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Abstract:

One approach for the synthesis of isoindolinonepridleged bioactive heterocyclic core
structure, involves a condensation reactioro-phthaldialdehydes with a suitable nitrogen-
containing nucleophile. This fascinating reactismavisited here in the context of the use of
o-phthaldialdehydes that contain additional substitsien the aromatic ring leading to a
detailed analysis of the regioselectivity of theaatoon. Eleven monosubstituted-
phthaldialdehydes were synthesised and reactedalathine. The regioselectivity observed
across the eleven substrates led to the designdefudbstituted substrate that reacted with
very high control. A gram-scale reaction followeq lesterification gave one major

regioisomer in high yield. In addition, the regilesgivity observed on reaction of two novel

monodeuterated substrates led to an increased mistbainderstanding.
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1. Introduction
The isoindolinones make up an important class ohdiive molecules that includes the

known drugs Pazinaclon&)(** Indoprofen 2)*® and Chlorthalidone3}'® (Figure 1a).

<<single column figure>>
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Figure 1: a) Structure of known bioactive isoindolinone coniagndrugs® b) Overview of

some of the different routes used to prepare tiiedslinone coret.?®?

Common methods of obtaining isoindolinones thatusm®gubstituted in the aromatic ring, for
example compound (Figure 1b), include selective reduction ®f reductive amination-
cyclisation of6° or 7* with a primary amine (RN} and, of interest here, the condensation
reaction ofo-phthaldialdehyde8) with a primary amine (RN§).>®®

To date, the majority of studies performed on ttesdensation reaction have focused on
H),Sd,Ga,Gb

evaluating the scope of the amine nucleophile ¢hatbe tolerated in the reacti

and/or proposing potential reaction mechanidhi&°In contrast, examples of the use of this



condensation reaction with monosubstitutepghthaldialdehydes are rare (SI1 part I). One
report describes a regioselectivity of 1:1 for tpeoducts 11:12 resulting from the
condensation ofd with 10 (Scheme 1a).However, the observed regioselectivity was
measured only after filtration or purification bglemn chromatography. Isolated yields for
the formation of a single isomelr4 in most cases, resulting from tbendensation o3 with
various amines have also been reported (Schem@ Qther studies have provided only
isolated yield(s) after purification (for one or feach isomer), incomplete regioisomeric ratio
(rr) data within a series or have claimed to formeiragle regioisomer (no yield provided)
without discussing the other possible isomer (it p).”

The work reported here revisits this issue by prisg a detailed study of the regiochemical
outcome of the condensation of alanidé)(with 3-monosubstituted-phthaldialdehyded?7

(to give18 and19, Scheme 1c) and with 4-monosubstitutephthaldialdehyde&0 (to give

21 and 22, Scheme 1d). Based dhne initial results, the design of a highly regieséve
substrate was achieved consistent with an impraweterstanding of the reaction. Further

mechanistic insights were provided by the use @Ehmono-deuterated substrates.

<<Single column scheme>>
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Scheme 1:a) andb) eported in the literature® Apparently no regioselectivity was observed

for the condensation & with 10 (ratio of 11:12 of 1:1 obtained after filtration (for R=F, CI)



or after purification of the crude reaction mixtimg column chromatography (for R=SM@)).
Condensation ofl3 with various amines (RN} followed by purification by column
chromatography mainly led to isomé&#d (no comment was made regarding the apparent
change of regioselectivity to give isomEs as the major isomer in one cade). andd) A
summary of the study reported in this work to erplon more detail the influence of a
substituent at the 3- or 4-position of the startmghthaldialdehyde on the observed

regioselectivity.

2. Results and Discussions

2.1. Synthesis of Monosubstituted o-Phthal dial dehydes

Five 3-substitutedo-phthaldialdehydesl7a-e were synthesised using 2-5 step routes
involving either a Swern oxidation of the corresgioig diol 23 or an acetal deprotection of
the corresponding monoace®l or diacetal5 (Scheme 2 and SI1 part 1.1 for more details).
It should be noted that the synthesis of pure sasnpll7ae was particularly challenging (in
line with literature report8) with significant decomposition occurring duringrification
attempts and on storage. In several cases fres@paped crude samples of the dialdehydes
were used (Table 1, footnote c). Additionally, gixmonosubstitutea-phthaldialdehydes
20a-f were synthesised using 2-3 step routes either vimgla Swern oxidation of the
corresponding dio26 or an acetal deprotection of the corresponding racei@l24 (Scheme

2 and SI1 part 1.2 for more details).

<<single column scheme>>
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17¢: R=CFj5; 17d: R=Cl 20c: R=Br; 20d: R=Me
17e: R=F 20e: R=CFj3; 20f: R=NO,

Scheme 2:a) General synthesis scheme describing the appreacted to prepare mono-
substitutedo-phthaldialdehyde47 or 20. 17 and20 were synthesised by Swern oxidation of
23 or 26, or by acetal deprotection @4 or 25; b) Structures of the monosubstituted

phthaldialdehyde substrat&g and20 synthesised in this study.

2.2 Regioselectivity of the Condensation Reaction of Mono-substituted o-Phthaldialdehydes

The mono-substituted-phthaldialdehyde$7a-eand20a-f were refluxed for 4 h with alanine
(16, 1.2 equivalents) in anhydrous acetonitrile betbeereaction was concentrati@dvacuo.
The crude reaction mixtures (except when specifiahle 1) were then analysed using a
quantitative’H NMR experiment. A baseline correction was applisihg MestReNova-9
software and integrations were calculated relatvene proton on deconvoluted peaks (see
Figure 2 for an example of the analysis applietheoformation ofl8a/19aand SI1 part 111.1
for the rest of the NMR analysis; also see the emmtal section below for a detailed
explanation of the analytical protocol used).

In two of the condensation reactions the structiirdie major regioisomer was identified by
comparison with théH NMR spectrum of a pure sample of one of the risgimers (for

18a/19a 21a/22a for the synthesis of authentic isomers see SitLIf&2). In the rest of the



cases, advanced NMR techniques (HSQC, HMBC, CO9YJied to the crude reaction
mixture were used to assign the structure of thpmragioisomer. Considering the analysis
of the regioisomeric mixture ot8b/19b as an example (Figure 3), the proximity of a
carbonyl was observed to shift the signal corredpanto the aromatic H7 proton ¥8b and
themethyl H1’ protons irl9b downfield (Figures 3a and 3b). Identification of k71.8b was
further validated by its correlation with C1 in th&MBC analysis of the regioisomeric
mixture (Figure 3a). In contrast, H4 &®b showed a correlation with C3 in this HMBC
analysis (Figure 3c). Using the correlations obsgémn the COSY spectrum (Figure 3d), the
signals corresponding to H5 and H6 id@b and 19b were finally assigned. The value of the
integrals in the 1D quantitativéd NMR spectra enabled the identification X8b as major
isomer.

Having assigned the signals corresponding to theeregioisomeric products in each case,
and using as many peaks as possible, an averaggnfege of the major isomer with its 95%
confidence interval was then calculated for eadltctren (SI1 part 111.3). The reaction and its
analysis were also carried out in duplicate for heaubstrate demonstrating high

reproducibility (SI11 part 111.3).

<< double column width >>
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Figure 2: Quantitative'H NMR spectra of the product mixture containih§a and 19a

formed on reaction of7awith alanine {6) (Table 1 entry 1). From left to right the spectra

represent the aromatic, the methoxy and the alamethyl protons. Overlap between the

other signals corresponding 18a and 19a prevented the use of the other proton signals in

the calculations. The integrals and assignmentsidered for the calculation of the average

percentage of the major regioisomer with its 95%fidence interval (and therefore the

regioisomeric ratio, see Table 1) are shown hefege Top spectra represent the first

experiment and the spectra at the bottom repréisemepeat reaction.

<< double column width >>
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Figure 3: NMR data used to identify the structure of theanaomer in the mixture df8b
and 19b regioisomers. H7 inl8b was identified by its downfield shift, due to the
neighbouring carbonyl group, and its correlationGd in the HMBC spectrum mixture
(spectrum A). H1' froml9b was identified by its downfield shift in tH&l NMR spectrum
due to the neighbouring carbonyl group (spectrumHB) from 19b was identified by its
correlation to C3 in the HMBC spectrum of the regponeric mixture (spectrum C). Starting
with H4 from 19D, the correlations observed in the COSY spectrypadisum D) identified
H5 (arrow 1) then H6 (arrow 2). Similarly, the agations observed in the COSY spectrum

for H7 from18b led to the identification H5 and H6 (arrow 3).



<<single column>>

Table 1: Condensation reaction of monosubstitutgghthaldialdehyde7 or 20.

e 00
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2pased on analysis of crude reaction before putifingSI1 part I11.3)isolated yield of the
mixture of the two inseparable regioisomé&rgude dialdehyde was uséaxtrapolated yield
over two steps? a significant amount of impurities in the crudeatén mixture led to an
inaccurate determination of rr (57:43 — 60:40, $Hrt 1ll.1). The rr is reported after
purification by chromatography with collection af enuch product as possibiéhe batch of
dialdehydel7c was divided into two portions to carry out the dcgle reactions. The

resulting products were combined to give a yieldrdwo steps.

In both the 3- and 4-substituted series, the refgasivity of the condensation reaction was
dependent on the substituent employed, as expdatéite 3-substituted series, the presence
of either an electron-donating or an electron-widlwdng substituent favoured the formation
of regioisomerl 8 although a decrease in the electron-donating dtndad to a clear decrease
in the regioselectivity. In the 4-substituted seiitevas observed that as the electron-donating
properties of the substituent decreased (OMe >/MBr> Ck > NO,), the regioselectivity
decreased and then switched fr@ibeing the major isomer to its regioison2being the
dominant product. In both series, the methoxy suuesit gave the highest regioselectivity
leading to the proposal that a dimethoxysubstitotptithaldialdehyd@7 (Scheme 3¥should

react with very high regioselectivity.

2.3 Dimethoxysubstituted o-Phthaldialdehyde
As the monomethoxysubstituted substretéa and 20a led to the major regioisomefBa

and2larespectively, it was proposed that a 3,5-dimetholgttuted dialdehyd@7 would
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react to give28 with an increased regioselectivity comparedTaand20a(Scheme 3). A 6-
step route was developed to obtgin(SI1 part IV.1) and pleasingly, its subsequent tieac
with alanine 16) gave28 as the major regioisomer in88:12 ratio of 28:29 (Scheme 3 and

SI1 part IV.2).

<<single column>>

MeO 6
a, AngR
1 OMe
OMe O MeO :| c
H aorb_
17a 18a MAJOR >
O MeO 5
a OMe 0
Ha, NR OR
T OMe
21a MAJOR

31
R=CH(CH3)COOH

Scheme 3:Rationale behind the design of substrd® a 3,5-dimethoxysubstituted o-
phthaldialdehyde expected to favour the regioisor®@rwith a high regioselectivity.
Reagents and conditions: a) alanité)(anhyd. MeCN, reflux, 4 h, 93% yield 28:29 with
rr 88:12 (from 0.03 g o27), 90% yield of28 and29 (1.2 g, from 0.97 g oR7); (b) alanine
(16), anhyd. MeCN, rt, 29 h, quant. yield 88:29 with rr 97:3 (from 0.03 g 0f27); (c)

SOCb, anhyd. MeOH, rt, 12 h, 84% (1.06 g) &0, 16% (0.20 g) foBL

On scaling up the condensation reactior260.97 g instead 08B0 mg initially used), the
quantitative'H NMR analysis of the crude reaction mixture was caried out in this case
due to the low solubility of the isoindolinone pumdis requiring a large amount of deuterated

solvent for their complete dissolution (SchemeR)rification by column chromatography
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led to the pure and inseparable regioisom&8sand 29 in good vyield (90%, 1.2 Q).
Derivatisation using thionyl chloride and methagalve the now separable regioisomeric
esters isolated in 1.06 g for est&d (84% vyield) and 0.2 gram for est8i (16% yield)
respectively. The overall esterification yield wggantitative and thus the initial ratio 28
and29 for the larger scale was calculated as 84:16 whiak comparable to the small scale
result (88:12 oR829). Inspired by this result, the condensation reactvas attempted on a
small scale (30 mg dt7) at room temperature (as opposed to reflux) adddean excellent

regioselectivity oB7:3 of 28:29 (Scheme 3 and SI1 part IV.3).

2.4 Mechanism Discussion

A continuing discussion on the likely mechanisntlo$ condensation reaction has occurred
in the literature over the last decadfeThe early stages of the proposed mechanisms can be
divided into two categories involving either aniigolinediol intermediate(such a2 from

204) or imine intermediatégsuch a83and34 from 20a) (Scheme 4).

<<single column>>
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OH
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Scheme 4Considering the two most frequently proposed meishamin the literature® (i)

if the reaction proceeds vig2, the electron-donating properties of the methaxyssituent
should favour the displacement of the C1-hydrory82, leading to the major isomeda(as
observed) or (ii) if the reaction proceeds $&and34, the electron-donating properties of the
methoxy-substituent should decrease the reacwitiie C1-formyl in20q favouring34 and

leading to22aas the major product (not observed).

Whilst drawing clear mechanistic conclusion frore Btmonosubstituted-phthaldialdehyde
series proved challenging (see SI1 part V.1. fan@e detailed discussion), the results
obtained with the 4-substituted series proved htfid) (Table 1). Considerin@0a as an
example (Scheme 4), the electron-donating propgertiethe methoxy-substituent should
favour the displacement of the C1-hydroxyl group time proposed isoindolinediol
intermediate32 leading to the predicted formation of regioisoriéa as the major product
(as observed, see Table 1). In contrast, the electonating properties of the methoxy-

substituent would be expected to decrease theivitpaif the C1-formyl group in 20a
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favouring the formation of the proposed imine intediate34 over imine33 and therefore
predicting that22a should be the major product (not observed). Is 8tudy,21la was
obtained as the major regioisomer providing evieetocsupport the initial conversion 20a

to the isoindolinediol intermedia®2. The same reasoning could explain the switchter t
formation of the regioisomef2e as the major product when the strongly electron-
withdrawing nitro-substituent was used (subst@le Table 1 and SI1 part V.2 for a more
detailed discussion). This conclusion is also sugoloby Paret al. and Jonest al.’s studies
reporting the ESI-MS2 and thtH NMR spectroscopy detection of an isoindolinediol
intermediate in a related transformatf8rr’

Assuming an isoindolinediol intermediate is iniydiormed in this reaction, two routes have
been proposed in the literature to form the fisalidolinones®>***>One of these involving

a [1,3]-hydride shift was ruled out based on stelexironic arguments (see reference 5(f) for
additional comment). Detailed consideration of dkiger possible mechanism and inspired by
the reaction of the mono-substituteghthaldialdehydd 73 it was proposed that the use of a
mono-deuterated mono-methoxysubstituted substuate &35 (Scheme 5) could potentially
provide additional mechanistic information. If toposed reaction pathwidy > was
followed, the isoindolinediol intermedia86 formed from35 could undergo either a loss of
HDO leading to37, and subsequently t@8a or a loss of water leading t88, and
subsequently to the deuterate@a’ (Scheme 5). In this case, only one of the two ipted
products is deuterated. Analogous reasoning carafdpdied to the reaction of mono-
deuterated39 (Scheme 6) anavould predict the formation of one mono-deuteratainer

18a’ along with the non-deuteraté®a

<<Single column>>
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R=CH(CH;)COOH

OH OH 2
AN D |-HDO _— tautomerisation 1N R
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H 4 3
Q OMe OH ome H OMe
36 37 18a
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36 38 192’

Scheme 5:The predicted products formed from mono-deuter@®donsidering the likely
isoindolinediol intermediat86. Loss of HDO or water fror836 would lead to37 or 38 and
then tol8aand19a’ respectively via tautomerisation. An alternativeamanism proposed in
the literaturé®****fnvolving a a [1,3]-deuteride or a [1,3]-hydridefsvas ruled out based
on stereoelectronic considerations in responsedanament during the review of this paper

(see reference 5(f)).

Mono-deuterated35 and 39 were successfully synthesised with the key deuteriu
incorporation step being achieved using sodium deuteride reduction of lactond$ and

41 (Figure 4a, SI1 part 11.1.1. and part VI3 jollowed by Swern oxidatidfl of 42 and 43
respectively.'H NMR spectra of35 and 39 confirmed the presence of a monodeuterated
aldehyde (Figure 4b). However, a signal consistatht potential traces of non-deuterated
17a was observed in thEC NMR spectrum of39 (see SI2 for spectrum). Analysis of the
condensation of35 and 39 with alanine {6) at reflux was carried out by’C NMR
spectroscopy (Figure 4c). The spectra associatédbeth purified reaction mixtures differed
from that of purel8aand19ain the signals that corresponded to the,Carbon only (red

circle, Figure 4c). Th&’C NMR analysis of the reaction 86 (spectrum ii) showed a major
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isomer with a singlet corresponding to the ;G3ignal of18a (c.f. spectrum i and ii). The
observed triplet (blue bars, spectrum ii) suggestatithe minor isomer was monodeuterated
and thus corresponded 18a’. Similarly, >C NMR analysis of the reaction 88 (spectrum
iii) showed the presence of the undeuterated mswnerl9a (singlet,c.f. spectrum iv with
i) and the monodeuterated major isom&a’ (triplet, blue bars, spectrum iii) with a small
additional signal (labelled * in spectrum iii) apsed to the formation of trace amounts of
undeuterated18a (c.f. spectrum iii with i). Therefore, in both reactionsnly one
monodeuterated product was formed consistent wiéh reaction occurring as shown in
Scheme 5. Further evidence to support this conoes work previously published by Pan
al.> The presence of trace amounts of undeuteraBaiwhen using substrat89 could
potentially be explained by the initial contamioati of substrate39 with traces of
undeuterated substraté7a or by the reversibility of the final tautomerisatiostep.
Interestingly, the regioisomeric ratios obtainedhwsubstrates35 and 39 were slightly
affected by the presence of a deuterium atom stigges kinetic isotope effect (SI1 part

VI.3)).

3. Conclusions

Although unstable and challenging to obtain, elemssnosubstitutes-phthaldialdehydes
were successfully synthesised. The result of t@mndensation reaction with alanirib) led

to the design of a disubstituted analo@fethat reacted witil6 in a highly regioselective
manner (rr of 88:12 on 30 mg scale). A gram-scedetion using this substra2& followed
by esterification led to the isolation of pure isdolinone regioisomers in high yield and
selectivity (rr of 84:16). Performing this condetisa at room temperature provided an

excellent regioisomeric ratio 6f7:3.
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Figure 4: a) Synthesis of monodeuterated substr@®and39. Reagents and conditions: (a)
NaBD,, ZnChb, N,N-dimethylaniline, anhyd. THF, reflux, 20 h, 62% #2, 49% for43; (b)
(COCl), anhyd. DCM, anhyd. DMSO, £, rt, 1517 h, 67% for35, 86% for 39; b)
Aldehyde region of théH NMR spectra ofl7a 35 and 39. Only one aldehyde signal is
present in théH NMR spectra 085 and39 (red lines)compared to th&H NMR spectrum of
17asupporting the formation of monodeuterated sutesr&t) CH, region of the*C NMR
spectrum of: Y184 ii) the purified mixture of isoindolinones obtainedrfréhe condensation
of 35 with alanine 16); iii) the purified mixture of isoindolinones obtained frometh
condensation 089 with alanine 16); iv) 19a The condensation reaction 38 led to a major
isomer with a singlet corresponding 18a and a minor isomer with a triplet (blue bars,
spectrum ii) corresponding to monodeuterat®d’. Similarly, the condensation reaction of

39led to a minor isomer with a singlet correspondm@9aand a major isomer with a triplet
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(blue bars, spectrum iii) corresponding to monoeiied18a’. ***C NMR signal consistent

with traces of undeuteratd@®a

In addition, the structure of the major regioisosef the condensation reactions of 4-
monosubstituted substrates supported the viewthigteaction most likely occurs through
an isoindolinediol intermediatd4 from 8,Scheme 6). Two routes have been proposed in the
literature to form the final isoindolinone produtbm such an intermediat&>*>? The
synthesis and condensation reaction of two additioronodeuterated substrates supported a
mechanism that most likely occurga loss of water from44 and a subsequent

tautomerisation of5to give the more thermodynamically staBBlEScheme 6).

<< single column>>

o) OH OH O
RNH, -H,O _— tautomerisation
H =
8 44 45 4
o OH

Scheme 6:Proposed condensation reaction mechanism baset@li©rstudy. Addition of
amine RNH to o-phthaldialdehydeB] leads to isoindolinediol intermediadd. A water loss

followed by tautomerisation @5 would then provide the desired proddct

4. Experimental section

General methods:All solvents and chemicals were purchased from Sighkidrich, Alfa

Aeser, Acros Organics, Fluorochem, Apollo Scieatdr Fisher Scientific and used without

further purification. All air or moisture sensitiveactions were carried out in flame or oven-
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dried glassware under a positive pressure of retmoghin layer chromatography (TLC)
analysis was performed using glass plates coatdd siica gel (with fluorescent indicator
UV2s4). Developed plates were air dried and analyse@&muadJV lamp (254/365 nm). Flash
chromatography was performed using silica gel (2Qith, Fluorochem). Melting points
were measured using Electrothermal 9100 capillagiting point apparatus. Values are
guoted to the nearest 1 °C and are uncorre€&edrier Transform infra-red spectra (FT IR)
were acquired on a Shimadzu IR Affinity-1 Fourieansform IR spectrophotometer using
thin films, a Pike MIRacle ATR accessory and ShimadR solution v1.50 for analysis.
Absorption maximayfnay are reported in wavenumbers (§mBroad signals were assigned
with as br. Nuclear magnetic resonance (NMR) spegtre acquired at room temperature on
a Briiker Advance 500K, 500 MHz;**C, 125 MHz), a Briiker Advance 40tH( 400 MHz;
3c, 100 MHz) or a Brilker Advance 306H( 300 MHz; *C, 75 MHz) instruments.
Deuterium solvents were used as lock for all NMRecsg and'H NMR shifts were
internally referenced to the solvent. Chemicaltshéfre expressed &sin units of ppm°C
NMR spectra were recorded using the PENDANT sequianode. Data processing was
carried out using MestReNova 9.0 NMR program (BrUk& Ltd). Signals for protons and
carbons were assigned, as far as possible, by dkendollowing two-dimensional NMR
spectroscopy techniques‘H] *H] COSY (COrrelation SpectroscopY)H, **C] HSQC
(Heteronuclear Single Quantum Coherence) ahij £C] HMBC (Heteronuclear Multiple
Bond Connectivity). For'H NMR, the multiplicity is indicated by the followy
abbreviations: s = singlet, d = doublet, t = triptg= quartet, m = multiplet, br. = broad. The
CH, proton NMR signals corresponding to the isoindwhi@ ring appeared as a singlet, a
multiplet or as two apparent doublets with a rogfeffect which are referred to as doublets
hereafter. All**C NMR signals were singlets (except for compoundstaining F) and

correspond to one carbon unless otherwise stdtads spectrometric analysis (electrospray
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mode, ES, or atmospheric solids analysis probe mA&AP) was carried out on a high
performance orthogonal acceleration reflecting T@kne Of Flight) mass spectrometer
operating in positive and negative mode, coupleal Waters 2975 HPLC.

General procedures

General procedure A: Swern oxidation

To a solution of (COC}) (2.6 equiv.) in anhydrous DCM (1.4 mL per mmoldébl) was
added dropwise a solution of anhydrous DMSO (51#wepin anhydrous DCM (2.2 mL per
mmol of diol) at-78 °C and under a nitrogen atmosphere. After 1&nstirring at-78 °C, a
solution of diol (1.0 equiv.) in anhydrous DCM (21 per mmol of diol) was added at this
temperature. The reaction mixture was stirred7& °C for 1 h under a nitrogen atmosphere
before E4N (1.4 mL per mmol of diol) was added dropwise. Tleaction mixture was
warmed to rt and stirred for-28 h under a nitrogen atmosphere. The reaction thes
guenched by addition of J&. The organics were extracted with DCM, combingdshed
with water, washed with brine, dried over MgSéhd concentrateth vacuo to afford the
desiredo-phthaldialdehyde.

General procedure B: Condensation reaction

Alanine @6, 1.2 equiv.) was added to a solution of unsymrogton-phthaldialdehyde (1.0
equiv.) in anhydrous MeCN (3.8 mL per mmolmphthaldialdehyde). The reaction mixture
was heated at reflux for 4 h under a nitrogen aphese. The solution was then cooled to rt
before being concentratédvacuo to afford the crude mixture of regioisomers.
Quantitative'H NMR analysis (SI1 part 1ll.1) was carried out this crude reaction mixture
to obtain the average percentage of the major issgieer with its 95% confidence interval
(SI1 part 1I1.3) and subsequently the regioisomeaitio (rr, Table 1). The NMR spectrum
was processed using MestReNova 9.0 as followghé)baseline was corrected using the

Whittaker smoother; (ii) the peaks were selectedrtanual threshold following a Global
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Spectral Deconvolution (GSD) with a refinement legg 4 (20 fitting cycles). When the
peaks were too overlapped to allow an accuratededation, they were not used in the
subsequent steps; (iii) the integral for each peak calculated using the peaks method and
applying an automatic integration; (iv) when theegrals of two distinguishable signals were
overlapping, manual removal of one signal allowesl integral of the remaining signal to be
obtained. For each signal, the contribution wasuwated relative to one proton (GH
integrals were divided by 2, GHntegrals were divided by 3 and the integrationaof
aromatic signal corresponding to two protons baluypgo the same regioisomer was divided
by 2). Using as many signals as possible, an ageragioisomeric ratio with its standard
deviation was then calculated using Excel Microd0ffice software. The desired 95%
confidence interval was then calculated using theollowing formula:
=CONFIDENCE.NORM(0,05;standard deviation; numberrafio calculated). The crude
product was then purified by column chromatografi0% MeOH in DCM then -010%
MeOH in DCM with 1% CHCOOH) to afford the pure regioisomeric mixture aodcnable

calculation of the yield.

General procedure C:Reduction of lactone using NaBDQ

To a solution of lacton€l equiv.) in anhydrous THF (1 mL per mmol of law) under a
nitrogen atmosphere were added cautiously NaBDequiv.), ZnC] (1 equiv.) andN,N-
dimethylaniline (1 equiv.). The reaction was re#tdxfor 20 h under a nitrogen atmosphere
before being cooled to 0 °C and quenched cautiowgly an aqueous solution of N@l
(10%). The grey solid formed was filtered off an@shked with DCM. The filtrate was
extracted with DCM. The organics were combined, hedswith water, washed with brine,

dried over MgS®@ and concentrateth vacuo to afford the crude product. Purification by
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column chromatography {200% EtOAc in petroleum ether) afforded the desttedterated
diol.

Compounds synthesised

3-Methoxyphthalaldehyde (17a)®

17a was synthesised according to general procedé&re using (3-methoxy-1,2-
phenylene)dimethanoP8a, 1.0 equiv., 500 mg, 2.97 mmol), (COL(R.6 equiv., 0.66 mL,
7.73 mmol), DMSO (5.2 equiv., 1.10 mL, 15.40 mma\dditional DMSO (1 mL) was
required to hel@®3a solubilisation. The reaction was stirred at rt fof h. Purel7a was
obtained after recrystallisation from EtOAc as #oye gum (249 mg, 1.52 mmol, 51%).

'H NMR (400 MHz, CDCJ) &y 10.62 (s, 1H, H1"), 10.41 (s, 1H, H1"), 7.63 Jt= 8.0 Hz,
1H, H5), 7.42 (dJ = 8.0 Hz, 1H, H6), 7.23 (d] = 8.0 Hz, 1H, H4), 3.97 (s, 3H, OGH
Spectral data in accordance with those reportéleititerature'?
2-(4-Methoxy-1-oxoisoindolin-2-yl)propanoic  acid (8a) with  2-(7-methoxy-1-
oxoisoindolin-2-yl)propanoic acid (19a)

A mixture of 18a and 19a was synthesised according to general procedungsing 4-
methoxyphthalaldehydel{a 1.0 equiv., 30 mg, 0.18 mmol) and alanité, (1.2 equiv., 19
mg, 0.22 mmol). A pure regioisomeric mixturel@aandl19awas obtaineds a light yellow
solid (32 mg, 0.14 mmol, 78%). Each regioisomer aiz® synthesised in pure fovia a
different method (SI1 part 111.2) and their chamatdation is reported here.

18a Mp: 205-208 °C;IR Vmaxcmi* (thin film) 2943 (O-H stretch), 1721 (C=0 stretch$28
(C=0 stretch), 1605 (C=C stretch), 1497 (C=C shet&275 (C-O stretch), 1061, 8064
NMR (400 MHz, CROD) &y 7.48 (t,J = 8.0 Hz, 1H, H6), 7.36 (d, = 7.8 Hz, 1H, H7), 7.19
(d,J = 8.0 Hz, 1H, H5), 4.99 (d),= 7.5 Hz, 1H, CH), 4.53 (d, = 17.5 Hz, 1H, H3), 4.47 (d,
J =175 Hz, 1H, H3), 3.93 (s, 3H, OGH1.62 (d,J = 7.5 Hz, 3H, CH); :*C NMR (100

MHz, CD;OD) . 174.7 (COOH), 171.0 (C1), 156.2 (C4), 134.5 (C1&)1.4 (C3a), 131.1
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(C6), 116.2 (C7), 114.6 (C5), 56.1 (OQH51.0 (CH), 46.3 (C3), 15.9 (GH HRMS (ES)
m/z calculated for @H1,NO, [M+H]™: 236.0917; found: 236.0918. See SI1 part IX for
experimental procedure and SI2 ferand®*C NMR spectra.

19a Mp: 218-220 °C;IR Vmaxcm™* (thin film) 2934 (O-H stretch), 1728 (C=0 stretch$36
(C=0 stretch), 1612 (C=C stretch), 1489 (C-H bedd})6 (C-H bend), 1279 (C-N stretch),
1204 (C-O stretch), 1180 (C-O stretch), 1084, 7#BNMR (500 MHz, CROD) &4 7.55 (t,
J=8.0 Hz, 1H, H5), 7.11 (dl = 8.0 Hz, 1H, H4), 7.02 (d = 8.0 Hz, 1H, H6), 4.96 (q), =
7.5 Hz, 1H, CH), 4.54 (d] = 17.5 Hz, 1H, H3), 4.47 (d,= 17.5 Hz, 1H, H3), 3.91 (s, 3H,
OCHg), 1.59 (d,J = 7.5 Hz, 3H, CH); 3C NMR (125 MHz, CROD) & 174.9 (COOH),
170.0 (C1), 158.8 (C7), 146.3 (C3a), 135.0 (C5)).14C7a), 116.2 (C4), 111.2 (C6), 56.0
(OCHs), 50.7 (CH), 48.0 (C3), 15.8 (GH HRMS (ES) mz calculated for GH1sNO,4
[M+H] *: 236.0917; found: 236.0917. See SI1 part IX fguezimental procedure and SI2 for
'H and™*C NMR spectra.

2-(4-Methyl-1-oxoisoindolin-2-yl)propanoic acid (18) with 2-(7-methyl-1-oxoisoindolin-
2-yl)propanoic acid (19b)via 3-methylphtalaldehyde (17b)

17b was synthesised according to general procedée using (3-methyl-1,2-
phenylene)dimethanoR8b, 1.0 equiv., 100 mg, 0.66 mmol), (COL(R.6 equiv., 0.15 mL,
1.77 mmol) and DMSO (5.2 equiv., 0.24 mL, 3.43 mmodhe reaction was stirred at rt for 2
h. Crudel7b was obtained contaminated with a small amount gfuinties (73 mg, 0.49
mmol, 75% assuming purgé7b) Characterisation was performed on this slighthpure
mixture with the'H and*3C NMR signals reported fdr7b only.

IR vmax cm* (Thin Film) 2922 (C-H stretch), 1690 (C=0 stretch¥#81 (C-H bend), 1358,
1260, 1086, 1067, 1038; 907, 866, 713:NMR (500 MHz, CDC}) 84 10.59 (s, 1H, H1"),
10.21 (s, 1H, H1"), 7.72 (d,= 7.5 Hz, 1H, H6), 7.57 (] = 7.5 Hz, 1H, H5), 7.49 (d,= 7.5

Hz, 1H, H4), 2.59 (s, 3H, Ciit °C NMR (125 MHz, CDCJ) §¢c 193.7 (C1”), 192.8 (C1),
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140.0 (C3), 137.3 (C1), 136.7 (C4), 135.9 (C2),.43F5), 129.3 (C6), 19.5 (GH HRMS
(ES") m/z calculated for gHgO, [M+H]*: 149.0597; found: 149.0595. See SI2idrand*’C
NMR spectra.

A portion of this impure mixture (1.0 equiv., 30 mM@®20 mmol assuming putkErb) was
treated according to general procedBresing alanine6, 1.2 equiv., 22 mg, 0.24 mmol). A
pure regioisomeric mixture df8b and19b was obtaineds a light yellow solid (29 mg, 0.13
mmol, 49% extrapolated yield over 2 steps). THeand *C NMR signals integration are
given assuming a mixture @Bb:19b with a ratio of 1:1 for clarity.

IR vmax cm* (Thin Film) 2916 (O-H stretch), 2361 (C-H stretchy34 (C=0O stretch), 1636
(C=0 stretch), 1609 (C=C stretch), 1456 (O-H befd},1 (C-O stretch), 1175 (C-O stretch);
'H NMR (400 MHz, CROD) & 7.60 (dd,J = 6.0, 2.9 Hz, 1H, H7 i18b), 7.45 (t,J= 7.5
Hz, 1H, H5 in19b), 7.42-7.38 (m, 2H, H5 and H6 i8Bb), 7.36 (d,J = 7.5 Hz, 1H, H4 in
19b), 7.22 (d,J = 7.5 Hz, 1H, H6 ir9b), 5.02 (g,J = 7.5 Hz, 1H, CH irl8b), 4.98 (g,J =
7.5 Hz, 1H, CH in9b), 4.58-4.45 (m, 4H, H3 iA8b, H3 in 19b), 2.65 (s, 3H, H1’ iM9b),
2.39 (s, 3H, H1’ inl8b), 1.64 (d,J = 7.5 Hz, 3H, CHin 18b), 1.60 (d,J = 7.5 Hz, 3H, CH
in 19b); *C NMR (175 MHz, CRQOD) §¢ 175.0 (COOH in19b), 174.8 (COOH inl8h),
171.6 (C1 in19b), 171.4 (C1 inl8b), 144.2 (C3a irl9b), 142.5 (C4 inl8b), 138.4 (C7 in
19b), 134.4 (C3a or C7a ih8b), 133.9 (C5 inl8h), 132.7 (2C, C5 irn9b, C3a or C7a in
18b), 130.9 (C6 inl9b), 130.1 (C7a irl9b), 129.4 (C6 inl8h), 121.73 (C4 iMl9b or C7 in
18b), 121.67 (C4 irl9b or C7 in18b), 51.0 (CH in18b), 50.7 (CH in19b), 47.8 (C3 inl9b),
47.7 (C3 inl18b), 17.52 (C1’ in18b or 19b), 17.45 (C1’ in18b or 19b), 16.0 (CH in 18b),
15.9 (CH in 19b); HRMS (ES) mvz calculated for &H1o,NOs [M-H]™: 218.0823; found:

218.0823. See SI2 fdH and™*C NMR spectra.
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2-(1-Oxo-4-(trifluoromethyl)isoindolin-2-yl)propanoic acid (18c) with 2-(1-oxo-7-
(trifluoromethyl)isoindolin-2-yl)propanoic acid (19¢) via 3-
(trifluoromethyl)phthalaldehyde (17c)

To a solution of 2-(1,3-dioxolan-2-yl)-6-(trifluoneethyl)benzaldehydé?4¢ 1 equiv., 100
mg, 0.41 mmol) in DCM (5 mL) was added an aqueaustiosn of HCI (2 M, 5 mL). The
reaction was stirred at rt for 15 h. Water was ddded the organics were extracted with
DCM, combined, washed with brine, dried over Mg&@d concentrateh vacuo. 17cwas
obtained impure (24 mg). The considerable amount impurities prevented any
characterisation. Instead, this impure mixture @gdiv., 24 mg, 0.12 mmol assuming pure
170 was directly treated according to general proce@uusing alanine 6, 1.2 equiv., 13
mg, 0.14 mmol). A pure regioisomeric mixtureldfcand19cwas obtaineds a light brown
oil (12 mg, 0.04 mmol, 11% yield over 2 steps). Bneall amount of product available did
not allow the identification of th€C NMR signals corresponding to C4, {1k 18cand C7,
CFs in 19c and allowed the visibility of grease impuritiestie *H and **C NMR spectra.
Additionally, the *C NMR signals corresponding to COOH k8c and in 19¢c were
extrapolated from the HMBC spectrum (SI1 part VIThe *H and **C NMR signal
integration are given assuming a mixturdd8&19cwith a ratio of 1:1 for clarity.

IR vmax €M™ (Thin Film) 2922 (O-H stretch), 2359 (C-H stretchp84 (br. C=0 stretch),
1558 (C=C stretch), 1456 (O-H bend), 1325 (C-Raitde 1117 (C-F stretch)*H NMR (400
MHz, CDs0OD) & 8.04 (d,J = 7.5 Hz, 1H, H7 irl8¢), 7.93 (d,J = 7.5 Hz, 1H, H5 irl80),
7.86 (d,J = 7.5 Hz, 1H, H4 inl9¢), 7.82 (d,J = 7.5 Hz, 1H, H6 irl9¢), 7.78-7.72 (m, 2H,
H5 in 19¢ H6 in 180, 5.03-4.97 (m, 2H, CH i8¢ CH in 199, 4.83 (d,J = 18.0 Hz, 1H,
H3 in 18¢), 4.74 (d,J = 18.0 Hz, 1H, H3 i8¢, 4.70 (d,J = 17.5 Hz, 1H, H3 irl9c), 4.62
(d,J=17.5 Hz, 1H, H3ir19¢), 1.64 (dJ = 7.5 Hz, 3H, CHin 180, 1.63 (d,J = 8.0 Hz, 3H,

CHs in 199; *C NMR (175 MHz, CROD) 8¢ 174.0 (2C, COOH i8¢ COOH in19¢,
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extrapolated from the HMBC spectrum, SI1 part V1$9.2 (C1 inl89, 167.4 (C1 inl99,
146.4 (C3a in99g, 140.7 (C3a i8¢, 135.1 (C7a irl8¢), 132.9 (C5 inl9¢), 130.3 (C6 in
180), 129.9-129.8 (m, C5 i80), 128.5 (C4 inl9q), 128.3 (C7 inl8c), 126.8 (C7a irl90),
126.6-126.5 (m, C6 1199, 51.7 (CH in18cor 199, 51.5 (CH in18cor 199, 48.2 (C3 in
190, 47.9 (C3in180, 16.03 (CHin 18cor 199, 16.00 (CH in 18cor 199; HRMS (ES)
m/z calculated for GHoNOsF; [M-H] : 272.0540; found:272.0540. See SI2 tbrand*°C
NMR spectra.

2-(4-Chloro-1-oxoisoindolin-2-yl)propanoic acid (18) with 2-(7-chloro-1-oxoisoindolin-
2-y)propanoic acid (19d)via 3-chlorophtalaldehyde (17d)

17d was synthesised according to general proceddre using (3-chloro-1,2-
phenylene)dimethanoR8d, 1.0 equiv., 100 mg, 0.58 mmol), (COL(2.6 equiv., 0.13 mL,
1.51 mmol) and DMSO (5.2 equiv., 0.21 mL, 3.02 mmdhe reaction was stirred at rt for 2
h. Crudel7d was obtained with small impurities (51 mg, 0.30 thn¥@% assuming pure
17d) Characterisation was performed on this slighthpire mixture with théH and**C
NMR signals reported fak7d only.

IR vmaxcm* (Thin Film) 2924 (C-H stretch), 1695 (C=0 stretch$91 (C=C stretch), 1460
(C-H bend), 1354, 1292, 1175, 1144, 1078, 910, 883;'H NMR (500 MHz, CDC}) &4
10.64 (s, 1H, H1"), 10.32 (s, 1H, H1'), 7.81 @@= 8.0 Hz, 1H, H6), 7.69 (d = 8.0 Hz, 1H,
H4), 7.64 (tJ = 8.0 Hz, 1H, H5)**C NMR (125 MHz, CDC}) 5¢c 191.3 (C1’ or C1"), 191.2
(C1' or C1”), 139.0 (C1), 137.5 (C3), 135.1 (C4)34.3 (C5), 133.8 (C2), 127.7 (C6);
HRMS (ES") mvz calculated for gHgO.>°Cl [M+H]": 169.0051; found: 169.0046. See SI2
for 'H and**C NMR spectra.

A portion of this impure mixture (1.0 equiv., 30 mM@®18 mmol assuming purkEr/d) was
treated according to general procedBresing alanine6, 1.2 equiv., 19 mg, 0.21 mmol). A

pure regioisomeric mixture df8d and 19d was obtainedas a yellow gum (27 mg, 0.11
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mmol, 33% extrapolated yield over 2 steps). THeand**C NMR signals integration are
given assuming a mixture @Bd:19d with a ratio of 1:1 for clarity.

IR vmax €M™ (Thin Film) 2922 (O-H stretch), 2359 (C-H stretchp53 (br. C=0 stretch),
1558 (C=C stretch), 1456 (O-H bend), 1206 (C-Otaitde 1173 (C-O stretchjH NMR (400
MHz, CD;0OD) &y 7.74 (d,J = 7.5 Hz, 1H, H7 irl8d), 7.64 (d,J = 8.0 Hz, 1H, H5 inl.8d),
7.59-7.51 (m, 3H, H4 in9d, H5 in 19d, H6 in 18d), 7.45 (d,J = 7.5 Hz, 1H, H6 in9d),
5.03-4.94 (m, 2H, CH iA8d, CH in19d), 4.66 (d,J = 17.5 Hz, 1H, H3 irL8d), 4.63 (d,J =
17.5 Hz, 1H, H3 in9d), 4.57 (dJ= 17.5 Hz, 1H, H3 il8d), 4.54 (d,J = 17.5 Hz, 1H, H3
in 19d), 1.65 (d,J = 7.5 Hz, 3H, CHin 18d), 1.62 (d,J = 7.5 Hz, 3H, CH in 19d); *C
NMR (175 MHz, CROD) ¢ 175.4 (2C, COOH irn18d, COOH in19d), 169.8 (C1 inl8d),
168.4 (C1 in19d), 146.5 (C3a irl9d), 141.6 (C3a irl8d), 135.4 (C7a irL8d), 134.0 (C5 in
19d), 133.0 (C5 inl8d), 132.0 (C7 inl9d), 131.2 (C6 in8d), 130.6 (C6 inl9d), 130.4 (C4
in 18d), 129.1 (C7a iM9d), 123.1 (C4 im9d), 123.0 (C7 inl8d), 51.6 (CH in18d), 51.4
(CH in 19d), 47.71 (C3 inl8d), 47.68 (C3 in19d), 16.1 (CH in 18d), 15.9 (CH in 19d);
HRMS (ES) m/z calculated for GHgNO3>°Cl [M-H]: 238.0276; found: 238.0277. See SI2
for 'H and**C NMR spectra.

3-Fluorophthalaldehyde (17¢€)

To a solution of 2,2'-(3-fluoro-1,2-phenylene)bi8(tlioxolane) 25¢ 1 equiv., 100 mg, 0.42
mmol) in DCM (5 mL) was added an aqueous solutioH®I (2 M, 5 mL). The reaction was
stirred at rt for 3 h. Water was added and the mogawere extracted with DCM, combined,
washed with brine, dried over Mg®@@nd concentrateish vacuo. Purel7ewas obtained as a
light orange gum (31 mg, 0.20 mmol, 49%).

IR vmax cmi® (Thin Film) 2928 (C-H stretch), 1694 (C=0 stretch$03 (C=C stretch), 1479
(C-H bend), 1248 (C-F stretch), 1094, 917, 783;NMR (500 MHz, CDC}) &4 10.56 (s,

1H, H1”), 10.49 (s, 1H, H1), 7.75-7.69 (m, 2H, HE6), 7.45-7.41 (m, 1H, H4§°C NMR
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(125 MHz, CDC}) 8¢ 191.3 (d,J = 2.7 Hz, C1'), 188.6 (d) = 8.3 Hz, C1”), 164.4 (dJ =
260.1 Hz, C3), 138.3 (C1), 135.8 (M= 9.5 Hz, C5), 125.0 (d,= 3.3 Hz, C6), 124.3 (dl =
7.8 Hz, C2), 121.6 (dJ = 21.8 Hz, C4);HRMS (ASAP") m/z calculated for GHgO-F
[M+H]: 153.0352; found: 153.0365. See SI2 tbrand™*C NMR spectra.
2-(4-Fluoro-1-oxoisoindolin-2-yl)propanoic acid (18) with 2-(7-fluoro-1-oxoisoindolin-
2-yh)propanoic acid (19e)

A mixture of 18e and 19e was synthesised according to general procedunasing 3-
fluorophthalaldehydel(e 1.0 equiv., 15 mg, 0.10 mmol) and alanit6, (1.2 equiv., 11 mg,
0.12 mmol). A pure regioisomeric mixture tBeand19ewas obtaineas a yellow solid (13
mg, 0.06 mmol, 60%). Thid and**C NMR signals integration are given assuming a uméxt
of 18e19ewith a ratio of 1:1 for clarity.

IR vmax cm* (Thin Film) 2918 (O-H stretch), 2359 (C-H stretchy49 (C=0O stretch), 1653
(C=0 stretch), 1558 (C=C stretch), 1489 (C-H berddt6 (O-H bend), 1396, 1173 (C-F
stretch);'H NMR (700 MHz, CROD) &y 7.64-7.61 (m, 2H, H7 id8e H5 in198, 7.55 (td,
J=28.0, 4.5 Hz, 1H, H6 i188, 7.39 (d,J = 7.5 Hz, 1H, H4 M98, 7.36 (t,J = 8.0 Hz, 1H,
H5 in 18, 7.16 (t,J = 9.0 Hz, 1H, H6 inl98, 5.00-4.94 (m, 2H, CH in9e CH in 188,
4.69 (d,J = 17.5 Hz, 1H, H3 irl89), 4.65-4.63 (m, 2H, H3 iA9% H3 in 1898, 4.58 (d,J =
17.5 Hz, 1H, H3i9e, 1.63 (dJ = 7.5 Hz, 3H, CHin 188, 1.61 (dJ = 7.5 Hz, 3H, CHin
198; *C NMR (175 MHz, CROD) 8¢ 175.1 (2C, COOH in18e COOH in19¢), 169.8 (C1
in 189, 167.8 (C1 in9e, 160.1 (dJ = 257.8 Hz, C7 irl9¢, 159.0 (dJ = 249.4 Hz, C4 in
188, 146.7 (d,J = 2.5 Hz, C3a il9e, 136.3 (dJ = 4.8 Hz, C7a ill8¢), 135.3 (dJ = 7.5
Hz, C5in19¢), 131.7 (dJ = 6.5 Hz, C6 inl88, 129.5 (d,J = 18.6 Hz, C3a i8¢, 120.54
(d,J=4.1Hz, C4inl9eor C7 in18g, 120.47 (dJ = 3.7 Hz, C4 inl9eor C7 in186, 120.3
(d,J = 13.2 Hz, C7a in9¢ 119.6 (dJ = 19.7 Hz, C5 in8¢), 116.0 (dJ = 19.4 Hz, C6 in

190, 51.5 (CH in18¢), 51.1 (CH in198, 48.4 (C3 inl98), 45.4 (C3 in188, 15.95 (CHin
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18eor19¢e, 15.92 (CH in 18eor 196; HRMS (ES) m/z calculated for @HgNOsF [M-H]:
222.0572; found: 222.0572. See SI2idrand**C NMR spectra.

4-Methoxyphthalaldehyde (20a)*

2-(1,3-Dioxolan-2-yl)-4-methoxybenzaldehy@@a 1 equiv., 2.00 g, 9.6 mmol) was stirred
in an aqueous solution of HCI (3 M, 330 mL) atat 16 h. The organics were extracted with
Et,O, combined, washed with brine, dried over Mg®@d concentrateih vacuo to afford
pure20aas an orange solid (1.35 g, 8.2 mmol, 86%).

Mp: 78-81 °C (lit. 75-78 °C)}* 'H NMR (400 MHz, CDC}) 84 10.66 (s, 1H, CHO), 10.33
(s, 1H, CHO), 7.93 (dJ = 8.5 Hz, 1H, H6), 7.45 (d} = 3.0 Hz, 1H, H3), 7.22 (dd, = 8.5,
3.0 Hz, 1H, H5), 3.95 (s, 3H, OGH Spectral data in accordance with those reparntd¢de
literature™

2-(6-Methoxy-1-oxoisoindolin-2-yl)propanoic  acid (2a) with  2-(5-methoxy-1-
oxoisoindolin-2-yl)propanoic acid (22a)

A mixture of 21a and 22a was synthesised according to general procedungsing 4-
methoxyphthalaldehyde€Qa 1.0 equiv., 30 mg, 0.18 mmol) and alani®é, (1.2 equiv., 19
mg, 0.22 mmol). A pure regioisomeric mixturexiffaand22awas obtaineas a light orange
solid (38 mg, 0.16 mmol, 90%). Each regioisomer wgsthesised in pure formia a
different method (SI1 part 111.2.) and their chamatsation is reported here.

21a Mp: 194-196 °C;IR Vmaxcni® (thin film) 3370 (O-H stretch), 1730 (C=0 stretch$36
(C=0 stretch), 1493 (C=C stretch), 1456 (C-H bedd}7 (C-H bend), 1196 (C-O stretch),
1022, 770H NMR (500 MHz, CROD) &y 7.48 (d,J = 8.5 Hz, 1H, H4), 7.29 (d] = 2.5
Hz, 1H, H7), 7.19 (dd) = 8.5, 2.5 Hz, 1H, H5), 5.00 (4,= 7.5 Hz, 1H, CH), 4.54 (d] =
17.0 Hz, 1H, H3), 4.48 (d,= 17.0 Hz, 1H, H3), 3.86 (s, 3H, OGH1.61 (dJ = 7.5 Hz, 3H,
CHs); *C NMR (125 MHz, CROD) & 174.8 (COOH), 171.0 (C1), 161.6 (C6), 135.8 (C3a),

134.3 (C7a), 125.2 (C4), 121.0 (C5), 107.4 (C7)1H®CH), 51.2 (CH), 48.1 (C3), 15.9
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(CHs); HRMS (ES") mvz calculated for @H14NO4 [M+H]™: 236.0917; found: 236.0921. See
SI1 part IX for experimental procedure and SI2'férand**C NMR spectra.

22a Mp: 191193 °C;IR Vmaxcni® (thin film) 3229 (O-H stretch), 1717 (C=0 stretch$28
(C=0 stretch), 1611 (C=C stretch), 1558 (C=C skretd506 (C=C stretch), 1447 (C-H
bend), 1435 (C-H bend), 1298 (C-N stretch), 12068XGtretch), 1086, 1026, 845, 775
NMR (500 MHz, CROD) &4 7.68 (d,J = 8.5 Hz, 1H, H7), 7.13 (d} = 2.0 Hz, 1H, H4), 7.04
(dd,J = 8.5, 2.2 Hz, 1H, H6), 4.98 (d,= 7.5 Hz, 1H, CH), 4.57 (dl = 17.0 Hz, 1H, H3),
4.50 (d,J = 17.0 Hz, 1H, H3), 3.88 (s, 3H, OGH1.60 (d,J = 7.5 Hz, 3H, CH); °C NMR
(125 MHz, CROD) §. 174.8 (COOH), 171.0 (C1),164.9 (C5), 146.2 (C3®5.6 (C7),
125.4 (C7a), 116.3 (C6), 108.8 (C4), 56.2 (QH0.9 (CH), 48.4 (C3), 15.9 (GHHRMS
(ES") mvz calculated for @H14NO4 [M+H]*: 236.0917; found: 236.0921. See Sl1 part IX for
experimental procedure and SI2 ferand®*C NMR spectra.

4-Fluorophthalaldehyde (20b}*

20b was synthesised according to general procedée using (4-fluoro-1,2-
phenylene)dimethandR6b, 1.0 equiv., 200 mg, 1.28 mmol), (COL(R.6 equiv., 0.3 mL,
3.33 mmol), DMSO (5.2 equiv., 0.5 mL, 6.66 mmolheTreaction was stirred at rt for 17 h.
Pure20b was obtained as a yellow gum (150 mg, 0.99 mn¥sk)7

'H NMR (400 MHz, CDC}) 4 10.60 (d,J = 2.0 Hz, 1H, CHO), 10.42 (s, 1H, CHO), 8.02
(dd,J = 8.5, 5.2 Hz, 1H, H6), 7.67 (dd= 8.5, 2.5 Hz, 1H, H3), 7.45 (ddd= 8.5, 7.5, 2.5
Hz, 1H, H5). Spectral data in accordance with theperted in the literatur¥.
2-(6-Fluoro-1-oxoisoindolin-2-yl)propanoic acid (2b) with 2-(5-fluoro-1-oxoisoindolin-
2-yl)propanoic acid (22b)

A mixture of 21b and 22b was synthesised according to general proce@ungsing 4-
fluorophthalaldehyde2Qb, 1.0 equiv., 22 mg, 0.14 mmol) and alanihé, (1.2 equiv., 15 mg,

0.17 mmol). A pure regioisomeric mixture 2fb and22b was obtaineds an orange oil (30
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mg, 0.13 mmol, 93%). Thid and**C NMR signals integration are given assuming a uméxt
of 21b:22b with a ratio of 1:1 for clarity.

IR vmax cm® (Thin Film) 2924 (O-H stretch), 1732 (C=0 stretch$47 (br. C=0 stretch),
1487 (C-H bend), 1456 (O-H bend), 1207 (C-F stietth79 (C-O stretch), 772H NMR
(700 MHz, CROD) &y 7.79 (dd,J = 8.5, 4.9 Hz, 1H, H7 i22b), 7.60 (dd,J = 8.5, 4.5 Hz,
1H, H4 in21b), 7.46 (d,J = 8.0 Hz, 1H, H7 ir2lb), 7.38-7.34 (m, 2H, H4 i22b, H5 in
21b), 7.25 (t,J = 8.5 Hz, 1H, H6 ir22b), 5.01-4.96 (m, 2H, CH i21b, CH in 22b), 4.65-
4.53 (m, 4H, H3 ir21b, H3 in22b), 1.612 (dJ = 7.5 Hz, 3H, CHin 21b), 1.607 (dJ=7.5
Hz, 3H, CH in 22b); **C NMR (175 MHz, CROD) &c 174.9 (COOH in22bh), 174.8
(COOH in21b), 169.9 (C1 i21bor 22b), 169.8 (C1 ir21b or 22b), 166.8 (d,J = 250.1 Hz,
C5 in 22b), 164.2 (d,J = 245.5 Hz, C6 ir21h), 146.5 (d,J = 10.6 Hz, C3a ir22h), 139.4
(C3ain21b), 135.1 (dJ = 8.6 Hz, C7a ir21b), 129.3 (C7a ir22b), 126.5 (dJ = 9.8 Hz, C7
in 22b), 126.3 (d,J = 8.4 Hz, C4 in21b), 120.5 (d,J = 23.9 Hz, C5 ir21b), 116.8 (d,J =
23.9 Hz, C6 in22b), 111.6 (d,J = 24.7 Hz, C4 ir22b), 110.6 (d,J = 23.8 Hz, C7 ir21b),
51.3 (CH in21b), 51.2 (CH in22h), 48.3 (C3 in22b), 48.2 (C3 in21b), 15.9 (2C, CHin
21b, CH; in 22b); HRMS (ES) mvz calculated for GHoNOsF [M-H]: 222.0572; found:
222.0567. See SI2 fdH and™*C NMR spectra.

4-Bromophthalaldehyde (20c)®

20c was synthesised according to general procedée using (4-bromo-1,2-
phenylene)dimethan@k6¢ 1.0 equiv., 100 mg, 0.46 mmol), (COL(R.6 equiv., 0.10 mL,
1.20 mmol), DMSO (5.2 equiv., 0.17 mL, 2.40 mmaigdadditional DMSO (0.15 mL) was
required to hel@6c¢ solubilisation. The reaction was stirred at rt ie¥ h. Pure20c was

obtained as a light yellow solid (86 mg, 0.41 mn8&8%).
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Mp: 95-98 °C (lit. 97-100 °C}® H NMR (500 MHz, CDC}) 84 10.51 (s, 1H, CHO), 10.45
(s, 1H, CHO), 8.10 (dJ = 2.0 Hz, 1H, H3), 7.91 (dd, = 8.0, 2.0 Hz, 1H, H5), 7.84 (d,=
8.0 Hz, 1H, H6). Spectral data in accordance witsé reported in the literature.
2-(6-Bromo-1-oxoisoindolin-2-yl)propanoic acid (21cwith 2-(5-bromo-1-oxoisoindolin-
2-yh)propanoic acid (22c)

A mixture of 21c and 22c was synthesised according to general procedunasing 4-
bromophthalaldehyde&0c¢ 1.0 equiv., 15 mg, 0.070 mmol) and alanih, (.2 equiv., 8 mg,
0.084 mmol). A pure regioisomeric mixture2iffcand22cwas obtaineés a light orange oil
(18 mg, 0.063 mmol, 90%). TH&l and**C NMR signals integration are given assuming a
mixture of21c22cwith a ratio of 1:1 for clarity.

IR vmax cm* (Thin Film) 2920 (O-H stretch), 2359 (C-H stretchy32 (C=0O stretch), 1653
(br. C=0 stretch), 1456 (O-H bend), 1418 (C-H berd@04 (C-O stretch), 768H NMR
(700 MHz, CRXOD) &4 7.90 (s, 1H, H7 ir210), 7.80 (s, 1H, H4 ir220), 7.76 (d,J = 8.0 Hz,
1H, H5 in21¢), 7.68-7.67 (m, 2H, H6 i@2¢ H7 in220), 7.53 (d,J = 8.0 Hz, 1H, H4 irR10),
4.989 (qJ= 7.5 Hz, 1H, CH ir210), 4.985 (qJ = 7.5 Hz, 1H, CH ir220), 4.64-4.52 (m, 4H,
H3 in 21¢ H3 in22¢), 1.613 (dJ = 7.5 Hz, 3H, CHin 210, 1.609 (dJ = 7.5 Hz, 3H, CH
in 220; *C NMR (175 MHz, CQOD) ¢ 174.8 (2C, COOH ir21c COOH in22¢), 169.9
(C1 in 229, 169.4 (C1 in219), 145.8 (C3a i220), 142.7 (C3a i21d, 136.0 (C5 in219),
135.3 (C7a ir21d), 132.6 (C6 229, 132.2 (C7a i229), 127.8 (C4 in22d), 127.6 (C5 in
220, 127.2 (C7 ir1d), 126.3 (C4 ir210), 125.8 (C7 ir220d), 122.9 (C6 ir21d), 51.3 (CH in
210, 51.2 (CH in220d), 48.4 (C3 in210), 48.2 (C3 in22d), 16.0 (2C, CH in 21¢ CH; in
220; HRMS (ASAPY) m/z calculated for @H;:NOs;™Br [M+H]: 283.9922: found:
283.9919. See SI2 fdH and**C NMR spectra.

4-Methylphthalaldehyde (20d}’
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20d was synthesised according to general procedéye using (4-methyl-1,2-
phenylene)dimethandR6d, 1.0 equiv., 200 mg, 1.31 mmol), (COL(R.6 equiv., 0.29 mL,
3.4 mmol), DMSO (5.2 equiv., 0.48 mL, 6.8 mmol).eTteaction was stirred at rt for 17 h.
Pure20d was obtained as an orange gum (174 mg, 1.18 n@©%4).

'H NMR (400 MHz, CDC}) 84 10.53 (s, 1H, CHO) 10.44 (s, 1H, CHO), 7.86)d, 8.0 Hz,
1H, ArH), 7.75 (s, 1H, ArH), 7.56 (d,= 8.0 Hz, 1H, ArH), 2.50 (s, 3H, GH Spectral data
in accordance with those reported in the literatre
2-(6-Methyl-1-oxoisoindolin-2-yl)propanoic acid (28) with 2-(5-methyl-1-oxoisoindolin-
2-yl)propanoic acid (22d)

A mixture of 21d and 22d was synthesised according to general proce@ungsing 4-
methylphthalaldehyde20d, 1.0 equiv., 26 mg, 0.18 mmol) and alanidé, (1.2 equiv., 19
mg, 0.22 mmol). A pure regioisomeric mixture 2ifd and 22d was obtainedas a yellow
solid (29 mg, 0.13 mmol, 73%). THE and**C NMR signals integration are given assuming
a mixture of21d:22d with a ratio of 1:1 for clarity.

IR vmax cm* (Thin Film) 2914 (O-H stretch), 1734 (C=0 stretch$38 (C=0 stretch), 1456
(O-H bend), 1198 (C-O stretch), 1173 (C-O stret@@R;*H NMR (700 MHz, CROD) &4
7.64 (d,J = 8.0 Hz, 1H, H7 iR2d), 7.57 (s, 1H, H7 i1d), 7.45 (d,J = 8.0 Hz, 1H, H4 in
21d), 7.43 (d,J = 8.0 Hz, 1H, H5 irR1d), 7.38 (s, 1H, H4 ir22d), 7.31 (d,J = 8.0 Hz, 1H,
H6 in 22d), 5.00-4.96 (m, 2H, CH i82d, CH in21d), 4.57 (d,J = 17.0 Hz, 2H, H3 ir21d,
H3 in 22d), 4.48 (d,J = 17.0 Hz, 2H, H3 ir21d, H3 in22d), 2.45 (s, 3H, H1' ir22d), 2.43
(s, 3H, H1’ in21d), 1.59 (dJ = 7.5 Hz, 6H, CHin 21d, CH; in 22d); *C NMR (175 MHz,
CD30OD) 6¢c 175.4 (2C, COOH ir21d, COOH in22d), 171.1 (2C, C1 irR1d, C1 in22d),
144.2 (C3a or C5 i22d), 144.1 (C3a or C5 i@2d), 141.0 (C3a ir21d), 139.4 (C6 ir21d),
134.1 (C5 in21d), 133.2 (C7a ir21d), 130.5 (C7a irR2d), 130.1 (C6 ir22d), 124.7 (C4 in

22d), 124.3 (C7 ir21d), 124.03 (C7 ir22d or C4 in21d), 124.02 (C7 ir22d or C4 in21d),
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51.24 (CH in21d), 51.17 (CH in22d), 48.32 (C3 in22d), 48.29 (C3 in21d), 21.9 (C1’ in
22d), 21.3 (C1’ in21d), 16.1 (2C, CHin 21d, CH; in 22d); HRMS (ASAP") m/z calculated
for CrsH1aNO3 [M+H]: 220.0974; found: 220.0973. See SI2 farand**C NMR spectra.
2-(6-Trifluoromethyl-1-oxoisoindolin-2-yl)propanoic acid (21e) with 2-(5-
trifluoromethyl-1-oxoisoindolin-2-yl)propanoic acid (22e) via 4-
(trifluoromethyl)phtalaldehyde (20e)

20e was synthesised according to general proceduresing (4-(trifluoromethyl)-1,2-
phenylene)dimethan@k6e 1.0 equiv., 100 mg, 0.49 mmol), (COL(R.6 equiv., 0.11 mL,
1.27 mmol), DMSO (5.2 equiv., 0.18 mL, 2.55 mmalhe reaction was stirred at rt for 15 h.
Crude20ewas obtained with small amount of impurities (74, @7 mmol, 75% assuming
pure 208). Characterisation was performed on this slightipure mixture with théH and
13C NMR signals reported f@0eonly. The small intensity of the C4 and &3farbon signals
on the*C NMR spectrum revealed doublets instead of theebed quartets.

IR vmax cm* (Thin Film) 2932 (C-H stretch), 1697 (C=0 stretch}327 (C-F stretch), 1165,
1121 (C-F stretch), 1057, 889, 83t NMR (500 MHz, CDC}) 8 10.58 (s, 1H, H1"), 10.55
(s, 1H, H1"), 8.23 (s, 1H, H3), 8.11 (d,= 8.0 Hz, 1H, H6), 8.03 (d] = 8.0 Hz, 1H, H5);
13C NMR (125 MHz, CDC}) 8¢ 191.3 (C1), 190.8 (C1"), 138.8 (C1), 136.9 (C2R5.5 (d,
J=33.8 Hz, C4), 131.7 (C6), 130.5 (= 3.4 Hz, C5), 128.2 (¢} = 3.4 Hz, C3), 123.0 (d)

= 273.2 Hz, Cp; HRMS (ES) m/z calculated for GHsO.F; [M]: 202.0247; found:
202.0247. See SI2 fdH and™*C NMR spectra.

A portion of this impure mixture (1.0 equiv., 30 @15 mmol assuming pute was
treated according to general procedBresing alanine6, 1.2 equiv., 16 mg, 0.18 mmol). A
pure regioisomeric mixture @leand22ewas obtainegs an orange oil (30 mg, 0.11 mmol,
55% extrapolated yield over 2 steps). Thtand**C NMR signals integration are given

assuming a mixture &fle22ewith a ratio of 1:1 for clarity.
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IR vmax cm* (Thin Film) 2924 (O-H stretch), 2359 (C-H stretchy17 (C=0O stretch), 1653
(br. C=0 stretch), 1456 (O-H bend), 1325 (C-F stigt 1161 (C-O stretch), 1117 (C-F
stretch), 1057 (C-O stretchtd NMR (400 MHz, CROD) &y 8.05 (s, 1H, H7 ir218), 7.96-
7.91 (m, 3H, H4 irR2¢ H7 in22¢ H5 in219¢, 7.83-7.79 (m, 2H, H6 iR2¢ H4 in216), 5.01
(q,J = 7.5 Hz, 2H, CH ir2le CH in22@, 4.75 (d,J = 18.0 Hz, 1H, H3 218, 4.73 (d,J =
18.0 Hz, 1H, H3 i228, 4.66 (d,J = 18.0 Hz, 1H, H3 ir218), 4.65 (d,J = 18.0 Hz, 1H, H3
in 226, 1.63 (d,J = 7.5 Hz, 6H, CHin 21e CHs in 228; *C NMR (175 MHz, CROD) 8¢
174.5 (2C, COOH i2le COOH in22¢), 169.4 (2C, C1 iRle C1 in22d, 147.6 (C3a in
216, 144.4 (C3a ir22¢), 136.6 (C7a ir22¢), 134.6 (qJ = 32.2 Hz, C5 irR2¢), 134.0 (C7a in
21¢), 131.7 (qJ = 32.7 Hz, C6 ir21e), 129.8 (qJ = 4.0 Hz, C5 ir218, 126.3 (qJ = 3.6 Hz,
C6 in 226, 125.6 (C4 in21e, 125.38 (gqJ = 271.5 Hz, CFkin 21eor 22¢, 125.37 (qJ =
272.0 Hz, CEin 21eor 228, 125.1 (C7 ir22e), 121.8 (qJ = 4.2 Hz, C4 ir22¢), 121.2 (g,J

= 4.2 Hz, C7 in21¢, 51.24 (CH in2leor 226, 51.20 (CH in2leor 228, 48.7 (2C, C3 in
21e C3 in 226, 15.9 (2C, CH in 21e CH; in 22¢9; HRMS (ES) nvz calculated for
C12HoNOsF3 [M-H] : 272.0540; found: 272.0540. See SI2tdrand**C NMR spectra.
2-(6-Nitro-1-oxoisoindolin-2-yl)propanoic acid (21f with 2-(5-nitro-1-oxoisoindolin-2-
yl)propanoic acid (22f)via 4-nitrophtalaldehyde (20f)

20f was synthesised according to general procedwe using (4-nitro-1,2-
phenylene)dimethanoR6f, 1.0 equiv., 100 mg, 0.55 mmol), (COL(R.6 equiv., 0.12 mL,
1.43 mmol) and DMSO (5.2 equiv., 0.20 mL, 2.84 mmdhe reaction was stirred at rt for
18 h. Crude20f was obtained impure (110 mg, 0.61 mmol, >100% duenpurities). The
considerable amount of impurities prevented anyagtarisation. Instead, a portion of this
impure mixture (1.0 equiv., 30 mg, 0.17 mmol assgnpure 20f) was directly treated
according to general proceduBeusing alanine X6, 1.2 equiv., 18 mg, 0.20 mmol). A pure

regioisomeric mixture o21f and22f was obtaineds an orange oil (13 mg, 0.05 mmol, 35%
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extrapolated yield over 2 steps). Tieand'*C NMR signal integration are given assuming a
mixture of21f:22f with a ratio of 1:1 for clarity.

IR vmax cm* (Thin Film) 2922 (O-H stretch), 2357 (C-H stretchy32 (C=0 stretch), 1651
(br. C=0 stretch), 1526 (N-O stretch), 1449 (O-Hhd)e 1341 (N-O stretch), 1196 (C-O
stretch), 816*H NMR (400 MHz, CROD) 84 8.57 (d,J = 2.0 Hz, 1H, H7 ir21f), 8.51-8.49
(m, 2H, H4 in22f, H5 in21f), 8.39 (ddJ = 8.5, 2.0 Hz, 1H, H6 i22f), 7.98 (d,J = 8.5 Hz,
1H, H7 in22f), 7.84 (d,J = 8.5 Hz, 1H, H4 ir21f), 5.06-5.00 (m, 2H, CH ia1f, CH in22f),
4.79-4.68 (m, 4H, H3 i21f, H3 in22f), 1.65 (d,J = 7.5 Hz, 3H, CHin 22f), 1.64 (dJ=7.5
Hz, 3H, CH in 21f); °C NMR (175 MHz, CROD) 6¢ 174.62 (COOH ir21f or 22f), 174.56
(COOH in21f or 22f), 168.8 (C1 ir21f or 22f), 168.7 (C1 ir21f or 22f), 151.8 (C5 ir22f),
149.82 (C3a or C6 ia1f), 149.78 (C3a or C6 ia1f), 144.9 (C3a ir22f), 138.4 (C7a ir22f),
134.7 (C7a ir21f), 127.8 (C5 ir21f), 126.0 (C4 i21f), 125.4 (C7 ir22f), 124.7 (C6 ir22f),
120.1 (C4 in22f), 119.5 (C7 ir21f), 51.6 (CH in21f or 22f), 51.4 (CH in21f or 22f), 48.7
(2C, C3 in21f C3 in22f), 15.9 (2C, CH in 21f CHs in 22f); HRMS (ASAP") m/z
calculated for @H11N,Os [M+H]: 251.0668; found: 251.0662. See SI2 forand**C NMR
spectra.

2-(4,6-Dimethoxy-1-oxoisoindolin-2-yl)propanoic ad (28) with 2-(5,7-dimethoxy-1-
oxoisoindolin-2-yl)propanoic acid (29)

Small scale condensation reaction at refluxA mixture of 28 and 29 was synthesised
according to general proceduBeusing 3,5-dimethoxyphthalaldehy@&7, 1.0 equiv., 30 mg,
0.15 mmol) and alanind §, 1.2 equiv., 17 mg, 0.19 mmol). A pure regioisometixture of
28and29was obtaineas a yellow gum (37 mg, 0.14 mmol, 93%).

Small scale condensation reaction at rtTo a solution of 3,5-dimethoxyphthalaldehy@&,
1.0 equiv., 30 mg, 0.15 mmol) in anhydrous MeCN%0mL) was added alaninég, 1.2

equiv., 17 mg, 0.19 mmol) under a nitrogen atmosphEhe reaction was stirred at rt for 29
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h before being concentratad vacuo to afford the crude mixture of regioisomers. A
quantitative'H NMR spectrum was acquired on this crude reaatidriure and processed as
explained in general proceduB: A pure regioisomeric mixture d8 and 29 was then
obtained after purification by column chromatogra®-10% MeOH in DCM then-010%
MeOH in DCM with 1% CHCOOH) as a yellow gum (40 mg, 0.15 mmol, quant.).
Gram-scale condensation reaction at reflux:A mixture of 28 and 29 was synthesised
according to general procedBeusing 3,5-dimethoxyphthalaldehy{27, 1.0 equiv., 0.97 g,
5.0 mmol) and alaninel§, 1.2 equiv., 0.53 g, 6.0 mmol). A pure regioisoimenixture of28
and29was obtaineds a yellow gum (1.20 g, 4.52 mmol, 90%).

The'H and**C NMR signals integration are given assuming a unéxof28:29 with a ratio
of 1:1 for clarity.

IR vmax cm* (Thin Film) 2922 (O-H stretch), 1732 (C=0 stretch$01 (br. C=0O stretch),
1504 (C=C stretch), 1456 (O-H bend), 1202 (C-Otsitde 1146 (C-O stretch), 7744 NMR
(700 MHz, CROD) 8 6.88 (d,J = 2.0 Hz, 1H, H7 ir28), 6.74 (d,J = 2.0 Hz, 1H, H5 ir28),
6.69 (d,J= 2.0 Hz, 1H, H4 irR9), 6.52 (dJ = 2.0 Hz, 1H, H6 irR9), 4.97 (gJ = 7.5 Hz, 2H,
CH in 28, CH in29), 4.49 (dJ = 17.0 Hz, 1H, H3 ir29), 4.44 (d,J = 17.0 Hz, 1H, H3 i28),
4.42 (d,J = 17.0 Hz, 1H, H3 ir29), 4.39 (d,J = 17.0 Hz, 1H, H3 iR8), 3.89 (s, 3H, H1' in
28), 3.88 (s, 3H, H1' irR9), 3.87 (s, 3H, H1" i29), 3.85 (s, 3H, H1” in28), 1.60 (dJ=7.5
Hz, 3H, CHin 28), 1.57 (d,J = 7.5 Hz, 3H, CHin 29); **C NMR (175 MHz, CROD) &¢
174.7 (2C, COOH 28, COOH in29), 171.0 (C1 ir28), 170.0 (C1 ir29), 166.6 (C5 ir29),
163.5 (C6 in28), 159.8 (C7 in29), 156.9 (C4 in28), 148.3 (C3a irR9), 135.0 (C7a irk8),
124.3 (C3a ir28), 113.3 (C7a irR9), 103.5 (C5 in28), 100.5 (C4 in29), 99.1 (C6 in29),
98.8 (C7 in28), 56.3 (C1’ or C1” in29), 56.23 (C1’ or C1” in28), 56.17 (C1’ or C1” in

28), 56.0 (C1’ or C1” in29), 51.2 (CH in28), 50.5 (CH in29), 48.1 (C3 in29), 46.0 (C3 in
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28), 15.92 (CH in 28), 15.88 (CH in 29); HRMS (ES) m/z calculated for GH1sNOsNa
[M+Na]*: 288.0842; found: 288.0841. See SI2'tdrand**C NMR spectra.

Methyl 2-(4,6-dimethoxy-1-oxoisoindolin-2-yl)propamate (30) and methyl 2-(5,7-
dimethoxy-1-oxoisoindolin-2-yl)propanoate (31)

To a solution of 2-(4,6-dimethoxy-1-oxoisoindoliryBpropanoic acid(28) and 2-(5,7-
dimethoxy-1-oxoisoindolin-2-yl)propanoic aci(R9) (1 equiv., 1.20 g, 4.52 mmolin
anhydrous MeOH (82 mL) was added freshly distil&@CL (8.2 mL) dropwise at 0 °C
under a nitrogen atmosphere. The reaction wasedtiat rt for 12 h under a nitrogen
atmosphere before being concentratedacuo within a fume cupboard. Separation of the
two isomers30 and 31 was achieved by column chromatography-1(@% EtOAc in
petroleum ether). Pui@0 was obtained as a yellow solid (1.06 g, 3.80 mi®4%) and pure
31 was obtained as an oil (0.20 g, 0.70 mmol, 16%).

30: Mp: 98-100 °C:IR vmaxcm™ (Thin Film) 2949 (C-H stretch), 1740 (C=0O stretch$82
(C=0 stretch), 1605 (C=C stretch), 1503 (C=C skett329, 1209 (C-O stretch), 1144 (C-O
stretch), 1110, 1061 (C-O stretch), 1020, 941, §39;'H NMR (400 MHz, CDC}) & 6.94
(d,J = 2.0 Hz, 1H, H7), 6.59 (d,= 2.0 Hz, 1H, H5), 5.16 (d},= 7.5 Hz, 1H, CH), 4.41 (d

= 16.5 Hz, 1H, H3), 4.29 (d,= 16.5 Hz, 1H, H3), 3.853 (s, 3H, H1' or H1"), 38 (s, 3H,
H1' or H1"), 3.71 (s, 3H, OCH), 1.56 (d,J = 7.5 Hz, 3H, CH); **C NMR (125 MHz,
CDCl) 8¢ 172.4 (C=0), 168.9 (C1), 161.9 (C6), 155.3 (C84.8 (C7a), 123.0 (C3a), 102.7
(C5), 98.0 (C7), 56.0 (C1’ or C1"), 55.6 (C1’ or1Q), 52.6 (OCH), 49.4 (CH), 44.6 (C3),
16.0 (CH); HRMS (ES) m/z calculated for H;7NOsNa [M+Na]: 302.0999; found:
302.0997. See SI2 fdH and™*C NMR spectra.

31: IR vmax cm™* (Thin Film) 2947 (C-H stretch), 1738 (C=0 stretch$78 (C=0 stretch),
1603 (C=C stretch), 1452 (C-H bend), 1433 (C-H harg27, 1213 (C-O stretch), 1148 (C-O

stretch), 1076 (C-O stretch), 83%f NMR (400 MHz, CDCJ) 8y 6.51 (d,J = 1.9 Hz, 1H,
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H4), 6.41 (dJ = 1.9 Hz, 1H, H6), 5.12 (g} = 7.4 Hz, 1H, CH), 4.45 (d] = 16.6 Hz, 1H,
H3), 4.30 (dJ = 16.6 Hz, 1H, H3), 3.91 (s, 3H, H1"), 3.85 (s, 3t1"), 3.69 (s, 3H, OCH),
1.52 (d,J = 7.4 Hz, 3H, CH); **C NMR (175 MHz, CDC}) 8¢ 172.8 (C=0), 167.6 (C1),
164.6 (C5), 158.7 (C7), 146.4 (C3a), 113.1 (C78)29C4), 98.3 (C6), 56.0 (C1’ or C1"),
55.9 (C1' or C1"), 52.4 (OCH), 48.9 (CH), 46.7 (C3), 15.9 (GH HRMS (ASAP") m/z
calculated for GH1gNOs [M+H]: 280.1185; found: 280.1182. See SI2 f6r and*°*C NMR
spectra.

(2-(Hydroxymethyl)-3-methoxyphenyl)methand2-ol (42)

42 was synthesised according to general proce@uusing 4-methoxyisobenzofuran3H)-
one(40, 1 equiv., 2.00 g, 12.2 mmol), NaBIR® equiv., 1.02 g, 24.4 mmol), ZnQl equiv.,
1.66 g, 12.2 mmol) antl,N-dimethylaniline (1 equiv., 1.55 mL, 12.2 mmol).rB42 was
obtained as a white solid (1.29 g, 7.6 mmol, 62Phe small intensity of the GIxarbon on
the'*C NMR spectrum revealed a multiplet.

Mp: 92-94 °C;IR vyaxcm™ (Thin Film) 3256 (O-H stretch), 1584 (C=C stretct}72 (O-H
bend), 1261 (C-O stretch), 1186, 1094, 1042 (Cfétat), 1007, 982, 775'H NMR (500
MHz, CDCk) 8y 7.29-7.26 (m, 1H, H5), 6.97 (d,= 7.5 Hz, 1H, H6), 6.90 (d] = 8.5 Hz,
1H, H4), 4.84 (s, 2H, H1"), 3.86 (s, 3H, OGH"C NMR (125 MHz, CDC}) ¢ 158.0 (C3),
141.1 (C1), 129.4 (C5), 127.8 (C2), 122.0 (C6),.0(C4), 63.8-63.2 (m, C1’), 56.4 (C1"),
55.9 (OCH); HRMS (ES) mvz calculated for gH100s°H-Na [M+Na]: 193.0804; found:
193.0803. See SI2 foH and**C NMR spectra.

2-(Formyl-d)-6-methoxybenzaldehyde (35)

35 was synthesised according to general proceddéireusing (2-(hydroxymethyl)-3-
methoxyphenyl)methad2-ol (42, 1.0 equiv., 200 mg, 1.18 mmol), (CO£(2.6 equiv., 0.26

mL, 3.06 mmol), DMSO (5.2 equiv., 0.44 mL, 6.14 mjmddditional DMSO (0.3 mL) was
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required to helpd2 solubilisation. The reaction was stirred at rt fiof h. Pure35 was
obtained as a yellow solid (130 mg, 0.79 mmol, 67%)

Mp: 78-81 °C;IR vmaxcmi® (Thin Film) 2928 (C-H stretch), 1674 (C=0 stretct§82 (C=C
stretch), 1472 (C-H bend), 1271 (C-O stretch), 10928 (C-O stretch), 795H NMR (500
MHz, CDCL) &4 10.64 (s, 1H, CHO), 7.66-7.63 (m, 1H, H5), 7.45)& 7.5 Hz, 1H, H6),
7.24 (d,J = 8.5 Hz, 1H, H4), 3.98 (s, 3H, OGH"C NMR (125 MHz, CDC}) 8¢ 192.6 (t,J

= 28.8 Hz, CDO), 191.4 (CHO), 162.0 (C3), 138.6J(t 3.7 Hz, Cl), 135.4 (C5), 125.1
(C2), 120.3 (C6), 116.3 (C4), 56.4 (OQHHRMS (ES) m/z calculated for gH;Os°HNa
[M+Na]*: 188.0428; found: 188.0429. See SI2'idrand**C NMR spectra.
2-(4-Methoxy-1-oxoisoindolin-2-yl)propanoic  acid (8a) with  2-(7-methoxy-1-
oxoisoindolin-2-yl-3-d)propanoic acid (19a’)

A mixture of 18a and 19a’ was synthesised according to general proce@®ungsing 2-
(formyl-d)-6-methoxybenzaldehyd@5, 1.0 equiv., 30 mg, 0.18 mmol) and alanité, (1.2
equiv., 19 mg, 0.22 mmol). A pure regioisomeric tuig of18aand19a’ was obtaineds a
light yellow solid (26 mg, 0.11 mmol, 61%). THE and**C NMR signals integration are
given assuming a mixture @Ba19a’ with a ratio of 1:1 for clarity.

IR vmaxcm™® (Thin Film) 2920 (O-H stretch), 2359 (C-H stretchy34 (C=0 stretch), 1624
(C=0 stretch), 1605 (C=C stretch), 1558 (C=C slrgt&497 (C-H bend), 1489 (C-H bend),
1456 (O-H bend), 1273 (C-O stretch), 1192, 10610(Gtretch);'H NMR (700 MHz,
CDsOD) 8y 7.54 (t,J = 8.0 Hz, 1H, H5 irl9a’), 7.47 (t,J = 8.0 Hz, 1H, H6 ir.8a), 7.36 (d,
J=8.0 Hz, 1H, H7 ir8a), 7.18 (d,J = 8.0 Hz, 1H, H5 inM8a), 7.10 (d,J = 8.0 Hz, 1H, H4
in 19a’), 7.01 (d,J = 8.0 Hz, 1H, H6 in9a’), 4.98 (q,d = 7.5 Hz, 2H, CH inl8a CH in
19a’), 4.54-4.45 (m, 3H, H3 in8a H3 in 19a’), 3.93 (s, 3H, OCHin 18a), 3.91 (s, 3H,
OCHs in 19a)), 1.61 (d,J = 7.5 Hz, 3H, CHin 183), 1.58 (d,J = 7.5 Hz, 3H, CHin 19a);

13C NMR (175 MHz, CROD) ¢ 175.2 (COOH inl9a’), 175.0 (COOH in8a), 171.0 (C1
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in 18a), 170.0 (C1inl9a’), 158.8 (C7 inl9a’), 156.2 (C4 irl8a), 146.3 (C3airl9a’), 135.0
(C5in19a)), 134.5 (C7a il8a), 131.4 (C3a il8a), 131.1 (C6 in8a), 120.1 (C7a irl9a)),
116.3 (C4 in19a’), 116.2 (C7 inl8a), 114.5 (C5 inl8a), 111.2 (C6 inl9a’), 56.1 (OCH in
184), 56.0 (OCH in 19a’), 51.2 (CH in184a), 50.8 (CH in19a), 47.7 (t,J = 21.6 Hz, C3in
19a’), 46.3 (C3 inl8a), 16.0 (CH in 183, 15.9 (CH in 19a’); HRMS (ES) m/z calculated
for CiHi:°HiNO, [M-H]: 235.0835; found: 235.0829 fot9a’; mvz calculated for
C12H12NO, [M-H] : 234.0772; found: 234.0773 fBa See SI2 fotH and**C NMR spectra.
(2-(Hydroxymethyl)-6-methoxyphenyl)methand2-ol (43)

43 was synthesised according to general proce@uusing 7-methoxyisobenzofuran3H)-
one (41, 1 equiv., 145 mg, 0.88 mmol), NaB@2 equiv., 74 mg, 1.77 mmol), ZnC(1
equiv., 120 mg, 0.88 mmol) and,N-dimethylaniline (1 equiv., 0.11 mL, 0.88 mmol).
Additional THF (1 mL) was required to he#d solubilisation. Pur&l3 was obtained as a
white gum (73 mg, 0.43 mmol, 49%). The small intgnsf the CD» carbon on thé’C NMR
spectrum revealed a multiplet.

IR vmaxcmi® (Thin Film) 3248 (O-H stretch), 1584 (C=C stretch370 (O-H bend), 1449 (C-
H bend), 1439 (C-H bend), 1260 (C-O stretch), 10B#8 (C-O stretch), 959, 783'H
NMR (500 MHz, CROD) 8y 7.27 (t,J = 8.0 Hz, 1H, H5), 7.02 (d} = 8.0 Hz, 1H, H6), 6.94
(d, J=8.0 Hz, 1H, H4), 4.72 (s, 2H, H1’), 3.83 (s, 3BHk); *C NMR (125 MHz, CROD)
5c 159.3 (C3), 142.7 (C1), 130.1 (C5), 127.8 (C2)..82C6), 111.3 (C4), 63.2 (C1’), 56.1
(CHs), 55.5-54.8 (m, C1”);HRMS (ES) mvz calculated for @H100s°H,Na [M+Na]':
193.0804; found: 193.0801. See SI2'#drand**C NMR spectra.
2-(Formyl-d)-3-methoxybenzaldehyde (39)

39 was synthesised according to general proceddireusing (2-(hydroxymethyl)-6-
methoxyphenyl)methad2-ol (45, 1.0 equiv., 50 mg, 0.29 mmol), (COE(R.6 equiv., 0.07

mL, 0.76 mmol), DMSO (5.2 equiv., 0.11 mL, 1.51 mijnddditional DMSO (0.1 mL) was
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required to help43 solubilisation. The reaction was stirred at rt 5 h. Pure39 was
obtained as a light yellow gum (42 mg, 0.25 mm®6#63.

IR vmax cmi* (Thin Film) 2924 (C-H stretch), 1697 (C=0 stretch$57 (C=0 stretch), 1607
(C=C stretch), 1584 (C=C stretch), 1487 (C-H bendd)/2 (C-H bend), 1437 (C-H bend),
1269 (C-O stretch), 1242 (C-O stretch), 1067, 985, 868, 7681H NMR (700 MHz,
CDCl3) 64 10.42 (s, 1H, CHO), 7.62 = 8.0 Hz, 1H, H5), 7.42 (dl = 8.0 Hz, 1H, H6),
7.22 (d,J = 8.0 Hz, 1H, H4), 3.95 (s, 3H, OGH>C NMR (175 MHz, CDC}) 5c 192.9
(CHO), 191.4-190.9 (m*, CDO), 162.0 (C3), 138.7 JCII35.4 (C5), 124.9 (C2), 120.2 (C6),
116.3 (C4), 56.4 (OC.The rapid decomposition o4l prevented mass spectrometric
analysis. *Multiplet signal consistent with potextiraces of undeuteratdda See SI2 for
'H and"*C NMR spectra.

2-(4-Methoxy-1-oxoisoindolin-2-yl-3d)propanoic acid (18a’) with 2-(7-methoxy-1-
oxoisoindolin-2-yl)propanoic acid (19a) and with taces of 2-(4-methoxy-1-
oxoisoindolin-2-yl)propanoic acid (18a)

A mixture of18a’ and19awith traces ofl8awas synthesised according to general procedure
B using 2-(formyld)-3-methoxybenzaldehydé39, 1.0 equiv., 42 mg, 0.25 mmol) and
alanine 16, 1.2 equiv., 27 mg, 0.31 mmol). A pure regioisomenixture of18a’ and 19a
with traces ofl8awas obtaineds a brown solid (46 mg, 0.20 mmol, 80%). THeand**C
NMR signals integration are given assuming a mfida18a’19awith a ratio of 1:1:1 for
clarity.

IR vmax cm* (Thin Film) 2922 (O-H bend), 2359 (C-H stretchy32 (C=0 stretch), 1636
(C=0 stretch), 1603 (C=C stretch), 1491 (C-H bedd),8 (O-H bend), 1269 (C-O stretch),
1065 (C-O stretch), 953H NMR (700 MHz, CRQOD) &y 7.51 (t,J = 8.0 Hz, 1H, H5 in
199q), 7.44 (t,J = 8.0 Hz, 2H, H6 in8a H6 in 18a’), 7.34 (d,J = 8.0 Hz, 2H, H7 in8a H7

in 18a)), 7.15 (d,J = 8.0 Hz, 2H, H5 irl.8a, H5 in18a’), 7.08 (d,J = 8.0 Hz, 1H, H4 in.9a),



46

6.98 (d,J = 8.0 Hz, 1H, H6 iM9a), 4.96-4.89 (m, 3H, CH id8a CH in18a’, CH in 19a),
4.56-4.41 (m, 5H, H3 in8a H3 in 18a’, H3 in 19a), 3.90 (s, 6H, OCKlin 183 OCH; in
18a’), 3.89 (s, 3H, OCHlin 193), 1.58 (d,J = 7.5 Hz, 6H, CHin 183, CHsin 18a’), 1.55 (d,
J = 7.5 Hz, 3H, CHin 193; *C NMR (175 MHz, CROD) ¢ 176.1 (3C, COOH iri8a,
COOH in18a’, COOH in19g), 171.0 (2C, C1 i18a,C1 in18a’), 169.9 (C1 inl9a), 158.6
(C7in193), 156.1 (2C, C4 in8a C4 in18a’), 146.3 (C3a irl9a), 134.8 (C5 inl9a), 134.7
(2C, C7a inl8a C7a in18a’), 131.4 (2C, C3a iti8a C3a in18a’), 131.0 (2C, C6 in8a C6
in 18a’), 120.2 (C7a irl9a), 116.23 (C4 irM9a), 116.15 (2C, C7 in8a C7 in18a), 114.4
(2C, C5 in18a C5 in18a’), 111.1 (C6 inl9a), 56.1 (2C, OCHlin 183 OCH; in 18a’), 56.0
(OCH; in 19a), 51.8 (2C, CH inl8a 1C, CH in18a’), 51.3 (CH in19a), 48.0 (C3 in19a),
46.4 (C3in184a), 46.1 (t,J = 21.5 Hz, C3in8a’), 16.2 (2C, CHin 183 CHs in 18a’), 16.1
(CHs in 19a8); HRMS (ES) mvz calculated for @H1:°H:NO, [M-H]: 235.0835; found:
235.0834 forl8a’; m/z calculated for GH1:NO,4 [M-H] : 234.0772; found: 234.0775 f@Ba

and19a See SI2 fotH and™*C NMR spectra.
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Supplementary Material
Additional results, discussion, synthesis and erpemtal procedures are provided in SH.

and™*C NMR spectra are given in SI2.



