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(S)-4-EE-5- S RBRH R AR %
DR FEM'  EEE’  ERE

(LT HPEL RSB KE 116600)
CHE RS LiE 201203)

o

= F

WE  (S)-4-FHE-5-Hi MR (Glutamate thiol, GluSH)& B &K o- R FE A FHILSR AU AT AR, trT gl A E I
FRIATAEY). I I EDUMR AR AR Apratoxin B R ILE5HI LA (¥ S LA R B, HOE (S)-4- 2 Jk-5- 3 5 LR
PR A BT V. B — 7 0 DASR B G 4 R 1) D-R RN R R, 2 SR IRIRAA & AR -, S5 1L
JEH RS | R T B NI, R 25 PR AR AN U I ORI 55 LUK NIRRT T, BL 4 28 76.0% K 045 2 By
. O RN TTVE LU IE A p- FRIER R I RN R, Sels o-RIEIEJF A, SRS Bl Mitsunobu S B2 51 A Fi
B, o —ERBBRE L . BREEAR AL LI ORI AT 2 (S)-4- B -5 -SRAE R,

FERWE  (S)-4-FFE-5-SAE IR, - FIEIR; Mitsunobu U 5%

Facile Synthesis of (S)-4-Amino-5-mercaptopentanoic Acid

Ma, Chunhua® Xu, Senhan’

Zhai, Yanjun™* Zhang, Wei*”
(“ School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600)
(® School of Pharmacy, Fudan University, Shanghai 201203)

Wu, Ping” Li, Yingxia”

Abstract (S)-4-Amino-5-mercaptopentanoic acid (glutamate thiol, GluSH) is a derivative of glutamic acid with a-carboxyl
group substituted by methanethiol group. Meanwhile, it could be considered as a derivative of cysteine. This amino acid is an
important fragment of marine cytotoxic cyclic depsipeptide apratoxin E. Two facile synthetic methods of (S)-4-amino-5-
mercaptopentanoic acid are described. For the first strategy, protected D-cysteine derivate was used as starting material. After
coupled with Meldrum’s acid, the resulting f-keto ester underwent reductive elimination and thermal decarboxylative ring
closure to afford 5-substituted pyrrolidinone (y-lactam). After removal of protecting groups and ring-open, the target com-
pound was obtained in 76.0% overall yield. For the second method, commercial available Boc-Glu(OBzl)-OH was used as
starting material. The thiol group was introduced by Mitsunobu reaction after converting the carboxylic acid to its correspond-
ing alcohol. Then the protecting groups of amino, thiol, and carboxylic acid were removed smoothly in one pot to yield
(8)-4-amino-5-mercaptopentanoic acid.

Keywords (S)-4-amino-5-mercaptopentanoic acid; y-amino acids; Mitsunobu reaction; synthesis

HRMAIIRML, FRAREERA L BA AT

PALPERT, FEAGE . 259 RO RL U ) it Fe 3k 45 1
JZ BN, (S)-4-FFE-5-3 2 R (Glutamate  thiol, ]
F1E GluSH, 1) EMR a- I T SRR ™
), WAy B BRI AT AE (B 1), STHR[L, 214K
18, GluSH s2 4 &M Z KB (glutamyl aminopeptidase)ft)
O 7R, AE B I 25 9 R RIE  HR AT A ) S A 1A
(S)-4-Z Fk-5-50 B R 2 oA o 38 AR WD MR R v R
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SRFEW) Apratoxin E (2)I4LELT BEP). Luesch B 7T/l
I F % B BE B . Apratoxin A (3)J5L(S,E)-2- I JE-4- 4
Fe-5- -2 UIRTR S, 1931 HATAEY) 4. ZATEMIREF
7 Apratoxin A HUMREIETERI RIS, FEAC T HEEREIEH.
Uk, (S)-4-Z Fk-5-5 5 R BRI & 2 AN E 25 W) i) H 2
A AR T B SCHRIRE T 4-Z -5 A R B 2K
IR A5 1T VRSO 5 e B IAT 7 v ] 4% (S)-4- R ik -
S-EEE IR, JER A, BE SSHED BRI WA,
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Figure 1 Structures of (S)-4-amino-5-mercaptopentanoic acid
and some bioactive compounds bearing this unit

COH CICOELELN | mo. o
BOCHN/S\/\COZBn THF, -5~0°C WO(
9
RS._

Triphenylmethyl mercaptan =

or thioacetic acid, TPP, DIAD BOCHN/\/\CO2Bn
[¢]
THF,0°C,5h 1aR=Trt
78.4% for 1a 1bR=Ac

83.6% for 1b

1 HR5HE

DLR SR G L TR 9 JE Rk ) £ R SR 22 2 TR S s 3 2
A OREE AL E B B B P Fh, FoA 150 AR X P

WS N FH T (S)-4- 28 H-5- 5 LR 1Y A B

PATE S T B K RS, R LL D-F
FRATAEND S NG IR & % 28 (Scheme 1). (LA S
ARG &, RMERGE, it B s, wgehp
RIS E) g-HRlE 6. TERRVESCAT N HMEEE 6 H i ER
PRIEIEJFTH BRI, FTAS =4 7 18 B b [l B AT AR Rl
Wil 8. 1% B4 R JE K e R R ik 4 2 T, SRR
TOANKERRR BRI 1 h, 455 EEE &, BI1E2(S)-4-
RAHE-5-BEE IR ER IR Eh (1),

THS_

: Meldrum’ s acid
‘. _OH DCC DMAP
BocHN ™ )" o .. BochN
o) DCM, 0°C,4 h

5 89.2%

TS Oy 0./
NaBH;,, AcOH H Toluene

BocHN o

reflux, 3 h

DCM, 0°C, 1 h
o 100%

85.6% 7

TrtS— HS
= con. HCI \:

/ reflux, 1 h - OH
BocN = HoN
;; 100% WI( « Hel
(0] 1
8

B 1 Hirb e &gk —
Scheme 1 The first synthetic route for the target compound
HTEY 5 ks, PRI T B R
FeAv o sns, I LARRMY 245 1O 9 Jue b R s 22
(Scheme 2). KA ZFATAEN 9 WE ) o-RITE AR

10

NHBoc HO__
OBn NaBH4, H20 ?
o THF, 0 °C BocHN/\/\COQBn
83.4% 1
con. HCI HS\_
reflux, 1 h B

HoN">""CO,H * HCl

99.5% from 1a
97.9% from 1b 1

B2 HIsLEmr &g —

Scheme 2 The other synthetic route for the target compound
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GIRET 5L 5 A EE 11, S8)5 B Mitsunobu M 5] A%
FA53) 1a/1b J5, FAERMEZAT T Bzt ik
R L E ORI HE, 13 31(S)-4-2 Hk-5- 50 2 R 11 2R R
#h 1

PAEPIMOIE S AR, J7 %k — R RUe B —
A SN JE R BRI BT B, OB TRVRE . WeR s, B
R ART B AR5 e B A, AR T PR aiAk,
BN TR — BT RS R, AR it
fET, FTRBELE R % & 5K D- R RATAY,
T B3 25 % 24 £ 1) 26 BRCAS i

JiiE LR s BB S = IRATAEY) 9 JEUEL,
AN 2 =28 (W) S S B RT e Ak D 2 ik = IR AT AR )
La/1b, 7 HL AT DURR 95 75 223 35 1 i B 21— ‘B e 4] L 11
TRAPFE. B4k, Mitsunobu S SRR 1 AT DL FR L AR AR
AL, R LA Z B, InE S, TR, %
AT EM Z B BT 5 — M5k, HARZAL
TEF, Mitsunobu J ¥ 2 & =4 kG, R aed it A
JENTREAT Ak, FERE &I B B a0 2R LUK
FLRBEAT KM SN, T A5 7 0 ) 2l A 3 A BT 48 T,
B[ 22 Ik B 45 R SR ME LASRAS AL i 20 B2 1 H A =420,

LA PR 55 BENGUA ] 25 (S)-4- 2 2k -5- 3 2 TR IR,
% HPLC fill, HAGRE¥ImT 98%. Jv 7 kIl H bnr=4)
(G 2E Al B, FRAT A X A [ 7 vk i) 4% 10 (5)-4-
RIE-S5-FNEENIRIEAT T ee (HMMIE, S5RMINE 1 Pis.
ANFTTIES & 0 HARFE) ee (EIET 99%, BEHFIF
THEBIA S BRI R 1 e fk.

R AFTFERIER B AR 1 EUE

Table 1 The data of the target product 1 prepared by different
methods

ik Wik 1% WRIRJEE ¢ A% eel%
1 8 76.0 +26.6 >98 >99
2 la 65.1 +28.1 >98 >99
2 1b 68.3 +27.2 >98 >99
R HAEN: 25 °C, 0.5 ¢/100 mL.
2 #Eg

ASCHIEFE T PR P ] 25 (S)-4- R 56 -5- 5 32 IR 1Y
Jiik. BRI LSRR S I ORI D-~F bk
RIAERL, e ER KRG G AR p-BlE, 285185
BRI ORI RN, )5 BRI L)
DRI LSS W BERZIAIT T, LL 4 28 76.0%1 S0k 45
BB 4. S RN (A L WeR B, A
Ko Totide, HpTHER B R, 25 ZE. 5=
T LA p- BRI R I RN R, 56K a-
FRILICJF v EnE, SRS fEB) Mitsunobu SV 51 NS %,
RJEAEIRVE AT T — Bl bR a5t . SALAREE KR
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H, DL 425 65.1%~68.3%[ SISCRAT 1 (S)-4-R 2E-5-5i
B, %7 vE B R BGRR BE A 5 4%, HAEBh
Mitsunobu N F TS M 2 FEAL AT A, H AR
P Ts DR EAT AT A4k, K 45 B i A ek S5 S

3 SRRy

3.1 UE5EHH

Bruker AM 400 BUZ ARGt Bruker 2 H]),
PL CDCl; 8% D,O N7, TMS AW#ER; Agilent LCMSD
JRREA(SEE Agilent A F]); AB 5600+ Q 573 H )5 X
(32[E AB SCIEX A 7); Rudolph Autopol IV-T % [ ZhjiE
A (R EETER).

R RN . A TR B AT AR T K
A BRA F], N-Boc-S(Trt)-D-- 2L (5)~ N-Boc-y-"RIEE%:
AR B /R (B AR A A, HRulmiE k
BRBBHE R ARA R R TIRE TS,
32 LEMMAER
3.2.1  FIEK 6 696

WIKHK Boc-S- = 7K F 5 -D-2F Jjk & #2.(5.00g, 10.79
mmol). KKEE(1.71 g, 11.86 mmol)i& T 100 mL T —
S, IKIB TN 4- — I FEALIE(1.98 g, 16.18
mmol). $iFE: 10 min J5, A 3 2R I EHZ(2.45 g,
11.86 mmol), F4kE/E IR E FHEHE 4 h, HZE LC-MS
A TLC BoR M 5E4. IIANER AL K N, FEHK
R 1 mol/L #hR W ANBR IR S S M AN S B e, TG
IKTRERAN T4, b 98, IR IR Y6 J5 15 1R AR 3 €k K
R, CBEBERMIR)E, 15 5.67 ¢ HERAIKE 4 6,
FEE 89.2%. H AT HAZH T NP RM. Rr=0.49
[(VCAMER) @ MR AEE)=1: 2]; mp. 92~95 C;
[alh —47.3 (¢ 1.0, CHCl;); 'H NMR (400 MHz, CDCl;)
5: 1.40 (s, 9H), 1.71 (s, 6H), 2.59 (br, 1H), 2.75 (br, 1H),
5.02 (br, 1H), 5.55 (br, 1H), 7.16~7.39 (m, 15H); “C
NMR (100 MHz, CDCly) d: 202.5, 193.7, 170.8, 167.6,
159.5, 154.9, 148.6, 144.3, 144.0, 129.6, 129.5, 128.9,
127.1, 105.7, 91.4, 84.5, 80.4, 67.5, 66.7, 66.1, 66.0, 52.2,
43.5,33.9,32.5, 31.1, 28.4, 28.0, 27.1, 26.9, 15.4; HRMS
(ESI-TOF) calcd for C33H35NNaO4S [M—I—Na]+ 612.2026,
found 612.2005.
3.22 WK T 69 E R

a4k 6 (5.67 g, 9.60 mmol)iAF T 100 mL — &
Fi, IEINAVKESBZ(6.79 mL, 118.69 mmol). VKIB&4E T
SN NI EALS5(1.02 g, 26.98 mmol), 4k&EHHE 1 h B
% TLC BRI 5E4. RMBIKIKAH 1 mol/L #hFe. ¥
R IR A S AN SRR, KRBT, 1T UE,
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MR EIR G513 474 ¢ A ARE L 7, 2%
85.6%. AT EHEH T T2 RM. Re=024 V(A
M) D MR ) =2 1]; mp. 98~99 C; [aly
+7.0 (¢ 0.5, CHCl3); "H NMR (400 MHz, CDCl5) &: 1.40
(s, 9H), 1.73 (s, 3H), 1.77 (s, 3H) , 2.07~2.19 (m, 2H),
3.92 (d, J=5.0 Hz, 1H), 4.01 (td, J=8.9, 3.3 Hz, 1H), 4.56
(d, J=8.2 Hz, 1H), 7.20~7.24 (m, 3H), 7.27~7.31 (m,
6H), 7.40~7.42 (m, 6H); *C NMR (100 MHz, CDCls) ¢:
171.3, 165.5, 166.5, 155.7, 144.6, 129.7, 128.2, 127.0,
105.1, 79.9, 67.1, 60.6, 49.4, 48.5, 44.6, 37.5, 33.1, 31.7,
29.9, 28.8, 28.4, 26.0, 25.8, 25.1, 22.8, 21.2, 14.4, 13.5;
HRMS (ESI-TOF) caled for Cy3H3;NNaOgS [M+Na]®
598.2234, found 598.2200.
3.2.3  FIA4K 8 694 A%

¥ 25 S TS R A A 7 5T 100 mL K, [F13 3
h HZ TLC R XM 5E4. IR RAERS 3.90 g [ {4
8, FEE 100 %, ZH AT AT TP R Re=0.51
V(A i) @ M(OFR CTE)=2 : 1]; mp. 181~183 C;
[a]h —65.2 (c 1.1, CHCl;); "H NMR (400 MHz, CDCls)
5: 1.46 (s, 9H), 1.76~1.82 (m, 1H), 1.93~2.04 (m, 1H),
2.26~2.36 (m, 3H), 2.54 (dd, J=11.4, 3.1 Hz, 1H),
4.11~4.17 (m, 1H), 7.19~7.24 (m, 3H), 7.25~7.32 (m,
6H), 7.41~7.43 (m, 5H); *C NMR (100 MHz, CDCl5) ¢:
173.5, 148.8, 143.8, 128.8, 127.4, 126.2, 82.4, 66.1, 55.9,
34,5, 30.6, 27.4, 21.5; HRMS (ESI-TOF) calcd for
CaoH3NNaO;S [M+Na]" 496.1917, found 496.1910.
3.2.4  FIEMK 11 6946 A%

# Boc-Glu(OBzl)-OH (5.50 g, 16.30 mml)#% T 80
mL J/K THF #, 1A= Z#(2.80 mL, 32.60 mmol),
@AY FRRIRE—5 C. [ 2 n & F R 2B
(1.75 mL, 29.30 mmol), 2RI KEE®:NH. FLe, ¢
—5 CRN4k&HE 30 min, HEUMATIEILEN(1.85 g,
48.9 mmol), FFN 500 pL 7K. 2 MR TGS S,
MEABEHERTHE, 1 h J§ LC-MS R M 584,
ZEMW N 1 mol/L #hFERVAE K SNE, I He A B 25 R 7
BHUAER. IR R LBERRE, IR AR A
FNAN AN AN VRS R, oK R T . LUk, JE
TR E IR GG AR Y. NN VIR, (EVKIB 4 1E T id
P 100 2% 0% 3 0 1E ke 22 OK B L E R T L U
JE, JEVER VCEIhEE) @ V(ABRAER)=10 1 1 Bk K
T, 15 440 g AEBMAARMEE, 772 83.4%. R—
0.58 [V(FA K : MZREZHE)=1:1]; [a]}d —10.5 (c
1.0, MeOH) {SCHRE" " [@]5 —10 (c=1.0, MeOH)}; 1
SR P FRAEEAE 5 5CHR[10]— 2L
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3.2.5 WAk 1a 6946 %

W = 2K FERE(3.93 g, 15.00 mmol)¥E T 50 mL FE/K Y
SR, VKIS TS A R R IR (2.98
mL, 15.00 mmol). 30 min 5 ¥ 25 7=#) 11 (3.23 g, 10.00
mmol) Ml =5 FEREE(4.15 g, 15.00 mmol)iAT 20 mL
To/K PSRRI, JE N2 I s MR R, SRR 4k ek
F5 h B2 LC-MS /R W58 4. MRS AR A K R,
PR A R 2 KBS, F 100 mL 218 SRR,
AV 5% R S Kb KR o th, iERAE
ENTVCATE) @ (LR CBE)=10 © 1143 4.56 g Lthid
HPREFETRAR, P2 78.4%. Ry=0.5 [V(A ) @ (L8
ZEE)=4:1]; [a]} —6.8 (¢ 0.72, CHCl;); '"H NMR (400
MHz, CDCly) d: 1.41 (s, 9H), 1.57~1.69 (m, 1H), 1.71~
1.81 (m, 1H), 2.25~2.32 (m, 4H), 3.64 (s, 1H), 4.46 (d,
J=8.4 Hz, 1H), 5.08 (s, 2H), 7.18~7.40 (m, 20H); “C
NMR (100 MHz, CDCly) d: 172.9, 155.2, 144.6, 135.8,
129.6, 128.5, 128.2, 127.9, 126.7, 79.3, 66.6, 66.3, 60.4,
49.4,37.1,31.0,29.6,28.4,21.1, 14.2; HR

MS (ESI-TOF) caled for CiH3;oNO,S [M~+Na]®
604.2492, found 604.2492.

3.2.6 WK 1b 694 A%

R AE 1a G, AR CRARE =K
FEFHEE, ERWAE. 18 3.19 g LB PR,
FEE 83.6%. Re=0.4 [V(f1MEK) @ MR ZE)=5: 1];
[alh —14.0 (¢ 1.0, CHCL) {3CHrE™ [a]d —8.8 (¢ 0.8,
CHCLy)}; HAYIRMEEIE S5 SCHR[8]— K.

3.2.7  (S)-4- R F-5-0 AR ER 2R 2 (1)89 & A&

s a4 8 (50.0 mg, 0.10 mmol)E:7% T 2 mL ¥ h
FRFFmEIE 1h. LC-MS R RN FERE, LR OERRG
(5 mLX3)BRIARVE A BT, 7KAH I A i I 45 AH 7
LIRS 20.1 mg FEEE 1, 772 100%. # LA
1a =i 1b Y JERL, 73570008 99.5%1 97.9%. m.p. 178~
180 °C; HRMS (ESI-TOF) calcd for CsH;,NO,S [M+H]"
150.0583, found 150.0579; th-&WIFRAEEHE S5 SCHk[6]—
.

Bos  ERUERIRB A TR EOR (i) A R A R0 H AR
B 1 A NE.

4 Bh A4 &l (Supporting Information) FT A #iL & W1
'H NMR. "*C NMR il HRMS [, Caba9m 'H
NMR Bl DL B A& P05 40 FE DI J7 . 1X 26t
HLAT BL A B AT /R 338 (http://sioc-journal.cn/) b R %,
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