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Abstract—N, N-Diisopropylcarbamoylisatin showed polymorphism and was crystallized into two different space groups, chiral
P2,2,2, and racemic P2,/c from the solvent; the polymorphism could be controlled by crystallization from the melt using the

difference of melting points.
© 2005 Elsevier Ltd. All rights reserved.

Spontaneous chiral crystallization is one of the most
attractive phenomena because achiral molecules are
doped in molecular chirality or chiral arrangement in
the crystals without any outside chiral source.! Optically
active molecules must crystallize into chiral space
groups, but nonchiral molecules may crystallize into
either a nonchiral or a chiral space group.>? However,
the crystallization of achiral molecules in the chiral
space groups is rare and unpredictable. If the molecular
arrangement can be controlled by crystallization, chiral
crystallization will be extended to a variety of new sys-
tems such that it can now be regarded as an important
branch of organic chemistry.> Now we have found that
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N,N-diisopropylcarbamoylisatin 1 showed polymor-
phism and it could be controlled by temperature-con-
trolled crystallization (Fig. 1).

N,N-Diisopropylcarbamoylisatin 1 was conveniently
prepared by condensation reaction of commercially
available isatin with diisopropylcarbamoyl chloride in
the presence of triethylamine. When the yellowish solid
was recrystallized from a mixed solvent of CHCI; and
hexane, two types of crystals, one orange cubes and
the other yellow needles, were obtained. Each crystal
was subjected to X-ray single crystal structural analysis,
and it was revealed that they aggregated in two different
fashions. The space group of the cubic crystal was a
P2,2,2; system and was composed of one enantiomer
(Fig. 2),* and that of the needle crystal was racemic
P2,/c which included both enantiomers in the crystal lat-
tice (Fig. 3).> Furthermore, Figure 3 also shows that the
racemic crystal was composed of two rotamers.

The X-ray structural analysis also indicated that the
cubic and needle types tend to have almost the same
molecular structure except the torsion angles between
the isatin and amide groups. Comparing the torsion
angles of the carbamoyl moiety of these conformations,
remarkably, the cubic chiral crystal (torsion angle w for
CI1-N1-C2-0O1: 81.2°) was considerably bigger than
that of the needle crystal (w; for C1I-N1-C2-O1: 57.2°
and w, for C1'-N1-C2’-01’: 62.9°).
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Figure 2. Ortep view of orange cubic crystal. The space group is
P2,2,2, (torsion angle w for C1-N1-C2-O1: 81.2°).

Figure 3. Ortep view of yellow needle crystal. The space group is
racemic P2,/c. This crystal was composed of two rotamers, the torsion
angle (w; for CI-N1-C2-Ol1: 57.2° and w, for C1’'-N1'-C2'-O1":
62.9°).

The bond rotation between the isatin ring and the amide
carbonyl group corresponds to racemization of 1, and
the rate is considerably affected by the substituent of
the amide group (Scheme 1). For example, naphth-
amides with a bulky group such as N,N-diisopropyl
amide group have stable axial chirality,® which is
utilized in many asymmetric synthetic methods.”

Activation-free energies for racemization of 1 were stud-
ied by the use of VI NMR spectroscopy® (Fig. 4).
Figure 4e shows the NMR spectrum at —20 °C where
we can estimate the difference in the chemical shift be-
tween two diastereotopic CH3 groups of the isopropyl
moiety at the slow-exchange limit. According to a rise
in temperature, the coalescence temperature 7, of the
signals was determined to be 5 °C (Fig. 4a). From these
facts, the barrier to interconversion of the enantiomers
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Figure 4. VT NMR spectroscopy of 1.

in toluene-ds was 60.1 kJ mol™!, corresponding to a
half-life for racemization of 0.01 s at 5 °C. These facts
indicate that the enantiomerization occurs too fast so
that the resolution of the enantiomers is not possible.

When 1 was recrystallized from a mixed solvent of
CHCls-hexane, both types of crystals, orange cubes
and yellow needles, were formed in the batch in the
ratio of cubic/needle = 3/7 (crystals were separated with
tweezers). Figure 5 shows the CD spectra of 1 in the
solid-state (KBr method).” Figure 5a exhibits the CD
spectrum of cubic (+)-crystal, and Figure 5b shows that
of cubic (—)-crystal. Both enantiomorphic crystals
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Figure 5. CD spectra of 1 in the solid-state (KBr method). (a) CD
spectrum of cubic (+)-crystal. (b) CD spectrum of cubic (+)-crystal. (c)
CD spectrum of needle racemic crystal.
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exhibit strong Cotton effects with mirror images in the
region from 400 nm to 500 nm. On the other hand, as
a matter of course, needle racemic crystal did not show
a Cotton effect as shown in Figure Sc.

We tried recrystallization from various kinds of solvents
such as ether, THF, AcOEt, hexane, CHCls, benzene,
toluene, MeCN and combination of solvents; however,
racemic yellow needle crystals were mainly obtained
with a minor amount of chiral crystals. We were not
able to obtain chiral crystals selectively by recrystalliza-
tion from the solution, even if the chiral crystals were
added as seed crystals among recrystallization.

Next, we tried crystallization from the melt to obtain
chiral crystals selectively by using the difference in the
melting point between two types of crystals.!® Chiral
cubic crystals exhibited higher melting points of 166—
168 °C than that of racemic needle crystals at 153—
155 °C. The selective crystallization was achieved from
the melt without any solvent. The needle crystals were
melted completely at 180 °C above the melting point;
decomposition of 1 was not observed under these condi-
tions. Then, the melted isatin was gradually cooled
down to the melting point of chiral crystals (166 °C)
with stirring. The seed chiral crystal, which was obtained
by usual recrystallization from chloroform-hexane, was
added and chiral crystals were multiplicated at 163 °C.
The seed crystal makes all the crystals in the batch turn
out to have the same optical rotation. We were able to
selectively obtain a large amount of the desired enantio-
morphic crystals by seeding the desired crystals through
crystallization.

Figure 6 shows the CD spectra of (a) racemic crystals
and (b) the solid crystallized from the melt at 166-
163 °C. It was shown that racemic crystals were
selectively converted to optically active crystals only
by crystallization; the same Cotton effect of (—)-crystal
was observed at 400-500 nm as the single cubic crystal
(Fig. 6b and Fig. 5b). When (+)-crystal was used as a
seed, we could obtain a bulk of enantiomorphic crystals.
Polymorphism could be controlled by crystallization
using the difference in melting points.

In conclusion, we have found that N,N-di-
isopropylcarbamoylisatin 1 showed polymorphism and
was crystallized into two different space groups, chiral
P2,2,2; and racemic P2/c, from the solvent. Further-
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Figure 6. CD spectra of 1 in the solid-state (KBr method). (a) CD
spectrum of needle racemic crystal. (b) CD spectrum of recrystallized
solid at 166-163 °C.

more, polymorphism could be controlled by crystalliza-
tion from the melt, and the chiral crystals could be
selectively obtained as bulk by the seeding method.
These results provided not only new insight into sponta-
neous chiral crystallization but also the possibility of
asymmetric synthesis of nitrogen-containing heterocy-
cles because it is well known that isatin derivatives show
various biological activities and are also an important
synthetic precursor of many naturally occurring
alkaloids.'!
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