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Chiral discrimination controlled by the solvent dielectric constant
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Abstract—Chiroselective molecular recognition accompanied by a change in configuration of a target substrate has been studied.
(RS)-a-Amino-ge-caprolactam 1 was used as the target substrate to be resolved while N-tosyl-(S)-phenylalanine 2 was used as the
chiral selector. The dielectric constant (¢) of the solvent was found to have a profound effect on the chiroselective molecular rec-
ognition. The specific chiral selector (S)-2 not only recognized both enantiomers (R)- and (S)-1 individually to be deposited as the
less-soluble salt from the different solvent but also controlled the configuration and diastereomeric excess of the less-soluble dia-
stereomeric salt by simple adjustment of the solvents dielectric constant. The chiroselective recognition mechanism was examined
based on the crystal structures of the salts, (S)-1:(S)-2-H,O and (R)-1:(S)-2, obtained from the resolution process.

© 2004 Elsevier Ltd. All rights reserved.

Diastereomeric salt formation using a resolving agent as
a chiral selector, is one of the most useful methods for
obtaining a target stereoisomer from its racemic mix-
ture.! Since it is generally accepted that a specific chiral
selector only acts on one of the stereoisomers and pro-
duces the less-soluble diastereomeric salt containing one
stereoisomer, the opposite stereoisomer must therefore
be recognized by the enantiomorph of the chiral selec-
tor. It seems that there is no way to change this one-to-
one situation from the viewpoint of general resolution
chemistry. However, we found a quite unusual pheno-
menon, which meant that we should reconsider this
common notion on chiral discrimination; the specific
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chiral selector not only recognized both enantiomers
individually, to be deposited as the less-soluble salt from
different solvents but also controlled their diastereo-
meric excess (% de) of the less-soluble diastereomeric
salt by simply altering the dielectric constant (¢) of the
solvent used.

During the development of a resolution process for
(RS)-a-amino-g-caprolactam 12 with N-tosyl-(S)-phenyl-
alanine 2, we found that the configuration of the excess
enantiomer in the less-soluble diastereomeric salt was
variable dependent on the ¢ of the solvent used* (Fig. 1).
Based on this finding, we developed a practical
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Table 1. Resolution of (RS)-1 with (S5)-2 in various solvents

Entry Solvent Dielectric Solvent Yield (%)° Diastereomer Absolute Resolution
constant (&) volume® [vs (RS)-1] (W/w) excess (% de) configuration efficiency (E)°
1 Chloroform 5 7 24 69 R 33
2 EDC 11 6 44 61 R 54
3 MIBK 13 45 63 41 R 52
4 2-PrOH 18 50 65 32 R 42
5 EtOH 24 32 70 7 R 10
6 89% 2-PrOH 25 11 60 29 R 35
7 85% 2-PrOH 27 10 55 22 R 24
8 90% EtOH 29 15 63 10 N 13
9 MeOH 33 10 32 93 S 60
10 81% EtOH 34 12 25 99 N 50
11 95% MeOH 35 16 16 92 N 29
12 DMF 37 27 28 90 S 50
13 74% EtOH 38 14 13 100 S 26
14 1,2-Ethandiol 39 43 38 99 N 75
15 DMSO 49 32 20 96 S 38
16 60% MeOH 51 11 10 95 S 19
17 55% MeOH 53 5 42 25 S 21
18 45% MeOH 58 8 49 3 N 3
19 30% EtOH 62 10 45 6 R 5
20 35% MeOH 63 6 16 13 R 4
21 10% MeOH 74 19 38 35 R 27
22 Water 78 18 31 28 R 17

#Solvent volume is the minimum volume to obtain clear solution at 50 °C except for a case using 74% EtOH.

®Yield is calculated based on a half amount of (RS)-1.

“Resolution efficiency (E, %) = yield (%) x diastereomeric excess (% de)x0.02.

continuous resolution process for (R)- and (S)-1 pro-
duction by diastereomeric salt formation using only one
naturally-based resolving agent (S)-2 via a simple solvent
switch method.>® However, the chiral discrimination
mechanism of this phenomenon has not yet been clari-
fied. In order to explain this mechanism, we investigated
a wide range of practical solvents with ¢ values between 5
and 78, including both aprotic and protic solvents (Table
1). The absolute configurations of the resolved molecule
changed sharply between ¢ values 27 and 29, and between
58 and 62. The resolution results were evaluated by the
resolution efficiency (E), which was calculated as the
product of the yield and diastereomer excess (% de) of
the salt obtained.” There proved to be a very interesting
correlation between the diastereomeric excess (% de) and
dielectric constant of the solvent used as shown in Figure
2. The salt mainly containing (S)-1 was obtained from
the solvents having a relatively middle range of ¢ between
29 and 58, whereas the salt mainly containing (R)-1was
obtained from the solvents with ¢ being lower than 27 or
higher than 62. The configuration of the less-soluble
diastereomeric salt crystallized in the resolution system
depended on the ¢ of the solvent used. Elemental analysis
revealed that the salts obtained from the solvent with ¢
between 29 and 58 contained one water molecule of
crystallization per one salt. The salts obtained from the
solvent with ¢ being lower than 27 or higher than 62,
however, did not contain either water or solvent mole-
cules in the crystal.>® These results suggest that the water
molecule plays a very important role in the discrimina-
tion.

The crystal structures of the two salts, (S)-1-(S)-2-H,O
and (R)-1:(S)-2,* were carefully studied in order to

ascertain the function of the water molecule during
crystallization and the discrimination process. A part of
the crystal structure of (S)-1:(S)-2:H,O is shown in
Figure 3a. The water molecules are located between the
layers of (S)-2 and (S)-1 molecules. The water molecule
plays a role to bridge (.S)-2 molecules and affords a space
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Figure 2. Relationship between the diastereomeric excess of the less-
soluble diastereomeric salt and dielectric constant (¢) of the solvent
used in the resolution.
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Figure 3. Crystal structures of the less-soluble diastereomeric salts: (a) (S)-1(S)-2-H,O salt; (b) (R)-1:(S)-2 salt.

preferentially recognized by (S)-1 molecule. On the
other hand in the crystal structure of (R)-1+(S)-2, (S)-2
molecules are not bridged by water molecules as shown
in Figure 3b. For (S)-2, the molecules pack together
exclusively by hydrophobic interactions between the
phenyl rings. Due to this different crystal field the (S)-2
molecules adopt different conformations from those in
the crystal of (S)-1:(S)-2-H,O. This different crystal field
should be more preferable for (R)-1 molecules to be
recognized. These crystal structures indicate that if the ¢
value of the applied solvent is in the medium range, (.S)-
2, (R)-1 and (S)-1 molecules can be separated apart
enough to accommodate a water molecule between them
in the solution. The water molecule then plays a key role
in making (S)-2 recognize (S)-1. If the ¢ value of the
solvent used is lower than 27, (S)-2, (R)-1 and (S)-1
molecules should closely approach, meaning a water
molecule cannot be accommodated between 1 and 2
molecules. Under these conditions the molecular rec-
ognition should be preferable for (S)-2 and (R)-1 mol-
ecules. Although suitable single crystals from a solvent
with a higher ¢ value than 62 have not been obtained,
elemental analysis confirmed only the anhydrous crystal
can be obtained under these conditions. It can be
assumed that in solvents with the high ¢ values, the
interactions between (S)-2 molecules are governed by
hydrophobic interactions between phenyl groups in a
similar fashion as observed in low ¢ solvents. Therefore
under high & conditions, specific interactions between
(S)-2 and (R)-1 should be favourable. The present
results unequivocally demonstrate that the dielectric
constant of the solvent employed in the resolution sig-
nificantly affects the molecular discrimination process by
controlling the molecular interactions involving the
solvent molecules such as water.

Phenomena indicating chirality change by solvent used
have been reported by Nohira et al. for the resolution of
racemic phenylethylamine analogue (1-phenyl-2-(p-
tolyl)ethylamine)® and benzothiazepin derivative (o-2-(p-
methoxyphenyl)-3-acetoxy-5-(pB-dimethylaminoethyl)-
2,3-dihydro-1,  5-benzothiazepin-4(5H)-one)'®  with
enantiopure mandelic acid as a resolving agent. To the
best of our knowledge, however, the significant role of a

dielectric constant of a solvent used in the resolution
process has not been demonstrated before.

In conclusion, we found a very useful phenomenon that
allowed us to control chiroselective molecular recogni-
tion in the resolution using only one chiral selector by
simply changing the solvent. This finding will provide us
with a new facile and effective resolution procedure,
which if general could revolutionize the industrial pro-
cess for isolating chiral molecules from racemic mix-
tures. In addition to its industrial significance, the
present finding has clearly shown that the dielectric
constant of the solvent can be used as one of the decisive
factors on the chiroselective molecular recognition.
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