
Notes Bull. Korean Chem. Soc. 2001, Vol. 22, No. 3     327

Stereoselective Synthesis of trans-(2R,3S)- and 
cis-(2R,3R)-Disubstituted Pyrrolidines

Young-Ah Kim, Sang-Mi Oh, and So-Yeop Han*

Department of Chemistry and Division of Molecular Life Sciences, Ewha Womans University, Seoul 120-750, Korea
Received January 5, 2001

Keywords : Pyrrolidines, D-Serine, BOP-Cl, β-Oxo ester, β-Keto ester.

Pyrrolidines, the 5-membered aza-heterocycles, are known
to constitute major frameworks of alkaloids, which display
diverse and potent biological activities.1 Numerous strate-
gies for the synthesis of pyrrolidines have been developed
including 1,3-dipolar cycloaddition with azomethine ylide,2

nucleophilic opening of aziridine,3 internal displacement in
aminocarbohydrate,4 intramolecular cyclization involving
radical,5 acylnitrilium ion,6 β-oxo ester7 and organometallic
complex.8 Synthesis of 2,3-disubstituted pyrrolidines attracts
much interest because they carry a basic nitrogen atom and a
diol that potentially allow extension of the side chain or ring
closure. We wish to report herein that trans-(2R,3S)- and cis-
(2R,3R)-disubstituted pyrrolidines could be efficiently syn-
thesized from D-serine by use of an appropriate coupling
reagent. 

trans-(2R,3S)-Disubstituted pyrrolidine was prepared as
outlined in Scheme 1 and Scheme 2. D-Serine was treated
with di-tert-butyl dicarbonate and tert-butyldimethylsilyl
chloride sequentially to afforded compound 2 in a quantita-
tive yield. Monosilylation on the hydroxyl group was
achieved while the carboxylic acid was intact, and thus the
cleavage of silyl ester was not necessary as previously
reported.7 This may be due to the enhanced nucleophilicity
of hydroxyl oxygen by hydrogen bonding with DMF. β-
Keto ester 3 was obtained by careful treatment of acid 2 with
1,1′-carbonyldiimidazole followed by ethyl lithioacetate in
61% yield. After reduction of β-keto ester with KBH4 in eth-
anol,9 the resulting diastereomeric mixture was protected to
silyl ether 4 without separation. The 5-membered aza-hetero-
cycle formation reaction was challenging to us. Since selec-
tive removal of the Boc group under various conditions was
difficult, both Boc and the silyl group on the primary alcohol
were removed using B-bromocatechol borane to afford 5
which was cyclized to 6 in ammonia-saturated methanol.
The 2,3-disubstituted pyrrolidinone 7 was obtained after
reprotection of compound 6 in low yield.

A much better approach toward intramolecular lactamiza-
tion was studied as shown in Scheme 2. Hydrolysis of com-
pound 4 was carried out using lithium hydroxide in aqueous
ethanol. Intramolecular cyclization of the resulting acid with
Boc-protected amine to form the five-membered lactam was
first attempted with DPPA without success. The cyclization

was achieved by using BOP-Cl as the coupling reagent to
afford compounds 7a and 7b in a combined yield of 69%.
These two diastereomers were chromatographically separa-
ble and the desired trans isomer 7a was obtained as the
major product (trans: cis= 3 : 1). The 1H NMR analysis
performed on the minor diastereomer 7b permitted the
assignment of the relative configuration of the stereocenter
created, corresponding to the cis relationship of compound
7b.7a Coupling constant (JC2H-C3H) determined by the 1H
NMR decoupling experiment for the trans isomer 7a is
almost 0 Hz whereas the cis isomer 7b is 8.0 Hz. Borane
reduction of the trans isomer 7a to afford compound 8a
required shorter reaction period and lower temperature com-
pared with the cis isomer 7b to afford compound 8b. Thus,
the two diastereomers 8a and 8b were synthesized in eight
steps from D-serine. 

The synthetic route of cis-(2R,3R)-disubstituted pyrroli-
dine is shown in Scheme 3. This compound was prepared by
using a modified procedure of Jouin and Joullié.7 Conver-
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Scheme 1. (a) (Boc)2O, NaOH, H2O, 18 h; (b) TBDMS-Cl,
imidazole, DMF, 18 h; (c) (1) 1,1'-carbonyldiimidazole, THF, 0 oC,
1.5 h; (2) LDA, EtOAc, THF, -78 oC, 61% from 2; (d) KBH4,
EtOH, 2.5 h, 98%; (e) TBDMS-OTf, 2,6-lutidine, CH2Cl2, 0 oC, 10
min, 95%; (f) B-bromocatechol borane, CH2Cl2, 30 min; (g) dry
NH3/MeOH, 30 min, two steps 71%; (h) TBDMS-OTf, 2,6-
lutidine, CH2Cl2, 0 oC, 10 min, 57%; (i) (Boc)2O, DMAP, NEt3,
CH2Cl2, 30 min, 40%.
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sion of compound 2 to the β-oxo ester 9 with less expensive
BOP-Cl instead of isopropenyl chloroformate as the car-
boxyl activator required considerable experimentation. It is
noteworthy to mention that the pre-activation of the acid 2
with BOP-Cl or longer reaction time caused appreciable
racemization. The best result for the coupling reaction
toward compound 9 was obtained under the condition using
1.2 equiv. of BOP-Cl, 1.2 equiv. of Meldrum’s acid, 2.0
equiv. of Et3N and 2.0 equiv. of DMAP for 3 h at 0 oC under
argon atmosphere. Intramolecular cyclization to compound
10 at reflux followed by NaBH4 reduction at the least hin-
dered site produced optically pure 11 in 53% overall yield
from D-serine. The cis-disposition of compound 11 as the
single diastereomer was determined by the value of the 1H
NMR coupling constant (JC2H-C3H= 8.0 Hz, decoupling ex-
periment) as well as the optical rotation value.7a Thus, the
synthesis of pyrrolidinone 11 was carried out without purifi-
cation of intermediates in a 5-step sequence from D-serine.
Compound 11 was easily transformed to either disilylated
pyrrolidinone 7b or cis-(2R,3R)-disilylated pyrrolidine 8b.
The obscure splitting pattern in the 1H NMR spectrum of
compound 8b implies the interconversion of cis-trans amide
rotamers.10 Therefore, we were able to optimize the reaction
condition7 utilizing readily available BOP-Cl as the coupling
reagent. The products 7b and 8b provided the same physical

properties with the minor products produced by β-keto ester
pathway as shown in Scheme 2. From this result, we could
confirm the stereochemistry of the major products to be
trans-(2R,3S)-disubstituted pyrrolidines 7a and 8a in
Scheme 2. 

In conclusion, we were able to find the suitable conditions
to synthesize trans-(2R,3S)- and cis-(2R,3R)-disubstituted
pyrrolidines from D-serine which served as a chiral tem-
plate. The pathway utilizing β-keto ester 3 afforded trans-
(2R,3S)-disubstituted pyrrolidine 8a as the major product in
eight steps from D-serine and 17% overall yield and cis-
(2R,3R)-disubstituted pyrrolidine 8b as the minor product in
6% yield. The pathway utilizing β-oxo ester 9 resulted in cis-
(2R,3R)-disubstituted pyrrolidine 8b as a single diastereo-
mer in seven steps and overall 44% yield. In both strategies
utilizing β-keto ester and β-oxo ester, and BOP-Cl served as
the common coupling reagent. These two diastereomers as
well as synthetic intermediates were characterized by 1H-
and 13C-NMR, IR, HRMS and/or elemental analysis.11 There
2,3-disubstituted pyrrolidines could be widely applicable to
the synthesis of natural products as their chiral intermedi-
ates.
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Scheme 2. (a) LiOH·H2O, H2O/EtOH, 4 h, 70%; (b) BOP-Cl,
DMAP, NEt3, CH2Cl2, 0 oC, 6 h, 69%; (c) BH3·SMe2, THF, 65-70
oC, 10 min, 83%; (d) BH3·SMe2, THF, 70-75 oC, 30 min, 90%.

Scheme 3. (a) BOP-Cl, Meldrum’s acid, DMAP, NEt3, CH2Cl2, 0
oC, 3 h; (b) EtOAc reflux, 90-95 oC, 1.5 h; (c) NaBH4, CH2Cl2, 0
oC, 5 h, overall 53% from 1; (d) TBDMS-OTf, 2,6-lutidine,
CH2Cl2, 0 oC, 10 min, 73%; (e) (1) BH3·SMe2, THF, 80 oC, 3 h,
88%; (2) TBDMS-OTf, 2,6-lutidine, CH2Cl2, 0 oC, 10 min, 94%.
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11. The spectral and analytical data of representative com-
pounds are shown as follows. 3: [α]25

D = -31 (c 0.84,
CHCl3); 1H NMR (250 MHz, CDCl3) δ 0.02 (6H, s), 0.84
(9H, s), 1.25 (3H, t), 1.42 (9H, s), 3.57 (2H, d), 3.79 (1H,
dd, J1 = 4.4 Hz, J2 = 10.4 Hz), 4.05 (1H, dd, J1 = 3.1 Hz, J2

= 10.4 Hz), 4.17 (2H, q), 4.38 (1H, t), 5.41 (1H, d); 13C
NMR (63 MHz, CDCl3) δ -5.64, 14.06, 18.15, 25.73,
28.29, 47.12, 61.27, 61.39, 63.12, 80.08, 155.24, 166.74,
201.09; HRMS (EI) m/z calcd for C14H26NO5Si (M-
OCMe3) 316.1581, found 316.1580. 7a: mp 75-76 oC;
[α]25

D = -30 (c 0.98, CHCl3); 1H NMR (250 MHz, CDCl3)

δ 0.00 (6H, d, J = 4.0 Hz), 0.04 (6H, d, J = 1.4 Hz), 0.83
(18H, s), 1.50 (9H, s), 2.26 (1H, d, J = 17.6 Hz), 2.81 (1H,
dd, J1 = 17.6 Hz, J2 = 5.7 Hz), 3.75 (2H, m), 3.92 (1H, m),
4.25 (1H, d, J = 5.7 Hz); 13C NMR (63 MHz, CDCl3) δ
-5.66, -4.77, 17.91, 18.13, 25.64, 25.77, 28.03, 42.84,
62.07, 67.60, 68.75, 82.79, 150.06, 173.21; Anal. Calcd
for C22H45NO5Si2: C, 57.47; H, 9.87; N, 3.05; Found: C,
57.62; H, 9.98; N, 2.74. 8a: [α]25

D = -14 (c 0.69, CHCl3);
1H NMR (250 MHz, CDCl3) δ 0.01 (6H, s), 0.04 (6H, s),
0.84 (9H, s), 0.86 (9H, s), 1.43 (9H, s), 1.70 (1H, m), 1.96
(1H, m), 3.49 (5H, m), 4.34 (1H, m); 13C NMR (63 MHz,
CDCl3) δ -5.44, -4.73, 17.98, 18.19, 25.76, 25.86, 28.54,
31.91, 33.01, 44.71, 45.21, 61.81, 62.58, 67.60, 67.77,
73.54, 73.89, 78.88, 79.22, 154.74, 154.91 (signals from
rotamer shown in NMR); HRMS (CI) m/z calcd for
C22H48NO4Si2 (MH+) 446.3123, found 446.3121.


