-3-Phenyl-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one, 139 

 

General procedure A was applied using 3,4,5-trimethoxyacetophenone (14.0 g, 67.0 

mmol), benzaldehyde (6.84 mL, 67.0 mmol), MeOH (50.0 mL) and NaOMe (5.35 g, 99.0 

mmol) and was used without further purification. The title compound was formed as a 
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pale yellow solid (18.8 g, 94 %); m.p. 80-81 ºC (lit.48 87-88 °C); max /cm-1 (neat) 2988 

(m, ArC-H), 2831 (m, C-H), 1656 (s, C=C), 1601 (s, C=O) 1121 (s, C-O); δH (500 MHz, 

CDCl3) 7.82 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.66 (1H, dd, J = 3.5, 1.0 Hz, ArH), 

7.65 (1H, d, J = 2.0 Hz, ArH), 7.48 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.46-7.42 (3H, 

m, 4 x ArH), 7.28 (2H, s, 2 x ArH), 3.96 (6H, s, 2 x OCH3), 3.94 (3H, s, OCH3); δC (126 

MHz, CDCl3) 189.3 (C=O), 153.2 (2 x ArC), 144.8 (C(O)CH=CH), 142.5 (ArC), 134.9 

(ArC), 133.5 (ArC), 130.6 (ArCH), 129.0 (2 x ArCH), 128.5 (2 x ArCH), 122.8 

(C(O)CH=CH), 106.1 (2 x ArCH), 61.0 (OCH3), 56.4 (2 x OCH3); m/z (ESI) 321 

[M+Na]+; HRMS (ESI) C18H18O4Na+ requires 321.1097, found 321.1097 [M+Na]+. 

These data are consistent with those previously reported.43 

(E)-3-(4-Chlorophenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one, 140 

 

General procedure A was applied using 3,4,5-trimethoxyacetophenone (14.1 mL, 67.0 

mmol), 4-chlorobenzaldehyde (9.42 g, 67.0 mmol), MeOH (50.0 mL) and KOH solution 

(3.75 M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 3 hours, 

cooled to room temperature, filtered, and used without further purification. The title 

compound was formed as a pale yellow solid (16.2 g, 73 %); m.p. 112-114 ºC (lit.49 115-

116 °C); max /cm-1 (neat) 2987 (m, ArC-H), 2834 (m, C-H), 1655 (s, C=C), 1601 (s, C=O) 

1124 (s, C-O); δH (500 MHz, CDCl3) 7.77 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.61-7.59 

(1H, m, ArH), 7.59-7.56 (1H, m, ArH), 7.45 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.42-

7.41 (1H, m, ArH), 7.41-7.39 (1H, m, ArH), 7.27 (2H, s, 2 x ArH), 3.96 (6H, s, 2 x OCH3), 

3.95 (3H, s, OCH3); δC (126 MHz, CDCl3) 188.9 (C=O), 153.2 (2 x ArC), 143.3 

(C(O)CH=CH), 142.7 (ArC), 136.5 (ArC), 133.4 (ArC), 133.3 (ArC), 129.6 (2 x ArCH), 

129.3 (2 x ArCH), 122.1 (C(O)CH=CH), 106.1 (2 x ArCH), 61.0 (OCH3), 56.5 (2 x 

OCH3); m/z (ESI) 355 [M+Na]+; HRMS (ESI) C18H17
35ClO4Na+ requires 355.0708, 

found 355.0704 [M+Na]+. These data are consistent with those previously reported.49, 50 
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(E)-3-(3,4-Dichlorophenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one, 141 

 

General procedure A was applied using 3,4,5-trimethoxyacetophenone (14.1 mL, 67.0 

mmol), 3,4-dichlorobenzaldehyde (11.7 g, 67.0 mmol), MeOH (50.0 mL) and KOH 

solution (3.75 M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 

3 hours, cooled to room temperature, filtered, and used without further purification. The 

title compound was formed as a pale yellow solid (23.0 g, 94 %); m.p. 138-139 ºC (lit.46 

139-140 °C); max /cm-1 (neat) 3083 (m, ArC-H), 2833 (m, C-H), 1663 (s, C=C), 1606 (s, 

C=O) 1125 (s, C-O); δH (500 MHz, CDCl3) 7.74 (1H, d, J = 2.0 Hz, ArH), 7.70 (1H, d, J 

= 16.0 Hz, C(O)CH=CH), 7.51 (1H, d, J = 8.5 Hz, ArH), 7.45 (1H, d, J = 16.0 Hz, 

C(O)CH=CH), 7.45 (1H, d, J = 2.0 Hz, ArH), 7.27 (2H, s, 2 x ArH), 3.96 (6H, s, 2 x 

OCH3), 3.95 (3H, s, OCH3); δC (126 MHz, CDCl3) 188.5 (C=O), 153.3 (2 x ArC), 142.9 

(ArC), 141.9 (C(O)CH=CH), 135.0 (ArC), 134.4 (ArC), 133.3 (ArC), 133.1 (ArC), 131.0 

(ArCH), 129.7 (ArCH), 127.6 (C(O)CH=CH), 123.2 (ArCH), 106.2 (2 x ArCH), 61.0 

(OCH3), 56.5 (2 x OCH3); m/z (ESI) 389 [M+Na]+; HRMS (ESI) C18H16
35Cl2O4Na+ 

requires 389.0318, found 389.0313 [M+Na]+. These data are consistent with those 

previously reported.46, 50 

(E)-3-(2,4-Dichlorophenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one, 142 

 

General procedure A was applied using 3,4,5-trimethoxyacetophenone (14.1 mL, 67.0 

mmol), 2,4-dichlorobenzaldehyde (11.7 g, 67.0 mmol), MeOH (50.0 mL) and KOH 

solution (3.75 M, 3.00 mL) instead of NaOMe. The reaction was performed at 50 oC for 

3 hours, cooled to room temperature, filtered, and used without further purification. The 

title compound was formed as a pale yellow solid (24.5 g, 99 %); m.p. 149-150 ºC (lit.49 

151-153 °C); max /cm-1 (neat) 3089 (m, ArC-H), 2838 (m, C-H), 1656 (s, C=C), 1596 (s, 

C=O) 1121 (s, C-O); δH (500 MHz, CDCl3) 8.07 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.68 

(1H, d, J = 8.5 Hz, ArH), 7.48 (1H, d, J = 2.0 Hz, ArH), 7.38 (1H, d, J = 16.0 Hz, 

C(O)CH=CH), 7.31 (1H, ddd, J = 8.5, 2.0, 0.5 Hz, ArH), 7.26 (2H, s, 2 x ArH), 3.95 (9H, 
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s, 3 x OCH3); δC (126 MHz, CDCl3) 189.2 (C=O), 153.2 (2 x ArC), 142.8 (ArC), 139.3 

(C(O)CH=CH), 136.5 (ArC), 136.0 (ArC), 133.0 (ArC), 131.9 (ArC), 130.2 (ArCH), 

128.6 (ArCH), 127.6 (ArCH), 125.1 (C(O)CH=CH), 106.3 (2 x ArCH), 61.0 (OCH3), 

56.4 (2 x OCH3); m/z (ESI) 389 [M+Na]+; HRMS (ESI) C18H16
35Cl2O4Na+ requires 

389.0318, found 389.0317 [M+Na]+. These data are consistent with those previously 

reported.49, 50 

2.4.3 Formation of 3-Aryl-indan-1-ones by Nazarov Cyclisation  

– General Procedure B 

 

The following procedure was performed in accordance with previous literature.13 

Substituted chalcone (1.00 equiv.) in trifluoroacetic acid (1.20 mL/mmol) was refluxed 

at 80 oC for 24 hours under N2, unless otherwise stated. The resulting mixture was 

carefully washed (Et2O) into cold NaOH (2.00 M). Organics were then extracted with 

additional Et2O, followed by successive washing of the organic layer with NaOH (2.00 

M) until pH > 7 had been achieved. Finally, the organics were washed with water and 

brine, dried over MgSO4, filtered and concentrated in vacuo. The crude product was then 

purified by flash column chromatography as specifically mentioned. 

6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 118  

(0.99:0.01 mixture of isomers) 

 

General procedure B was applied using (E)-1-(3-methoxyphenyl)-3-phenylprop-2-en-

1-one 135 (15.0 g, 62.9 mmol) and trifluoroacetic acid (75.5 mL). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (4:1), gave an inseparable 

0.99:0.01 mixture of 118 to 4-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one as an off-

white solid (12.6 g, 84 %); m.p. 69-71 ºC (lit.13 69-71 °C); max /cm-1 (neat) 3026 (m, ArC-

H), 2834 (m, C-H), 1699 (s, C=O), 1271 (s, C-O); δH (500 MHz, CDCl3) 7.33-7.28 (2H, 

m, 2 x ArH), 7.26-7.21 (2H, m, 2 x ArH), 7.17-7.15 (2H, m, 2 x ArH), 7.13-7.12 (1H, m, 

ArH), 7.11-7.10 (1H, m, ArH), 4.52 (1H, dd, J = 8.0, 3.5 Hz, C(Ar)H), 3.86 (3H, s, 
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OCH3), 3.25 (1H, dd, J = 19.0, 8.0 Hz, C(H)H), 2.69 (1H, dd, J = 19.0, 3.5 Hz, C(H)H); 

δC (126 MHz, CDCl3) 206.0 (C=O), 159.8 (ArC), 150.9 (ArC), 143.9 (ArC), 138.0 (ArC), 

128.9 (2 x ArCH), 127.6 (ArCH), 127.5 (2 x ArCH), 126.9 (ArCH), 124.5 (ArCH), 104.4 

(ArCH), 55.7 (OCH3), 47.6 (CH2), 43.8 (C(Ar)H); m/z (ESI) 261 [M+Na]+; HRMS (ESI) 

C16H14O2Na+ requires 261.0886, found 261.0884 [M+Na]+. These data are consistent 

with those previously reported.13, 14, 32 

3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 119  

(0.99:0.01 mixture of isomers) 

 

General procedure B was applied using (E)-3-(4-chlorophenyl)-1-(3-

methoxyphenyl)prop-2-en-1-one 136 (14.7 g, 53.9 mmol) and trifluoroacetic acid (64.7 

mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (4:1), 

gave an inseparable 0.99:0.01 mixture of 119 to 3-(4-chlorophenyl)-4-methoxy-2,3-

dihydro-1H-inden-1-one as a white solid (12.1 g, 82 %); m.p. 120-123 ºC; max /cm-1 

(neat) 3063 (m, ArC-H), 2829 (m, C-H), 1707 (s, C=O), 1279 (s, C-O); δH (500 MHz, 

CDCl3) 7.29-7.26 (2H, m, 2 x ArH), 7.23 (1H, d, J = 2.5 Hz, ArH), 7.17 (1H, dd, J = 8.5, 

2.5 Hz, ArH), 7.15-7.11 (1H, m, ArH), 7.07-7.05 (1H, m, ArH), 7.05-7.03 (1H, m, ArH), 

4.50 (1H, dd, J = 8.0, 3.5 Hz, C(Ar)H), 3.86 (3H, s, OCH3), 3.25 (1H, dd, J = 19.0, 8.0 

Hz, C(H)H), 2.63 (1H, dd, J = 19.0, 3.5 Hz, C(H)H); δC (126 MHz, CDCl3) 205.5 (C=O), 

159.9 (ArC), 150.2 (ArC), 142.5 (ArC), 138.0 (ArC), 132.7 (ArC), 129.0 (2 x ArCH), 

128.9 (2 x ArCH), 127.5 (ArCH), 124.6 (ArCH), 104.5 (ArCH), 55.7 (OCH3), 47.5 (CH2), 

43.2 (C(Ar)H); m/z (ESI) 295 [M+Na]+; HRMS (ESI) C16H13
35ClO2Na+ requires 

295.0496, found 295.0493 [M+Na]+. These data are consistent with those previously 

reported.14 
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3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 120  

(0.94:0.06 mixture of isomers) 

 

General procedure B was applied using (E)-3-(3,4-dichlorophenyl)-1-(3-

methoxyphenyl)prop-2-en-1-one 137 (9.00 g, 29.3 mmol) and trifluoroacetic acid (35.2 

mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (3:1), 

gave an inseparable 0.94:0.06 mixture of 120 to 3-(3,4-dichlorophenyl)-4-methoxy-2,3-

dihydro-1H-inden-1-one as a yellow oil (8.00 g, 89 %); max /cm-1 (neat) 3057 (m, ArC-

H), 2835 (m, C-H), 1704 (s, C=O), 1279 (s, C-O); δH (500 MHz, CDCl3) 7.37 (1H, d, J = 

8.5 Hz, ArH), 7.24 (1H, d, J = 2.5 Hz, ArH), 7.21 (1H, d, J = 2.0 Hz, ArH), 7.19 (1H, dd, 

J = 8.5, 2.5 Hz, ArH), 7.14 (1H, d, J = 8.5 Hz, ArH), 6.94 (1H, dd, J = 8.5, 2.0 Hz, ArH), 

4.49 (1H, dd, J = 8.0, 3.5 Hz, C(Ar)H), 3.87 (3H, s, OCH3), 3.25 (1H, dd, J = 19.0, 8.0 

Hz, C(H)H), 2.61 (1H, dd, J = 19.0, 3.5 Hz, C(H)H); δC (126 MHz, CDCl3) 203.9 (C=O), 

159.1 (ArC), 148.3 (ArC), 143.2 (ArC), 137.1 (ArC), 131.9 (ArC), 130.0 (ArC), 129.8 

(ArCH), 128.5 (ArCH), 126.4 (ArCH), 125.9 (ArCH), 123.7 (ArCH), 103.7 (ArCH), 54.7 

(OCH3), 46.2 (CH2), 41.9 (C(Ar)H); m/z (ESI) 329 [M+Na]+; HRMS (ESI) 

C16H12
35Cl2O2Na+ requires 329.0107, found 329.0104 [M+Na]+. These data are 

consistent with those previously reported.22, 32, 45 

3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 121  

(0.98:0.02 mixture of isomers) 

 

General procedure B was applied using (E)-3-(2,4-dichlorophenyl)-1-(3-

methoxyphenyl)prop-2-en-1-one 138 (7.71 g, 25.1 mmol) and trifluoroacetic acid (30.1 

mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (5:1), 

gave an inseparable 0.98:0.02 mixture of 121 to 3-(2,4-dichlorophenyl)-4-methoxy-2,3-

dihydro-1H-inden-1-one as an off-white solid (7.41 g, 96 %); m.p. 80-83 ºC; max /cm-1 

(neat) 3060 (m, ArC-H), 2836 (m, C-H), 1707 (s, C=O), 1279 (s, C-O); δH (500 MHz, 
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CDCl3) 7.36 (1H, d, J = 2.0 Hz, ArH), 7.18-7.16 (1H, m, ArH), 7.13 (2H, s, 2 x ArH), 

7.05 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.72 (1H, d, J = 7.0 Hz, ArH), 4.92 (1H, d, J = 8.0 

Hz, C(Ar)H), 3.79 (3H, s, OCH3), 3.24 (1H, dd, J = 19.0, 8.0 Hz, C(H)H), 2.48 (1H, d, J 

= 19.0 Hz, C(H)H); δC (126 MHz, CDCl3) 203.9 (C=O), 159.0 (ArC), 147.7 (ArC), 139.1 

(ArC), 137.5 (ArC), 133.6 (ArC), 132.2 (ArC), 128.5 (ArCH), 128.2 (ArCH), 126.6 

(ArCH), 126.5 (ArCH), 123.6 (ArCH), 103.8 (ArCH), 54.7 (OCH3), 44.9 (CH2), 38.9 

(C(Ar)H); m/z (ESI) 329 [M+Na]+; HRMS (ESI) C16H12
35Cl2O2Na+ requires 329.0107, 

found 329.0101 [M+Na]+. 

4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 122 

 

General procedure B was applied using (E)-3-phenyl-1-(3,4,5-trimethoxyphenyl)prop-

2-en-1-one 139 (12.0 g, 40.2 mmol) and trifluoroacetic acid (48.3 mL). Purification by 

flash column chromatography, eluting with pet ether:EtOAc (2:1), gave 122 as a yellow 

oil (11.6 g, 97 %); max /cm-1 (neat) 3060 (m, ArC-H), 2853 (m, C-H), 1702 (s, C=O), 

1095 (s, C-O); δH (500 MHz, CDCl3) 7.30-7.25 (2H, m, 2 x ArH), 7.22-7.17 (1H, m, 

ArH), 7.13-7.11 (1H, m, ArH), 7.11-7.10 (1H, m, ArH), 7.09 (1H, s, ArH), 4.58 (1H, dd, 

J = 8.0, 2.5 Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.90 (3H, s, OCH3), 3.32 (3H, s, OCH3), 

3.19 (1H, dd, J = 19.5, 8.0 Hz, C(H)H), 2.62 (1H, dd, J = 19.5, 2.5 Hz, C(H)H); δC (126 

MHz, CDCl3) 205.4 (C=O), 154.9 (ArC), 150.4 (ArC), 148.8 (ArC), 144.7 (ArC), 144.4 

(ArC), 132.2 (ArC), 128.6 (2 x ArCH), 127.3 (2 x ArCH), 126.7 (ArCH), 100.3 (ArCH), 

60.9 (OCH3), 60.0 (OCH3), 56.2 (OCH3), 47.2 (CH2), 41.6 (C(Ar)H); m/z (ESI) 321 

[M+Na]+; HRMS (ESI) C18H18O4Na+ requires 321.1097, found 321.1102 [M+Na]+. This 

compound is known but was previously reported without characterisation data.10, 11 

3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, 123 

 

General procedure B was applied using (E)-3-(4-chlorophenyl)-1-(3,4,5-

trimethoxyphenyl)prop-2-en-1-one 140 (12.0 g, 36.1 mmol) and trifluoroacetic acid (43.3 
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mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), 

gave 123 as an off-white solid (11.8 g, 98 %); m.p. 72-74 ºC; max /cm-1 (neat) 3080 (m, 

ArC-H), 2833 (m, C-H), 1702 (s, C=O), 1091 (s, C-O); δH (500 MHz, CDCl3) 7.28-7.25 

(1H, m, ArH), 7.25-7.23 (1H, m, ArH), 7.08 (1H, s, ArH), 7.07-7.02 (2H, m, 2 x ArH), 

4.55 (1H, dd, J = 8.0, 2.5 Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.90 (3H, s, OCH3), 3.41 

(3H, s, OCH3), 3.18 (1H, dd, J = 19.0, 8.0 Hz, C(H)H), 2.55 (1H, dd, J = 19.0, 2.5 Hz, 

C(H)H); δC (126 MHz, CDCl3) 204.8 (C=O), 155.1 (ArC), 150.3 (ArC), 148.7 (ArC), 

144.0 (ArC), 143.0 (ArC), 132.3 (ArC), 132.2 (ArC), 128.8 (2 x ArCH), 128.6 (2 x 

ArCH), 100.3 (ArCH), 60.9 (OCH3), 60.1 (OCH3), 56.3 (OCH3), 47.0 (CH2), 41.0 

(C(Ar)H); m/z (ESI) 355 [M+Na]+; HRMS (ESI) C18H17
35ClO4Na+ requires 355.0708, 

found 355.0706 [M+Na]+. This compound is known but was previously reported without 

characterisation data.11 

3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, 124 

 

General procedure B was applied using (E)-3-(3,4-dichlorophenyl)-1-(3,4,5-

trimethoxyphenyl)prop-2-en-1-one 141 (8.00 g, 21.8 mmol) and trifluoroacetic acid (32.7 

mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), 

gave 124 as an off-white solid (7.75 g, 97 %); m.p. 133-136 ºC; max /cm-1 (neat) 2939 

(m, ArC-H), 2833 (m, C-H), 1709 (s, C=O), 1121 (s, C-O); δH (500 MHz, CDCl3) 7.35 

(1H, d, J = 8.5 Hz, ArH), 7.21 (1H, d, J = 2.0 Hz, ArH), 7.09 (1H, s, ArH), 6.95 (1H, dd, 

J = 8.5, 2.0 Hz, ArH), 4.53 (1H, dd, J = 8.0, 2.5 Hz, C(Ar)H), 3.93 (3H, s, OCH3), 3.91 

(3H, s, OCH3), 3.49 (3H, s, OCH3), 3.18 (1H, dd, J = 19.0, 8.0 Hz, C(H)H), 2.54 (1H, dd, 

J = 19.0, 2.5 Hz, C(H)H); δC (126 MHz, CDCl3) 203.2 (C=O), 154.3 (ArC), 149.2 (ArC), 

147.6 (ArC), 143.7 (2 x ArC), 142.0 (ArC), 131.5 (ArC), 131.1 (ArC), 129.5 (ArCH), 

128.2 (ArCH), 125.6 (ArCH), 99.4 (ArCH), 59.9 (OCH3), 59.1 (OCH3), 55.3 (OCH3), 

45.7 (CH2), 39.7 (C(Ar)H); m/z (ESI) 389 [M+Na]+; HRMS (ESI) C18H16
35Cl2O4Na+ 

requires 389.0318, found 389.0320 [M+Na]+. This compound is known but was 

previously reported without characterisation data.11 
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3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, 125 

 

General procedure B was applied using (E)-3-(2,4-dichlorophenyl)-1-(3,4,5-

trimethoxyphenyl)prop-2-en-1-one 142 (10.0 g, 27.2 mmol) and trifluoroacetic acid (32.7 

mL). Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), 

gave 125 as an off-white solid (9.65 g, 97 %); m.p. 105-108 ºC; max /cm-1 (neat) 3003 

(m, ArC-H), 2836 (m, C-H), 1707 (s, C=O), 1099 (s, C-O); δH (500 MHz, CDCl3) 7.43 

(1H, s, ArH), 7.21-7.08 (2H, m, 2 x ArH), 6.67 (1H, s, ArH), 5.04 (1H, d, J = 8.0 Hz, 

ArH), 3.93 (3H, s, OCH3), 3.92 (3H, s, OCH3), 3.57 (3H, s, OCH3), 3.24 (1H, dd, J = 

19.0, 8.0 Hz, C(H)H), 2.46 (1H, d, J = 19.0 Hz, C(H)H); δC (126 MHz, CDCl3) 204.3 

(C=O), 155.3 (ArC), 150.1 (ArC), 148.5 (ArC), 142.4 (2 x ArC), 134.2 (ArC), 132.9 

(ArC), 132.8 (ArC), 129.3 (ArCH), 128.4 (ArCH), 127.4 (ArCH), 100.4 (ArCH), 61.0 

(OCH3), 60.2 (OCH3), 56.3 (OCH3), 45.9 (CH2), 37.3 (C(Ar)H); m/z (ESI) 389 [M+Na]+; 

HRMS (ESI) C18H16
35Cl2O4Na+ requires 389.0318, found 389.0318 [M+Na]+. This 

compound is known but was previously reported without characterisation data.11 

2.4.4 Diastereoselective Reduction of 3-Aryl-indan-1-ones with NaBH4  

– General Procedure C 

 

The following procedure was performed in accordance with previous literature.22 

To the substituted indan-1-one (1.00 equiv.) in MeOH:CH2Cl2 (1:1, 10.0 mL/g) was 

added NaBH4 (1.20 equiv.) portionwise at 0 oC under constant stirring, unless otherwise 

stated. The resulting reaction mixture was stirred at room temperature for 2 hours, and 

the solvent was removed under vacuum. The reaction mixture was then dissolved in Et2O 

and washed with water and brine, dried over MgSO4, filtered and concentrated in vacuo. 

The crude product was then purified by flash column chromatography as specifically 

mentioned.  
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Cis-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, 149 

 

General procedure C was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (6.00 g, 25.2 mmol), MeOH:CH2Cl2 (60.0:60.0 mL) and NaBH4 (1.14 g, 30.2 

mmol). Purification by flash column chromatography, eluting with pet ether:EtOAc 

(2.5:1), gave 149 as an off-white solid (5.70 g, 94 %)*; m.p. 84-86 ºC; max /cm-1 (neat) 

3249 (br, O-H), 3026 (m, ArC-H), 2831 (m, C-H), 1277 (s, C-O); δH (500 MHz, CDCl3) 

7.34-7.29 (2H, m, 2 x ArH), 7.24 (1H, d, J = 7.5 Hz, ArH), 7.23 (1H, d, J = 1.5 Hz, ArH), 

7.22-7.20 (1H, m, ArH), 7.01 (1H, d, J = 2.0 Hz, ArH), 6.84 (1H, d, J = 8.5 Hz, ArH), 

6.79 (1H, dd, J = 8.5, 2.5 Hz, ArH), 5.23 (1H, t, J = 7.5 Hz, CH(OH)), 4.13 (1H, t, J = 

8.5 Hz, C(Ar)H), 3.82 (3H, s, OCH3), 3.02 (1H, dt, J = 13.0, 7.0 Hz, C(H)H), 1.93 (1H, 

ddd, J = 13.0, 9.0, 8.0 Hz, C(H)H), 1.90 (1H, br. s, CH(OH)); δC (126 MHz, CDCl3) 159.4 

(ArC), 146.7 (ArC), 144.6 (ArC), 137.6 (ArC), 128.6 (2 x ArCH), 128.2 (2 x ArCH), 

126.6 (ArCH), 125.9 (ArCH), 115.2 (ArCH), 108.1 (ArCH), 75.1 (CH(OH)), 55.5 

(OCH3), 47.7 (CH2), 47.6 (C(Ar)H); m/z (ESI) 263 [M+Na]+; HRMS (ESI) C16H16O2Na+ 

requires 263.1043, found 263.1045 [M+Na]+. These data are consistent with those 

previously reported.14  

*(Also isolated was cis-4-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol 161 (114 mg, 2 

%), resulting from the reaction of the 4-methoxy isomer of 118): 

Cis-4-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, 161  

Off-white solid; m.p. 101-104 ºC; max /cm-1 (neat) 3255 (br, O-H), 

3027 (m, ArC-H), 2835 (m, C-H), 1261 (s, C-O); δH (500 MHz, 

CDCl3) 7.33 (1H, t, J = 8.0 Hz, ArH), 7.28-7.23 (2H, m, 2 x ArH), 

7.20-7.15 (3H, m, 3 x ArH), 7.12 (1H, d, J = 7.5 Hz, ArH), 6.80 

(1H, d, J = 8.0 Hz, ArH), 5.22 (1H, dd, J = 7.0, 4.5 Hz, CH(OH)), 4.39 (1H, dd, J = 8.5, 

4.5 Hz, C(Ar)H), 3.61 (3H, s, OCH3), 2.97 (1H, ddd, J = 14.0, 8.5, 7.0 Hz, C(H)H), 2.00 

(1H, dt, J = 14.0, 4.5 Hz, C(H)H), 1.77 (1H, br. s, CH(OH)); δC (126 MHz, CDCl3) 156.7 

(ArC), 147.1 (ArC), 145.8 (ArC), 132.8 (ArC), 129.5 (ArCH), 128.2 (2 x ArCH), 127.5 

(2 x ArCH), 125.9 (ArCH), 116.7 (ArCH), 110.8 (ArCH), 75.9 (CH(OH)), 55.3 (OCH3), 

46.6 (C(Ar)H), 45.9 (CH2); m/z (ESI) 263 [M+Na]+; HRMS (ESI) C16H16O2Na+ requires 

263.1043, found 263.1043 [M+Na]+.  
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Cis-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, 150 

 

General procedure C was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 119 (6.00 g, 22.0 mmol), MeOH:CH2Cl2 (60.0:60.0 mL) and NaBH4 

(1.00 g, 26.4 mmol). Purification by flash column chromatography, eluting with pet 

ether:EtOAc (2.5:1), gave 150 as an off-white solid (5.52 g, 91 %); m.p. 114-115 ºC; max 

/cm-1 (neat) 3234 (br, O-H), 3006 (m, ArC-H), 2833 (m, C-H), 1273 (s, C-O); δH (500 

MHz, CDCl3) 7.30-7.26 (2H, m, 2 x ArH), 7.17-7.13 (2H, m, 2 x ArH), 7.00 (1H, d, J = 

1.0 Hz, ArH), 6.84-6.78 (2H, m, 2 x ArH), 5.24 (1H, t, J = 7.0 Hz, CH(OH)), 4.11 (1H, 

t, J = 8.0 Hz, C(Ar)H), 3.82 (3H, s, OCH3), 3.01 (1H, dt, J = 13.0, 7.0 Hz, C(H)H), 1.88 

(1H, br. s, CH(OH)), 1.88 (1H, ddd, J = 13.0, 9.0, 8.0 Hz, C(H)H); δC (126 MHz, CDCl3) 

159.6 (ArC), 146.6 (ArC), 143.2 (ArC), 137.1 (ArC), 132.3 (ArC), 129.5 (2 x ArCH), 

128.7 (2 x ArCH), 125.8 (ArCH), 115.3 (ArCH), 108.2 (ArCH), 75.0 (CH(OH)), 55.5 

(OCH3), 47.6 (CH2), 47.0 (C(Ar)H); m/z (ESI) 297 [M+Na]+; HRMS (ESI) 

C16H15ClO2Na+ requires 297.0653, found 297.0660 [M+Na]+. These data are consistent 

with those previously reported.14, 51 

Cis-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, 151 

 

General procedure C was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one 120 (6.00 g, 19.5 mmol), MeOH:CH2Cl2 (60.0:60.0 mL) and 

NaBH4 (0.89 g, 23.4 mmol). Purification by flash column chromatography, eluting with 

pet ether:EtOAc (2.5:1), gave 151 as an off-white solid (5.46 g, 90 %); m.p. 103-104 ºC 

(lit.52 104-106 °C); max /cm-1 (neat) 3345 (br, O-H), 3005 (m, ArC-H), 2855 (m, C-H), 

1279 (s, C-O); δH (500 MHz, CDCl3) 7.37 (1H, d, J = 8.0 Hz, ArH), 7.32 (1H, d, J = 2.0 

Hz, ArH), 7.06 (1H, dd, J = 8.5, 2.0 Hz, ArH), 7.01-7.00 (1H, m, ArH), 6.85-6.80 (2H, 

m, 2 x ArH), 5.24 (1H, t, J = 7.0 Hz, CH(OH)), 4.10 (1H, t, J = 8.0 Hz, C(Ar)H), 3.83 

(3H, s, OCH3), 3.01 (1H, dt, J = 13.0, 7.0 Hz, C(H)H), 2.01 (1H, br. s, CH(OH)), 1.87 
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(1H, ddd, J = 13.0, 8.5, 7.5 Hz, C(H)H); δC (126 MHz, CDCl3) 159.7 (ArC), 146.6 (ArC), 

145.1 (ArC), 136.4 (ArC), 132.5 (ArC), 130.5 (ArCH), 130.5 (ArC), 130.1 (ArCH), 127.6 

(ArCH), 125.7 (ArCH), 115.5 (ArCH), 108.3 (ArCH), 74.9 (CH(OH)), 55.5 (OCH3), 47.3 

(CH2), 46.9 (C(Ar)H); m/z (ESI) 331 [M+Na]+; HRMS (ESI) C16H14Cl2O2Na+ requires 

331.0263, found 331.0268 [M+Na]+. These data are consistent with those previously 

reported.22, 45, 51 

Cis-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, 153 

 

General procedure C was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (4.00 g, 13.4 mmol), MeOH:CH2Cl2 (40.0:40.0 mL) and NaBH4 (0.61 

g, 16.1 mmol). Purification by flash column chromatography, eluting with pet 

ether:EtOAc (2:1), gave 153 as an off-white solid (3.47 g, 86 %); m.p. 75-77 ºC; 

max /cm-1 (neat) 3271 (br, O-H), 3004 (m, ArC-H), 2832 (m, C-H), 1121 (s, C-O);  

δH (500 MHz, CDCl3) 7.33-7.29 (2H, m, 2 x ArH), 7.27-7.24 (2H, m, 2 x ArH), 7.23-7.19 

(1H, m, ArH), 6.84 (1H, s, ArH), 5.24-5.18 (1H, m, CH(OH)), 4.33 (1H, dd, J = 8.5, 6.0 

Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.83 (3H, s, OCH3), 3.36 (3H, s, OCH3), 3.03 (1H, ddd, 

J = 14.0, 8.5, 7.5 Hz, C(H)H), 1.98 (1H, ddd, J = 14.0, 6.0, 5.0 Hz, C(H)H), 1.93 (1H, d, 

J = 7.0 Hz, CH(OH)); δC (126 MHz, CDCl3) 154.3 (ArC), 150.1 (ArC), 146.1 (ArC), 

142.7 (ArC), 140.6 (ArC), 130.4 (ArC), 128.3 (2 x ArCH), 127.7 (2 x ArCH), 126.2 

(ArCH), 102.6 (ArCH), 75.9 (CH(OH)), 60.8 (OCH3), 59.9 (OCH3), 56.2 (OCH3), 46.8 

(C(Ar)H), 46.5 (CH2); m/z (ESI) 323 [M+Na]+; HRMS (ESI) C18H20O4Na+ requires 

323.1254, found 323.1269 [M+Na]+. 

Cis-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol, 154 

 

General procedure C was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (4.00 g, 12.0 mmol), MeOH:CH2Cl2 (40.0:40.0 mL) and 

NaBH4 (0.55 g, 14.4 mmol). Purification by flash column chromatography, eluting with 
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pet ether:EtOAc (2:1), gave 154 as a yellow oil (3.20 g, 80 %); max /cm-1 (neat) 3450 (br, 

O-H), 2936 (m, ArC-H), 2837 (m, C-H), 1114 (s, C-O); δH (500 MHz, CDCl3) 7.30-7.25 

(2H, m, 2 x ArH), 7.22-7.18 (2H, m, 2 x ArH), 6.83 (1H, s, ArH), 5.24-5.19 (1H, m, 

CH(OH)), 4.30 (1H, dd, J = 8.5, 5.5 Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.82 (3H, s, OCH3), 

3.42 (3H, s, OCH3), 3.00 (1H, ddd, J = 14.0, 8.5, 7.5 Hz, C(H)H), 1.95 (1H, br. d, J = 7.0 

Hz, CH(OH)), 1.92 (1H, dt, J = 14.0, 5.5 Hz, C(H)H); δC (126 MHz, CDCl3) 154.5 (ArC), 

150.0 (ArC), 144.6 (ArC), 142.7 (ArC), 140.5 (ArC), 131.8 (ArC), 130.0 (ArC), 129.1 (2 

x ArCH), 128.4 (2 x ArCH), 102.6 (ArCH), 75.8 (CH(OH)), 60.8 (OCH3), 60.0 (OCH3), 

56.2 (OCH3), 46.3 (C(Ar)H), 46.2 (CH2); m/z (ESI) 357 [M+Na]+; HRMS (ESI) 

C18H19ClO4Na+ requires 357.0864, found 357.0881 [M+Na]+. 

Cis-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol, 155 

 

General procedure C was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (4.00 g, 10.9 mmol), MeOH:CH2Cl2 (40.0:40.0 mL) and 

NaBH4 (0.49 g, 13.1 mmol). Purification by flash column chromatography, eluting with 

pet ether:EtOAc (2:1), gave 155 as an off-white solid (3.18 g, 79 %); m.p. 110-111 ºC; 

max /cm-1 (neat) 3501 (br, O-H), 2961 (m, ArC-H), 2843 (m, C-H), 1337 (s, C-O); δH 

(500 MHz, CDCl3) 7.38 (1H, d, J = 2.0 Hz, ArH), 7.36 (1H, d, J = 8.5 Hz, ArH), 7.28 

(1H, s, ArH), 7.11 (1H, dd, J = 8.5, 2.0 Hz, ArH), 5.22 (1H, m, CH(OH)), 4.27 (1H, dd, 

J = 8.5, 5.5 Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.83 (3H, s, OCH3), 3.48 (3H, s, OCH3), 

2.99 (1H, ddd, J = 14.0, 8.5, 7.5 Hz, C(H)H), 1.98 (1H, br. d, J = 5.5 Hz, CH(OH)), 1.91 

(1H, ddd, J = 14.0, 5.5, 5.0 Hz, C(H)H); δC (126 MHz, CDCl3) 154.7 (ArC), 150.0 (ArC), 

146.4 (ArC), 142.6 (ArC), 140.4 (ArC), 132.1 (ArC), 130.2 (ArCH), 129.9 (ArC), 129.8 

(ArCH), 129.4 (ArC), 127.2 (ArCH), 102.6 (ArCH), 75.7 (CH(OH)), 60.8 (OCH3), 60.1 

(OCH3), 56.2 (OCH3), 46.1 (C(Ar)H), 45.9 (CH2); m/z (ESI) 391 [M+Na]+; HRMS (ESI) 

C18H18Cl2O4Na+ requires 391.0474, found 391.0475 [M+Na]+. 
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2.4.5 Diastereoselective Reduction of 3-Aryl-indan-1-ones with L-Selectride 

– General Procedure D 

 

The following procedure was performed in accordance with previous literature.24 

To a solution of lithium tri-sec-butylborane (L-Selectride®) in THF (1.00 M, 1.50 equiv.) 

at -78 oC was added substituted indan-1-one in THF (1.00 M, 1.00 equiv.) slowly and the 

mixture was stirred for 5 hours. The reaction mixture was then warmed up gradually to 

room temperature and saturated NH4Cl (aq.) was cautiously added, in addition to a small 

amount of HCl (2.00 M). After extraction with CH2Cl2, the combined organic layers were 

washed with water and brine, dried over MgSO4, filtered and concentrated in vacuo. The 

residue was purified by silica column chromatography as specifically mentioned. 

Cis-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, 152 

 

General procedure D was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one 121 (4.00 g, 13.0 mmol) and L-Selectride (1.00 M, 19.5 mL, 

19.5 mmol). Purification by flash column chromatography, eluting with pet ether:EtOAc 

(2.5:1), gave 152 as an off-white solid (3.41 g, 85 %)*; m.p. 121-122 ºC; max /cm-1 (neat) 

3315 (br, O-H), 2995 (m, ArC-H), 2833 (m, C-H), 1284 (s, C-O); δH (500 MHz, CDCl3) 

7.42 (1H, d, J = 2.0 Hz, ArH), 7.15 (1H, dd, J = 8.5, 2.0 Hz, ArH), 7.05 (1H, d, J = 8.5 

Hz, ArH), 7.02 (1H, d, J = 2.0 Hz, ArH), 6.90 (1H, d, J = 8.5 Hz, ArH), 6.84 (1H, dd, J 

= 8.5, 2.0 Hz, ArH), 5.26 (1H, t, J = 7.0 Hz, CH(OH)), 4.65 (1H, t, J = 8.0 Hz, C(Ar)H), 

3.83 (3H, s, OCH3), 3.08 (1H, dt, J = 13.0, 7.5 Hz, C(H)H), 1.81 (1H, br. s, CH(OH)), 

1.81 (1H, ddd, J = 13.0, 8.0, 7.0 Hz, C(H)H); δC (126 MHz, CDCl3) 159.7 (ArC), 146.8 

(ArC), 141.2 (ArC), 135.8 (ArC), 134.6 (ArC), 132.6 (ArC), 130.0 (ArCH), 129.1 

(ArCH), 127.5 (ArCH), 125.9 (ArCH), 115.6 (ArCH), 108.5 (ArCH), 75.0 (CH(OH)), 

55.5 (OCH3), 45.6 (CH2), 43.4 (C(Ar)H); m/z (ESI) 331 [M+Na]+; HRMS (ESI) 

C16H14Cl2O2Na+ requires 331.0263, found 331.0261 [M+Na]+.  
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*(Also isolated was cis-3-(2,4-dichlorophenyl)-4-methoxy-2,3-dihydro-1H-inden-1-ol 

162 (127 mg, 3 %), resulting from the reaction of the 4-methoxy isomer of 121): 

Cis-3-(2,4-Dichlorophenyl)-4-methoxy-2,3-dihydro-1H-inden-1-ol, 162  

Off-white solid; m.p. 139-142 ºC; max /cm-1 (neat) 3383 (br, O-

H), 2964 (m, ArC-H), 2834 (m, C-H), 1265 (s, C-O); δH (500 

MHz, CDCl3) 7.39 (1H, d, J = 2.0 Hz, ArH), 7.36 (1H, t, J = 8.8 

Hz, ArH), 7.12 (1H, d, J = 7.5 Hz, ArH), 7.05 (1H, dd, J = 8.5, 

2.0 Hz, ArH), 6.82 (1H, d, J = 8.0 Hz, ArH), 6.79 (1H, d, J = 8.5 

Hz, ArH), 5.23 (1H, dd, J = 7.0, 4.0 Hz, CH(OH)), 4.73 (1H, dd, J = 9.0, 4.0 Hz, C(Ar)H), 

3.65 (3H, s, OCH3), 3.01 (1H, ddd, J = 14.0, 9.0, 7.0 Hz, C(H)H), 1.88 (1H, dt, J = 14.0, 

4.0 Hz, C(H)H), 1.72 (1H, br. s, CH(OH)); δC (126 MHz, CDCl3) 156.4 (ArC), 147.4 

(ArC), 141.8 (ArC), 133.9 (ArC), 132.0 (ArC), 131.2 (ArC), 129.9 (ArCH), 129.3 

(ArCH), 128.9 (ArCH), 127.0 (ArCH), 116.8 (ArCH), 110.6 (ArCH), 75.7 (CH(OH)), 

55.3 (OCH3), 44.0 (CH2), 42.8 (C(Ar)H); m/z (ESI) 331 [M+Na]+; HRMS (ESI) 

C16H14Cl2O2Na+ requires 331.0263, found 331.0261 [M+Na]+. 

Cis-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol, 156 

 

General procedure D was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (8.20 g, 10.9 mmol) and L-Selectride (1.00 M, 16.3 mL, 

16.3 mmol). Purification by flash column chromatography, eluting with pet ether:EtOAc 

(2.5:1), gave 156 as a light brown oil (4.74 g, 58 %); max /cm-1 (neat) 3440 (br, O-H), 

2936 (m, ArC-H), 2837 (m, C-H), 1335 (s, C-O); δH (500 MHz, CDCl3) 7.42 (1H, d, J = 

2.0 Hz, ArH), 7.13 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.97 (1H, d, J = 8.5 Hz, ArH), 6.84 

(1H, s, ArH), 5.24-5.19 (1H, m, CH(OH)), 4.77 (1H, dd, J = 8.0, 5.5 Hz, C(Ar)H), 3.93 

(3H, s, OCH3), 3.84 (3H, s, OCH3), 3.57 (3H, s, OCH3), 3.05 (1H, ddd, J = 14.0, 8.5, 7.0 

Hz, C(H)H), 1.90-1.82 (1H, m, CH(OH)), 1.90-1.82 (1H, m, C(H)H); δC (126 MHz, 

CDCl3) 154.6 (ArC), 149.8 (ArC), 142.5 (ArC), 142.0 (ArC), 140.8 (ArC), 133.8 (ArC), 

132.3 (ArC), 129.7 (ArCH), 128.9 (ArCH), 128.6 (ArC), 127.2 (ArCH), 102.7 (ArCH), 

75.8 (CH(OH)), 60.9 (OCH3), 60.1 (OCH3), 56.2 (OCH3), 44.8 (CH2), 42.6 (C(Ar)H); 
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m/z (ESI) 391 [M+Na]+; HRMS (ESI) C18H18Cl2O4Na+ requires 391.0474, found 

391.0475 [M+Na]+. 

2.4.6 Preparation of Ruthenium Catalyst for Oxidative Kinetic Resolutions:  

(1S,2S)-Ru(p-cymene)(TsDPEN), (S,S)-63 

 

The following procedure was performed in accordance with previous literature.53 

To a mixture of [RuCl2(η
6-p-cymene)]2 159 (100 mg, 0.16 mmol), (1S,2S)-(+)-TsDPEN 

160 (120 mg, 0.33 mmol) in dry CH2Cl2 (10.0 mL) was added KOH (130 mg, 2.32 mmol). 

The reaction mixture was stirred at room temperature for 25 minutes, then water (10.0 

mL) was added to the reaction mixture changing the solution from orange to a deep 

purple. The purple organic layer was washed with 25 mL of water, dried with calcium 

hydride and concentrated in vacuo, yielding a deep purple complex (162 mg, 83 %); m.p. 

79-80 °C (decomp.), (lit.53 80 °C (decomp.)); spectroscopic and observational data are 

consistent with those previously reported.14, 53 

2.4.7 Oxidative Kinetic Resolutions – General Procedure E 

 

The following procedure was performed in accordance with previous literature.28 

To a mixture of substituted racemic cis-indan-1-ol (1.00 equiv.) in dry acetone (10.0 

mL/mmol) was added K2CO3 (1.00 equiv.) and (1S,2S)-Ru(p-cymene)(TsDPEN) (0.50 

mol%), and the resulting solution stirred at 28 oC for up to 7 hours under N2, monitored 

by 1H NMR and HPLC, unless otherwise stated. The reaction was concentrated in vacuo 

at the desired conversion (~50 %), and the products were separated by flash column 

chromatography as specifically mentioned. 
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(S)-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, (S)-118 

 

General procedure E was applied using cis-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-ol 149 (240 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-118 and (1R,3R)-149 in a 

ratio of 49:51. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as an off-white solid (103 mg, 43 %), as a % of racemic 

starting material, in 87 % e.e.; spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
27 (c = 0.20, CHCl3) +64.6, [𝛼]𝐷

28 (lit.29 (c = 0.6, CHCl3) +43.3); enantiomeric excess 

determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 

5:95, 1.00 mL/min., 223 nm, (S)-isomer 9.53 min., (R)-isomer 10.59 min.). 

(1R,3R)-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, (1R,3R)-149 

 

General procedure E was applied using cis-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-ol 149 (240 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-118 and (1R,3R)-149 in a 

ratio of 49:51. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as an off-white solid (108 mg, 45 %), as a % of racemic 

starting material, in 89 % e.e.; spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
28 (c = 0.20, CHCl3) –17.0; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralpak IA column, 2-propanol:hexane = 6:94, 1.00 mL/min., 220 nm, (S,S)-isomer 

13.97 min., (R,R)-isomer 22.20 min.). 
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(S)-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (S)-119 

 

General procedure E was applied using cis-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-ol 150 (275 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-119 and (1R,3R)-150 in a 

ratio of 47:53. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as a white solid (113 mg, 41 %), as a % of racemic starting 

material, in 95 % e.e.; spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 

0.20, CHCl3) +65.1; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel 

OD-H column, 2-propanol:hexane = 3:97, 1.00 mL/min., 224 nm, (S)-isomer 13.65 min., 

(R)-isomer 15.12 min.). 

(1R,3R)-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, (1R,3R)-150 

 

General procedure E was applied using cis-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-ol 150 (275 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-119 and (1R,3R)-150 in a 

ratio of 47:53. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as an off-white solid (129 mg, 47 %), as a % of racemic 

starting material, in 94 % e.e.; spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
28 (c = 0.20, CHCl3) –15.3; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralcel OD-H column, 2-propanol:hexane = 3:97, 1.00 mL/min., 210 nm, (S,S)-isomer 

28.44 min., (R,R)-isomer 34.54 min.). 
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(S)-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (S)-120 

 

General procedure E was applied using cis-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 151 (309 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-120 and 

(1R,3R)-151 in a ratio of 49:51. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as a yellow oil (131 mg, 42 %), as 

a % of racemic starting material, in 96 % e.e.; spectroscopic data are similar to those of 

the racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) +60.9, [𝛼]𝐷

28 (lit.29 (c = 1.23, CHCl3) +44.1); 

enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-

propanol:hexane = 3:97, 1.00 mL/min., 234 nm, (S)-isomer 16.59 min., (R)-isomer 17.87 

min.). 

(1R,3R)-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, (1R,3R)-151 

 

General procedure E was applied using cis-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 151 (309 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-120 and 

(1R,3R)-151 in a ratio of 49:51. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (134 mg, 

43 %), as a % of racemic starting material, in 90 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) –10.4; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 6:94, 1.00 mL/min., 

218 nm, (S,S)-isomer 14.33 min., (R,R)-isomer 25.50 min.). 
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(R)-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (R)-121 

 

General procedure E was applied using cis-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 152 (309 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (6 mg, 10.0 μmol, 1.00 mol%) to give compounds (R)-

121 and (1R,3S)-152 in a ratio of 51:49. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (142 mg, 46 

%), as a % of racemic starting material, in 91 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
30 (c = 0.20, CHCl3) +39.0; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 3:97, 1.00 

mL/min., 223 nm, (R)-isomer 10.15 min., (S)-isomer 11.11 min.). 

(1R,3S)-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-ol, (1R,3S)-152 

 

General procedure E was applied using cis-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 152 (309 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (6 mg, 10.0 μmol, 1.00 mol%) to give compounds (R)-

121 and (1R,3S)-152 in a ratio of 51:49. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (135 mg, 44 

%), as a % of racemic starting material, in 93 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +35.0; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 3:97, 1.00 

mL/min., 212 nm, (S,R)-isomer 25.21 min., (R,S)-isomer 32.01 min.). 
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(S)-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, (S)-122 

 

General procedure E was applied using cis-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-ol 153 (300 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-122 and (1R,3R)-153 in a 

ratio of 48:52. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as a yellow oil (141 mg, 47 %), as a % of racemic starting 

material, in 89 % e.e.; spectroscopic data are similar to those of the racemate; [𝛼]𝐷
26 (c = 

0.33, CHCl3) +76.2; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel 

OD-H column, 2-propanol:hexane = 5:95, 1.00 mL/min., 272 nm, (S)-isomer 9.01 min., 

(R)-isomer 10.59 min.). 

(1R,3R)-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, (1R,3R)-153 

 

General procedure E was applied using cis-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-ol 153 (300 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and (1S,2S)-Ru(p-

cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-122 and (1R,3R)-153 in a 

ratio of 48:52. The title compound was isolated by flash column chromatography, eluting 

with pet ether:EtOAc (2:1), as an off-white solid (152 mg, 51 %), as a % of racemic 

starting material, in 89 % e.e.; spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
28 (c = 0.20, CHCl3) –39.1; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralpak IA column, 2-propanol:hexane = 5:95, 1.00 mL/min., 220 nm, (S,S)-isomer 

14.17 min., (R,R)-isomer 17.08 min.). 
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(S)-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (S)-123 

 

General procedure E was applied using cis-3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-ol 154 (335 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-123 and 

(1R,3R)-154 in a ratio of 48:52. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (146 mg, 44 

%), as a % of racemic starting material, in 93 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
29 (c = 0.26, CHCl3) –50.9; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 3:97, 1.00 mL/min., 

225 nm, (R)-isomer 13.23 min., (S)-isomer 15.40 min.). 

(1R,3R)-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol,  

(1R,3R)-154 

 

General procedure E was applied using cis-3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-ol 154 (335 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (3 mg, 5.00 μmol) to give compounds (S)-123 and 

(1R,3R)-154 in a ratio of 48:52. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as a yellow oil (159 mg, 

47 %), as a % of racemic starting material, in 89 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –39.0; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 3:97, 1.00 mL/min., 

223 nm, (R,R)-isomer 31.16 min., (S,S)-isomer 39.86 min.). 
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(S)-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (S)-124 

 

General procedure E was applied using cis-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ol 155 (369 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (6 mg, 10.0 μmol, 1.00 mol%) to give compounds (S)-

124 and (1R,3R)-155 in a ratio of 51:49. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (161 mg, 44 

%), as a % of racemic starting material, in 85 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
30 (c = 0.20, CHCl3) –48.6; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 3:97, 1.00 mL/min., 

225 nm, (R)-isomer 13.17 min., (S)-isomer 14.77 min.). 

(1R,3R)-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol, 

(1R,3R)-155 

 

General procedure E was applied using cis-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ol 155 (369 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (6 mg, 10.0 μmol, 1.00 mol%) to give compounds (S)-

124 and (1R,3R)-155 in a ratio of 51:49. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (157 mg, 42 

%), as a % of racemic starting material, in 90 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –19.6; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 3:97, 1.00 mL/min., 

219 nm, (R,R)-isomer 32.21 min., (S,S)-isomer 37.12 min.). 

 

 



86 

(R)-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (R)-125 

 

General procedure E was applied using cis-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ol 156 (369 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (12 mg, 20.0 μmol, 2.00 mol%) to give compounds (R)-

125 and (1R,3S)-156 in a ratio of 48:52. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as an off-white solid (170 mg, 46 

%), as a % of racemic starting material, in 85 % e.e.; spectroscopic data are similar to 

those of the racemate; [𝛼]𝐷
30 (c = 0.20, CHCl3) –49.4; enantiomeric excess determined by 

HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 3:97, 1.00 

mL/min., 224 nm, (R)-isomer 11.35 min., (S)-isomer 12.53 min.). 

(1R,3S)-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-ol, 

(1R,3S)-156 

 

General procedure E was applied using cis-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ol 156 (369 mg, 1.00 mmol), K2CO3 (138 mg, 1.00 mmol) and 

(1S,2S)-Ru(p-cymene)(TsDPEN) (12 mg, 20.0 μmol, 2.00 mol%) to give compounds (R)-

125 and (1R,3S)-156 in a ratio of 48:52. The title compound was isolated by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), as a light brown oil (184 mg, 50 %), 

as a % of racemic starting material, in 90 % e.e.; spectroscopic data are similar to those 

of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) +41.4; enantiomeric excess determined by HPLC 

analysis (Diacel Chiracel OD-H column, 2-propanol:hexane = 3:97, 1.00 mL/min., 224 

nm, (S,R)-isomer 32.72 min., (R,S)-isomer 41.68 min.). 
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2.4.8 MnO2 Oxidation of Enantiopure Indan-1-ols – General Procedure F 

 

The following procedure was performed in accordance with previous literature.38  

To a solution of enantiomerically enriched indan-1-ol (1.00 equiv.) in CH2Cl2 was added 

manganese (IV) oxide (1.50 equiv.) at room temperature. The mixture was stirred for 18 

hours, filtered through Celite® and concentrated in vacuo. The product was then used 

without further purification, unless specifically mentioned. 

(R)-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, (R)-118 

 

General procedure F was applied using (1R,3R)-6-methoxy-3-phenyl-2,3-dihydro-1H-

inden-1-ol 149 (108 mg, 0.50 mmol) and manganese (IV) oxide (586 mg, 6.74 mmol), 

yielding (R)-118 as an off-white solid (92 mg, 85 %, 75 % e.e.); spectroscopic data are 

similar to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) –66.6; enantiomeric excess 

determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 

5:95, 1.00 mL/min., 223 nm, (S)-isomer 9.76 min., (R)-isomer 10.68 min.). 

(R)-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (R)-119 

 

General procedure F was applied using (1R,3R)-3-(4-chlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 150 (129 mg, 0.47 mmol) and manganese (IV) oxide (612 mg, 

7.04 mmol), yielding (R)-119 as an white solid (106 mg, 83 %, 91 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) –68.1; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane 

= 3:97, 1.00 mL/min., 224 nm, (S)-isomer 14.20 min., (R)-isomer 15.33 min.). 
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(R)-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (R)-120 

 

General procedure F was applied using (1R,3R)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 151 (140 mg, 0.45 mmol) and manganese (IV) oxide (590 mg, 

6.79 mmol), yielding (R)-120 as a yellow oil (112 mg, 80 %, 86 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
30 (c = 0.20, CHCl3) –67.4; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane 

= 3:97, 1.00 mL/min., 237 nm, (S)-isomer 16.92 min., (R)-isomer 17.92 min.). 

(S)-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, (S)-121 

 

General procedure F was applied using (1R,3S)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ol 152 (130 mg, 0.42 mmol) and manganese (IV) oxide (548 mg, 

6.31 mmol), yielding (S)-121 as an off-white solid (112 mg, 86 %, 85 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) –48.4; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-

propanol:hexane = 3:97, 1.00 mL/min., 223 nm, (R)-isomer 10.56 min., (S)-isomer 10.53 

min.). 

(R)-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, (R)-122 

 

General procedure F was applied using (1R,3R)-4,5,6-trimethoxy-3-phenyl-2,3-

dihydro-1H-inden-1-ol 153 (152 mg, 0.51 mmol) and manganese (IV) oxide (660 mg, 

7.59 mmol), yielding (R)-122 as a yellow oil (124 mg, 82 %, >99 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.24, CHCl3) –76.5; enantiomeric 
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excess determined by HPLC analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane 

= 5:95, 1.00 mL/min., 272 nm, (S)-isomer 9.21 min., (R)-isomer 10.48 min.). 

(R)-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (R)-123 

 

General procedure F was applied using (1R,3R)-3-(4-chlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ol 154 (159 mg, 0.48 mmol) and manganese (IV) oxide (619 mg, 

7.12 mmol), yielding (R)-123 as an off-white solid (128 mg, 81 %, 91 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.26, CHCl3) –50.9; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-

propanol:hexane = 3:97, 1.00 mL/min., 225 nm, (R)-isomer 12.35 min., (S)-isomer 14.56 

min.). 

(R)-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (R)-124 

 

General procedure F was applied using (1R,3R)-3-(3,4-dichlorophenyl)-4,5,6-

trimethoxy-2,3-dihydro-1H-inden-1-ol 155 (156 mg, 0.42 mmol) and manganese (IV) 

oxide (551 mg, 6.34 mmol), yielding (R)-124 as an off-white solid (158 mg, >99 %, 

90 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
30 (c = 0.20, CHCl3) 

–48.6; enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column, 

2-propanol:hexane = 3:97, 1.00 mL/min., 223 nm, (R)-isomer 13.05 min., (S)-isomer 

14.87 min.). 
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(S)-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one, (S)-125 

 

 

General procedure F was applied using (1R,3S)-3-(2,4-dichlorophenyl)-4,5,6-

trimethoxy-2,3-dihydro-1H-inden-1-ol 156 (184 mg, 0.50 mmol) and manganese (IV) 

oxide (650 mg, 7.47 mmol), yielding (S)-125 as an off-white solid (138 mg, 75 %, 88 % 

e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) 

+33.3; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-H 

column, 2-propanol:hexane = 3:97, 1.00 mL/min., 224 nm, (R)-isomer 10.73 min., (S)-

isomer 11.72 min.). 

 

2.4.9 Plots for Selectivity Factor Determination 

Oxidative Kinetic Resolution of cis-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ol, 

cis-149: 
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Oxidative Kinetic Resolution of cis-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-ol, cis-150: 

 

Oxidative Kinetic Resolution of cis-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-ol, cis-151: 
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Oxidative Kinetic Resolution of cis-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-ol, cis-152: 

 

Oxidative Kinetic Resolution of cis-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-ol, cis-153: 
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Oxidative Kinetic Resolution of cis-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-ol, cis-154: 

 

Oxidative Kinetic Resolution of cis-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-ol, cis-155: 

 

 

y = 72.626x

R² = 0.9685

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

-0.05 -0.045 -0.04 -0.035 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0

L
n

[(
1

-c
)(

1
-e

.e
.)

]

Ln[(1-c)(1+e.e.)]

y = 86.04x

R² = 0.9816

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

-0.035 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0

L
n

[(
1

-c
)(

1
-e

.e
.)

]

Ln[(1-c)(1+e.e.)]



94 

Oxidative Kinetic Resolution of cis-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-ol, cis-156: 
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3.0 A Building Block to Medicinal Scaffolds 

3.1 Medicinal Scaffolds; Structures and Their Biological Importance 

3.1.1 Dihydroquinolinones and Dihydroisoquinolinones 

Dihydroquinolinone (163) and its isomer dihydroisoquinolinone (164) are 2-ring 

condensed heterocyclic compounds composed of a benzene ring and a six-membered 

lactam (Figure 21).  

 

Figure 21 Structures of dihydroquinolinone (163) and dihydroisoquinolinone (164). 

Both compounds are often used as a structural component of drugs, whereby the benzene 

ring adds rigidity and can interact with the aromatic rings of peptides or nucleic acids 

through π–π stacking to form noncovalent interactions.1 Their various physicochemical 

properties (e.g. cLogP, TPSA and aqueous solubility), which are important when it comes 

to drug design, can be tuned by introducing a range of functional groups in different 

positions of the fused lactam. Furthermore, it is known that these species are relatively 

tolerant of metabolic hydrolysis in living organisms, possibly because of the inability of 

larger molecules, including proteins such as proteases, to attack the carbonyl group due 

to steric hindrance caused by the fixed cis- form coupled with the presence of the 

neighbouring methylene group(s) – a nucleophile must attack at the carbonyl carbon atom 

at a 107 degree angle to the C=O bond.2 

Dihydroquinolinone is a skeleton found in many natural products, such as yaequinolone 

J1 (165),3 pinolinone (166),4 and veprisine (167),5 as well as a number of biologically 

active synthetic structures (Figure 22); these and related species have been shown to be 

effective NMDA antagonists (e.g. 168),6 5-HT3 receptor antagonists (e.g. 169),7 and 

HIV-1 reverse transcriptase inhibitors (e.g. 170).8 Further demonstrating their medicinal 

importance, structures comprising this structural motif have been the subject of many 

patents, for example those specifying the utilisation of these compounds in the treatment 

of cancer,9 as antiviral agents against herpes (HSV-1),10 and in the treatment of the spinal 

muscular atrophy (SMA) neurodegenerative disease.11  
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Figure 22 Naturally occurring and synthetic biologically active dihydroquinolinones. 

Further activity against neurodegenerative diseases has been recently demonstrated in the 

case of dihydroquinolinone 171 (Figure 23), where it exhibited highly selective inhibitory 

activity against both human monoamine oxidase (MAO) isozymes A and B in vitro – an 

IC50 value of 2.9 nM was observed against the latter.12 MAO-B oxidises dopamine in the 

central nervous system, hence MAO-B inhibitors can be used for the treatment of 

Parkinson’s disease.  

 

Figure 23 Dihydroquinolinones as medicinal scaffolds. 
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Synthetic dihydroquinolinones have also been shown to possess anti-cancer activity. 

Compound 172 displayed histone deacetylase (HDAC) inhibitory behaviour; HDAC 

catalyses the deacetylation of lysine residues on histone and non-histone proteins to 

epigenetically control transcriptional regulations, thereby playing an important role in 

proliferation, differentiation, cell cycle arrest, and/or apoptosis of tumour cells. 172 

displayed more than 10 times stronger inhibitory activity against each human HDAC 

isozyme in vitro than that of suberoylanilide hydroxamic acid (SAHA) – approved for the 

treatment of cutaneous T-cell lymphoma (CTCL) by the US Food and Drug 

Administration (FDA) – with IC50 values measured at 3.8–58.0 nM.13 A rare type of head 

and neck cancer, nasopharyngeal carcinoma (NPC), is thought to be caused by the 

Epstein–Barr virus (EBV) and a targeted therapy against this type of cancer is greatly 

desired. To this end, compound 173 showed anti-proliferative activity against NPC TW01 

cells in vitro (IC50 value = 0.6 μM).14 

Another synthetic dihydroquinolinone possessing notable biological activity is the 

aforementioned anti-inflammatory compound 6-B345TTQ (99 – see Section 1.4). 

Compound 99 was reported and patented as a mitigator of a wide range of chronic 

inflammatory diseases, demonstrating high activity and selectivity without any 

cytotoxicity, and thus presenting a novel anti-inflammatory strategy.15, 16 The authors 

screened a total of ~40,000 compounds with respect to inhibition of the α4-integrin–

paxillin interaction; inhibition of α4-integrins have previously been shown to be effective 

towards alleviating a wide variety of chronic inflammatory diseases in animal  

models,17, 18 inhibiting the recruitment of leukocytes (white blood cells) to areas of 

inflammation.15 6-B345TTQ was identified as a non-cytotoxic inhibitor of this 

interaction, one that impaired integrin α4-mediated but not αLβ2-mediated Jurkat T cell 

migration. The specificity of its action was verified by its lack of effect on the residual 

α4-mediated cell functions in cells bearing the α4 (Y991A) mutation. 

Similar to their lactam isomers, the dihydroisoquinolinone core also represents an 

important structural motif found among a wide variety of alkaloids (Figure 24),19 

including thalflavine (174),20 sallisonine D (175),21 narciclasine (176),22 

(+)-pancratistatin (177),23 and hyalachelin B (178).24 Dihydroisoquinolinones have also 

been identified as key scaffolds for fragment-based drug discovery,25 with the ring system 

displaying a range of biological activities,26 including anti-inflammatory,22 anti-cancer,27-

30 antiviral,31 and antimalarial characteristics.32  
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Likewise, there are a number of patents that detail the use of dihydroisoquinolinones for 

application against a variety of conditions, including: treatment of dopamine-related 

dysfunction of the central or peripheral nervous system (e.g. Parkinson's disease);33 

treating asthma;34 treating or preventing hyperproliferative disease, which is associated 

with cancer;35 and treatment against abiotic stress, for boosting plant growth and/or for 

increasing plant yield.36  

 

Figure 24 Natural products containing the dihydroisoquinolinone skeleton. 

Dihydroisoquinolinones have recently been demonstrated as potent inhibitors of enhancer 

of zeste homolog 2 (EZH2), the mutation or over-expression of which has been linked to 

many forms of cancer.37 EZH2 inhibits genes responsible for suppressing tumour 

development, therefore blocking EZH2 activity has been identified as a potential avenue 

to slow tumour growth. To this end, Kung et al. designed a novel series of 

dihydroisoquinolinones as potential EZH2 inhibitors, with compound 179 identified as 

the lead candidate (Figure 25).29 179 possessed good efficacy in a diffuse large B-cell 

lymphoma Karpas-422 tumour model, displaying robust in vivo anti-tumour growth 

activity and dose-dependent de-repression of EZH2 target genes, as well as exhibiting on-

target pharmacodynamic effects in vivo. This was built upon with the synthesis of 

compound 180 in 2018, which exhibited greater potency and stronger in vivo anti-tumour 

efficacy observed in preclinical models.30 These improvements, coupled with more 

favourable thermodynamic solubility properties, suggested a good potential for 

compound 180 to effectively modulate EZH2 activity in human clinical settings. 
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Figure 25 Biologically interesting dihydroisoquinolinones. 

Further anti-cancer activity of the dihydroisoquinolinone skeleton was demonstrated by 

Leese et al. whereby compounds 181 and 182 were found to be nearly equipotent to 

combretastatin A-4 (18, CA-4 – see Section 1.1.2) as inhibitors of tubulin assembly and 

colchicine binding.28 181 and 182 also possessed activities in the low micromolar and 

nanomolar range against the proliferation of prostate and breast cancer cells.  

In 2010, a new class of α1-adrenoceptor (α1-AR) antagonists were successfully 

synthesised with compound 183 displaying the greatest activity towards α1-AR within in 

vivo assays, comparable to that of known α1‐AR antagonists.27 It is well known that α1-

ARs, as the members of the G-protein-coupled receptor ‘superfamily’, play a crucial role 

in regulating the functions of several physiological processes, in particular in the 

cardiovascular and central nervous systems.38 Poly(ADP-ribose) polymerases (PARPs), 

found throughout the cell, also play a role in cardiovascular processes. The activation of 

PARP can lead to the development of various cardiovascular and inflammatory issues, 

though can also influence the ability of cells to repair injured deoxyribonucleic acid 

(DNA). Therefore, depending on the circumstances, pharmacological inhibitors of PARP 

may be able to lessen inflammatory cell and organ injury, or may be able to enhance the 

cytotoxicity of anti-tumour agents.39 The lack of selective inhibitors for individual PARP 

family members has limited our understanding of their roles in cells, however 
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dihydroisoquinolinone 184 was recently shown to selectively inhibit a mutant of PARP10 

(LG-PARP10) that contains a unique pocket in its active site; 184 demonstrated a 10-fold 

selectivity for LG-PARP10 compared to its wild type (WT) counterpart (IC50 = 8.6 μM).26 

Further biological activity of these species was demonstrated by Zhou et al., in which 

they reported the action of a number of dihydroisoquinolinone-based compounds against 

the H3 receptor.40 H3 receptors are primarily found in the brain and modulate the release 

of histamine, which triggers secondary release of excitatory neurotransmitters. 

Consequently, antagonists to the H3 receptor have stimulant and nootropic effects, hence 

are being researched as potential drugs for the treatment of neurodegenerative conditions 

such as Alzheimer's disease. The best compound, dihydroisoquinolinone 185, exhibited 

potent in vitro binding and functional activities at the H3 receptor, good selectivities 

against other neurotransmitter receptors and ion channels, acceptable pharmacokinetic 

properties, and a favourable in vivo profile.40 

3.1.2 Tetrahydroisoquinolines 

Tetrahydroisoquinolines (186) and tetrahydroquinolines (187) are the reduced forms of 

dihydroisoquinolinones and dihydroquinolinones, comprising a benzene ring fused to a 

six-membered aliphatic cyclic amine (Figure 26); similar to their lactam counterparts they 

are also associated with a range of biological properties.41, 42 

 

Figure 26 Structures of tetrahydroisoquinoline (186) and tetrahydroquinoline (187). 

Tetrahydroisoquinolines have received significant attention due to their presence in a 

variety of naturally occurring biologically active molecules (Figure 27).41, 43, 44 For 

instance, Ecteinascidin 743 (188) is an extremely potent anti-tumour agent isolated from a 

marine tunicate, Ecteinascidia turbinata.45 (S)-Norcoclaurine (189) has been proven to be 

an effective β-1 and β-2 adrenergic agonist,46 whilst its analogue (S)-coclaurine (190) is a 

nicotinic acetylcholine receptor antagonist isolated from a variety of plant sources such 

as Nelumbo nucifera.47 Jamtine (191), isolated from the climbing shrub Cocculus hirsutus, is 

one of the medicinal alkaloids possessing significant anti-hyperglycemic activity.48  Another 

naturally occurring tetrahydroisoquinoline is canadine (192), which can act as a calcium 
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channel blocker.49 Amaryllidaceae alkaloids such as cherylline (193) and latifine (194) 

have been isolated from Crinum latifolium and other Crinum species.50  

 

Figure 27 Tetrahydroisoquinoline framework in bioactive natural products. 

In addition, several synthetic tetrahydroisoquinolines have been described which are of 

importance in the treatment of a number of neurological and physiological disorders 

(Figure 28).51, 52 Tetrahydroisoquinolines bearing a pendant 4-aryl group are of particular 

biological significance.53-59 Tetrahydroisoquinoline 195, specifically the (S)-(–)-

enantiomer, was found to be a potent renal vasodilator through selective stimulation of 

the dopamine receptor DA1;
55 the DA1 agonist activity of 195 was about 10 times stronger 

than dopamine for increasing renal blood flow in anesthetised dogs. Anan et al. later 

synthesised a series of tetrahydroisoquinoline derivatives demonstrating DA1 agonist 

activities, with compound 196 identified as the most potent renal vasodilator.56 

Various pharmacological applications of tetrahydroisoquinolines have been patented:60 

they have been used to treat histamine H3 receptor-mediated disorders;61, 62 used to 

combat respiratory complaints like snoring and sleep apnoea;63 and used in the treatment 

and prevention of chronic and neuropathic pain.64 4-Aryl-tetrahydroisoquinolines have 

also been patented as hypotensive agents,65 anti-ulcer agents,66 local anaesthetics,67 as 
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well as neurological and physiological agents,68, 69 in particular to treat depression.53, 60, 

65, 70, 71 The use of tetrahydroisoquinolines in the treatment of neurological disorders such 

as depression is perhaps most frequent in the literature.53, 57, 58  

Compound 197 was discovered to be a very potent inhibitor of the serotonin transporter 

(IC50 = 3.0 nM), norepinephrine transporter (IC50 = 8.3 nM), and dopamine transporter 

(IC50 = 3.1 nM). It also showed efficacy in the rat forced swim and mouse tail suspension 

models, exhibiting substantial occupancy levels at the three transporters in both rat and 

mouse brain.57 Diclofensine (198 – further discussed in Section 3.3.3),58 and the more 

(in)famous nomifensine (199),53 are also highly effective inhibitors of reuptake of these 

central neurotransmitters such as serotonin, norepinephrine, and dopamine. Nomifensine 

was marketed for use as an antidepressant in the 1970s, but was ultimately withdrawn 

mainly due to its association with immune haemolytic anaemia.72 

 

Figure 28 Diclofensine (198), nomifensine (199) and other biologically interesting 

synthetic tetrahydroisoquinolines. 

Tetrahydroquinolines, the reduced form of dihydroquinolinones, are outside the scope of 

this report, however they also exist within a number of alkaloids.42, 44, 73 Furthermore, 

similar to their isoquinoline analogues, they are associated with a wide range of 

interesting biological properties, such as anti-cancer activity,74-76 anti-fungal activity,77, 78 

anti-bacterial activity,79, 80 anti-malarial activity,81 anti-hypertensive activity,82 

antidepressant activity,83 antileishmanial activity,76 and have been identified in the 

potential treatment against Alzheimer’s disease.84-86 Various biological applications and 
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numerous syntheses of these compounds has been comprehensively reviewed by 

Menéndez et al.42  

A number of patents detailing the medicinal applications of these types of compounds are 

available,87, 88 for example the treatment of liver,89 and inflammatory diseases,90 as well 

as analgesics to combat pain,91, 92 and as antidepressant agents.93 

3.2 Synthesis of Dihydroquinolinones and Dihydroisoquinolinones 

The importance of dihydroquinolinones and their lactam isomers in medicinal chemistry 

has stimulated considerable attention from organic chemists and encouraged the 

development of new synthetic pathways to prepare these compounds.  

Various synthetic strategies towards dihydroquinolinones include Friedel−Crafts 

cyclisations,94-96 radical reactions,97 solid-phase synthesis,98 transition metal-catalysed 

reactions by palladium,99-104 or rhodium catalysts,105-107 and even tandem catalytic 

processes employing a combination of palladium and rhodium with copper.108-110 

Synthetic approaches to the dihydroisoquinolinone ring system are similar to those for its 

isomer,111-114 with cobalt catalysis,115 and a tandem Re-Mg process also reported,116 

although reactions in which an aromatic amine precursor is cyclised with addition of one 

or two carbon atoms are the most common approaches.117 Despite several methods 

existing for the preparation of both benzofused six-membered ring lactams, a highly 

efficient method towards these compounds continues to be an attractive area of research 

in organic chemistry.  

Dihydroisoquinolinones and dihydroquinolinones can be conveniently made from indan-

1-ones via ring expansion transformations, as evidenced by newly published reports 

detailing the formation of both of these species from indan-1-ones via the Schmidt 

reaction,118 and from their corresponding indan-1-one oximes under Beckmann 

conditions.119 A Curtius rearrangement has also been utilised as a method of 

dihydroisoquinolinone formation,120 however the similar Schmidt reaction is far more 

common. Indeed, a number of literature reports involve the use of Schmidt conditions to 

fashion dihydroisoquinolinones possessing interesting biological activities.27, 28, 40, 121 

The previously synthesised 3-aryl-indan-1-ones 118-125 were utilised to test two 

different ring expansion reactions as a way to construct the aforementioned δ-lactams. 

The first method is a Beckmann rearrangement (Section 3.2.1), proceeding via oxime 

intermediates, and the second approach is the widely utilised Schmidt reaction (Section 

3.2.2).   
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3.2.1 Beckmann Rearrangement 

The Beckmann rearrangement is the conversion of aldoximes and ketoximes to the 

corresponding amides (200) under acidic conditions (Scheme 27);122 typically strongly 

acidic and dehydrating media are employed such as phosphorus pentachloride or 

concentrated sulfuric acid.123 Formation of the oxime (201) is generally achieved using 

hydroxylamine as the reactant with a suitable acid or base catalyst, for instance refluxing 

the ketone (202) with hydroxylamine hydrochloride in pyridine.124 

 

Scheme 27 Oxime formation and Beckmann rearrangement to N-substituted amides. 

The mechanism is seemingly straightforward (Scheme 28), involving initial activation of 

the oxime (201) by protonation, followed by migration of the R group anti- to the leaving 

(hydroxyl) group on the nitrogen (203) – i.e. R’ in the example shown in Scheme 28 – 

and concurrent loss of water. The iminocarbonium ion intermediate (204) is then trapped 

by water, and the product amide 200 ultimately forms after proton loss (205) and 

subsequent tautomerisation of 206. In the case for some oximes, particularly when R’ and 

R” are both alkyl groups, amide mixtures are obtained suggesting syn- group migration;123 

this has been attributed to isomerisation of the oxime prior to migration – the 

configuration of the isolated oxime may no longer be the most stable when subjected to 

the reaction conditions and thus a group that was once syn- may become anti- and proceed 

to migrate.125 In the case of aryl-alkyl oximes, it is generally understood that the aryl 

group preferentially migrates, with electron donating groups on the aromatic ring 

facilitating the reaction and electron-withdrawing groups impeding it.126 

 

Scheme 28 Beckmann rearrangement mechanism. 
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While the Beckmann rearrangement has been widely utilised in the formation of lactams 

and other amides,123, 127-129 not many literature reports have described the transformation 

of indan-1-one oximes to dihydroisoquinolinones and dihydroquinolinones. The 

Beckmann rearrangement of the unsubstituted indan-1-one oxime 207 has been shown to 

give δ-lactam products in low yields and, despite the reaction proving more successful 

for substituted starting materials, yields vary greatly depending on the nature of the 

substituents.125, 129, 130 Substituents on both the benzene and aliphatic rings are influential, 

having a profound effect on the ratio of isomers formed.131, 132 Lansbury et al. found that 

the regioselectivity of the rearrangement reaction shifted more towards alkyl migration 

as the size of the substituents at the 4- and 7-position increased (Table 10).125  

Table 10 Effect of benzene ring substitution on the regiochemistry of Beckmann 

rearrangements of indan-1-one oximes.125 

 

Indan-1-one Oxime Ratio / % migration 

 R1 R2  Aryl  Alkyl 

207 H H 163 90 164 10 

208 Me Me 211 34 214 66 

209 C2H5 C2H5 212 27 215 73 

210 t-Bu Br 213 19 216 81 

 

The Beckmann rearrangement of indan-1-one oximes is also heavily dependent on the 

reagents employed. This was evidenced through work by Torisawa et al.,130 in which 

various indan-1-one oximes were subjected to different Beckmann conditions. All 

reactions were sluggish towards conventional conditions and some oximes were 

presumed to isomerise prior to migration, leading to unexpected dihydroisoquinolinone 

formation. The rearrangement with Eaton’s reagent (P2O5-CH3SO3H) failed to give 

typical Beckmann products whilst more success was achieved with PPA, with further 

improvements observed when a mixture of PPA with Bi(OTf)3 was employed.  
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A report by Lee and co-workers on the Beckmann rearrangement on indan-1-one oxime 

tosylates indicated that in the absence of Lewis acids the rotational barrier of the indan-

1-one oxime C=N bond is quite high, but in the presence of Lewis acid catalysts the 

rotational barrier is lower.131 This was attributed to complex formation of AlCl3 and 

tosylate allowing double bond rotation, with the product distribution being determined by 

the relative stability of the oxime (E)- / (Z)- isomers. Torisawa et al. later discovered that 

the reaction of the oxime mesylate was more facile than the corresponding tosylates with 

respect to various Lewis acid catalysts in CH2Cl2, with the choice of acid catalyst crucial 

for the process.133 It has been demonstrated that TiCl4 in ethylene dichloride (EDC) with 

mesyl chloride as a key additive gives exclusive dihydroquinolinone (163) formation for 

indan-1-one oxime mesylate (217), whilst exchanging MsCl for BF3.CH3OH results in a 

complete shift in regioselectivity towards the other lactam product (164, Scheme 29).134 

 

Scheme 29 Two directional Beckmann rearrangement of indan-1-one oxime mesylates. 

The use of zirconium chloride as the catalyst in place of TiCl4 proved ineffective, however 

when employed with MsCl as the reaction solvent it was discovered to be superior to 

classical phosphorus-based methods such as PPA and Eaton’s reagent for the synthesis 

of dihydroquinolinones (Scheme 30), although only the reaction of indan-1-one oxime 

mesylate 217 was reported.135  

 

Scheme 30 Optimised conditions for the conversion of indan-1-one oxime mesylates into 

dihydroquinolinones. 

Given these advancements presented by Torisawa et al. in which a single δ-lactam isomer 

could be synthesised in high yield from corresponding indan-1-one oxime mesylates,135 

it was our desire to test these supposed optimised Beckmann conditions. First however, a 

series of oxime mesylates needed to be synthesised prior to their rearrangement. To this 

end, 3-aryl-indan-1-ones 118-125 were initially converted to their corresponding oximes 
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218-225 on stirring with hydroxylamine hydrochloride in pyridine at 80 oC, and then 

reacted with mesyl chloride and trimethylamine, in CH2Cl2 at -20 oC, to give oxime 

mesylates 226-233 (Table 11).  

Table 11 Formation of indan-1-one oximes 218-225 and oxime mesylates 226-233.  

 

Indan-1-one Oxime Oxime Mesylate 

 R1 R2  Yield % a  Yield % a, b 

118 H H 218 99 226 99 

119 H 4-Cl 219 99 227 99 

120 H 3,4-Cl 220 95 228 99 

121 H 2,4-Cl 221 99 229 99 

122 OCH3 H 222 99 230 99 

123 OCH3 4-Cl 223 95 231 99 

124 OCH3 3,4-Cl 224 98 232 99 

125 OCH3 2,4-Cl 225 92 233 99 

a Isolated yield, used without further purification; b Residual MsCl present. 

The two-step process was very high yielding, with oximes 218-225 and subsequent oxime 

mesylates 226-233 forming in excellent yields. Only single isomers were observed, 

believed to be (E)- through comparison to the literature,131, 135 and previous work from 

the Fox group;136 the (E)-isomer is known to be more stable, which is believed to be a 

consequence of unfavourable steric interactions between the hydroxyl group and CAr-H 

(Figure 29) – this idea can be extended to the mesylate group in oxime mesylates.131 

 

Figure 29 Steric interactions between –OH group and CAr-H in (Z)- (left) and (E)- (right) 

indan-1-one oximes. 
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The mesylation process appeared to be quantitative although mesyl chloride was still 

present in the 1H NMR spectra of the crude reaction products and thus the recorded yields 

likely inflated – the presence of this residual reagent was shown to increase the success 

of the subsequent Beckmann rearrangement,135 hence no attempts were made to remove 

it from the crude oxime mesylates. Oxime mesylates 226-233 were then subjected to the 

Beckmann conditions discussed above – stirring with zirconium chloride and mesyl 

chloride – although the reaction had to be performed at 50 oC to afford complete 

conversion (Table 12).  

Table 12 Beckmann rearrangement reactions of racemic 3-aryl-indan-1-one oxime 

mesylates 226-233.  

 

Oxime Mesylate Dihydroisoquinolinone 

 R1 R2  Yield % a 

226 H H 234 62 

227 H 4-Cl 235 77 

228 H 3,4-Cl 236 74 

229 H 2,4-Cl 237 73 

230 OCH3 H 238 55 

231 OCH3 4-Cl 239 86 

232 OCH3 3,4-Cl 240 68 

233 OCH3 2,4-Cl 241 78 

a Isolated yield. 

The rearrangement gave only a single lactam product in generally high yields, in 

accordance with reports by Torisawa et al,135 however these products were identified as 

dihydroisoquinolinones 234-241 instead of the expected isomers – no additional 

product(s) were established from the 1H NMR spectra of the crude reaction products.  

This result is more in line with the work by Smissman et al.,132 whereby similar indan-1-

one oximes – methoxy groups in the 5- and 6-positions – were transformed into 

dihydroisoquinolinones exclusively using P2O5 and methanesulfonic acid. Evidently, the 
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presence of the methoxy group in the 6-position is influential on the regioselectivity of 

the Beckmann rearrangement irrespective of other reagents employed, causing alkyl 

migration to be the predominant pathway. Since migration of the group anti- to the 

leaving group attached to nitrogen is known to migrate during the reaction,123 yet it is 

strongly believed that the indan-1-one oxime mesylates exist in the more stable (E)- form, 

isomerisation to the less favoured (Z)-configuration is likely taking place prior to 

migration, in line with literature reports.125 

Little can be ascertained from the results in Table 12 about the effect of substrate structure 

on the yield of dihydroisoquinolinones obtained from the Beckmann rearrangement of  

3-aryl-indan-1-one oxime mesylates. There are no clear trends between the single 

methoxy and trimethoxy- derivatives, nor can any strong conclusions be drawn on the 

effect of the pendant 3-aryl ring on the rearrangement. Nonetheless, notably lower yields 

were observed for the reactions of 234 (62 %) and 238 (55 %) – with an unsubstituted 

(phenyl) ring. This may suggest the transformation is more successful for indan-1-ones 

bearing an electron-deficient 3-aryl ring, which would further strengthen the idea that the 

Beckmann rearrangement is governed by electronics in addition to steric factors.126   

Overall, the 3-step synthetic route towards dihydroisoquinolinones 234-241, though 

reasonably high yielding, was not completely ideal; removal of pyridine and MsCl in 

steps 1 and 3 respectively proved to be problematic and time-consuming due to their 

utilisation as the solvent in these reactions. As a result, an alternative pathway towards 

dihydroisoquinolinones and dihydroquinolinones was sought.  

3.2.2 Schmidt Reaction 

Another transformation known for forming amides from ketones is the Schmidt reaction, 

which follows a similar mechanism to the Beckmann rearrangement, but involves the use 

of an azide as a nucleophile.137 The process is acid-catalysed, in which the carbonyl group 

in 202 is first activated by protonation for nucleophilic attack by hydrazoic acid (242)  

– formed in situ from an azide. Subsequent loss of water from 243 yields a short-lived 

ketimino-diazonium ion (244), which gives rise to an iminocarbonium ion intermediate 

(204) after one of the α-carbons, R’ or R”, migrates to the nitrogen atom, with loss of 

nitrogen. This intermediate is then trapped by water, and the product amide 199 is 

ultimately formed after proton loss (205) and subsequent tautomerisation of 206 (Scheme 

31).138-140 
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Scheme 31 Schmidt reaction mechanism. 

In fact, for the synthesis of bicyclic lactams, the Schmidt reaction has generally been 

found to be more convenient than the Beckmann rearrangement approach.141 In 1958 

Conley reported the polyphosphoric acid-catalysed Schmidt rearrangement of a number 

of ketones, including that of indan-1-one 4 which gave exclusive formation of  

3,4-dihydroquinolin-2(1H)-one (163) as a result of aryl migration (Scheme 32).142 The 

rearrangement was found to proceed extremely slowly below 50 °C.  

 

Scheme 32 Effect of acid on the Schmidt reaction of indan-1-one 4. 

Similarly, it has been reported that performing the reaction in trichloroacetic acid or 

H2SO4 usually yields 3,4-dihydroquinolin-2-(1H)-one (163) as the major isomer.143, 144 

However, it appears that this transformation remains very catalyst specific, as it was 

reported that the Schmidt reaction of 4 using concentrated HCl gave a ratio of lactams, 

with dihydroisoquinolinone 164 being the major product.145, 146 

It is well-known that the Schmidt reaction of aryl-alkyl ketones, for instance 

acetophenone, proceeds via aryl group migration preferentially, with steric effects playing 

a major role – the larger group is believed to migrate.139 However, it has become clear 
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that this is not always the case, in fact the outcome of the Schmidt reaction can vary 

considerably depending on the nature of the substituents on the aromatic ring;144, 147 the 

general conclusion is that electronic and steric effects can compete with one another.138, 

148, 149 Particular attention has been paid towards methoxy substituents, a group that in 

resonance terms is electron-donating and in inductive terms is electron-withdrawing.137, 

143, 144, 150, 151 The direction of the rearrangement in the Schmidt reaction with indan-1-

ones is strongly affected by the substituents in the aromatic ring in positions para- and 

ortho- to the carbonyl group – this effect appears to be far more pronounced for the  

5-membered indanones than the larger 6-membered tetralone derivatives.143 Specifically, 

alkyl migration is the predominant pathway when methoxy substituents are present in the 

ortho- and para- positions, whereby they are able to stabilise the iminocarbonium ion 

intermediate 204 that forms in the reaction. This is exemplified by a paper by Minami et 

al., in which the outcome of a number of Schmidt reactions with indan-1-one substrates 

were reported (Scheme 33).150  

 

Scheme 33 Effect of ortho- and para- methoxy groups on the regiochemistry of the 

Schmidt reaction with indan-1-ones. 

As expected, indan-1-one 245, containing no methoxy group in the benzene ring, 

afforded predominantly dihydroquinolinone 247 (77 %) and only a trace of the 

dihydroisoquinolinone 246 (6 %). However, the same reaction of indan-1-one 248, with 

the MeO group in the para- position, remarkably afforded dihydroisoquinolinone 249 in 

71 % yield and its isomer 250 in only 7 % yield, whilst indan-1-one 251 (ortho-MeO) 

furnished the dihydroisoquinolinone 252 exclusively in 66 % yield. It is therefore clear 



114 

that the presence of a methoxy group in the aromatic ring plays an important role in 

determining the regiochemistry of the Schmidt reaction.150 

Since the Schmidt reaction is known to be heavily dependent on the conditions employed, 

such as the acid employed and the temperature at which the reaction is performed,142-146, 

152, 153 a number of conditions were initially tested on the racemic 3-aryl-indan-1-one 118 

in order to achieve optimum conditions for these substrates (Table 13). Three sets of 

conditions were chosen from the literature, each making use of a different acid catalyst: 

polyphosphoric acid,142 concentrated HCl,141 and methanesulfonic acid.154 Reaction of 

indanone 118 with PPA (entry 1) afforded the desired dihydroquinolinone 253, alongside 

its isomer 234 and an unknown material – later discovered to be a tetrazole – but only 

reached ~30 % completion after 48 hours. This is in contrast to the reaction of indan-1-

one 4, which Conley showed gave exclusive formation of the dihydroquinolinone 163 on 

reaction with sodium azide with PPA at 50 oC (Scheme 32);142 this is most likely a result 

of the presence of the methoxy group attached to the aromatic ring.150 

Table 13 Optimisation of the Schmidt reaction of 3-aryl-indan-1-one 118.  

 

Entry a Conditions 
Product Ratio / % b 

118 c 234 253 Unkn.  

1 NaN3, PPA, 50 oC, 48 h 71 7 16 6 

2 NaN3, HCl, 1,4-dioxane, 50 oC, 3-4 days 100 - d - d - d 

3 NaN3, HCl, 1,4-dioxane, 80 oC, 3-4 days 100 - d - d - d 

4 NaN3, MsOH, CHCl3, 70 oC, 3.5 h 0 48 29 23 

a Reaction based on indan-1-one 118 (100 mg, 0.42 mmol); b Ratio determined by 1H 

NMR of the crude reaction product; c Unreacted starting material; d No conversion 

observed. 

Concentrated HCl is known to cause opposite Schmidt regioselectivity to other acids, 

such as polyphosphoric acid, trichloroacetic acid or H2SO4,
145, 146 however the reaction 

with indanone 118 resulted in no conversion (100 % recovered starting material) at both 

50 oC (entry 2) and 80 oC (entry 3). Finally, the use of methanesulfonic acid proved far 
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more successful, giving complete conversion in only 3.5 hours and yielding the same 

three products as the reaction with PPA. Methanesulfonic acid has historically been more 

commonly employed in the Schmidt transformation of dialkyl ketones,155, 156 such as the 

synthesis of amino acids from β-keto esters,154, 157 but its use in the reaction of aryl-alkyl 

ketones – like 3-aryl-indan-1-ones 118-125 – is becoming increasingly popular; a number 

of aryl-alkyl ketones were subjected to the Schmidt reaction in a continuous-flow 

microreactor to exclusively yield the amide resulting from aryl migration.140  

Based on the results in Table 13, methanesulfonic acid was chosen as the acid mediator 

for all Schmidt reactions going forward; not only did it yield the desired lactam product, 

it also gave full conversion in only 3.5 hours and there were no solubility or mechanical 

issues – the use of PPA as both the catalyst and solvent, coupled with its high viscosity, 

led to difficulties in terms of reaction set up, stirring and solubility. With optimum 

conditions in hand, the series of eight 3-aryl-indan-1-ones 118-125 were subjected to the 

Schmidt reaction. The results of these Schmidt reactions are presented in Table 14.  

Table 14 Schmidt reactions of racemic 3-aryl-indan-1-ones 118-125.  

 

Racemic Indan-1-one Product Ratio / % a 

 R1 R2 a b c Other 

118 H H 234 47 253 30 261 23 - 

119 H 4-Cl 235 50 254 32 262 18 - 

120 H 3,4-Cl 236 56 255 33 263 11 - 

121 H 2,4-Cl 237 61 256 29 264 10 - 

122 OCH3 H 238 83 257 3 265 13 - 

123 OCH3 4-Cl 239 87 258 4 266 9 - 

124 OCH3 3,4-Cl 240 88 259 5 267 6 - 

125 OCH3 2,4-Cl 241 91 260 2 268 5 2 b 

a Ratio determined by 1H NMR of the crude reaction product; b Material determined to be 

the tetrazole isomer (269). [N.B. Also isolated was the dihydroisoquinolinone resulting 

from the reaction of the 4-methoxy isomers of 118-121.] 
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The reaction of each 3-aryl-indan-1-one gave a mixture of products; in all cases both 

lactams formed, with the lactam arising from alkyl group migration predominating (a), 

and the minor lactam being 4-aryl-3,4-dihydroquinolin-2-ones, which result from aryl 

group migration (b). As expected, the ratio of alkyl : aryl group migration was 

significantly higher for indan-1-ones 122-125 as a result of increased methoxy group 

substitution on the aromatic ring, which is consistent with literature reports – in particular 

the presence of the methoxy group para- to the carbonyl group.143, 150  

The effect of the pendant 3-aryl ring on the Schmidt reaction of 3-aryl-indan-1-ones can 

also be seen in the results displayed in Table 14. As more chlorine atoms are introduced 

into the 3-aryl ring and thus the aromatic ring becomes more electron withdrawing, there 

is greater dihydroisoquinolinone formation. Furthermore, as ring substitution changes 

from 3,4-Cl to 2,4-Cl the extent of which this δ-lactam forms increases even more, which 

can be rationalised by the greater inductive electron withdrawing effect of chlorine in the 

ortho- position relative to meta-.158 A conceivable explanation is that the electron 

withdrawing nature of the pendant 3-aryl ring causes aryl migration to be disfavoured due 

to its proximity to the positively charged iminocarbonium ion that forms during this 

pathway, despite being attached to a carbon two atoms away. It is possible the electron 

donating mesomeric effect of the chlorine atoms, in particular those in the directing ortho- 

and para- positions,159 is negligible here due to their inability to directly contribute 

electrons to the intermediate carbocation. 

In addition to both lactam isomers, tetrazole species were also observed in the Schmidt 

reactions of 3-aryl-indan-1-ones 118-125 (c, Table 14). The formation of tetrazoles from 

ketones and hydrazoic acid in the presence of an acid catalyst was first observed by Karl 

Schmidt in 1924,137 and their formation from cyclic ketones has since been well-

documented.155, 160, 161 For instance, the Schmidt reaction has been used extensively in the 

steroid field to prepare tetrazole-fused steroid derivatives.162-165 The mechanism of 

tetrazole formation within this transformation has been heavily scrutinised, but now it is 

widely understood that they form through reaction of hydrazoic acid with an intermediate 

iminocarbonium ion, followed by an electrocyclic ring closure – this process is assumed 

to be in direct competition with amide formation whereby it is water that attacks the 

carbocation.166, 167 Based on these beliefs, a conceivable mechanism behind tetrazole 

formation in the Schmidt reaction of 3-aryl-indan-1-ones (133) is shown in Scheme 34; 

aryl migration in 270 leads to iminocarbonium ion intermediate 271, which reacts with 

additional NaN3 followed by electrocyclisation of the 6π-system in 272 to give 273.  
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Scheme 34 Postulated mechanism of tetrazole formation. 

Interestingly, only a single tetrazole isomer was observed in the reactions of all 3-aryl-

indan-1-ones with the exception of indanone 125, which might be connected to the 

presence of the ortho- chlorine atom in the 3-aryl ring, in addition to the three methoxy 

groups on the primary aromatic ring. A literature search for tetrazoles with a structure 

similar to those synthesised in this work showed that tetrazole 274 has been previously 

made, with 1H NMR spectroscopic data available (Figure 30),168 however neither its 

isomer nor other related tetrazoles have been reported. Nonetheless, the syntheses of 

lactam isomers 163 and 164 that are analogous to tetrazole 274 have been reported,169, 170 

and their 1H NMR spectroscopic data are shown in Figure 30. The most notable difference 

between these two lactams is the chemical shift of the CH2 protons next to the amide 

functional group; the protons adjacent to the electronegative nitrogen atom are shifted 

downfield in 164 (δH = 3.56 ppm) compared to its isomer 163 (δH = 2.65 ppm). This 

deshielding effect by the nitrogen can be extended to the tetrazoles studied in this work.   

Figure 30 1H NMR data reported for tetrazole 274,168 dihydroquinolinone 163,169 and 

dihydroisoquinolinone 164.170 
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Since both tetrazole isomers 268 and 269 were isolated after the Schmidt reaction of 126, 

the deduction of the absolute configuration of tetrazoles 261-268 was made possible 

through comparison of their NMR spectra; the CH2 proton and carbon environments were 

located at significantly higher chemical shifts for one tetrazole over the other, which was 

assigned as 269 due to their proximity to the electronegative nitrogen atom (Figure 31). 

Tetrazoles 261-267 possessed relatively lower chemical shifts for these proton and carbon 

environments, similar to those observed for 268, hence they were also assigned as the 

quinoline tetrazole isomer by analogy. 

 

Figure 31 Tetrazole isomers 268 and 269 isolated from the Schmidt reaction of 125. 

At first, the formation of the observed tetrazole isomer in the Schmidt reactions of 3-aryl-

indan-1-ones 118-125 came as a surprise; tetrazoles 261-268 arise from aryl migration 

yet alkyl migration is the major pathway, hence one would expect the other tetrazole 

isomer to predominantly form in the reactions. However, on further analysis of the 

mechanism for tetrazole formation, the presence of the observed isomer could possibly 

be explained by the stability of the iminocarbonium ion that forms after aryl/alkyl 

migration. As previously mentioned, the cation that results from alkyl migration is 

stabilised by the para- methoxy group on the aromatic ring through resonance and, as 

such, may be less reactive towards attack by azide. On the other hand, the cation that 

forms from aryl migration is less stable and thus more reactive with respect to any 

nucleophile present in the reaction, including hydrazoic acid, therefore forms the tetrazole 

alongside the dihydroquinolinone.  

To further validate this notion, the Schmidt reaction was repeated for all 3-aryl-indan-1-

ones in which different equivalents of sodium azide were employed (Table 15) – greater 

quantities of NaN3 should theoretically result in greater tetrazole formation. The reaction 

of 3-aryl-indan-1-ones 118-125 with 1.1 equivalents of sodium azide failed to reach 

completion, with starting material remaining in all cases.  
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Table 15 Effect of NaN3 on the Schmidt reactions of racemic indan-1-ones 118-125. 

 

Racemic Indan-1-one NaN3 

(eq.) 

Product Ratio / % a 

 R1 R2 a b c 

118 H H 

1.1 

234 

36 

253 

34 

261 

17 

2 47 30 23 

3 44 33 23 

119 H 4-Cl 

1.1 

235 

46 

254 

35 

262 

13 

2 50 32 18 

3 50 31 19 

120 H 3,4-Cl 

1.1 

236 

60 

255 

31 

263 

10 

2 60 29 10 

3 60 30 11 

121 H 2,4-Cl 

1.1 

237 

54 

256 

30 

264 

8 

2 61 29 10 

3 64 25 11 

122 OCH3 H 

1.1 

238 

79 

257 

3 

265 

11 

2 83 3 13 

3 83 3 13 

123 OCH3 4-Cl 

1.1 

239 

78 

258 

4 

266 

6 

2 87 4 9 

3 88 4 8 

124 OCH3 3,4-Cl 

1.1 

240 

84 

259 

5 

267 

6 

2 88 5 6 

3 89 4 6 

125 OCH3 2,4-Cl 

1.1 

241 

85 

260 

2 

268 b 

3 

2 93 2 6 

3 93 2 6 

a Ratio determined by 1H NMR; b Formed alongside tetrazole isomer (269). 
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As expected, increasing the amount of sodium azide to 2.0 equivalents led to 100 % 

reaction completion. There was greater dihydroisoquinolinone and tetrazole formation, 

yet the amount of dihydroquinolinone that formed generally decreased, especially for 

single methoxy derivatives 118-121, for which the formation of dihydroquinolinones is 

more prominent. Since dihydroquinolinone and tetrazole creation is in direct competition, 

this result suggests that the iminocarbonium ion intermediate that forms in this reaction 

pathway is indeed highly reactive and prefers to react with sodium azide over water due 

to its greater presence in the reaction. Increasing the equivalents of sodium azide further  

(3.0 eq.) resulted in little-to-no change in the regioselectivity of the Schmidt reactions. 

Table 16 Additional Schmidt reactions of racemic indan-1-ones and 1-tetralones.  

 

Substrate 
Product Ratio / % a 

a b c 

4 

 

164 45 163 51 - - b, c 

275 

 

279 56 283 44 - - b 

276 

 

280 29 284 40 - - b, c 

277 

 

281 4 285 96 - - b 

278 

 

282 62 286 34 287 4 

a Ratio determined by 1H NMR of crude reaction product; b No tetrazole formation 

observed; c Formation of additional products observed – see discussion below. 
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To further study the cause of tetrazole formation, in terms of substrate structure, in 

addition to further confirm the likely cause of promoted alkyl migration observed for  

3-aryl-indan-1-ones 118-125, the Schmidt reaction of five additional compounds was 

performed, three indan-1-ones as well as two 1-tetralones for completeness – to compare 

with the literature.141, 143, 144 Table 16 shows the results. The Schmidt reaction of  

1-tetralone 277 yielded primarily lactam 285 over its isomer 281, which is similar to 

literature reports for the Schmidt reaction with PPA and H2SO4 as the acid mediators,141, 

143, 144 and the reverse of the HCl-promoted reaction.141  

The Schmidt reaction of 6-methoxy-1-tetralone 278, on the other hand, resulted in a 

reverse of regiochemistry with alkyl migration to 282 (62 %) favoured over aryl migration 

to 286 (34 %). This is also consistent with literature reports for PPA, H2SO4 and  

HCl,141, 143, 144 and is anticipated since the presence of an electron donating methoxy group 

in the aromatic ring helps stabilise the iminocarbonium ion intermediate that forms after 

alkyl migration. Very little tetrazole formation was observed in the Schmidt reactions of 

both 1-tetralones, with only tetrazole 287 forming from the reaction of 278 in a 4 % 

product ratio.  

Notably, no tetrazole formation was observed in the reactions of the three additional 

indan-1-ones, suggesting the presence of methoxy group(s) attached to the aromatic ring 

and a pendant 3-aryl ring are requirements for their formation. The Schmidt reaction of 

indan-1-one 4, with no methoxy groups attached to the aromatic ring nor a phenyl ring in 

the 3-position, gave an almost 50 : 50 ratio between lactam products 163 and 164. This 

result highlights the importance of the acid mediator on the reaction, with it previously 

being reported that the Schmidt reaction of 4 in PPA gives the dihydroquinolinone 

predominantly whilst conc. HCl reverses the regiochemistry.142, 145 As expected, 

introduction of an electron donating methoxy group to the aromatic ring – as is the case 

for indan-1-one 275 – results in greater alkyl migration to the dihydroisoquinolinone 279 

over its isomer 283. The opposite outcome occurs in the Schmidt reaction of 3-phenyl-

indan-1-one 276, whereby dihydroquinolinone 284 (40 %) forms in preference over 

dihydroisoquinolinone 280 (29 %), although it is unclear here if the presence of the phenyl 

ring has an influence on aryl/alkyl migration since two by-products were observed.  

The Schmidt reaction of 4 and 276 also gave rise to additional products, besides the 

expected δ-lactams. These were identified as nitriles 288 and 289, isolated in 2 % 

and 1 % yield in the reactions of indan-1-one 4 and 3-phenyl-indan-1-one 276, 

respectively (Figure 32). 
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Figure 32 Observed side-products 288 and 289 in Schmidt reactions of 4 and 276, 

respectively. 

The formation of a nitrile species akin to 288 and 289 is typically observed within the 

Beckmann rearrangement, and is attributed to fragmentation, a competing pathway 

whereby the α-carbon-carbon bond breaks rather than migrates.127, 171 Indeed, the 

formation of a similar product was observed in previous work within the Fox group (see 

Section 3.2.3),136 and as such a plausible mechanism for the formation of 288 is shown 

in Scheme 35; it is believed that a mesylate anion attacks the α-carbon in 290, causing 

ring opening and concurrent formation of a nitrile group with the loss of nitrogen gas. 

The absence of this nitrile species in the reactions of all indan-1-ones bearing methoxy 

groups on the aromatic ring suggests that the presence of these electron donating groups 

negates this fragmentation pathway, most likely because the typical Schmidt pathway 

towards dihydroisoquinolinones is promoted through stabilisation of the iminocarbonium 

ion intermediate. 

 

Scheme 35 Possible mechanism towards nitrile product 288. 

A second by-product, 2’-cyanostilbene (291), was isolated in the Schmidt reaction of 

indan-1-one 276 and its formation likely involves a 1,2-shift of the phenyl group, which 

is a well-documented process.172-174 A 1,2-phenyl shift is a type of Wagner–Meerwein 

rearrangement, a carbocation 1,2-rearrangement reaction in which a hydrogen atom, alkyl 

group or aryl group migrates from one carbon to a neighbouring carbon.175, 176 A possible 

mechanism for the formation of 291 (23 %) is shown in Scheme 36.  
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Scheme 36 Postulated mechanism for the formation of 2’-cyanostilbene (291). 

It is thought that the fragmentation pathway is assisted by a 1,2-shift of the phenyl ring 

(292) via neighbouring group participation, with eventual elimination in 293 to yield the 

trans-alkene product 291. Contrary to the migration of a hydrogen atom or alkyl group, a 

1,2-phenyl shift is known to pass through a bicyclic intermediate (294) where the cation 

is delocalised throughout the rest of the ring.177 Notably, none of this species formed for 

3-aryl-indan-1-ones containing methoxy group(s) on the aromatic ring, further signifying 

the promotive effect of this electron donating group on the typical Schmidt reaction  

– through stabilisation of the carbocation intermediate that forms after alkyl migration. 

It was hoped the structure of 2’-cyanostilbene (291) could be confirmed through the Heck 

coupling reaction of styrene and 2-bromobenzonitrile. The MizorokiHeck reaction is the 

Pd(0)-mediated coupling of an aryl or vinyl halide/triflate with an alkene to form a new 

carbon-carbon bond. It was first reported in the early 1970s through independent studies 

by Mizoroki and Heck as the Pd(0)-catalysed vinylation of aryl halides.178, 179 The Heck 

reaction is a very attractive synthetic tool for chemists and has been vastly used in the 

construction of complex structures.180-182 Three major factors contribute to its broad 

utility: high functional group tolerance; a remarkable capacity to forge C-C bonds in 

situations of considerable steric congestion; and an ability to orchestrate the reaction in 

cascade processes that form multiple rings.183 
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Scheme 37 Commonly accepted mechanism for the Heck reaction.184 

The general mechanism for the Heck reaction is widely accepted (Scheme 37).185, 186 The 

initial, and usually key, catalytic step is oxidative addition of the aryl/vinyl halide or 

triflate to the 14-electron Pd(0) catalyst 295 to afford a σ-complex (296);184 the order of 

reactivity for this step is X = I > OTf > Br > Cl.183 After alkene coordination (297) is 

migratory insertion to give another σ-complex (298). This step governs the 

regiochemistry of the reaction, and is dependent on the nature of the leaving group ‘X’; 

if ‘X’ is a halide then steric considerations cause the new C-C bond to predominantly 

form at the least hindered end, whereas electronic factors cause the aryl/vinyl group to be 

transferred to the end of the alkene with the lowest electron density if ‘X’ is a triflate – 

the CabriHayashi model.187-189 Subsequent β-hydride elimination and eventual release 

from 299 gives the product alkene 300. Finally, the hydridopalladium(II) complex 301 is 

converted back to 295 through base-mediated reductive elimination, completing the 

catalytic cycle.  

The reaction was first attempted as a batch process, with Pd(OAc)2 and PPh3 as the 

catalyst (1.00 mol%) and ancillary ligand (2.00 mol%), and triethylamine (1.5 eq.) and 

THF as the base and solvent, respectively. Despite refluxing the mixture under N2 for 

26.5 hours, the reaction only reached about 8 % conversion, with a large quantity of both 

starting materials still present and, although it did appear as though the desired alkene 

291 had formed, one could not be completely certain as the 2-bromobenzonitrile could 
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not be removed by column chromatography – it was clear that (almost) full conversion 

was required. To this end a microwave reactor was employed, enabling greater reaction 

temperatures (and pressures), and both the temperature and loadings of catalyst and ligand 

were screened (Table 17).  

Table 17 Results of the Heck coupling of styrene and 2-bromobenzonitrile.  

 

Entry 
Temp. 

/ oC 

Loading / mol% Conversion 

/ % a 

Product Ratio / % a 

Pd(OAc)2 PPh3 291 302 

1 100 2 4 19 0.94 0.06 

2 140 2 4 50 0.93 0.07 

3 140 4 8 56 0.93 0.07 

4 140 5 10 61 0.93 0.07 

5 160 4 8 75 0.92 0.08 

6 160 5 10 92 0.92 0.08 

a Determined by 1H NMR of the crude reaction product. 

From Table 17 it is clear that conversion to the desired product 291 increases with both 

temperature and catalyst loading. Initially, increasing the temperature from 100 oC to 

140 oC resulted in an increase in conversion from 19 % (entry 1) to 50 % (entry 2) 

respectively. It was then found that increasing the catalyst loading from 2 mol% to  

4 mol% and finally 5 mol% caused an increase in conversion from 50 % (entry 2) to  

56 % (entry 3) and 61 % (entry 4), whilst increasing the temperature by another 20 oC  

(160 oC) gave 75 % conversion to 291 (entry 5). The best results were found at 160 oC 

and 5 mol% catalyst loading (entry 6), with 92 % conversion being achieved – higher 

temperatures were not tested due to pressure concerns. Despite the reaction not reaching 

completion, the high level of conversion allowed the removal of 2-bromobenzonitrile 

from the desired product. However, it became clear that another product (302) was present 

in a small quantity; its identity was confirmed to be the regioisomer of 291 through a 

combination of various NMR analyses – distinguishable by two singlets at about  

δH = 5.90 ppm and δH = 5.50 ppm in 1H NMR spectroscopy. The formation of this 
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regioisomer can be explained by the migratory insertion step in the Heck catalytic cycle 

(Scheme 38); the C-C bond can form at the less or more hindered end of the coordinated 

alkene (303 or 304), yielding σ-complexes 305 or 306, respectively. Since the latter route 

is less preferred, 302 forms in only very small quantities. Furthermore, it is evident that 

the amount of this minor alkene product increases as temperature increases, albeit only 

slightly.  

 

Scheme 38 Regioselectivity in the Heck reaction of styrene and 2-bromobenzonitrile. 

In light of the discovery of this alkene regioisomer, the 1H NMR spectrum of the crude 

material acquired after the Schmidt reaction of 3-phenyl-indan-1-one 276 was re-

examined to see if any of 302 had formed. Indeed, it was found that a very small amount 

of this alkene (3 %) had been produced, however the mechanism behind its formation is 

unclear. Two possible pathways have been identified (Scheme 39): direct elimination of 

the mesylate nitrile species 307, or elimination of primary cation 308 that may form on 

opening of bicylic intermediate 309. 

 

Scheme 39 Possible pathways for the formation of alkene 302. 
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The enantiomerically enriched 3-aryl-indan-1-ones were then subjected to the Schmidt 

conditions previously employed, and the results are displayed in Table 18.  

Table 18 Schmidt reactions of enantioenriched 3-aryl-indan-1-ones 118-125.  

 

Indan-1-one Reaction Products 

 R1 R2 a 
Yield / 

% a 

e.e.  

/ % b 
b 

Yield / 

% a 

e.e. 

 / % b 

(S)-118 
H H 

(S)-234 43 98 (S)-253 33 97 

(R)-118 (R)-234 30 > 99 (R)-253 37 > 99 

(S)-119 
H 4-Cl 

(S)-235 48 > 99 (S)-254 34 > 99 

(R)-119 (R)-235 50 > 99 (R)-254 34 98 

(S)-120 
H 3,4-Cl 

(S)-236 53 99 (S)-255 24 96 

(R)-120 (R)-236 52 > 99 (R)-255 32 > 99 

(S)-121 
H 2,4-Cl 

(S)-237 61 96 (S)-256 26 92 

(R)-121 (R)-237 58 96 (R)-256 21 94 

(S)-122 
OCH3 H 

(S)-238 79 > 99 (S)-257 5 > 99 

(R)-122 (R)-238 81 > 99 (R)-257 5 > 99 

(S)-123 
OCH3 4-Cl 

(S)-239 78 91 (S)-258 4 > 99 

(R)-123 (R)-239 67 99 (R)-258 5 > 99 

(S)-124 
OCH3 3,4-Cl 

(S)-240 82 99 (S)-259 4 > 99 

(R)-124 (R)-240 78 > 99 (R)-259 3 97 

(S)-125 
OCH3 2,4-Cl 

(S)-241 89 96 (S)-260 3 93 

(R)-125 (R)-241 84 96 (R)-260 2 96 

a Ratio determined by 1H NMR; b enantiomeric excess calculated using chiral HPLC. 
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Excellent enantioselectivities were observed for all dihydroisoquinolinones and 

dihydroquinolinones, however all tetrazoles were formed as racemic mixtures, hence their 

omission from Table 18. This observation was unexpected and sheds new light on the 

mechanism behind tetrazole formation; where it was previously believed that addition of 

hydrazoic acid was directly followed by electrocyclisation to give the product (Scheme 

34), it is now clear that an additional step must be present, one that breaks a C-C bond 

next to the chiral carbon atom that results in a loss of stereochemical information. A new 

mechanism that accounts for the racemisation observed in this work is presented in 

Scheme 40. 

Scheme 40 Modified mechanism to account for tetrazole racemisation.  
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It is now thought that an additional 6π electrocyclisation process (solid arrows) takes 

place alongside the one that yields the product tetrazole (dashed arrows); electrocyclic 

ring-opening in 272 gives the conjugated species 310, which then ring-closes again to 

give the opposite enantiomer of 272 – hydrazoic acid must add to cation 271 prior to any 

electrocyclisations otherwise the lactam products would also racemise. For complete 

racemisation to occur these electrocyclic ring-opening and ring-closing steps must be 

both reversible and faster than the electrocyclisation that affords tetrazole.  

3.2.3 Anti-inflammatory Compound 6-B345TTQ – A Synthetic Target 

As discussed in Section 1.4, former work within our group involved the attempted 

synthesis of both enantiomers of a non-cytotoxic anti-inflammatory compound,  

6-B345TTQ (99), with the intention of identifying an active enantiomer. The potential 

advantages of using single drug enantiomers are many, for instance greater efficacy and 

thus reduced dosage and cost.190 Compound 99 was previously only patented and 

published as a racemate, alongside its non-active 2,3,4-trimethoxy- counterpart (100) 

(Figure 13).15, 16  

 

Figure 13 Anti-inflammatory compound 6-B345TTQ (99) and its inactive analogue  

6-B234TTQ (100). 

This prior work employed a Beckmann rearrangement in an attempt to synthesise anti-

inflammatory target 99 in addition to structurally similar 4-aryl-3,4-dihydroquinolin-2-

ones;136 a series of naphthyl-indan-1-ones 107 were initially made and then converted 

into their corresponding oxime mesylates (311) – via oxime intermediates 312 – before 

being exposed to Beckmann conditions presented by Torisawa et al.130, 135 The reactions 

gave a mixture of products (Scheme 41), neither of which were the desired 

dihydroquinolinone substrates – substituents on the indanone ring have been shown to 

have a profound effect on the ratio of isomers formed.131 The ratio of 

dihydroisoquinolinone products (313) and nitrile products (314) varied greatly on the 

nature of substituents on the aromatic rings, with seemingly no obvious trends in the 
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obtained ratio. This nitrile species was believed to form via the fragmentation mechanism 

shown in Scheme 35 (see Section 3.2.2), with chloride acting as the nucleophile instead 

of a mesylate anion. Other catalyst systems were also tried, but only the starting material 

oxime and the corresponding ketone were isolated upon workup.136  

 

Scheme 41 Unsuccessful Beckmann approach towards 6-B345TTQ (99) and related 

dihydroquinolinones.136 

In light of the previous success of the Schmidt reaction of 3-aryl-indan-1-ones 118-125 

with respect to dihydroquinolinone formation, it was believed that this transformation 

could be utilised as an alternative pathway towards the synthesis of the individual 

enantiomers of anti-inflammatory target 6-B345TTQ (99). To this end, the indan-1-one 

precursor of this target molecule was synthesised in the same way as 3-aryl-indan-1-ones 

118-125, as described in Section 2.1 – the overall synthetic route is shown in Scheme 42. 

Since one of the starting materials of the process, 4-bromo-1-acetonaphthone (315), was 

not commercially available, it was first synthesised via Friedel–Crafts acylation of  

1-bromonaphthalene (316) using acetyl chloride and aluminium chloride as a Lewis acid. 

This was followed by a Claisen–Schmidt condensation reaction of 315 with  

3,4,5-trimethoxybenzaldehyde (317), then subsequent Nazarov cyclisation of chalcone 

318 yielded the 6-B345TTQ precursor indan-1-one (319). P2O5 was found to be necessary 

in this cyclisation step to prevent formation of by-products as discussed in Section 2.1.3, 

in line with previous work by the Fox group.136  
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Scheme 42 Overall synthetic route towards 6-B345TTQ precursor indan-1-one 319. 

The regioselectivity of the Friedel–Crafts acylation is rather unexpected when one 

considers the inherent substituent effects of bromine. As discussed in Section 2.1.3, 

halogens exhibit a negative inductive effect (-I) but a positive mesomeric effect (+M), 

therefore they will deactivate the aromatic ring to which they are attached but will direct 

any electrophilic attack to the ortho- and para- positions (I > M);158, 159 indeed, this 

deactivation causes the Friedel–Crafts acylation of chlorobenzene to be particularly slow 

relative to benzene.191 One would therefore expect electrophilic aromatic substitution of 

1-bromonaphthalene to occur on the non-substituted ring, primarily at C5 or C8, although 

substitution at this latter position is subject to peri interactions with the group attached to 

C1 and thus may be unfavourable on steric and/or electronic grounds.192 In reality, 

however, for the Friedel–Crafts acylation of 1-bromo and 1-chloronaphthalene it is the  

1,4-regioisomer that predominates.136, 191, 193 The reasons behind this regiochemical 

outcome are currently unclear, although for this π-system it appears as though the Cl/Br 

atom is of the I < M type, whereby it is able to donate electrons much more effectively to 

the α-naphthyl para- position.  

Previous work within the Fox group showed that reducing the temperature at which the 

Friedel–Crafts acylation was performed resulted in an increased preference for 

substitution at the 4-position.136 The reaction was further optimised in this work, with the 

best result obtained through the very slow addition (ca. 5.5 hours) of 1-bromonaphthalene 

to a stirred suspension of AlCl3 and acetyl chloride in dry CH2Cl2 at -20 oC. These 
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conditions gave 4-bromo-1-acetonaphthone (315) in excellent yield (90 %) and 

regioselectivity (>97 % acylation in the 4-position). The 1,4-configuration was confirmed 

by comparison to literature reports,194 distinguishable by the presence of two doublets in 

the aromatic region of the 1H NMR spectrum (δH = 7.82 ppm and δH = 7.73 ppm), which 

would only be expected for this regioisomer (Figure 33). The regioselectivity of the 

reaction was determined through integration of the CH3 peaks at δH = 2.75 ppm (1,5- 

isomer) and δH = 2.73 ppm (1,4- isomer) in the 1H NMR spectrum of the crude material.  

 

Figure 33 Confirmation of 4-bromo-1-acetonaphthone (315) by 1H NMR spectroscopy. 

Similarly excellent yields were obtained for the subsequent Claisen–Schmidt 

condensation, however the final Nazarov cyclisation step was low yielding, which was 

expected due to the unsuitability of the substrate towards the reaction – the electron-rich 

nature of the 3-aryl ring significantly slows desired cyclisation (see Section 2.1.3).195  

The Schmidt conditions previously utilised (see Section 3.2.2) – methanesulfonic acid 

and sodium azide in chloroform at 70 oC – were applied to indan-1-one 319 in an effort 

to synthesise the anti-inflammatory target 6-B345TTQ (99) as a racemate (Scheme 43); 

this would serve as a proof of concept before the synthesis of the individual enantiomers 

is pursued. The reaction afforded racemic 99, as desired, albeit in a low yield (7 %) – the 

identity of 99 was confirmed through its separate synthesis via a 2-step method devised 

by a previous member of the Fox group.136 Its isomer 320 formed as the major isomer  

(42 %), alongside a small amount of unreacted starting material (5 %) and an unknown 

material that appeared to decompose back to indan-1-one 319 during purification by 

column chromatography. In addition, a nitrile product 321 was generated (18 %), with a 

structure similar to 288 and 289 that were previously seen in the Schmidt reactions of 

indan-1-one 4 and 3-phenyl-indan-1-one 276, respectively. The formation of this species 

is believed to be caused by the aforementioned Beckmann fragmentation process.127, 171 
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Scheme 43 Schmidt reaction of 6-B345TTQ precursor indan-1-one 319. 

With the knowledge that the target drug (±)-6-B345TTQ can be successfully synthesised 

via the Schmidt reaction of its precursor indan-1-one 319, albeit in very low yield  

(1.4 % overall yield), attention turned towards the synthesis of the individual enantiomers. 

This was accomplished utilising the transformations previously reported within this 

project – a diastereoselective reduction followed by an enantiospecific oxidation  

(see Section 2.2). Indan-1-one 319 was first exclusively reduced into the cis-diastereomer 

of indan-1-ol 322 using sodium borohydride (Scheme 44). 

 

Scheme 44 Cis-reduction of 319 by NaBH4 to give exclusive formation of 322. 

To ensure both enantiomers of drug target 99 were ultimately obtained in as high 

enantiomeric excess as possible, successive oxidative kinetic resolutions were performed 

utilising Noyori’s ruthenium catalyst 63 and method;196 first cis-indan-1-ol 322 was 

separated into two batches, with each batch oxidised with opposite enantiomers of 63 – 
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one using (S,S)-63 and the other (R,R)-63 – and then the recovered enantioenriched 

alcohols were individually subjected to another oxidation using the ruthenium catalyst 

derived from the opposite enantiomer of the TsDPEN ligand (Scheme 45).  

 

Scheme 45 Formation of both enantiomers of 6-B345TTQ precursor 319 via successive 

oxidative kinetic resolutions of cis-322. 

With both enantiomers of the 6-B345TTQ precursor 319 in hand, the final step towards 

the anti-inflammatory target 99 involved the Schmidt reaction, using the same conditions 

as those employed previously within the racemic synthesis (Scheme 46). As expected, the 

reaction of both enantiomers gave the same products in similar ratios as the racemic 

transformation, affording (R)- and (S)-dihydroquinolinone 99 and (R)- and (S)-

dihydroisoquinolinone 320 as the minor and major isomer, respectively, in 96-99 % e.e. 

In addition, both enantiomers of the nitrile product 321 also formed, however the e.e. of 

each enantiomer of this product was considerably lower than that of the starting ketones. 
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Scheme 46 Schmidt reaction giving both enantiomers of target 6-B345TTQ (99). 

Overall, the long term aim of the Fox group – to synthesise the individual enantiomers of 

non-cytotoxic anti-inflammatory compound 6-B345TTQ (99) – has now been achieved, 

with both enantiomers obtained in >99 % e.e. The overall yields for both enantiomers, 

starting from 1-bromonaphthalene (316), however, was unfortunately extremely low.  

The complete synthetic route can be broken down into three parts: the synthesis of the 

racemate of precursor indan-1-one 319, the resolution of 319 into its individual 

enantiomers, and finally ring expansion to give both enantiomers of 99. The yield for the 

synthesis of the racemic indan-1-one intermediate was 20 %, low due to a difficult 

Nazarov cyclisation step. The subsequent resolution afforded both the (R)- and  

(S)- enantiomer in >99 % e.e. and 17 % overall yield (for each enantiomer). The final 

part, the Schmidt reaction of the individual enantiomers of indan-1-one 319, gave (R)- 

and (S)-6-B345TTQ in 2 % and 3 % yields respectively – the formation of this particular 

lactam is highly disfavoured. Combining the yields for each part gives the total overall 

yield for both (R)- and (S)-99 as <1.0 % (0.07 % and 0.10 %, respectively).  
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3.3 Synthesis of Tetrahydroisoquinolines 

Due to the important applications of tetrahydroisoquinolines, their synthesis has been 

extensively studied. Classical approaches towards this class of compound involves 

intramolecular cyclisation using the ring closure of iminium intermediates via the Pictet–

Spengler,197 or Bischler–Napieralski reactions.198 In recent years substantial efforts have 

been made into the development of tetrahydroisoquinolines, such as C–H activation 

strategies,199 acid-catalysed cyclisations,200 and intramolecular Friedel–Crafts 

reactions.201 The synthesis of important 4-aryl-tetrahydroisoquinolines is not as prevalent, 

although the most common routes include the intramolecular cyclisation of N-benzyl-β-

hydroxyphenethylamines,202 or α-hydroxy-β-amino esters,203 and direct arylation of 

tetrahydroisoquinolines at the C-4 position.204  

Another approach towards 4-aryl-tetrahydroisoquinolines is the reduction of the 

corresponding lactam. The reduction of amides to amines is an important transformation 

in the pharmaceutical industry,205 although strong reducing agents are typically required 

due to the high stability of secondary amides, for instance LiAlH4,
206-208 diborane,209 

borane-SMe2,
210 or DIBAL-H.211 A number of attempts at achieving secondary amide 

reduction under milder conditions (reagents and/or temperature) have been reported, 

typically involving activation of the carbonyl group prior to reduction; methods include 

activation using trimethylsilyl chloride and subsequent reduction with a borohydride 

reagent (e.g. NaBH4 or LiBH4),
212 or LiAlH4,

213 or activation with triflic anhydride and 

NaBH4 reduction.214, 215 

3.3.1 Reduction of Dihydroisoquinolinones 

In order to achieve the desired reduction of dihydroisoquinolinones 234-241, a number 

of methods were examined using racemic 241 (Table 19), beginning with milder 

conditions. Initial tests involved a borane-based reduction, using either NaBH4 (entries  

1-3) or LiBH4 (entry 4) as per reports by Giannis et al.,212 but these were generally 

unsuccessful with either no or very little conversion to the desired tetrahydroisoquinoline 

323. A procedure from Huang et al. was then attempted comprising a two-step process, 

the first being activation of the carbonyl group with triflic anhydride and the second step 

utilising NaBH4 as a reductant.214 
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Table 19 Optimisation of reduction conditions of dihydroisoquinolinone 241.  

 

Entry a Conditions Yield / % b 

1 NaBH4 (2.0 eq.), TMSCl (4.0 eq.), THF, 80 oC, 18 h. - c 

2 NaBH4 (4.0 eq.), TMSCl (4.0 eq.), THF, 80 oC, 18 h. - c 

3 NaBH4 (4.0 eq.), H2SO4 (4.0 eq.), THF, 80 oC, 18 h. - c 

4 LiBH4 (4.0 eq.), TMSCl (4.0 eq.), THF, 80 oC, 18 h. 12 c 

5 
(i) Tf2O (1.1 eq.), CH2Cl2, 0 oC, 0.5 h. 

(ii) NaBH4 (1.3 eq.), THF, rt, 18 h. 
11 c (23) d 

6 
(i) Tf2O (3.0 eq.), CH2Cl2, 0 oC, 0.5 h. 

(ii) NaBH4 (4.0 eq.), THF, rt, 18 h. 
42 c (16) d 

7 
(i) Tf2O (3.0 eq.), CH2Cl2, 0 oC, 0.5 h. 

(ii) NaBH4 (4.0 eq.), THF, 80 oC, 18 h. 
- c 

8 
(i) (COCl)2 (3.0 eq.), CH2Cl2, 0 oC, 1 h. 

(ii) NaBH4 (3.0 eq.), THF, 80 oC, 1 h. 
- c 

9 LiAlH4 (s) (1.7 eq.), THF, 80 oC, 2 h. 1 c 

10 LiAlH4 (s) (3.0 eq.), THF, 80 oC, 18 h. 9 c 

11 LiAlH4 (2.0 M) (3.0 eq.), THF, 80 oC, 18 h. 92 e 

a Reaction based on dihydroisoquinolinone 241 (38 mg, 0.10 mmol); b Isolated yield; c 

Reaction incomplete; d Isolated by-product 324; e Crude yield. 
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Increasing the amount of both Tf2O and NaBH4 led to a greater formation of the desired 

amine 323 from 11 % (entry 5) to 42 % (entry 6), although full conversion was still not 

achieved. A by-product was isolated in these reactions, which was determined to be imine 

324, believed to be an intermediate that forms on reaction of amide 241 with Tf2O via the 

mechanism shown in Scheme 47. It was thought that by increasing the reaction 

temperature of the second step this intermediate could be further pushed towards the 

product amine, however this resulted in no conversion (entry 7). Changing the activating 

agent to oxalyl chloride also gave no conversion to 323 (entry 8); the 1H NMR spectrum 

of the reaction mixture after initial removal of the (COCl)2 showed no starting material 

present and instead a mixture of indiscernible compounds, however after workup only 

starting material was present – possibly an imine intermediate similar to 324 formed, but 

this reformed the starting amide on workup with base. 

Scheme 47 Formation of imine intermediate 324. 

The final reduction method attempted involved the use of LiAlH4, a strong reducing 

agent, commonly used to reduce secondary amides such as dihydroisoquinolinones.207, 208 

To begin, solid LiAlH4 was tried, yielding very little of the amine 323 when  

1.7 equivalents of the reductant employed at 80 oC for 2 hours (1 %, entry 9). Increasing 

the amount of LiAlH4 to 3.0 equivalents and reacting at 80 oC for 18 hours led to greater 

formation of 323 (9 %, entry 10), although the reaction still failed to progress very far. It 

was thought that the reason for low conversion was the very low solubility of commercial 

solid LiAlH4 in THF, despite the reasonable published solubility (0.13 g/mL @ 25 oC).216 

To circumvent this, a commercial 2.0 M solution of LiAlH4 in THF was employed (entry 

11), giving full conversion and high crude yield (92 %) of the desired amine 323 under 

the conditions previously used. The product was formed in high purity so was not purified 

further.  
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Due to the success seen in the reduction of amide 241 using the 2.0 M solution of LiAlH4 

at 80 oC for 18 hours, dihydroisoquinolinones 234-241 were reduced to their 

corresponding amines using these conditions on a larger scale (Table 20).  

Table 20 LiAlH4 reductions of racemic dihydroisoquinolinones 234-241.  

 

Dihydroisoquinolinone Tetrahydroisoquinoline 

 R1 R2  Yield / % a 

234 H H 325 91 

235 H 4-Cl 326 84 

236 H 3,4-Cl 327 77 

237 H 2,4-Cl 328 73 

238 OCH3 H 329 75 

239 OCH3 4-Cl 330 82 

240 OCH3 3,4-Cl 331 65 

241 OCH3 2,4-Cl 323 65 

a Isolated yield. 

Moderate to high yields were achieved for the reduction of each amide. The reduction 

was lower yielding for trimethoxy- substrates 238-241, and generally the greater the 

degree of substitution of the 4-aryl group the lower the yield; this suggests the reduction 

has some steric control, and works better for smaller, less bulky amides. 

The enantiomerically enriched dihydroisoquinolinones were then subjected to the 

reduction conditions previously employed, and the results are displayed in Table 21.  

As in the case of their racemic counterparts, the enantiomerically enriched amides 234-

241 were successfully reduced, in typically high (crude) yields. However, it was not 

possible to determine the e.e. of these compounds via chiral HPLC due to their high 

polarity, with the HPLC trace typically containing broad elongated peaks with little-to-

no separation. 
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Table 21 LiAlH4 reductions of enantioenriched dihydroisoquinolinones 234-241.  

 

Dihydroisoquinolinone Tetrahydroisoquinoline 

 R1 R2  Yield / % a 

(S)-234 
H H 

(S)-325 94 

(R)-234 (R)-325 94 

(S)-235 
H 4-Cl 

(S)-326 92 

(R)-235 (R)-326 97 

(S)-236 
H 3,4-Cl 

(S)-327 96 

(R)-236 (R)-327 94 

(S)-237 
H 2,4-Cl 

(S)-328 88 

(R)-237 (R)-328 92 

(S)-238 
OCH3 H 

(S)-329 90 

(R)-238 (R)-329 86 

(S)-239 
OCH3 4-Cl 

(S)-330 89 

(R)-239 (R)-330 81 

(S)-240 
OCH3 3,4-Cl 

(S)-331 93 

(R)-240 (R)-331 85 

(S)-241 
OCH3 2,4-Cl 

(S)-323 90 

(R)-241 (R)-323 93 

a Isolated crude yield. 
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3.3.2 Acetylation of Tetrahydroisoquinolines for HPLC Analysis 

In order to effectively measure the enantiomeric excess of amines 323 and 325-331 by 

HPLC their conversion to a class of compound with less polarity and ideally a different 

functionality was necessary. To this end, racemic amines 323 and 325-331 were 

acetylated using acetic anhydride in CH2Cl2 at room temperature for 30 minutes.217 

Acetamides 332-339 were formed as a mixture of rotamers albeit in excellent yields and 

high (structural) purity and, as such, were not purified further (Table 22) – no attempts 

were made to identify the major conformation as this was unnecessary for their purpose. 

Table 22 Acetylation of racemic tetrahydroisoquinolines 323 and 325-331.  

 

Tetrahydroisoquinoline Acetamide 

 R1 R2  Yield / % a 

325 H H 332 85 

326 H 4-Cl 333 87 

327 H 3,4-Cl 334 88 

328 H 2,4-Cl 335 88 

329 OCH3 H 336 88 

330 OCH3 4-Cl 337 89 

331 OCH3 3,4-Cl 338 90 

323 OCH3 2,4-Cl 339 90 

a Isolated crude yield. 

Retention times for both enantiomers of the racemic acetamides were then acquired by 

chiral HPLC. With these in hand, the enantiomerically enriched tetrahydroisoquinolines 

were acetylated akin to their corresponding racemates to give enantiomerically enriched 

acetamides 332-339 in excellent (crude) yields and enantiomeric excesses – the results 

are displayed in Table 23. The retention of stereochemical information between lactams 

234-241 and acetamides 332-339 heavily suggests that amines 323 and 325-331 were also 

formed in very high e.e.  
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Table 23 Acetylation of enantioenriched tetrahydroisoquinolines 323 and 325-331.  

 

Tetrahydroisoquinoline Acetamide 

 R1 R2  Yield / % a e.e. / % b 

(S)-325 
H H 

(S)-332 98 96 

(R)-325 (R)-332 98 96 

(S)-326 
H 4-Cl 

(S)-333 95 > 99 

(R)-326 (R)-333 99 98 

(S)-327 
H 3,4-Cl 

(S)-334 86 91 

(R)-327 (R)-334 97 99 

(S)-328 
H 2,4-Cl 

(S)-335 97 97 

(R)-328 (R)-335 97 95 

(S)-329 
OCH3 H 

(S)-336 91 94 

(R)-329 (R)-336 91 > 99 

(S)-330 
OCH3 4-Cl 

(S)-337 89 95 

(R)-330 (R)-337 96 > 99 

(S)-331 
OCH3 3,4-Cl 

(S)-338 95 97 

(R)-331 (R)-338 85 > 99 

(S)-323 
OCH3 2,4-Cl 

(S)-339 92 95 

(R)-323 (R)-339 92 99 

a Isolated crude yield; b Enantiomeric excess calculated using chiral HPLC. 
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3.3.3 Antidepressant Compound Diclofensine – A Synthetic Target 

To give further application to this work, it was our desire to make the individual 

enantiomers of a known bioactive tetrahydroisoquinoline, as well as related compounds. 

Diclofensine (198) is one such derivative – introduced in Section 3.1.2 – and is very 

similar in structure to those previously synthesised (see Section 3.3.1). It was developed 

by Hoffmann-La Roche Inc. in the mid-1970s in the search for a ‘new generation’ of 

antidepressants.58 Early clinical trials suggested the usefulness of this new drug as an 

antidepressant,218, 219 whereby patients suffering from moderate to severe depression were 

treated with diclofensine and improvements were observed in their moods, with relatively 

few side effects.220 These trials also provided the first estimates of the range of clinical 

dosage. Subsequent studies on the drug found that it acts as a reuptake inhibitor of 

dopamine,221, 222 norepinephrine,223 and serotonin, with affinities (Ki) of  

16.8 nM, 15.7 nM, and 51.0 nM for their respective transporters.224 The (+)-enantiomer, 

corresponding to (S)-diclofensine, was also discovered to be 50-80 fold more active than 

its (–)-antipode.218 Despite these findings, the drug was ultimately dropped from clinical 

development due to concerns about its abuse potential – results from some investigations 

indicated similar behavioural response (i.e. addiction) towards diclofensine as other 

psychomotor stimulants such as cocaine and amphetamine.225, 226 

Pharmacological profiling of novel psychoactive substances like diclofensine is still 

ongoing,227 as a way of obtaining better understanding of their psychotropic effects and 

toxicity. In 2018, Luethi et al. investigated the potential of diclofensine to inhibit the 

norepinephrine, dopamine, and serotonin transporters in human embryonic kidney cells 

stably transfected with the respective transporters.222 It was found to potently bind to the 

monoamine transporters in the submicromolar range and had similar inhibition potential 

for all three transporters in the range of 2.5–4.8 μM. The pharmacological profile was 

also suggestive of stimulant properties and a potential for abuse. 

The synthesis of diclofensine and analogues from tetrahydroisoquinolines 323 and  

325-331 requires methylation of the amine nitrogen. One of the most common methods 

for the N-methylation of tetrahydroisoquinolines is the Eschweiler–Clarke reaction,228, 229 

which has been used in the synthesis of a number of biologically interesting N-methylated 

tetrahydroisoquinolines,230-232 and was even utilised in the synthesis of the antidepressant 

drug venlafaxine.233 The reaction allows the formation of tertiary methylamines from 

secondary amines via treatment with formaldehyde in the presence of formic acid. 

Attractively, the reaction does not produce quaternary ammonium salts, but instead will 
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stop at the tertiary amine stage. The methylation begins with reaction of the amine with 

formaldehyde (340), followed by proton transfer (341), subsequent protonation of alcohol 

342 by formic acid and then loss of water from 343 to give iminium ion 344. The final 

step involves the formate anion acting as a hydride donor to reduce the intermediate 

iminium ion, yielding the final tertiary amine 345 with release of CO2, which drives the 

process forward – the overall process is a reductive amination (Scheme 48). 

 

Scheme 48 Mechanism of the Eschweiler–Clarke reaction. 

Racemic tetrahydroisoquinolines 323 and 325-331 were N-methylated using formic acid 

and formaldehyde, and the results are shown in Table 24. The desired methylated amines 

198 and 346-352 successfully formed, albeit in varying yields. The racemate of the 

antidepressant target diclofensine (198) was made in 77 % yield.  

Yields generally increased with degree of chloro-substitution of the pendant 4-aryl ring 

and were significantly better for substrates with two chlorine atoms located within this 

ring. This result can be rationalised on inspection of the reaction mechanism; since the 

process is a reductive amination, it is reasonable to think that the reaction of electron 

deficient amines would be more favourable. As more chlorine atoms are introduced into 

the 4-aryl ring, the more electron withdrawing this ring becomes through their inductive 

effect,158 hence the more electron deficient the amine functional group becomes. This 

inductive electron withdrawing effect is greater for chlorines in the ortho- position 

relative to meta-, which may explain why the highest yields were obtained for amines 328 

(96 %) and 323 (79 %). 
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Table 24 N-methylation of racemic tetrahydroisoquinolines 323 and 325-331.  

 

Tetrahydroisoquinoline Methylated Amine 

 R1 R2  Yield / % a 

325 H H 346 40 

326 H 4-Cl 347 75 

327 H 3,4-Cl 198 77 

328 H 2,4-Cl 348 96 

329 OCH3 H 349 22 

330 OCH3 4-Cl 350 45 

331 OCH3 3,4-Cl 351 62 

323 OCH3 2,4-Cl 352 79 

a Isolated yield. 

With the knowledge that tetrahydroisoquinolines 323 and 325-331 can be successfully 

methylated at the nitrogen atom under Eschweiler–Clarke conditions, attention turned 

towards the N-methylation of the enantiomerically enriched species previously 

synthesised. The results of these reactions are displayed in Table 25. 

As in the case of their racemic counterparts, the enantiomerically enriched amines 323 

and 325-331 were successfully methylated, in varying (crude) yields. Similar to their 

parent tetrahydroisoquinolines it was unfortunately not possible to determine the 

enantiomeric excesses of these compounds via chiral HPLC due to their high polarity, 

with the HPLC trace typically containing broad elongated peaks with little-to-no 

separation. However, since acetylated amines 332-339 were formed in very high 

enantiomeric excesses with retention of stereochemical information (see Section 3.3.2),  

and that the Eschweiler–Clarke reaction has been shown to proceed without 

racemisation,234 it can be assumed that methylated amines 198 and 346-352 were also 

formed in very high e.e.  
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Table 25 N-methylation of enantioenriched tetrahydroisoquinolines 323 and 325-331. 

 

Tetrahydroisoquinoline Methylated Amine 

 R1 R2  Yield / % a 

(S)-325 
H H 

(S)-346 24 

(R)-325 (R)-346 40 

(S)-326 
H 4-Cl 

(S)-347 71 

(R)-326 (R)-347 73 

(S)-327 
H 3,4-Cl 

(S)-198 90 

(R)-327 (R)-198 90 

(S)-328 
H 2,4-Cl 

(S)-348 96 

(R)-328 (R)-348 96 

(S)-329 
OCH3 H 

(S)-349 19 

(R)-329 (R)-349 24 

(S)-330 
OCH3 4-Cl 

(S)-350 65 

(R)-330 (R)-350 58 

(S)-331 
OCH3 3,4-Cl 

(S)-351 92 

(R)-331 (R)-351 87 

(S)-323 
OCH3 2,4-Cl 

(S)-352 95 

(R)-323 (R)-352 98 

a Isolated yield.  
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3.4 Synthesis of Benzylidene Indan-1-ones 

The primary reactive site within indan-1-ones is the carbonyl group and, as such, the 

majority of transformations of these substrates progress through this functional group. In 

addition to ring expansion reactions indan-1-ones are able to react via the carbon atom 

alpha to the carbonyl group, the hydrogen atoms attached to which are more acidic due 

to resonance stabilisation. One such reaction involving these α-protons is an aldol 

reaction, which is a highly popular C–C bond forming process in organic synthesis,235 

exemplified by its employment in the large-scale production of a number of commercial 

drugs.236 It was discovered independently by Russian chemist Alexander Borodin in 

1869,237 and French chemist Charles-Adolphe Wurtz in 1872.238 Under basic conditions, 

the reaction commonly involves the nucleophilic addition of a ketone enolate (353) to 

another carbonyl compound (354) to form a β-hydroxy ketone (355), or “aldol” (aldehyde 

+ alcohol), which is sometimes followed by dehydration to an α,β-unsaturated ketone 

(356) under harsh conditions (Scheme 49). Alternatively, when an acid is used, the ketone 

(357) tautomerises to the enol, which then attacks the acid-activated carbonyl group of 

another molecule via the α-carbon. This usually dehydrates to give the unsaturated 

carbonyl compound (356). 

 

Scheme 49 Base-promoted Aldol condensation of a ketone (357) with an aldehyde (354). 

As discussed in Section 1.1, Negi et al. synthesised a series of 2-benzylidene indan-1-

ones via the Claisen–Schmidt condensation – a type of Aldol condensation (see Section 

2.1.2) – of 3-aryl-indan-1-ones with benzaldehydes.239-241 These compounds were 

reported to exhibit strong cytotoxicity against human cancer cell lines and inhibit tubulin 

polymerisation, with some demonstrating little-to-no toxicity in Swiss-albino mice.  

In order to test the scope and simplicity of this transformation, a number of benzaldehydes 

were employed, those that were both already available to us and that were reported to 

give rise to benzylidene indan-1-ones displaying more potent anti-cancer activity;239  

4-methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde and 4-fluorobenzaldehyde were 

selected, in addition to benzaldehyde as a reference. These benzaldehydes were  

reacted with 3-aryl-indan-1-ones 118-125 with solid NaOH in a 1 : 1 mixture of  

methanol : CH2Cl2 at room temperature for 2 hours.242  
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Yields of benzylidene indan-1-ones 358-389 were generally good to excellent, with some 

exceptions, and no obvious trends can be seen in the aldol condensations of 3-aryl-indan-

1-ones 118-125 (Table 26). 

Table 26 Aldol condensations of 3-aryl-indan-1-ones 118-125 with benzaldehydes.  

 

Indan-1-one Product Yield / % a 

 R1 R2 Ar = C6H5 

Ar =  

3-OMe 

Ar =  

3,4-OMe 
Ar = 4-F 

118 H H 358 82 366 72 374 69 382 87 

119 H 4-Cl 359 76 367 44 375 72 383 73 

120 H 3,4-Cl 360 51 368 65 376 53 384 65 

121 H 2,4-Cl 361 88 369 82 377 91 385 85 

122 OCH3 H 362 77 370 64 378 55 386 80 

123 OCH3 4-Cl 363 94 371 90 379 81 387 90 

124 OCH3 3,4-Cl 364 78 372 79 380 78 388 75 

125 OCH3 2,4-Cl 365 82 373 95 381 57 389 83 

a Isolated yield. 

No other products were observed in these reactions and the (E)-alkene formed 

exclusively, the configuration of which was confirmed by extensive NOE analysis.  

NOE experiments were performed for a selection of benzylidene products, accounting for 

all changes to structure: the number of methoxy groups on the indan-1-one aryl ring,  

the substitution pattern of the pendant 3-aryl ring, and the substitution of the benzylidene 

aromatic ring. For all compounds analysed, there was a strong NOE present between  

the two ortho-hydrogens on the benzylidene ring and the alkyl proton, as demonstrated 

by the example shown in Figure 34, which is the NOE experiment for benzylidene  

indan-1-one 378. This indicates a close spatial proximity between these two hydrogen 

atoms which, after looking at 3D models, is only present in the (E)-alkene – for example 

the atom distance was calculated in Chem3D 17.0 as 1.9 Å for (E)-378 and 4.9 Å for  

(Z)-378 (Figure 35). 
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Figure 34 Example NOE experiment, confirming (E)-alkene configuration. Top 1H NMR 

spectrum: benzylidene indan-1-one 378. Bottom 1H NMR spectrum: benzylidene indan-

1-one 378 irradiated at δ = 6.995 ppm. 

 

Figure 35 3D structures of benzylidene indan-1-one 378, as generated by Chem3D 17.0. 

Left image: (E)-378, with atom distance calculated at 1.9 Å. Right image: (Z)-378, with 

atom distance calculated at 4.9 Å. 
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3.5 Summary 

This chapter comprised the synthesis of biologically interesting medicinal scaffolds 

through ring expansion transformations of enantioenriched 3-aryl-indan-1-ones and 

further manipulations. 

The Beckmann route, comprising a total of three steps from corresponding indan-1-ones, 

yielded 4-aryl-dihydroisoquinolinones exclusively and involved tedious and time-

consuming quenches and work-ups. It was believed that isomerisation to the less favoured 

(Z)-configuration was taking place prior to migration to account for the regioselectivity 

observed for the Beckmann rearrangement, in line with literature reports.125  

Mixtures of products were obtained from the Schmidt reaction of indan-1-ones with 

sodium azide and methanesulfonic acid. Tetrazoles typically formed alongside the usual 

δ-lactams – dihydroisoquinolinones and dihydroquinolinones – increasing as more NaN3 

was used. The regiochemistry of the reaction was influenced by substrate structure; the 

most notable observation was that of increased methoxy group substitution on the  

1-aryl ring promoting the Schmidt reaction and causing greater alkyl group migration, in 

agreement with literature reports.143, 150 

Reaction of individual 3-aryl-indan-1-one enantiomers under the Schmidt conditions 

previously employed afforded the desired enantiomerically enriched δ-lactams in 

excellent enantiomeric excesses, however single tetrazole enantiomers could not be 

obtained due to apparent racemisation during their formation. A number of highly 

enantioenriched 4-aryl-tetrahydroisoquinolines, including both enantiomers of 

antidepressant drug diclofensine (198), were then successfully prepared through 

reduction of corresponding lactam enantiomers and subsequent N-methylation. 

The successful synthesis of the individual enantiomers of non-cytotoxic anti-

inflammatory compound 6-B345TTQ (99) was also discussed in this chapter, which was 

a long term aim of the Fox group. Both enantiomers were obtained in >99 % e.e., albeit 

a total synthetic yield of <1.00 % for (R)- and (S)-99 (0.07 % and 0.10 %, respectively). 

Finally, the Claisen–Schmidt condensation of 3-aryl-indan-1-ones with various 

benzaldehydes afforded benzylidene indan-1-ones in good to excellent yields; these types 

of compounds are associated with interesting biological activities.239-243 No other 

products were observed alongside the desired benzylidene indan-1-ones, and extensive 

NOE analysis confirmed their configuration as the (E)-alkene.  
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3.6 Experimental for Chapter 3 

3.6.1 General 

Room temperature (rt) refers to ambient temperature (20-22 °C), 5 °C refers to a cold 

water bath and 0 °C refers to an ice-slush bath. Heat transfer for reactions was achieved 

using drysyn© apparatus and were performed using commercially available reagents and 

solvents which, unless otherwise stated, were used as received. Reactions involving 

moisture sensitive compounds were performed under a dry, oxygen-free atmosphere and 

in dry solvents. Such solvents were dried prior to use using the methods described in 

“Purification of Laboratory Chemicals, 6th Ed.”, and used accordingly.244 The use of 

‘petroleum ether’ refers to ‘petroleum ether (40-60 °C)’ unless otherwise stated. pH 2 

buffer is an aqueous solution (0.25 M H2SO4 and 0.75 M Na2SO4).  

Reactions were followed by thin layer chromatography (TLC), performed on aluminium 

plates coated with 0.2 mm silica gel (DC Kieselgel 60 F254, Merck), developed either from 

UV fluorescence (254 nm) or potassium permanganate followed by heating. Column 

chromatography was carried out using SiO2 (40-63 microns).  

Melting points were determined on a Stuart Scientific SMP10 melting point apparatus 

(uncorrected), with 3 runs of each compound, and the average value given in ºC rounded 

to the nearest degree. 

Infrared (IR) spectra were recorded as thin films on a Perkin-Elmer Paragon 1000 FT-IR 

spectrophotometer and results are quoted in wavenumbers (cm-1). Peak intensities are 

specified as strong (s), medium (m), weak (w) and broad (br). Sulfoxide S=O stretches 

are denoted as asymmetric (as) and symmetric (s). 

NMR spectra were recorded on Bruker Advance DRX 250, 300, 400 and 600 MHz 

spectrometers at room temperature (298 K). Chemical shifts are reported in parts per 

million (ppm), downfield relative to tetramethylsilane (TMS) (0.00 ppm), and referenced 

from CDCl3 in most instances (δH: 7.26 ppm and δC: 77.2 ppm). Coupling constants (J) 

are reported in Hertz (Hz) and rounded to the nearest 0.5 Hz. Multiplicities are denoted 

as singlet (s), doublet (d), triplet (t), quartet (q), pentet (p), multiplet (m) and broad (br.), 

whilst more complex multiplicities are in line with these denotations, e.g. doublet of 

doublets (dd). Spectra were analysed using MestReNova©, with 1H and 13C assignments 

established on the basis of COSY, DEPT, HMQC and HMBC correlations, in addition to 

NOE experiments. [Carbon spectra were determined with broadband decoupling].  
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Mass spectra were obtained using the University of Warwick Mass Spectrometry Service, 

where low resolution electrospray ionisation (ESI) mass spectra were recorded on an 

Agilent 6130B single Quad instrument, and high resolution ESI mass spectra (HRMS) 

were recorded using a Bruker micro-TOF ESI spectrometer by either Dr Lijiang Song, 

Mr Philip Aston or Mr James Morrey. 

Chiral HPLC was performed on a HPLC instrument consisting of a Varian Prostar 335 

Photodiode Array Detector, a Varian Prostar Solvent Delivery Module and a Varian 

Prostar 420 Autosampler.  

Optical rotations were recorded on an Optical Activity Ltd. AA-1000 millidegree auto-

ranging polarimeter (589 nm). Specific rotations are given in units of 10-1 deg cm2 g-1. 

Concentrations (c) are given in grams / Litre (g/L). The samples were prepared using 

spectroscopic grade CHCl3. 

Naming of compounds has been performed in accordance with IUPAC guidelines.245 

(R)- and (S)- configurations were assigned according to the Cahn–Ingold–Prelog priority 

rules.246 

 

NMR assignments for each compound are using the following notations: 

 

1H NMR Assignments: 

ArH (aromatic hydrogen), CHX (non-aromatic hydrogens). 

 

13C NMR Assignments: 

ArC (aromatic carbon bearing no hydrogens), ArCH (aromatic carbon bearing a 

hydrogen), CH (non-aromatic carbon, bearing a hydrogen), C (non-aromatic 

carbon, bearing no hydrogens). 
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3.6.2 Formation of Indan-1-one Oximes – General Procedure G 

 

The following procedure was performed in accordance with previous literature.247  

To a solution of substituted indan-1-one (1.00 equiv.), in pyridine (5.00 mL/mmol), was 

added hydroxylamine hydrochloride (2.00 equiv.), and the reaction stirred at 80 oC for 22 

hours. The reaction was cooled to room temperature and HCl (1.00 M) added and the 

product extracted with CH2Cl2. The combined organic layers were then washed with 

further HCl (1.00 M), water and brine, dried over MgSO4, filtered and concentrated in 

vacuo. The product was then used without further purification. 

(E)-2,3-Dihydro-1H-inden-1-one Oxime, 207 

 

General procedure G was applied using 2,3-dihydro-1H-inden-1-one 4 (500 mg, 3.78 

mmol), pyridine (18.9 mL) and hydroxylamine hydrochloride (526 mg, 2.72 mmol). The 

title compound was formed as a white solid (521 mg, 93 %); m.p. 146-148 ºC (lit.255 146-

148 °C); max /cm-1 (neat) 3034 (br, O-H), 2840 (m, C-H), 1654 (s, C=N), 1264 (s, C-O), 

955 (s, N-O); δH (500 MHz, CDCl3) 9.00 (1H, s, OH), 7.70 (1H, d, J = 7.5 Hz, ArH), 

7.39-7.31 (2H, m, 2 x ArH), 7.30-7.23 (1H, m, ArH), 3.12-3.05 (2H, m, 2 x C(H)H), 3.05-

2.96 (2H, m, 2 x C(H)H); δC (126 MHz, CDCl3) 164.1 (C=N), 148.5 (ArC), 136.0 (ArC), 

130.4 (ArCH), 127.0 (ArCH), 125.6 (ArCH), 121.6 (ArCH), 28.5 (CH2), 26.0 (CH2); m/z 

(ESI) 170 [M+Na]+; HRMS (ESI) C9H9NONa+ requires 170.0576, found 170.0575 

[M+Na]+. These data are consistent with those previously reported.248 

(E)-6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one Oxime, 218 

 

General procedure G was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (500 mg, 2.10 mmol), pyridine (10.5 mL) and hydroxylamine hydrochloride (292 
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mg, 4.20 mmol). The title compound was formed as an off-white solid (525 mg, 99 %); 

m.p. 145-146 ºC; max /cm-1 (neat) 3168 (br, O-H), 2834 (m, C-H), 1655 (s, C=N), 1229 

(s, C-O), 961 (s, N-O); δH (500 MHz, CDCl3) 7.73 (1H, s, OH), 7.33-7.27 (2H, m, 2 x 

ArH), 7.25-7.21 (1H, m, ArH), 7.19 (1H, d, J = 2.5 Hz, ArH), 7.14-7.10 (2H, m, 2 x ArH), 

6.99 (1H, d, J = 8.5 Hz, ArH), 6.92 (1H, dd, J = 8.5, 2.5 Hz, ArH), 4.44 (1H, dd, J = 8.5, 

4.0 Hz, C(Ar)H), 3.84 (3H, s, OCH3), 3.55 (1H, dd, J = 19.0, 8.5 Hz, C(H)H), 2.92 (1H, 

dd, J = 19.0, 4.0 Hz, C(H)H); δC (126 MHz, CDCl3) 163.0 (C=N), 159.5 (ArC), 145.1 

(ArC), 143.8 (ArC), 137.0 (ArC), 128.7 (2 x ArCH), 127.6 (2 x ArCH), 126.9 (ArCH), 

126.7 (ArCH), 119.5 (ArCH), 103.8 (ArCH), 55.6 (OCH3), 46.5 (C(Ar)H), 37.3 (CH2); 

m/z (ESI) 254 [M+H]+; HRMS (ESI) C16H16NO2
+ requires 254.1176, found 254.1180 

[M+H]+. 

(E)-3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one Oxime, 219 

 

General procedure G was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 119 (500 mg, 1.83 mmol), pyridine (9.2 mL) and hydroxylamine 

hydrochloride (255 mg, 3.67 mmol). The title compound was formed as an off-white solid 

(521 mg, 99 %); m.p. 174-175 ºC; max /cm-1 (neat) 3408 (br, O-H), 2832 (m, C-H), 1605 

(s, C=N), 1217 (s, C-O), 950 (s, N-O); δH (500 MHz, CDCl3) 8.14 (1H, s, OH), 7.28-7.24 

(2H, m, 2 x ArH), 7.20 (1H, d, J = 2.0 Hz, ArH), 7.07-7.03 (2H, m, 2 x ArH), 6.98-6.95 

(1H, m, ArH), 6.93 (1H, dd, J = 8.5, 2.5 Hz, ArH), 4.41 (1H, dd, J = 8.5, 4.0 Hz, C(Ar)H), 

3.83 (3H, s, OCH3), 3.54 (1H, dd, J = 19.0, 8.5 Hz, C(H)H), 2.87 (1H, dd, J = 19.0, 4.0 

Hz, C(H)H); δC (126 MHz, CDCl3) 162.6 (C=N), 159.7 (ArC), 143.6 (ArC), 143.3 (ArC), 

137.0 (ArC), 132.4 (ArC), 128.9 (2 x ArCH), 128.9 (2 x ArCH), 126.7 (ArCH), 119.5 

(ArCH), 103.9 (ArCH), 55.6 (OCH3), 46.9 (C(Ar)H), 37.3 (CH2); m/z (ESI) 288 [M+H]+; 

HRMS (ESI) C16H15
35ClNO2

+ requires 288.0786, found 288.0777 [M+H]+. 
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(E)-3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one Oxime, 220 

 

General procedure G was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one 120 (500 mg, 1.63 mmol), pyridine (8.1 mL) and hydroxylamine 

hydrochloride (226 mg, 3.26 mmol). The title compound was formed as an off-white solid 

(499 mg, 95 %); m.p. 133-134 ºC; max /cm-1 (neat) 3199 (br, O-H), 2834 (m, C-H), 1607 

(s, C=N), 1294 (s, C-O), 959 (s, N-O); δH (500 MHz, CDCl3) 8.34 (1H, s, OH), 7.36 (1H, 

d, J = 8.5 Hz, ArH), 7.22-7.19 (2H, m, 2 x ArH), 6.97 (H, d, J = 8.5 Hz, ArH), 6.96-6.92 

(2H, m, 2 x ArH), 4.44 (1H, dd, J = 8.5, 4.0 Hz, C(Ar)H), 3.84 (3H, s, OCH3), 3.54 (1H, 

dd, J = 19.0, 8.5 Hz, C(H)H), 2.86 (1H, dd, J = 19.0, 4.0 Hz, C(H)H); δC (126 MHz, 

CDCl3) 169.9 (C=N), 160.0 (ArC), 144.3 (ArC), 143.9 (ArC), 134.4 (ArC), 133.0 (ArC), 

131.3 (ArC), 130.9 (ArCH), 129.5 (ArCH), 127.0 (ArCH), 126.9 (ArCH), 122.5 (ArCH), 

104.9 (ArCH), 55.8 (OCH3), 45.5 (C(Ar)H), 38.8 (CH2); m/z (ESI) 322 [M+H]+; HRMS 

(ESI) C16H14
35Cl2NO2

+ requires 322.0396, found 322.0395 [M+H]+. 

(E)-3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one Oxime, 221 

 

General procedure G was applied 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 121 (500 mg, 1.63 mmol), pyridine (8.10 mL) and hydroxylamine 

hydrochloride (226 mg, 3.26 mmol). The title compound was formed as an off-white solid 

(522 mg, >99 %); m.p. 159-161 ºC; max /cm-1 (neat) 3117 (br, O-H), 2835 (m, C-H), 1610 

(s, C=N), 1224 (s, C-O), 952 (s, N-O); δH (500 MHz, CDCl3) 8.37 (1H, s, OH), 7.43 (1H, 

d, J = 2.0 Hz, ArH), 7.22 (1H, d, J = 2.5 Hz, ArH), 7.11 (1H, dd, J = 8.5, 2.0 Hz, ArH), 

7.04 (1H, d, J = 8.0 Hz, ArH), 6.97 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.80 (1H, d, J = 8.0 

Hz, ArH), 4.95-4.87 (1H, m, C(Ar)H), 3.84 (3H, s, OCH3), 3.61 (1H, dd, J = 19.0, 9.0 

Hz, C(H)H), 2.79 (1H, dd, J = 19.0, 2.0 Hz, C(H)H); δC (126 MHz, CDCl3) 162.2 (C=N), 

159.8 (ArC), 141.6 (ArC), 141.2 (ArC), 137.6 (ArC), 134.5 (ArC), 132.9 (ArC), 129.3 
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(ArCH), 127.5 (2 x ArCH), 126.8 (ArCH), 119.6 (ArCH), 104.2 (ArCH), 55.6 (OCH3), 

42.5 (C(Ar)H), 36.1 (CH2); m/z (ESI) 344 [M+Na]+; HRMS (ESI) C16H13
35Cl2NO2Na+ 

requires 344.0216, found 344.0218 [M+Na]+. 

(E)-4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one Oxime, 222 

 

General procedure G was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (500 mg, 1.68 mmol), pyridine (8.40 mL) and hydroxylamine 

hydrochloride (233 mg, 3.35 mmol). The title compound was formed as a beige solid (525 

mg, >99 %); m.p. 140-142 ºC; max /cm-1 (neat) 3129 (br, O-H), 2834 (m, C-H), 1601 (s, 

C=N), 1353 (s, C-O), 1109 (s, N-O); δH (500 MHz, CDCl3) 7.29-7.23 (2H, m, 2 x ArH), 

7.26 (1H, s, OH), 7.18 (1H, t, J = 7.0 Hz, ArH), 7.11 (2H, d, J = 7.5 Hz, 2 x ArH), 7.05 

(1H, s, ArH), 4.52 (1H, dd, J = 8.5, 2.5 Hz, C(Ar)H), 3.88 (3H, s, OCH3), 3.83 (3H, s, 

OCH3), 3.43 (1H, dd, J = 19.0, 8.5 Hz, C(H)H), 3.31 (3H, s, OCH3), 2.94 (1H, dd, J = 

19.0, 2.5 Hz, C(H)H); δC (126 MHz, CDCl3) 163.2 (C=N), 154.7 (ArC), 150.3 (ArC), 

145.4 (ArC), 144.8 (ArC), 137.6 (ArC), 131.1 (ArC), 128.5 (2 x ArCH), 127.3 (2 x 

ArCH), 126.5 (ArCH), 99.0 (ArCH), 60.8 (OCH3), 59.9 (OCH3), 56.2 (OCH3), 44.7 

(C(Ar)H), 37.3 (CH2); m/z (ESI) 336 [M+Na]+; HRMS (ESI) C18H19NO4Na+ requires 

336.1206, found 336.1208 [M+Na]+. 

(E)-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one Oxime, 223 

 

General procedure G was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (500 mg, 1.50 mmol), pyridine (7.50 mL) and 

hydroxylamine hydrochloride (209 mg, 3.00 mmol). The title compound was formed as 

an off-white solid (498 mg, 95 %); m.p. 140-141 ºC; max /cm-1 (neat) 3109 (br, O-H), 

2837 (m, C-H), 1597 (s, C=N), 1350 (s, C-O), 948 (s, N-O); δH (500 MHz, CDCl3) 7.27 
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(1H, s, OH), 7.26-7.23 (2H, m, 2 x ArH), 7.07 (1H, s, ArH), 7.06-7.04 (2H, m, 2 x ArH), 

4.51 (1H, dd, J = 8.5, 2.5 Hz, C(Ar)H), 3.90 (3H, s, OCH3), 3.85 (3H, s, OCH3), 3.48-

3.40 (1H, m, C(H)H), 3.40 (3H, s, OCH3), 2.88 (1H, dd, J = 19.0, 2.5 Hz, C(H)H); δC 

(126 MHz, CDCl3) 170.6 (C=N), 155.2 (ArC), 150.1 (ArC), 146.6 (ArC), 142.6 (ArC), 

139.1 (ArC), 132.6 (ArC), 128.8 (ArCH), 128.5 (2 x ArCH), 128.2 (ArC), 99.9 (ArCH), 

61.0 (OCH3), 60.2 (OCH3), 56.4 (OCH3), 44.0 (C(Ar)H), 38.9 (CH2); m/z (ESI) 370 

[M+Na]+; HRMS (ESI) C18H18
35ClNO4Na+ requires 370.0817, found 370.0808 [M+Na]+. 

(E)-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one Oxime, 

224 

 

General procedure G was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (500 mg, 1.36 mmol), pyridine (6.80 mL) and 

hydroxylamine hydrochloride (190 mg, 2.72 mmol). The title compound was formed as 

a pale brown solid (510 mg, 98 %); m.p. 81-83 ºC; max /cm-1 (neat) 3089 (br, O-H), 2835 

(m, C-H), 1596 (s, C=N), 1107 (s, C-O), 918 (s, N-O); δH (500 MHz, CDCl3) 7.33 (1H, 

d, J = 8.5 Hz, ArH), 7.26 (1H, s, OH), 7.20 (1H, d, J = 1.5 Hz, ArH), 7.01 (1H, s, ArH), 

6.94 (1H, dd, J = 8.5, 1.5 Hz, ArH), 4.47 (1H, dd, J = 8.5, 3.0 Hz, C(Ar)H), 3.89 (3H, s, 

OCH3), 3.84 (3H, s, OCH3), 3.46 (3H, s, OCH3), 3.41 (1H, dd, J = 19.0, 8.5 Hz, C(H)H), 

2.85 (1H, dd, J = 19.0, 3.0 Hz, C(H)H); δC (126 MHz, CDCl3) 162.3 (C=N), 155.1 (ArC), 

150.1 (ArC), 145.7 (ArC), 144.7 (ArC), 136.0 (ArC), 132.4 (ArC), 131.1 (ArCH), 130.4 

(ArCH), 130.3 (ArC), 129.2 (ArCH), 126.7 (ArCH), 99.0 (ArCH), 60.9 (OCH3), 60.1 

(OCH3), 56.2 (OCH3), 43.8 (C(Ar)H), 36.9 (CH2); m/z (ESI) 404 [M+Na]+; HRMS (ESI) 

C18H17
35Cl2NO4Na+ requires 404.0427, found 404.0426 [M+Na]+. 
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(E)-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one Oxime, 

225 

 

General procedure G was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (500 mg, 1.36 mmol), pyridine (6.80 mL) and 

hydroxylamine hydrochloride (190 mg, 2.72 mmol). The title compound was formed as 

a beige solid (479 mg, 92 %); m.p. 183-185 ºC; max /cm-1 (neat) 3186 (br, O-H), 2839 

(m, C-H), 1659 (s, C=N), 1349 (s, C-O), 1104 (s, N-O); δH (500 MHz, CDCl3) 7.44-7.39 

(1H, m, ArH), 7.26 (1H, s, ArH), 7.08 (1H, d, J = 8.0 Hz, ArH), 7.03 (1H, s, ArH), 6.69 

(1H, s, OH), 5.04-4.90 (1H, m, C(Ar)H), 3.90 (3H, s, OCH3), 3.85 (3H, s, OCH3), 3.56 

(3H, s, OCH3), 3.49 (1H, dd, J = 19.0, 9.0 Hz, C(H)H), 2.81-2.69 (1H, m, C(H)H); δC 

(126 MHz, CDCl3) 162.4 (C=N), 155.1 (ArC), 150.1 (ArC), 144.6 (ArC), 141.3 (ArC), 

135.0 (ArC), 134.0 (ArC), 132.6 (ArC), 131.7 (ArC), 129.2 (2 x ArCH), 127.3 (ArCH), 

99.0 (ArCH), 61.0 (OCH3), 60.2 (OCH3), 56.2 (OCH3), 40.4 (C(Ar)H), 36.2 (CH2); m/z 

(ESI) 404 [M+Na]+; HRMS (ESI) C18H17
35Cl2NO4Na+ requires 404.0427, found 

404.0428 [M+Na]+. 

3.6.3 Formation of Indan-1-one Oxime Mesylates – General Procedure H 

 

The following procedure was performed in accordance with previous literature.135  

To a solution of substituted indan-1-one oxime (1.00 equiv.) and trimethylamine (1.50 

equiv.) in CH2Cl2 (15.0 mL/mmol), at -20 oC, was added mesyl chloride (1.10 equiv.) 

over 5 minutes, and the reaction stirred at -20 oC for a further 20 minutes. The reaction 

mixture was allowed to warm to room temperature and then HCl (1.00 M) added. The 

organics were separated and washed with NaHCO3 and brine, then dried over MgSO4, 

filtered and concentrated in vacuo. The product was used without further purification. 
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(E)-N-(2,3-Dihydro-1H-inden-1-ylidene)methanesulfonamide, 217 

 

General procedure H was applied using (E)-2,3-dihydro-1H-inden-1-one oxime 207 

(475 mg, 3.23 mmol), trimethylamine (675 μL, 4.84 mmol), CH2Cl2 (48.4 mL) and mesyl 

chloride (275 μL, 3.55 mmol). The title compound was formed as a pale brown solid (617 

mg, 85 %); m.p. 118-120 ºC; max /cm-1 (neat) 1466 (s, C=N), 1333 (s, S=O (as)), 1173 

(s, S=O (s)), 1152 (s, N-S); δH (500 MHz, CDCl3) 7.79 (1H, d, J = 7.5 Hz, ArH), 7.48 

(1H, t, J = 7.5 Hz, ArH), 7.38 (1H, d, J = 7.5 Hz, ArH), 7.32 (1H, d, J = 7.5 Hz, ArH), 

3.24 (3H, s, SCH3), 3.15-3.06 (4H, m, 2 x CH2); δC (126 MHz, CDCl3) 172.1 (C=N), 

150.3 (ArC), 133.3 (ArC), 132.7 (ArCH), 127.4 (ArCH), 125.9 (ArCH), 123.1 (ArCH), 

36.5 (CH2), 28.5 (CH2), 28.0 (SCH3); m/z (ESI) 248 [M+Na]+; HRMS (ESI) 

C10H11NO3SNa+ requires 248.0352, found 248.0351 [M+Na]+.  

(E)-N-(6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-ylidene)methanesulfonamide, 

226 

 

General procedure H was applied using (E)-6-methoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one oxime 218 (475 mg, 1.88 mmol), trimethylamine (392 μL, 2.81 mmol), 

CH2Cl2 (28.0 mL) and mesyl chloride (160 μL, 2.06 mmol). The title compound was 

formed as a brown solid (590 mg, >99 %); m.p. 132-134 ºC; max /cm-1 (neat) 1485 (s, 

C=N), 1324 (s, S=O (as)), 1175 (s, S=O (s)), 1141 (s, N-S); δH (500 MHz, CDCl3) 7.33-

7.28 (2H, m, 2 x ArH), 7.27-7.22 (2H, m, 2 x ArH), 7.11-7.06 (2H, m, 2 x ArH), 7.06-

7.03 (2H, m, 2 x ArH), 4.47 (1H, dd, J = 8.0, 4.0 Hz, C(Ar)H), 3.86 (3H, s, OCH3), 3.66 

(1H, dd, J = 19.5, 8.0 Hz, C(H)H), 3.26 (3H, s, SCH3), 3.02 (1H, dd, J = 19.5, 4.0 Hz, 

C(H)H); δC (126 MHz, CDCl3) 170.8 (C=N), 159.7 (ArC), 145.8 (ArC), 143.6 (ArC), 

134.3 (ArC), 128.9 (2 x ArCH), 127.5 (2 x ArCH), 127.1 (ArCH), 127.1 (ArCH), 122.3 

(ArCH), 104.6 (ArCH), 55.7 (OCH3), 46.4 (C(Ar)H), 39.1 (CH2), 36.5 (SCH3); m/z (ESI) 

332 [M+H]+; HRMS (ESI) C17H18NO4S
+ requires 332.0951, found 332.0948 [M+H]+.  
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(E)-N-(3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 227 

 

General procedure H was applied using (E)-3-(4-chlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one oxime 219 (475 mg, 1.65 mmol), trimethylamine (345 μL, 2.48 

mmol), CH2Cl2 (24.8 mL) and mesyl chloride (141 μL, 1.82 mmol) – Et2O (12.4 mL, 

7.50 mL/mmol) was also added to aid starting material solubilisation. The title compound 

was formed as a pale brown solid (603 mg, >99 %); m.p. 155-157 ºC; max /cm-1 (neat) 

1488 (s, C=N), 1360 (s, S=O (as)), 1173 (s, S=O (s)), 1113 (s, N-S); δH (500 MHz, CDCl3) 

7.29-7.25 (3H, m, 3 x ArH), 7.06 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.04-6.99 (3H, m, 3 x 

ArH), 4.45 (1H, dd, J = 8.0, 3.5 Hz, C(Ar)H), 3.86 (3H, s, OCH3), 3.65 (1H, dd, J = 19.5, 

8.0 Hz, C(H)H), 3.25 (3H, s, SCH3), 2.96 (1H, dd, J = 19.5, 3.5 Hz, C(H)H); δC (126 

MHz, CDCl3) 170.4 (C=N), 159.9 (ArC), 145.2 (ArC), 142.1 (ArC), 134.3 (ArC), 133.0 

(ArC), 129.1 (2 x ArCH), 128.8 (2 x ArCH), 127.0 (ArCH), 122.4 (ArCH), 104.7 (ArCH), 

55.8 (OCH3), 45.8 (C(Ar)H), 39.0 (CH2), 36.6 (SCH3); m/z (ESI) 388 [M+Na]+; HRMS 

(ESI) C17H16
35ClNO4SNa+ requires 388.0381, found 388.0382 [M+Na]+. 

(E)-N-(3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 228 

 

General procedure H was applied using (E)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one oxime 220 (450 mg, 1.40 mmol), trimethylamine (292 μL, 2.10 

mmol), CH2Cl2 (21.0 mL) and mesyl chloride (119 μL, 1.54 mmol). The title compound 

was formed as a brown solid (559 mg, >99 %); m.p. 75-77 ºC; max /cm-1 (neat) 1605 (s, 

C=N), 1360 (s, S=O (as)), 1176 (s, S=O (s)), 1131 (s, N-S); δH (500 MHz, CDCl3) 7.38 

(1H, d, J = 8.0 Hz, ArH), 7.27 (1H, d, J = 2.5 Hz, ArH), 7.17 (1H, d, J = 2.0 Hz, ArH), 
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7.07 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.02 (1H, d, J = 8.5 Hz, ArH), 6.93 (1H, dd, J = 8.5, 

2.0 Hz, ArH), 4.44 (1H, dd, J = 8.5, 3.5 Hz, C(Ar)H), 3.87 (3H, s, OCH3), 3.66 (1H, dd, 

J = 19.5, 8.5 Hz, C(H)H), 3.26 (3H, s, SCH3), 2.95 (1H, dd, J = 19.5, 3.5 Hz, C(H)H); δC 

(126 MHz, CDCl3) 162.1 (C=N), 159.8 (ArC), 145.4 (ArC), 145.2 (ArC), 142.5 (ArC), 

137.1 (ArC), 132.7 (ArC), 130.7 (ArCH), 129.6 (ArCH), 127.0 (ArCH), 126.7 (ArCH), 

119.7 (ArCH), 104.1 (ArCH), 55.6 (OCH3), 45.6 (C(Ar)H), 43.8 (SCH3), 37.2 (CH2); m/z 

(ESI) 422 [M+Na]+; HRMS (ESI) C17H15
35Cl2NO4SNa+ requires 421.9991, found 

421.9980 [M+Na]+). 

(E)-N-(3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 229 

 

General procedure H was applied using (E)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one oxime 221 (475 mg, 1.47 mmol), trimethylamine (308 μL, 2.21 

mmol), CH2Cl2 (22.0 mL) and mesyl chloride (126 μL, 1.62 mmol) – Et2O (11.0 mL, 

7.50 mL/mmol) was also added to aid starting material solubilisation. The title compound 

was formed as a pale brown solid (590 mg, >99 %); m.p. 153-155 ºC; max /cm-1 (neat) 

1584 (s, C=N), 1361 (s, S=O (as)), 1176 (s, S=O (s)), 1100 (s, N-S); δH (500 MHz, CDCl3) 

7.44 (1H, d, J = 1.5 Hz, ArH), 7.28 (1H, s, ArH), 7.13 (1H, dd, J = 8.5, 1.5 Hz, ArH), 

7.10 (2H, s, 2 x ArH), 6.77 (1H, d, J = 6.0 Hz, ArH), 4.96-4.91 (1H, m, C(Ar)H), 3.88 

(3H, s, OCH3), 3.72 (1H, dd, J = 19.5, 8.5 Hz, C(H)H), 3.25 (3H, s, SCH3), 2.89 (1H, m, 

C(H)H); δC (126 MHz, CDCl3) 170.1 (C=N), 160.1 (ArC), 143.6 (ArC), 139.9 (ArC), 

135.1 (ArC), 134.7 (ArC), 133.6 (ArC), 129.7 (ArCH), 127.7 (2 x ArCH), 127.2 (ArCH), 

122.5 (ArCH), 105.1 (ArCH), 55.9 (OCH3), 42.8 (C(Ar)H), 37.8 (CH2), 36.7 (SCH3); m/z 

(ESI) 422 [M+Na]+; HRMS (ESI) C17H15
35Cl2NO4SNa+ requires 421.9991, found 

421.9990 [M+Na]+. 
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(E)-N-(4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 230 

 

General procedure H was applied using (E)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-

1H-inden-1-one oxime 222 (450 mg, 1.44 mmol), trimethylamine (300 μL, 2.15 mmol), 

CH2Cl2 (21.5 mL) and mesyl chloride (122 μL, 1.58 mmol). The title compound was 

formed as a pale brown solid (558 mg, 99 %); m.p. 125-127 ºC; max /cm-1 (neat) 1590 (s, 

C=N), 1351 (s, S=O (as)), 1176 (s, S=O (s)), 1108 (s, N-S); δH (500 MHz, CDCl3) 7.31-

7.25 (2H, m, 2 x ArH), 7.20 (1H, t, J = 7.5 Hz, ArH), 7.08 (2H, s, 2 x ArH), 7.07 (1H, s, 

ArH), 4.54 (1H, dd, J = 8.5, 2.5 Hz, C(Ar)H), 3.93 (3H, s, OCH3), 3.86 (3H, s, OCH3), 

3.54 (1H, dd, J = 19.5, 8.5 Hz, C(H)H), 3.32 (3H, s, OCH3), 3.24 (3H, s, SCH3), 3.01 

(1H, dd, J = 19.5, 2.5 Hz, C(H)H); δC (126 MHz, CDCl3) 171.1 (C=N), 155.1 (ArC), 

150.3 (ArC), 146.8 (ArC), 144.2 (ArC), 140.0 (ArC), 128.8 (2 x ArCH), 128.4 (ArC), 

127.3 (2 x ArCH), 127.0 (ArCH), 100.1 (ArCH), 61.0 (OCH3), 60.2 (OCH3), 56.5 

(OCH3), 44.8 (C(Ar)H), 39.2 (CH2), 36.6 (SCH3); m/z (ESI) 414 [M+Na]+; HRMS (ESI) 

C19H21NO6SNa+ requires 414.0982, found 414.0980 [M+Na]+. 

(E)-N-(3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 231 

 

General procedure H was applied using (E)-3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one oxime 223 (450 mg, 1.29 mmol), trimethylamine (271 μL, 1.94 

mmol), CH2Cl2 (19.4 mL) and mesyl chloride (110 μL, 1.42 mmol). The title compound 

was formed as a beige solid (544 mg, 99 %); m.p. 133-135 ºC; max /cm-1 (neat) 1591 (s, 

C=N), 1357 (s, S=O (as)), 1181 (s, S=O (s)), 1117 (s, N-S); δH (500 MHz, CDCl3) 7.27-

7.24 (2H, m, 2 x ArH), 7.07 (1H, s, ArH), 7.03-6.99 (2H, m, 2 x ArH), 4.52 (1H, dd, J = 
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8.5, 2.5 Hz, C(Ar)H), 3.93 (3H, s, OCH3), 3.86 (3H, s, OCH3), 3.53 (1H, dd, J = 19.5, 

8.5 Hz, C(H)H), 3.40 (3H, s, OCH3), 3.24 (3H, s, SCH3), 2.95 (1H, dd, J = 19.5, 2.5 Hz, 

C(H)H); δC (126 MHz, CDCl3) 163.0 (C=N), 155.0 (ArC), 150.3 (ArC), 145.0 (ArC), 

144.0 (ArC), 137.2 (ArC), 132.3 (ArC), 130.9 (ArC), 128.8 (2 x ArCH), 128.7 (2 x 

ArCH), 99.2 (ArCH), 61.0 (OCH3), 60.2 (OCH3), 56.3 (OCH3), 44.2 (C(Ar)H), 43.9 

(SCH3), 37.3 (CH2); m/z (ESI) 448 [M+Na]+; HRMS (ESI) C19H20
35ClNO6SNa+ requires 

448.0592, found 448.0588 [M+Na]+. 

(E)-N-(3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 232 

 

General procedure H was applied using (E)-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one oxime 224 (450 mg, 1.18 mmol), trimethylamine (246 μL, 

1.77 mmol), CH2Cl2 (17.7 mL) and mesyl chloride (100 μL, 1.29 mmol). The title 

compound was formed as a pale brown solid (536 mg, 99 %); m.p. 64-66 ºC; max /cm-1 

(neat) 1594 (s, C=N), 1352 (s, S=O (as)), 1179 (s, S=O (s)), 1109 (s, N-S); δH (500 MHz, 

CDCl3) 7.36 (1H, d, J = 8.5 Hz, ArH), 7.17 (1H, d, J = 2.0 Hz, ArH), 7.08 (1H, s, ArH), 

6.92 (1H, dd, J = 8.5, 2.0 Hz, ArH), 4.50 (1H, dd, J = 8.5, 2.5 Hz, C(Ar)H), 3.93 (3H, s, 

OCH3), 3.87 (3H, s, OCH3), 3.54 (1H, dd, J = 19.5, 8.5 Hz, C(H)H), 3.48 (3H, s, OCH3), 

3.24 (3H, s, SCH3), 2.94 (1H, dd, J = 19.5, 2.5 Hz, C(H)H); δC (126 MHz, CDCl3) 170.2 

(C=N), 155.5 (ArC), 150.2 (ArC), 146.7 (ArC), 144.4 (ArC), 138.3 (ArC), 132.8 (ArC), 

131.0 (ArC), 130.8 (ArCH), 129.3 (ArCH), 128.4 (ArC), 126.7 (ArCH), 100.1 (ArCH), 

61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 43.9 (C(Ar)H), 38.7 (CH2), 36.7 (SCH3); m/z 

(ESI) 482 [M+Na]+; HRMS (ESI) C19H19
35Cl2NO6SNa+ requires 482.0202, found 

482.0199 [M+Na]+. 
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(E)-N-(3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide, 233 

 

General procedure H was applied using (E)-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one oxime 225 (450 mg, 1.18 mmol), trimethylamine (246 μL, 

1.77 mmol), CH2Cl2 (17.7 mL) and mesyl chloride (100 μL, 1.29 mmol). The title 

compound was formed as a pale brown solid (535 mg, 99 %); m.p. 145-146 ºC; max /cm-

1 (neat) 1589 (s, C=N), 1353 (s, S=O (as)), 1179 (s, S=O (s)), 1146 (s, N-S); δH (500 

MHz, CDCl3) 7.42 (1H, s, ArH), 7.11 (1H, d, J = 8.0 Hz, ArH), 7.08 (1H, s, ArH), 6.66 

(1H, s, ArH), 5.09-4.86 (1H, m, C(Ar)H), 3.94 (3H, s, OCH3), 3.88 (3H, s, OCH3), 3.57 

(3H, s, OCH3), 3.22 (3H, s, SCH3), 2.92-2.77 (1H, m, C(H)H), 1.94-1.74 (1H, m, C(H)H); 

δC (126 MHz, CDCl3) 170.2 (C=N), 155.5 (ArC), 150.1 (ArC), 146.5 (ArC), 137.4 (2 x 

ArC), 134.2 (ArC), 133.3 (ArC), 129.5 (ArCH), 129.1 (ArC), 127.6 (ArCH), 127.5 

(ArCH), 100.2 (ArCH), 61.2 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 56.4 (C(Ar)H), 38.0 

(CH2), 36.7 (SCH3); m/z (ESI) 482 [M+Na]+; HRMS (ESI) C19H19
35Cl2NO6SNa+ requires 

482.0202, found 482.0203 [M+Na]+. 

3.6.4 Beckmann Rearrangement of Indan-1-one Oxime Mesylates  

– General Procedure I 

 

The following procedure was performed in accordance with previous literature.135  

To a solution of oxime mesylate (1.00 equiv.), in mesyl chloride (25.0 mL/mmol), was 

added ZrCl4 (5.00 equiv.) at 0 oC and stirred for 18 hours. The reaction mixture was then 

heated up to 50 oC and stirred for a further 2 hours. The reaction was allowed to cool to 

room temperature and the mixture poured into an ice-cold solution of NaOH (1.00 M) 

and stirred for a further hour. The product was extracted with EtOAc, washed with 
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Na2CO3, then dried over MgSO4, filtered and concentrated in vacuo. The crude product 

was then purified by flash column chromatography as specifically mentioned. 

3,4-Dihydroquinolin-2(1H)-one, 164  

 

General procedure I was applied using (E)-N-(2,3-dihydro-1H-inden-1-

ylidene)methanesulfonamide 217 (550 mg, 2.44 mmol), mesyl chloride (61.0 mL) and 

ZrCl4 (2.84 g, 12.2 mmol). Purification by gradient column chromatography, eluting with 

pet ether:EtOAc (1:2) to 100 % EtOAc,  yielded 3,4-dihydroquinolin-2(1H)-one 163 as a 

yellow solid (139 mg, 39 %); m.p. 56-58 ºC (lit.170 58-59 °C); max /cm-1 (neat) 3239 (m, 

N-H), 2864 (m, C-H), 1657 (s, C=O), 1334 (s, C-O); δH (500 MHz, CDCl3) 8.09 (1H, d, 

J = 7.5 Hz, ArH), 7.51-7.43 (1H, m, ArH), 7.38 (1H, t, J = 7.5 Hz, ArH), 7.24 (1H, d, J 

= 7.5 Hz, ArH), 6.55 (1H, s, CONH), 3.60 (2H, td, J = 6.5, 3.0 Hz, CH2), 3.03 (2H, t, J = 

6.5 Hz, CH2); δC (126 MHz, CDCl3) 166.4 (C=O), 138.9 (ArC), 132.2 (ArCH), 128.9 

(ArC), 128.0 (ArCH), 127.3 (ArCH), 127.1 (ArCH), 40.3 (CH2), 28.4 (CH2); m/z (ESI) 

170 [M+Na]+; HRMS (ESI) C9H9NONa+ requires 170.0576, found 170.0578 [M+Na]+. 

These data are consistent with those previously reported.170, 249 

7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, 234  

 

General procedure I was applied using (E)-N-(6-methoxy-3-phenyl-2,3-dihydro-1H-

inden-1-ylidene)methanesulfonamide 226 (550 mg, 1.74 mmol), mesyl chloride (43.6 

mL) and ZrCl4 (2.03 g, 8.72 mmol). Purification by gradient column chromatography, 

eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded 7-methoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one 234 as an off-white solid (275 mg, 62 %); m.p. 150-151 

ºC; max /cm-1 (neat) 3180 (m, N-H), 2861 (m, C-H), 1662 (s, C=O), 1269 (s, C-O); δH 

(500 MHz, CDCl3) 7.68 (1H, d, J = 2.5 Hz, ArH), 7.36-7.31 (2H, m, 2 x ArH), 7.29 (1H, 

t, J = 7.0 Hz, ArH), 7.21-7.15 (2H, m, 2 x ArH), 7.10 (1H, s, CONH), 6.99 (1H, dd, J = 

8.5, 3.0 Hz, ArH), 6.90 (1H, d, J = 8.5 Hz, ArH), 4.27 (1H, dd, J = 7.5, 5.5 Hz, C(Ar)H), 

3.87 (3H, s, OCH3), 3.80 (1H, ddd, J = 12.0, 5.5, 3.0 Hz, C(H)H), 3.70 (1H, ddd, J = 
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12.0, 7.5, 3.0 Hz, C(H)H); δC (126 MHz, CDCl3) 166.4 (C=O), 158.9 (ArC), 141.0 (ArC), 

133.6 (ArC), 130.0 (ArC), 129.0 (2 x ArCH), 128.7 (2 x ArCH), 128.5 (2 x ArCH), 127.3 

(ArCH), 120.0 (ArCH), 111.1 (ArCH), 55.6 (OCH3), 47.3 (CH2), 43.5 (C(Ar)H); m/z 

(ESI) 276 [M+Na]+; HRMS (ESI) C16H15NO2Na+ requires 276.0995, found 276.0999 

[M+Na]+. 

4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 235  

 

General procedure I was applied using (E)-N-(3-(4-chlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ylidene)methanesulfonamide 227 (550 mg, 1.50 mmol), mesyl 

chloride (37.6 mL) and ZrCl4 (1.75 g, 7.52 mmol). Purification by gradient column 

chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded 4-(4-

chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 235 as an off-white solid 

(335 mg, 77 %); m.p. 152-153 ºC; max /cm-1 (neat) 3180 (m, N-H), 2834 (m, C-H), 1671 

(s, C=O), 1483 (s, C-O); δH (500 MHz, CDCl3) 7.70 (1H, d, J = 3.0 Hz, ArH), 7.33-7.30 

(2H, m, 2 x ArH), 7.14-7.10 (2H, m, 2 x ArH), 7.02 (1H, dd, J = 8.5, 3.0 Hz, ArH), 6.90 

(1H, d, J = 8.5 Hz, ArH), 6.29 (1H, s, CONH), 4.26 (1H, dd, J = 7.0, 5.5 Hz, C(Ar)H), 

3.89 (3H, s, OCH3), 3.64 (1H, ddd, J = 12.0, 5.5, 3.0 Hz, C(H)H), 3.64 (1H, ddd, J = 

12.0, 7.0, 3.0 Hz, C(H)H); δC (126 MHz, CDCl3) 165.9 (C=O), 159.1 (ArC), 139.5 (ArC), 

133.2 (ArC), 132.9 (ArC), 129.9 (ArC), 129.8 (2 x ArCH), 128.9 (ArCH), 128.9 (2 x 

ArCH), 120.2 (ArCH), 111.3 (ArCH), 55.6 (OCH3), 47.4 (CH2), 42.9 (C(Ar)H); m/z 

(ESI) 288 [M+H]+; HRMS (ESI) C16H15
35ClNO2

+ requires 288.0786, found 288.0785 

[M+H]+. 
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4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 236  

 

General procedure I was applied using (E)-N-(3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ylidene)methanesulfonamide 228 (500 mg, 1.25 mmol), mesyl 

chloride (31.0 mL) and ZrCl4 (1.46 g, 6.25 mmol). Purification by gradient column 

chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded 4-(3,4-

dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 236 as an off-white solid 

(300 mg, 74 %); m.p. 203-204 ºC; max /cm-1 (neat) 3177 (m, N-H), 2837 (m, C-H), 1666 

(s, C=O), 1238 (s, C-O); δH (500 MHz, CDCl3) 7.70 (1H, d, J = 2.5 Hz, ArH), 7.40 (1H, 

d, J = 8.5 Hz, ArH), 7.29-7.27 (1H, m, ArH), 7.04 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.00 

(1H, dd, J = 8.5, 2.0 Hz, ArH), 6.92 (1H, d, J = 8.5 Hz, ArH), 6.26 (1H, s, CONH), 4.24 

(1H, t, J = 6.0 Hz, C(Ar)H), 3.90 (3H, s, OCH3), 3.85 (1H, ddd, J = 12.0, 6.0, 3.0 Hz, 

C(H)H), 3.63 (1H, ddd, J = 12.0, 6.0, 3.0 Hz, C(H)H); δC (126 MHz, CDCl3) 165.8 (C=O), 

159.3 (ArC), 141.4 (ArC), 132.8 (ArC), 132.1 (ArC), 131.5 (ArC), 130.7 (ArCH), 130.3 

(ArCH), 129.9 (ArC), 128.9 (ArCH), 127.8 (ArCH), 120.3 (ArCH), 111.5 (ArCH), 55.6 

(OCH3), 47.2 (CH2), 42.6 (C(Ar)H); m/z (ESI) 322 [M+H]+; HRMS (ESI) 

C16H14
35Cl2NO2

+ requires 322.0396, found 322.0396 [M+H]+. 

4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 237 

  

General procedure I was applied using (E)-N-(3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-ylidene)methanesulfonamide 229 (550 mg, 1.37 mmol), mesyl 

chloride (34.4 mL) and ZrCl4 (1.60 g, 6.87 mmol). Purification by gradient column 

chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded 4-(2,4-

dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 237 as an off-white solid 
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(325 mg, 73 %); m.p. 193-194 ºC; max /cm-1 (neat) 3187 (m, N-H), 2837 (m, C-H), 1673 

(s, C=O), 1252 (s, C-O); δH (500 MHz, CDCl3) 7.72 (1H, d, J = 2.7 Hz, ArH), 7.47 (1H, 

d, J = 2.0 Hz, ArH), 7.12 (1H, dd, J = 8.5, 2.0 Hz, ArH), 7.06 (1H, dd, J = 8.5, 3.0 Hz, 

ArH), 6.98 (1H, d, J = 8.5 Hz, ArH), 6.74 (1H, d, J = 8.5 Hz, ArH), 6.05 (1H, s, CONH), 

4.72 (1H, t, J = 4.5 Hz, C(Ar)H), 3.91 (3H, s, OCH3), 3.94-3.88 (1H, m, C(H)H), 3.65 

(1H, dt, J = 12.5, 4.5 Hz, C(H)H); δC (126 MHz, CDCl3) 170.0 (C=O), 159.9 (ArC), 138.5 

(ArC), 138.0 (ArC), 134.3 (ArC), 133.5 (ArC), 129.8 (ArCH), 129.8 (ArCH), 129.4 

(ArCH), 127.6 (ArCH), 116.7 (ArC), 109.0 (ArCH), 101.8 (ArCH), 55.5 (OCH3), 37.6 

(CH2), 37.1 (C(Ar)H); m/z (ESI) 344 [M+Na]+; HRMS (ESI) C16H13
35Cl2NO2Na+ 

requires 344.0216, found 344.0217 [M+Na]+. 

5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, 238  

 

General procedure I was applied using (E)-N-(4,5,6-trimethoxy-3-phenyl-2,3-dihydro-

1H-inden-1-ylidene)methanesulfonamide 230 (500 mg, 1.28 mmol), mesyl chloride 

(31.9 mL) and ZrCl4 (1.49 g, 6.39 mmol). Purification by gradient column 

chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded 5,6,7-

trimethoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one 238 as an off-white solid (220 

mg, 55 %); m.p. 193-194 ºC; max /cm-1 (neat) 3183 (m, N-H), 2839 (m, C-H), 1666 (s, 

C=O), 1343 (s, C-O); δH (500 MHz, CDCl3) 7.54 (1H, s, ArH), 7.28-7.23 (2H, m, 2 x 

ArH), 7.23-7.18 (1H, m, ArH), 7.13-7.08 (2H, m, 2 x ArH), 6.30 (1H, d, J = 4.5 Hz, 

CONH), 4.47 (1H, d, J = 5.0 Hz, C(Ar)H), 4.01 (1H, dd, J = 12.5, 5.0 Hz, C(H)H), 3.95 

(3H, s, OCH3), 3.91 (3H, s, OCH3), 3.53 (1H, ddd, J = 12.5, 5.0, 1.0 Hz, C(H)H), 3.51 

(3H, s, OCH3); δC (126 MHz, CDCl3) 165.9 (C=O), 152.9 (ArC), 150.0 (ArC), 146.0 

(ArC), 142.0 (ArC), 128.5 (2 x ArCH), 127.9 (2 x ArCH), 127.6 (ArC), 126.9 (ArCH), 

124.3 (ArC), 106.5 (ArCH), 60.8 (OCH3), 60.8 (OCH3), 56.2 (OCH3), 47.4 (CH2), 37.3 

(C(Ar)H); m/z (ESI) 336 [M+Na]+; HRMS (ESI) C18H19NO4Na+ requires 336.1206, 

found 336.1197 [M+Na]+. 
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4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 239  

 

General procedure I was applied using (E)-N-(3-(4-chlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-ylidene)methanesulfonamide 231 (500 mg, 1.17 mmol), mesyl 

chloride (29.4 mL) and ZrCl4 (1.37 g, 5.87 mmol). Purification by gradient column 

chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded  

4-(4-chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one 239 as an off-

white solid (350 mg, 86 %); m.p. 166-167 ºC; max /cm-1 (neat) 3185 (m, N-H), 2833 (m, 

C-H), 1680 (s, C=O), 1339 (s, C-O); δH (500 MHz, CDCl3) 7.56 (1H, s, ArH), 7.27-7.22 

(2H, m, 2 x ArH), 7.09-7.03 (2H, m, 2 x ArH), 5.86 (1H, d, J = 4.5 Hz, CONH), 4.45 

(1H, d, J = 5.0 Hz, C(Ar)H), 4.03 (1H, dd, J = 12.5, 5.0 Hz, C(H)H), 3.97 (3H, s, OCH3), 

3.92 (3H, s, OCH3), 3.57 (3H, s, OCH3), 3.49 (1H, ddd, J = 12.5, 5.0, 1.0 Hz, C(H)H); δC 

(126 MHz, CDCl3) 165.6 (C=O), 153.2 (ArC), 149.9 (ArC), 146.0 (ArC), 140.5 (ArC), 

132.8 (ArC), 129.2 (2 x ArCH), 128.6 (2 x ArCH), 127.0 (ArC), 124.1 (ArC), 106.6 

(ArCH), 60.9 (OCH3), 60.8 (OCH3), 56.2 (OCH3), 47.4 (CH2), 36.9 (C(Ar)H); m/z (ESI) 

370 [M+Na]+; HRMS (ESI) C18H18
35ClNO4Na+ requires 370.0817, found 370.0816 

[M+Na]+. 

4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 240 

  

General procedure I was applied using (E)-N-(3-(3,4-dichlorophenyl)-4,5,6-

trimethoxy-2,3-dihydro-1H-inden-1-ylidene)methanesulfonamide 232 (500 mg, 1.09 

mmol), mesyl chloride (27.2 mL) and ZrCl4 (1.27 g, 5.43 mmol). Purification by gradient 

column chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded  

4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one 240 as an 
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off-white solid (284 mg, 68 %); m.p. 203-204 ºC; max /cm-1 (neat) 3174 (m, N-H), 2937 

(m, C-H), 1672 (s, C=O), 1343 (s, C-O); δH (500 MHz, CDCl3) 7.55 (1H, s, ArH), 7.34 

(1H, d, J = 8.5 Hz, ArH), 7.25 (1H, d, J = 2.0 Hz, ArH), 6.94 (1H, dd, J = 8.5, 2.0 Hz, 

ArH), 5.95 (1H, d, J = 4.5 Hz, CONH), 4.42 (1H, d, J = 5.0 Hz, C(Ar)H), 4.03 (1H, dd, 

J = 12.5, 5.0 Hz, C(H)H), 3.97 (3H, s, OCH3), 3.93 (3H, s, OCH3), 3.62 (3H, s, OCH3), 

3.50 (1H, ddd, J = 12.5, 5.0, 1.0 Hz, C(H)H); δC (126 MHz, CDCl3) 165.5 (C=O), 153.4 

(ArC), 149.9 (ArC), 146.0 (ArC), 142.3 (ArC), 132.6 (ArC), 131.1 (ArC), 130.4 (ArCH), 

129.8 (ArCH), 127.3 (ArCH), 126.1 (ArC), 124.0 (ArC), 106.7 (ArCH), 61.0 (OCH3), 

60.8 (OCH3), 56.2 (OCH3), 47.2 (CH2), 36.7 (C(Ar)H); m/z (ESI) 404 [M+Na]+; HRMS 

(ESI) C18H17
35Cl2NO4Na+ requires 404.0427, found 404.0424 [M+Na]+. 

4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 241  

 

General procedure I was applied using (E)-N-(3-(2,4-dichlorophenyl)-4,5,6-

trimethoxy-2,3-dihydro-1H-inden-1-ylidene)methanesulfonamide 233 (500 mg, 1.09 

mmol), mesyl chloride (27.2 mL) and ZrCl4 (1.27 g, 5.43 mmol). Purification by gradient 

column chromatography, eluting with pet ether:EtOAc (1:2) to 100 % EtOAc, yielded  

4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one 241 as an 

off-white solid (322 mg, 78 %); m.p. 230-231 ºC; max /cm-1 (neat) 3170 (m, N-H), 2926 

(m, C-H), 1667 (s, C=O), 1344 (s, C-O); δH (500 MHz, CDCl3) 7.57 (1H, s, ArH), 7.47 

(1H, d, J = 2.0 Hz, ArH), 7.06 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.65 (1H, d, J = 8.5 Hz, 

ArH), 5.93 (1H, d, J = 4.5 Hz, CONH), 4.90 (1H, d, J = 5.0 Hz, C(Ar)H), 3.98 (3H, s, 

OCH3), 4.01-3.95 (1H, m, C(H)H), 3.92 (3H, s, OCH3), 3.58 (3H, s, OCH3), 3.57-3.51 

(1H, m, C(H)H); δC (126 MHz, CDCl3) 165.8 (C=O), 153.4 (ArC), 149.8 (ArC), 146.2 

(ArC), 137.3 (ArC), 133.8 (ArC), 133.4 (ArC), 130.6 (ArCH), 129.5 (ArCH), 127.0 

(ArCH), 126.3 (ArC), 124.7 (ArC), 106.5 (ArCH), 60.9 (OCH3), 60.8 (OCH3), 56.2 

(OCH3), 45.1 (CH2), 33.6 (C(Ar)H); m/z (ESI) 404 [M+Na]+; HRMS (ESI) 

C18H17
35Cl2NO4Na+ requires 404.0427, found 404.0426 [M+Na]+. 
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3.6.5 Schmidt Reaction of Indan-1-ones – General Procedure J 

The following procedure was performed in accordance with previous literature.154  

To a solution of substituted indan-1-one (1.00 equiv.) in CHCl3 (4.70 mL/mmol), at 0 oC, 

was initially added methanesulfonic acid (9.43 equiv.) and then sodium azide (2.00 

equiv.) in small portions. The resulting mixture was refluxed for 6 hours, then quenched 

into ice water and neutralised with NH4OH solution. The organics were extracted with 

Et2O, dried over MgSO4, filtered and concentrated in vacuo. The crude product was then 

purified by flash column chromatography as specifically mentioned. 

Schmidt Reaction of 6-Methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 118 

 

General procedure J was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (100 mg, 0.42 mmol), CHCl3 (1.97 mL), methanesulfonic acid (257 μL, 3.96 

mmol) and sodium azide (55 mg, 0.84 mmol). Work-up yielded a brown oil, comprising 

a 0.47:0.30:0.23 mixture of 7-methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one 234, 

7-methoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one 253 and 9-methoxy-6-phenyl-5,6-

dihydrotetrazolo[5,1-a]isoquinoline 261, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 234 as an off-white solid 

(26 mg, 24 %), 253 as an off-white solid (26 mg, 24 %), and 261 as an off-white solid (9 

mg, 8 %). Also isolated was 5-methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one 390, 

resulting from the reaction of the 4-methoxy isomer of 118, as an off-white solid (5 mg, 

5 %). Spectroscopic data for each compound are as follows: 

7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, 234 

Spectroscopic data are in agreement with those previously acquired. 
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7-Methoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, 253 

m.p. 158-160 ºC; max /cm-1 (neat) 3210 (m, N-H), 2837 (m, C-H), 

1677 (s, C=O), 1373 (s, C-O); δH (500 MHz, CDCl3) 8.78 (1H, s, 

CONH), 7.38-7.32 (2H, m, 2 x ArH), 7.31-7.26 (1H, m, ArH), 

7.23-7.19 (2H, m, 2 x ArH), 6.83 (1H, d, J = 8.5 Hz, ArH), 6.53 

(1H, dd, J = 8.5, 2.5 Hz, ArH), 6.45 (1H, d, J = 2.5 Hz, ArH), 4.26 

(1H, dd, J = 8.0, 7.0 Hz, C(Ar)H), 3.80 (3H, s, OCH3), 2.96 (1H, dd, J = 16.0, 7.0 Hz, 

C(H)H), 2.91 (1H, dd, J = 16.0, 8.0 Hz, C(H)H); δC (126 MHz, CDCl3) 171.0 (C=O), 

159.5 (ArC), 142.0 (ArC), 138.1 (ArC), 129.3 (ArCH), 128.9 (2 x ArCH), 127.8 (2 x 

ArCH), 127.2 (ArCH), 118.9 (ArC), 108.6 (ArCH), 101.7 (ArCH), 55.5 (OCH3), 41.4 

(C(Ar)H), 38.8 (CH2); m/z (ESI) 276 [M+Na]+; HRMS (ESI) C16H15NO2Na+ requires 

276.0995, found 276.0986 [M+Na]+. These data are consistent with those previously 

reported.250 

8-Methoxy-5-phenyl-4,5-dihydrotetrazolo[1,5-a]quinoline, 261 

m.p. 135-137 ºC; max /cm-1 (neat) 2838 (m, C-H), 1630 (m, C=N), 

1494 (s, N=N), 1259 (s, C-O); δH (500 MHz, CDCl3) 7.42 (1H, d, 

J = 2.5 Hz, ArH), 7.23-7.17 (3H, m, 3 x ArH), 7.09 (1H, d, J = 8.5 

Hz, ArH), 7.01 (1H, d, J = 2.5 Hz, ArH), 7.01-6.97 (2H, m, 2 x 

ArH), 5.63 (1H, dd, J = 7.0, 5.0 Hz, C(Ar)H), 3.86 (3H, s, OCH3), 

3.67 (1H, dd, J = 14.0, 5.0 Hz, C(H)H), 3.32 (1H, dd, J = 14.0, 7.0 Hz, C(H)H); δC (126 

MHz, CDCl3) 160.6 (C=N), 160.4 (ArC), 138.5 (ArC), 133.5 (ArC), 129.6 (2 x ArCH), 

128.6 (2 x ArCH), 127.6 (ArCH), 125.6 (2 x ArCH), 124.2 (ArC), 117.7 (ArCH), 107.4 

(ArCH), 61.9 (OCH3), 55.8 (C(Ar)H), 39.2 (CH2); m/z (ESI) 301 [M+Na]+; HRMS (ESI) 

C16H14N4ONa+ requires 301.1060, found 301.1058 [M+Na]+. 

5-Methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, 390 

m.p. 215-217 ºC; max /cm-1 (neat) 3201 (m, N-H), 2856 (m, C-H), 1663 

(s, C=O), 1267 (s, C-O); δH (500 MHz, CDCl3) 7.81 (1H, d, J = 8.0 Hz, 

ArH), 7.41 (1H, t, J = 8.0 Hz, ArH), 7.25-7.20 (3H, m, 3 x ArH), 7.12-

7.08 (2H, m, 2 x ArH), 7.04 (1H, d, J = 8.0 Hz, ArH), 5.70 (1H, d, J = 

3.0 Hz, CONH), 4.53 (1H, d, J = 4.5 Hz, C(Ar)H), 4.02 (1H, dd, J = 

12.5, 4.5 Hz, C(H)H), 3.74 (3H, s, OCH3), 3.54 (1H, ddd, J = 12.5, 5.5, 1.0 Hz, C(H)H); 

δC (126 MHz, CDCl3) 164.9 (C=O), 154.8 (ArC), 140.2 (ArC), 129.1 (ArC), 127.9 (ArC), 

127.4 (2 x ArCH), 127.2 (ArCH), 126.8 (2 x ArCH), 125.8 (ArCH), 119.0 (ArCH), 113.3 
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(ArCH), 54.8 (OCH3), 46.3 (CH2), 35.9 (C(Ar)H); m/z (ESI) 276 [M+Na]+; HRMS (ESI) 

C16H15NO2Na+ requires 276.0995, found 276.0998 [M+Na]+. 

(S)-7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, (S)-234 

 

General procedure J was applied using (S)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-one (S)-118 (143 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 μL, 

5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (66 mg, 43 %, 98 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.12, CHCl3) –14.8; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 15:85, 1.00 mL/min., 218 

nm, (R)-isomer 10.77 min., (S)-isomer 11.69 min.). 

(R)-7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, (R)-234 

 

General procedure J was applied using (R)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-one (R)-118 (143 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 μL, 

5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (46 mg, 30 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.12, CHCl3) +14.4; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 15:85, 1.00 mL/min., 218 

nm, (R)-isomer 10.80 min., (S)-isomer 11.79 min.). 
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(S)-7-Methoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, (S)-253 

 

General procedure J was applied using (S)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-one (S)-118 (143 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 μL, 

5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (50 mg, 33 %, 97 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +28.9; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 10:90, 1.00 mL/min., 221 

nm, (R)-isomer 18.56 min., (S)-isomer 20.01 min.). 

(R)-7-Methoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, (R)-253 

 

General procedure J was applied using (R)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-

1-one (R)-118 (143 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 μL, 

5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (57 mg, 37 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –34.3; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 10:90, 1.00 mL/min., 221 

nm, (R)-isomer 17.11 min., (S)-isomer 19.81 min.). 
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Schmidt Reaction of 3-(4-Chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 

119 

 

General procedure J was applied 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 119 (100 mg, 0.37 mmol), CHCl3 (1.72 mL), methanesulfonic acid (224 μL, 

3.46 mmol) and sodium azide (48 mg, 0.73 mmol). Work-up yielded an off-white  

solid, comprising a 0.50:0.32:0.18 mixture of 4-(4-chlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one 235, 4-(4-chlorophenyl)-7-methoxy-3,4-dihydroquinolin-

2(1H)-one, 254 and 6-(4-chlorophenyl)-9-methoxy-5,6-dihydrotetrazolo[5,1-

a]isoquinoline 262, respectively. Purification by flash column chromatography, eluting 

with pet ether:EtOAc (1:2), afforded 235 as an off-white solid (45 mg, 43 %), 254 as an 

off-white solid (21 mg, 20 %), and 262 as an off-white solid (12 mg, 11 %). Also isolated 

was 4-(4-chlorophenyl)-5-methoxy-3,4-dihydroisoquinolin-1(2H)-one 391, resulting 

from the reaction of the 4-methoxy isomer of 119, as an off-white solid (1 mg, 1 %). 

Spectroscopic data for each compound are as follows: 

4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 235 

Spectroscopic data are in agreement with those previously acquired. 

 

 

 

 

4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, 254 

m.p. 188-190 ºC; max /cm-1 (neat) 3187 (m, N-H), 2835 (m, C-H), 

1673 (s, C=O), 1375 (s, C-O); δH (500 MHz, CDCl3) 8.45 (1H, s, 

CONH), 7.34-7.30 (2H, m, 2 x ArH), 7.17-7.10 (2H, m, 2 x ArH), 

6.83 (1H, d, J = 8.5 Hz, ArH), 6.54 (1H, dd, J = 8.5, 2.5 Hz, ArH), 

6.43 (1H, d, J = 2.5 Hz, ArH), 4.24 (1H, t, J = 7.0 Hz, C(Ar)H), 

3.81 (3H, s, OCH3), 2.95 (1H, dd, J = 16.0, 6.0 Hz, C(H)H), 2.86 

(1H, dd, J = 16.0, 8.0 Hz, C(H)H); δC (126 MHz, CDCl3) δ 170.4 (C=O), 159.7 (ArC), 
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140.5 (ArC), 138.0 (ArC), 133.0 (ArC), 129.3 (ArCH), 129.1 (2 x ArCH), 129.0 (2 x 

ArCH), 118.3 (ArC), 108.6 (ArCH), 101.8 (ArCH), 55.5 (OCH3), 40.8 (C(Ar)H), 38.7 

(CH2); m/z (ESI) 288 [M+H]+; HRMS (ESI) C16H15
35ClNO2

+ requires 288.0786, found 

288.0788 [M+H]+. 

5-(4-Chlorophenyl)-8-methoxy-4,5-dihydrotetrazolo[1,5-a]quinoline, 262 

m.p. 162-164 ºC; max /cm-1 (neat) 2843 (m, C-H), 1673 (m, C=N), 

1492 (s, N=N), 1246 (s, C-O); δH (500 MHz, CDCl3) 7.42 (1H, d, 

J = 2.5 Hz, ArH), 7.23 (1H, d, J = 8.5 Hz, ArH), 7.13 (2H, d, J = 

8.5 Hz, 2 x ArH), 7.06 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.87 (2H, 

d, J = 8.5 Hz, 2 x ArH), 5.66-5.62 (1H, m, C(Ar)H), 3.87 (3H, s, 

OCH3), 3.58 (1H, dd, J = 14.0, 4.5 Hz, C(H)H), 3.44 (1H, dd, J = 

14.0, 6.5 Hz, C(H)H); δC (126 MHz, CDCl3) 160.7 (C=N), 160.5 (ArC), 138.1 (ArC), 

133.5 (ArC), 131.7 (ArC), 130.9 (2 x ArCH), 128.7 (2 x ArCH), 125.4 (ArCH), 124.3 

(ArC), 117.9 (ArCH), 107.6 (ArCH), 61.6 (OCH3), 55.8 (C(Ar)H), 38.3 (CH2); m/z (ESI) 

335 [M+Na]+; HRMS (ESI) C16H13
35ClN4ONa+ requires 335.0670, found 335.0670 

[M+Na]+. 

4-(4-Chlorophenyl)-5-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 391 

m.p. 175-177 ºC; max /cm-1 (neat) 3188 (m, N-H), 2851 (m, C-H), 1668 

(s, C=O), 1264 (s, C-O); δH (500 MHz, CDCl3) 7.82 (1H, d, J = 8.0 Hz, 

ArH), 7.43 (1H, t, J = 8.0 Hz, ArH), 7.24-7.21 (2H, m, 2 x ArH), 7.08-

7.04 (3H, m, 3 x ArH), 5.83 (1H, d, J = 4.0 Hz, CONH), 4.51 (1H, d, J = 

4.5 Hz, C(Ar)H), 4.04 (1H, dd, J = 12.5, 4.5 Hz, C(H)H), 3.77 (3H, s, 

OCH3), 3.54-3.49 (1H, ddd, J = 12.5, 5.5, 1.0 Hz, C(H)H); δC (126 MHz, 

CDCl3) 165.9 (C=O), 155.7 (ArC), 139.8 (2 x ArC), 132.7 (ArC), 129.9 (ArC), 129.2 (2 

x ArCH), 128.5 (2 x ArCH), 128.5 (ArCH), 120.1 (ArCH), 114.4 (ArCH), 55.8 (OCH3), 

47.1 (CH2), 36.4 (C(Ar)H); m/z (ESI) 288 [M+H]+; HRMS (ESI) C16H15
35ClNO2

+ 

requires 288.0786, found 288.0785 [M+H]+. 
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(S)-4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (S)-235 

 

General procedure J was applied using (S)-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one (S)-119 (164 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid 

(368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (82 mg, 48 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –7.30; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 7:93, 1.00 mL/min., 219 

nm, (S)-isomer 26.13 min., (R)-isomer 29.53 min.). 

(R)-4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (R)-235 

 

General procedure J was applied using (R)-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one (R)-119 (164 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid 

(368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (86 mg, 50 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) +7.10; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 7:93, 1.00 mL/min., 219 

nm, (S)-isomer 26.52 min., (R)-isomer 27.86 min.). 
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(S)-4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (S)-254 

 

General procedure J was applied using (S)-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one (S)-119 (164 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid 

(368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (58 mg, 34 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +27.8; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 15:85, 1.00 mL/min., 223 

nm, (R)-isomer 12.83 min., (S)-isomer 18.31 min.). 

(R)-4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (R)-254 

 

General procedure J was applied using (R)-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one (R)-119 (164 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid 

(368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (59 mg, 34 %, 98 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –37.1; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 15:85, 1.00 mL/min., 223 

nm, (R)-isomer 12.65 min., (S)-isomer 19.52 min.). 
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Schmidt Reaction of 3-(3,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-

one, 120 

 

General procedure J was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 120 (100 mg, 0.33 mmol), CHCl3 (1.53 mL), methanesulfonic acid (199 

μL, 3.07 mmol) and sodium azide (42 mg, 0.65 mmol). Work-up yielded  

an off-white solid, comprising a 0.60:0.27:0.13 mixture of 4-(3,4-dichlorophenyl)- 

7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 236, 4-(3,4-dichlorophenyl)-7-methoxy-

3,4-dihydroquinolin-2(1H)-one 255, and 6-(3,4-dichlorophenyl)-9-methoxy-5,6-

dihydrotetrazolo[5,1-a]isoquinoline 263, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 236 as an off-white solid 

(55 mg, 53 %), 255 as an off-white solid (26 mg, 24 %), and 263 as an 

off-white solid (10 mg, 9 %). Also isolated was 4-(3,4-dichlorophenyl)-5-methoxy-3,4-

dihydroisoquinolin-1(2H)-one 392, resulting from the reaction of the 4-methoxy isomer 

of 120, as an off-white solid (3 mg, 3 %). Spectroscopic data for each compound are as 

follows: 

4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 236 

Spectroscopic data are in agreement with those previously 

acquired. 

 

 

 

4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, 255 

m.p. 216-217 ºC; max /cm-1 (neat) 3179 (m, N-H), 2842 (m, C-

H), 1674 (s, C=O), 1381 (s, C-O); δH (500 MHz, CDCl3) 7.87 

(1H, s, CONH), 7.41 (1H, d, J = 8.5 Hz, ArH), 7.26 (1H, d, J = 

2.0 Hz, ArH), 7.03 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.86 (1H, d, J 

= 8.5 Hz, ArH), 6.57 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.40 (1H, d, 

J = 2.5 Hz, ArH), 4.23 (1H, t, J = 7.0 Hz, C(Ar)H), 3.82 (3H, s, 
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OCH3), 2.96 (1H, dd, J = 16.0, 7.0 Hz, C(H)H), 2.84 (1H, dd, J = 16.0, 7.0 Hz, C(H)H); 

δC (126 MHz, CDCl3) 169.5 (C=O), 159.9 (ArC), 142.3 (ArC), 137.9 (ArC), 132.9 (ArC), 

131.3 (ArC), 130.9 (ArCH), 129.7 (ArCH), 129.3 (ArCH), 127.1 (ArCH), 117.5 (ArC), 

108.7 (ArCH), 101.9 (ArCH), 55.5 (OCH3), 40.7 (C(Ar)H), 38.6 (CH2); m/z (ESI) 322 

[M+H]+; HRMS (ESI) C16H14
35Cl2NO2

+ requires 332.0396, found 332.0394 [M+H]+. 

5-(3,4-Dichlorophenyl)-8-methoxy-4,5-dihydrotetrazolo[1,5-a]quinoline, 263 

m.p. 169-171 ºC; max /cm-1 (neat) 2851 (m, C-H), 1632 (m, 

C=N), 1468 (s, N=N), 1249 (s, C-O); δH (500 MHz, CDCl3) 7.47 

(1H, d, J = 2.0 Hz, ArH), 7.27 (1H, d, J = 6.5 Hz, ArH), 7.26 (1H, 

d, J = 6.5 Hz, ArH), 7.10 (2H, dd, J = 8.5, 2.0 Hz, 2 x ArH), 6.79 

(1H, s, ArH), 5.64 (1H, t, J = 5.5 Hz, C(Ar)H), 3.90 (3H, s, 

OCH3), 3.55 (1H, dd, J = 14.5, 5.0 Hz, C(H)H), 3.45 (1H, dd, J 

= 14.5, 6.5 Hz, C(H)H); δC (126 MHz, CDCl3) 160.9 (C=N), 160.5 (ArC), 137.8 (ArC), 

133.5 (ArC), 132.7 (ArC), 132.0 (ArC), 131.5 (ArCH), 130.6 (ArCH), 128.8 (ArCH), 

125.3 (ArCH), 124.3 (ArC), 118.0 (ArCH), 107.7 (ArCH), 61.2 (OCH3), 55.9 (C(Ar)H), 

38.2 (CH2); m/z (ESI) 369 [M+Na]+; HRMS (ESI) C16H12
35Cl2N4ONa+ requires 

369.0280, found 369.0282 [M+Na]+. 

4-(3,4-Dichlorophenyl)-5-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 392 

m.p. 198-200 ºC; max /cm-1 (neat) 3194 (m, N-H), 2837 (m, C-H), 1661 

(s, C=O), 1269 (s, C-O); δH (500 MHz, CDCl3) 7.82 (1H, d, J = 8.0 Hz, 

ArH), 7.45 (1H, t, J = 8.0 Hz, ArH), 7.31 (1H, d, J = 8.5 Hz, ArH), 

7.24 (1H, d, J = 2.0 Hz, ArH), 7.08 (1H, d, J = 8.0 Hz, ArH), 6.94 (1H, 

dd, J = 8.5, 2.0 Hz, ArH), 5.98 (1H, d, J = 4.0 Hz, CONH), 4.48 (1H, 

d, J = 4.5 Hz, C(Ar)H), 4.04 (1H, dd, J = 12.5, 4.5 Hz, C(H)H), 3.79 

(3H, s, OCH3), 3.54 (1H, ddd, J = 12.5, 5.5, 1.0 Hz, C(H)H); δC (126 MHz, CDCl3) 165.8 

(C=O), 155.7 (ArC), 141.7 (ArC), 132.4 (ArC), 131.0 (ArC), 130.3 (ArCH), 129.9 

(ArCH), 129.8 (ArC), 128.8 (ArCH), 127.8 (ArC), 127.3 (ArCH), 120.2 (ArCH), 114.4 

(ArCH), 55.8 (OCH3), 46.9 (CH2), 36.2 (C(Ar)H); m/z (ESI) 344 [M+Na]+; HRMS (ESI) 

C16H13
35Cl2NO2Na+ requires 344.0216, found 344.0214 [M+Na]+. 
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(S)-4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (S)-236 

 

General procedure J was applied using (S)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (S)-120 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (102 mg, 53 %, 99 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –3.30; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

5:95, 1.00 mL/min., 217 nm, (S)-isomer 39.84 min., (R)-isomer 42.65 min.). 

(R)-4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (R)-236 

 

General procedure J was applied using (R)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (R)-120 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (100 mg, 52 %, >99 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) +4.10; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-

propanol:hexane = 5:95, 1.00 mL/min., 217 nm, (S)-isomer 41.12 min., (R)-isomer 43.38 

min.). 
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(S)-4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (S)-255 

 

General procedure J was applied using (S)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (S)-120 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (47 mg, 24 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +21.0; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 221 nm, (R)-isomer 19.99 min., (S)-isomer 21.36 min.). 

(R)-4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (R)-255 

 

General procedure J was applied using (R)-3-(3,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (R)-120 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (62 mg, 32 %, >99 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –34.3; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 221 nm, (R)-isomer 20.00 min., (S)-isomer 22.01 min.). 
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Schmidt Reaction of 3-(2,4-Dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-

one, 121 

 

General procedure J was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 121 (100 mg, 0.33 mmol), CHCl3 (1.53 mL), methanesulfonic acid (199 

μL, 3.07 mmol) and sodium azide (42 mg, 0.65 mmol). Work-up yielded  

an off-white solid, comprising a 0.61:0.29:0.10 mixture of 4-(2,4-dichlorophenyl)- 

7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 237, 4-(2,4-dichlorophenyl)-7-methoxy-

3,4-dihydroquinolin-2(1H)-one 256 and 6-(2,4-dichlorophenyl)-9-methoxy-5,6-

dihydrotetrazolo[5,1-a]isoquinoline 264, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 237 as an off-white solid 

(45 mg, 43 %), 256 as a white solid (21 mg, 20 %), and 264 as an off-white solid (3 mg, 

3 %). Also isolated was 4-(2,4-dichlorophenyl)-5-methoxy-3,4-dihydroisoquinolin-

1(2H)-one 393, resulting from the reaction of the 4-methoxy isomer of 121, as an off-

white solid (3 mg, 3 %). Spectroscopic data for each compound are as follows: 

4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 237 

Spectroscopic data are in agreement with those previously 

acquired. 

 

 

 

4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, 256 

m.p. 222-223 ºC; max /cm-1 (neat) 3196 (m, N-H), 2838 (m, C-

H), 1677 (s, C=O), 1379 (s, C-O); δH (500 MHz, CDCl3) 8.55 

(1H, s, CONH), 7.46 (1H, d, J = 2.0 Hz, ArH), 7.16 (1H, dd, J = 

8.5, 2.0 Hz, ArH), 6.87 (2H, dd, J = 8.5, 2.0 Hz, 2 x ArH), 6.56 

(1H, dd, J = 8.5, 2.5 Hz, ArH), 6.45 (1H, d, J = 2.5 Hz, ArH), 4.74 

(1H, t, J = 6.5 Hz, C(Ar)H), 3.82 (3H, s, OCH3), 2.96 (1H, dd, J 

= 16.5, 6.5 Hz, C(H)H), 2.88 (1H, dd, J = 16.5, 6.5 Hz, C(H)H); δC (126 MHz, CDCl3) 
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165.9 (C=O), 159.4 (ArC), 137.1 (ArC), 134.1 (ArC), 133.6 (ArC), 131.5 (ArC), 131.1 

(ArCH), 130.5 (ArC), 129.6 (ArCH), 129.2 (ArCH), 127.3 (ArCH), 120.6 (ArCH), 111.3 

(ArCH), 55.6 (OCH3), 45.4 (C(Ar)H), 39.2 (CH2); m/z (ESI) 344 [M+Na]+; HRMS (ESI) 

C16H13
35Cl2NO2Na+ requires 344.0216, found 344.0219 [M+Na]+. 

5-(2,4-Dichlorophenyl)-8-methoxy-4,5-dihydrotetrazolo[1,5-a]quinoline, 264 

m.p. 181-183 ºC; max /cm-1 (neat) 2851 (m, C-H), 1542 (m, 

C=N), 1432 (s, N=N), 1227 (s, C-O); δH (500 MHz, CDCl3) 7.54 

(1H, d, J = 2.5 Hz, ArH), 7.48 (1H, d, J = 2.0 Hz, ArH), 7.24 (1H, 

dd, J = 8.0, 2.0 Hz, ArH), 7.20 (1H, d, J = 8.5 Hz, ArH), 7.08-

7.05 (1H, m, ArH), 7.05 (1H, d, J = 8.0, ArH), 5.70 (1H, t, J = 

7.0 Hz, C(Ar)H), 3.92 (3H, s, OCH3), 3.55 (1H, dd, J = 14.0, 7.0 

Hz, C(H)H), 3.43 (1H, dd, J = 14.0, 6.5 Hz, C(H)H); δC (126 MHz, CDCl3) 160.9 (C=N), 

160.4 (ArC), 138.3 (ArC), 135.1 (ArC), 134.7 (ArC), 132.9 (ArCH), 131.0 (ArC), 129.8 

(ArCH), 127.6 (ArCH), 125.7 (ArCH), 124.0 (ArC), 117.9 (ArCH), 107.6 (ArCH), 60.4 

(OCH3), 55.9 (C(Ar)H), 37.2 (CH2); m/z (ESI) 369 [M+Na]+; HRMS (ESI) 

C16H12
35Cl2N4ONa+ requires 369.0280, found 369.0276 [M+Na]+. 

4-(2,4-Dichlorophenyl)-5-methoxy-3,4-dihydroisoquinolin-1(2H)-one, 393 

m.p. 195-197 ºC; max /cm-1 (neat) 3200 (m, N-H), 2853 (m, C-H), 1685 

(s, C=O), 1265 (s, C-O); δH (500 MHz, CDCl3) 7.84 (1H, d, J = 8.0 Hz, 

ArH), 7.47 (1H, d, J = 8.0 Hz, ArH), 7.46-7.44 (1H, m, ArH), 7.07 (1H, 

d, J = 8.0 Hz, ArH), 7.02 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.60 (1H, d, J 

= 8.5 Hz, ArH), 5.90 (1H, d, J = 4.0 Hz, CONH), 4.93 (1H, d, J = 5.0 

Hz, C(Ar)H), 3.97 (1H, dd, J = 13.0, 5.0 Hz, C(H)H), 3.75 (3H, s, 

OCH3), 3.57 (1H, dd, J = 13.0, 5.5 Hz, C(H)H); δC (126 MHz, CDCl3) 166.0 (C=O), 

155.6 (ArC), 136.7 (ArC), 134.1 (ArC), 133.3 (ArC), 130.7 (ArC), 130.4 (ArCH), 129.5 

(ArCH), 128.8 (ArCH), 127.6 (ArC), 126.9 (ArCH), 120.0 (ArCH), 114.4 (ArCH), 55.9 

(OCH3), 44.9 (CH2), 33.5 (C(Ar)H); m/z (ESI) 344 [M+Na]+; HRMS (ESI) 

C16H13
35Cl2NO2Na+ requires 344.0216, found 344.0217 [M+Na]+. 
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(S)-4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (S)-237 

 

General procedure J was applied using (S)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (S)-121 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (118 mg, 61 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +25.9; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 218 nm, (S)-isomer 15.29 min., (R)-isomer 17.35 min.). 

(R)-4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one, (R)-237 

 

General procedure J was applied using (R)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (R)-121 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (113 mg, 58 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –19.3; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 218 nm, (S)-isomer 15.44 min., (R)-isomer 17.07 min.). 
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(S)-4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (S)-256 

 

General procedure J was applied using (S)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (S)-121 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (51 mg, 26 %, 92 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +27.0; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 222 nm, (R)-isomer 12.83 min., (S)-isomer 15.85 min.). 

(R)-4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroquinolin-2(1H)-one, (R)-256 

 

General procedure J was applied using (R)-3-(2,4-dichlorophenyl)-6-methoxy-2,3-

dihydro-1H-inden-1-one (R)-121 (184 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (40 mg, 21 %, 94 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –41.9; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 222 nm, (R)-isomer 12.65 min., (S)-isomer 16.16 min.). 
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Schmidt Reaction of 4,5,6-Trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 122 

 

General procedure J was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (100 mg, 0.36 mmol), CHCl3 (1.57 mL), methanesulfonic acid (205 μL, 

3.35 mmol) and sodium azide (44 mg, 0.67 mmol). Work-up yielded an orange-brown 

oil, comprising a 0.84:0.03:0.13 mixture of 5,6,7-trimethoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one 238, 5,6,7-trimethoxy-4-phenyl-3,4-dihydroquinolin-

2(1H)-one 257, 7,8,9-trimethoxy-6-phenyl-5,6-dihydrotetrazolo[5,1-a]isoquinoline 265, 

respectively. Purification by flash column chromatography, eluting with pet ether:EtOAc 

(1:2), afforded 238 as an off-white solid (70 mg, 67 %), 257 as an off-white solid (3 mg, 

3 %) and 265 as yellow solid (11 mg, 10 %). Spectroscopic data for each compound are 

as follows: 

5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, 238 

Spectroscopic data are in agreement with those previously acquired. 

 

 

 

 

5,6,7-Trimethoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, 257 

m.p. 198-200 ºC; max /cm-1 (neat) 3181 (m, N-H), 2851 (m, C-H), 

1677 (s, C=O), 1384 (s, C-O); δH (500 MHz, CDCl3) 7.91 (1H, s, 

CONH), 7.27-7.23 (2H, m, 2 x ArH), 7.21-7.17 (1H, m, ArH), 

7.15-7.11 (2H, m, 2 x ArH), 6.18 (1H, s, ArH), 4.59 (1H, d, J = 

7.5 Hz, C(Ar)H), 3.88 (3H, s, OCH3), 3.83 (3H, s, OCH3), 3.67 

(3H, s, OCH3), 2.99 (1H, dd, J = 16.0, 7.5 Hz, C(H)H), 2.84 (1H, d, J = 16.0 Hz, C(H)H); 

δC (126 MHz, CDCl3) 170.0 (C=O), 153.5 (ArC), 151.5 (ArC), 142.8 (ArC), 138.2 (ArC), 

133.0 (ArC), 128.7 (2 x ArCH), 126.9 (2 x ArCH), 126.8 (ArCH), 111.8 (ArC), 95.5 

(ArCH), 61.0 (OCH3), 60.9 (OCH3), 56.2 (OCH3), 38.4 (CH2), 35.8 (C(Ar)H); m/z (ESI) 

336 [M+Na]+; HRMS (ESI) C18H19NO4Na+ requires 336.1206, found 336.1207 [M+Na]+. 
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6,7,8-Trimethoxy-5-phenyl-4,5-dihydrotetrazolo[1,5-a]quinoline, 265 

m.p. 100-102 ºC; max /cm-1 (neat) 2851 (m, C-H), 1581 (w, C=N), 

1482 (s, N=N), 1105 (s, C-O); δH (500 MHz, CDCl3) 7.25-7.18 

(3H, m, 3 x ArH), 6.96-6.92 (2H, m, 2 x ArH), 5.92 (1H, t, J = 4.5 

Hz, C(Ar)H), 4.37 (3H, s, OCH3), 4.14 (3H, s, OCH3), 4.08 (3H, 

s, OCH3), 4.00 (1H, dd, J = 14.0, 4.0 Hz, C(H)H), 3.75 (1H, dd, J 

= 14.0, 4.5 Hz, C(H)H); δC (126 MHz, CDCl3) 160.7 (C=N), 155.7 (ArC), 149.5 (ArC), 

143.7 (ArC), 133.2 (ArC), 130.6 (ArC), 129.2 (2 x ArCH), 128.2 (2 x ArCH), 127.2 

(ArCH), 118.5 (ArC), 101.3 (ArCH), 61.3 (OCH3), 61.2 (OCH3), 61.1 (OCH3), 56.4 

(C(Ar)H), 36.8 (CH2); m/z (ESI) 361 [M+Na]+; HRMS (ESI) C18H18N4O3Na+ requires 

361.1271, found 361.1272 [M+Na]+. 

(S)-5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, (S)-238 

 

General procedure J was applied using (S)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (S)-122 (179 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (148 mg, 79 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +55.1; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 221 

nm, (R)-isomer 12.68 min., (S)-isomer 18.79 min.). 

(R)-5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one, (R)-238 

 

General procedure J was applied using (R)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (R)-122 (179 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 
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μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (153 mg, 81 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) –54.5; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 221 

nm, (R)-isomer 12.63 min., (S)-isomer 19.59 min.). 

(S)-5,6,7-Trimethoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, (S)-257 

 

General procedure J was applied using (S)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (S)-122 (179 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (9 mg, 5 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
29 (c = 0.10, CHCl3) +7.50; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 222 

nm, (S)-isomer 11.41 min., (R)-isomer 17.92 min.). 

(R)-5,6,7-Trimethoxy-4-phenyl-3,4-dihydroquinolin-2(1H)-one, (R)-257 

 

General procedure J was applied using (R)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (R)-122 (179 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (10 mg, 5 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
29 (c = 0.06, CHCl3) –16.7; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 222 

nm, (S)-isomer 11.52 min., (R)-isomer 17.60 min.). 
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Schmidt Reaction of 3-(4-Chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-

one, 123 

 

General procedure J was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (100 mg, 0.30 mmol), CHCl3 (1.41 mL), methanesulfonic 

acid (184 μL, 2.83 mmol) and sodium azide (39 mg, 0.60 mmol). Work-up  

yielded an off-white solid, comprising a 0.87:0.04:0.09 mixture of 4-(4-chlorophenyl)-

5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one 239, 4-(4-chlorophenyl)-5,6,7-

trimethoxy-3,4-dihydroquinolin-2(1H)-one 258, and 6-(4-chlorophenyl)-7,8,9-

trimethoxy-5,6-dihydrotetrazolo[5,1-a]isoquinoline 266, respectively. Purification by 

flash column chromatography, eluting with pet ether:EtOAc (1:2), afforded 239 as an off-

white solid (73 mg, 70 %), 258 as an off-white solid (2 mg, 2 %) and 266 as an off-white 

solid (5 mg, 4 %). Spectroscopic data for each compound are as follows: 

4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 239 

Spectroscopic data are in agreement with those previously acquired. 

 

 

 

 

4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, 258 

m.p. 213-215 ºC; max /cm-1 (neat) 3057 (m, N-H), 2852 (m, C-H), 

1679 (s, C=O), 1388 (s, C-O); δH (500 MHz, CDCl3) 8.41 (1H, s, 

CONH), 7.22 (2H, d, J = 8.5 Hz, 2 x ArH), 7.07 (2H, d, J = 8.5 

Hz, 2 x ArH), 6.21 (1H, s, ArH), 4.56 (1H, d, J = 7.5 Hz, C(Ar)H), 

3.88 (3H, s, OCH3), 3.82 (3H, s, OCH3), 3.70 (3H, s, OCH3), 2.98 

(1H, dd, J = 16.0, 7.5 Hz, C(H)H), 2.79 (1H, d, J = 16.0, C(H)H); 

δC (126 MHz, CDCl3) 170.0 (C=O), 153.7 (ArC), 151.3 (ArC), 141.4 (ArC), 138.2 (ArC), 

133.0 (ArC), 132.6 (ArC), 128.9 (2 x ArCH), 128.3 (2 x ArCH), 111.1 (ArC), 95.6 
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(ArCH), 61.0 (2 x OCH3), 56.2 (OCH3), 38.2 (CH2), 35.2 (C(Ar)H); m/z (ESI) 370 

[M+Na]+; HRMS (ESI) C18H18
35ClNO4Na+ requires 370.0817, found 370.0818 [M+Na]+. 

5-(4-Chlorophenyl)-6,7,8-trimethoxy-4,5-dihydrotetrazolo[1,5-a]quinoline, 266 

m.p. 141-143 ºC; max /cm-1 (neat) 2849 (m, C-H), 1535 (w, C=N), 

1467 (s, N=N), 1115 (s, C-O); δH (500 MHz, CDCl3) 7.12 (1H, s, 

ArH), 6.99 (2H, d, J = 8.5 Hz, 2 x ArH), 6.67 (2H, d, J = 8.5 Hz, 

2 x ArH), 5.72 (1H, t, J = 4.0 Hz, C(Ar)H), 4.18 (3H, s, OCH3), 

3.95 (3H, s, OCH3), 3.92 (3H, s, OCH3), 3.79 (1H, dd, J = 14.5, 

4.0 Hz, C(H)H), 3.58 (1H, dd, J = 14.5, 4.5 Hz, C(H)H); δC (126 

MHz, CDCl3) 160.7 (C=N), 155.8 (ArC), 149.5 (ArC), 143.7 (ArC), 133.2 (ArC), 131.6 

(ArC), 130.5 (2 x ArCH), 130.1 (ArC), 128.4 (2 x ArCH), 118.5 (ArC), 101.5 (ArCH), 

61.3 (OCH3), 61.1 (OCH3), 61.0 (OCH3), 56.4 (C(Ar)H), 36.0 (CH2); m/z (ESI) 395 

[M+Na]+; HRMS (ESI) C18H17
35ClN4O3Na+ requires 395.0881, found 395.0885 

[M+Na]+. 

(S)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, (S)-239 

 

General procedure J was applied using (S)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (S)-123 (200 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (162 mg, 78 %, 91 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +26.8; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 10:90, 1.00 mL/min., 223 

nm, (S)-isomer 11.36 min., (R)-isomer 12.92 min.). 
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(R)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 

(R)-239 

 

General procedure J was applied using (R)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (R)-123 (200 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (140 mg, 67 %, 99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.20, CHCl3) –32.6; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 10:90, 1.00 mL/min., 223 

nm, (S)-isomer 11.72 min., (R)-isomer 12.84 min.). 

(S)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, (S)-258 

 

General procedure J was applied using (S)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (S)-123 (200 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (8 mg, 4 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
29 (c = 0.10, CHCl3) +5.80; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 5:95, 1.00 mL/min., 224 nm, 

(R)-isomer 27.09 min., (S)-isomer 28.61 min.). 
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(R)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, (R)-258 

 

General procedure J was applied using (R)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one (R)-123 (200 mg, 0.60 mmol), CHCl3 (2.82 mL), methanesulfonic acid (368 

μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded the title compound as an 

off-white solid (11 mg, 5 %, >99 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
29 (c = 0.11, CHCl3) –9.10; enantiomeric excess determined by HPLC 

analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 5:95, 1.00 mL/min., 224 nm, 

(R)-isomer 26.86 min., (S)-isomer 29.53 min.). 

Schmidt Reaction of 3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-

inden-1-one, 124 

 

General procedure J was applied 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-

1H-inden-1-one 124 (100 mg, 0.27 mmol), CHCl3 (1.28 mL), methanesulfonic acid (167 

μL, 2.57 mmol) and sodium azide (35 mg, 0.54 mmol). Work-up yielded a yellow-brown 

solid, comprising a 0.89:0.05:0.06 mixture of 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one 240, 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroquinolin-2(1H)-one 259, and 6-(3,4-dichlorophenyl)-7,8,9-trimethoxy-5,6-

dihydrotetrazolo[5,1-a]isoquinoline 267, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 240 as an off-white solid 

(70 mg, 67 %), 259 as an off-white solid (3 mg, 3 %) and 267 as an off-white solid (3 mg, 

3 %). Spectroscopic data for each compound are as follows: 
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4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 240 

Spectroscopic data are in agreement with those previously 

acquired. 

 

 

 

 

4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, 259 

m.p. 218-220 ºC; max /cm-1 (neat) 3184 (m, N-H), 2851 (m, C-

H), 1678 (s, C=O), 1105 (s, C-O); δH (500 MHz, CDCl3) 8.48 (1H, 

s, CONH), 7.33 (1H, d, J = 8.5 Hz, ArH), 7.21 (1H, d, J = 2.0 Hz, 

ArH), 6.97 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.22 (1H, s, ArH), 4.54 

(1H, d, J = 7.5 Hz, C(Ar)H), 3.88 (3H, s, OCH3), 3.83 (3H, s, 

OCH3), 3.74 (3H, s, OCH3), 2.99 (1H, dd, J = 16.5, 7.5 Hz, 

C(H)H), 2.78 (1H, d, J = 16.5 Hz, C(H)H); δC (126 MHz, CDCl3) 169.7 (C=O), 153.9 

(ArC), 151.2 (ArC), 143.2 (ArC), 138.1 (ArC), 133.0 (ArC), 132.7 (ArC), 130.9 (ArC), 

130.7 (ArCH), 129.1 (ArCH), 126.4 (ArCH), 110.2 (ArC), 95.7 (ArCH), 61.0 (2 x OCH3), 

56.2 (OCH3), 38.0 (CH2), 35.0 (C(Ar)H); m/z (ESI) 404 [M+Na]+; HRMS (ESI) 

C18H17
35Cl2NO4Na+ requires 404.0427, found 404.0426 [M+Na]+. This compound is 

known but was previously reported without characterisation data.251 

5-(3,4-Dichlorophenyl)-6,7,8-trimethoxy-4,5-dihydrotetrazolo[1,5-a]quinolone, 267 

m.p. 144-146 ºC; max /cm-1 (neat) 2850 (m, C-H), 1542 (w, C=N), 

1467 (s, N=N), 1112 (s, C-O); δH (500 MHz, CDCl3) 7.15 (1H, s, 

ArH), 7.09 (1H, d, J = 8.0 Hz, ArH), 6.94 (1H, d, J = 2.0 Hz, 

ArH), 6.52 (1H, dd, J = 8.0, 2.0 Hz, ArH), 5.72 (1H, t, J = 4.0 Hz, 

C(Ar)H), 4.19 (3H, s, OCH3), 3.96 (3H, s, OCH3), 3.93 (3H, s, 

OCH3), 3.78 (1H, dd, J = 14.5, 4.0 Hz, C(H)H), 3.58 (1H, dd, J 

= 14.5, 4.7 Hz, C(H)H); δC (126 MHz, CDCl3) 160.7 (C=N), 156.0 (ArC), 149.5 (ArC), 

143.8 (ArC), 133.5 (ArC), 132.1 (ArC), 131.5 (ArC), 131.2 (ArCH), 130.2 (ArCH), 129.8 

(ArC), 128.4 (ArCH), 118.4 (ArC), 101.7 (ArCH), 61.4 (OCH3), 61.2 (OCH3), 60.7 

(OCH3), 56.5 (C(Ar)H), 35.7 (CH2); m/z (ESI) 429 [M+Na]+; HRMS (ESI) 

C18H16
35Cl2N4O3Na+ requires 429.0492, found 429.0490 [M+Na]+. 

 



195 

(S)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one,  

(S)-240 

 

General procedure J was applied using (S)-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (S)-124 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (188 mg, 82 %, 99 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +20.9; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 224 nm, (S)-isomer 10.93 min., (R)-isomer 12.75 min.). 

(R)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 

(R)-240 

 

General procedure J was applied using (R)-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (R)-124 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (180 mg, 78 %, >99 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –17.8; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-

propanol:hexane = 10:90, 1.00 mL/min., 224 nm, (S)-isomer 11.00 min., (R)-isomer 12.71 

min.). 
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(S)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, 

(S)-259 

 

General procedure J was applied using (S)-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (S)-124 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (9 mg, 4 %, >99 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.08, CHCl3) +2.20; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

5:95, 1.00 mL/min., 222 nm, (R)-isomer 27.77 min., (S)-isomer 29.09 min.). 

(R)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one,  

(R)-259 

 

General procedure J was applied using (R)-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (R)-124 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (8 mg, 3 %, 97 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.07, CHCl3) –13.5; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

5:95, 1.00 mL/min., 222 nm, (R)-isomer 28.01 min., (S)-isomer 30.78 min.). 
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Schmidt Reaction of 3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-

inden-1-one, 125 

 

General procedure J was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (100 mg, 0.27 mmol), CHCl3 (1.28 mL), methanesulfonic 

acid (167 μL, 2.57 mmol) and sodium azide (35 mg, 0.54 mmol). Work-up yielded  

an off-white solid, comprising a 0.91:0.02:0.05:0.02 mixture of 4-(2,4-dichlorophenyl)-

5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one 241, 4-(2,4-dichlorophenyl)- 

5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one 260, 5-(2,4-dichlorophenyl)-6,7,8-

trimethoxy-4,5-dihydrotetrazolo[1,5-a]quinolone 268, and 6-(2,4-dichlorophenyl)-7,8,9-

trimethoxy-5,6-dihydrotetrazolo[5,1-a]isoquinoline 269, respectively. Purification by 

flash column chromatography, eluting with pet ether:EtOAc (1:2), afforded 241 as an off-

white solid (76 mg, 73 %), 260 as an off-white solid (1 mg, 1 %), 268 as an off-white 

solid (4 mg, 4 %), and 269 as an off-white solid (1 mg, 1 %). Spectroscopic data for each 

compound are as follows: 

4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 241 

Spectroscopic data are in agreement with those previously 

acquired. 

 

 

 

 

4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one, 260 

m.p. 241-242 ºC; max /cm-1 (neat) 3185 (m, N-H), 2851 (m, C-

H), 1681 (s, C=O), 1106 (s, C-O); δH (500 MHz, CDCl3) 8.23 (1H, 

s, CONH), 7.44 (1H, d, J = 1.5 Hz, ArH), 7.06 (1H, dd, J = 8.5, 

1.5 Hz, ArH), 6.69 (1H, d, J = 8.5 Hz, ArH), 6.23 (1H, s, ArH), 

4.97 (1H, d, J = 8.0 Hz, C(Ar)H), 3.90 (3H, s, OCH3), 3.81 (3H, 

s, OCH3), 3.63 (3H, s, OCH3), 2.95 (1H, dd, J = 16.5, 8.0 Hz, 
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C(H)H), 2.81 (1H, d, J = 16.5 Hz, C(H)H); δC (126 MHz, CDCl3) 169.5 (C=O), 154.0 

(ArC), 151.3 (ArC), 138.4 (ArC), 138.3 (ArC), 133.8 (ArC), 133.7 (ArC), 133.3 (ArC), 

129.8 (ArCH), 129.1 (ArCH), 127.4 (ArCH), 110.2 (ArC), 95.4 (ArCH), 61.0 (OCH3), 

60.9 (OCH3), 56.2 (OCH3), 36.4 (CH2), 32.5 (C(Ar)H); m/z (ESI) 404 [M+Na]+; HRMS 

(ESI) C18H17
35Cl2NO4Na+ requires 404.0427, found 404.0428 [M+Na]+. This compound 

is known but was previously reported without characterisation data.251 

5-(2,4-Dichlorophenyl)-6,7,8-trimethoxy-4,5-dihydrotetrazolo[1,5-a]quinoline, 268 

m.p. 178-180 ºC; max /cm-1 (neat) 2847 (m, C-H), 1586 (w, 

C=N), 1466 (s, N=N), 1118 (s, C-O); δH (500 MHz, CDCl3) 7.43 

(1H, d, J = 2.0 Hz, ArH), 7.30 (1H, s, ArH), 7.21 (1H, dd, J = 8.0, 

2.0 Hz, ArH), 7.05 (1H, d, J = 8.0 Hz, ArH), 5.75 (1H, dd, J = 

9.0, 3.5 Hz, C(Ar)H), 4.13 (3H, s, OCH3), 4.09 (1H, dd, J = 14.5, 

3.5 Hz, C(H)H), 3.98 (3H, s, OCH3), 3.96 (3H, s, OCH3), 2.99 

(1H, dd, J = 14.5, 9.0 Hz, C(H)H); δC (126 MHz, CDCl3) 160.5 (C=N), 156.1 (ArC), 

149.9 (ArC), 144.1 (ArC), 135.1 (ArC), 134.3 (ArC), 133.2 (ArCH), 131.4 (ArC), 131.3 

(ArC), 129.6 (ArCH), 127.3 (ArCH), 118.1 (ArC), 101.6 (ArCH), 61.3 (OCH3), 61.2 

(OCH3), 60.4 (OCH3), 56.6 (C(Ar)H), 35.7 (CH2); m/z (ESI) 429 [M+Na]+; HRMS (ESI) 

C18H16
35Cl2N4O3Na+ requires 429.0492, found 429.0495 [M+Na]+. 

6-(2,4-Dichlorophenyl)-7,8,9-trimethoxy-5,6-dihydrotetrazolo[5,1-a]isoquinoline, 

269 

m.p. 138-140 ºC; max /cm-1 (neat) 2850 (m, C-H), 1586 (w, C=N), 

1468 (s, N=N), 1107 (s, C-O); δH (500 MHz, CDCl3) 7.62 (1H, s, 

ArH), 7.49 (1H, d, J = 2.0 Hz, ArH), 6.94 (1H, dd, J = 8.5, 2.0 

Hz, ArH), 6.25 (1H, d, J = 8.5 Hz, ArH), 5.36 (1H, d, J = 6.0 Hz, 

C(Ar)H), 4.96 (1H, dd, J = 14.0, 5.0 Hz, C(H)H), 4.61 (1H, dd, J 

= 14.0, 7.0 Hz, C(H)H), 4.04 (3H, s, OCH3), 3.93 (3H, s, OCH3), 

3.65 (3H, s, OCH3); δC (126 MHz, CDCl3) 154.7 (C=N), 151.3 (ArC), 150.8 (ArC), 145.6 

(ArC), 136.2 (ArC), 134.3 (ArC), 133.7 (ArC), 130.1 (ArCH), 129.4 (ArCH), 127.5 

(ArCH), 121.9 (ArC), 117.1 (ArC), 104.4 (ArCH), 61.0 (2 x OCH3), 56.5 (OCH3), 48.9 

(CH2), 34.5 (C(Ar)H); m/z (ESI) 429 [M+Na]+; HRMS (ESI) C18H16
35Cl2N4O3Na+ 

requires 429.0492, found 429.0496 [M+Na]+. 
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(S)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one,  

(S)-241 

 

General procedure J was applied using (S)-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (S)-125 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (204 mg, 89 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –20.6; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 229 nm, (R)-isomer 8.49 min., (S)-isomer 10.11 min.). 

(R)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-one, 

(R)-241 

 

General procedure J was applied using (R)-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (R)-125 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (192 mg, 84 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) 26.9; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 229 nm, (R)-isomer 8.44 min., (S)-isomer 10.49 min.). 
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(S)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one,  

(S)-260 

 

General procedure J was applied using (R)-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (S)-125 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (6 mg, 3 %, 93 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.03, CHCl3) –17.2; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 223 nm, (S)-isomer 8.00 min., (R)-isomer 10.33 min.). 

(R)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroquinolin-2(1H)-one,  

(R)-260 

 

General procedure J was applied using (R)-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-

2,3-dihydro-1H-inden-1-one (R)-125 (220 mg, 0.60 mmol), CHCl3 (2.82 mL), 

methanesulfonic acid (368 μL, 5.66 mmol) and sodium azide (78 mg, 1.20 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (1:2), 

afforded the title compound as an off-white solid (4 mg, 2 %, 96 % e.e.); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.02, CHCl3) +2.50; enantiomeric 

excess determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 

10:90, 1.00 mL/min., 223 nm, (S)-isomer 8.39 min., (R)-isomer 10.41 min.). 
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Schmidt Reaction of 2,3-Dihydro-1H-inden-1-one, 4 

 

General procedure J was applied using 2,3-dihydro-1H-inden-1-one 4 (100 mg, 0.76 

mmol), CHCl3 (3.56 mL), methanesulfonic acid (464 μL, 7.14 mmol) and sodium azide 

(98 mg, 1.51 mmol). Work-up yielded a white solid, comprising a 0.45:0.51:0.04 mixture 

of 3,4-dihydroisoquinolin-1(2H)-one 164, 3,4-dihydroquinolin-2(1H)-one 163 and 2-

cyanophenethyl methanesulfonate 288, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 164 as a yellow solid (38 

mg, 34 %), 163 as a white solid (36 mg, 32 %), and 288 as a white solid (3 mg, 2 %). 

Spectroscopic data for each compound are as follows: 

3,4-Dihydroisoquinolin-1(2H)-one, 164  

Spectroscopic data are in agreement with those previously acquired. 

 

 

3,4-Dihydroisoquinolin-2(1H)-one, 163 

m.p. 164-165 ºC (lit.169 165-167 °C); max /cm-1 (neat) 3131 (m, N-H), 

2855 (m, C-H), 1678 (s, C=O), 1432 (s, C-O); δH (500 MHz, CDCl3) 

8.69 (1H, s, CONH), 7.23-7.15 (2H, m, 2 x ArH), 7.04-6.98 (1H, m, 

ArH), 6.83 (1H, d, J = 7.5 Hz, ArH), 3.06-2.93 (2H, m, CH2), 2.72-2.62 (2H, m, CH2); δC 

(126 MHz, CDCl3) 171.9 (C=O), 137.3 (ArC), 128.0 (ArCH), 127.6 (ArCH), 123.7 

(ArC), 123.1 (ArCH), 115.4 (ArCH), 30.8 (CH2), 25.4 (CH2); m/z (ESI) 170 [M+Na]+; 

HRMS (ESI) C9H9NONa+ requires 170.0576, found 170.0579 [M+Na]+. These data are 

consistent with those previously reported.169 

2-Cyanophenethyl methanesulfonate, 288 

m.p. 96-98 ºC; max /cm-1 (neat) 2937 (m, ArC-H), 2852 (m, C-H), 

2225 (m, C≡N), 1350 (s, S=O (as)), 1170 (s, S=O (s)); δH (500 

MHz, CDCl3) 7.69 (1H, d, J = 8.0 Hz, ArH), 7.62-7.58 (1H, m, 

ArH), 7.44 (1H, d, J = 8.0 Hz, ArH), 7.41 (1H, t, J = 8.0 Hz, ArH), 4.52 (2H, t, J = 6.5 

Hz, CH2), 3.32 (2H, t, J = 6.5 Hz, CH2), 2.98 (3H, s, SCH3); δC (126 MHz, CDCl3) 140.2 

(ArC), 133.1 (2 x ArCH), 130.5 (ArCH), 127.9 (ArCH), 117.7 (C≡N), 112.9 (ArC), 68.3 
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(CH2), 37.6 (SCH3), 34.3 (CH2); m/z (ESI) 248 [M+Na]+; HRMS (ESI) C10H11NO3SNa+ 

requires 248.0352, found 248.0352 [M+Na]+. This compound is known but has 

previously only been reported with 1H NMR data, which are consistent with those 

reported here.252 

Schmidt Reaction of 6-Methoxy-2,3-dihydro-1H-inden-1-one, 275 

 

General procedure J was applied using 6-methoxy-2,3-dihydro-1H-inden-1-one 275 (81 

mg, 0.50 mmol), CHCl3 (2.35 mL), methanesulfonic acid (306 μL, 4.72 mmol) and 

sodium azide (65 mg, 1.00 mmol). Work-up yielded an off-white solid, comprising a 

0.56:0.44 mixture of 7-methoxy-3,4-dihydroisoquinolin-1(2H)-one 279 and 7-methoxy-

3,4-dihydroquinolin-2(1H)-one 283, respectively. Purification by flash column 

chromatography, eluting with pet ether:EtOAc (1:2), afforded 279 as an off-white solid 

(44 mg, 49 %) and 283 as a white solid (32 mg, 36 %). Spectroscopic data for each 

compound are as follows: 

7-Methoxy-3,4-dihydroisoquinolin-1(2H)-one, 279  

m.p. 108-110 ºC (lit.143, 249 112-113 °C); max /cm-1 (neat) 3194 (m, 

N-H), 2853 (m, C-H), 1662 (s, C=O), 1328 (s, C-O); δH (500 MHz, 

CDCl3) 7.59 (1H, d, J = 2.5 Hz, ArH), 7.12 (1H, d, J = 8.5 Hz, ArH), 

7.00 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.55 (1H, s, CONH), 3.84 (3H, s, OCH3), 3.54 (2H, 

td, J = 6.5, 3.0 Hz, CH2), 2.93 (2H, t, J = 6.5 Hz, CH2); δC (126 MHz, CDCl3) 166.5 

(C=O), 158.9 (ArC), 131.2 (ArC), 130.0 (ArC), 128.6 (ArCH), 119.9 (ArCH), 111.2 

(ArCH), 55.7 (OCH3), 40.6 (CH2), 27.6 (CH2); m/z (ESI) 178 [M+H]+; HRMS (ESI) 

C10H12NO2
+ requires 178.0863, found 178.0861 [M+H]+. These data are consistent with 

those previously reported.249 

7-Methoxy-3,4-dihydroisoquinolin-2(1H)-one, 283 

m.p. 146-147 ºC (lit.143 145-146 °C); max /cm-1 (neat) 3196 (m, 

N-H), 2834 (m, C-H), 1673 (s, C=O), 1379 (s, C-O); δH (500 

MHz, CDCl3) 8.58 (1H, s, CONH), 7.05 (1H, d, J = 8.5 Hz, ArH), 

6.53 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.37 (1H, d, J = 2.5 Hz, ArH), 3.78 (3H, s, OCH3), 
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2.90 (2H, t, J = 7.5 Hz, CH2), 2.62 (2H, dd, J = 8.0, 7.0 Hz, CH2); δC (126 MHz, CDCl3) 

172.2 (C=O), 159.4 (ArC), 138.3 (ArC), 128.8 (ArCH), 115.9 (ArC), 108.3 (ArCH), 

101.8 (ArCH), 55.6 (OCH3), 31.2 (CH2), 24.7 (CH2); m/z (ESI) 178 [M+H]+; HRMS 

(ESI) C10H12NO2
+ requires 178.0863, found 178.0860 [M+H]+. These data are consistent 

with those previously reported.253 

Schmidt Reaction of 3-Phenyl-2,3-dihydro-1H-inden-1-one, 276 

 

General procedure J was applied using 3-phenyl-2,3-dihydro-1H-inden-1-one 276  

(312 mg, 1.5 mmol), CHCl3 (7.05 mL), methanesulfonic acid (918 μL, 14.2 mmol) and 

sodium azide (195 mg, 3.00 mmol). Work-up yielded an off-white solid, comprising  

a 0.29:0.40:0.09:0.22 mixture of 4-phenyl-3,4-dihydroisoquinolin-1(2H)-one 280,  

4-phenyl-3,4-dihydroquinolin-2(1H)-one 284, 2-(2-cyanophenyl)-2-phenylethyl 

methanesulfonate 289 and (E)-2-styrylbenzonitrile 291, respectively. Purification by 

gradient column chromatography, eluting with pet ether:EtOAc (3:1 to 1:2), afforded 280 

as an off-white solid (79 mg, 23 %), 284 as an off-white solid (141 mg, 42 %), 289 as 

pale yellow solid (7 mg, 1 %), and 291 as a yellow oil (70 mg, 23 %). Spectroscopic data 

for each compound are as follows: 

4-Phenyl-3,4-dihydroisoquinolin-1(2H)-one, 280  

m.p. 170-172 ºC (lit.254 173.5-174 °C); max /cm-1 (neat) 3197 (m, N-H), 

2942 (m, ArC-H), 2891 (m, C-H), 1670 (s, C=O); δH (500 MHz, CDCl3) 

8.16 (1H, dd, J = 7.0, 1.0 Hz, ArH), 7.45-7.37 (2H, m, 2 x ArH), 7.37-

7.27 (3H, m, 3 x ArH), 7.21-7.16 (2H, m, 2 x ArH), 6.97 (1H, d, J = 7.0 

Hz, ArH), 6.35 (1H, s, CONH), 4.33 (1H, dd, J = 7.0, 6.0 Hz, C(Ar)H), 

3.82 (1H, ddd, J = 12.0, 5.0, 3.0 Hz, C(H)H), 3.71 (1H, ddd, J = 12.0, 11.0, 2.5 Hz, 

C(H)H); δC (126 MHz, CDCl3) 166.2 (C=O), 141.5 (ArC), 140.8 (ArC), 132.6 (ArCH), 

129.1 (ArC), 128.9 (2 x ArCH), 128.7 (2 x ArCH), 128.3 (ArCH), 127.8 (ArCH), 127.6 

(ArCH), 127.5 (ArCH), 47.3 (CH2), 44.4 (C(Ar)H); m/z (ESI) 246 [M+Na]+; HRMS 

(ESI) C15H13NONa+ requires 246.0889, found 246.0885 [M+Na]+. These data are 

consistent with those previously reported.255 
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4-Phenyl-3,4-dihydroisoquinolin-2(1H)-one, 284 

m.p. 176-178 ºC (lit.106 181-182 °C); max /cm-1 (neat) 3190 (m, N-H), 

2979 (m, ArC-H), 2889 (m, C-H), 1666 (s, C=O); δH (500 MHz, CDCl3) 

8.73 (1H, s, CONH), 7.34 (2H, t, J = 7.5 Hz, 2 x ArH), 7.31-7.25 (1H, 

m, ArH), 7.23-7.18 (3H, m, 3 x ArH), 6.97 (1H, t, J = 7.5 Hz, ArH), 

6.92 (1H, d, J = 7.5 Hz, ArH), 6.87 (1H, d, J = 8.0 Hz, ArH), 4.34-4.28 

(1H, m, C(Ar)H), 3.00-2.89 (2H, m, CH2); δC (126 MHz, CDCl3) 170.9 (C=O), 141.6 

(ArC), 137.2 (ArC), 129.1 (2 x ArCH), 128.5 (ArCH), 128.2 (ArCH), 128.0 (2 x ArCH), 

127.4 (ArCH), 126.8 (ArC), 123.5 (ArCH), 115.8 (ArCH), 42.2 (C(Ar)H), 38.5 (CH2); 

m/z (ESI) 246 [M+Na]+; HRMS (ESI) C15H13NONa+ requires 246.0889, found 246.0885 

[M+Na]+. These data are consistent with those previously reported.106 

2-(2-Cyanophenyl)-2-phenylethyl methanesulfonate, 289 

m.p. 112-114 ºC; max /cm-1 (neat) 2934 (m, ArC-H), 2852 (m, C-

H), 2226 (m, C≡N), 1358 (s, S=O (as)), 1172 (s, S=O (s)); δH (500 

MHz, CDCl3) 7.71-7.64 (3H, m, 3 x ArH), 7.48-7.44 (1H, m, 

ArH), 7.37-7.26 (5H, m, 5 x ArH), 5.92 (1H, dd, J = 9.5, 4.0 Hz, 

C(Ar)H), 3.28 (1H, dd, J = 14.0, 4.0 Hz, C(H)H), 3.16 (1H, dd, J 

= 14.0, 9.5 Hz, C(H)H), 2.45 (3H, s, SCH3); δC (126 MHz, CDCl3) 142.8 (ArC), 135.7 

(ArC), 133.6 (ArCH), 133.1 (ArCH), 129.9 (2 x ArCH), 129.2 (ArCH), 129.0 (2 x ArCH), 

127.7 (ArCH), 127.0 (ArCH), 116.9 (C≡N), 110.1 (ArC), 82.8 (C(Ar)H), 43.6 (CH2), 37.7 

(SCH3); m/z (ESI) 324 [M+Na]+; HRMS (ESI) C16H15NO3SNa+ requires 324.0665, found 

324.0670 [M+Na]+. 

(E)-2-Styrylbenzonitrile, 291 

max /cm-1 (neat) 3027 (m, ArC-H), 2221 (m, C≡N), 1633 (m, C=C), 

960 (s, HC=C-H); δH (500 MHz, CDCl3) 7.77 (1H, d, J = 8.0 Hz, 

ArH), 7.62 (1H, d, J = 7.5 Hz, ArH), 7.58-7.52 (3H, m, 3 x ArH), 

7.43 (1H, d, J = 16.0 Hz, HC=CH), 7.37 (2H, t, J = 7.5 Hz, 2 x ArH), 

7.30 (2H, t, J = 7.5 Hz, ArH), 7.24 (1H, d, J = 17.0 Hz, HC=CH); δC 

(126 MHz, CDCl3) 140.7 (ArC), 136.3 (ArC), 133.5 (HC=CH), 133.3 (ArCH), 132.9 

(ArCH), 129.0 (2 x ArCH), 128.9 (ArCH), 127.7 (ArCH), 127.3 (2 x ArCH), 125.4 

(ArCH), 124.2 (HC=CH), 118.1 (C≡N), 111.4 (ArC); m/z (ESI) 228 [M+Na]+; HRMS 

(ESI) C15H11NNa+ requires 228.0784, found 228.0785 [M+Na]+. These data are 

consistent with those previously reported.256 
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Schmidt Reaction of 3,4-Dihydronaphthalen-1(2H)-one, 277 

 

General procedure J was applied using 3,4-dihydronaphthalen-1(2H)-one 277 (67 μl, 

0.50 mmol), CHCl3 (2.35 mL), methanesulfonic acid (306 μL, 4.72 mmol) and sodium 

azide (65 mg, 1.00 mmol). Work-up yielded an off-white solid, comprising a 0.04:0.96 

mixture of 2,3,4,5-tetrahydro-1H-benzo[c]azepin-1-one 281 and 1,3,4,5-tetrahydro-2H-

benzo[b]azepin-2-one 285, respectively. Purification by flash column chromatography, 

eluting with pet ether:EtOAc (1:2), afforded 281 as a pale yellow solid (4 mg, 5 %), and 

285 as an off-white solid (68 mg, 84 %). Spectroscopic data for each compound are as 

follows: 

2,3,4,5-Tetrahydro-1H-benzo[c]azepin-1-one, 281  

m.p. 84-86 ºC (lit.145 102-103 °C); max /cm-1 (neat) 3205 (m, N-H), 2922 

(m, ArC-H), 2853 (m, C-H), 1644 (s, C=O); δH (500 MHz, CDCl3) 7.71 

(1H, d, J = 7.5 Hz, ArH), 7.41 (1H, t, J = 7.5 Hz, ArH), 7.34 (1H, t, J = 

7.5 Hz, ArH), 7.19 (1H, d, J = 7.5 Hz, ArH), 6.38 (1H, s, CONH), 3.13 (2H, q, J = 6.5 

Hz, CH2), 2.87 (2H, t, J = 7.0 Hz, CH2), 2.02 (2H, p, J = 7.0 Hz, CH2); δC (126 MHz, 

CDCl3) 173.9 (C=O), 138.4 (ArC), 135.1 (ArC), 131.4 (ArCH), 129.0 (ArCH), 128.8 

(ArCH), 127.2 (ArCH), 39.8 (CH2), 30.6 (CH2), 30.5 (CH2); m/z (ESI) 162 [M+H]+; 

HRMS (ESI) C10H12NO+ requires 162.0913, found 162.0915 [M+H]+. These data are 

consistent with those previously reported.257 

1,3,4,5-Tetrahydro-2H-benzo[b]azepin-2-one, 285 

m.p. 138-140 ºC (lit.143 139-140 °C); max /cm-1 (neat) 3181 (m, N-H), 

2921 (m, ArC-H), 2863 (m, C-H), 1657 (s, C=O); δH (500 MHz, CDCl3) 

7.95 (1H, s, CONH), 7.26-7.20 (2H, m, 2 x ArH), 7.13 (1H, t, J = 7.5 

Hz, ArH), 6.99 (1H, d, J = 7.5 Hz, ArH), 2.81 (2H, t, J = 7.0 Hz, CH2), 2.36 (2H, t, J = 

7.5 Hz, CH2), 2.24 (2H, p, J = 7.0 Hz, CH2); δC (126 MHz, CDCl3) 175.3 (C=O), 138.0 

(ArC), 134.5 (ArC), 130.0 (ArCH), 127.6 (ArCH), 125.8 (ArCH), 121.9 (ArCH), 32.9 

(CH2), 30.5 (CH2), 28.6 (CH2); m/z (ESI) 162 [M+H]+; HRMS (ESI) C10H12NO+ requires 

162.0913, found 162.0911 [M+H]+. These data are consistent with those previously 

reported.258 
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Schmidt Reaction of 6-Methoxy-3,4-dihydronaphthalen-1(2H)-one, 278 

 

General procedure J was applied using 6-methoxy-3,4-dihydronaphthalen-1(2H)-one 

278 (88 mg, 0.50 mmol), CHCl3 (2.35 mL), methanesulfonic acid (306 μL, 4.72 mmol) 

and sodium azide (65 mg, 1.00 mmol). Work-up yielded an off-white solid, comprising a 

0.62:0.34:0.04 mixture of 7-methoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepin-1-one 282, 

7-methoxy-1,3,4,5-tetrahydro-2H-benzo[b]azepin-2-one 286 and 8-methoxy-5,6-

dihydro-4H-benzo[f]tetrazolo[1,5-a]azepine 287, respectively. Purification by flash 

column chromatography, eluting with pet ether:EtOAc (1:2), afforded 282 as a white solid 

(50 mg, 52 %), 286 as an off-white solid (34 mg, 35 %), and 287 as pale yellow solid (3 

mg, 3 %). Spectroscopic data for each compound are as follows: 

7-Methoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepin-1-one, 282  

m.p. 160-162 ºC (lit.143 160-161 °C); max /cm-1 (neat) 3274 (m, N-

H), 2854 (m, C-H), 1647 (s, C=O), 1362 (s, C-O); δH (500 MHz, 

CDCl3) 7.67 (1H, d, J = 8.5 Hz, ArH), 6.84 (1H, dd, J = 8.5, 2.5 

Hz, ArH), 6.71 (1H, d, J = 2.0 Hz, ArH), 6.67 (1H, s, CONH), 3.84 (3H, s, OCH3), 3.13 

(2H, q, J = 6.5 Hz, CH2), 2.84 (2H, t, J = 7.0 Hz, CH2), 2.01 (2H, p, J = 7.0 Hz, CH2); δC 

(126 MHz, CDCl3) 174.1 (C=O), 162.0 (ArC), 140.7 (ArC), 131.0 (ArCH), 127.6 (ArC), 

114.4 (ArCH), 111.9 (ArCH), 55.4 (OCH3), 39.9 (CH2), 30.9 (CH2), 30.6 (CH2); m/z 

(ESI) 192 [M+H]+; HRMS (ESI) C11H14NO2
+ requires 192.1019, found 192.1017 

[M+H]+. These data are consistent with those previously reported.259 

7-Methoxy-1,3,4,5-tetrahydro-2H-benzo[b]azepin-2-one, 286 

m.p. 140-142 ºC (lit.143 141-142 °C); max /cm-1 (neat) 3170 (m, N-

H), 2855 (m, C-H), 1675 (s, C=O), 1378 (s, C-O); δH (500 MHz, 

CDCl3) 7.71 (1H, s, CONH), 6.92 (1H, d, J = 8.0 Hz, ArH), 6.76 

(1H, s, ArH), 6.77-6.73 (1H, m, ArH), 3.80 (3H, s, OCH3), 2.77 (2H, t, J = 7.0 Hz, CH2), 

2.33 (2H, t, J = 7.0 Hz, CH2), 2.21 (2H, p, J = 7.0 Hz, CH2); δC (126 MHz, CDCl3) 175.3 

(C=O), 157.6 (ArC), 136.1 (ArC), 130.9 (ArC), 123.2 (ArCH), 115.4 (ArCH), 112.3 

(ArCH), 55.6 (OCH3), 32.6 (CH2), 30.7 (CH2), 28.3 (CH2); m/z (ESI) 192 [M+H]+; 
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HRMS (ESI) C11H14NO2
+ requires 192.1019, found 192.1020 [M+H]+. These data are 

consistent with those previously reported.259 

8-Methoxy-5,6-dihydro-4H-benzo[f]tetrazolo[1,5-a]azepine, 287 

m.p. 110-112 ºC; max /cm-1 (neat) 2849 (m, C-H), 1612 (m, C=N), 

1275 (s, N=N), 1212 (m, C-N); δH (500 MHz, CDCl3) 8.25 (1H, d, 

J = 8.5 Hz, ArH), 6.93 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.81 (1H, d, 

J = 2.5 Hz, ArH), 4.61 (2H, t, J = 6.5 Hz, CH2), 3.87 (3H, s, OCH3), 3.01-2.95 (2H, m, 

CH2), 2.43-2.35 (2H, m, CH2); δC (126 MHz, CDCl3) 162.1 (C=N), 154.4 (ArC), 141.6 

(ArC), 132.3 (ArCH), 115.9 (ArCH), 115.7 (ArC), 112.8 (ArCH), 55.6 (OCH3), 48.9 

(CH2), 33.4 (CH3), 26.4 (CH2); m/z (ESI) 217 [M+H]+; HRMS (ESI) C11H13N4O
+ 

requires 217.1084, found 217.1082 [M+H]+. 

3.6.6 Heck Coupling Reaction of 2-Bromobenzonitrile and Styrene – 

Confirmation of (E)-2-Styrylbenzonitrile, 291 

 
To a microwave reaction vial was added 2-bromobenzonitrile (182 mg, 1.00 mmol, 1.00 

equiv.), styrene (115 μL, 1.00 mmol, 1.00 equiv.), triethylamine (209 μL, 1.50 mmol, 

1.50 equiv.), THF (6.00 mL, 6.00 mL/mmol), palladium acetate (11 mg, 0.05 mmol, 5.00 

mol%) and triphenylphosphine (26 mg, 0.10 mmol, 0.10 equiv.). The vial was sealed and 

heated to 160 oC, with stirring, for 1 hour in a microwave reactor. The volatiles were then 

removed under vacuum and water added. Organics were re-dissolved in EtOAc, washed 

with water and extracted with further EtOAc. Extracts were combined, washed with brine 

and then dried over MgSO4, filtered and concentrated in vacuo. Purification by flash 

column chromatography, eluting with pet ether:EtOAc (6:1), gave an inseparable 

0.92:0.08 mixture of 291 to 2-(1-phenylvinyl)benzonitrile 302 as a yellow oil (72 mg, 35 

%). Spectroscopic data of 291 are in agreement with those previously acquired.  
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3.6.7 LiBH4–TMSCl Reduction of 4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one, 241 

 

To a mixture of 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-

one 241 (38 mg, 0.10 mmol, 1.00 equiv.) and LiBH4 (9 mg. 0.40 mmol, 

4.00 equiv.) in THF (1.00 mL, 10.0 mL/mmol), at 0 oC under N2, was added  

chlorotrimethylsilane (51 μL, 0.40 mmol, 4.00 equiv.) slowly over 5 minutes.  

The resulting mixture was heated up to 80 oC and stirred for 18 hours.  

The reaction was allowed to cool to room temperature and water was cautiously added. 

Solvent were removed under reduced pressure and the organics were extracted with Et2O, 

washed with NaOH (2.00 M) and brine, then dried over MgSO4, filtered and concentrated 

in vacuo. Purification by gradient column chromatography, eluting with 

pet ether:EtOAc (1:3) to 100 % EtOAc, yielded 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline 323 as a pale yellow oil (5 mg, 12 %), alongside unreacted 

starting material; max /cm-1 (neat) 3359 (w, N-H), 2835 (m, C-H), 1584 (m, N-H), 1116 

(m, C-N); δH (500 MHz, CDCl3) 7.43 (1H, d, J = 2.0 Hz, ArH), 7.06 (1H, dd, J = 8.5, 2.0 

Hz, ArH), 6.71 (1H, d, J = 8.5 Hz, ArH), 6.41 (1H, s, ArH), 4.59-4.53 (1H, m, C(Ar)H), 

4.01 (2H, s, CH2), 3.86 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.45 (3H, s, OCH3), 3.22 (1H, 

dd, J = 13.0, 5.0 Hz, C(H)H), 3.11 (1H, dd, J = 13.0, 2.0 Hz, C(H)H), 1.70 (1H, s, NH); 

δC (126 MHz, CDCl3) 152.8 (ArC), 151.5 (ArC), 142.0 (ArC), 140.9 (ArC), 134.0 (ArC), 

132.4 (ArC), 132.2 (ArC), 130.7 (ArCH), 129.3 (ArCH), 126.6 (ArCH), 122.3 (ArC), 

104.2 (ArCH), 60.8 (OCH3), 60.3 (OCH3), 56.0 (OCH3), 49.0 (CH2), 48.2 (CH2), 34.9 

(C(Ar)H); m/z (ESI) 368 [M+H]+; HRMS (ESI) C18H20
35Cl2NO3

+ requires 368.0815, 

found 368.0814 [M+H]+. 
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3.6.8 NaBH4–Tf2O Reduction of 4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one, 241 

 

The following procedure was performed in accordance with previous literature.214  

To a solution of 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1(2H)-

one 240 (38 mg, 0.10 mmol, 1.00 mmol) in CH2Cl2 (0.40 mL, 4.00 mL/mmol), at 0 oC 

under N2, was added triflic anhydride (19 μL, 0.11 mmol, 1.10 equiv.).  

After stirring for 0.5 hours NaBH4 (5 mg, 0.13 mmol, 1.30 equiv.) was added in one 

portion and the mixture was diluted with THF (0.25 mL, 2.50 mL/mmol). 

The reaction mixture was stirred for a further 1 hour at room temperature, quenched with 

water, and the pH was adjusted to 10.5–11.0 by the addition of a saturated Na2CO3 (aq.) 

at 0 °C. The organics were extracted with Et2O, washed with brine, then dried  

over MgSO4, filtered and concentrated in vacuo. Work-up yielded a 0.45:0.21:0.34 

mixture of unreacted starting material, 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy- 

1,2,3,4-tetrahydroisoquinoline 323 and 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1-yl trifluoromethanesulfonate 324, respectively. Purification by 

gradient column chromatography, eluting with pet ether:EtOAc (1:2) to 100 %  

EtOAc, afforded 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1-yl 

trifluoromethanesulfonate as a colourless oil (12 mg, 23 %) and 4-(2,4-dichlorophenyl)-

5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline 323 as a pale yellow oil (4 mg, 11 %). 

Spectroscopic data of 323 are in agreement with those previously acquired, and those for 

324 are as follows: 
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4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-1-yl 

trifluoromethanesulfonate, 324 

max /cm-1 (neat) 2853 (m, C-H), 1717 (m, C=N), 1377 (s, S=O 

(as)), 1190 (s, S=O (s)), 1122 (s, C-F); δH (500 MHz, CDCl3) 

7.58 (1H, s, ArH), 7.51 (1H, d, J = 2.0 Hz, ArH), 7.11 (1H, dd, 

J = 8.5, 2.0 Hz, ArH), 6.58 (1H, d, J = 8.5 Hz, ArH), 5.04-4.98 

(1H, m, C(Ar)H), 4.54 (1H, dd, J = 13.0, 1.5 Hz, C(H)H), 4.12 

(1H, dd, J = 13.0, 4.0 Hz, C(H)H), 3.95 (3H, s, OCH3), 3.94 

(3H, s, OCH3), 3.58 (3H, s, OCH3); δC (126 MHz, CDCl3) 162.6 

(C=N), 154.1 (ArC), 149.7 (ArC), 148.5 (ArC), 134.8 (ArC), 134.6 (ArC), 134.2 (ArC), 

130.2 (ArCH), 130.1 (ArCH), 127.9 (ArC), 127.5 (ArCH), 122.5 (ArC), 118.3 (ArC), 

107.9 (ArCH), 61.2 (OCH3), 61.1 (OCH3), 56.4 (OCH3), 51.4 (CH2), 34.7 (C(Ar)H); m/z 

(ESI) 536 [M+Na]+; HRMS (ESI) C19H16
35Cl2F3NO6SNa+ requires 535.9920, found 

535.9916 [M+Na]+. 

3.6.9 LiAlH4 Reduction of Dihydroquinolinones – General Procedure K 

 

The following procedure was adapted from previous literature.207, 208  

To a solution of dihydroisoquinolinone (1.00 equiv.) in THF (40.0 mL/mmol), at 0 oC 

under N2, was added LiAlH4 (3.00 equiv., 2 M in THF) dropwise. The resulting mixture 

was heated up to 80 oC and stirred for 18 hours. The reaction was allowed to cool to room 

temperature and water was cautiously added. Organics were extracted with Et2O, washed 

with NaOH (2.00 M) and brine, then dried over MgSO4, filtered and concentrated in 

vacuo. The crude product was then purified by flash column chromatography as 

specifically mentioned. 

1,2,3,4-Tetrahydroisoquinoline, 186 

 

General procedure K was applied using 3,4-dihydroisoquinolin-1(2H)-one 164 (40 mg, 

0.27 mmol), THF (10.9 mL) and LiAlH4 (408 μL, 0.82 mmol), and used without further 

purification. The title compound was formed as a yellow oil (30 mg, 83 %);  
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max /cm-1 (neat) 3284 (w, N-H), 2851 (m, C-H), 1583 (m, N-H), 1259 (m, C-N); δH (500 

MHz, CDCl3) 7.15-7.11 (2H, m, 2 x ArH), 7.11-7.06 (1H, m, ArH), 7.04-6.96 (1H, m, 

ArH), 4.02 (2H, s, CH2), 3.14 (2H, t, J = 6.0 Hz, CH2), 2.80 (2H, t, J = 6.0 Hz, CH2), 1.95 

(1H, s, NH); δC (126 MHz, CDCl3) 136.1 (ArC), 134.9 (ArC), 129.5 (ArCH), 126.4 

(ArCH), 126.2 (ArCH), 125.9 (ArCH), 48.4 (CH2), 44.0 (CH2), 29.3 (CH2); m/z (ESI) 

134 [M+H]+; HRMS (ESI) C9H12N
+ requires 134.0964, found 134.0967 [M+H]+. These 

data are consistent with those previously reported.260 

7-Methoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, 325 

 

General procedure K was applied using 7-methoxy-4-phenyl-3,4-dihydroisoquinolin-

1(2H)-one 234 (127 mg, 0.50 mmol), THF (20.0 mL) and LiAlH4 (750 μL, 1.50 mmol). 

Purification by flash column chromatography, eluting with 100 % EtOAc, yielded 7-

methoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline 325 as a light brown oil (109 mg, 

91 %); max /cm-1 (neat) 3297 (w, N-H), 2834 (m, C-H), 1609 (m, N-H), 1253 (m, C-N); 

δH (500 MHz, CDCl3) 7.29 (2H, t, J = 7.5 Hz, 2 x ArH), 7.22 (1H, t, J = 7.5 Hz, ArH), 

7.12-7.06 (2H, m, 2 x ArH), 6.82 (1H, d, J = 8.5 Hz, ArH), 6.69 (1H, dd, J = 8.5, 2.5 Hz, 

ArH), 6.62 (1H, d, J = 2.5 Hz, ArH), 4.14 (1H, d, J = 16.5 Hz, C(H)H), 4.08 (1H, d, J = 

16.5 Hz, C(H)H), 4.07 (1H, t, J = 7.0 Hz, C(Ar)H), 3.79 (3H, s, OCH3), 3.42 (1H, s, NH), 

3.40 (1H, dd, J = 13.0, 5.0 Hz, C(H)H), 3.09 (1H, dd, J = 13.0, 6.5 Hz, C(H)H); δC (126 

MHz, CDCl3) 158.1 (ArC), 144.9 (ArC), 136.9 (ArC), 131.4 (ArCH), 129.4 (ArC), 128.9 

(2 x ArCH), 128.6 (2 x ArCH), 126.6 (ArCH), 113.1 (ArCH), 110.3 (ArCH), 55.4 

(OCH3), 52.1 (CH2), 48.4 (CH2), 44.0 (C(Ar)H); m/z (ESI) 240 [M+H]+; HRMS (ESI) 

C16H18NO+ requires 240.1383, found 240.1385 [M+H]+. These data are consistent with 

those previously reported.261 
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(S)-7-Methoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (S)-325 

 

General procedure K was applied using (S)-7-methoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one (S)-234 (50 mg, 0.20 mmol), THF (8.00 mL) and LiAlH4 

(300 μL, 0.60 mmol), and used without further purification. The title compound was 

formed as an off-white solid (45 mg, 94 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.19, CHCl3) –0.90. 

(R)-7-Methoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (R)-325  

 

General procedure K was applied using (R)-7-methoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one (R)-233 (38 mg, 0.15 mmol), THF (6.00 mL) and LiAlH4 

(225 μL, 0.45 mmol), and used without further purification. The title compound was 

formed as an off-white solid (37 mg, 94 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.05, CHCl3) +1.00. 

4-(4-Chlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, 326 

 

General procedure K was applied using 4-(4-chlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one 235 (144 mg, 0.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(4-chlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline 326 as a 

pale yellow oil (115 mg, 84 %); max /cm-1 (neat) 3297 (w, N-H), 2834 (m, C-H), 1609 

(m, N-H), 1253 (m, C-N); δH (500 MHz, CDCl3) 7.27-7.24 (2H, m, 2 x ArH), 7.05-6.99 
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(2H, m, 2 x ArH), 6.79 (1H, d, J = 8.5 Hz, ArH), 6.68 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.61 

(1H, d, J = 2.0 Hz, ArH), 4.12 (1H, d, J = 16.5 Hz, C(H)H), 4.06 (1H, d, J = 16.5 Hz, 

C(H)H), 4.02 (1H, t, J = 6.0 Hz, C(Ar)H), 3.79 (3H, s, OCH3), 3.38 (1H, dd, J = 13.0, 5.0 

Hz, C(H)H), 3.03 (1H, dd, J = 13.0, 6.5 Hz, C(H)H), 2.13 (1H, s, NH); δC (126 MHz, 

CDCl3) 158.2 (ArC), 143.7 (ArC), 137.3 (ArC), 132.3 (ArC), 131.3 (ArCH), 130.2 (2 x 

ArCH), 129.0 (ArC), 128.7 (2 x ArCH), 113.1 (ArCH), 110.4 (ArCH), 55.4 (OCH3), 52.4 

(CH2), 48.7 (CH2), 43.7 (C(Ar)H); m/z (ESI) 274 [M+H]+; HRMS (ESI) C16H17
35ClNO+ 

requires 274.0993, found 274.0997 [M+H]+. This compound is known but was previously 

reported without characterisation data.70 

(S)-4-(4-Chlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (S)-326  

 

General procedure K was applied using (S)-4-(4-chlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (S)-235 (58 mg, 0.20 mmol), THF (8.00 mL) and LiAlH4 

(300 μL, 0.60 mmol), and used without further purification. The title compound was 

formed as a pale yellow oil (51 mg, 92 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.15, CHCl3) –31.3. 

(R)-4-(4-Chlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (R)-326 

 

General procedure K was applied using (R)-4-(4-chlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (R)-235 (58 mg, 0.20 mmol), THF (8.00 mL) and LiAlH4 

(300 μL, 0.60 mmol), and used without further purification. The title compound was 

formed as a pale yellow oil (53 mg, 97 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.21, CHCl3) +6.30. 
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4-(3,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, 327 

 

General procedure K was applied using 4-(3,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one 236 (97 mg, 0.30 mmol), THF (12.0 mL) and LiAlH4 (450 

μL, 0.90 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline 327 as 

an orange-yellow oil (71 mg, 77 %); max /cm-1 (neat) 3297 (w, N-H), 2834 (m, C-H), 

1609 (m, N-H), 1252 (m, C-N); δH (500 MHz, CDCl3) 7.35 (1H, d, J = 8.0 Hz, ArH), 7.19 

(1H, d, J = 2.0 Hz, ArH), 6.94 (1H, dd, J = 8.0, 2.0 Hz, ArH), 6.79 (1H, d, J = 8.5 Hz, 

ArH), 6.69 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.62 (1H, d, J = 2.5 Hz, ArH), 4.11 (1H, d, J 

= 16.5 Hz, C(H)H), 4.04 (1H, d, J = 16.5 Hz, C(H)H), 4.00 (1H, t, J = 5.5 Hz, C(Ar)H), 

3.79 (3H, s, OCH3), 3.37 (1H, dd, J = 13.0, 5.0 Hz, C(H)H), 3.02 (1H, dd, J = 13.0, 6.0 

Hz, C(H)H), 1.81 (1H, s, NH); δC (126 MHz, CDCl3) 158.3 (ArC), 145.8 (ArC), 137.6 

(ArC), 132.5 (ArC), 131.3 (ArCH), 130.8 (ArCH), 130.5 (ArC), 130.4 (ArCH), 128.4 

(ArC), 128.3 (ArCH), 113.2 (ArCH), 110.6 (ArCH), 55.4 (OCH3), 52.4 (CH2), 48.8 

(CH2), 43.6 (C(Ar)H); m/z (ESI) 308 [M+H]+; HRMS (ESI) C16H16
35Cl2NO+ requires 

308.0603, found 308.0606 [M+H]+. These data are consistent with those previously 

reported.261 

(S)-4-(3,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (S)-327  

 

General procedure K was applied using (S)-4-(3,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (S)-236 (81 mg, 0.25 mmol), THF (10.0 mL) and LiAlH4 

(375 μL, 0.75 mmol), and used without further purification. The title compound was 
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formed as an orange-yellow oil (74 mg, 96 %); spectroscopic data are similar to those of 

the racemate; [𝛼]𝐷
26 (c = 0.23, CHCl3) –3.20. 

(R)-4-(3,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (R)-327  

 

General procedure K was applied using (R)-4-(3,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (R)-236 (81 mg, 0.25 mmol), THF (10.0 mL) and LiAlH4 

(375 μL, 0.75 mmol), and used without further purification. The title compound was 

formed as an orange-yellow oil (72 mg, 94 %); spectroscopic data are similar to those of 

the racemate; [𝛼]𝐷
27 (c = 0.30, CHCl3) +4.60. 

4-(2,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, 328 

 

General procedure K was applied using 4-(2,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one 237 (161 mg, 1.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline 328 as 

an off-white solid (112 mg, 73 %); m.p. 75-77 ºC; max /cm-1 (neat) 3313 (w, N-H), 2833 

(m, C-H), 1609 (m, N-H), 1251 (m, C-N); δH (500 MHz, CDCl3) 7.42 (1H, d, J = 2.0 Hz, 

ArH), 7.09 (1H, dd, J = 8.5, 1.5 Hz, ArH), 6.77 (1H, d, J = 8.5 Hz, ArH), 6.74 (1H, d, J 

= 8.5 Hz, ArH), 6.70 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.63 (1H, d, J = 1.5 Hz, ArH), 4.50 

(1H, t, J = 5.0 Hz, C(Ar)H), 4.10 (1H, d, J = 16.5 Hz, C(H)H), 4.05 (1H, d, J = 16.5 Hz, 

C(H)H), 3.79 (3H, s, OCH3), 3.35 (1H, dd, J = 13.0, 5.0 Hz, C(H)H), 3.08 (1H, dd, J = 

13.0, 5.0 Hz, C(H)H), 1.75 (1H, s, NH); δC (126 MHz, CDCl3) 158.3 (ArC), 141.4 (ArC), 

137.9 (ArC), 134.5 (ArC), 132.7 (ArC), 131.8 (ArCH), 131.3 (ArCH), 129.3 (ArCH), 

128.3 (ArC), 127.1 (ArCH), 113.3 (ArCH), 110.5 (ArCH), 55.4 (OCH3), 49.9 (CH2), 48.8 
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(CH2), 40.0 (C(Ar)H); m/z (ESI) 308 [M+H]+; HRMS (ESI) C16H16
35Cl2NO+ requires 

308.0603, found 308.0604 [M+H]+. 

 

(R)-4-(2,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (R)-328  

 

General procedure K was applied using (R)-4-(2,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (R)-237 (81 mg, 0.25 mmol), THF (10.0 mL) and LiAlH4 

(375 μL, 0.75 mmol), and used without further purification. The title compound was 

formed as an off-white solid (71 mg, 92 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.50, CHCl3) +7.50. 

(S)-4-(2,4-Dichlorophenyl)-7-methoxy-1,2,3,4-tetrahydroisoquinoline, (S)-328  

 

General procedure K was applied using (S)-4-(2,4-dichlorophenyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (S)-237 (81 mg, 0.25 mmol), THF (10.0 mL) and LiAlH4 

(375 μL, 0.75 mmol), and used without further purification. The title compound was 

formed as an off-white solid (68 mg, 88 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.53, CHCl3) –8.90. 

5,6,7-Trimethoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, 329 
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General procedure K was applied using 5,6,7-trimethoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one 238 (157 mg, 0.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 5,6,7-trimethoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline 329 as a 

colourless oil (113 mg, 75 %); max /cm-1 (neat) 3313 (w, N-H), 2836 (m, C-H), 1601 (m, 

N-H), 1114 (m, C-N); δH (500 MHz, CDCl3) 7.30-7.22 (2H, m, 2 x ArH), 7.18 (1H, t, J 

= 7.5 Hz, ArH), 7.08-7.03 (2H, m, 2 x ArH), 6.41 (1H, s, ArH), 4.20-4.13 (1H, m, 

C(Ar)H), 4.03 (2H, s, CH2), 3.86 (3H, s, OCH3), 3.79 (3H, s, OCH3), 3.32 (3H, s, OCH3), 

3.27 (1H, dd, J = 13.0, 4.5 Hz, C(H)H), 3.12 (1H, dd, J = 13.0, 2.0 Hz, C(H)H), 2.86 (1H, 

s, NH); δC (126 MHz, CDCl3) 152.6 (ArC), 151.8 (ArC), 146.1 (ArC), 140.9 (ArC), 131.6 

(ArC), 128.4 (2 x ArCH), 128.2 (2 x ArCH), 126.3 (ArCH), 123.0 (ArC), 104.1 (ArCH), 

60.8 (OCH3), 60.2 (OCH3), 56.0 (OCH3), 51.3 (CH2), 47.9 (CH2), 38.5 (C(Ar)H); m/z 

(ESI) 300 [M+H]+; HRMS (ESI) C18H22NO3
+ requires 300.1594, found 300.1597 

[M+H]+. 

(S)-5,6,7-Trimethoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (S)-329  

 

General procedure K was applied using (S)-5,6,7-trimethoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one (S)-238 (94 mg, 0.30 mmol), THF (12.0 mL) and LiAlH4 

(450 μL, 0.90 mmol), and used without further purification. The title compound was 

formed as an off-white solid (81 mg, 90 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.30, CHCl3) +25.3. 

(R)-5,6,7-Trimethoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (R)-329  

 

General procedure K was applied using (R)-5,6,7-trimethoxy-4-phenyl-3,4-

dihydroisoquinolin-1(2H)-one (R)-238 (94 mg, 0.30 mmol), THF (12.0 mL) and LiAlH4 

(450 μL, 0.90 mmol), and used without further purification. The title compound was 
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formed as an off-white solid (77 mg, 86 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.24, CHCl3) –22.9. 

4-(4-Chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, 330 

 

General procedure K was applied using 4-(4-chlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1(2H)-one 239 (174 mg, 0.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(4-chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline 330 

as a pale yellow oil (137 mg, 82 %); max /cm-1 (neat) 3305 (w, N-H), 2836 (m, C-H), 

1601 (m, N-H), 1118 (m, C-N); δH (500 MHz, CDCl3) 7.26-7.20 (2H, m, 2 x ArH), 7.03-

6.99 (2H, m, 2 x ArH), 6.41 (1H, s, ArH), 4.15-4.08 (1H, m, C(Ar)H), 4.01 (2H, s, CH2), 

3.86 (3H, s, OCH3), 3.79 (3H, s, OCH3), 3.38 (3H, s, OCH3), 3.25 (1H, dd, J = 13.0, 4.5 

Hz, C(H)H), 3.07 (1H, dd, J = 13.0, 2.5 Hz, C(H)H), 2.23 (1H, s, NH); δC (126 MHz, 

CDCl3) 152.7 (ArC), 151.7 (ArC), 144.9 (ArC), 140.9 (ArC), 131.9 (ArC), 131.8 (ArC), 

129.5 (2 x ArCH), 128.5 (2 x ArCH), 122.6 (ArC), 104.2 (ArCH), 60.8 (OCH3), 60.3 

(OCH3), 56.0 (OCH3), 51.4 (CH2), 48.1 (CH2), 38.1 (C(Ar)H); m/z (ESI) 334 [M+H]+; 

HRMS (ESI) C18H21
35ClNO3

+ requires 334.1204, found 334.1208 [M+H]+. 

(S)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, (S)-330  

 

General procedure K was applied using (S)-4-(4-chlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1(2H)-one (S)-239 (104 mg, 0.30 mmol), THF (12.0 mL) and LiAlH4 

(450 μL, 0.90 mmol), and used without further purification. The title compound was 

formed as a pale yellow oil (90 mg, 89 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.33, CHCl3) +9.70. 
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(R)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, (R)-330  

 

General procedure K was applied using (R)-4-(4-chlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1(2H)-one (R)-239 (104 mg, 0.30 mmol), THF (12.0 mL) and LiAlH4 

(450 μL, 0.90 mmol), and used without further purification. The title compound was 

formed as a pale yellow oil (82 mg, 81 %); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
27 (c = 0.28, CHCl3) –17.4. 

4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, 331 

 

General procedure K was applied using 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1(2H)-one 240 (191 mg, 1.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline 

331 as a yellow solid (120 mg, 65 %); m.p. 60-61 ºC; max /cm-1 (neat) 3328 (w, N-H), 

2836 (m, C-H), 1601 (m, N-H), 1116 (m, C-N); δH (500 MHz, CDCl3) 7.33 (1H, d, J = 

8.5 Hz, ArH), 7.17 (1H, d, J = 2.0 Hz, ArH), 6.94 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.41 

(1H, s, ArH), 4.09-4.05 (1H, m, C(Ar)H), 4.01 (2H, s, CH2), 3.86 (3H, s, OCH3), 3.79 

(3H, s, OCH3), 3.44 (3H, s, OCH3), 3.26 (1H, dd, J = 13.0, 4.5 Hz, C(H)H), 3.07 (1H, dd, 

J = 13.0, 2.5 Hz, C(H)H), 1.74 (1H, s, NH); δC (126 MHz, CDCl3) 152.9 (ArC), 151.7 

(ArC), 146.9 (ArC), 140.8 (ArC), 132.3 (ArC), 132.0 (ArC), 130.2 (ArCH), 130.1 (ArC), 

130.1 (ArCH), 127.6 (ArCH), 121.9 (ArC), 104.3 (ArCH), 60.8 (OCH3), 60.3 (OCH3), 

56.0 (OCH3), 51.4 (CH2), 48.2 (CH2), 38.2 (C(Ar)H); m/z (ESI) 368 [M+H]+; HRMS 

(ESI) C18H20
35Cl2NO3

+ requires 368.0815, found 368.0813 [M+H]+. 
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(S)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, (S)-331  

 

General procedure K was applied using (S)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one (S)-240 (115 mg, 0.30 mmol), THF (12.0 mL) and 

LiAlH4 (450 μL, 0.90 mmol), and used without further purification. The title compound 

was formed as a yellow solid (103 mg, 93 %); spectroscopic data are similar to those of 

the racemate; [𝛼]𝐷
28 (c = 0.44, CHCl3) +16.4. 

(R)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline,  

(R)-331  

 

General procedure K was applied using (R)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one (R)-240 (115 mg, 0.30 mmol), THF (12.0 mL) and 

LiAlH4 (450 μL, 0.90 mmol), and used without further purification. The title compound 

was formed as a yellow solid (94 mg, 85 %); spectroscopic data are similar to those of 

the racemate; [𝛼]𝐷
28 (c = 0.22, CHCl3) –5.60. 

4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, 323 

 

General procedure K was applied using 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-3,4-

dihydroisoquinolin-1(2H)-one 241 (191 mg, 0.50 mmol), THF (20.0 mL) and LiAlH4 

(750 μL, 1.50 mmol). Purification by flash column chromatography, eluting with 100 % 

EtOAc, yielded 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline 
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323 as a pale yellow oil (121 mg, 65 %). Spectroscopic data are in agreement with those 

previously acquired. 

(R)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline,  

(R)-323  

 

General procedure K was applied using (R)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one (R)-241 (115 mg, 0.30 mmol), THF (12.0 mL) and 

LiAlH4 (450 μL, 0.90 mmol), and used without further purification. The title compound 

was formed as a pale yellow oil (103 mg, 93 %); spectroscopic data are similar to those 

of the racemate; [𝛼]𝐷
28 (c = 0.25, CHCl3) +22.0. 

(S)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-1,2,3,4-tetrahydroisoquinoline, (S)-323  

 

General procedure K was applied using (S)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

3,4-dihydroisoquinolin-1(2H)-one (S)-241 (115 mg, 0.30 mmol), THF (12.0 mL) and 

LiAlH4 (450 μL, 0.90 mmol), and used without further purification. The title compound 

was formed as a pale yellow oil (100 mg, 90 %); spectroscopic data are similar to those 

of the racemate; [𝛼]𝐷
28 (c = 0.42, CHCl3) –36.7. 

3.6.10 Acetylation of Tetrahydroquinolines – General Procedure L 

 

The following procedure was performed in accordance with previous literature.217  
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To a solution of tetrahydroisoquinoline (1.00 equiv.) in CH2Cl2 (10.0 mL/g), at 0 oC 

under N2, was added Ac2O (1.05 equiv.) dropwise. The resulting mixture was stirred at 

room temperature for 30 minutes and water added. Organics were extracted with 

CH2Cl2, washed with saturated NaHCO3 (aq.), then dried over MgSO4, filtered and 

concentrated in vacuo. The crude product was then used without further purification. 

1-(3,4-Dihydroisoquinolin-2(1H)-yl)ethan-1-one, 394 (0.58:0.42 mixture of rotamers) 

 

General procedure L was applied using 1,2,3,4-tetrahydroisoquinoline 186 (10 mg, 75.1 

μmol), CH2Cl2 (100 μL) and Ac2O (7.45 μL, 78.8 μmol). The title compound was formed 

as a yellow oil (10 mg, 76 %); max /cm-1 (neat) 2850 (m, C-H), 1641 (s, C=O), 1233 (s, 

C-O); δH (500 MHz, CDCl3) 7.23-7.08 (4H, m, 4 x ArH), 4.73 (2H, s, CH2), 3.67 (2H, t, 

J = 6.0 Hz, CH2), 2.91 (2H, t, J = 6.0 Hz, CH2), 1.43 (3H, s, CH3); δC (126 MHz, CDCl3) 

169.7 (C=O), 134.2 (ArC), 133.7 (ArC), 128.4 (ArCH), 126.8 (ArCH), 126.8 (ArCH), 

126.7 (ArCH), 44.2 (CH2), 44.1 (CH2), 30.4 (CH3), 29.6 (CH2); m/z (ESI) 198 [M+Na]+; 

HRMS (ESI) C11H13NONa+ requires 198.0889, found 198.0889 [M+Na]+. These data are 

consistent with those previously reported.262 

1-(7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 332 (0.81:0.19 

mixture of rotamers) 

 

General procedure L was applied using 7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline 325 (10 mg, 41.8 μmol), CH2Cl2 (100 μL) and Ac2O (4 μL, 43.9 

μmol). The title compound was formed as an off-white solid (10 mg, 85 %); m.p. 52-54 

ºC; max /cm-1 (neat) 2850 (m, C-H), 1643 (s, C=O), 1253 (s, C-O); δH (500 MHz, CDCl3) 

7.31-7.26 (2H, m, 2 x ArH), 7.25-7.20 (1H, m, ArH), 7.06-7.01 (2H, m, 2 x ArH), 6.89 

(1H, d, J = 8.0 Hz, ArH), 6.74-6.71 (2H, m, 2 x ArH), 5.20 (1H, d, J = 17.5 Hz, C(H)H), 

4.48 (1H, d, J = 17.5 Hz, C(H)H), 4.18 (1H, t, J = 4.0 Hz, C(Ar)H), 3.80 (2H, m, CH2), 

3.80 (3H, s, OCH3), 1.66 (3H, s, CH3); δC (126 MHz, CDCl3) 170.0 (C=O), 158.7 (ArC), 

143.1 (ArC), 134.9 (ArC), 130.7 (ArCH), 128.8 (2 x ArCH), 128.5 (2 x ArCH), 128.2 
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(ArC), 127.1 (ArCH), 113.6 (ArCH), 110.8 (ArCH), 55.4 (OCH3), 51.5 (CH2), 44.8 

(C(Ar)H), 44.6 (CH2), 20.9 (CH3); m/z (ESI) 304 [M+Na]+; HRMS (ESI) C18H19NO2Na+ 

requires 304.1308, found 304.1308 [M+Na]+. 

(S)-1-(7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, (S)-332 

 

General procedure L was applied using (S)-7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (S)-325 (10 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (11 mg, 

98 %, 96 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.20, 

CHCl3) +47.1; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-

H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 216 nm, (S)-isomer 17.39 min., 

(R)-isomer 22.36 min.). 

(R)-1-(7-Methoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, (R)-332  

 

General procedure L was applied using (R)-7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (R)-325  (10 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (11 mg, 

98 %, 96 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
25 (c = 0.19, 

CHCl3) –41.2; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-

H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 216 nm, (S)-isomer 17.68 min., 

(R)-isomer 22.05 min.). 
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1-(4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

333 (0.76:0.24 mixture of rotamers) 

 

General procedure L was applied using 4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 326 (10 mg, 36.5 μmol), CH2Cl2 (100 μL) and Ac2O (4 μL, 38.4 

μmol). The title compound was formed as an off-white solid (10 mg, 87 %); m.p. 106-

109 ºC; max /cm-1 (neat) 2850 (m, C-H), 1645 (s, C=O), 1254 (s, C-O); δH (500 MHz, 

CDCl3) 7.28-7.23 (2H, m, 2 x ArH), 6.99-6.96 (2H, m, 2 x ArH), 6.88-6.84 (1H, m, ArH), 

6.75-6.71 (1H, m, ArH), 6.72-6.68 (1H, m, ArH), 5.20 (1H, d, J = 17.5 Hz, C(H)H), 4.46 

(1H, d, J = 17.5 Hz, C(H)H), 4.15 (1H, t, J = 4.0 Hz, C(Ar)H), 3.80 (3H, s, OCH3), 3.79-

3.77 (2H, m, CH2), 1.70 (3H, s, CH3); δC (126 MHz, CDCl3) 169.9 (C=O), 158.8 (ArC), 

141.7 (ArC), 134.8 (ArC), 133.0 (ArC), 130.7 (ArCH), 129.8 (2 x ArCH), 128.9 (2 x 

ArCH), 127.7 (ArC), 113.8 (ArCH), 110.9 (ArCH), 55.5 (OCH3), 51.3 (CH2), 44.5 (CH2), 

44.2 (C(Ar)H), 21.0 (CH3); m/z (ESI) 338 [M+Na]+; HRMS (ESI) C18H18
35ClNO2Na+ 

requires 338.0918, found 338.0919 [M+Na]+. 

(S)-1-(4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

(S)-333  

 

General procedure L was applied using (S)-4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-326 (11 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (12 mg, 

95 %, >99 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.22, 

CHCl3) +36.4; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel  
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OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 220 nm, (S)-isomer 16.79 min., 

(R)-isomer 24.20 min.). 

(R)-1-(4-(4-Chlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, (R)-333  

 

General procedure L was applied using (R)-4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-326 (11 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (13 mg, 

99 %, 98 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
25 (c = 0.23, 

CHCl3) –41.5; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-

H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 220 nm, (S)-isomer 17.81 min., 

(R)-isomer 23.38 min.). 

1-(4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

334 (0.69:0.31 mixture of rotamers) 

 

General procedure L was applied using 4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 327 (10 mg, 32.4 μmol), CH2Cl2 (100 μL) and Ac2O (3 μL, 34.1 

μmol). The title compound was formed as an off-white solid (10 mg, 88 %); m.p. 55-58 

ºC; max /cm-1 (neat) 2850 (m, C-H), 1645 (s, C=O), 1253 (s, C-O); δH (500 MHz, CDCl3) 

7.37-7.33 (1H, m, ArH), 7.19 (1H, d, J = 1.5 Hz, ArH), 6.86-6.81 (2H, m, 2 x ArH), 6.75-

6.71 (2H, m, 2 x ArH), 5.15 (1H, d, J = 17.5 Hz, C(H)H), 4.49 (1H, d, J = 17.5 Hz, 

C(H)H), 4.16-4.08 (1H, m, C(Ar)H), 3.80 (3H, s, OCH3), 3.79-3.77 (2H, m, CH2), 1.76 

(3H, s, CH3); δC (126 MHz, CDCl3) 169.8 (C=O), 159.0 (ArC), 143.5 (ArC), 134.8 (ArC), 

132.9 (ArC), 131.3 (ArC), 130.7 (ArCH), 130.6 (ArCH), 130.4 (ArCH), 127.9 (ArCH), 
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127.0 (ArC), 113.9 (ArCH), 111.0 (ArCH), 55.5 (OCH3), 51.1 (CH2), 44.5 (CH2), 44.1 

(C(Ar)H), 21.1 (CH3); m/z (ESI) 372 [M+Na]+; HRMS (ESI) C18H17
35Cl2NO2Na+ 

requires 372.0529, found 372.0529 [M+Na]+. 

(S)-1-(4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, (S)-334  

 

General procedure L was applied using (S)-4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-327 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (12 mg, 

86 %, 91 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.25, 

CHCl3) +37.3; enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA 

column, 2-propanol:hexane = 5:95, 1.00 mL/min., 211 nm, (R)-isomer 26.48 min., (S)-

isomer 30.50 min.). 

(R)-1-(4-(3,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, (R)-334  

 

General procedure L was applied using (R)-4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-327 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (14 mg, 

97 %, 99 % e.e.); spectroscopic data are similar to those of the racemate;  [𝛼]𝐷
27 (c = 0.21, 

CHCl3) –41.8; enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA 

column, 2-propanol:hexane = 5:95, 1.00 mL/min., 211 nm, (R)-isomer 25.77 min., (S)-

isomer 30.76 min.). 
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1-(4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

335 (0.88:0.12 mixture of rotamers) 

 

General procedure L was applied using 4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 328 (10 mg, 32.4 μmol), CH2Cl2 (100 μL) and Ac2O (3 μL, 34.1 

μmol). The title compound was formed as an off-white solid (10 mg, 88 %); m.p. 47-49 

ºC; max /cm-1 (neat) 2849 (m, C-H), 1647 (s, C=O), 1252 (s, C-O); δH (500 MHz, CDCl3) 

7.44 (1H, d, J = 2.0 Hz, ArH), 7.06 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.89-6.84 (1H, m, 

ArH), 6.78-6.72 (2H, m, 2 x ArH), 6.52 (1H, d, J = 8.5 Hz, ArH), 5.32 (1H, d, J = 17.5 

Hz, C(H)H), 4.61 (1H, t, J = 3.0 Hz, C(Ar)H), 4.35 (1H, d, J = 17.5 Hz, C(H)H), 3.95 

(1H, dd, J = 13.5, 3.0 Hz, C(H)H), 3.81 (3H, s, OCH3), 3.72 (1H, dd, J = 13.5, 4.0 Hz, 

C(H)H), 1.62 (3H, s, CH3); δC (126 MHz, CDCl3) 169.9 (C=O), 159.0 (ArC), 139.0 

(ArC), 135.4 (ArC), 133.9 (ArC), 133.6 (ArC), 131.7 (ArCH), 130.8 (ArCH), 129.3 

(ArCH), 127.5 (ArCH), 126.7 (ArC), 114.0 (ArCH), 110.9 (ArCH), 55.5 (OCH3), 48.9 

(CH2), 44.5 (CH2), 40.9 (C(Ar)H), 20.7 (CH3); m/z (ESI) 372 [M+Na]+; HRMS (ESI) 

C18H17
35Cl2NO2Na+ requires 372.0529, found 372.0528 [M+Na]+. 

(R)-1-(4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, (R)-335  

 

General procedure L was applied using (R)-4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-328 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (14 mg, 

97 %, 95 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
26 (c = 0.26, 

CHCl3) –28.9; enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA 
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column, 2-propanol:hexane = 5:95, 1.00 mL/min., 213 nm, (R)-isomer 15.09 min., (S)-

isomer 23.64 min.). 

(S)-1-(4-(2,4-Dichlorophenyl)-7-methoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, (S)-335  

 

General procedure L was applied using (S)-4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-328 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (14 mg, 

97 %, 97 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.25, 

CHCl3) +30.1; enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA 

column, 2-propanol:hexane = 5:95, 1.00 mL/min., 213 nm, (R)-isomer 15.37 min., (S)-

isomer 23.28 min.). 

1-(5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one,  

336 (0.98:0.02 mixture of rotamers) 

 

General procedure L was applied using 5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline 329 (10 mg, 33.4 μmol), CH2Cl2 (100 μL) and Ac2O (3 μL, 35.1 

μmol). The title compound was formed as an off-white solid (10 mg, 88 %); m.p. 103-

106 ºC; max /cm-1 (neat) 2852 (m, C-H), 1643 (s, C=O), 1243 (s, C-O); δH (500 MHz, 

CDCl3) 7.26-7.22 (2H, m, 2 x ArH), 7.20-7.16 (1H, m, ArH), 7.04-6.99 (2H, m, 2 x ArH), 

6.51 (1H, s, ArH), 5.48 (1H, d, J = 17.5 Hz, C(H)H), 4.40-4.35 (1H, m, C(Ar)H), 4.12 

(1H, d, J = 17.5 Hz, C(H)H), 3.92-3.87 (1H, m, C(H)H), 3.86 (3H, s, OCH3), 3.80 (3H, 

s, OCH3), 3.63 (1H, dd, J = 13.5, 4.0 Hz, C(H)H), 3.38 (3H, s, OCH3), 1.45 (3H, s CH3); 

δC (126 MHz, CDCl3) 170.2 (C=O), 153.1 (ArC), 151.4 (ArC), 143.8 (ArC), 141.1 (ArC), 
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129.1 (ArC), 128.6 (2 x ArCH), 128.0 (2 x ArCH), 126.8 (ArCH), 122.4 (ArC), 104.6 

(ArCH), 60.8 (OCH3), 60.5 (OCH3), 56.1 (OCH3), 51.2 (CH2), 44.1 (CH2), 40.1 

(C(Ar)H), 20.7 (CH3); m/z (ESI) 364 [M+Na]+; HRMS (ESI) C20H23NO4Na+ requires 

364.1519, found 364.1518 [M+Na]+. 

(S)-1-(5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

(S)-336 

 

General procedure L was applied using (S)-5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (S)-329 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (13 mg, 

91 %, 94 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.25, 

CHCl3) +87.3; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-

H column, 2-propanol:hexane = 5:95, 1.00 mL/min., 214 nm, (R)-isomer 25.09 min., (S)-

isomer 28.86 min.). 

(R)-1-(5,6,7-Trimethoxy-4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-one, 

(R)-336  

 

General procedure L was applied using (R)-5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (R)-329 (12 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 mL/mmol) and 

Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white solid (13 mg, 

91 %, >99 % e.e.); spectroscopic data are similar to those of the racemate; [𝛼]𝐷
25 (c = 0.27, 

CHCl3) –77.4; enantiomeric excess determined by HPLC analysis (Diacel Chiralcel OD-

H column, 2-propanol:hexane = 5:95, 1.00 mL/min., 214 nm, (R)-isomer 25.70 min., (S)-

isomer 30.37 min.). 
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1-(4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-1-

one, 337 (0.93:0.07 mixture of rotamers) 

 

General procedure L was applied using 4-(4-chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-

tetrahydroisoquinoline 330 (10 mg, 30.0 μmol), CH2Cl2 (100 μL) and Ac2O (3 μL, 31.5 

μmol). The title compound was formed as an off-white solid (10 mg, 89 %); m.p. 108-

111 ºC; max /cm-1 (neat) 2849 (m, C-H), 1644 (s, C=O), 1243 (s, C-O); δH (500 MHz, 

CDCl3) 7.25-7.21 (2H, m, 2 x ArH), 6.99-6.93 (2H, m, 2 x ArH), 6.50 (1H, s, ArH), 5.47 

(1H, d, J = 17.5 Hz, C(H)H), 4.36-4.31 (1H, m, C(Ar)H), 4.11 (1H, d, J = 17.5 Hz, 

C(H)H), 3.89-3.84 (1H, m, C(H)H), 3.86 (3H, s, OCH3), 3.80 (3H, s, OCH3), 3.62 (1H, 

dd, J = 13.5, 4.0 Hz, C(H)H), 3.42 (3H, s, OCH3), 1.52 (3H, s CH3); δC (126 MHz, CDCl3) 

170.1 (C=O), 153.3 (ArC), 151.3 (ArC), 142.5 (ArC), 141.0 (ArC), 132.7 (ArC), 129.3 

(2 x ArCH), 129.0 (ArC), 128.8 (2 x ArCH), 121.8 (ArC), 104.6 (ArCH), 60.9 (OCH3), 

60.6 (OCH3), 56.1 (OCH3), 50.9 (CH2), 44.0 (CH2), 39.6 (C(Ar)H), 20.8 (CH3); m/z (ESI) 

398 [M+Na]+; HRMS (ESI) C20H22
35ClNO4Na+ requires 398.1130, found 398.1133 

[M+Na]+. 

(S)-1-(4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-

1-one, (S)-337  

 

General procedure L was applied using (S)-4-(4-chlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-330 (13 mg, 40.0 μmol), CH2Cl2 (100 μL, 

2.5 mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-

white solid (14 mg, 89 %, 95 % e.e.); spectroscopic data are similar to those of the 

racemate; [𝛼]𝐷
28 (c = 0.28, CHCl3) +63.1; enantiomeric excess determined by HPLC 



231 

analysis (Diacel Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 219 

nm, (R)-isomer 13.88 min., (S)-isomer 17.81 min.). 

(R)-1-(4-(4-Chlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-

1-one, (R)-337  

 

General procedure L was applied using (R)-4-(4-chlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-330 (13 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 

mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white 

solid (15 mg, 96 %, >99 % e.e.); spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
26 (c = 0.26, CHCl3) –64.8; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralcel OD-H column, 2-propanol:hexane = 10:90, 1.00 mL/min., 219 nm, (R)-isomer 

13.31 min., (S)-isomer 17.99 min.). 

1-(4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-

1-one, 338 (0.87:0.13 mixture of rotamers) 

 

General procedure L was applied using 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline 331 (10 mg, 27.0 μmol), CH2Cl2 (100 μL) and Ac2O (3 

μL, 28.5 μmol). The title compound was formed as an off-white solid (10 mg, 

90 %); m.p. 57-59 ºC; max /cm-1 (neat) 2848 (m, C-H), 1645 (s, C=O), 1242 (s, C-O); δH 

(500 MHz, CDCl3) 7.31 (1H, d, J = 8.5 Hz, ArH), 7.20 (1H, d, J = 2.0 Hz, ArH), 6.81 

(1H, dd, J = 8.5, 2.0 Hz, ArH), 6.51 (1H, s, ArH), 5.44 (1H, d, J = 17.5 Hz, C(H)H), 4.32-

4.28 (1H, m, C(Ar)H), 4.12 (1H, d, J = 17.5 Hz, C(H)H), 3.90-3.88 (1H, m, C(H)H), 3.87 

(3H, s, OCH3), 3.80 (3H, s, OCH3), 3.63 (1H, dd, J = 13.5, 4.0 Hz, C(H)H), 3.48 (3H, s, 

OCH3), 1.59 (3H, s CH3); δC (126 MHz, CDCl3) 169.9 (C=O), 153.6 (ArC), 151.2 (ArC), 
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144.3 (ArC), 141.0 (ArC), 132.7 (ArC), 130.9 (ArC), 130.5 (ArCH), 129.9 (ArCH), 129.0 

(ArC), 127.3 (ArCH), 121.0 (ArC), 104.7 (ArCH), 60.9 (OCH3), 60.6 (OCH3), 56.1 

(OCH3), 50.7 (CH2), 44.0 (CH2), 39.4 (C(Ar)H), 21.0 (CH3); m/z (ESI) 432 [M+Na]+; 

HRMS (ESI) C20H21
35Cl2NO4Na+ requires 432.0740, found 432.0743 [M+Na]+. 

(S)-1-(4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-

yl)ethan-1-one, (S)-338  

 

General procedure L was applied using (S)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-331 (15 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 

mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white 

solid (16 mg, 95 %, 97 % e.e.); spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
28 (c = 0.33, CHCl3) +65.4; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralcel OD-H column, 2-propanol:hexane = 8:92, 1.00 mL/min., 215 nm, (R)-isomer 

19.20 min., (S)-isomer 26.84 min.). 

(R)-1-(4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-

yl)ethan-1-one, (R)-338  

 

General procedure L was applied using (R)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-331 (15 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 

mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white 

solid (14 mg, 85 %, >99 % e.e.); spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
26 (c = 0.30, CHCl3) –62.4; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralcel OD-H column, 2-propanol:hexane = 8:92, 1.00 mL/min., 215 nm, (R)-isomer 

18.75 min., (S)-isomer 28.12 min.). 
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1-(4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethan-

1-one, 339 (0.95:0.05 mixture of rotamers) 

 

General procedure L was applied using 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline 323 (10 mg, 27.0 μmol), CH2Cl2 (100 μL) and Ac2O (3 

μL, 28.5 μmol). The title compound was formed as an off-white solid (10 mg, 

90 %); m.p. 56-58 ºC; max /cm-1 (neat) 2848 (m, C-H), 1647 (s, C=O), 1242 (s, C-O); 

δH (500 MHz, CDCl3) 7.44 (1H, d, J = 2.0 Hz, ArH), 7.04 (1H, dd, J = 8.5, 2.0 Hz, ArH), 

6.52 (1H, d, J = 8.5 Hz, ArH), 6.51 (1H, s, ArH), 5.49 (1H, d, J = 17.5 Hz, C(H)H), 4.78-

4.75 (1H, m, C(Ar)H), 4.09 (1H, d, J = 17.5 Hz, C(H)H), 4.01-3.96 (1H, m, C(H)H), 3.87 

(3H, s, OCH3), 3.79 (3H, s, OCH3), 3.58 (1H, dd, J = 14.0, 4.0 Hz, C(H)H), 3.50 (3H, s, 

OCH3), 1.51 (3H, s CH3); δC (126 MHz, CDCl3) 170.0 (C=O), 153.6 (ArC), 151.1 (ArC), 

141.0 (ArC), 139.3 (ArC), 133.6 (ArC), 133.3 (ArC), 130.8 (ArCH), 129.5 (ArC), 129.3 

(ArCH), 127.2 (ArCH), 121.2 (ArC), 104.6 (ArCH), 60.9 (OCH3), 60.6 (OCH3), 56.1 

(OCH3), 48.5 (CH2), 44.0 (CH2), 36.2 (C(Ar)H), 20.6 (CH3); m/z (ESI) 432 [M+Na]+; 

HRMS (ESI) C20H21
35Cl2NO4Na+ requires 432.0740, found 432.0739 [M+Na]+. 

(R)-1-(4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-

yl)ethan-1-one, (R)-339  

 

General procedure L was applied using (R)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-323 (15 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 

mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white 

solid (15 mg, 92 %, 99 % e.e.); spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
27 (c = 0.27, CHCl3) +49.9; enantiomeric excess determined by HPLC analysis (Diacel 
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Chiralpak IA column, 2-propanol:hexane = 5:95, 1.00 mL/min., 211 nm, (S)-isomer 13.80 

min., (R)-isomer 16.32 min.). 

(S)-1-(4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinolin-2(1H)-

yl)ethan-1-one, (S)-339  

 

General procedure L was applied using (S)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-323 (15 mg, 40.0 μmol), CH2Cl2 (100 μL, 2.5 

mL/mmol) and Ac2O (4 μL, 42.0 μmol). The title compound was formed as an off-white 

solid (15 mg, 92 %, 95 % e.e.); spectroscopic data are similar to those of the racemate; 

[𝛼]𝐷
28 (c = 0.28, CHCl3) –55.0; enantiomeric excess determined by HPLC analysis (Diacel 

Chiralpak IA column, 2-propanol:hexane = 5:95, 1.00 mL/min., 211 nm, (S)-isomer 13.88 

min., (R)-isomer 16.84 min.). 

3.6.11 N-Methylation of Tetrahydroquinolines – General Procedure M 

 

The following procedure was performed in accordance with previous literature.230  

To tetrahydroisoquinoline (1.00 equiv.), at 0 oC, was added formic acid (30.0 equiv.) and 

then 37 % aqueous formaldehyde (15.0 equiv.) dropwise over 10 minutes. The resulting 

mixture was heated under reflux for 18 hours, then cooled to 0 oC and HCl (2.00 M) added 

cautiously. After extraction with EtOAc, the combined extracts were washed with water 

and brine, then dried over MgSO4, filtered and concentrated in vacuo. The crude product 

was then purified by column chromatography as mentioned specifically. 
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7-Methoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, 346 

 

General procedure M was applied using 7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline 325 (24 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 37 

% aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed without 

further purification as an orange-brown solid (10 mg, 40 %); m.p. 100-103 ºC; max /cm-

1 (neat) 3028 (m, ArC-H), 2851 (m, C-H), 1650 (s, C=C), 1243 (m, C-N); δH (500 MHz, 

CDCl3) 7.38-7.29 (3H, m, 3 x ArH), 7.22-7.15 (2H, m, 2 x ArH), 6.80 (1H, d, J = 8.5 Hz, 

ArH), 6.74 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.63 (1H, d, J = 2.0 Hz, ArH), 4.71 (1H, dd, J 

= 12.0, 5.5 Hz, C(Ar)H), 4.43 (1H, d, J = 15.0 Hz, C(H)H), 4.30 (1H, d, J = 15.0 Hz, 

C(H)H), 3.77 (3H, s, OCH3), 3.65 (1H, dd, J = 12.5, 6.0 Hz, C(H)H), 3.17 (1H, t, J = 12.0 

Hz, C(H)H), 2.95 (3H, s, CH3); δC (126 MHz, CDCl3) 158.9 (ArC), 140.4 (ArC), 130.8 

(ArCH), 129.2 (2 x ArCH), 129.1 (2 x ArCH), 128.9 (ArC), 128.0 (ArCH), 126.8 (ArC), 

115.1 (ArCH), 110.9 (ArCH), 58.4 (CH2), 55.5 (OCH3), 55.3 (CH2), 43.5 (CH3), 38.5 

(C(Ar)H); m/z (ESI) 254 [M+H]+; HRMS (ESI) C17H20NO+ requires 254.1539, found 

254.1541 [M+H]+. This compound is known but has previously only been reported with 

1H NMR data, which are consistent with those reported here.263 

(S)-7-Methoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (S)-346 

 

General procedure M was applied using (S)-7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (S)-325 (24 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 

37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as an orange-brown solid (6 mg, 24 %); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.10, CHCl3) –2.30. 
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(R)-7-Methoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (R)-346  

 

General procedure M was applied using (R)-7-methoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (R)-325  (24 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 

and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as an orange-brown solid (10 mg, 40 %); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
26 (c = 0.18, CHCl3) +3.80. 

4-(4-Chlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 347 

 

General procedure M was applied using 4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 326 (27 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 37 

% aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed without 

further purification as an orange-yellow solid (22 mg, 75 %); m.p. 198-202 ºC; max /cm-

1 (neat) 2929 (m, ArC-H), 2851 (m, C-H), 1649 (s, C=C), 1243 (m, C-N);  

δH (500 MHz, CDCl3) 7.34-7.28 (2H, m, 2 x ArH), 7.16-7.10 (2H, m, 2 x ArH), 6.74 (2H, 

d, J = 1.5 Hz, 2 x ArH), 6.65-6.61 (1H, m, ArH), 4.72 (1H, dd, J = 12.0, 5.5 Hz, C(Ar)H), 

4.46 (1H, d, J = 15.5 Hz, C(H)H), 4.31 (1H, d, J = 15.5 Hz, C(H)H), 3.75 (3H, s, OCH3), 

3.66 (1H, dd, J = 12.0, 5.5 Hz, C(H)H), 3.15 (1H, t, J = 12.0 Hz, C(H)H), 2.96 (3H, s, 

CH3); δC (126 MHz, CDCl3) 159.0 (ArC), 138.9 (ArC), 134.0 (ArC), 130.6 (ArCH), 130.5 

(2 x ArCH), 129.5 (2 x ArCH), 128.8 (ArC), 126.2 (ArC), 115.2 (ArCH), 111.0 (ArCH), 

58.2 (CH2), 55.5 (OCH3), 55.2 (CH2), 41.0 (C(Ar)H), 40.1 (CH3); m/z (ESI) 288 [M+H]+; 

HRMS (ESI) C17H19
35ClNO+ requires 288.1150, found 288.1149 [M+H]+. This 

compound is known but was previously reported without characterisation data.58, 70 

 

 



237 

(S)-4-(4-Chlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, (S)-347  

 

General procedure M was applied using (S)-4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-326 (27 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 

37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as an orange-yellow solid (21 mg, 71 %); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +7.00. 

(R)-4-(4-Chlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline,  

(R)-347  

 

General procedure M was applied using (R)-4-(4-chlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-326 (27 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 

and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as an orange-yellow solid (21 mg, 73 %); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –10.8. 

4-(3,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 198 

 

General procedure M was applied using 4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 327 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 37 

% aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed without 

further purification as a white solid (29 mg, 77 %); m.p. 218-219 ºC; 
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max /cm-1 (neat) 2956 (m, ArC-H), 2834 (m, C-H), 1615 (s, C=C), 1264 (m, C-N);  

δH (500 MHz, CDCl3) 7.43 (1H, d, J = 8.0 Hz, ArH), 7.29 (1H, d, J = 2.0 Hz, ArH), 7.08 

(1H, dd, J = 8.0, 2.0 Hz, ArH), 6.77 (2H, s, 2 x ArH), 6.63 (1H, s, ArH), 4.78 (1H, dd, J 

= 11.5, 5.5 Hz, C(Ar)H), 4.41 (1H, d, J = 15.5 Hz, C(H)H), 4.25 (1H, d, J = 15.0 Hz, 

C(H)H), 3.78 (3H, s, OCH3), 3.62 (1H, dd, J = 12.0, 5.5 Hz, C(H)H), 3.08 (1H, t, J = 12.0 

Hz, C(H)H), 2.93 (3H, s, CH3); δC (126 MHz, CDCl3) 159.2 (ArC), 140.6 (ArC), 133.5 

(ArC), 132.4 (ArC), 131.4 (ArC), 131.3 (ArCH), 130.9 (ArCH), 130.6 (ArCH), 128.6 

(ArCH), 125.5 (ArC), 115.4 (ArCH), 111.1 (ArCH), 55.6 (OCH3), 55.2 (CH2), 55.1 

(CH2), 43.9 (CH3), 39.7 (C(Ar)H); m/z (ESI) 322 [M+H]+; HRMS (ESI) C17H18
35Cl2NO+ 

requires 322.0760, found 322.0762 [M+H]+. This compound is known but has previously 

only been reported with 1H NMR data, which are consistent with those reported here.51, 

68 

(S)-4-(3,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline,  

(S)-198  

 

General procedure M was applied using (S)-4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-327 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 

37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as a white solid (29 mg, 90 %); spectroscopic data are similar 

to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) +3.10. 

(R)-4-(3,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

(R)-198  

 

General procedure M was applied using (R)-4-(3,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-327 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 
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and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as a white solid (29 mg, 90 %); spectroscopic data are similar 

to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –8.90. 

4-(2,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 348 

 

General procedure M was applied using 4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline 328 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 37 

% aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed without 

further purification as a white solid (31 mg, 96 %); m.p. 200-202 ºC; 

max /cm-1 (neat) 2953 (m, ArC-H), 2828 (m, C-H), 1615 (s, C=C), 1262 (m, C-N); δH 

(500 MHz, CDCl3) 7.41 (1H, d, J = 2.0 Hz, ArH), 7.20 (1H, dd, J = 8.5, 2.0 Hz, ArH), 

7.05 (1H, d, J = 7.5 Hz, ArH), 6.80-6.69 (2H, m, 2 x ArH), 6.66 (1H, d, J = 1.5 Hz, ArH), 

5.10 (1H, dd, J = 11.0, 6.0 Hz, C(Ar)H), 4.45 (1H, d, J = 16.0 Hz, C(H)H), 4.37 (1H, d, 

J = 15.5 Hz, C(H)H), 3.76 (3H, s, OCH3), 3.64 (1H, dd, J = 12.5, 6.0 Hz, C(H)H), 3.32 

(1H, t, J = 11.5 Hz, C(H)H), 2.97 (3H, s, CH3); δC (126 MHz, CDCl3) 159.1 (ArC), 136.3 

(ArC), 135.1 (ArC), 134.7 (ArC), 130.2 (ArCH), 130.1 (ArCH), 128.6 (ArC), 128.2 

(ArCH), 124.9 (ArCH), 124.7 (ArC), 115.6 (ArCH), 111.4 (ArCH), 55.6 (OCH3), 54.9 

(CH2), 54.8 (CH2), 42.5 (CH3), 38.4 (C(Ar)H); m/z (ESI) 322 [M+H]+; HRMS (ESI) 

C17H18
35Cl2NO+ requires 322.0760, found 322.0760 [M+H]+. 

(R)-4-(2,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

(R)-348  

 

General procedure M was applied using (R)-4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (R)-328 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 

and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 
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without further purification as a white solid (31 mg, 96 %); spectroscopic data are similar 

to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +12.9. 

(S)-4-(2,4-Dichlorophenyl)-7-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline,  

(S)-348  

 

General procedure M was applied using (S)-4-(2,4-dichlorophenyl)-7-methoxy-1,2,3,4-

tetrahydroisoquinoline (S)-328 (31 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 

37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as a white solid (31 mg, 96 %); spectroscopic data are similar 

to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) –1.50. 

5,6,7-Trimethoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, 349 

 

General procedure M was applied using 5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline 329 (15 mg, 0.50 mmol), formic acid (56.5 μL, 1.50 mmol) and 

37 % aqueous formaldehyde (56 μL, 0.75 mmol). The title compound was formed without 

further purification as a yellow-brown solid (4 mg, 22 %); m.p. 53-55 ºC; max /cm-1 (neat) 

2924 (m, ArC-H), 2852 (m, C-H), 1647 (s, C=C), 1110 (m, C-N); δH (500 MHz, CDCl3) 

7.33-7.27 (2H, m, 2 x ArH), 7.25-7.21 (1H, m, ArH), 7.17-7.11 (2H, m, 2 x ArH), 6.43 

(1H, s, ArH), 4.54 (1H, dd, J = 8.5, 8.0 Hz, C(Ar)H), 4.27 (1H, d, J = 15.0 Hz, C(H)H), 

4.06 (1H, d, J = 16.0 Hz, C(H)H), 3.86 (3H, s, OCH3), 3.76 (3H, s, OCH3), 3.56-3.45 

(1H, m, C(H)H), 3.15 (3H, s, OCH3), 3.14-3.04 (1H, m, C(H)H), 2.78 (3H, s, CH3); δC 

(126 MHz, CDCl3) 153.7 (ArC), 152.2 (ArC), 143.2 (ArC), 142.5 (ArC), 128.9 (2 x 

ArCH), 127.9 (2 x ArCH), 127.2 (ArCH), 120.8 (ArC), 114.2 (ArC), 104.9 (ArCH), 60.7 

(OCH3), 59.7 (OCH3), 58.6 (CH2), 57.3 (CH2), 56.2 (OCH3), 43.5 (CH3), 39.7 (C(Ar)H); 

m/z (ESI) 314 [M+H]+; HRMS (ESI) C19H24NO3
+ requires 314.1751, found 314.1752 

[M+H]+. 
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(S)-5,6,7-Trimethoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (S)-349  

 

General procedure M was applied using (S)-5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (S)-329 (45 mg, 0.15 mmol), formic acid (170 μL, 4.50 mmol) and 

37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was formed 

without further purification as a yellow-brown solid (9 mg, 19 %); spectroscopic data are 

similar to those of the racemate; [𝛼]𝐷
28 (c = 0.17, CHCl3) +3.80. 

(R)-5,6,7-Trimethoxy-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline, (R)-349  

 

General procedure M was applied using (R)-5,6,7-trimethoxy-4-phenyl-1,2,3,4-

tetrahydroisoquinoline (R)-329 (45 mg, 0.15 mmol), formic acid (170 μL, 4.50 mmol) 

and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was formed 

without further purification as a yellow-brown solid (12 mg, 24 %); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
27 (c = 0.17, CHCl3) –20.7. 

4-(4-Chlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 350 

 

General procedure M was applied using 4-(4-chlorophenyl)-5,6,7-trimethoxy-1,2,3,4-

tetrahydroisoquinoline 330 (33 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) and 37 

% aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed without 

further purification as pale yellow solid (16 mg, 45 %); m.p. 164-166 ºC; max /cm-1 (neat) 

2928 (m, ArC-H), 2850 (m, C-H), 1653 (s, C=C), 1117 (m, C-N); δH (500 MHz, CDCl3) 

7.29-7.23 (2H, m, 2 x ArH), 7.10-7.05 (2H, m, 2 x ArH), 6.43 (1H, s, ArH), 4.48 (1H, dd, 
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J = 8.5, 7.0 Hz, C(Ar)H), 4.22 (1H, d, J = 15.0 Hz, C(H)H), 4.03 (1H, d, J = 14.5 Hz, 

C(H)H), 3.85 (3H, s, OCH3), 3.76 (3H, s, OCH3), 3.51-3.43 (1H, m, C(H)H), 3.23 (3H, 

s, OCH3), 2.99 (1H, dd, J = 12.5, 9.0 Hz, C(H)H), 2.74 (3H, s, CH3); δC (126 MHz, 

CDCl3) 153.3 (ArC), 151.9 (ArC), 143.6 (ArC), 141.7 (ArC), 132.2 (ArC), 129.5 (2 x 

ArCH), 128.6 (2 x ArCH), 127.4 (ArC), 121.2 (ArC), 104.7 (ArCH), 60.8 (OCH3), 59.9 

(OCH3), 59.7 (CH2), 56.7 (CH2), 56.1 (OCH3), 44.1 (CH3), 39.2 (C(Ar)H); m/z (ESI) 348 

[M+H]+; HRMS (ESI) C19H23
35ClNO3

+ requires 348.1361, found 348.1363 [M+H]+. 

(S)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

(S)-350  

 

General procedure M was applied using (S)-4-(4-chlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-330 (50 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (34 mg, 65 %,); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +14.1. 

(R)-4-(4-Chlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

(R)-350  

 

General procedure M was applied using (R)-4-(4-chlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-330 (50 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (30 mg, 58 %); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –17.8. 
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4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

351 

 

General procedure M was applied using 4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline 331 (37 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 

and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as a pale yellow solid (24 mg, 62 %); m.p. 148-150 ºC; max 

/cm-1 (neat) 2939 (m, ArC-H), 2849 (m, C-H), 1603 (s, C=C), 1121 (m, C-N); δH (500 

MHz, CDCl3) 7.37 (1H, d, J = 8.5 Hz, ArH), 7.22 (1H, d, J = 2.0 Hz, ArH), 7.02 (1H, dd, 

J = 8.5, 2.0 Hz, ArH), 6.45 (1H, s, ArH), 4.58 (1H, dd, J = 8.5, 7.5 Hz, C(Ar)H), 4.36 

(1H, d, J = 15.0 Hz, C(H)H), 4.20 (1H, d, J = 15.0 Hz, C(H)H), 3.85 (3H, s, OCH3), 3.75 

(3H, s, OCH3), 3.62 (1H, dd, J = 12.5, 6.5 Hz, C(H)H), 3.29 (3H, s, OCH3), 3.11 (1H, dd, 

J = 12.5, 10.0 Hz, C(H)H), 2.87 (3H, s, CH3); δC (126 MHz, CDCl3) 154.1 (ArC), 151.9 

(2 x ArC), 143.3 (ArC), 142.3 (ArC), 132.9 (2 x ArC), 131.2 (ArC), 130.9 (ArCH), 129.6 

(ArCH), 127.4 (ArCH), 104.9 (ArCH), 60.8 (OCH3), 59.9 (OCH3), 57.1 (CH2), 56.2 

(OCH3), 55.1 (CH2), 43.8 (CH3), 38.5 (C(Ar)H); m/z (ESI) 382 [M+H]+; HRMS (ESI) 

C19H22
35Cl2NO3

+ requires 382.0971, found 382.0970 [M+H]+. 

(S)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-

tetrahydroisoquinoline, (S)-351  

 

General procedure M was applied using (S)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-331 (55 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (53 mg, 92 %); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) +10.9. 
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(R)-4-(3,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-

tetrahydroisoquinoline, (R)-351  

 

General procedure M was applied using (R)-4-(3,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-331 (55 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (50 mg, 87 %); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.20, CHCl3) –24.9. 

4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline, 

352 

 

General procedure M was applied using 4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline 323 (37 mg, 0.10 mmol), formic acid (113 μL, 3.00 mmol) 

and 37 % aqueous formaldehyde (112 μL, 1.50 mmol). The title compound was formed 

without further purification as a pale yellow solid (30 mg, 79 %); m.p. 141-143 ºC; max 

/cm-1 (neat) 2938 (m, ArC-H), 2846 (m, C-H), 1604 (s, C=C), 1108 (m, C-N); δH (500 

MHz, CDCl3) 7.35 (1H, d, J = 2.0 Hz, ArH), 7.10 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.88 

(1H, d, J = 8.5 Hz, ArH), 6.42 (1H, s, ArH), 4.92 (1H, t, J = 7.5 Hz, C(Ar)H), 4.47 (1H, 

d, J = 15.0 Hz, C(H)H), 4.11 (1H, d, J = 15.0 Hz, C(H)H), 3.80 (3H, s, OCH3), 3.70 (3H, 

s, OCH3), 3.57 (1H, dd, J = 13.0, 7.0 Hz, C(H)H), 3.29 (3H, s, OCH3), 3.23 (1H, dd, J = 

13.0, 8.5 Hz, C(H)H), 2.86 (3H, s, CH3); δC (126 MHz, CDCl3) 154.1 (ArC), 151.5 (ArC), 

142.4 (ArC), 138.5 (ArC), 133.9 (ArC), 133.7 (ArC), 130.6 (ArCH), 129.6 (ArCH), 127.8 

(ArCH), 123.8 (ArC), 118.9 (ArC), 105.0 (ArCH), 60.8 (OCH3), 60.1 (OCH3), 57.2 

(CH2), 56.2 (OCH3), 55.9 (CH2), 42.3 (CH3), 38.8 (C(Ar)H); m/z (ESI) 382 [M+H]+; 

HRMS (ESI) C19H22
35Cl2NO3

+ requires 382.0971, found 382.0962 [M+H]+. 
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(R)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-

tetrahydroisoquinoline, (R)-352  

 

General procedure M was applied using (R)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (R)-323 (55 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (56 mg, 98 %); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) +38.6. 

(S)-4-(2,4-Dichlorophenyl)-5,6,7-trimethoxy-2-methyl-1,2,3,4-

tetrahydroisoquinoline, (S)-352  

 

General procedure M was applied using (S)-4-(2,4-dichlorophenyl)-5,6,7-trimethoxy-

1,2,3,4-tetrahydroisoquinoline (S)-323 (55 mg, 0.15 mmol), formic acid (170 μL, 4.50 

mmol) and 37 % aqueous formaldehyde (168 μL, 2.25 mmol). The title compound was 

formed without further purification as a pale yellow solid (55 mg, 95 %); spectroscopic 

data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.20, CHCl3) –35.1. 

3.6.12 Benzylidene Indan-1-one Formation – General Procedure N 

 

The following procedure was performed in accordance with previous literature.242 

To substituted 3-aryl-indan-1-one (1.00 equiv.) in MeOH:CH2Cl2 (1:1, 10.0 mL/mmol) 

was added substituted benzaldehyde (2.00 equiv.) and freshly powerdered NaOH (5.00 

equiv.). The resulting mixture was stirred for 2 hours at room temperature and then the 
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volatiles removed under vacuum. Organics were re-dissolved in EtOAc, washed with 

water and extracted with further EtOAc. Extracts were combined, washed with brine and 

then dried over MgSO4, filtered and concentrated in vacuo. The crude product was then 

purified by flash column chromatography as specifically mentioned. 

(E)-2-Benzylidene-2,3-dihydro-1H-inden-1-one, 395  

 

General procedure S was applied using indan-1-one (40 mg, 0.30 mmol), 

MeOH:CH2Cl2 (1.50:1.50 mL), benzaldehyde (61 μL, 0.60 mmol) and NaOH (60 mg, 

1.50 mmol). Purification by flash column chromatography, eluting with pet ether:EtOAc 

(8:1), gave the title compound as an off-white solid (56 mg, 85 %); m.p. 108-110 ºC (lit.264 

109-110 °C); max /cm-1 (neat) 3021 (m, ArC-H), 2850 (m, C-H), 1691 (s, C=O), 1622 (s, 

C=C); δH (500 MHz, CDCl3) 7.92 (1H, d, J = 7.5 Hz, ArH), 7.69 (1H, s, C=CH), 7.71-

7.66 (2H, m, 2 x ArH), 7.62 (1H, t, J = 7.5 Hz, ArH), 7.56 (1H, d, J = 7.5 Hz, ArH), 7.50-

7.38 (4H, m, 4 x ArH), 4.06 (2H, s, CH2); δC (126 MHz, CDCl3) 194.5 (C=O), 149.8 

(ArC), 138.2 (ArC), 135.6 (ArC), 134.9 (ArC), 134.8 (ArCH), 134.1 (C=CH), 130.9 (2 x 

ArCH), 129.8 (ArCH), 129.1 (2 x ArCH), 127.8 (ArCH), 126.3 (ArCH), 124.6 (ArCH), 

32.6 (CH2); m/z (ESI) 243 [M+Na]+; HRMS (ESI) C16H12ONa+ requires 243.0780, found 

243.0776 [M+Na]+. These data are consistent with those previously reported.264 

(E)-2-(4-Methoxybenzylidene)-2,3-dihydro-1H-inden-1-one, 396  

 

General procedure S was applied using indan-1-one (40 mg, 0.30 mmol), 

MeOH:CH2Cl2 (1.50:1.50 mL), p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 

1.50 mmol). Purification by flash column chromatography, eluting with pet ether:EtOAc 

(6:1), gave the title compound as an off-white solid (73 mg, 97 %); m.p. 138-140 ºC (lit.265 

136-138 °C); max /cm-1 (neat) 2996 (m, ArC-H), 2841 (m, C-H), 1690 (s, C=O), 1622 (s, 

C=C); δH (500 MHz, CDCl3) 7.91 (1H, d, J = 7.5 Hz, ArH), 7.65 (1H, s, C=CH), 7.68-

7.62 (2H, m, 2 x ArH), 7.60 (1H, t, J = 7.5 Hz, ArH), 7.55 (1H, d, J = 7.5 Hz, ArH), 7.42 
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(1H, t, J = 7.5 Hz, ArH), 7.01-6.96 (2H, m, 2 x ArH), 4.02 (2H, s, CH2), 3.87 (3H, s, 

OCH3); δC (126 MHz, CDCl3) 194.5 (C=O), 161.0 (ArC), 149.6 (ArC), 138.4 (ArC), 

134.5 (ArCH), 134.0 (C=CH), 132.7 (2 x ArCH), 132.6 (ArC), 128.3 (ArC), 127.7 

(ArCH), 126.2 (ArCH), 124.5 (ArCH), 114.6 (2 x ArCH), 55.5 (OCH3), 32.6 (CH2); m/z 

(ESI) 251 [M+H]+; HRMS (ESI) C17H15O2
+ requires 251.1067, found 251.1062 [M+H]+. 

These data are consistent with those previously reported.265 

(E)-2-(3,4-Dimethoxybenzylidene)-2,3-dihydro-1H-inden-1-one, 397  

 

General procedure S was applied using indan-1-one (40 mg, 0.30 mmol), 

MeOH:CH2Cl2 (1.50:1.50 mL), 3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and 

NaOH (60 mg, 1.50 mmol). Purification by flash column chromatography, eluting with 

pet ether:EtOAc (5:1), gave the title compound as a yellow solid (66 mg, 78 %); m.p. 

169-172 ºC (lit.265 170-173 °C); max /cm-1 (neat) 2958 (m, ArC-H), 2850 (m, C-H), 1681 

(s, C=O), 1597 (s, C=C); δH (500 MHz, CDCl3) 7.91 (1H, d, J = 7.5 Hz, ArH), 7.63 (1H, 

s, C=CH), 7.65-7.59 (1H, m, ArH), 7.56 (1H, d, J = 7.5 Hz, ArH), 7.43 (1H, t, J = 7.5 Hz, 

ArH), 7.32 (1H, dd, J = 8.5, 1.5 Hz, ArH), 7.19 (1H, d, J = 1.5 Hz, ArH), 6.96 (1H, d, J 

= 8.5 Hz, ArH), 4.03 (2H, s, CH2), 3.97 (3H, s, OCH3), 3.95 (3H, s, OCH3); δC (126 MHz, 

CDCl3) 194.4 (C=O), 150.8 (ArC), 149.5 (ArC), 149.2 (ArC), 138.4 (ArC), 134.5 

(ArCH), 134.2 (C=CH), 132.8 (ArC), 128.6 (ArC), 127.8 (ArCH), 126.2 (ArCH), 124.8 

(ArCH), 124.5 (ArCH), 113.6 (ArCH), 111.4 (ArCH), 56.1 (OCH3), 56.1 (OCH3), 32.5 

(CH2); m/z (ESI) 303 [M+Na]+; HRMS (ESI) C18H16O3Na+ requires 303.0992, found 

303.0986 [M+Na]+. These data are consistent with those previously reported.265 

(E)-2-(4-Fluorobenzylidene)-2,3-dihydro-1H-inden-1-one, 398  

 

General procedure S was applied using indan-1-one (40 mg, 0.30 mmol), 

MeOH:CH2Cl2 (1.50:1.50 mL), 4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 



248 

mg, 1.50 mmol). Purification by flash column chromatography, eluting with pet 

ether:EtOAc (8:1), gave the title compound as a white solid (67 mg, 93 %); m.p. 150-152 

ºC (lit.265 164-165 °C); max /cm-1 (neat) 2921 (m, ArC-H), 2850 (m, C-H), 1687 (s, C=O), 

1630 (s, C=C); δH (500 MHz, CDCl3) 7.91 (1H, d, J = 7.5 Hz, ArH), 7.69-7.67 (1H, m, 

ArH), 7.67-7.65 (1H, m, ArH), 7.64 (1H, s, C=CH), 7.64-7.60 (1H, m, ArH), 7.56 (1H, 

d, J = 7.5 Hz, ArH), 7.43 (1H, t, J = 7.5 Hz, ArH), 7.19-7.12 (2H, m, 2 x ArH), 4.02 (2H, 

s, CH2); δC (126 MHz, CDCl3) 194.3 (C=O), 164.5 (ArC), 149.6 (ArC), 138.1 (ArC), 

134.8 (C=CH), 134.4 (ArC), 132.8 (ArCH), 132.8 (ArCH), 132.7 (ArCH), 131.8 (ArC), 

127.9 (ArCH), 126.3 (ArCH), 124.6 (ArCH), 116.4 (ArCH), 116.2 (ArCH), 32.5 (CH2); 

m/z (ESI) 261 [M+Na]+; HRMS (ESI) C16H11FONa+ requires 261.0686, found 261.0682 

[M+Na]+. These data are consistent with those previously reported.266 

(E)-2-Benzylidene-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 358  

 

General procedure S was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (72 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), benzaldehyde (61 μL, 0.60 

mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column chromatography, 

eluting with pet ether:EtOAc (6:1), gave the title compound as an off-white solid (80 mg, 

82 %); m.p. 151-153 ºC; max /cm-1 (neat) 3060 (m, ArC-H), 2851 (m, C-H), 1694 (s, 

C=O), 1624 (s, C=C); δH (500 MHz, CDCl3) 7.89-7.87 (1H, m, C=CH), 7.54-7.49 (2H, 

m, 2 x ArH), 7.42 (1H, d, J = 2.5 Hz, ArH), 7.33-7.25 (8H, m, 8 x ArH), 7.19-7.15 (2H, 

m, 2 x ArH), 5.35 (1H, s, C(Ar)H), 3.92 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.7 

(C=O), 159.9 (ArC), 147.7 (ArC), 141.8 (ArC), 139.4 (ArC), 137.5 (ArC), 135.6 (C=CH), 

134.2 (ArC), 131.5 (2 x ArCH), 129.7 (ArCH), 129.0 (2 x ArCH), 128.5 (2 x ArCH), 

127.7 (2 x ArCH), 127.0 (ArCH), 126.9 (ArCH), 124.6 (ArCH), 105.5 (ArCH), 55.8 

(OCH3), 48.3 (C(Ar)H); m/z (ESI) 349 [M+Na]+; HRMS (ESI) C23H18O2Na+ requires 

349.1199, found 349.1199[M+Na]+. 
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(E)-6-Methoxy-2-(4-methoxybenzylidene)-3-phenyl-2,3-dihydro-1H-inden-1-one, 

366  

 

General procedure S was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (72, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), p-anisaldehyde (73 μL, 0.60 

mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column chromatography, 

eluting with pet ether:EtOAc (5:1), gave the title compound as a pale orange solid (77 

mg, 72 %); m.p. 213-216 ºC; max /cm-1 (neat) 3027 (m, ArC-H), 2834 (m, C-H), 1682 (s, 

C=O), 1613 (s, C=C); δH (500 MHz, CDCl3) 7.83-7.80 (1H, m, C=CH), 7.48-7.43 (2H, 

m, 2 x ArH), 7.38 (1H, d, J = 2.0 Hz, ArH), 7.29-7.24 (5H, m, 5 x ArH), 7.19-7.14 (1H, 

m, ArH), 7.12 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.80-6.75 (2H, m, 2 x ArH), 5.26 (1H, s, 

C(Ar)H), 3.87 (3H, s, OCH3), 3.78 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.7 (C=O), 

161.0 (ArC), 159.8 (ArC), 147.5 (ArC), 141.9 (ArC), 137.7 (ArC), 136.7 (ArC), 135.4 

(C=CH), 133.6 (2 x ArCH), 129.1 (2 x ArCH), 127.6 (2 x ArCH), 127.0 (ArCH), 126.9 

(ArC), 126.8 (ArCH), 124.3 (ArCH), 114.1 (2 x ArCH), 105.4 (ArCH), 55.8 (OCH3), 

55.4 (OCH3), 48.3 (C(Ar)H); m/z (ESI) 379 [M+Na]+; HRMS (ESI) C24H20O3Na+ 

requires 379.1305, found 379.1306 [M+Na]+. 

(E)-2-(3,4-Dimethoxybenzylidene)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one, 374  

 

General procedure S was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (72 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave 

the title compound as a yellow solid (81 mg, 69 %); m.p. 147-149 ºC; max /cm-1 (neat) 

3058 (m, ArC-H), 2835 (m, C-H), 1688 (s, C=O), 1615 (s, C=C); δH (500 MHz, CDCl3) 

7.82-7.80 (1H, m, C=CH), 7.35 (1H, d, J = 2.5 Hz, ArH), 7.33-7.28 (3H, m, 3 x ArH), 
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7.28-7.23 (2H, m, 2 x ArH), 7.20-7.16 (1H, m, ArH), 7.15 (1H, dd, J = 8.5, 1.5 Hz, ArH), 

7.10 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.91 (1H, d, J = 1.5 Hz, ArH), 6.79 (1H, d, J = 8.5 

Hz, ArH), 5.27 (1H, s, C(Ar)H), 3.85 (6H, s, 2 x OCH3), 3.59 (3H, s, OCH3); δC (126 

MHz, CDCl3) 194.6 (C=O), 159.8 (ArC), 150.8 (ArC), 148.9 (ArC), 147.2 (ArC), 142.0 

(ArC), 137.5 (ArC), 136.1 (ArC), 136.0 (C=CH), 129.3 (2 x ArCH), 127.4 (2 x ArCH), 

127.3 (ArC), 127.2 (ArCH), 127.1 (ArCH), 126.7 (ArCH), 124.3 (ArCH), 113.3 (ArCH), 

110.9 (ArCH), 105.5 (ArCH), 56.0 (OCH3), 56.0 (OCH3), 55.8 (OCH3), 48.3 (C(Ar)H); 

m/z (ESI) 409 [M+Na]+; HRMS (ESI) C25H22O4Na+ requires 409.1410, found 409.1412 

[M+Na]+. 

(E)-2-(4-Fluorobenzylidene)-6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 382  

 

General procedure S was applied using 6-methoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one 118 (72 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 4-fluorobenzaldehyde (64 

μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (6:1), gave the title compound as an 

orange solid (90 mg, 87 %); m.p. 190-192 ºC; max /cm-1 (neat) 3062 (m, ArC-H), 2849 

(m, C-H), 1686 (s, C=O), 1620 (s, C=C); δH (500 MHz, CDCl3) 7.79-7.77 (1H, m, C=CH), 

7.46-7.44 (1H, m, ArH), 7.44-7.42 (1H, m, ArH), 7.36 (1H, d, J = 2.0 Hz, ArH), 7.26-

7.18 (5H, m, 5 x ArH), 7.16-7.14 (1H, m, ArH), 7.12 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.94-

6.89 (2H, m, 2 x ArH), 5.25 (1H, s, C(Ar)H), 3.86 (3H, s, OCH3); δC (126 MHz, CDCl3) 

194.5 (C=O), 164.4 (ArC), 162.4 (ArC), 159.9 (ArC), 147.5 (ArC), 141.5 (ArC), 138.9 

(ArC), 137.4 (ArC), 134.3 (C=CH), 133.5 (ArCH), 133.4 (ArCH), 129.1 (2 x ArCH), 

127.6 (2 x ArCH), 127.2 (ArCH), 126.9 (ArCH), 124.7 (ArCH), 115.8 (ArCH), 115.6 

(ArCH), 105.5 (ArCH), 55.8 (OCH3), 48.2 (C(Ar)H); m/z (ESI) 367 [M+Na]+; HRMS 

(ESI) C23H17FO2Na+ requires 367.1105, found 367.1106 [M+Na]+. 
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(E)-2-Benzylidene-3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 359  

 

General procedure S was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 119 (100 mg, 0.37 mmol), MeOH:CH2Cl2 (1.84:1.84 mL), benzaldehyde (75 

μL, 0.74 mmol) and NaOH (74 mg, 1.84 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (6:1), gave the title compound as a pale 

orange solid (100 mg, 76 %); m.p. 164-165 ºC; max /cm-1 (neat) 3000 (m, ArC-H), 2831 

(m, C-H), 1693 (s, C=O), 1620 (s, C=C); δH (500 MHz, CDCl3) 7.84-7.82 (1H, m, C=CH), 

7.45-7.41 (2H, m, 2 x ArH), 7.37 (1H, d, J = 2.0 Hz, ArH), 7.28-7.24 (3H, m, 3 x ArH), 

7.22 (1H, d, J = 8.5 Hz, ArH), 7.19-7.15 (2H, m, 2 x ArH), 7.15-7.11 (3H, m, 3 x ArH), 

5.29 (1H, s, C(Ar)H), 3.87 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.3 (C=O), 160.0 

(ArC), 147.0 (ArC), 140.3 (ArC), 139.0 (ArC), 137.6 (ArC), 135.9 (C=CH), 134.0 (ArC), 

132.8 (ArC), 131.4 (2 x ArCH), 129.9 (ArCH), 129.2 (2 x ArCH), 129.0 (2 x ArCH), 

128.6 (2 x ArCH), 126.8 (ArCH), 124.7 (ArCH), 105.6 (ArCH), 55.8 (OCH3), 47.6 

(C(Ar)H); m/z (ESI) 383 [M+Na]+; HRMS (ESI) C23H17
35ClO2Na+ requires 383.0809, 

found 383.0804 [M+Na]+. 

(E)-3-(4-Chlorophenyl)-6-methoxy-2-(4-methoxybenzylidene)-2,3-dihydro-1H-

inden-1-one, 367  

 

General procedure S was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 119 (82 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), p-anisaldehyde (73 

μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (5:1), gave the title compound as a pale 

orange solid (51 mg, 44 %); m.p. 165-168 ºC; max /cm-1 (neat) 2958 (m, ArC-H), 2833 

(m, C-H), 1697 (s, C=O), 1613 (s, C=C); δH (500 MHz, CDCl3) 7.84-7.82 (1H, m, C=CH), 
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7.46-7.42 (2H, m, 2 x ArH), 7.39 (1H, d, J = 2.0 Hz, ArH), 7.29 (1H, s, ArH), 7.27-7.18 

(4H, m, 4 x ArH), 7.14 (1H, dd, J = 8.5, 2.5 Hz, ArH), 6.83-6.79 (2H, m, 2 x ArH), 5.27 

(1H, s, C(Ar)H), 3.89 (3H, s, OCH3), 3.82 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.3 

(C=O), 161.1 (ArC), 160.0 (ArC), 146.8 (ArC), 140.4 (ArC), 137.7 (ArC), 136.3 (ArC), 

135.7 (C=CH), 133.5 (2 x ArCH), 132.8 (ArC), 129.3 (2 x ArCH), 128.9 (2 x ArCH), 

126.7 (ArC), 126.7 (ArCH), 124.3 (ArCH), 114.2 (2 x ArCH), 105.6 (ArCH), 55.8 

(OCH3), 55.5 (OCH3), 47.6 (C(Ar)H); m/z (ESI) 413 [M+Na]+; HRMS (ESI) 

C24H19
35ClO3Na+ requires 413.0915, found 413.0914 [M+Na]+. 

(E)-3-(4-Chlorophenyl)-2-(3,4-dimethoxybenzylidene)-6-methoxy-2,3-dihydro-1H-

inden-1-one, 375  

 

General procedure S was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 119 (82 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave 

the title compound as a yellow solid (92 mg, 72 %); m.p. 97-98 ºC; max /cm-1 (neat) 2935 

(m, ArC-H), 2835 (m, C-H), 1687 (s, C=O), 1615 (s, C=C); δH (500 MHz, CDCl3) 7.82 

(1H, d, J = 1.5 Hz, C=CH), 7.37 (1H, d, J = 2.5 Hz, ArH), 7.28-7.26 (1H, m, ArH), 7.25-

7.23 (4H, m, 4 x ArH), 7.14 (1H, d, J = 2.0 Hz, ArH), 7.13 (1H, d, J = 2.0 Hz, ArH), 6.92 

(1H, d, J = 1.5 Hz, ArH), 6.81 (1H, d, J = 8.5 Hz, ArH), 5.28 (1H, s, C(Ar)H), 3.89 (3H, 

s, OCH3), 3.88 (3H, s, OCH3), 3.70 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.2 (C=O), 

160.0 (ArC), 150.9 (ArC), 148.9 (ArC), 146.6 (ArC), 140.5 (ArC), 137.6 (ArC), 136.3 

(C=CH), 135.8 (ArC), 133.0 (ArC), 129.4 (2 x ArCH), 128.8 (2 x ArCH), 127.0 (ArC), 

126.8 (ArCH), 126.6 (ArCH), 124.3 (ArCH), 113.5 (ArCH), 111.0 (ArCH), 105.6 

(ArCH), 56.0 (2 x OCH3), 55.8 (OCH3), 47.6 (C(Ar)H); m/z (ESI) 443 [M+Na]+; HRMS 

(ESI) C25H21
35ClO4Na+ requires 443.1021, found 443.1012 [M+Na]+. 
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(E)-3-(4-Chlorophenyl)-2-(4-fluorobenzylidene)-6-methoxy-2,3-dihydro-1H-inden-

1-one, 383  

 

General procedure S was applied using 3-(4-chlorophenyl)-6-methoxy-2,3-dihydro-1H-

inden-1-one 119 (82 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 

by flash column chromatography, eluting with pet ether:EtOAc (6:1), gave the title 

compound as a pale orange solid (83 mg, 73 %); m.p. 177-179 ºC; max /cm-1 (neat) 3004 

(m, ArC-H), 2832 (m, C-H), 1688 (s, C=O), 1622 (s, C=C); δH (500 MHz, CDCl3) 7.80-

7.77 (1H, m, C=CH), 7.44-7.42 (1H, m, ArH), 7.42-7.40 (1H, m, ArH), 7.36 (1H, d, J = 

2.0 Hz, ArH), 7.21 (1H, d, J = 8.5 Hz, ArH), 7.20-7.17 (2H, m, 2 x ArH), 7.15-7.11 (3H, 

m, 3 x ArH), 6.98-6.92 (2H, m, 2 x ArH), 5.24 (1H, s, C(Ar)H), 3.86 (3H, s, OCH3); δC 

(126 MHz, CDCl3) 194.1 (C=O), 164.5 (ArC), 162.4 (ArC), 160.1 (ArC), 146.9 (ArC), 

140.0 (ArC), 138.5 (ArC), 137.5 (ArC), 134.6 (C=CH), 133.4 (ArCH), 133.3 (ArCH), 

133.0 (ArC), 129.3 (2 x ArCH), 129.0 (2 x ArCH), 126.8 (ArCH), 124.8 (ArCH), 115.9 

(ArCH), 115.8 (ArCH), 105.6 (ArCH), 55.9 (OCH3), 47.5 (C(Ar)H); m/z (ESI) 401 

[M+Na]+; HRMS (ESI) C23H16
35ClFO2Na+ requires 401.0715, found 401.0709 [M+Na]+. 

(E)-2-Benzylidene-3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 

360  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 120 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), benzaldehyde 

(61 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (6:1), gave the title compound as an 

orange solid (61 mg, 51 %); m.p. 125-127 ºC; max /cm-1 (neat) 3004 (m, ArC-H), 2835 
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(m, C-H), 1690 (s, C=O), 1619 (s, C=C); δH (500 MHz, CDCl3) 7.84 (1H, d, J = 1.0 Hz, 

C=CH), 7.45-7.40 (2H, m, 2 x ArH), 7.38 (1H, d, J = 2.0 Hz, ArH), 7.30-7.24 (5H, m, 5 

x ArH), 7.22 (1H, d, J = 8.5 Hz, ArH), 7.15 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.02 (1H, dd, 

J = 8.5, 2.0 Hz, ArH), 5.27 (1H, s, C(Ar)H), 3.87 (3H, s, OCH3); δC (126 MHz, CDCl3) 

193.9 (C=O), 160.2 (ArC), 146.3 (ArC), 142.0 (ArC), 138.5 (ArC), 137.7 (ArC), 136.3 

(C=CH), 133.9 (ArC), 133.0 (ArC), 131.2 (2 x ArCH), 131.1 (ArC), 130.9 (ArCH), 130.1 

(ArCH), 129.7 (ArCH), 128.7 (2 x ArCH), 127.0 (ArCH), 126.8 (ArCH), 124.8 (ArCH), 

105.7 (ArCH), 55.9 (OCH3), 47.2 (C(Ar)H); m/z (ESI) 417 [M+Na]+; HRMS (ESI) 

C23H16
35Cl2O2Na+ requires 417.0420, found 417.0419 [M+Na]+. 

(E)-3-(3,4-Dichlorophenyl)-6-methoxy-2-(4-methoxybenzylidene)-2,3-dihydro-1H-

inden-1-one, 368  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 120 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (5:1), gave the title compound as 

an orange solid (83 mg, 65 %); m.p. 141-143 ºC; max /cm-1 (neat) 2937 (m, ArC-H), 2836 

(m, C-H), 1682 (s, C=O), 1617 (s, C=C); δH (500 MHz, CDCl3) 7.82-7.80 (1H, m, C=CH), 

7.42-7.39 (2H, m, 2 x ArH), 7.37 (1H, d, J = 2.5 Hz, ArH), 7.32 (1H, d, J = 2.0 Hz, ArH), 

7.29 (1H, d, J = 8.5 Hz, ArH), 7.23 (1H, d, J = 8.5 Hz, ArH), 7.13 (1H, dd, J = 8.5, 2.5 

Hz, ArH), 7.07 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.83-6.79 (2H, m, 2 x ArH), 5.22 (1H, s, 

C(Ar)H), 3.87 (3H, s, OCH3), 3.80 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.0 (C=O), 

161.2 (ArC), 160.1 (ArC), 146.1 (ArC), 142.2 (ArC), 137.9 (ArC), 136.1 (C=CH), 135.8 

(ArC), 133.5 (2 x ArCH), 133.1 (ArC), 131.1 (ArC), 131.0 (ArCH), 129.5 (ArCH), 127.0 

(ArCH), 126.6 (ArCH), 126.5 (ArC), 124.4 (ArCH), 114.3 (2 x ArCH), 105.7 (ArCH), 

55.9 (OCH3), 55.5 (OCH3), 47.3 (C(Ar)H); m/z (ESI) 447 [M+Na]+; HRMS (ESI) 

C24H18
35Cl2O3Na+ requires 447.0525, found 447.0526 [M+Na]+. 
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(E)-3-(3,4-Dichlorophenyl)-2-(3,4-dimethoxybenzylidene)-6-methoxy-2,3-dihydro-

1H-inden-1-one, 376  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 120 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave 

the title compound as an orange-yellow solid (73 mg, 53 %); m.p. 128-131 ºC; max /cm-

1 (neat) 3003 (m, ArC-H), 2836 (m, C-H), 1688 (s, C=O), 1615 (s, C=C); δH (500 MHz, 

CDCl3) 7.81-7.79 (1H, m, C=CH), 7.41 (1H, d, J = 1.5 Hz, ArH), 7.36 (1H, d, J = 2.0 Hz, 

ArH), 7.30 (1H, d, J = 8.5 Hz, ArH), 7.25-7.23 (1H, m, ArH), 7.13 (1H, dd, J = 9.0, 2.5 

Hz, ArH), 7.11 (1H, dd, J = 8.5, 1.5 Hz, ArH), 7.07 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.89 

(1H, d, J = 1.0 Hz, ArH), 6.81 (1H, d, J = 8.5 Hz, ArH), 5.24 (1H, s, C(Ar)H), 3.88 (3H, 

s, OCH3), 3.86 (3H, s, OCH3), 3.73 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.9 (C=O), 

160.2 (ArC), 151.1 (ArC), 149.0 (ArC), 145.9 (ArC), 142.4 (ArC), 137.7 (ArC), 136.6 

(C=CH), 135.4 (ArC), 133.2 (ArC), 131.3 (ArC), 131.3 (ArCH), 129.5 (ArCH), 126.8 

(ArC), 126.8 (ArCH), 126.7 (ArCH), 126.5 (ArCH), 124.4 (ArCH), 113.4 (ArCH), 111.1 

(ArCH), 105.8 (ArCH), 56.1 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 47.3 (C(Ar)H); m/z 

(ESI) 477 [M+Na]+; HRMS (ESI) C25H20
35Cl2O4Na+ requires 477.0631, found 477.0634 

[M+Na]+. 

(E)-3-(3,4-Dichlorophenyl)-2-(4-fluorobenzylidene)-6-methoxy-2,3-dihydro-1H-

inden-1-one, 384  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 120 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  
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4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 

by flash column chromatography, eluting with pet ether:EtOAc (6:1), gave the title 

compound as an orange-red solid (81 mg, 65 %); m.p. 155-157 ºC; max /cm-1 (neat) 2923 

(m, ArC-H), 2851 (m, C-H), 1685 (s, C=O), 1619 (s, C=C); δH (500 MHz, CDCl3) 7.80 

(1H, d, J = 1.5 Hz, C=CH), 7.44-7.42 (1H, m, ArH), 7.42-7.40 (1H, m, ArH), 7.37 (1H, 

d, J = 2.5 Hz, ArH), 7.30-7.26 (2H, m, 2 x ArH), 7.22 (1H, d, J = 8.5 Hz, ArH), 7.15 (1H, 

dd, J = 8.5, 2.5 Hz, ArH), 7.03 (1H, dd, J = 8.5, 2.0 Hz, ArH), 7.01-6.95 (2H, m, 2 x 

ArH), 5.23 (1H, s, C(Ar)H), 3.87 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.7 (C=O), 

164.5 (ArC), 162.5 (ArC), 160.3 (ArC), 146.2 (ArC), 141.8 (ArC), 138.1 (ArC), 137.6 

(ArC), 134.9 (C=CH), 133.3 (ArCH), 133.2 (ArCH), 133.2 (ArC), 131.3 (ArC), 131.0 

(ArCH), 129.5 (ArCH), 127.0 (ArCH), 126.7 (ArCH), 124.9 (ArCH), 116.1 (ArCH), 

115.9 (ArCH), 105.8 (ArCH), 55.9 (OCH3), 47.1 (C(Ar)H); m/z (ESI) 435 [M+Na]+; 

HRMS (ESI) C23H15
35Cl2FO2Na+ requires 435.0325, found 435.0327 [M+Na]+. 

(E)-2-Benzylidene-3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-1H-inden-1-one, 

361  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 121 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), benzaldehyde 

(61 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (6:1), gave the title compound as a pale 

orange solid (104 mg, 88 %); m.p. 146-148 ºC; max /cm-1 (neat) 3051 (m, ArC-H), 2833 

(m, C-H), 1688 (s, C=O), 1621 (s, C=C); δH (500 MHz, CDCl3) 7.84-7.81 (1H, m, C=CH), 

7.43 (1H, s, ArH), 7.42-7.35 (4H, m, 4 x ArH), 7.30-7.26 (3H, m, 3 x ArH), 7.13 (1H, dd, 

J = 8.5, 2.5 Hz, ArH), 6.90 (1H, d, J = 7.5 Hz, ArH), 6.72 (1H, s, ArH), 5.91 (1H, s, 

C(Ar)H), 3.87 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.0 (C=O), 160.2 (ArC), 146.5 

(ArC), 138.6 (ArC), 138.1 (ArC), 137.8 (ArC), 135.7 (C=CH), 134.1 (ArC), 133.9 (ArC), 

133.3 (ArC), 131.0 (2 x ArCH), 130.1 (ArCH), 129.4 (ArCH), 128.6 (2 x ArCH), 128.2 

(ArCH), 126.8 (ArCH), 126.7 (ArCH), 124.8 (ArCH), 105.7 (ArCH), 55.8 (OCH3), 43.6 

(C(Ar)H); m/z (ESI) 417 [M+Na]+; HRMS (ESI) C23H16
35Cl2O2Na+ requires 417.0420, 

found 417.0422 [M+Na]+. 
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(E)-3-(2,4-Dichlorophenyl)-6-methoxy-2-(4-methoxybenzylidene)-2,3-dihydro-1H-

inden-1-one, 369  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 121 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (5:1), gave the title compound as 

a pale orange solid (105 mg, 82 %); m.p. 155-157 ºC; max /cm-1 (neat) 3002 (m, ArC-H), 

2835 (m, C-H), 1686 (s, C=O), 1621 (s, C=C); δH (500 MHz, CDCl3) 7.80-7.77 (1H, m, 

C=CH), 7.46 (1H, s, ArH), 7.40-7.34 (4H, m, 4 x ArH), 7.12 (1H, dd, J = 8.5, 2.5 Hz, 

ArH), 6.91 (1H, d, J = 8.0 Hz, ArH), 6.82-6.78 (2H, m, 2 x ArH), 6.75 (1H, s, ArH), 5.85 

(1H, s, C(Ar)H), 3.86 (3H, s, OCH3), 3.79 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.1 

(C=O), 161.2 (ArC), 160.1 (ArC), 146.3 (ArC), 138.3 (ArC), 138.0 (ArC), 136.0 (ArC), 

135.5 (C=CH), 134.1 (ArC), 133.3 (ArC), 133.2 (2 x ArCH), 129.4 (ArCH), 129.3 

(ArCH), 128.3 (ArCH), 126.6 (ArCH), 126.5 (ArC), 124.5 (ArCH), 114.3 (2 x ArCH), 

105.7 (ArCH), 55.8 (OCH3), 55.5 (OCH3), 43.6 (C(Ar)H); m/z (ESI) 447 [M+Na]+; 

HRMS (ESI) C24H18
35Cl2O3Na+ requires 447.0525, found 447.0510 [M+Na]+. 

(E)-3-(2,4-Dichlorophenyl)-2-(3,4-dimethoxybenzylidene)-6-methoxy-2,3-dihydro-

1H-inden-1-one, 377  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 121 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave 

the title compound as a yellow solid (124 mg, 91 %); m.p. 126-129 ºC; max /cm-1 (neat) 
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2968 (m, ArC-H), 2837 (m, C-H), 1692 (s, C=O), 1617 (s, C=C); δH (500 MHz, CDCl3) 

7.80 (1H, d, J = 1.0 Hz, C=CH), 7.51-7.46 (2H, m, 2 x ArH), 7.36 (1H, d, J = 2.5 Hz, 

ArH), 7.12 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.09 (1H, dd, J = 8.5, 1.5 Hz, ArH), 6.96 (1H, 

d, J = 8.0 Hz, ArH), 6.84 (1H, s, ArH), 6.80 (1H, d, J = 8.0 Hz, ArH), 6.80 (1H, d, J = 

1.0 Hz, ArH), 5.87 (1H, s, C(Ar)H), 3.88 (3H, s, OCH3), 3.86 (3H, s, OCH3), 3.78 (3H, 

s, OCH3); δC (126 MHz, CDCl3) 194.0 (C=O), 160.2 (ArC), 151.1 (ArC), 149.0 (ArC), 

146.2 (ArC), 138.5 (ArC), 137.9 (ArC), 136.2 (C=CH), 135.4 (ArC), 133.9 (ArC), 133.5 

(ArC), 129.6 (ArCH), 129.2 (ArCH), 128.5 (ArCH), 127.1 (ArCH), 126.8 (ArC), 126.6 

(ArCH), 124.5 (ArCH), 112.9 (ArCH), 111.0 (ArCH), 105.7 (ArCH), 56.1 (OCH3), 55.9 

(OCH3), 55.8 (OCH3), 43.7 (C(Ar)H); m/z (ESI) 447 [M+Na]+; HRMS (ESI) 

C25H20
35Cl2O4Na+ requires 447.0631, found 447.0624 [M+Na]+. 

(E)-3-(2,4-Dichlorophenyl)-2-(4-fluorobenzylidene)-6-methoxy-2,3-dihydro-1H-

inden-1-one, 385  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-6-methoxy-2,3-dihydro-

1H-inden-1-one 121 (92 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 

by flash column chromatography, eluting with pet ether:EtOAc (6:1), gave the title 

compound as a pale orange solid (105 mg, 85 %); m.p. 146-148 ºC; max /cm-1 (neat) 3050 

(m, ArC-H), 2834 (m, C-H), 1690 (s, C=O), 1624 (s, C=C); δH (500 MHz, CDCl3) 7.79-

7.76 (1H, m, C=CH), 7.45 (1H, s, ArH), 7.42-7.39 (1H, m, ArH), 7.39-7.37 (1H, m, ArH), 

7.37-7.33 (2H, m, 2 x ArH), 7.14 (1H, dd, J = 8.5, 2.5 Hz, ArH), 7.00-6.94 (2H, m, 2 x 

ArH), 6.92 (1H, d, J = 8.0 Hz, ArH), 6.71 (1H, s, ArH), 5.87 (1H, s, C(Ar)H), 3.87 (3H, 

s, OCH3); δC (126 MHz, CDCl3) 193.9 (C=O), 164.5 (ArC), 162.5 (ArC), 160.2 (ArC), 

138.3 (ArC), 137.9 (ArC), 137.7 (ArC), 134.4 (C=CH), 134.1 (ArC), 133.5 (ArC), 133.1 

(ArCH), 133.0 (ArCH), 130.3 (ArCH), 130.2 (ArC), 129.4 (ArCH), 128.3 (ArCH), 126.7 

(ArCH), 124.9 (ArCH), 116.0 (ArCH), 115.8 (ArCH), 105.8 (ArCH), 55.9 (OCH3), 43.4 

(C(Ar)H); m/z (ESI) 435 [M+Na]+; HRMS (ESI) C23H15
35Cl2FO2Na+ requires 435.0325, 

found 435.0324 [M+Na]+. 
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(E)-2-Benzylidene-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one, 362  

 

General procedure S was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (90 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), benzaldehyde (61 

μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (4:1), gave the title compound as an off-

white solid (89 mg, 77 %); m.p. 165-167 ºC; max /cm-1 (neat) 2965 (m, ArC-H), 2829 (m, 

C-H), 1687 (s, C=O), 1622 (s, C=C); δH (500 MHz, CDCl3) 7.71-7.69 (1H, m, C=CH), 

7.52-7.48 (2H, m, 2 x ArH), 7.29-7.21 (5H, m, 5 x ArH), 7.25 (1H, s, ArH), 7.17 (2H, t, 

J = 7.5 Hz, 2 x ArH), 7.08 (1H, t, J = 7.0 Hz, ArH), 5.40-5.35 (1H, m, C(Ar)H), 3.94 (3H, 

s, OCH3), 3.90 (3H, s, OCH3), 3.35 (3H, s, OCH3); δC (126 MHz, CDCl3) 194.1 (C=O), 

155.0 (ArC), 150.2 (ArC), 148.8 (ArC), 141.6 (ArC), 141.4 (ArC), 140.2 (ArC), 134.5 

(C=CH), 134.3 (ArC), 132.2 (ArC), 131.3 (2 x ArCH), 129.6 (ArCH), 128.9 (2 x ArCH), 

128.4 (2 x ArCH), 128.3 (2 x ArCH), 127.6 (ArCH), 101.5 (ArCH), 61.0 (OCH3), 60.3 

(OCH3), 56.4 (OCH3), 46.2 (C(Ar)H); m/z (ESI) 409 [M+Na]+; HRMS (ESI) 

C25H22O4Na+ requires 409.1410, found 409.1411 [M+Na]+. 

(E)-4,5,6-Trimethoxy-2-(4-methoxybenzylidene)-3-phenyl-2,3-dihydro-1H-inden-1-

one, 370  

 

General procedure S was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (90 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), p-anisaldehyde (73 

μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (2:1), gave the title compound as a yellow 

solid (81 mg, 64 %); m.p. 138-140 ºC; max /cm-1 (neat) 2999 (m, ArC-H), 2833 (m, C-

H), 1681 (s, C=O), 1619 (s, C=C); δH (500 MHz, CDCl3) 7.66 (1H, s, C=CH), 7.51-7.47 

(2H, m, 2 x ArH), 7.29-7.26 (2H, m, 2 x ArH), 7.24 (1H, s, ArH), 7.22-7.17 (2H, m, 2 x 

ArH), 7.10 (1H, t, J = 7.5 Hz, ArH), 6.81-6.77 (2H, m, 2 x ArH), 5.35-5.32 (1H, m, 
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C(Ar)H), 3.93 (3H, s, OCH3), 3.89 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.36 (3H, s, 

OCH3); δC (126 MHz, CDCl3) 194.1 (C=O), 160.9 (ArC), 155.0 (ArC), 150.1 (ArC), 

148.5 (ArC), 141.5 (ArC), 141.3 (ArC), 137.7 (ArC), 134.3 (C=CH), 133.4 (2 x ArCH), 

132.4 (ArC), 128.9 (2 x ArCH), 128.4 (2 x ArCH), 127.0 (ArC), 126.7 (ArCH), 114.0 (2 

x ArCH), 101.4 (ArCH), 61.0 (OCH3), 60.3 (OCH3), 56.4 (OCH3), 55.4 (OCH3), 46.3 

(C(Ar)H); m/z (ESI) 439 [M+Na]+; HRMS (ESI) C26H24O5Na+ requires 439.1516, found 

439.1509 [M+Na]+. 

(E)-2-(3,4-Dimethoxybenzylidene)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one, 378  

 

General procedure S was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (90 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 3,4-

dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), gave 

the title compound as a yellow solid (73 mg, 55 %); m.p. 136-138 ºC; max /cm-1 (neat) 

3003 (m, ArC-H), 2833 (m, C-H), 1686 (s, C=O), 1621 (s, C=C); δH (500 MHz, CDCl3) 

7.71-7.69 (1H, m, C=CH), 7.38-7.34 (2H, m, 2 x ArH), 7.29 (1H, s, ArH), 7.26-7.22 (2H, 

m, 2 x ArH), 7.19 (1H, dd, J = 8.5, 1.5 Hz, ArH), 7.15 (1H, t, J = 7.5 Hz, ArH), 7.00 (1H, 

d, J = 1.0 Hz, ArH), 6.82 (1H, d, J = 8.5 Hz, ArH), 5.41-5.37 (1H, m, C(Ar)H), 3.95 (3H, 

s, OCH3), 3.92 (3H, s, OCH3), 3.89 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.46 (3H, s, 

OCH3); δC (126 MHz, CDCl3) 194.1 (C=O), 155.0 (ArC), 150.7 (ArC), 150.2 (ArC), 

148.9 (ArC), 148.5 (ArC), 141.5 (ArC), 141.1 (ArC), 137.3 (ArC), 134.8 (C=CH), 132.2 

(ArC), 128.9 (2 x ArCH), 128.5 (2 x ArCH), 127.4 (ArC), 126.9 (ArCH), 126.6 (ArCH), 

113.3 (ArCH), 110.9 (ArCH), 101.5 (ArCH), 61.0 (OCH3), 60.3 (OCH3), 56.4 (OCH3), 

56.3 (OCH3), 56.0 (OCH3), 46.4 (C(Ar)H); m/z (ESI) 469 [M+Na]+; HRMS (ESI) 

C27H26O6Na+ requires 469.1622, found 469.1618 [M+Na]+. 
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(E)-2-(4-Fluorobenzylidene)-4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-

one, 386  

 

General procedure S was applied using 4,5,6-trimethoxy-3-phenyl-2,3-dihydro-1H-

inden-1-one 122 (90 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 4-

fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by 

flash column chromatography, eluting with pet ether:EtOAc (4:1), gave the title 

compound as an off-white solid (97 mg, 80 %); m.p. 163-165 ºC; max /cm-1 (neat) 2999 

(m, ArC-H), 2837 (m, C-H), 1686 (s, C=O), 1626 (s, C=C); δH (500 MHz, CDCl3) 7.68-

7.66 (1H, m, C=CH), 7.52-7.50 (1H, m, ArH), 7.50-7.48 (1H, m, ArH), 7.28 (1H, s, ArH), 

7.25-7.23 (2H, m, 2 x ArH), 7.23-7.18 (2H, m, 2 x ArH), 7.14-7.09 (1H, m, ArH), 7.00-

6.94 (2H, m, 2 x ArH), 5.36-5.34 (1H, m, C(Ar)H), 3.95 (3H, s, OCH3), 3.91 (3H, s, 

OCH3) 3.37 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.9 (C=O), 164.3 (ArC), 162.3 

(ArC), 155.1 (ArC), 150.2 (ArC), 148.9 (ArC), 141.5 (ArC), 141.2 (ArC), 139.8 (ArC), 

133.2 (2 x ArCH), 133.2 (C=CH), 132.1 (ArC), 128.9 (2 x ArCH), 128.4 (2 x ArCH), 

126.8 (ArCH), 115.7 (ArCH), 115.5 (ArCH), 101.5 (ArCH), 61.0 (OCH3), 60.3 (OCH3), 

56.4 (OCH3), 46.1 (C(Ar)H); m/z (ESI) 427 [M+Na]+; HRMS (ESI) C25H21FO4Na+ 

requires 427.1316, found 427.1314 [M+Na]+. 

(E)-2-Benzylidene-3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-

one, 363  

 

General procedure S was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (100 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 

benzaldehyde (61 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (4:1), gave the title compound as 

a pale yellow solid (119 mg, 94 %); m.p. 146-148 ºC; max /cm-1 (neat) 3001 (m, ArC-H), 
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2833 (m, C-H), 1693 (s, C=O), 1623 (s, C=C); δH (500 MHz, CDCl3) 7.72-7.69 (1H, m, 

C=CH), 7.48-7.46 (1H, m, ArH), 7.46 (1H, d, J = 1.5 Hz, ArH), 7.30-7.28 (1H, m, ArH), 

7.28-7.26 (2H, m, 2 x ArH), 7.24 (1H, s, ArCH), 7.18-7.12 (4H, m, 4 x ArH), 5.37 (1H, 

s, C(Ar)H), 3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3) 3.44 (3H, s, OCH3); δC (126 MHz, 

CDCl3) 193.7 (C=O), 155.2 (ArC), 150.1 (ArC), 148.7 (ArC), 140.9 (ArC), 140.0 (ArC), 

139.8 (ArC), 134.8 (C=CH), 134.2 (ArC), 132.4 (ArC), 132.2 (ArC), 131.2 (2 x ArCH), 

130.1 (2 x ArCH), 129.8 (ArCH), 128.5 (2 x ArCH), 128.5 (2 x ArCH), 101.5 (ArCH), 

61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 45.5 (C(Ar)H); m/z (ESI) 443 [M+Na]+; HRMS 

(ESI) C25H21
35ClO4Na+ requires 443.1021, found 443.1015 [M+Na]+. 

(E)-3-(4-Chlorophenyl)-4,5,6-trimethoxy-2-(4-methoxybenzylidene)-2,3-dihydro-

1H-inden-1-one, 371  

 

General procedure S was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (100 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (2:1), gave the title compound as 

a yellow solid (122 mg, 90 %); m.p. 181-182 ºC; max /cm-1 (neat) 3003 (m, ArC-H), 2836 

(m, C-H), 1691 (s, C=O), 1625 (s, C=C); δH (500 MHz, CDCl3) 7.67 (1H, s, C=CH), 7.47-

7.43 (2H, m, 2 x ArH), 7.23 (1H, s, ArH), 7.22-7.19 (2H, m, 2 x ArH), 7.18-7.15 (2H, m, 

2 x ArH), 6.83-6.78 (2H, m, 2 x ArH), 5.34-5.31 (1H, m, C(Ar)H), 3.93 (3H, s, OCH3), 

3.89 (3H, s, OCH3), 3.80 (3H, s, OCH3), 3.45 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.8 

(C=O), 161.0 (ArC), 155.1 (ArC), 150.1 (ArC), 148.5 (ArC), 142.8 (ArC), 140.6 (ArC), 

140.0 (ArC), 137.2 (ArC), 134.7 (C=CH), 133.3 (2 x ArCH), 132.4 (ArC), 130.2 (2 x 

ArCH), 128.5 (2 x ArCH), 126.8 (ArC), 114.1 (2 x ArCH), 101.4 (ArCH), 61.0 (OCH3), 

60.4 (OCH3), 56.4 (OCH3), 55.5 (OCH3), 45.6 (C(Ar)H); m/z (ESI) 473 [M+Na]+; HRMS 

(ESI) C26H23
35ClO5Na+ requires 473.1126, found 473.1117 [M+Na]+. 
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(E)-3-(4-Chlorophenyl)-2-(3,4-dimethoxybenzylidene)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one, 379  

 

General procedure S was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (100 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), gave 

the title compound as a yellow solid (117 mg, 81 %); m.p. 198-200 ºC; max /cm-1 (neat) 

2931 (m, ArC-H), 2831 (m, C-H), 1691 (s, C=O), 1618 (s, C=C); δH (500 MHz, CDCl3) 

7.68-7.65 (1H, m, C=CH), 7.28-7.24 (2H, m, 2 x ArH), 7.23 (1H, s, ArH), 7.21-7.17 (2H, 

m, 2 x ArH), 7.15-7.11 (1H, m, ArH), 6.94 (1H, d, J = 1.0 Hz, ArH), 6.80 (1H, d, J = 8.5 

Hz, ArH), 5.35-5.32 (1H, m, C(Ar)H), 3.93 (3H, s, OCH3), 3.89 (3H, s, OCH3), 3.87 (3H, 

s, OCH3), 3.79 (3H, s, OCH3), 3.50 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.7 (C=O), 

155.2 (ArC), 150.8 (ArC), 150.1 (ArC), 148.9 (ArC), 148.4 (ArC), 140.4 (ArC), 140.0 

(ArC), 136.9 (ArC), 135.1 (C=CH), 132.6 (ArC), 132.2 (ArC), 130.1 (2 x ArCH), 128.6 

(2 x ArCH), 127.1 (ArC), 126.3 (ArCH), 113.6 (ArCH), 111.0 (ArCH), 101.5 (ArCH), 

61.0 (OCH3), 60.4 (OCH3), 56.4 (OCH3), 56.2 (OCH3), 56.0 (OCH3), 45.7 (C(Ar)H); m/z 

(ESI) 503 [M+Na]+; HRMS (ESI) C27H25
35ClO6Na+ requires 503.1232, found 503.1229 

[M+Na]+. 

(E)-3-(4-Chlorophenyl)-2-(4-fluorobenzylidene)-4,5,6-trimethoxy-2,3-dihydro-1H-

inden-1-one, 387  

 

General procedure S was applied using 3-(4-chlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 123 (100 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 
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by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave the title 

compound as an off-white solid (119 mg, 90 %); m.p. 175-178 ºC; max /cm-1 (neat) 2983 

(m, ArC-H), 2841 (m, C-H), 1684 (s, C=O), 1626 (s, C=C); δH (500 MHz, CDCl3) 7.66 

(1H, d, J = 1.0 Hz, C=CH), 7.47-7.45 (1H, m, ArH), 7.45-7.42 (1H, m, ArH), 7.23 (1H, 

s, ArH), 7.16 (4H, s, 4 x ArH), 7.00-6.94 (2H, m, 2 x ArH), 5.32 (1H, d, J = 1.5 Hz, 

C(Ar)H), 3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3) 3.44 (3H, s, OCH3); δC (126 MHz, 

CDCl3) 193.5 (C=O), 164.4 (ArC), 162.4 (ArC), 155.3 (ArC), 150.1 (ArC), 148.8 (ArC), 

140.7 (ArC), 139.8 (ArC), 139.4 (ArC), 133.5 (C=CH), 133.2 (ArCH), 133.1 (ArCH), 

132.6 (ArC), 132.1 (ArC), 130.1 (2 x ArCH), 128.6 (2 x ArCH), 115.9 (ArCH), 115.7 

(ArCH), 101.5 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 45.4 (C(Ar)H); m/z 

(ESI) 461 [M+Na]+; HRMS (ESI) C25H20
35ClFO4Na+ requires 461.0926, found 461.0929 

[M+Na]+. 

(E)-2-Benzylidene-3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-

1-one, 364  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 

benzaldehyde (61 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (4:1), gave the title compound as 

an orange-brown solid (107 mg, 78 %); m.p. 171-173 ºC; max /cm-1 (neat) 3052 (m, ArC-

H), 2838 (m, C-H), 1686 (s, C=O), 1624 (s, C=C); δH (500 MHz, CDCl3) 7.73 (1H, d, J 

= 1.0 Hz, C=CH), 7.47-7.42 (2H, m, 2 x ArH), 7.32-7.28 (4H, m, 4 x ArH), 7.24 (1H, s, 

ArH), 7.23 (1H, d, J = 8.0 Hz, ArH), 7.06 (1H, dd, J = 8.5, 2.0 Hz, ArH), 5.37-5.34 (1H, 

m, C(Ar)H), 3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3) 3.52 (3H, s, OCH3); δC (126 MHz, 

CDCl3) 193.3 (C=O), 155.4 (ArC), 150.0 (ArC), 148.7 (ArC), 141.7 (ArC), 140.1 (ArC), 

139.2 (ArC), 135.2 (C=CH), 134.0 (ArC), 132.3 (ArC), 132.2 (ArC), 131.1 (2 x ArCH), 

130.8 (ArCH), 130.6 (ArC), 130.2 (ArCH), 129.9 (ArCH), 128.6 (2 x ArCH), 128.1 

(ArCH), 101.5 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 45.2 (C(Ar)H); m/z 

(ESI) 477 [M+Na]+; HRMS (ESI) C25H20
35Cl2O4Na+ requires 477.0631, found 477.0635 

[M+Na]+. 
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(E)-3-(3,4-Dichlorophenyl)-4,5,6-trimethoxy-2-(4-methoxybenzylidene)-2,3-

dihydro-1H-inden-1-one, 372  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (2:1), gave the title compound as 

an orange-brown solid (115 mg, 79 %); m.p. 178-182 ºC; max /cm-1 (neat) 2937 (m, ArC-

H), 2838 (m, C-H), 1692 (s, C=O), 1625 (s, C=C); δH (500 MHz, CDCl3) 7.70-7.68 (1H, 

m, C=CH), 7.46-7.42 (2H, m, 2 x ArH), 7.37 (1H, d, J = 1.5 Hz, ArH), 7.27-7.24 (1H, m, 

ArH), 7.23 (1H, s, ArH), 7.11 (1H, dd, J = 8.5, 2.0 Hz, ArH), 6.85-6.81 (2H, m, 2 x ArH), 

5.33-5.30 (1H, m, C(Ar)H), 3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3), 3.81 (3H, s, OCH3), 

3.54 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.4 (C=O), 161.2 (ArC), 155.4 (ArC), 150.0 

(ArC), 148.4 (ArC), 141.8 (ArC), 139.8 (ArC), 136.5 (ArC), 135.1 (C=CH), 133.3 (2 x 

ArCH), 132.4 (ArC), 132.3 (ArC), 130.8 (ArCH), 130.6 (ArC), 130.3 (ArCH), 128.1 

(ArCH), 126.6 (ArC), 114.3 (2 x ArCH), 101.5 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.5 

(OCH3), 55.5 (OCH3), 45.3 (C(Ar)H); m/z (ESI) 507 [M+Na]+; HRMS (ESI) 

C26H22
35Cl2O5Na+ requires 507.0736, found 507.0739 [M+Na]+. 

(E)-3-(3,4-Dichlorophenyl)-2-(3,4-dimethoxybenzylidene)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one, 380  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), gave 
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the title compound as an orange-brown solid (121 mg, 78 %); m.p. 163-165 ºC; max /cm-

1 (neat) 2993 (m, ArC-H), 2835 (m, C-H), 1682 (s, C=O), 1614 (s, C=C); δH (500 MHz, 

CDCl3) 7.70-7.67 (1H, m, C=CH), 7.49 (1H, d, J = 1.5 Hz, ArH), 7.28-7.26 (1H, m, ArH), 

7.23 (1H, s, ArH), 7.13 (1H, dd, J = 8.5, 1.0 Hz, ArH), 7.09 (1H, dd, J = 8.5, 1.5 Hz, 

ArH), 6.94-6.92 (1H, m, ArH), 6.82 (1H, d, J = 8.5 Hz, ArH), 5.32 (1H, s, C(Ar)H), 3.93 

(3H, s, OCH3), 3.90 (3H, s, OCH3), 3.88 (3H, s, OCH3), 3.81 (3H, s, OCH3), 3.57 (3H, s, 

OCH3); δC (126 MHz, CDCl3) 193.3 (C=O), 155.4 (ArC), 151.0 (ArC), 150.0 (ArC), 

149.0 (ArC), 148.3 (ArC), 141.8 (ArC), 139.6 (ArC), 136.2 (ArC), 135.5 (C=CH), 132.4 

(ArC), 132.2 (ArC), 131.1 (ArCH), 130.8 (ArC), 130.5 (ArCH), 127.8 (ArCH), 126.9 

(ArC), 126.5 (ArCH), 113.3 (ArCH), 111.1 (ArCH), 101.5 (ArCH), 61.1 (OCH3), 60.4 

(OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 45.4 (C(Ar)H); m/z (ESI) 537 

[M+Na]+; HRMS (ESI) C27H24
35Cl2O6Na+ requires 537.0842, found 537.0845 [M+Na]+. 

(E)-3-(3,4-Dichlorophenyl)-2-(4-fluorobenzylidene)-4,5,6-trimethoxy-2,3-dihydro-

1H-inden-1-one, 388  

 

General procedure S was applied using 3-(3,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 124 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 

by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave the title 

compound as an orange-brown solid (106 mg, 75 %); m.p. 206-208 ºC; max /cm-1 (neat) 

2939 (m, ArC-H), 2839 (m, C-H), 1684 (s, C=O), 1627 (s, C=C); δH (500 MHz, CDCl3) 

7.69-7.67 (1H, m, C=CH), 7.46-7.44 (1H, m, ArH), 7.44-7.42 (1H, m, ArH), 7.30 (1H, s, 

ArH), 7.26-7.24 (1H, m, ArH), 7.23 (1H, s, ArH), 7.07 (1H, dd, J = 8.5, 2.0 Hz, ArH), 

7.02-6.97 (2H, m, 2 x ArH), 5.30 (1H, d, J = 1.0 Hz, C(Ar)H), 3.94 (3H, s, OCH3), 3.90 

(3H, s, OCH3) 3.52 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.1 (C=O), 164.5 (ArC), 

162.5 (ArC), 155.5 (ArC), 150.0 (ArC), 148.7 (ArC), 141.5 (ArC), 139.9 (ArC), 138.8 

(ArC), 133.9 (C=CH), 133.1 (ArCH), 133.0 (ArCH), 132.4 (ArC), 132.1 (ArC), 130.8 

(ArC), 130.7 (ArCH), 130.3 (ArCH), 128.1 (ArCH), 116.0 (ArCH), 115.8 (ArCH), 101.5 

(ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 45.1 (C(Ar)H); m/z (ESI) 495 
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[M+Na]+; HRMS (ESI) C25H19
35Cl2FO4Na+ requires 495.0537, found 495.0539 

[M+Na]+. 

(E)-2-Benzylidene-3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-

1-one, 365  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL), 

benzaldehyde (61 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 

column chromatography, eluting with pet ether:EtOAc (4:1), gave the title compound as 

a pale yellow solid (112 mg, 82 %); m.p. 138-140 ºC; max /cm-1 (neat) 2971 (m, ArC-H), 

2835 (m, C-H), 1686 (s, C=O), 1624 (s, C=C); δH (500 MHz, CDCl3) 7.74 (1H, d, J = 1.5 

Hz, C=CH), 7.50-7.45 (2H, m, 2 x ArH), 7.34 (1H, s, ArH), 7.32-7.27 (3H, m, 3 x ArH), 

7.25 (1H, s, ArH), 6.90 (1H, d, J = 6.0 Hz, ArH), 6.63 (1H, s, ArH), 5.84 (1H, s, C(Ar)H), 

3.95 (3H, s, OCH3), 3.90 (3H, s, OCH3) 3.48 (3H, s, OCH3); δC (126 MHz, CDCl3) 193.4 

(C=O), 155.3 (2 x ArC), 150.1 (ArC), 148.8 (ArC), 139.3 (ArC), 137.6 (ArC), 135.4 

(C=CH), 133.9 (ArC), 132.9 (ArC), 132.5 (ArC), 132.5 (ArC), 130.8 (2 x ArCH), 129.9 

(ArCH), 128.9 (ArCH), 128.5 (2 x ArCH), 128.1 (ArCH), 127.6 (ArCH), 101.5 (ArCH), 

61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 41.3 (C(Ar)H); m/z (ESI) 477 [M+Na]+; HRMS 

(ESI) C25H20
35Cl2O4Na+ requires 477.0631, found 477.0624 [M+Na]+. 

(E)-3-(2,4-Dichlorophenyl)-4,5,6-trimethoxy-2-(4-methoxybenzylidene)-2,3-

dihydro-1H-inden-1-one, 373  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

p-anisaldehyde (73 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification by flash 



268 

column chromatography, eluting with pet ether:EtOAc (2:1), gave the title compound as 

a pale yellow solid (138 mg, 95 %); m.p. 162-164 ºC; max /cm-1 (neat) 2937 (m, ArC-H), 

2833 (m, C-H), 1688 (s, C=O), 1621 (s, C=C); δH (500 MHz, CDCl3) 7.71-7.68 (1H, m, 

C=CH), 7.49-7.45 (2H, m, 2 x ArH), 7.39 (1H, s, ArH), 7.24 (1H, s, ArH), 6.91 (1H, d, J 

= 6.0 Hz, ArH), 6.85-6.81 (2H, m, 2 x ArH), 6.65 (1H, s, ArH), 5.79 (1H, s, C(Ar)H), 

3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3), 3.81 (3H, s, OCH3), 3.49 (3H, s, OCH3); δC (126 

MHz, CDCl3) 193.5 (C=O), 161.2 (ArC), 155.3 (2 x ArC), 150.1 (ArC), 148.5 (ArC), 

137.7 (ArC), 136.8 (ArC), 135.6 (ArC), 135.2 (C=CH), 133.1 (2 x ArCH), 132.9 (ArC), 

132.7 (ArC), 130.1 (ArCH), 128.9 (ArCH), 127.7 (ArCH), 126.5 (ArC), 114.1 (2 x 

ArCH), 101.4 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.5 (OCH3), 55.5 (OCH3), 41.3 

(C(Ar)H); m/z (ESI) 507 [M+Na]+; HRMS (ESI) C26H22
35Cl2O5Na+ requires 507.0736, 

found 507.0738 [M+Na]+. 

(E)-3-(2,4-Dichlorophenyl)-2-(3,4-dimethoxybenzylidene)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one, 381  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

3,4-dimethoxybenzaldehyde (100 mg, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). 

Purification by flash column chromatography, eluting with pet ether:EtOAc (2:1), gave 

the title compound as a yellow solid (89 mg, 57 %); m.p. 126-128 ºC; max /cm-1 (neat) 

2935 (m, ArC-H), 2832 (m, C-H), 1693 (s, C=O), 1620 (s, C=C); δH (500 MHz, CDCl3) 

7.70-7.67 (1H, m, C=CH), 7.39 (1H, s, ArH), 7.25 (1H, s, ArH), 7.18 (1H, d, J = 8.0 Hz, 

ArH), 6.93 (1H, d, J = 5.0 Hz, ArH), 6.89 (1H, d, J = 1.0 Hz, ArH), 6.81 (1H, d, J = 8.5 

Hz, ArH), 6.68 (1H, s, ArH), 5.79 (1H, s, C(Ar)H), 3.94 (3H, s, OCH3), 3.89 (3H, s, 

OCH3), 3.89 (3H, s, OCH3), 3.86 (3H, s, OCH3), 3.50 (3H, s, OCH3); δC (126 MHz, 

CDCl3) 193.4 (C=O), 155.3 (ArC), 151.0 (ArC), 150.1 (ArC), 148.9 (ArC), 148.6 (ArC), 

140.4 (ArC), 137.7 (ArC), 137.0 (ArC), 135.6 (C=CH), 132.9 (ArC), 132.6 (ArC), 130.1 

(ArCH), 128.9 (ArCH), 127.8 (ArCH), 126.8 (2 x ArC), 124.6 (ArCH), 114.7 (ArCH), 

110.9 (ArCH), 101.4 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 56.4 (OCH3), 56.3 (OCH3), 
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56.1 (OCH3), 41.3 (C(Ar)H); m/z (ESI) 515 [M+H]+; HRMS (ESI) C27H25
35Cl2O6Na+ 

requires 515.1023, found 515.1024 [M+H]+. 

(E)-3-(2,4-Dichlorophenyl)-2-(4-fluorobenzylidene)-4,5,6-trimethoxy-2,3-dihydro-

1H-inden-1-one, 389  

 

General procedure S was applied using 3-(2,4-dichlorophenyl)-4,5,6-trimethoxy-2,3-

dihydro-1H-inden-1-one 125 (110 mg, 0.30 mmol), MeOH:CH2Cl2 (1.50:1.50 mL),  

4-fluorobenzaldehyde (64 μL, 0.60 mmol) and NaOH (60 mg, 1.50 mmol). Purification 

by flash column chromatography, eluting with pet ether:EtOAc (4:1), gave the title 

compound as a pale yellow solid (119 mg, 83 %); m.p. 124-127 ºC; max /cm-1 (neat) 2979 

(m, ArC-H), 2831 (m, C-H), 1693 (s, C=O), 1624 (s, C=C); δH (500 MHz, CDCl3) 7.69 

(1H, d, J = 1.0 Hz, C=CH), 7.49-7.47 (1H, m, ArH), 7.47-7.44 (1H, m, ArH), 7.36 (1H, 

s, ArH), 7.24 (1H, s, ArH), 7.02-6.96 (2H, m, 2 x ArH), 6.91 (1H, d, J = 6.0 Hz, ArH), 

6.62 (1H, s, ArH), 5.80 (1H, s, C(Ar)H), 3.94 (3H, s, OCH3), 3.90 (3H, s, OCH3), 3.48 

(3H, s, OCH3); δC (126 MHz, CDCl3) 193.3 (C=O), 164.5 (ArC), 162.5 (ArC), 155.4 

(ArC), 150.1 (ArC), 148.9 (ArC), 139.0 (ArC), 137.4 (ArC), 135.5 (ArC), 134.0 (C=CH), 

133.0 (ArC), 132.9 (2 x ArCH), 132.8 (ArCH), 132.4 (ArC), 130.1 (ArC), 128.9 (ArCH), 

127.7 (ArCH), 115.8 (ArCH), 115.6 (ArCH), 101.5 (ArCH), 61.1 (OCH3), 60.4 (OCH3), 

56.5 (OCH3), 41.1 (C(Ar)H); m/z (ESI) 495 [M+Na]+; HRMS (ESI) C25H19
35Cl2FO4Na+ 

requires 495.0537, found 495.0532 [M+Na]+. 



270 

3.7 Experimental Continued – Synthesis of (S)- and (R)-6-B345TTQ,  

(S)- and (R)-99 

3.7.1 Knoevenagel Condensation of 3,4,5-Trimethoxybenzaldehyde and 

Meldrum’s Acid 

 

The following procedure was performed in accordance with previous literature.136, 267 

3,4,5-Trimethoxybenzaldehyde 317 (1.00 g, 5.10 mmol, 1.10 equiv.) and Meldrum’s acid 

399 (735 mg, 5.10 mmol, 1.00 equiv.) were stirred in water (10.0 mL, 2.00 mL/mmol) at 

75 oC for 6 hours. The reaction mixture was cooled to room temperature, and the organics 

extracted using CH2Cl2. The organic layer was washed twice with saturated NaHCO3 

(aq.), dried over MgSO4, filtered and concentrated in vacuo. Purification by 

recrystallisation in MeOH gave 2,2-dimethyl-5-(3,4,5-trimethoxybenzylidene)-1,3-

dioxane-4,6-dione 400 as a yellow crystalline solid (0.55 g, 34 %); m.p. 156-157 °C (lit.268 

155-156 °C); max /cm-1 (neat) 2979 (m, ArC-H), 1747 (s, C=C), 1714 (s, C=O), 1115 (s, 

C-O); δH (500 MHz, CDCl3) 8.35 (1H, s, HC=C), 7.64 (2H, s, 2 x ArH), 4.01 (3H, s, 

OCH3), 3.94 (6H, s, 2 x OCH3), 1.82 (6H, s, 2 x CH3); δC (126 MHz, CDCl3) 163.9 (C=O), 

160.3 (C=O), 158.2 (HC=C), 152.7 (2 x ArC), 143.9 (ArC), 126.6 (ArC), 112.6 (ArCH), 

112.5 (HC=C), 104.4 (C(CH3)2), 61.2 (OCH3), 56.3 (2 x OCH3), 27.6 (2 x CH3); m/z 

(ESI) 345 [M+Na]+; HRMS (ESI) C16H18O7Na+ requires 345.0945, found 345.0946 

[M+Na]+. These data are consistent with those previously reported.136, 268 

3.7.2 Formation of (±)-6-B345TTQ by Conjugate Addition 

 

The following procedure was performed in accordance with previous literature.269 
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To 2,2-dimethyl-5-(3,4,5-trimethoxybenzylidene)-1,3-dioxane-4,6-dione 400 (500 mg, 

1.55 mmol, 1.00 equiv.), in glacial acetic acid (30.0 mL, 19.5 mL/mmol), was  

added 1-amino-4-bromonaphthalene 401 (345 mg, 1.55 mmol, 1.00 equiv.).  

The resulting mixture was heated to 100 oC and stirred under N2 for 19 hours. The reaction 

mixture was cooled to room temperature, poured into ice-cold water and then the solids 

filtered, washing with further cold water. The solids were collected, dissolved in CH2Cl2 

and washed twice with saturated NaHCO3 (aq.). The organics were then dried over 

MgSO4, filtered and concentrated in vacuo. 6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-

dihydrobenzo[h]quinolin-2(1H)-one 99 was formed as an off-white solid (447 mg, 65 %), 

which was used without further purification. Spectroscopic data are in agreement with 

those previously acquired. 

3.7.3 Friedel–Crafts Acylation of 1-Bromonaphthalene 

 

The following procedure was adapted from previous literature.193  

To a stirred suspension of AlCl3 (7.60 g, 1.18 mmol, 1.18 equiv.) in dry CH2Cl2 (100 mL, 

1.75 mL/mmol) was carefully added acetyl chloride (3.78 mL, 53.1 mmol, 1.10 equiv.) 

under N2. The resulting mixture was cooled to -20 oC and 1-bromonaphthalene 316 (6.76 

mL, 48.3 mmol, 1.00 equiv.) in CH2Cl2 (48.3 mL, 1.00 mL/mmol) was added via 

dropping funnel over 5.5 hours. The reaction mixture was stirred at -20 oC for a further 2 

hours then allowed to warm to room temperature, at which it was stirred for 16.5 hours 

under N2. The solvent was carefully removed under vacuum, the vessel cooled to 0 oC 

and water slowly added until gas evolution ceased. The organics were extracted with 

EtOAc, washed with saturated NaHCO3 (aq.) and brine, then dried over MgSO4, filtered 

and concentrated in vacuo. 1-(4-Bromonaphthalen-1-yl)ethan-1-one 315 was formed as a 

pale yellow oil (10.8 g, 90 %), which was used without further purification; max /cm-1 

(neat) 3000 (m, ArC-H), 1674 (s, C=O), 758 (s, C-Br); δH (500 MHz, CDCl3) 8.74-8.69 

(1H, m, ArH), 8.35-8.32 (1H, m, ArH), 7.82 (1H, d, J = 8.0 Hz, ArH), 7.73 (1H, d, J = 

8.0 Hz, ArH), 7.67-7.62 (2H, m, 2 x ArH), 2.73 (3H, s, CH3); δC (126 MHz, CDCl3) 201.2 

(C=O), 135.4 (ArC), 132.4 (ArC), 131.2 (ArC), 128.8 (ArCH), 128.7 (ArCH), 128.3 

(ArCH), 128.3 (ArC), 127.9 (ArCH), 127.6 (ArCH), 126.4 (ArCH), 30.1 (CH3); m/z (ESI) 



272 

270 + 272 [M+Na]+; HRMS (ESI) C12H9
79BrONa+ requires 270.9729 + C12H9

81BrONa+ 

requires 272.9709, found 270.9729 + 272.9708 [M+Na]+. These data are consistent with 

those previously reported.136, 194 

3.7.4 Synthesis of Substituted Chalcone 318 

 

General procedure A was applied using 1-(4-bromonaphthalen-1-yl)ethan-1-one 315 

(10.7 g, 43.0 mmol), 3,4,5-trimethoxybenzaldehyde 317 (8.43 g, 43.0 mmol),  

MeOH (32.1 mL) and sodium methoxide (3.48 g, 64.4 mmol). The reaction was 

performed at 50 oC for 3 hours, cooled to room temperature, filtered, and used without 

further purification. (E)-1-(4-Bromonaphthalen-1-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-

en-1-one 318 was formed as a yellow solid (15.6 g, 94 %); m.p. 128-130 °C; max /cm-1 

(neat) 2934 (m, ArC-H), 1652 (s, C=C), 1593 (s, C=O), 1118 (s, C-O), 761 (s, C-Br);  

δH (500 MHz, CDCl3) 8.35 (1H, d, J = 8.5 Hz, ArH), 8.24 (1H, d, J = 8.5 Hz, ArH), 7.87 

(1H, d, J = 7.5 Hz, ArH), 7.68-7.64 (1H, m, ArH), 7.63-7.58 (1H, m, ArH), 7.55 (1H, d, 

J = 7.5 Hz, ArH), 7.43 (1H, d, J = 16.0 Hz, C(O)CH=CH), 7.14 (d, J = 16.0 Hz, 

C(O)CH=CH), 6.78 (2H, s, 2 x ArH), 3.89 (3H, s, OCH3), 3.88 (6H, s, 2 x OCH3);  

δC (126 MHz, CDCl3) 195.4 (C=O), 153.5 (2 x ArC), 146.9 (C(O)CH=CH), 140.7 (ArC), 

137.2 (ArC), 132.3 (ArC), 131.6 (ArC), 129.8 (ArC), 128.8 (ArCH), 128.2 (ArCH), 128.0 

(ArCH), 127.7 (ArCH), 126.8 (ArCH), 126.5 (C(O)CH=CH), 126.4 (ArC), 126.1 

(ArCH), 105.7 (2 x ArCH), 61.0 (OCH3), 56.2 (2 x OCH3); m/z (ESI) 449 + 451 [M+Na]+; 

HRMS (ESI) C22H19
79BrO4Na+ requires 449.0359 + C22H19

81BrO4Na+ requires 451.0351, 

found 449.0361 + 451.0343 [M+Na]+. These data are consistent with those previously 

reported.136 
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3.7.5 Synthesis of 6-B345TTQ Precursor Indan-1-one, 319 

 

General procedure B was applied using 1-(4-bromonaphthalen-1-yl)ethan-1-one 318 

(3.28 g, 7.68 mmol), trifluoroacetic acid (15.4 mL, 2.00 mL/mmol) and phosphorus 

pentoxide (3.26 g, 11.5 mmol, 1.50 equiv.). Purification by flash column 

chromatography, eluting with pet ether:EtOAc (3:1), gave 5-bromo-3-(3,4,5-

trimethoxyphenyl)-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one 319 as a creamy 

beige solid (775 mg, 24 %); m.p. 193-195 ºC; max /cm-1 (neat) 2930 (m, ArC-H), 2834 

(m, C-H), 1699 (s, C=O), 1124 (s, C-O), 763 (s, C-Br); δH (500 MHz, CDCl3) 9.27 (1H, 

d, J = 8.5 Hz, ArH), 8.33 (1H, d, J = 8.5 Hz, ArH), 7.77 (1H, t, J = 7.5 Hz, ArH), 7.72-

7.68 (1H, m, ArH), 7.69 (1H, s, ArH), 6.34 (2H, s, 2 x ArH), 4.54 (1H, dd, J = 7.5, 3.5 

Hz, C(Ar)H), 3.85 (3H, s, OCH3), 3.79 (6H, s, 2 x OCH3), 3.32 (1H, dd, J = 19.0, 7.5 Hz, 

C(H)H), 2.82 (1H, dd, J = 19.0, 3.5 Hz, C(H)H); δC (126 MHz, CDCl3) 205.6 (C=O), 

160.1 (ArC), 153.7 (2 x ArC), 138.2 (ArC), 137.2 (ArC), 132.2 (ArC), 131.4 (ArC), 130.2 

(ArC), 130.0 (ArCH), 129.7 (ArC), 128.3 (ArCH), 128.1 (ArCH), 127.7 (ArCH), 124.6 

(ArCH), 104.7 (2 x ArCH), 60.9 (OCH3), 56.2 (2 x OCH3), 47.4 (CH2), 44.6 (C(Ar)H); 

m/z (ESI) 449 + 451 [M+Na]+; HRMS (ESI) C22H19
79BrO4Na+ requires 449.0359 + 

C22H19
81BrO4Na+ requires 451.0351, found 449.0360 + 451.0344 [M+Na]+. These data 

are consistent with those previously reported.136 

3.7.6 Schmidt Reaction of Racemic Indan-1-one Precursor, 319 

 

General procedure J was applied using 5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one 319 (300 mg, 0.70 mmol), CHCl3 (3.30 mL), 

methanesulfonic acid (429 μL, 6.63 mmol) and sodium azide (91 mg, 1.40 mmol). Work-



274 

up yielded a brown oil, comprising a 0.42:0.27:0.18:0.07:0.06 mixture of  

6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]isoquinolin-1(2H)-one 320, an 

unknown material*, 6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]quinolin-

2(1H)-one 99, 2-(4-bromo-1-cyanonaphthalen-2-yl)-2-(3,4,5-trimethoxyphenyl)ethyl 

methanesulfonate 321, and unreacted starting material, respectively. Purification by 

gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 1:1), afforded 319 

as a pale brown solid (68 mg, 22 %), 99 as a brown solid (3 mg, 1 %), and 321 as a pale 

brown solid (51 mg, 14 %). Spectroscopic data for each compound are as follows: 

*(Material appeared to decompose back to starting material during purification by 

column chromatography, thus could not be isolated and identified.) 

6-Bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]isoquinolin-1(2H)-one, 

320 

m.p. 236-238 ºC; max /cm-1 (neat) 3209 (m, N-H), 2935 (m, ArC-

H), 2837 (m, C-H), 1660 (s, C=O), 1125 (s, C-O), 729 (s, C-Br); 

δH (500 MHz, CDCl3) 9.42 (1H, d, J = 8.5 Hz, ArH), 8.28 (1H, 

dd, J = 8.5, 0.5 Hz, ArH), 7.70-7.60 (2H, m, 2 x ArH), 7.50 (1H, 

s, ArH), 6.61-6.56 (1H, m, ArH), 6.38 (2H, s, 2 x ArH), 4.28 (1H, 

t, J = 5.5 Hz, C(Ar)H), 3.84 (3H, s, OCH3), 3.82 (1H, dd, J = 4.5, 

4.0 Hz, C(H)H), 3.77 (6H, s, 2 x OCH3), 3.67-3.60 (1H, m, C(H)H); δC (126 MHz, CDCl3) 

166.1 (C=O), 153.6 (2 x ArC), 141.9 (ArC), 137.4 (ArC), 135.2 (ArC), 132.7 (ArC), 131.8 

(ArC), 129.5 (ArCH), 128.7 (ArCH), 128.5 (ArC), 127.6 (ArCH), 127.5 (ArCH), 127.4 

(ArCH), 124.3 (ArC), 105.6 (2 x ArCH), 60.9 (OCH3), 56.2 (2 x OCH3), 46.3 (CH2), 45.9 

(C(Ar)H); m/z (ESI) 464 + 466 [M+Na]+; HRMS (ESI) C22H20
79BrNO4Na+ requires 

464.0468 + C22H20
81BrO4Na+ requires 466.0450, found 464.0474 + 466.0456 [M+Na]+. 

These data are consistent with those previously reported.136 

6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]quinolin-2(1H)-one, 99 

m.p. 230-232 ºC; max /cm-1 (neat) 3230 (m, N-H), 2927 (m, ArC-

H), 2853 (m, C-H), 1678 (s, C=O), 1127 (s, C-O), 732 (s, C-Br); 

δH (500 MHz, CDCl3) 8.29-8.22 (2H, m, 2 x ArH), 7.84-7.79 

(1H, m, ArH), 7.69-7.62 (2H, m, 2 x ArH), 7.44 (1H, s, ArH), 

6.42 (2H, s, 2 x ArH), 4.36 (1H, dd, J = 8.0, 6.5 Hz, C(Ar)H), 

3.85 (3H, s, OCH3), 3.80 (6H, s, 2 x OCH3), 3.06 (1H, dd, J = 

16.0, 6.5 Hz, C(H)H), 2.99 (1H, dd, J = 16.0, 8.0 Hz, C(H)H); δC 

(126 MHz, CDCl3) 169.8 (C=O), 153.7 (2 x ArC), 137.4 (ArC), 136.5 (ArC), 131.5 (ArC), 
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131.5 (ArC), 129.8 (ArCH), 128.3 (ArCH), 127.7 (ArCH), 127.5 (ArCH), 123.2 (ArC), 

123.0 (ArC), 119.5 (ArCH), 116.9 (ArC), 104.8 (2 x ArCH), 60.9 (OCH3), 56.2 (2 x 

OCH3), 42.7 (C(Ar)H), 38.8 (CH2); m/z (ESI) 464 + 466 [M+Na]+; HRMS (ESI) 

C22H20
79BrNO4Na+ requires 464.0468 + C22H20

81BrO4Na+ requires 466.0450, found 

464.0467 + 466.0447 [M+Na]+. These data are consistent with those previously 

reported.15, 16, 136 

2-(4-bromo-1-cyanonaphthalen-2-yl)-2-(3,4,5-trimethoxyphenyl)ethyl 

methanesulfonate, 321 

m.p. 173-175 ºC; max /cm-1 (neat) 2935 (m, ArC-H), 2221 (m, 

C≡N), 1362 (s, S=O (as)), 1126 (s, S=O (s)), 732 (s, C-Br); δH 

(500 MHz, CDCl3) 8.34-8.31 (1H, m, ArH), 8.27-8.23 (1H, m, 

ArH), 8.04 (1H, s, ArH), 7.82-7.73 (2H, m, 2 x ArH), 6.49 

(2H, s, 2 x ArH), 6.16 (1H, dd, J = 8.5, 5.0 Hz, C(Ar)H), 3.81 

(9H, s, 3 x OCH3), 3.26 (1H, dd, J = 14.5, 8.5 Hz, C(H)H), 

3.21 (1H, dd, J = 14.5, 5.0 Hz, C(H)H), 2.67 (3H, s, S-CH3); δC (126 MHz, CDCl3) 153.5 

(2 x ArC), 142.7 (ArC), 137.5 (ArC), 132.8 (ArC), 131.6 (ArC), 130.5 (ArC), 130.2 

(ArCH), 130.1 (ArC), 129.6 (ArCH), 128.1 (ArCH), 127.1 (ArCH) 126.0 (ArCH), 115.3 

(C≡N), 107.6 (ArC), 106.6 (2 x ArCH), 81.8 (C(Ar)H), 61.0 (OCH3), 56.2 (2 x OCH3), 

43.6 (CH2), 38.0 (SCH3); m/z (ESI) 542 + 544 [M+Na]+; HRMS (ESI) 

C23H22
79BrNO6SNa+ requires 542.0243 + C23H22

81BrNO6SNa+ requires 544.0225, found 

542.0242 + 544.0225 [M+Na]+. 

3.7.7 Diastereoselective Reduction of Indan-1-one Precursor, 319 

 

General procedure C was applied using 5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one 319 (2.00 g, 4.68 mmol), MeOH:CH2Cl2 

(35.0:35.0 mL, 35.0 mL/g) and NaBH4 (177 mg, 4.68 mmol, 1.0 equiv.). Purification by 

recrystallisation in MeOH gave (1RS,3RS)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-
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dihydro-1H-cyclopenta[a]naphthalen-1-ol 322 as a white solid (1.92 g, 58 %); m.p. 154-

156 ºC; max /cm-1 (neat) 3401 (br, O-H), 2963 (m, ArC-H), 2835 (m, C-H), 1124 (s, C-

O), 766 (s, C-Br); δH (500 MHz, CDCl3) 8.39-8.35 (1H, m, ArH), 8.31-8.27 (1H, m, ArH), 

7.66-7.59 (2H, m, 2 x ArH), 7.49 (1H, s, ArH), 6.49 (2H, s, 2 x ArH), 5.80 (1H, m, 

CH(OH)), 4.29 (1H, dd, J = 8.5, 6.5 Hz, C(Ar)H), 3.86 (3H, s, OCH3), 3.81 (6H, s, 2 x 

OCH3), 3.21 (1H, ddd, J = 14.0, 8.5, 7.5 Hz, C(H)H), 2.14 (1H, ddd, J = 14.0, 6.5, 5.0 

Hz, C(H)H), 2.06 (1H, d, J = 7.0 Hz, CH(OH)); δC (126 MHz, CDCl3) 153.5 (2 x ArC), 

144.0 (ArC), 140.2 (ArC), 139.1 (ArC), 136.8 (ArC), 131.6 (ArC), 131.2 (ArC), 128.0 

(ArCH), 127.5 (ArCH), 127.5 (ArCH), 127.0 (ArCH), 124.7 (ArCH), 124.4 (ArC), 105.1 

(2 x ArCH), 75.0 (CH(OH)), 60.9 (OCH3), 56.2 (2 x OCH3), 49.8 (C(Ar)H), 45.9 (CH2); 

m/z (ESI) 451 + 453 [M+Na]+; HRMS (ESI) C22H21
79BrO4Na+ requires 451.0515 + 

C22H21
81BrO4Na+ requires 453.0498, found 451.0512 + 453.0495 [M+Na]+. These data 

are consistent with those previously reported.136 

3.7.8 Successive Oxidative Kinetic Resolutions Towards Individual 

Enantiomers of Indan-1-one Precursor, (S)- and (R)-319 

5-Bromo-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-

one, (S)-319 

 

General procedure E was first applied using 5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-ol 322 (400 mg, 0.93 mmol), K2CO3 (128 mg, 

0.93 mmol) and (1R,2R)-Ru(p-cymene)(TsDPEN) (6 mg, 9.28 µmol, 1.00 mol%)  

to give (1S,3S)-322 and (R)-319 in a ratio of 52:48. Purification by flash chromatography, 

eluting with pet ether:EtOAc (3:1), gave ketone (R)-319 as  a beige solid (169 mg, 42 %), 

as a % of racemic starting material, in 85 % e.e., and alcohol (1S,3S)-322 as an off-white 

solid (135 mg, 34 %), as a % of racemic starting material, in 88 % e.e.  

General procedure E was then applied using the newly formed alcohol (1S,3S)-322  

(518 mg, 1.21 mmol, 88 % e.e.), K2CO3 (166 mg, 1.21 mmol) and (1S,2S)-Ru(p-
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cymene)(TsDPEN) (7 mg, 12.1 µmol, 1.00 mol%) to give (1R,3R)-322 and (S)-319 in a 

ratio of 6:94. The title compound was isolated by flash chromatography, eluting with pet 

ether:EtOAc (3:1), to yield a white solid (435 mg, 84 %, >99 % e.e.); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.10, CHCl3) +111.0; enantiomeric excess 

determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 7:93, 

1.00 mL/min., 243 nm, (S)-isomer 17.64 min., (R)-isomer 23.13 min.). 

(R)-5-Bromo-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-cyclopenta[a]naphthalen-

1-one, (R)-319 

 

General procedure E was applied using 5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-ol 322 (400 mg, 0.93 mmol), K2CO3 (128 mg, 

0.93 mmol) and (1S,2S)-Ru(p-cymene)(TsDPEN) (6 mg, 9.28 µmol, 1.00 mol%) 

to give (1R,3R)-322 and (S)-319 in a ratio of 50:50. Purification by flash chromatography, 

eluting with pet ether:EtOAc (3:1), gave ketone (S)-319 as a beige solid (138 mg, 35 %), 

as a % of racemic starting material, in 71 % e.e., and alcohol (1R,3R)-322 as an off-white 

solid (146 mg, 37 %), as a % of racemic starting material, in 97 % e.e.  

General procedure E was then applied using the newly formed alcohol (1R,3R)-322 

(644 mg, 1.50 mmol, 97 % e.e.), K2CO3 (206 mg, 1.50 mmol) and (1R,2R)-Ru(p-

cymene)(TsDPEN) (9 mg, 15.0 µmol, 1.00 mol%) to give (1S,3S)-322 and (R)-319 in a 

ratio of 2:98. The title compound was isolated by flash chromatography, eluting with pet 

ether:EtOAc (3:1), to yield a white solid (512 mg, 80 %, >99 % e.e.); spectroscopic data 

are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.10, CHCl3) –91.5; enantiomeric excess 

determined by HPLC analysis (Diacel Chiralpak IA column, 2-propanol:hexane = 7:93, 

1.00 mL/min., 243 nm, (S)-isomer 17.61 min., (R)-isomer 22.73 min.). 
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3.7.9 Schmidt Reaction of Precursor Indan-1-one Individual Enantiomers; 

Formation of (S)- and (R)-6-B345TTQ, (R)- and (S)-99 

(S)-6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]quinolin-2(1H)-one, 

(S)-99 

 

General procedure J was applied using (S)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (S)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 

1:1), afforded the title compound as an off-white solid (5 mg, 2 %, >99 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.05, CHCl3) +53.0; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 242 nm, (S)-isomer 20.27 min., (R)-isomer 

41.53 min.). 

(R)-6-bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]quinolin-2(1H)-one, 

(R)-99 

 

General procedure J was applied using (R)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (R)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 

1:1), afforded the title compound as an off-white solid (6 mg, 3 %, >99 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
29 (c = 0.05, CHCl3) –43.0; 
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enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 241 nm, (S)-isomer 21.24 min., (R)-isomer 

38.36 min.). 

(S)-6-Bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]isoquinolin-1(2H)-

one, (S)-320 

 

General procedure J was applied using (S)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (S)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 

1:1), afforded the title compound as a brown solid (47 mg, 23 %, >99 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.05, CHCl3) +80.0; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 242 nm, (S)-isomer 18.84 min., (R)-isomer 

21.68 min.). 

(R)-6-Bromo-4-(3,4,5-trimethoxyphenyl)-3,4-dihydrobenzo[h]isoquinolin-1(2H)-

one, (R)-320 

 

General procedure J was applied using (R)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (R)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 

1:1), afforded the title compound as a brown solid (55 mg, 27 %, >96 % e.e.); 
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spectroscopic data are similar to those of the racemate; [𝛼]𝐷
30 (c = 0.05, CHCl3) –89.0; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 241 nm, (S)-isomer 19.60 min., (R)-isomer 

21.03 min.). 

(S)-2-(4-Bromo-1-cyanonaphthalen-2-yl)-2-(3,4,5-trimethoxyphenyl)ethyl 

methanesulfonate, (S)-321 

 

General procedure J was applied using (S)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (S)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 

1:1), afforded the title compound as a creamy brown solid (32 mg, 13 %, 58 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
28 (c = 0.05, CHCl3) +26.0; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 237 nm, (R)-isomer 18.59 min., (S)-isomer 

22.59 min.). 

(R)-2-(4-Bromo-1-cyanonaphthalen-2-yl)-2-(3,4,5-trimethoxyphenyl)ethyl 

methanesulfonate, (R)-321 

 

General procedure J was applied using (R)-5-bromo-3-(3,4,5-trimethoxyphenyl)-2,3-

dihydro-1H-cyclopenta[a]naphthalen-1-one (R)-319 (200 mg, 0.47 mmol), CHCl3 (2.20 

mL), methanesulfonic acid (286 μL, 4.42 mmol) and sodium azide (61 mg, 0.94 mmol). 

Purification by gradient column chromatography, eluting with pet ether:EtOAc (2:1 to 
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1:1), afforded the title compound as a creamy brown solid (38 mg, 16 %, 75 % e.e.); 

spectroscopic data are similar to those of the racemate; [𝛼]𝐷
30 (c = 0.05, CHCl3) –4.00; 

enantiomeric excess determined by HPLC analysis (Diacel Chiralpak IA column,  

2-propanol:hexane = 10:90, 1.00 mL/min., 237 nm, (R)-isomer 18.89 min., (S)-isomer 

22.91 min.). 
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4.0 Conclusions and Future Work 

4.1 Conclusions 

Chiral 3-aryl-indan-1-ones are of huge biological importance, often occurring as the 

primary pharmacophore of a wide array of drugs and natural products. The majority of 

compounds that have been shown to exhibit beneficial medicinal properties were only 

reported as racemates (see Section 1.1). As such, a convenient and effective method for 

the resolution of these racemic molecules is highly beneficial. To this end, Chapter 2 

presented a simple and effective five-step process that affords the individual enantiomers 

of 3-aryl-indan-1-ones in excellent enantiomeric excess from commercially available 

acetophenones and benzaldehydes (Scheme 50).  

 

Scheme 50 Overall synthetic route towards chiral 3-aryl-indan-1-ones: (a) NaOCH3, 

CH3OH or KOH, CH3OH; (b) TFA or TFA, P2O5; (c) NaBH4, CH2Cl2 : CH3OH or  

L-Selectride, THF; (d) (S,S)-Ru complex ((S,S)-63),1 acetone; (e) MnO2, CH2Cl2.  
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The overall yields for the complete 5-step synthetic route, via racemates 118-125, through 

to enantiomerically enriched 3-aryl-indan-1-ones have been calculated for each substrate 

and are displayed in Table 27.  

Table 27 Overall yields for (R)- and (S)-3-aryl-indan-1-ones, via racemates 118-125.  

 

Indan-1-one Overall Yield / % a Combined 

Enantiomer 

Yield / % a 
 R1 R2 Racemate 

(S)-

enantiomer 

(R)-

enantiomer 

118 H H 79 34 30 64 

119 H 4-Cl 66 27 26 53 

120 H 3,4-Cl 83 35 28 63 

121 H 2,4-Cl 84 39 32 71 

122 OCH3 H 91 43 38 81 

123 OCH3 4-Cl 72 31 27 59 

124 OCH3 3,4-Cl 91 40 38 78 

125 OCH3 2,4-Cl 96 44 36 80 

a Calculated from combined isolated yields. 

The two-step synthesis of (±)-3-aryl-indan-1-ones 118-125 was generally high yielding, 

with good to excellent yields obtained for the Claisen–Schmidt condensation and 

subsequent Nazarov cyclisation. This route is certainly favourable for access to racemic 

indan-1-ones containing electron donating groups on the 1-aryl ring and electron 

withdrawing groups on the pendant 3-aryl ring, which is the ideal situation for effective 

polarisation of the conjugated chalcone for Nazarov cyclisation (see Section 2.1.3).2 The 

tolerance of the Nazarov reaction, however, is known to be lower for substrates 

possessing an electron rich 3-aryl ring, although this can be counteracted by increasing 

the electron density of the 1-aryl ring.3 Careful consideration of substrate structure is 

therefore required when pursuing this route in order to achieve higher yields, which limits 

the scope of racemic 3-aryl-indan-1-ones that can be made. 
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The “2.5-step” resolution of 3-aryl-indan-1-ones is highly efficient, enabling both ketone 

enantiomers to be synthesised in excellent enantiomeric excess, despite low catalyst 

loading in the oxidative kinetic resolution (~0.5 mol%). The total yields calculated for the 

(S)-enantiomers are greater than those for the (R)-indan-1-ones, which is expected due to 

the additional step – MnO2 oxidation – involved in the synthesis of the latter. Nonetheless, 

the combined enantiomer yields are high. Furthermore, theoretically either 3-aryl-indan-

1-one enantiomer can be selectively synthesised through choice of the catalyst; i.e. if the 

(R)-enantiomer has been identified as possessing interesting biological activity, it can be 

selectively made through employment of the ruthenium catalyst derived from the (R,R)-

diastereomer of the TsDPEN ligand ((R,R)-63), instead of (S,S)-63 as used in this work.  

Chapter 3 showed that, of two ring expansion reactions tested, the Schmidt reaction  

– with sodium azide and methanesulfonic acid – is more appropriate over a Beckmann 

approach for the synthesis of 3-aryl-dihydroquinolinones (127) and their isoquinolinone 

isomers (128) from corresponding indan-1-ones (126, Scheme 51). The Schmidt reaction 

gave mixtures of the two lactams in one straightforward step, with the regiochemistry 

adjustable through manipulation of the substrate structure and reaction conditions, 

although only low scales were permissible due to safety concerns. Conversely, the 

Beckmann rearrangement of oxime mesylates yielded 3-aryl-dihydroisoquinolinones 

exclusively in a total of three steps from corresponding indan-1-ones, via oxime mesylates 

(402), which involved tedious and time-consuming quenches and work-ups.  

 

Scheme 51 Comparison of Schmidt and Beckmann approaches for the synthesis of  

δ-lactams from 3-aryl-indan-1-ones.  
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Highly enantiomerically enriched dihydroisoquinolinones and dihydroquinolinones were 

accessible through application of these Schmidt conditions to the individual enantiomers 

of 3-aryl-indan-1-ones – synthesised via the 5-step route described above. These 

compounds are heavily associated with a wide range of biological activities, with non-

cytotoxic anti-inflammatory compound 6-B345TTQ (99) being a key example (see 

Section 3.1.1). Chapter 3 also presented the successful synthesis of the individual 

enantiomers of 99, which was a long term aim of the Fox group (Figure 36). The 

successive oxidative kinetic resolutions were the highlight of this synthesis as they 

allowed access to both the (R)- and (S)-enantiomer in >99 % e.e., albeit at the expense of 

some loss of material. Unfortunately, two limiting steps could be identified within the 

overall route towards 6-B345TTQ (99), which resulted in very low overall yields  

(<1.0 %) for both enantiomers. Firstly, the Nazarov cyclisation involved the reaction of a 

chalcone comprising a highly unfavourable structure – an electron deficient 1-aryl ring 

and electron rich 3-aryl ring – hence the product indan-1-one was formed in only 24 % 

yield. The second limiting step was the Schmidt reaction, the regioselectivity of which 

was extremely poor with respect to affording the desired dihydroquinolinone due to alkyl 

migration being the predominant pathway for this substrate; the Schmidt reaction of the 

individual enantiomers of the precursor indan-1-one gave (R)- and (S)-6-B345TTQ in 

only 2-3 % yields.  

 

Figure 36 Successful synthesis of (R)- and (S)-6-B345TTQ (99) and diclofensine (198). 

Through the successful formation of dihydroisoquinolinones in the Schmidt reaction of 

3-aryl-indan-1-ones, which was especially favoured for trimethoxy- derivatives, a 

practical avenue towards 4-aryl-tetrahydroisoquinolines via subsequent reduction was 

possible. These species have received particular attention for their biological properties, 

most notably of which is antidepressant activity (see Section 3.1.2). As such, a number 

of highly enantioenriched 4-aryl-tetrahydroisoquinolines, including both enantiomers of 
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antidepressant drug diclofensine (198, Figure 36), were successfully prepared in excellent 

enantiomeric excesses through reduction of corresponding lactam enantiomers and 

subsequent N-methylation. The usefulness of 3-aryl-indan-1-ones was further 

demonstrated in Chapter 3 with the facile and high yielding synthesis of racemic 

benzylidene indan-1-ones, another bioactive class of compound, which were formed via 

the Claisen–Schmidt condensation of indan-1-ones with various benzaldehydes.  

Overall, 3-aryl-indan-1-ones are clearly valuable intermediates in the synthesis of a wide 

range of medicinal scaffolds, especially given the ease with which both enantiomers can 

be obtained in excellent enantiomeric excess through a relatively straightforward 5-step 

procedure. However, as a synthetic strategy towards enantioenriched δ-lactams and 

corresponding amines it is not without its limitations; these are unquestionably the 

Nazarov cyclisation and Schmidt reaction, which are heavily influenced by substrate 

structure (Scheme 52), as exemplified by the synthesis of 6-B345TTQ (99).  

 

Scheme 52 Effect of substrate structure on Nazarov and Schmidt reactions. 

In fact, from a practical viewpoint, the outcome of the Schmidt reaction is far more 

important given its involvement in the latter stages of the synthetic route towards 

enantioenriched lactams and corresponding amines, compared to the early Nazarov 

cyclisation step. The synthetic strategy presented herein is therefore less suitable for the 

synthesis of certain δ-lactams and corresponding amines, for instance enantioenriched  

4-aryl-tetrahydroquinolinones possessing highly electron rich 1-aryl rings, and alternative 

methods towards their synthesis would likely be more attractive. 
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4.2 Future Work 

As with any new synthetic methodology, it is necessary to widen the scope of the 5-step 

route to enantioenriched 3-aryl-indan-1-ones through utilisation of benzaldehydes and 

acetophenones different to those employed thus far; it would be particularly useful to 

further investigate the effect of chalcone structure on the Nazarov cyclisation,  

the optimisation of which proves a key challenge. Furthermore, extensive screening of 

conditions for the Schmidt reaction of 3-aryl-indan-1-ones would be very beneficial  

in an attempt to control its regioselectivity, in spite of substrate structure, which would 

allow access to a larger number of δ-lactams (and corresponding amines) in high yields  

– the regiochemical outcome of the Schmidt reaction of indan-1-ones is heavily 

dependent on acid mediator, solvent and temperature (see Section 3.2.2). 

It was previously discussed that compound 35 has been reported to show strong 

cytotoxicity against human cancer cell lines and non-toxicity up to 1000 mg/kg dose, 

despite only being reported as a racemate (see Section 1.1). The determination of the 

active enantiomer is an appealing prospect, which would require the synthesis of both 

enantiomers of benzylidene indan-1-one 35. This should be possible using the 

methodology developed in this work, starting from 3,4,5-trimethoxyacetophenone and 

3,4,5-trimethoxybenzaldehyde to afford the individual enantiomers of 3-aryl-indan-1-one 

31. The final step would comprise Claisen–Schmidt condensation of (R)- and (S)-31 with 

piperonal (403) to give (R)- and (S)-35, respectively (Scheme 53).  

 

Scheme 53 Pathway to benzylidene indan-1-one 35 and disconnection of piperonal (403). 
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However, one obstacle in this synthesis is the acquisition of piperonal, also known as 

heliotropin, which is a controlled substance because of its use as a precursor to  

3,4-methylenedioxy-N-methylamphetamine (MDMA), commonly known as “ecstasy”.7 

Thankfully, the synthesis of piperonal is relatively straightforward from 1,3-benzodioxole 

(404); one method involves the addition of glyoxylic acid (405) to 404 and subsequent 

oxidation of resulting α-hydroxy acid 406.8 Future work could also involve the formation 

of the individual enantiomers of the benzylidene indan-1-ones presented in Chapter 3. 

Base-catalysed racemisation, however, may be a potential issue facing the formation of 

these species, including (R)- and (S)-35; the acidic hydrogen atom at the stereocentre in 

(S)-407 may be deprotonated giving rise to the highly conjugated enolate intermediate 

408 in which the 3-aryl group is attached to an sp2 hybridised carbon atom, therefore there 

is a loss of stereochemistry (Scheme 54). If racemisation is faster than product formation 

the benzylidene indan-1-one (409) will ultimately be obtained as a racemate; this will be 

determined in no small part by the competition between deprotonation of the α- and β- 

protons – a sterically hindered base may prove beneficial towards reducing racemisation. 

 

Scheme 54 Potential base-catalysed racemisation of 3-aryl-indan-1-ones. 
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