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mc; IR vmax cm " (thin film) 3370 (0-H
stretch), =0 stretch), 1636 (C=0 stretch), 1493 (C=C
stretch), 1456 (C—H bend), 1447 (C—H bend), 1196 (C—O stretch),
1022, 770; 'H NMR (500 MHz, CDs0D) éy 7.48 (d, ] = 8.5 Hz, 1H,
H4), 7.29(d.J=2.5Hz, 1H,H7),7.19 (dd.] = 8.5, 2.5 Hz, 1H, H5), 5.00
(q. ] = 75 Hz, 1H, CH), 454 (d, | = 17.0 Hz, 1H, H3), 4.48 (d,
J =170 Hz, 1H, H3), 3.86 (s, 3H, OCH3), 1.61 (d.J = 7.5 Hz, 3H, CHs);
B NMR (125 MHz, CD30D) 6, 174.8 (COOH), 171.0 (C1), 1616 (C6),
135.8 (C3a), 134.3 (C7a), 1252 (C4), 121.0 (C5), 1074 (C7), 56.1
(OCHz), 51.2 (CH), 48.1 (C3), 15.9 (CH3); HRMS (ES") m/z calculated
for CyoH14NOy [M-+H]': 236.0917; found: 236.0921. See SI1 part IX
for experimental procedure and SI2 for 'H and *C NMR spectra.
22a: Mp: 191-193 °C: IR vy, cm! (thin film) 3229 (O—H
stretch), 1717 (C=0 stretch), 1628 (C=0 stretch), 1611 (C=C
stretch), 1558 (C=C stretch), 1506 (C=C stretch), 1447 (C—H bend),
1435 (C—H bend), 1298 (C—N stretch), 1206 (C—O stretch), 1086,
1026, 845, 775; "H NMR (500 MHz, CD30D) éy 7.68 (d, ] = 8.5 Hz,
1H, H7),7.13 (d,] = 2.0 Hz, 1H, H4), 7.04 (dd, | = 8.5,2.2 Hz, 1H, H6),
4.98 (q. ] = 7.5 Hz, 1H, CH), 4.57 (d.J = 17.0 Hz, 1H, H3), 4.50 (d,
J =170 Hz, 1H, H3), 3.88 (s, 3H, OCH3). 1.60 (d. ] = 7.5 Hz, 3H, CHs);
B NMR (125 MHz, CD;0D) 6, 174.8 (COOH), 171.0 (C1),164.9 (C5),
146.2 (C3a), 125.6 (C7), 125.4 (C7a), 1163 (C6), 108.8 (C4), 56.2
(OCHs), 50.9 (CH), 48.4(C3),15.9 (CH3); HRMS (ES™) m/z calculated
for C2H14NO4 [M-+H]": 236.0917; found: 236.0921. See SI1 part IX

for experimental procedure and SI2 for 'H and ™C NMR spectra.

2-(6-Meth 1 PR .

P acid (21a) via methyl 2-(bromomethyl)-5-
methoxybenzoate (S43).

[ ) o
MeO. oM MeO.

6 60 il g

LR se

S43 was synthesised according to general procedure E using methyl 5-methoxy-2-methylbenzoate (S41,
1.00 equiv, 1.05 g, 5.8 mmol), NBS (1.10 equiv, 1.14 g, 6.4 mmol), AIBN (0.02 equiv, 0.02 g, 0.1 mmol)
in CHCl; (24 mL). The reaction was refluxed for 21 h. Crude S43 was treated according to general
procedure L using alanine (16, 1.5 equiv, 775 mg, 8.7 mmol) and NEt; (2.2 equiv, 1.78 mL, 12.8 mmol).
The reaction was refluxed for 2 h. Crude 21a was basified using an aqueous solution of NaOH (2 M)
and the organic impurities were extracted with DCM. The aqueous layer was acidified using an aqueous

solution of HCI (1 M). The organics were extracted with DCM, combine 2S04 and
concentrated in vacuo. Pure 21a was obtained after trituration in MeCN as 1 mg, 0.22
mmol, 4% over 2 steps). Characterisation of 21a provided in the main paper an spectra

of 21a given in SI2..
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Assessment of the regioselectivity in the condensation reaction of unsymmetrical o-phthaldialdehydes
* with alanine
D'Hollander, Agathe C.A.; Westwood, Nicholas ). - [Tetrahedron, 2018, vol. 74, # 2, p. 224 - 239]

Abstract A  IndexTerms ~  Substances 103 ~- Reactions 238 ~ FullTed A

Abstract

One approach for the synthesis of isoindelinones, a privileged bicactive heterocyclic core structure, involves a conden-

sation reaction of o-phthaldialdehydes with a suitable nitrogen-containing nucleophile. This fascinating re]

. A
visited here in the context of the use of o-phthaldialdehydes that contain additional substituents in the arg 4-Sllhstltllted series

leading to a detailed analysis of the regioselectivity of the reaction. Eleven monosubstituted o-phthaldialde O

synthesised and reacted with alanine. The regioselectivity observed across the eleven substrates led to the

disubstituted substrate that reacted with very high control. A gram-scale reaction followed by esterificatior] H

major regioisomer in high yield. In addition, the regioselectivity observed on reaction of two novel monod N . N

substrates led to an increased mechanistic understanding. H ,DH DH
MeO MeO

“ MeD
o o 0
Index terms 20a 21a

Author keyword: Condensation reaction, Mechanistic understanding, o-phthaldialdehyde, Regioselectivity|
EMTREE drug term: alanine, phthalaldehyde

90%

69 : 31 22a

EMTREE medical term: Article, esterification, pelymerization, priority journal, regioselectivity, synthesis

Reaxys Index Terms: Swern oxidation, condensation reaction, esterification, pure, reactivity, regioselectivity, separation method, tautomerization

Assessment of the regioselectivity in the condensation reaction of unsymmetrical o-phthaldialdehydes Reaxysiﬂ'q:jlfﬁk EP El‘] 2:51:,‘3 5& E%K
1 with alanine ﬁﬁ T?IEE*/#\

D'Hollander, Agathe C.A.; Westwood, Nicholas ). - [Tetrahedron, 2018, vol. 74, # 2, p. 224 - 239]
Abstract -~ Index Terms «»  Substances 103 - Reactions 236 Full Text A
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CiHisNO, 23524 32021463
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Hit Data - 7

Identification

ic acid

Physical Data - 2 Preparations -7 >
Spectra- 4 Reactions -7 %
Documents -1 >

Label Reference

21a D'Hollander, Agathe C.A.; Westwood, Nicholas ). - [Tetrahedron, 2018, vol. 74, # 2, p. 224 - 239]

Full Ted A Details »

Abstract »

Druglikeness
& & Melting Paint, °C Reference
~ HitData -7 194 - 19 D'Hollander, Agathe C.A.; Westwood, Nicholas |. - [Tetrahedran, 2018, vol. 74, % 2, p. 224 - 239]
“  Substance Label - 1 hits out of 1 Full Text 71  Details »  Abstract
~  Melting Point - 1 hits out of 1
Colour & Other Location Reference
~  Crystal Property Description - 1 hits out of 1 Properties
v NMR Spect - 2 hits out of 2
bl oure white supporting D'Hallander, Agathe C.A; Westwood, Nicholas | - [Tetrahedron, 2018, vol. 74, # 2, p. 224
~ IR Spectroscopy - 1 hits out of 1 information -239]
¢ Mass Spectrometry - 1 hits out of 1 fl=tizg  (EaEls > AHEhEst D
Description Mucleus Solvents Frequency Location Reference
(NMR (NMR (NMR (NMR
‘ REMLEYIMERR, SEBE IR, & I
MNP HIBL SR, SR ERIBRE, =
A : =] o N = e
él:l f)rl! YA E y 5 R Al ?jéﬁ R ’ Ch_emica\ 1H d{d}-methanol 500 -supportil:lg D'Hollander, Agathe C.A.; Westwood, Nicholas ). -
- sl s R E’J _1_ \ shifts, information  [Tetrahedron, 2018, vol. 74, # 2, p. 224 - 239]
E& ljé Ejﬂ?a Ifﬂl‘gtgi N H‘ lEj o Spectrum Full Tet 4 Details >  Abstract >
Chemical 13C di4}-methanol  125.8 supporting  D'Hollander, Agathe C.A.; Westwood, Nicholas ). -
shifts, information  [Tetrahedron, 2018, vol. 74, # 2, p. 224 - 239]
Spectrum Full Text 71 Details 5  Abstract 3
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4.3.9. 2-(6-Methoxy-1-oxoisoindolin-2-yl)propanoic acid (21a )
B & Bla B & Bla %) with 2-(5-methoxy-1-oxoisoindolin-2-yl Jpropancic acid (22a)
A mixture of 21a and 22a was synthesised according to general
1 Conditions ~  Find Similar using 4-methoxyphthalaldehyde (20a, 1.0 equiv.,
vield  Conditions 0 mg, 0.18 mmol) and alanine (16, 1.2 equiv., 19 mg, 0.22 mmol). A

In acetonitrile for 4h; Reflux; Inert atmosphere; Overall yield = 20
cent; Overall yield = 38 mg; regioselective reaction;

D'Hellander, Agathe C.A.; Westwood, Micholas J. - [Tetrahedron, 2018, vol. 74,
#2, p. 224 - 239]

Experimental Procedure A FullTet 1 Details > Abstract

General procedure: Alanine (16, 1@ equiv.) was added to a solution of unsymmetrical o-phthaldialdehyde (1.0 equiv.) in anhydrous MeCN (3.8 mL per
mmeol of o-phthaldialdehyde). The reaction mixture was heated at reflux for 4 h under a nitrogen atmosphere. The solution was then cooled to rt before be-

ing concentrated in vacuo to afford the crude mixture of regicisomers.
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solubility of gefitinib New O Eca # timit To. Exclude Export. Preparations
O gefitinib
; ¥ CazHoaNsCIFOs 184475-35-2
* B Substances  Structwre : () asdrawn AND  Property - solubilty Preview Results »
l o mwﬁa’ e " ; Hit Data - 4 Bioactivity (All Other Data - 3,436 Preparations - 83 >
7 Identification Physical Data - 98 Reactions - 130 >
178 Documents  Titles, Abstracts, Keywords - "solubility”, “geftinb” Preview Results v | View Results > Druglikeness Spectra- 75 Targets - 1,103 >
Edit in Query Builder #° Create Alet [\ Documents - 7,831 >
< B & a = Qi
B 341,792 Documents  Titles, Abstracts, Keywords : “solubility” Preview Results v View Results >
Edit in Query Builder #* Create Aled L1 A~ HitData -4
v Solubility (MCS) - 4 hits out of 4
23,178 Documents  Tities, Abstracts, Keywords : "gefiinib” Preview Results v | View Results >
Edit in Query Builder #° Create Alet L3
~  Solubility (MCS) - 4 hits out of 4
s BRI T
\
E Solubility, Saturation | Temperature Solvent Location Comment (Solubility (MCS)) Reference
2l g (Solubility (MCS)). (Solubility
’ y B E Mcs))
kY —
%*H % E,\Ji %’l‘i freely soluble in DMSO,THP and PEG-400, sparingly soluble in  Alanazi, Abdullah; Alshehri, Sultan; Altamimi, Mohammad: Shakeel, Faiyaz[Journal of
2-butanol and slightly soluble in 1-butanol, IPA, Molecular Liquids, 2020, vol. 299, art. no. 112211]
kY
*Hij{ sthanol methanol, EG and PG Full Text 7 Details >  Abstract >
soluble in water and 1-octanol Wu, Kuen-Da; Chen, Grace Shiahuy; Liu, Jia-Rong; Hsieh, Chen-En; Chern, Ji-Wang[ACS
Medicinal Chemistry Letters, 2019, vol. 10, # 1. p. 22 - 26]
Full Text 7 Cited 1times 2 Details > Abstract >
0.009832 in pure 25 water supporting Wang, Xin-Xin; Tian, Fei-Yang; Liu, Ming; Chen, Kai; Zhang. Yun-Qian; Zhu, Qian-Jiang;
saolvent information Tao, Zhu[Tetrahedron, 2019, vol. 75, # 37, art. no. 130488]
Full Text 2 Details > Abstract >
0.0021 in pure 20 water Zhao, Feng; Lin, Zhaohu; Wang, Feng; Zhao, Weili; Dong, Xiaochun[Bioorganic and
et & solvent Medicinal Chemistry Letters, 2013, vol. 23, # 19, p. 5385 - 5388]
ELSEVIER Full Text 7 Cited 22 times 7 Details > Abstract >
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1 Substances out of 7.363 Documents, containing 4,322 Reactions, 68 Targts Reaxys -1 v A Solubility (MES) - 20 hits out of 429
0 selected &3 Qo @ Sort by No of References & v | Grid i | | Heatmap E§ Show/Hide columns v
Export Preparations
potassium chloride Solubility, = Temperature Solvent Comment Reference
| CIK 745513 3534978 g (Solubility (Solubility (Solubility (MCS))
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aK Hit Data - 20 Bioactivity (All Other Data - 791 Preparations - 415 > - -
Identification Physical Data - 2,976 Reactions -4322 > 20 ethanol Solubility 0.012  El-Dossoki[indian Journal of Chemistry, Section A: Inorganic, Physical, Theoretical
Druglikeness Spectra- 184 Targets -68 > mol/kg solvent and Analytical, 2005, vol_44, £ 8, p 1594 - 1596]
& a ; Documents - 7,363 > Full Text » Cited 6times » Details > Abstract >
1 = a
25 ethanal Solubility: 0.025 El-Dossoki[Indian Journal of Chemistry, Section A: Inorganic, Physical, Theoretical
~ Hit Data - 20 mol/kg solvent and Analytical, 2005, vol_ 44, # 8, p. 1594 - 1596]
o .
& S TS A e i » Full Text # Cited 6times A Details > Abstract >

30 ethanol Solubility: 0.037 El-Dossoki[lndian Journal of Chemistry, Section A: Inorganic, Physical, Theoretical
maol/kg solvent and Analytical. 2005, vol_44, # 8, p. 1594 - 1596]
Full Text » Cited 6times A Details > Abstract >

ReaxysE ##45 th B R BHRFEIERI SRR HAL, § el el = g b Al
Hg_.&-ﬂ' uiﬁi% % E/\] %14: yn ;E]_ = Full Text 7 Cited 6times 7 Details > Abstract »
NS < ] ISZ s s nnnnn
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regloselectivity observed across the eleven substrates led to the destgn of a disubstitured substrate that

reacted with very high control A gram-scale reaction followed by esterification gave ane major
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Regasseciviy © 2017 Elsevier Lid. All rights reserved.
Mecharistc dersanding

1. Introduction

The isoindolinones make up an important class of biactive
malecules that includes the known drugs Pazinaclone (1) Indo-
profen (2)"* and Chlorthalidone (3)' (Fiz. 1a)

Commaon methods of abltaining Eocindolinones that are unsub-
stituted in the aromatic ring, for example compound 4 (Fig 1h}

vh. -aminatiol af

* or 7 with a primary amis i,) and, of interest here, th
Condensaion readion nFo-nhmaidlaldchydc (8) with a primary
amine (RNH,L ™

To date, the majority of studies performed on this condensation
reaction have focused on evaluating the scope of the amine

Other studies have provided only isolated yiekl(s) after purifica

tion (for one or for each isomer ), incomplete regioisomeric ratio (rr)

data within a series or have daimed to form a single regioisomer

(no yield provided) without discussing the other passible isomer
(sl part .7

The work reported here revisits this issue by presenting a

il i of

alanine (16) with 3-monosubstituted o-phthaldialdehydes 17 (to
give 18 and 19, Scheme 1c) and with 4-monosubstituted o-
phthaldialdehydes 20 (1o give 21 and 22, 5cheme 1d). Based on the
initial results, the design of a highly reginselective substrate was
achieved consistent with an improved understanding of the reac-
tion. Further mechanistic insights were provided by the use of

nucleophile that can be tolerated in the - andjor
propasing potential reaction mechanisms ***** In contrast, exam-
ples ofthe use of reaction with

o-phthaldialdehydes are rare (511 part 1). One repart describes a
regioselectivity of 1:1 for the products 1112 resulting from the
condensation of 9 with 10 {Scheme 1a)’ However. the observed
purification by
colurn chromatography. Isolated yields for the formatian of a
single isomer, 14 in mast cases, resulting from the condensation af
13 with various amines have also been reported (Scheme 1hL°

+ Gomepanding awin:
il e s @t arvdreu e ik (M) Westwond ).

otge org 10,1016/} 201711035
0040 40205 2017 Bsevier L1 Al rights reserved

novel
2. Results and discussions
2. Synthesis of monosubstitured o-phthaldialdehydes

Five 3-substituted i 1ae

using 2-5 step routes invalving either a Swern oxidation of the
corresponding diol 23 or an acetal deprtection of the corre-
sponding monoacetal 24 or diacetal 25 (Scheme 2 and 511 part IL1
for more details) It should be noted that the synthesis of pure
samples of [a-e was particularly challenging {in line with liters-
ture reports™) with significant decompasition occurring during
purification attempts and on storage. In several cases freshly
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2.2, Regioselectivity of the condensation reaction of mono-
substituted o-phthaldialdehydes

The mono-substituted o-phthaldialdehydes 17a-e and 20a-f
were refluxed for 4 h with alanine {16, 1.2 eguivalents) in anhy-
drous acetonitrile before the reaction was concentrated in vacuo.
The crude reaction mixtures {except when specified, Table 1) were
then analysed using a quantitative "H NMR experiment. A baseline
correction was applied using MestReNova-9 software and in-
tegrations were calculated relative to one proton on deconvoluted
peaks (see Fig. 2 for an example of the analysis applied to the for-
mation of 18a/19a and SI1 part [IL1 for the rest of the NMR analysis;
also see the experimental section below for a detailed explanation
of the analytical protocol used).

In two of the condensation reactions the structure of the major
regioisomer was identified by comparison with the "H NMR spec-
trum of a pure sample of one of the regioisomers (for 18a/19a, 21af
223, for the synthesis of authentic isomers see SI1 part [I1.2). In the
rest of the cases, advanced NMR techniques (HSQC, HMBC, COSY)
applied to the crude reaction mixture were used to assign the
structure of the major regioisomer. Considering the analysis of the
regioisomeric mixture of 18b/19b as an example (Fig. 3), the
proximity of a carbonyl was observed to shift the signal corre-
sponding to the aromatic H7 proton in 18b and the methyl H1'
protons in 19b downfield (Fig. 3a and b). Identification of H7 in 18b
was further wvalidated by its comrelation with C1 in the HMBC
analysis of the regioisomeric mixture {Fig. 3a). In contrast, H4 in
19b showed a correlation with C3 in this HMBC analysis (Fig. 3c).
Using the correlations observed in the COSY spectrum (Fig. 3d), the
signals corresponding to H5 and H6E for 18b and 19b were finally
assigned, The value of the integrals in the 1D quantitative '"H NMR

III.2. Synthesis of pure isoindolinones 18a, 19a, 21a and 22a..

9 0 0 0
s ] 5 s
3 H_aorb 3 OMe _cord K OMe _ eorf 3
2 2 2 2 OH
Ry MeO 1 MeO ¥ Me0 5 d
i

S17. R=1.0Me 18, 1-OMe 519, 1.0Me 182, 1.0Me
837, R=2.0Me 540, 2-OMe §42,2-OMe 22a,2-0Me
§38, R=3.0H 41, 3.0Me §43, 3.0Me 21a,3-0Me
§39, R=4-0Me S45,4-0Me S47, 4.0Me 192 4-0Me

M
Scheme S 10: Synthesis of 18a, 19a, 21a and 22a. Reagents and conditions: (a) MeOH, H2SOs, reflux, 7-24 h, quant. for S18,
84% for $40: (b) Mcl, K2COs, DMF. 70 °C 17-18 h, 92% for $41, 99% for $45: (c) NBS, AIBN, CHCl;, reflux, 2.5-21.0 h,
97% for S19, crude S42 and S43 were directly used in the next step: (d) NBS. AIBN, CCly, reflux, 2 h, crude S47 was directly
used in the next step; (e) alanine (16), MeOH. K2COs, reflux 19-21 h, 61% for 18a, 55% (2 steps) for 19a: (f) alanine (16),
MeOH, NEt3, reflux 2-23 h, 4% (2 steps) for 21a, 4% (2 steps) for 22a. «

Esterification of S17, 837, $38 and S39 was achieved in excellent yield using iodomethane or methanol
with sulfuric acid (Scheme S 10).® Radical monobromination® of S18, S40, S41 formed S19, S42, S43
which were directly reacted® with alanine (16) to obtain 18a, 22a and 21a respectively. To investigate
the poor yield over two steps (2% for 18a, 4% for 21a and 4% for 22a), radical monobromination of
S18 was repeated and the succinimide side product from N-bromosuccinimide was removed by a basic
wash using NaOH (1 M) leading to pure S19 in 97% yield. Reaction of S19 with 16 and NEt; afforded
18a in only 8% yield. However, concentration of the aqueous phase showed S44 as the major product
(identified by NMR spectroscopy (Figure S 5) and supported by mass spectrometric analysis (HRMS
(ES™) m/z calculated for C1sHosNOs [M]™: 280.1907; found: 280.1910) along with the remaining NEt;
and alanine (16). Formation of S44 was prevented by reacting $19 with K,COs instead of NEt; to provide
18a in good yield. This optimisation could be applied for the synthesis of 21a and 22a but was not
performed since sufficient material was available. .
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