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Abstract

A new, versatile and highly stereoselective approfe the synthesis of non-racemic 3-
substituted isoindolin-1-ones is described fromeadily available chiral template. The
potential of this new protocol is demonstrated digio the synthesis of an enantiomerically

enriched 3-alkyl NH isoindolin-1-one target with age. of 98%.
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1. Introduction
The synthesis of non-racemic 3-substituted isoineblone targets remains an area of
significant interest due to the wide range of bgodal activities exhibited by this class of
compound. Typical examples of bioactive targetsuishe compound4-3 (Figure 1).(S-PD-
172938,1, shows affinity for dopamine Dreceptors, whilst (9-pagoclone?, is known to
display anxiolytic activity and JM-12323, is a benzodiazepine receptor agonist also being
investigated for the treatment of anxiety relatedditions® Selected biological activities of
other, related, 3-substituted isoindolin-1-one ¢ives include affinity for 5-HT receptofs,
as inhibitors of the MDM2-p53 protein-protein irdetion> and as Kv1.5 ion channel

blockers®

Figure 1. Biologically Active 3-Substituted Isoindolin-1-ones

Deprotonation and subsequent benz@ialkylation of the parent isoindolinone template ha
been previously explored as a route to such taigecemic fornt. This approach has been
extended to include chiral auxiliary based appreadior the asymmetric synthesis of non-
racemic 3-substituted isoindolin-1-ones: for examph Couture’s application of an
aminoprolinol-derived templafe Royer's use of phenylglycindl,and Comins’ approach

using TCC esters for control of asymmetric alkgati’



In our own previous contribution to this area wengered the use of readily accessible
Meyers-type tricyclic lactamsl, as versatile asymmetric building blocks, and regubthe
successful synthesis of non-racemic 3-alkyl andyB-moindolin-1-ones® Appropriately
substituted chiral templates, were used as novBlacyliminium precursors which could be
activated towards subsequent reaction with carhateophiles (Scheme 1, path 1), or with
hydride (Scheme 1, path 2) in order to deliver desired 3-substituted isoindolin-1-one

targets.

Although pathway 1 was found to suffer from loweé&s/of product diastereoselectivity, we
discovered that a complementary approach, pathwalel®ered up to exclusive levels of
product diastereoselectivity. We have also dematedrtwo effective methods for removal
of the phenylglycinol chiral auxiliary to deliveng corresponding enantio-enriched 3-alkyl
and 3-aryl substituted Mtisoindolinonesb, with minimal loss of stereochemical integrity at

the newly created chiral centre.
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Scheme 1. Approaches to Non-racemic 3-Substituted Isoinddbore Targets Using a

Tricyclic Lactam Template.

We were intrigued by the subsequent work from tferementioned groups of Couttfte,

Royer and Comin¥ which have each approached this challenge by géngran anion at



the benzylic position of suitably derivatized, n@zemic isoindolinone intermediates,
followed by an asymmetric alkylation protocol - anmgplementary approach to our own

routes.

In this present paper we describe a novel apptinaif the “Meyers’ tricyclic lactams in an
analogous anionic approach to the targets of ist€&cheme 1, path 3), which significantly
extends our earlier work in this area by overcomangumber of potentially limiting factors,

such as the lack of availability of appropriatedestid building blocks, and so allows for the

preparation of a wider range of the intermediatepiates 4.

2. Results and Discussion

In the new approach described in this paper we hélieed the R)-phenylglycinol derived
template, 6, readily prepared as previously described by us/% yield as a single
diastereoisomer through Dean-Stark condensatidheo€ommercially available enantiopure

aminoalcohol with 2-carboxybenzaldeyde.

In our exploratory work (Scheme 2), templéteras deprotonated using 1.1 eq. of LHMDS at
-78°C in dry THF and the intermediate anion was thé&glated with 1.2 eq. Mel to generate
the alkylated templaté as a 1:1 mixture of diastereoisomers, as detendrtiget00 MHZz'H-

NMR spectroscopy on the crude reaction mixtureSbe

The lack of any diastereoselectivity observed ia flynthesis of intermediaté is of no
consequence to our ultimate goal, since the sulesegtep of this new approach involves the
generation of a planad-acyliminium species on activation @f where any stereochemistry
that was established during the initial alkylatgtep would be lost. followed by the second
stage of the process, a stereoselective reductiortih® non-racemicN-acyliminium

intermediate with a silane-based hydride reagehtchvwould be expected to induce high



levels of diastereoselectivity in the final produzased on our previous experience with these

templates?

Our results are presented in Table 1 for alkylabbtemplate6 using a representative range
of alkyl halides. For allyl bromide, which gave thighest level of diastereoselectivity when
using LIHMDS as the base, alternative bases wefestigated due to the significance of the

counterion on the diastereoisomeric product raticelated studie.
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Scheme 2. (i) 1.1 eq. Base, THF, -7&; (ii) 1.2 eq. Alkyl halide, THF, -78C to R.T. (12 h),

then KO™; (iii) 1.5 eq. TiCk, DCM, -78°C; (iv) 1.5 eq. BfSiH, THF, -78°C to R.T.



Table 1. Diastereoselective Alkylation of Tricyclic Lacta®,

Base Alkyl halide Diastereoisomeric % conversion®
Ratio®
LIHMDS Me-I 50:50 50
LIHMDS Benzyl-Br 75:25 94
LiIHMDS Allyl-Br 80:20 96
NaHMDS Allyl-Br 90:10 50
KHMDS Allyl-Br 86:14 57

determined by 400 MHZH-NMR spectroscopy on the crude reaction mixture.

As can be seen from Table 1, the highest leveliastdreoselectivity achieved with allyl
bromide as the electrophile was in the presencgodium as the counterion, although this
base (NaHMDS) gave the poorest conversion (50940dfyMHz*H NMR. A significantly
higher conversion of 96% was achieved with LIHMD%.examples where the conversion
was observed to be low, the 400 MH# NMR spectra of the crude product mixture showed
only the presence of non-alkylated starting matesaa by-product. Variation of the number

of equivalents of both base and alkyl halide ditlimprove the observed outcome.

As noted by Coutur®the deprotonated speciéa may undergo delocalization to form the
alternative extended enolaéb. It may be tempting to suggest that a preferemmceohe
enolate form over the othedq : 6b) in the presence of a given base may help torralize

the observed diastereoselectivities of the alkytastep, although there may be other factors



at play and so we would prefer not to speculatéhéurat this juncture, particularly as the
stereoselective outcome of this initial alkylati@action is of no consequence to the overall

success of this new approach to the 3-substitstauddolino-1-one targets.

We were pleased to find that reductive ring-openofgintermediate7 using 1.5 eq.
triethylsilane in the presence of 1.5 eq. Li@ dry DCM gave the desired 3-methyl
isoindolino-1-oneBa, in 32% vyield (over 2 steps) as$85:5 mixture of diastereoisomers by

'H NMR spectroscopy (Scheme 2, Table 2).

Access to compoun8a, prepared by us in our previous research effdredlowed us to
determine that the relative stereochemistry of rifegor diastereoisomer was as shown in
Scheme 2, by comparison 4 NMR data.The observed stereochemical outcome can be

rationalized by reference to our usual conformationodel (Scheme 2).

Having established that this new approach to tmhegis of 3-substituted isoindolin-1-one
targets had significant potential, we explored dpelication of a range of alkylating agents
(Table 2). Based on the model study outlined inlddh we chose to use LIHMDS as the
base, since this base gave highest conversionsouwgh the initial diastereoselectivity for
alkylation of the template using LIHMDS was the st/ for those bases explored, this would
be of no consequence to the formation of the desica-racemic 3-substituted isoindolin-1-
one targets with high levels of diastereoselegtivithe alkylated intermediate from Step 1
was not isolated during this reaction sequenceinst¢ad was subjected to the reductive ring

opening in Step 2.



Table 2. Template Derivatization and Diastereoselective Ripgning.

Alkyl halide Step 1 diaster eoisomeric product diastereocisomeric | yield
conversion ratio ratio (%)°
(%) a a
(step 1) (step 2)
methyl iodide 50 50:50 8a >95:5 32
ethyl iodide 81 50:50 8b >95:5 a7
propyl iodide 78 66:34 8c >05:5 32
allyl bromide 96 80:20 8d >95:5 49
benzyl bromide 94 60:40 8e >95:5 35
2-fluorobenzyl 94 83:17 8f >95:5 65
bromide
3-methoxybenzyl 96 80:20 8g >95:5 61

bromide

2 determined by 400 MHZH NMR spectroscopy on the crude reaction mixture.

P overall isolated yield after 2 steps, following ifigation by flash column chromatography.

As can be seen from Table 2, alkylation of the patemplate could be achieved with

variable levels of diastereoselectivity at the imtediate stage of the synthetic sequence (Step




1). In all cases, the reductive ring-opening of ititermediate proceeded to deliver excellent
levels of product diastereoselectivity (Step 2) &dirfinal target compounds. Although the
overall yields of the desired products are only townoderate, the yields quoted for products
8a-g in Table 2 are over the two reaction steps fromplate 6, following purification by
column chromatography. In all cases, the major toghpct of the two-step procedure was
formation of the corresponding ring-opened prodirom the presence of unalkylated
template6 following Step 1, which was readily separable fréime desired products by

column chromatography.

Figure 2. Single Crystal X-Ray Structure of Compousel

X-Ray crystal structures were obtained for the mdjastereoisomers of produd@s, 8d and
8e; with that of benzyl-substituted produge shown in Figure 2. Interestingly, the relative
stereochemistry of the allyl-substituted prod@ct is, as expected from our rationale,
opposite to that observed when accessing the seomepound via our alternative,
complementary approach using a carbon-centred opitie (allyl trimethylsilane, Scheme
1, path 1), thus further supporting the conformmalomodel that we have proposed to

rationalize the stereochemical induction that isesteed on ring opening of such tricyclic



lactam substrates (Scheme 2). The induced relatereochemistry in the reaction sequence
is governed by the approach of the correspondirmdeophile: hydride in this current study,
but allyl in our previous work, thus leading to thebserved opposite relative

stereochemistry

One major advantage of our new approach, deschieeegin, is thesignificant increase in

product diastereoselectivity that can be achieeedfwider range of 3-position substituents:
for example, allyl derivativ8d was isolated as 295:5 ratio of diastereoisomers using our
new approach, whereas our previously reported ndetbgy delivered this target compound

with a diastereoisomeric ratio of only 21.

In order to demonstrate the synthetic potentiah®f new methodology as a potential route to
access enantiomerically enriched 3-substitutedH-iddindolin-1-one targets, we then
subjected major diastereoison@ar to our previously developed method for cleavag¢hef
chiral auxiliary group (Scheme 3%).Thus, treatment oBa with 96% sulfuric acid over a
reaction time of just 2 minutes at 85 gave a 38% yield oR}-3-methyl isoindolino-1-one,

9, with 98%e.e. (as determined by chiral HPL&).

0 o
Ph  96% H,SO,
N —_— NH
95 °C, 2 min. §
Me H OH 0 Me‘\\ H
8a

Scheme 3. Access to Enantiomerically Enriched 3-Substitusadndolin-1-one Targe$.

3. Conclusion

Our previously reported approach to the synthelsisn-racemic 3-substituted isoindolin-1-

ones relied upon the availability of appropriateokacid substrates, which could be a

10



limiting factor in the introduction of structuraiversity to the chiral templates. Given the

ready availability of a wide range of alkylatingeas, our new approach described herein
now circumvents this issue, since it allows for gyathesis of an extended range of 3-
substituted isoindolin-1-one targets from a comnmeadily available lactam templat#® R =

H), itself accessed as a crystalline intermediatbigh yield in one step from commercially

available substrates. Further applications of timethodology in target synthesis are

underway, and will be reported in due course.

4. Experimental
Materialsand Methods

'H and**C nuclear magnetic resonance (NMR) were measurea devl eclipse 400 MHz
spectrometer using CD§ht 400 MHz for'H NMR and 100 MHz fo*C NMR. Chemical
shifts are quoted in ppm downfield from TMS; couagliconstantsJj are quoted in Hertz
(Hz). TMS was defined as 0 ppm i NMR and the residual chloroform triplet as 77.10
ppm in**C NMR. The following abbreviations were used inlgsia; broad (br), singlet (s),
doublet (d), triplet (t), quartet (q), double doetb{dd), doublet of doublet of doublets (ddd),
doublet of triplets (dt) and multiplet (m). Maspgestra were obtained from the EPSRC
National Mass Spectrometry Centre at Swansea Wsityeunsing electron spray ionisation
(ES). Infra-red spectra were recorded in the ra#@@0-600 crit using a Perkin Elmer
spectrum 100 FT-IR spectrometer. Optical rotatioeasurements were obtained from a
Bellingham and Stanley ADP440+ Polarimeter, af@4at a concentration of 0.5 g/100'ml
with a cell length of 5cm. Melting points were me@sl on a Stuart SMP10 melting point

apparatus.

11



Reagents and solvents were purchased from SigmacAJdAcros Organics and Alfa Aesatr,

and were used without further purification. Anhyascsolvents (used where specified) were
purchased from Sigma-Aldrich and used without feirtrying. Reactions were carried out
under a flow of nitrogen gas, where specified. Drg/acetone baths were used to cool

reactions to -7&.

The progress of the reactions was monitored by ldyer chromatography (TLC), using
glass pre-coated silica gel plates (Merck) visealiby UV irradiation at a wavelength of 254
nm. Flash column chromatography was carried out sdita gel 60 (43-60 mesh)

(Fluorochem).

(3R,9bS)-3-phenyl-2,3-dihydr coxazol o[ 2,3-a]isoindol-5(9bH)-one, (6).M*

(R)-Phenylglycinol, (5.00g, 36 mmol, 1 eq.) was hdatgth 2-carboxybenzaldehyde (6.02g,
40 mmol, 1.1 eq.) in toluene (300 mL) under DeaardStonditions for 48 hours. The crude
reaction mixture was then evaporated to yield dnwadiich was purified by flash column
chromatography (50:50 fd/petroleum ether (40-60)). Evaporation of the epnts under
reduced pressure afforded a white crystalline sofigld: 75% (5.50 g); Mp: 117-116
(DCM/hexanes)H NMR (400 MHz, CDCY) § 7.97 - 7.78 (m, 1H), 7.71 - 7.55 (m, 3H),
7.51 - 7.29 (m, 5H), 6.06 (s, 1H), 5.23Xt 7.4, 1H), 4.85 (dd] = 7.4, 8.8, 1H), 4.17 (dd,

=7.4,8.8, 1H).

(R)-2-((R)-2-hydr oxy-1-phenylethyl)-3-methylisoindolin-1-one, 8a.

Compound6, (1.00g, 3.96 mmol, 1.0 eqg.) was dissolved in dHF (15 mL, dry) under

nitrogen and the solution cooled to €8LIHMDS (1M in THF) (4.36 mL, 4.36 mmol, 1.1

12



eq.) was then added drop-wise and the resultingumgstirred for 30 minutes. Methyl iodide
(0.30 mL, 4.77 mmol, 1.2 eq.) was then added driggvand the solution was allowed to
warm to room temperature overnight. Saturated®ltqg. (20mL) was then added to quench
the reaction, and the reaction mixture was themhéurdiluted with HO (20 mL). The
mixture was then extracted with 5 x 30 mL portiafsEt,O and the combined organic
extracts were washed with 1 x 30 mL brine, drie@roanhydrous MgS§) filtered and
evaporated under reduced pressure to yield theeguumtluct as a light brown oil which was
used in the next step without any further purifimat Analysis of the crude reaction mixture
by *H NMR spectroscopy (400 MHz) confirmed a conversibb0% of starting material in

this synthetic step.

The crude product (1.06 g, 3.96 mmol, 1.0 eq.) stased in dry DCM (15 mL), under
nitrogen and cooled to -TB. TiCl, (1M in DCM) (5.94 mL, 5.94 mmol, 1.5 eq.) was added
drop-wise to the solution and left to stir for 30notes at -7&. Triethylsilane (0.95 mL,
5.94 mmol, 1.5 eq.) was added drop-wise to theursxtwhich was then allowed to warm to
room temperature overnight. The reaction was quethdly the addition of saturated NE
ag. (20 mL) and then diluted further with® (20 mL). The mixture was extracted with 3 x
40 mL portions of DCM and the organic extracts corat and washed with 30 mL brine,
dried over anhydrous MgS(Cfiltered and evaporated under reduced pressugévéoa light
brown residue. This was then purified by flash amluchromatography (100% petroleum
ether (40-60)) to afford a yellow oil. Yield: 329%.84 g); b]p = + 244 € 0.5, 24°C, DCM);

'H NMR (400 MHz, CDCJ) 5 7.88 (d,J = 7.4, 1H), 7.62 - 7.44 (m, 2H), 7.39 - 7.26 (H)6
5.00 - 4.89 (m, 1H), 4.77 (dd,= 3.4, 8.0, 1H), 4.53 - 4.43 (m, 1H), 4.34 Jos 6.7, 1H),
4.18 - 4.05 (m, 1H), 1.46 (d,= 6.7, 3H);*C NMR (100 MHz, CDGJ) § 169.7, 147.1, 137.9,

132.1, 128.9, 128.4, 128.1, 127.3, 123.9, 122.07,682.5, 57.1, 18.4ymax (solid): 3333,

13



1658, 1469, 1404, 1353 &mMHRMS (ESI,m/2): calcd. for GHi7NO, (M + H") 268.1332,

found: 268.1334.

(R)-3-ethyl-2-((R)-2-hydr oxy-1-phenylethyl)isoindolin-1-one, (8b).

Compoundb, (0.50g, 1.98 mmol, 1.0 eq.) was dissolved inTF (15 mL) under nitrogen
and the solution cooled to -T8 LIHMDS (1M in THF) (2.18 mL, 2.18 mmol, 1.1 eqvas
added drop-wise and the resulting mixture stirggd3D minutes. Ethyl iodide (0.19 mL, 2.39
mmol, 1.2 eq.) was then added drop-wise and thatiesol was allowed to warm to room
temperature overnight. Saturated JiHag. (15 mL) was then added to quench the reactio
which was then diluted further with,8 (20 mL). The mixture was then extracted with 5 x
30 mL portions of BO and the organic extracts were combined and wasitadl x 30 mL
brine, dried over anhydrous Mg&Q@iltered and evaporated to give the crude inteliate as
an orange oil, which was used in the next stepowittany further purification. Analysis of
the crude reaction mixture B4 NMR spectroscopy (400 MHz) confirmed a conversidn

81% of starting material in this synthetic step.

The crude product (0.55 g, 1.98 mmol, 1.0 eq.) stased in dry DCM (10 mL), under
nitrogen and cooled to -T. TiCl, (1M in DCM) (2.97 mL, 2.97 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiesi at -78C. Triethylsilane (0.47 mL, 2.97
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room

temperature overnight. The reaction was quencheddoltion of saturated Ni&I aq. (20

14



mL) and the mixture further diluted with,8 (20 mL). The mixture was then extracted with
3 x 30 mL portions of DCM and the combined orgamitracts washed with 1 x 30 mL brine,
dried over anhydrous MgS(filtered and evaporated under reduced pressugévéoa light
brown residue which was purified by flash columnochatography (80:20 EtOAc/ petroleum
ether (40-60)) to afford the target compound aglbow crystalline solid. Yield: 47% (0.26
g); Mp: 101-104'C (DCM/hexanes);d]p = + 180 ¢ 0.5, 24°C, DCM); vmax (solid): 3345,
2995, 2876, 1659, 1469, 1407, 1214"crtH NMR (400 MHz, CDCJ) 6 7.88 (d,J = 7.5,
1H), 7.62 - 7.40 (m, 2H), 7.38 - 7.26 (m, 6H), 7-3B21 (m, 1H), 5.07 - 4.99 (m, 1H), 4.62
(dd,J = 3.3, 8.0, 1H), 4.48 (df, = 7.9, 12.5, 1H), 4.40 (dd,= 2.7, 5.1, 1H), 4.11 (ddd,=
3.3, 7.0, 12.5, 1H), 2.13 - 1.90 (m, 2H), 0.58)( 7.4, 3H);*C NMR (100 MHz, CDGJ) §
170.4, 144.9, 138.0, 132.9, 132.0, 128.9, 128.8,11227.3, 123.8, 122.0, 64.8, 62.8, 61.1,

22.9, 5.9; HRMS (EShv2): calcd. for GgHigNO, (M + H') 282.1489, found 282.1489.

(R)-2-((R)-2-hydr oxy-1-phenylethyl)-3-propylisoindolin-1-one, (8c).

Compound6, (0.50 g, 1.98 mmol, 1.0 eq.) was dissolved in @HF, (15 mL), under
nitrogen and the solution cooled to €8LIHMDS (1M in THF) (2.18 mL, 2.18 mmol, 1.1
eq.) was then added drop-wise and the resultingtumngxstirred for 30 minutes. 1-
lodopropane (0.23 mL, 2.39 mmol, 1.2 eq.) was thated drop-wise and the solution was
allowed to warm to room temperature overnight. Gatd NHCI aq. (15 mL) was then
added to quench the reaction, which was then dilfugher with HO (20 mL). The mixture
was then extracted with 5 x 30 mL portions ofEtnd the organic extracts were combined
and washed with 1 x 30 mL brine, dried over anhydriigSQ, filtered and evaporated
under reduced pressure to give the crude interneedgaa light brown oil, which was used in

the next step without any further purification. Aysis of the crude reaction mixture byl

15



NMR spectroscopy (400 MHz) confirmed a conversidrv®% of starting material in this

synthetic step.

The crude product (0.58 g, 1.98 mmol, 1.0 eq.) st@sed in dry DCM (10 mL), under
nitrogen and cooled to -T. TiCl, (1M in DCM) (2.97 mL, 2.97 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiew at -78C. Triethylsilane (0.47 mL, 2.97
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room
temperature overnight. The reaction was quencheddnjition of saturated NJ&I aq.
(20mL) and the mixture further diluted with,® (20 mL). The mixture was then extracted
with 3 x 30 mL portions of DCM and the combined amg extracts washed with 1 x 30 mL
brine, dried over anhydrous MggQ@iltered and evaporated under reduced pressuyevéoa
light brown residue which was purified by flash woin chromatography (80:20 EtOAc/
petroleum ether (40-60)) to afford the target coommbas white crystalline solid. Yield: 32%
(0.19 g); Mp: 149-151C (DCM/hexanes);d]p = + 132 £ 0.5, 24°C, DCM]; Vimax (solid):
3300, 2998, 2875, 1660, 1413, 1305, 1216"ctil NMR (400 MHz, CDCY) 6 7.87 (d,J =
7.5, 1H), 7.61 - 7.42 (m, 2H), 7.38 - 7.15 (m, 6518 - 4.94 (m, 1H), 4.66 (dd= 3.4, 8.0,
1H), 4.47 (dtJ = 7.9, 12.5, 1H), 4.42 - 4.31 (m, 1H), 4.09 (ddi¢, 3.4, 7.3, 12.4, 1H), 2.02 -
1.79 (m, 2H), 1.29 - 1.09 (m, 1H), 0.88 - 0.68 &H); °C NMR (100 MHz, CDGJ) § 170.2,
145.4, 137.9, 132.5, 131.8, 128.8, 128.2, 127.9,112123.7, 121.9, 64.7, 62.6, 60.5, 32.3,

15.1, 13.9; HRMS (EShv2): calcd. for GgH2:NO, (M + H") 296.1645, found 296.1644.

(R)-3-allyl-2-((R)-2-hydr oxy-1-phenylethyl)isoindolin-1-one, (8d).

Compound6, (1.00 g, 3.96 mmol, 1.0 eq.) was dissolved in @kHF, (15 mL), under
nitrogen and the solution cooled to €8LIHMDS (1M in THF) (4.36 mL, 4.36 mmol, 1.1

eg.) was then added drop-wise and the resultingumastirred for 30 minutes. Allyl bromide

16



(0.41 mL, 4.77 mmol, 1.2 eq.) was then added driggvand the solution was allowed to
warm to room temperature overnight. Saturated®ltqg. (15mL) was then added to quench
the reaction, which was then diluted further withOH(20 mL). The mixture was then
extracted with 5 x 30 mL portions of £t and the organic extracts were combined and
washed with 1 x 30 mL brine, dried over anhydroug3@, filtered and evaporated under
reduced pressure to give the crude intermediatmagange oil, which was used in the next
step without any further purification. Analysis tife crude reaction mixture byf NMR
spectroscopy (400 MHz) confirmed a conversion ¢f3ff starting material in this synthetic

step.

The crude product (1.15 g, 3.96 mmol, 1.0 eq.) stased in dry DCM (10 mL), under
nitrogen and cooled to -TB. TiCl, (1M in DCM) (5.94 mL, 5.94 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiesi at -78C. Triethylsilane (0.95 mL, 5.94
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room
temperature overnight. The reaction was quenchedaddition of saturated NJEI ag.
(20mL) and the mixture further diluted with,® (20 mL). The mixture was then extracted
with 3 x 30 mL portions of DCM and the combined amgs extracts washed with 1 x 30 mL
brine, dried over anhydrous MgaQ@iltered and evaporated under reduced pressuyevéoa
light brown residue which was purified by flash woin chromatography (80:20 EtOAc/
petroleum ether (40-60)) to afford the target coombas a yellow solid. Yield: 49% (0.57
g); Mp: 109-112°C (DCM/hexanes);d]p = + 104 ¢ 0.5, 24°C, DCM); vmax (solid): 3381,
2924, 1725, 1646, 1406 cm'H NMR (400 MHz, CDCY) 6 7.87 (dJ = 7.4, 1H), 7.60 - 7.44
(m, 2H), 7.41 - 7.21 (m, 6H), 5.56 - 5.15 (m, 1612 - 4.96 (m, 3H), 4.74 (dd,= 3.2, 7.7,
1H), 4.49 - 4.36 (m, 2H), 4.13 (m, 1H), 2.80 - 2(48 2H);*C NMR (100 MHz, CDGJ) &

170.1, 144.8, 137.8, 132.3, 131.8, 130.4, 128.8,312127.9, 127.1, 123.7, 122.2, 119.7,
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64.5, 62.6, 59.9, 34.9; HRMS (ESIY2): calcd. for GoH1oNO, (M + H') 294.1489, found

294.1490.

(R)-3-benzyl-2-((R)-2-hydr oxy-1-phenylethyl)isoindolin-1-one, (8€).

Compound6, (0.50 g, 1.98 mmol, 1.0 eq.) was dissolved in @HF, (15 mL), under
nitrogen and the solution cooled to €8LIHMDS (1M in THF) (2.18 mL, 2.18 mmol, 1.1
eq.) was then added drop-wise and the resultingumgxstirred for 30 minutes. Benzyl
bromide (0.31 mL, 2.39 mmol, 1.2 eq.) was then dddeop-wise and the solution was
allowed to warm to room temperature overnight. @aed NHCI ag. (15mL) was then
added to quench the reaction, which was then dilfugher with HO (20 mL). The mixture
was then extracted with 5 x 30 mL portions ofEtnd the organic extracts were combined
and washed with 1 x 30 mL brine, dried over anhydriigSQ, filtered and evaporated
under reduced pressure to give the crude interrteedga light orange solid, which was used
in the next step without any further purificatigxnalysis of the crude reaction mixture ty
NMR spectroscopy (400 MHz) confirmed a conversidr94% of starting material in this

synthetic step.

The crude product (0.68 g, 1.98 mmol, 1.0 eq.) stased in dry DCM (10 mL), under
nitrogen and cooled to -TB. TiCl, (1M in DCM) (2.97 mL, 2.97 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiesi at -78C. Triethylsilane (0.47 mL, 2.97
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room
temperature overnight. The reaction was quenchedaddition of saturated NJEI ag.
(20mL) and the mixture further diluted with,® (20 mL). The mixture was then extracted
with 3 x 30 mL portions of DCM and the combined amgs extracts washed with 1 x 30 mL

brine, dried over anhydrous MgaQ@iltered and evaporated under reduced pressuye/éoa
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light brown residue which was purified by flash woin chromatography (80:20 EtOAc/
petroleum ether (40-60)) to afford the target coomubas a white crystalline solid. Yield:
35% (0.24 g); Mp: 174-17T (EtOAc/hexanes):o]p = + 124 € 0.5, 24°C, DCM); Vimax
(solid): 3380, 2924, 2885, 1649, 1408 tm*H NMR (400 MHz, CDC}) 6 7.84 - 7.74 (m,
1H), 7.51 - 7.14 (m, 10H), 6.98 - 6.91 (m, 2H),8:8.78 (m, 1H), 5.10 - 4.95 (m, 1H), 4.87
(dd,J = 3.4, 7.8, 1H), 4.54 (dd,= 4.5, 7.8, 1H), 4.46 (df,= 7.7, 12.5, 1H 1H), 4.09 (ddd,
=3.3,6.9, 12.4, 1H), 3.37 (dd= 4.4, 13.9, 1H), 2.88 (dd,= 7.8, 13.8, 1H)**C NMR (100
MHz, CDCk) & 169.9, 144.9, 137.9, 135.4, 132.0, 131.4, 1298,9, 128.4, 128.3, 128.0,
127.1, 127.1, 123.7, 122.8, 64.6, 63.1, 61.7, 3dRMS (ESI,nm/2): calcd. for GsHx»NO;

(M + H") 344.1645, found 344.1643.

(R)-3-(2-fluor obenzyl)-2-((R)-2-hydr oxy-1-phenylethyl)isoindolin-1-one, (8f).

Compound6, (0.50 g, 1.98 mmol, 1.0 eq.) was dissolved in @HF, (15 mL), under
nitrogen and the solution cooled to €8LIHMDS (1M in THF) (2.18 mL, 2.18 mmol, 1.1
eq.) was then added drop-wise and the resultingtungixstirred for 30 minutes. 2-
Fluorobenzyl bromide (0.29 mL, 2.39 mmol, 1.2 eggs then added drop-wise and the
solution was allowed to warm to room temperatureroight. Saturated Ni€I aq. (15mL)
was then added to quench the reaction, which was diuted further with D (20 mL).
The mixture was then extracted with 5 x 30 mL morsi of EO and the organic extracts
were combined and washed with 1 x 30 mL brine,ddoeer anhydrous MgSQfiltered and
evaporated under reduced pressure to give the antetenediate as a light orange oil, which

was used in the next step without any further pration. Analysis of the crude reaction
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mixture by'H NMR spectroscopy (400 MHz) confirmed a conversidr94% of starting

material in this synthetic step.

The crude product (0.71 g, 1.98 mmol, 1.0 eq.) st@sed in dry DCM (10 mL), under
nitrogen and cooled to -T. TiCl, (1M in DCM) (2.97 mL, 2.97 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiew at -78C. Triethylsilane (0.47 mL, 2.97
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room
temperature overnight. The reaction was quencheddoltion of saturated Ni&I aqg. (20
mL) and the mixture further diluted with,8 (20 mL). The mixture was then extracted with
3 x 30 mL portions of DCM and the combined orgamitracts washed with 1 x 30 mL brine,
dried over anhydrous MgS(filtered and evaporated under reduced pressugévéoa light
brown residue which was purified by flash columnochatography (70:30 EtOAc/ petroleum
ether (40-60)) to afford the target compound affswhite crystalline solid. Yield: 65%
(0.465 g); Mp: 140-14% (EtOAc/hexanes)ofp = + 152 € 0.5, 24°C, DCM); vimax (solid):
3313, 2871, 1657, 1491, 1230 ¢mH NMR (400 MHz, CDCJ) 6 7.85 - 7.77 (m, 1H), 7.50 -
6.88 (M, 12H), 4.96 - 4.82 (m, 2H), 4.59 (ddk 4.3, 7.7, 1H), 4.48 (dfl = 7.8, 12.5, 1H),
4.13 (dddJ = 3.4, 7.0, 12.5, 1H), 3.43 (dd= 4.2, 14.0, 1H), 2.93 (dd,= 7.7, 14.0, 1H);
13C NMR (100 MHz, CDGJ) § 170.0, 161.2 (d'Jc.r = 245.4 Hz), 144.9, 137.9, 132.1, 131.7
(d,*Jcr=4.8 Hz), 131.5,129.1 (A)c.r = 7.7 Hz), 128.9, 128.4, 128.0, 127.2, 124.01dr

= 3.8 Hz), 123.8, 122.8, 122.7 (tcr = 15.3 Hz), 115.4 (fJc.r = 22.0 Hz), 64.6, 63.0,

60.5, 31.6; HRMS (EShv2): calcd. for GgHogFNO, (M + HY) 362.1551 found, 362.1550.

(R)-2-((R)-2-hydr oxy-1-phenylethyl)-3-(3-methoxybenzyl)isoindolin-1-one, (8g).

Compound6, (0.50 g, 1.98 mmol, 1.0 eq.) was dissolved in @HF, (15 mL), under

nitrogen and the solution cooled to €8LIHMDS (1M in THF) (2.18 mL, 2.18 mmol, 1.1
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eg.) was then added drop-wise and the resultingtungxstirred for 30 minutes. 3-
Methoxybenzyl bromide (0.33 mL, 2.39 mmol, 1.2 eggs then added drop-wise and the
solution was allowed to warm to room temperatureroight. Saturated Ni€I aq. (15mL)
was then added to quench the reaction, which was diuted further with D (20 mL).
The mixture was then extracted with 5 x 30 mL morsi of EO and the organic extracts
were combined and washed with 1 x 30 mL brine,ddoeer anhydrous MgSQfiltered and
evaporated under reduced pressure to give the antetenediate as a light orange oil, which
was used in the next step without any further pration. Analysis of the crude reaction
mixture by*H NMR spectroscopy (400 MHz) confirmed a conversigro6% of starting

material in this synthetic step.

The crude product (0.74 g, 1.98 mmol, 1.0 eq.) stased in dry DCM (10 mL), under
nitrogen and cooled to -T. TiCl, (1M in DCM) (2.97 mL, 2.97 mmol, 1.5 eq.) was added
drop-wise and the solution left to stir for 30 ntiesl at -78C. Triethylsilane (0.47 mL, 2.97
mmol, 1.5 eq.) was added drop-wise to the mixtwiech was then allowed to warm to room
temperature overnight. The reaction was quencheddoltion of saturated Ni&l aq. (20
mL) and the mixture further diluted with,8 (20 mL). The mixture was then extracted with
3 x 30 mL portions of DCM and the combined orgamitracts washed with 1 x 30 mL brine,
dried over anhydrous MgS(Cfiltered and evaporated under reduced pressugévéoa light
brown residue which was purified by flash columnochatography (70:30 EtOAc/ petroleum
ether (40-60)) to afford the target compound affswhite crystalline solid. Yield: 61%
(0.45 g); Mp: 9496 C (EtOAc/hexanes); [o]p = + 40 € 0.5, 24°C, DCM); vimax (solid): 2868,
1715, 1616, 1361, 1311 ¢in'H NMR (400 MHz, CDCJ) § 7.84 - 7.76 (m, 1H), 7.49 - 7.40
(m, 2H), 7.38 - 7.28 (m, 3H), 7.27 - 7.20 (m, 2AX4 (t,J = 7.9, 1H), 6.96 - 6.88 (m, 1H),
6.76 (dd,J = 2.0, 8.2, 1H), 6.56 (d] = 7.5, 1H), 6.45 - 6.39 (m, 1H), 5.07 - 5.00 ()1

4.85 (ddJ = 3.1, 7.8, 1H), 4.54 (dd,= 4.4, 7.7, 1H), 4.45 (d§,= 7.7, 12.5, 1H), 4.08 (ddd,
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J=3.3,7.2,12.4, 1H), 3.68 (s, 3H), 3.34 (dd; 4.3, 13.9, 1H), 2.86 (dd,= 7.8, 14.0, 1H);
3C NMR (100 MHz, CDGJ)) § 169.9, 159.5, 145.0, 137.9, 136.9, 132.1, 13129,41, 128.9,
128.3, 128.0, 127.2, 123.7, 122.8, 121.8, 114.82,71164.6, 63.1, 61.6, 55.1, 38.1; HRMS

(ESI,mV2): calcd. for G4H23NOs (M + HY) 374.1751 found, 374.1749.

(R)-3-methylisoindolin-1-one, (9).*°

(R)-2-((R)-2-hydroxy-1-phenylethyl)-3-methylisoindolin-1-on&a, (0.05g, 0.20 mmol, 1.0
eq.) was dissolved in conc.,80, (96%, 2 mL) in a test tube. This was then immedyate
heated for two minutes over a steam bath, thenedotm room temperature. Cold:® (20
mL) was then added and the mixture extracted u8ing 20mL portions of DCM. The
combined organic extracts were dried over anhydhgSQ,, filtered and evaporated under
reduced pressure to obtain a pale yellow oil. Thele product was then purified using
preparative layer chromatography eluting with 80RX®Ac/ petroleum ether (40-60), to
obtain the product as a clear, colourless oil. ¥i&8% (0.011 g)*H NMR (400 MHz,
CDCl) 6 7.89 - 7.77 (m, 1H), 7.63 - 7.52 (m, 1H), 7.52397(m, 2H), 4.70 (q) = 6.5, 1H),
1.51 (d,J = 6.7, 3H). Enantiomeric excess (e.e) was detexthindependently by Reach
Separations Ltd., (BioCity Nottingham, NG1 1GF).alysis was carried out using a chiral
stationary phase, Chiralpak IC column, 4.6mm x 250rjum, (Daicel Chemical Industries,
Ltd., Tokyo, Japan). The isocratic mobile phase mased of 20:80 MeOH:C£(0.2% v/v
NHs). The flow rate of the mobile phase was 4.0 mL i detector wavelength of 210-
400nm was utilised. The column temperature was taiaied at 40°C and the injection
volume was 1.0 pL. Under these conditions the emaetric excess of compour was

found to be 98 %, when compared to a racemic sample

X-Ray Crystallography.
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Suitable crystals were obtained by slow evaporaiiioather/petrol (40-68'C). Diffraction
data (Mo-K,) were collected on a Rigaku Oxford Diffraction Bkbur diffractometer at =
150-158 K using graphite-monochromated Me-tadiation. The structures were solved and

refined using the SHELXS-2016 and SHELXL-2016 pavgs™*

8b, R = ethyl, Crystal data: C1gH16NO,, M, = 281.34 g mat, orthorhombicP2,2,2;, a =
6.3679(2)b =7.1844(2)c = 32.8776(12) AV = 1504.14(9) A T= 150 K,Z = 4,R[F* >
26(F?)] = 0.048 for 2711 reflections with> 25(1), wR(F?) = 0.093 for all 3135 independent

data, GOF = 1.045, 192 refined parameters.

8d, R = allyl, Crystal data; C1gH1gNO,, M, = 293.35 g mat, orthorhombicP2,2:2;, a =
9.4566(4)b =9.6198(3)c = 16.9868(7) A, V = 1545.30(10)°AT = 158 K,Z = 4,R[F? >
26(F?)] = 0.042 for 3072 reflections with> 25(1), wR(F?) = 0.090 for all 3364 independent

data, GOF = 1.083, 208 refined parameters.

8e, R = benzyl, Crystal data: Co3Ho:NO,, M, = 343.41 g mat, orthorhombicP2,2:2;, a =
8.6454(3)p =10.5715(3)¢ = 20.1931(6) A, V = 1845.55(10)°AT = 150 K,Z = 4, R[F* >
26(F?)] = 0.053 for 3401 reflections with> 25(1), wR(F?) = 0.097 for all 3860 independent

data, GOF = 1.104, 239 refined parameters.

The crystallographic data are deposited as CCDQA%E 1878667-1878668. These data
can be obtained free of charge from The Cambridgest@liographic Data Centre via via

www.ccdc.cam.ac.uk/data request/cif.
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