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Enantiopure 1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole,
the starting material of indoline dyes, could be obtained from
the diastereomeric salt with N-tosyl-(R)-phenylglycine in ethanol.

Dye-sensitized solar cells (DSCs) have been extensively
investigated as potential candidates for renewable-energy sys-
tems.1 A number of organic dyes such as coumarin,2a oligothio-
phene,2b porphyrin,2c ethyldioxythiophenethienothiophene,2d

oligo(phenylenevinylene),2e phenoxazine,2f and indoline dyes
have been proposed as highly efficient sensitizers. In particular,
indoline dyes D149 and D205 shown in Figure 1 have attracted
much attention as highly efficient sensitizers.3a,3b

Indoline dyes have been synthesized from 1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole 1. Since compound 1 is prepared
as racemates, all the reported indoline dyes are racemates.
Racemic dyes can easily aggregate to decrease conversion
efficiency.4 We believe that optically active indoline dyes can
show improved performance compared to racemates. This
strategy might enable us to investigate the inherent performance
of these dyes, excluding the effects of additives such as
chenodeoxycholic acid.3b However, no method for preparing
enantiopure 1 has been reported so far.

We tried to accomplish the resolution via diastereomeric salt
formation, because this is simple and useful for obtaining
enantiopure compounds in large scale.

First, to find the most suitable resolving agent for racemic 1,
several acidic resolving agents such as L-tartaric acid, L-malic
acid, (R)-mandelic acid, dibenzoyl-L-tartaric acid, N-tosyl-(S)-
phenylalanine, and N-tosyl-(R)-phenylglycine ((R)-2) were
examined using ethanol as a solvent.5 The resolving agents
except for (R)-2 did not afford any crystals. Compound (R)-2
gave the best results (38.7% yield, 56.4% de (diastereomeric
excess), 43.7% resolution efficiency).6

Next, the resolution conditions of racemic 1 with (R)-2 were
optimized in various solvents by seeding pure (3aR,8bR)-1/(R)-2

salt or (3aS,8bS)-1/(R)-2 salt as shown in Figure 2.7 A typical
experimental procedure is as follows: To a 50mL flask were
added racemic 1 (0.8 g, 5.0mmol), (R)-2 (1.5 g, 5.0mmol), and
solvent (5mL), and the mixture was heated to 50 °C to give a
clear solution. Then the solution was cooled, seeded (0.5mg) at
40 °C, and gradually cooled to 20 °C. After aging this solution at
20 °C for 24 h, the resulting crystals were filtered off to afford 1/
(R)-2 diastereomeric salt. When crystallization was not observed,
the solution was cooled to ¹20 °C, aged at ¹20 °C for 24 h and
filtered to afford the salt. The results are summarized in Table 1.

We serendipitously found that the absolute configuration of 1
in the diastereomeric salt was controlled by the kind of seed.
In most solvents, when (3aS,8bS)-1/(R)-2 salt was seeded,
(3aS,8bS)-1/(R)-2 salt was obtained, and when (3aR,8bR)-1/(R)-
2 salt was seeded, (3aR,8bR)-1/(R)-2 salt was obtained. The
solubility of two types of diastereomeric salts in ethanol is
similar {(3aR,8bR)-1/(R)-2 salt: 11 g/100 g, (3aS,8bS)-1/(R)-2
salt: 8 g/100 g at 18 °C}. Therefore both the diastereomers could
be obtained from the same solution by seeding different kinds of
diastereomeric crystals. Furthermore, the diastereomeric excess
(de) of the salt depended on the dielectric constant of the solvent.
When the dielectric constant was in the range of 21 to 24, the
diastereomeric salt of (3aS,8bS)-1 was obtained with good de
(Entries 7 and 9). And the diastereomeric salt of (3aR,8bR)-1 was
obtained with good de when the dielectric constant was in the
range of 24 to 29 (Entries 6 and 8). In the solvents of higher
(>30) and lower (<20) dielectric constants, the diastereomeric
salts with lower de were obtained (Entries 1, 2, 11, and 12). When
the dielectric constant was larger than 28.5, the resolution
efficiency of (3aS,8bS)-1 salt was higher than that of (3aR,8bR)-1
salt (Entries 1­4). When the dielectric constant was smaller than
28.5, the resolution efficiency of (3aS,8bS)-1 was lower than that
of (3aR,8bR)-1 salt (Entries 7­12). Sakai et al. have reported that
the dielectric constant of the solvent employed in the resolution
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Figure 1. The structure of indoline dye.
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Figure 2. Resolution of racemic 1 with (R)-2.
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significantly affects the molecular discrimination process by
controlling the molecular interactions involving the solvent
molecules such as water.8 However, in our case, (3aR,8bR)-1 and
(3aS,8bS)-1 salts do not include any solvent molecules judging
from elemental analysis.6 It is suspected that the added seed could
determine the kind of produced diastereomeric salt.

The crystal structure of (3aR,8bR)-1/(R)-2 salt is shown in
Figure 3. The protonated amino moiety of (3aR,8bR)-1 forms
the salt with the carboxylate anion of (R)-2.9

Pure diastereomeric salts were easily obtained by recrystall-
izing the salts from ethanol. Then, the target enantiopure 1 was
obtained by neutralizing the pure diastereomeric salts in 80­90%
yield.

In conclusion, we have established a convenient and
efficient preparation of enantiopure 1,2,3,3a,4,8b-hexahydro-
cyclopenta[b]indole, the starting material of optically active
indoline dyes. The diastereomeric salts with N-tosyl-(R)-phenyl-
glycine were resolved in ethanol. The absolute configuration of
the diastereomeric salts were controlled by changing the
chirality of seed.
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Table 1. Resolution of racemic 1 with (R)-2 in various solvents with seeding

Entry Solvent
Dielectric
constanta

Seed
typeb

Filtration
temperature

/°Cc

Yield
/%d

de
/%e

Resolution
efficiency

/%f

Absolute
configurationg

1 MeOH 33.1 S ¹20 43.0 36.6 31.5 (3aS,8bS)
2 MeOH 33.1 R ¹20 53.4 9.0 9.6 (3aR,8bR)
3 MeOH/acetone = 9/1 31.9 S ¹20 40.5 53.2 43.1 (3aS,8bS)
4 MeOH/acetone = 9/1 31.9 R ¹20 42.6 26.3 22.4 (3aR,8bR)
5 MeOH/EtOH = 1/1 28.5 S ¹20 33.5 50.3 33.7 (3aS,8bS)
6 MeOH/EtOH = 1/1 28.5 R 20 18.5 95.1 35.2 (3aR,8bR)
7 EtOH 23.8 S 20 20.6 85.5 35.2 (3aS,8bS)
8 EtOH 23.8 R 20 34.8 74.6 51.9 (3aR,8bR)
9 Acetone 20.7 S ¹20 14.6 84.4 24.6 (3aS,8bS)

10 Acetone 20.7 R ¹20 22.3 59.7 26.6 (3aR,8bR)
11 i-PrOH 18.0 S 20 47.7 13.4 12.8 (3aR,8bR)
12 i-PrOH 18.0 R 20 52.5 14.3 15.0 (3aR,8bR)

aDielectric constant for a mixed solvent is the weighted average value calculated from those of pure solvents. bSeed types are as follows:
S = (3aS,8bS)-1/(R)-2 salt, R = (3aR,8bR)-1/(R)-2 salt. cThese temperatures were almost corresponded to the crystallization temperature.
dYield was calculated based on racemic 1. eDiastereomeric excess was determined by chiral HPLC using a CHIRALPAK AD-H column.
fResolution efficiency = yield (%) © de (%) © 0.02. gAbsolute configuration of the major enantiomer of 1 in a diastereomeric salt.
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Figure 3. Structure of (3aR,8bR)-1/(R)-2 salt (All hydrogen atoms
except that attached to nitrogen are omitted for clarity). Selected bond
distances and angles: O(1)£N(1) 2.705¡.
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