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Preferential crystallization is a powerful tool to obtain
optically active materials from racemic mixtures without
any chiral source, and has been utilized widely for optical
resolution on large scales for example in industrial process-
es.l! To resolve optically active materials by crystallization
efficiently, dynamic preferential crystallization involving
a racemization process, a so-called total spontaneous reso-
lution, has been developed.’) Many efforts have been
invested in new variations of this method, and the racemiza-
tion processes can be classified into three groups: 1) involving
an intermediate enolate anion or enol at the a-position of
a carbonyl group,”’! 2)involving atropisomerism of axially
chiral materials,"! and 3) involving an equilibrium reaction via
an achiral intermediate.””! We have now developed a new
example of total spontaneous resolution of isoindolinones
that involves a combination of an intramolecular equilibrium
reaction via an achiral intermediate and preferential crystal-
lization.

Various heterocyclic compounds containing the isoindo-
linone skeleton have important biological activities, and many
of these have been prepared and examined as pharmaceutical
agents.®) Much effort has also been focused on the asymmet-
ric synthesis of the isoindolinone structure,”! which is widely
used as a building block for the synthesis of natural
products.'”] Therefore, development of a new methodology
to obtain optically active heterocycles such as isoindolinones
is eagerly anticipated.

We found that 3-hydroxy-3-phenylisoindolin-1-ones
1 afforded conglomerates by spontaneous crystallization and
were racemized under acidic or basic conditions (Scheme 1).
The dynamic preferential crystallization resulted in total
spontaneous resolution in high ee values.

N-Alkylated 3-hydroxy-3-phenylisoindolin-1-ones 1a—f
were synthesized from 2-benzoylbenzoic acid and the corre-
sponding primary amines (Table 1).!"! To perform preferen-
tial crystallization, it is a requirement that the materials
crystallize as a conglomerate. The crystal structure of 1¢ was
reported with the chiral space group P2,2,2,.'J Recrystalli-
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Scheme 1. Racemization of 3-hydroxyisoindolinones under acidic or
basic conditions.

Table 1: Space groups of 3-hydroxy-3-phenylisoindolin-1-ones 1a-f.

Isoindolinone R Space group
Ta Me C2Jc

1b Et racemic

1c Pr P2,2,2,

1d iPr P2,2,2,

T1e PhCH, P

1f PhCH,CH, P2,2,2,

zation of the other isoindolinones in a chloroform-hexane
solution afforded prismatic crystals except in the case of 1b.
These crystals were subjected to X-ray crystallographic
analysis to determine the crystal structure. Fortunately, X-
ray analyses indicated that isoindolin-1-ones 1d and 1f also
crystallized in a chiral fashion with the orthorhombic chiral
space group P2,2,2,. Isoindolinones 1a and 1e crystallized in
the racemic space groups C2/c and P1, respectively. The space
group of 1b could not be determined; however, a racemic
crystal system was suggested from the results of dynamic
preferential crystallization described below.

Racemization must proceed much faster than crystalliza-
tion to achieve total resolution by dynamic preferential
crystallization. ~ All  3-hydroxy-3-phenylisoindolin-1-ones
1 were not easily racemized under neutral conditions or in
the solid state; however, they were racemized in solution
under both acidic and basic conditions. The rates of race-
mization using trifluoroacetic acid (TFA) as an acid and 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) as a base were mea-
sured according to the change of optical rotation at 20°C, and
the activation free energy and the half-life were calculated
(Table 2).

When optically active isoindolinone 1¢ was dissolved in
a chloroform solution (2.0x1072molL™") containing TFA
(1.0x 102 mol L), the half-life of racemization was 478 min
and the AG™ value was 23.8 kcalmol!. DBU was more
effective than TFA ; the half-life of racemization was 347 min
and the AG™ value was 23.6 kcalmol™, even if diluted DBU
(1.0x 10~ mol L") was used as a catalyst. The same tendency
was observed in the cases of 1d and 1f Therefore, we selected
DBU as a catalyst for racemization to perform total sponta-
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Table 2: Kinetic parameters for racemization of 3-hydroxy-3-phenyl-
isoindolin-1-ones 1¢, 1d, 1f®

Isoindolinone Catalyst t2 [min] AG™ [kcalmol™]
1c TFAL! 478 23.8
1c DBUY 347 23.6
1d TFAL! 146 23.1
1d DBUM 15 21.7
1f TFAL! 2066 24.6
1f DBUM 228 23.3

[a] Measurement conditions: 2.0x 1072 mol L™' of each isoindolinone in
CHCl; at 20°C. [b] 1.0x 10> molL™". [c] 1.0x10™* mol L™".

neous resolution of 1 by dynamic preferential crystallization
(Scheme 2).
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Scheme 2. Total spontaneous resolution by dynamic preferential crys-
tallization involving an intramolecular equilibrium reaction.

From the X-ray results, 1¢, 1d, and 1f afforded conglom-
erates and have the possibility for total resolution by
crystallization. When a mixed solution of chloroform and
hexane containing 1¢ and DBU (0.5 mol %) in a test tube was
stirred at room temperature until all the solvent evaporated
completely, crystals of 1¢ were generated at the bottom of the
test tube (Table 3, method A). After DBU was removed
through a short silica gel column using ethyl acetate as an
eluent, the enantiomeric excess of 1¢ was analyzed by HPLC
using a chiral stationary phase (Daicel Ind. CHIRALPAK
AD-H). As a result, 1¢ was recovered quantitatively without

Table 3: Dynamic preferential crystallization of racemic isoindolinones.

Entry 1 Method T[°C] Recovered 1 [%] ee [%]"
1 1c ALl RT 99 15
2 1c Bl 100 96 97
3 1d Al RT 98 71
4 1d Al RT 100 84
5 1d Bl 100 100 97
6 1f AL RT 91 13
7 1f B 100 100 94

[a] Determined by HPLC using a chiral stationary phase (Daicel Ind.
CHIRALPAK AD-H). [b] Method A: CHCl;/hexane as a solvent, DBU
(0.50 mol %) as a base, room temperature. [c] Method B: CHCl;/toluene
as a solvent, DBU (50 mol %) as a base, 100°C. [d] Seeding.
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loss by decomposition or side reactions, and obtained in
optically active form at 15% ee (Table 3, entry 1). Optically
active 1¢ was obtained from all crystallizations with random
signs of optical rotation. However, enantiomerically pure 1c
could not be obtained by using this method, because
racemization did not proceed faster than crystallization.
Thus, the crystallization temperature and the DBU concen-
tration were increased to obtain better ee values by accel-
erating the rate of racemization (Table 3, method B). The use
of toluene as a solvent and crystallization at 100°C gave 97 %
ee as expected (Table 3, entry 2). In both methods A and B
given in Table 3, the compounds were dissolved in solution
and then the solvent was allowed to evaporate to achieve
supersaturation and slow crystallization.

In the case of 1d, the rate of racemization was much
greater than in that of 1¢ (Table 2), and an optical resolution
of 71% ee was obtained by crystallization at room temper-
ature (Table 3, entry 3). Seeding with the powdered single
crystal obtained by the normal recrystallization method from
a CHCl;-hexane solution gave a better ee value of 84%
(Table 3, entry 4). In this case, crystals with the same chirality
as the seed crystal were obtained as a matter of course.[!
Crystallization at 100 °C using toluene instead of hexane gave
excellent results of 97 % ee (Table 3, entry 5).1'%

In the case of 1f, crystallization from a mixture of CHCIl,
and hexane at room temperature resulted in the low
resolution of 13% ee (Table 3, entry 6); however, crystalliza-
tion at 100°C from toluene using 50 mol % of DBU gave an
excellent ee value of 94 % (Table 3,entry 7). All crystalliza-
tions at high temperatures using increased amounts of DBU
(Table 3, entries 2, 5, 7) resulted in high ee values with good
reproducibility. Deracemization could be controlled by the
use of seed crystals during crystallization.

The stereogenic center of 1 did not racemize under neutral
conditions; therefore, optically pure materials were easily
obtained by recrystallization from a THF-hexane solution of
the solid obtained by dynamic crystallization (Table 3,
entries 2, 5, 7).

Recently, attrition-enhanced deracemization and resolu-
tion of chiral conglomerate solids were performed.” We also
tried the attrition-enhanced deracemization using glass
beads; unfortunately, the deracemization could not be
achieved with our substrates.'

In conclusion, we succeeded in the total spontaneous
resolution of three 3-hydroxy-3-phenylisoindolin-1-ones by
dynamic preferential crystallization. Each compound was
efficiently racemized in the presence of DBU, and the
enantiomer was obtained in quantitative recovery rates and
with excellent ee values. Three of the six 3-hydroxy-3-
phenylisoindolin-1-ones yielded conglomerate crystals by
spontaneous crystallization. An incidence of 50 % conglom-
erates is striking, because the typical incidence is only around
20%.1! We are continuing to explore the high incidence by
synthesizing many derivatives by changing the phenyl group.
This research provided not only a new example of the total
spontaneous resolution process involving racemization
through ring-opening and ring-closing reactions, but also
a fine preparative method of optically active heterocycles
without an external chiral source.
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Experimental Section

Dynamic preferential crystallization (method A): A mixed solution of
chloroform and hexane containing 1 (5-50mg) and DBU
(0.50 mol %) was stirred in a test tube or a vial at room temperature
until all solvent evaporated. After DBU was removed through a short
silica gel column using ethyl acetate as an eluent, the enantiomeric
excess of 1 was analyzed by HPLC using a chiral stationary phase
(Daicel Ind. CHIRALPAK AD-H).

Dynamic preferential crystallization (method B): A mixed
solution of chloroform and toluene containing 1 (5-50 mg) and
DBU (50 mol %) was stirred in a test tube at 100°C until all solvent
evaporated. After DBU was removed through a short silica gel
column using ethyl acetate as an eluent, the enantiomeric excess of
1 was analyzed by HPLC using a chiral stationary phase.

Determination of activation free energy and half-life: The time
course of optical rotation of a solution of optically active 1 (4.0 x
10> molL™") containing trifluoroacetic acid (1.0 x 10> molL™") or
DBU (1.0x10* mol L") was measured by using a DIP 370 polar-
imeter (JASCO) at 20°C.
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