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Synopsis. (£)-2- (Anilinomethyl)pyrrolidine, pre-
pared from (4)-5-oxopyrrolidine-2-carboxylic acid, was ef-
fectively resolved into a pair of the enantiomers by frac-
tional crystallization of its mandelic acid salt. Moreover,
the preferential crystallization of its p-hydroxybenzoic acid
salt was found to give both enantiomers in high optical pu-
rities by alternate seeding.

Optically active 2-(anilinomethyl)pyrrolidine is wide-
ly used as an effective chiral source for asymmetric in-
ductions.)) The diamine has been prepared from op-
tically active proline!® or glutamic acid? maintaining
the asymmetric center. The methods have a problem
in total yield, chemical purity and/or optical purity,
especially in the case of the preparation in a large
scale, since they involve multiple reaction steps or dras-
tic reaction conditions. In this paper, we wish to
report a convenient and practical method for the pre-
paration of a pair of the enantiomers of 2-(anilino-
methyl)pyrrolidine.

(£)-(Anilinomethyl)pyrrolidine ((%)-1) was easily
prepared by the reaction of commercially available
(%£)-5-oxopyrrolidine-2-carboxylic acid and aniline
according to the procedure in the literature, fol-
lowed by the reduction with LiAlH,. After several
examinations of a suitable resolving agent for the re-
solution of (=*)-1, it was found that the effective frac-
tional crystallization was achieved by utilizing optically
active mandelic acid (2) to give almost optically pure
(4)- and (—)-1 over 659, yields without recrystalliza-
tion. Moreover, the efficiency of the resolution was
found to unchange by reducing the amount of 2 to
0.8 equimolar amount because there is great difference
in the solubilities of the diastereomeric pair and 1 is
very soluble in the solvent used.

Next, to find out the derivative of 1 resolvable by
preferential crystallization which gives more conven-

iently both enantiomers, salts of 1 with achiral car-
boxylic acids such as acetic, cinnamic, phthalic, cis-
cyclohexanedicarboxylic, benzoic, p-nitrobenzoic, p-
chlorobenzoic, and p-hydroxybenzoic acids were pre-
pared. Among these salts, p-hydroxybenzoic acid salt
(3) was found to be deposited as conglomerate, which
can be resolved by preferential crystallization.

Actually, 1.73 g of (+)-3 was obtained in 949, op-
tical purity by seeding of optically pure (+4)-3 to the
supersaturated solution of (#)-3 and (%)-1-(=£)-lactic
acid salt, which is readily soluble in the solvent em-
ployed and plays as a kind of buffer to decrease the
concentration change of 2-(anilinomethyl)pyrrolidini-
um ion during the crystallization. Alternate seeding
of (—)- or (+)-3 to the supersaturated solution in a
similar magnitude gave (—)- or (4)-3 in 93—989,
optical purity. The initial part of the preferential
crystallization is shown in Table 1.

Experimental

Melting points were determined on a Laboratory Devices
Mel-Temp apparatus and are uncorrected. The values of
specific rotation were measured on a JASCO DIP-181 digital
polarimeter.

Materials. 5-Oxopyrrolidine-2-carboxanilide was pre-
pared in 829 yield from 0.5 ml of (4)-5-oxopyrrolidine-2-
carboxylic acid and 320 ml of aniline according to the meth-
od described in the literature,® and half the amount of aniline
used was able to be recovered after the reaction period.
The reaction of 0.36 mol of the anilide with 2.5 molar amounts
of LiAlH, in THF gave (#4)-1 in 899, vyield.

The optically pure diastereomeric salts ((+)-1-(4)-2 and
(—)-1-(—)-2) for seeds were prepared by the method de-
scribed below in one-fourth scale without seeding, follow-
ed by recrystallizations from 99%, methanol for three times:
mp 172—173°C; [«]i§; + and —185.0° (¢ 1.00, 999%
MeOH).

TaBLE 1. PREFERENTIAL CRYSTALLIZATION OF (#+)-3

+)-3 Added Cooling Yield i

Run (£)-3 Added Seed ———— = []ass®/° uOnp tl/c(;lb)

g Temp/°C  Time/min g purity/7

1 — (+) 6 120 1.73 +76.9 94
2 2.50 (=) 6 120 3.50 —76.4 93
3 4.00 (+) 6 60 4.50 +78.2 95
4 4.50 (=) 15 50 4.76 —77.8 95
5 4.50 (+) 15 50 4.38 +79.0 96
6 4.50 15 40 4.23 —79.4 97

(=)

a) ¢ 1.00, 999% MeOH. b) Based on [x]ys+or —82.0°
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Found: N, 8.64%; 8.53%.
8.539%,.

Racemic and optically active 3 were obtained in 83-—889%,
yields from equimolar amounts of p-hydroxybenzoic acid
and (£)-, (+)-, and (—)-1, respectively, followed by re-
crystallization from 959, ethanol.

Racemic form: mp 160—162 °C.

Found: N, 8.96%. Calcd for C;gH,,N,05: N, 8.91%,.

Optically active forms: mp 176—177 °C, [«]}$° + and
—82.0° (¢ 1.00, 99% MeOH).

Found: N, 9.00%, 8.829%.
8.919%,.

Fractional Crystallization of 1-2 Salt. To a gently re-
fluxing solution of (%)-1 (35.25 g, 0.200 mol) in 999, meth-
anol (300 ml) was added a solution of (+)-2 (24.32 g, 0.160
mol) in 999, methanol (100 ml) in a period of 15 min. The
solution was seeded with crystals of (+)-1-(4)-2 salt (50
mg), stood for 40 min at room temperature, and cooled
with an ice bath for 2.5 h. The precipitates appeared were
collected by filtration, washed with a small amount of 99%
methanol, and dried over P,O; to yield 23.74 g (72%) of
(+)-1-(+)-2 salt: mp 172.5—173.5°C; [«]}3:® +184.5°
(c 0.99, 999% MeOH). The suspension of the salt in ben-
zene (170 ml) was treated with 1 M NaOH solution (110
ml) to decompose the salt. After separation of the organic
layer, the aq. solution was extracted with benzene (2x 100
ml). The organic layer and the extracts were combined,
dried with K,CO,, and concentrated under reduced pres-
sure. Distillation of the oil remained gave 11.89g (67%
total yield) of (4-)-1: bp 134—135°C/80 Pa; [«]2, +4-19.3°
(¢ 0.98, abs. EtOH).

The minus enriched diamine recovered from the mother
liquor (21.70 g, 0.123 mol) in 99% methanol (200 ml) was
similarly reacted with (—)-2 (18.70 g, 0.123 mol) in 99%
methanol (100 ml), and the solution was seeded with (—)-1-
(—)-2 salt (50 mg) to give 25.54g (78%) of (—)-1-(—)-2
salt: mp 172—173 °C; [«]i3; —184.0° (¢ 0.96, 99% MeOH).
The similar treatment of the salt with 1 M NaOH solution
gave 12,66 g (72% total yield) of (—)-1: bp 133—134 °C/
80 Pa; [o]}8, —19.2° (¢ 1.07, abs. EtOH).

GLC analysis of the products, (+)- and (—)-1, gave
no peak other than one arising from 1. No rise of the spe-
cific rotations of (4)-1-(+)-2 and (—)-1-(—)-2 salts ([«]s5
+ and —185.0°) used as seeds was observed by recrystal-
lizations for more three times, and the specific rotations
at 589 nm in abs. ethanol of (4)- and (—)-1 liberated from
the salts were 4 and —19.3°, respectively, which were con-
sidered to be maximal values of the specific rotations. Based
on the data, the chemical and optical purities of (+)- and
(=)-1 obtained here were considered to be over 99%.

The resolving agents used, (+)- and (—)-2, were satis-
factorily recovered over 93% vyield without racemization

Caled for G, H,,N,O,;: N,

Calcd for C;gH,,N,O5: N,

NOTES

[Vol. 55, No. 7

from the corresponding aq. solution by acidification with
aq. HCI solution, followed by extraction with ether.

Preferential Crystallization of 3. A refluxed clear so-
lution of (+)-3 (11.62 g) and (=)-1-(=)-lactic acid (12.78
g) in 959, ethanol (60 ml) was allowed to cool at about
40 °C, seeded with (-+)-3 (20 mg), and stood for 2h at
around 6 °C. The precipitates appeared were collected by
filtration, washed with a small amount of 959, ethanol,
and dried over P,O; to give 1.73 g of (+)-3 (949% optical
purity). Successively, (+)-3 (2.50 g) was added to the fil-
trate and dissolved at an elevated temperature. The so-
lution was similarly cooled, seeded with (—)-3 (20 mg),
and stood at 6 °C for 2 h to yield 3.50 g of (—)-3 (939 op-
tical purity). The process was repeated in a similar manner
supplying 4.50 g of ()-3 in each run to give 4.0—4.8¢g
of optically active 3 in 93—989%, optical purity. The initial
six runs is shown in Table 1. The crystals having the same
sign of optical rotation were combined and recrystallized
from 959%, ethanol, giving almost optical pure (+)- or (—)-3
in 86—909%, yield. For examples, recrystallization of 10.30
g of (+)-3 (959 optical purity on the average) from 95%
ethanol (85 ml) gave almost optically pure (+4)-3: 9.02 g
(88%); [«]ils +81.7° (¢ 1.01, 99% MeOH); >99% op-
tical purity. Suspension of the salt in benzene (60 ml)
was treated with 3 M NaOH solution (120 ml). After sep-
aration of the organic layer, the aq solution was extracted
with benzene (2x50ml). The organic layer and the ex-
tracts were combined, dried with K,CO,, and concentrated
under reduced pressure. Bulb to bulb distillation of the
crude product gave 4.21 g (94%) of (+)-1: bp 150 °C (bath
temperature)/106 Pa; [«]if +19.2° (¢ 1.45, abs. EtOH);
>999% chemical and optical purities.

Similarly, recrystallization of 12.19g of (—)-3 (95% op-
tical purity on the average) gave almost optically pure (—)-
3: 10.56g (87%); [«xliad —81.8° (¢ 1.02, 99% MeOH).
Decomposition of the salt, followed by distillation gave 5.01
g (93%) of (—)-1: [als —19.3° (¢ 1.39, abs. EtOH);
>99%, chemical and optical purities.

The authors thank Yamakawa Chemical Industrial
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