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Synthesis of 3-Alkoxy- and 3-Alkylamino-2-alkyl-3-arylisoindolinones
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Abstract: Solvent-controlled regioselectivity in the reactions of
3-chloroisoindolinones with primary amines allows the rational
synthesis of isoindolinones by aroute suitable for parallel combina-
torial chemistry.
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The molecular diversity offered by isoindolinones 1 is at-
tractive in the context of the synthesis of combinatorial li-
braries for evaluation against targets implicated in the
molecular pathology of cancer.
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The literature on the synthesis of such isoindolinones is
confusing because the common route from 2-benzoylben-
zoic acids provides numerous opportunities for the gener-
ation of isomeric structures.! We have found that 3-
alkoxy- and 3-alkylamino-2-akyl-3-arylisoindolinones
(2a-e and 3a-c, respectively) can berationally synthesized
from 2-benzoylbenzoic acid by a sequence in which each
intermediate and the end-products have been structurally
defined.

Reaction of 2-benzoylbenzoic acid with 1 equiv. of thio-
nyl chloride in tetrahydrofuran, containing a catalytic
quantity of dimethylformamide, gave 3-chloro-3-phenyl-
isobenzofuranone (4)? as an unstable oil (~ 100%),2 which
was obtained by removal of the reaction solvent in vacuo.
Immediate reaction of 4 with 2.2 equiv. of either benzyl-
amine or propylaminein tetrahydrofuran gave 3-hydroxy-
3-phenylisoindolinones*® 5a/b in good yield (71 and
93% respectively). Functionalisation of 5a or 5b was
achieved via conversion into 3-chloroisoindolinones 6a/b
(~ 100%),2 compounds which have previously been de-
scribed as highly reactive and not isolable.® We obtained
crystals of 2-benzyl-3-chloro-3-phenylisoindolinone (6a)
by refrigerating the initially formed oil under petroleum
ether.” 3-Alkoxyisoindolinones 2a-e (31-97%) were ob-
tained by quenching 6a/b with dry alcohols (Scheme 1).58
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Thereaction of 6awith redistilled propylaminein tetrahy-
drofuran gave two products. Separation of these by col-
umn chromatography, and subsequent analysis by *H
NMR spectroscopy, indicated that they were the isomeric
3-alkylaminoisoindolinones 3a (30%) and 3b (10%)
(Scheme 2).5°
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These isomeric products were also obtained with 1,4-di-
oxane as reaction solvent. The literature suggested that
only one of the products would be an isoindolinone.’® In
our case iminoamide 7a, resulting from the attack of the
amine on the 1-position of 6a, has evidently undergone
cyclization to give 3b in addition to 3a, which arises from
amine attack at the 3-position.

H NMR spectroscopy allowed conclusive identification
of the isomeric isoindolinones. The diastereotopic ben-
zylic methylene protons of 5 exhibit alarge chemical shift
difference.!* The chemical shifts of the protonsin the N-
methylene groups of compounds 3 provide a useful *H
NMR chemica marker. We compared the spectra of com-
pounds 3 with the 'H NMR spectrum of 5a, to identify
which compound has a benzy| substituent attached to the
5-ring nitrogen and which has a pendant benzylamino
moiety. The identifications were supported by adding a
drop of deuterium oxide to the *H NMR sample and re-
cording another spectrum. This allowed determination of
which protons were coupled to the exchangeable amino
proton, and hence which moiety was pendant, and which
was attached to the 5-ring nitrogen. These structural as-
signments were subsequently shown to be correct by crys-
tal structure analysis.*213

The use of acetonitrile as the solvent in the reaction of
6a with propylamine was found to lead to only one
product, 2-benzyl-3-phenyl-3-propylaminoisoindolinone
3a (61%). An identical result was obtained when the
reaction solvent was changed to dichloromethane.

"PrNH,/K,CO3/MeCN

6a >
16 h, rt

3a (61%)

This solvent effect was verified by synthesizing 3-hy-
droxy-3-phenyl-2-propylisoindolinone (5b) (71%), con-
verting it into the chloride 6b (~ 100%) in the usua
manner, and then reacting 6b with benzylamine in either
tetrahydrofuran or acetonitrile. Similar results were ob-
tained as in the reaction of 6a with propylamine, i.e. two
isomeric isoindolinones 3a (7%) and 3b (35%) were
formed in tetrahydrofuran, whereas only one isoindolino-
ne 3b (36%) was formed in acetonitrile.

Table 1. Reaction of 3-Chloroisoindolinones with Primary Amines

Chloride Amine Solvent Ratio 3a:3b* Yield (%) 3a:3b
6a PrNH, THF 321 30:10
6a PiNH; MeCN 1:0 61:0
6b BnNH; THF 1:24 7:35
6b BnNH; MeCN 0:1 0:36

“Determined by 'H NMR of the crude mixture

The literature suggested that reaction of 6a with methy-
lamine would proceed via attack on the 1-position of 6a
leading to the formation of 3-benzylamino-2-methyl-3-
phenylisoindolinone (3d) as the sole product.** When tet-
rahydrofuran was used as the reaction solvent we obtained
two products, 2-benzyl-3-methylamino-3-phenylisoin-
dolinone (3c) (33%) and a non-isoindolinone product,
probably 7b (20%) (Scheme 2). In acetonitrile we ob-
tained only 3c (66%). Assignment of the isoindolinone
structures was again based on *H NMR spectroscopy.

We believe that the reactions of 6 described for relatively
polar solvents (i.e. acetonitrile and dichloromethane) in-
volve the isoindolinone carbocation 8,*° which reacts se-
lectively at C-3. In the less polar, but nucleophilic
tetrahydrofuran or dioxane, the carbocation may be in
equilibrium with the adduct 9, by analogy with trityl cat-
ions.’® The presence of this species may influence the re-
gioselectivity of amine attack.

S = THF, dioxane
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