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Direct Reductive Cyanation of A 2-Pyrrolidinone Chiral Building Block
Bearing An Unprotected Hydroxyl Group: A Stereoselective
Synthesis of N-Methyl-2-epi-bulgecinine
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Abstract The direct reductive cyanation of N-benzyl-4-benzyloxy-5-hydroxymethyl-2-pyrrolidinone (3a), a lactam bearing a
free hydroxyl group, has been achieved with the LiAIH4/KCN combination. The reaction afforded 2,5-trans-2-cyano-5-
hydroxylmethyl-4-benzyloxy-pyrrolidine (5a) and its cis-diastereomer Sb in a ratio of 69 : 31 with a combined yield of 63%.
The observed 2,5-trans-stereoselectivity is suggested to be resulted from both stereoelectronic effect and allylic 1,3-strain be-
tween the hydroxymethyl group at C(5) and the incoming cyanide anion on the presumed A-1 pyrrolinium ion intermediate.
The subsequent hydrolysis of the cyano group of the diastereomeric mixture 5a/5b (trans : cis=69 . 31) under basic condi-
tions afforded the corresponding 5-hydroxymethyl-4-benzyloxyproline with 2,5-cis-diastereomer as the major diastereomer
(trans : cis=10 : 90). This result implies that a synthetically useful epimerization at C(2) has occurred concomitantly. This
unexpected result afforded a concise and highly stereoselective synthesis of 2,5-cis-(—)-N-methyl-2-epi-bulgecinine.
Keywords amides; nitriles; iminium ion; stereoselective synthesis; epimerization
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Figure 2 Structures of the chiral building blocks discussed in
this paper and those of bulgecins

PATEAT T =40 N B 3a b R EEA AL 6 11
A5, BRER a I T Fowler M H A1 2 P8R8 1) Py BE A%
BRI 5 BT, OISR AR IR SRk, %
2% b 2RI Dote VK 1) Fischer UG R &AM
8, 6 FHE T NHEIREL. BREL ¢ £ VI B AL G {H I E
P S N e M T e B S R B Ak 5 10 o 3 Y Scheme
.

BnO,

OBn |

a/? \
COOH == o_.. 21& o Zl
oH E'm
\ 8
BnO A 3a

“"'Z—B‘CN

Y
OH Bn
5

HQ,

HO

mIZ;j/

Bz 1 (—)-Bulgecinine (6)f13% & /4T
Scheme 1 Retrosynthetic analysis of (—)-bulgecinine (6)
FATE SR A S0 55 58 A HR TE S TR & eIk 1
HAL Ay 3a BTG5 [ BIPIHR E SAK T 90% 01 9 IR ZK
REHEAT AL, 4 S R AR 0.1 moleL ™" 4 i 5
0.2 mol-L ', [AFHE 4-— FHZ LML NE(DMAP) I F & A
0.005 mol%3MF 0.5 mol%, [N 4E%E %] 12 h,
M= 28 A 74%H2 = 5] 94%. IXAF, 1 5:40H 3a 65~

Chin. J. Org. Chem. 2017, 37, 1189~1197



Chinese Journal of Organic Chemistry

ARTICLE

KRILFEH 75.6% (Scheme 2).
BnQ BnQ,
CHaMgl Ac,0, Pyr., CHyCl,
1 ———> HC M A i N
95% O DMAP, reflux (o)
° Ho N N

! 94% (this work)

Bn |I3n
® BnQ, 10
BnQ, .
mCPBA Et;SiH, BF3 -OEt, Z—\A\
91% Me%o CH,Cly, -78°C ~rt. | N7 O
How/ N 93% OH L
" Bn 3a

(trans : cis=82:18)

B2 TG 3a ik R4k
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Scheme 3 Unsuccessful transformations of chiral building

block 3a
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(Eq. 1).
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AR sz = ORI 2004 AEARIE Ik 3-35 FE-2-MHE % J i
LiAIH/KCN 14 % T\JE%L%@G. XK= E R SR R A
TR YR I 24 RIEAT 3a IR IR R
toisy, RILEBATFYIER, B RHE, JAF 3%, HiR
BRI R TR (56%). JEI A8 NI, SR N R
5], IR JEF LiAIH, &, SR EER RN
RER ). TERAEIET, LL63%M =543 28 R F L
F=¥) Sa A1 Sb. F @R IR A 4T HPLC 43 #r
e N 69 & B[t AF . ik 4 Shim-Pack VP-ODS
(150 mm X 4.6 mm), %MK V(CH;CN)/V(H,0) =
55/45, JiE# N 1.0 mL/min, 2=254 nm, #,(5a)=7.6 min,
t,(5b)=8.1 min].
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Table 1 Screening of reaction conditions for the direct reductive

cyanation of 3a
BnQ, s BnQ,
LiAH,
RC s,
0 KCN. " SN7 YCN 1" SN7 CN
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63%  OH | OH |
Bn
3a 5a 5b
(69 :31)
e mme DAY g e, P
uiv. K %
1 —35 1.5 20 min 3 56
2 —15 1.5 1h 31 6
3 —15 1.5 3h 33 2
4 —17 1.5 3h 38 16
5 —18 1.5 3h 38 25
6 —19 1.5 3h 39 37
7 —20 1.5 3h 49 22
8 —20 4 4h 63 0
IrETER

R 1 AL (DIRERK(—35 O, RMETE,
NI (AR, U8R o TR R 4y, FRRARMK. (2)7E
—15 C N RBIER, (HA5 NI (A A, A 35 45 J5 ok
Pl A FEAK S NI T B AT A 446 K38 0y BRI AL, (H 77 R
WARAN . B)ME—20 °C NI B [ B FE 4%, 4 LA
R SR, AP o FORH A PR, PR
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Figure 4 NOESY spectrum (in part) of compound 5a
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Scheme 4 Terashima and Tanaka’s stereoselective addition
reactions of cyanide anion to iminium ion intermediates
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Figure 5 Single crystal X-ray diffraction structure of compound
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key COSY correlations Key NOESY correlations

w: weak
s: strong

w: weak
16a s: strong 16a

B 6 WiEiha® 16a CQMAL RSN 'H-"H COSY #

NOESY i f i SCHEAT 5C K &

Scheme 6 Key correlations shown in '"H-'"H COSY and NOESY
spectra for the assignment of stereochemistry at C(2) of com-
pound 16a

22 YR E L5 AR B 2,5- 20 KR 16b 75 H R,
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A=) 17 (N-H 2E-2-5-bulgecinine). KT IX—x
R ERATLE T S EREPT. IE R IX — AR, A
RIET —Mmd. A B R No-% %5 A4k-
N-BedEAb 7775, i ke k70t .

2 i

MR T RS R 3a AR, e T HE R
T JEFREAL A, BRI, SRR REENEE
J¥e ) LRI R R A IR e R A1, HAEAEDS
Pk e) . AR VK RE A R0RE S 05 A4k, T HLEUS 5 A O
RFIFER) 1L3-ARFRTE TR, R R P&,
GG CHE RS 5-HURER 4,5- ZHUR-2- ik s ot
P 5 D57 AN B ST AR 2 R, A S AA 2 R R T
Wi, T o-BIZEEH B ITAAAE TVF 2 4 ANE TR AR
PR, Rk, AR E S F BTSSR E
X i R R R K 22 ) S R A SR AL T e S A i
PR R 2,505 (+)-N-H 2 -2-531-bulgecinine (17)1)
BROTE. G 17 FBEAW 2,4-x AL 2,5- 00744
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WEERFE S ) — RARFF PR IR 3-F0k-5- F k- T 2R
—HOL JEAL, JEIEXT 16b [RIRLRR AL SR 2T R R
FLRIRIE TS, KB T —A> “ath” B LARE bk A ik i
KPS, O- 2% B A0 -N-Joe J A [ R

3 SLIEES
3.1 UES5HF

#ie 6 Perkin-Elmer 341 BHRGAXNE; IR
SR FERE F Bruker A Avancell-400 B R LR
(400 MHz/100 MHz)ill €, 142=00# PA MelSi NN bR, 21
AP B i Nicolet Avatar 360 %! FT-IR 52 (KBr 5 F);
JFHE B Bruker /A & A Dalton ESquire 3000 plus LC-MS
ME; B 5% B Finnigan 23 & Mat-LCQ B4 J5i 1% 43 i
5E; JLERHTH Vario RL BUCER A HACIE; 44
Yanaco MP-500 4% f A3 58 Gl & AR IE). AR iR
F 300~400 B FER (I G 1L AR FT KA TR 2~ a]); Bellit
FIRH R R 60~90 “C A7k, At HAh i 7)1
FA bR 7 v 4l e A .
3.2 LWHE
3.2.1 (4S,5R)-N--F % -4-F £ K -5-F A 7 AL -2-
&L R (12) 89 A A&,

¥ 3a (50 mg, 0.16 mmol)iA T VU S LI (0.60 mL)H,
RIGAE—20 CRIERPZEEMA NaH (7.7 mg, 53-HL
FER i Th A& 60%, 0.19 mmol)ff) I 5k (0.80 mL)
W, 7E—20 CR4k&A+E 30 min, FRfERBIA RS
B\ BnBr (0.03 mL, 0.24 mmol)Jf-7E iR B R i HE 25 h,
SRS A Z I N LR A B TR, TR IR RS, &
TR OB 2L, A IFA MM, A& ShK sk, oK
BN T 1, U8, WO R AE. KL Wl i R A A 2 BT
[(MZFRZT8) © V(AmEh) =1 : 210 B4tk 52 mg 1
CHLIRYD 12, 773 81%. [a]® +27.9 (¢ 1.16, CHCLy); 'H
NMR (400 MHz, CDCly) d: 2.50 (dd, J=1.9, 17.3 Hz, 1H,
H-3), 2.80 (dd, J=6.6, 17.3 Hz, 1H, H-3), 3.38 (dd, J=
4.1, 10.1 Hz, 1H, H-6), 3.42 (dd, J=3.6, 10.1 Hz, 1H, H-6,
overlapped with another H-6), 3.61 (ddd, J=1.6, 3.6, 4.1
Hz, 1H, H-5), 4.05 (d, J=15.6 Hz, 1H, NCH,Ph), 4.08
(ddd, J=1.7, 1.9, 6.6 Hz, 1H, H-4), 4.33 (d, J=12.0 Hz,
1H, OCH,Ph), 4.38 (d, J=12.0 Hz, 1H, OCH,Ph), 4.40 (d,
J=11.8 Hz, 1H, OCH,Ph), 446 (d, J=11.8 Hz, 1H,
OCH,Ph), 4.92 (d, J=15.6 Hz, 1H, NCH,Ph), 7.18~7.37
(m, 15H, ArH); *C NMR (100 MHz, CDCl;) §: 37.7, 44.3,
63.3, 67.8, 70.5, 73.2, 74.5, 127.3, 127.49, 127.50, 127.7,
127.8, 128.3, 128.4, 128.5, 136.4, 137.43, 137.44, 173.3;
IR (film) v: 3088, 3062, 3029, 2860, 1691, 1495, 1453,
1355, 1304, 1258, 1095, 1067, 1027 cm'; MS (ESI) m/z:

1194 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

424 (M+Na)+. Anal. calcd for CysH,;NOs: C 77.78, H
6.78, N 3.49; found C 77.77, H 6.30, N 3.51.

322 (4S,5R)-N-"F #-4- K -5-% F 3 2-ab ek Iz BR
(13) 89 4 A&,

# 3a (953 mg, 3.06 mmol)f] 95%Z. ¥ (31 mL)VA
510% Pd/C (974 me)iRA 5, RPAA R B AETRN,
FIRN 24 h JEREREE L JERRADER, EWEE IR .
FL = Wl i i A B AT (LR B8 ¢ V(A ) =
15 ¢ 115 B 4ibfd 553 mg LEMEARMLEY) 13, =X
82%. [a]® +29.2 (¢ 1.01, CHCl;); '"H NMR (400 MHz,
CDCLy) &: 2.29 (dd, J=2.2, 17.4 Hz, 1H, H-3), 2.77 (dd,
J=6.6, 17.4 Hz, 1H, H-3), 3.30~3.40 (m, 1H, H-5),
3.51~3.62 (m, 2H, H-6), 3.76 (dd, J=5.2, 6.2 Hz, 1H,
OH, D,0 exchangeable), 3.95 (d, /=4.0 Hz, 1H, OH, D,0
exchangeable), 4.06 (d, J=15.3 Hz, 1H, NCH,Ph), 4.28~
434 (m, 1H, H-4), 4.85 (d, J=15.3 Hz, 1H, NCH,Ph),
7.18~7.31 (m, 5H, ArH); *C NMR (100 MHz, CDCl;) ¢:
40.7,44.3,59.7, 67.5, 67.9, 127.7 (3C), 128.8 (2C), 135.9,
174.5; IR (film) v: 3373, 2926, 1665, 1451, 1357, 1296,
1253, 1167, 1079 cm'; MS (ESI) m/z: 244 (M+Na™).
3.2.3  N-FH-1H-2-wk& F BE(15)49 4%

£ 30 ‘CFIA 3a (94 mg, 0.30 mmol) USRIk
(0.60 mL)EW 18 mA — 55 T H 44k (DIBAL-H)
(1 moleL™" IF S BE¥A ¥, 0.60 mL, 0.60 mmol). Zk4E
30 min &5, FHEZE—15 C, MAFEE0.30 mL), Fij51E
1 min Z I KCN (78 mg, 1.2 mmol)f)/Ki&7(0.30
mL). FrEFE, BIZIRE 1 h 5, IR LERATK.
KA 18 ZBE2EE(5 mL X 3). & AN, FIMAE
EROKBEEE, TOKBBRTR, I8, BUERYE. MY
B EERAE RN V(LR BR) - VOAHE) =1 : 9175
aifh /3 33 mg FE A 15, 7% 34%. mp. 59~61 C
(EtOAC/PE); 'H NMR (400 MHz, CDCls) d: 1.38 (s, 1H,
OH, D,O exchangeable), 4.50 (s, 2H, NCH,Ph), 5.20 (s,
2H, H-6), 6.12 (dd, J=2.6, 3.5 Hz, 1H, H-4), 6.17 (dd, J=
1.8, 3.5 Hz, 1H, H-3), 6.71 (dd, J=1.8, 2.6 Hz, 1H, H-5),
7.03~7.10 (m, 2H, ArH), 7.22~7.35 (m, 3H, ArH); "*C
NMR (100 MHz, CDCl5) d 50.5, 56.8, 107.3, 109.4, 123.3,
126.5, 127.5, 128.7, 131.8, 138.3; IR (film) v: 3369, 3088,
3059, 3029, 2919, 2849, 2370, 2345, 1599, 1495, 1453,
1357, 1300, 1072 cm™'; MS (ESI) m/z: 210 (M+Na)*;
HRMS calcd for C;,H;3NO 187.0992, found 187.0999.
324 (254S,5R)-2-f A -N-FH4-FAKL-5-2F L
L e& b7 (5a) A= (2R,4S8,5R)-2- FUE -N-F K -4-F & A -5-
# 7 A on& 4%, (5b) 89 A A&,

E—20 CFIA 3a (47 mg, 0.15 mmol)f PY 5k
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(0.30 mL)¥% ¥R 2218 in N S AL 45 (LAH) (22.8 mg,
0.60 mmol) I VU EFRIR(0.8 mL)& M. M 3 h/JE, 2%
BN ZE£(0.20 mL). #RJEIRE I KCN (39 mg, 0.60
mmol) 7K (0.15 mL). ZZEFE =R, BIZUEE 1
h. RJEIMAN S8 LB AK. KA 8 2B AL
mL X 3). &IEHENAH, FAmME K, KRR
T, ok uE, wORWRAE. Y E R AR E T (LR
LR L VCRMER)=1 : 617 B 41043 31 mg B PR
S5afl15b (5a : 5b=069 : 31), F=% N 63%. HAEXT B
Rt E it HPLC 43 B ff 2, 4 B 6/ Shim-Pack
VP-ODS (150 mm X 4.6 mm) [V(CH;CN)/V(H,0)=
55/45, 1.0 mL/min, A=254 nm]; #,=7.6 min (69%), t,=
8.1 min (31%).

5a: [a]?’ —62.9 (¢ 1.70, CHCl3); '"H NMR (400 MHz,
CD;CN) §: 2.08~2.22 (m, 2H, H-3), 2.79 (br s, 1H, OH,
D,O exchangeable), 2.91~2.96 (m, 1H, H-5), 3.51~3.62
(m, 2H, H-6), 3.70 (d, J=13.6 Hz, 1H, NCH,Ph), 3.81 (d,
J=7.0 Hz, 1H, H-2), 4.05~4.09 (m, 1H, H-4), 4.15 (d,
J=13.6 Hz, 1H, NCH,Ph), 452 (d, J=11.8 Hz, 1H,
OCH,Ph), 4.57 (d, J=11.8 Hz, 1H, OCH,Ph), 7.27~7.43
(m, 10H, ArH); ”C NMR (100 MHz, CD;CN) 6: 35.9,
52.9, 55.4, 62.3, 71.4, 72.0, 81.8, 118.9, 128.47, 128.49,
128.7, 129.3, 129.5, 129.8, 139.2, 139.8; IR (film) v: 3438,
3088, 3059, 3029, 2918, 2872, 2225, 1453, 1382, 1084,
1028 cm™'; MS (ESI) m/z: 345 (M+Na"). Anal. calcd for
CoH60s: C 74.51, H 6.88, N 8.69; found C 74.31, H 6.48,
N 8.41.
3.2.5 (2S,4S,5R)-N-F % -4-F
(16a)#=2(2R,4S,5R)-N- 3 # -4- %
(16b) &9 4 5%,

7] 5a 1 5b HJVE&40(50 mg, 0.16 mmol, dr=61 :
39) ) DY & PRI (1.0 mL) ¥ &8 N 3 moleL !
NaOH (aq.)¥& (1.1 mL)F1 30% H,0, ¥ (1.0 mL).
NYREYITHRE 50 Chi# 2 h, 60 CH# 6h,70 CT
J#C15 he AEIZEO0 C, A 6 molL™" HClHEHEZE
pHIEF|2~3. CH,CH, U (5 mL X 10). &3HHUAH, H
VAN B ShKBEss, ToKBRRAN T8, ok I8, Rk 4E.
FL =il i AL E AT (2R 2 B]) @ V(R k) =

115 B4tk 3115 3.2 mg AGEARIL &) 16a, P2
6%; M 28.6 mg LR A 16b, 173 54%.

16a: mp. 177 ~ 179 C (EtOAc/MeOH); [a]¥
—6.0 (¢ 0.42, MeOH); 'H NMR (400 MHz, CD;0D) ¢:
2.28 (ddd, J=2.2, 4.2, 14.0 Hz, 1H, H-3), 2.69 (ddd, J=
5.9, 10.1, 14.0 Hz, 1H, H-3), 3.78~3.82 (m, 1H, H-5),
3.82 (dd, J/=3.6, 12.7 Hz, 1H, H-6, overlapped with H-5),

A5 W RO A B
-

5-5 AL £ BR

Chin. J. Org. Chem. 2017, 37, 1189~1197

© 2017 Chinese Chemical Society & SIOC, CAS

3.94 (dd, J/=3.4, 12.7 Hz, 1H, H-6, overlapped with H-2),
3.98 (dd, J=4.2, 10.1 Hz, 1H, H-2), 425 (ddd, J=2.2,
2.3, 5.9 Hz, 1H, H-4), 4.36 (d, J=13.1 Hz, 1H, NCH,Ph),
4.47 (d, J=11.8 Hz, 1H, OCH,Ph), 4.55 (d, J=11.8 Hz,
1H, OCH,Ph), 4.56 (d, J=13.1 Hz, 1H, NCH,Ph), 7.23~
7.55 (m, 10H, ArH); *C NMR (100 MHz, CD;0D) ¢:
35.5,54.5,59.0, 67.6, 71.0, 72.1, 80.9, 128.8, 128.9, 129.4,
130.1, 130.2, 130.9, 134.0, 139.1, 174.1; IR (film) v: 3386,
2921, 2851, 1598, 1383, 1312, 1121, 1034 cm™'; MS (ESI)
m/z: 364 (M~+Na"); HRMS calcd for C,0H,,NO, [M+H]"
342.1700, found 342.1700.

16b"7: mp. 200~202 ‘C (EtOAc/MeOH); [a]?
+71.5 (¢ 0.88, 0.1 molL™' NaOH in MeOH); 'H NMR
(400 MHz, DMSO-d,) J: 1.90 (ddd, J=5.0, 10.2, 12.8 Hz,
1H, H-3), 2.12 (ddd, J=1.0, 6.6, 12.8 Hz, 1H, H-3) 2.93~
2.99 (m, 1H, H-5), 3.04 (dd, J=8.0, 10.7 Hz, 1H, H-6),
3.15 (dd, J=4.1, 10.7 Hz, 1H, H-6), 3.55 (dd, J=6.6, 10.2
Hz, 1H, H-2), 3.75 (d, J=13.6 Hz, 1H, NCH,Ph), 3.88~
3.93 (m, 1H, H-4), 3.95 (d, J=13.6 Hz, 1H, NCH,Ph),
4.44 (t, J=11.8 Hz, 2H, OCH,Ph), 7.22~7.37 (m, 10H,
ArH); *C NMR (100 MHz, DMSO-d;) 6: 34.4, 57.7, 62.1,
64.2, 69.3, 70.8, 80.1, 126.9, 127.2, 127.3, 128.0, 128.1,
129.1, 138.2, 138.6, 174.5; IR (film) v: 3370, 2984, 2922,
2851, 1593, 1384, 1317, 1118, 1035 cm '; MS (ESI) m/z:
364 (M+Na) '; HRMS caled for C,0H,,NO, [M+H]"
342.1700, found 342.1700. Anal. calcd for C,gH»3NO,4: C
70.36, H 6.79, N 4.10; found C 70.01, H 6.59, N 3.80.
32.6 (2RA4S,5R)-N-F #-4-3 K 5-%F K -4 A B
(N-F #-2-%]-bulgecinine, 17)89 & &,

¥ 16b (16 mg, 0.047 mmol)ffJ TE/K ZBE(5 mL)# K
A1 20% PA(OH),/C (50 mg)iR&, RMNAKR B NES
A, TR TR 15 h 0w IR R, IR
R4S 8.1 mg LEMARNEY 17, 7% 99%. [a]y
+55.2 (¢ 0.63, MeOH); 'H NMR (400 MHz, D,0) J: 2.40
(ddd, J=5.9, 8.3, 13.9 Hz, 1H, H-3), 2.49 (ddd, J=5.0,
8.6, 13.9 Hz, 1H, H-3),3.13 (s, 3H, NCHj3), 3.55 (app. dd,
J=438, 9.2 Hz, 1H, H-5), 3.92 (dd, J=5.1, 12.9 Hz, 1H,
H-6), 4.03 (dd, J=4.0, 12.9 Hz, 1H, H-6), 4.25 (t, J=8.5
Hz, 1H, H-2), 4.39 (app. dd, J=5.3, 10.6 Hz, 1H, H-4);
5C NMR (100 MHz, D,0) d: 36.5, 42.4, 56.7, 69.9, 70.2,
76.3, 172.7; IR (film) v: 3317, 1629, 1383, 1334, 1093,
1023 cm'; MS (ESI) m/z: 198 (M+Na)"; HRMS calcd
for C;H,NO, [M+H]" 176.0917, found 176.0937.

BT Rl (Supporting Information) {L&%) 5a K/4EE
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A FLR TH NMR 3% B R = 3ok B, B4 5a,
16a 1 18 ] 'H-'H COSY Al NOESY i%; 1t&%) 16b /1)
Fgn X S A i ARAT I B S, JEXT R A4 Sa AT Sb
TR HPLC (43 [&; Sa/5b (EBRVE 440 T /K iR S 35
PRS2 2,5- M0 3X-5-F2 I Al e e (18) ) 45 5 5
5, Frik&Y) 5a, 12,13, 15, 16a, 16b, 17, 18 K% HEILIE

i

. X kLT DL A 2 AAS ) I/ 356 (http://sioc-

journal.cn/) I F#%.
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