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Synthesis of (2S,3aR,7aS)-Benzyl Octahydro-

1H-indole-2-carboxylate
Shi, Tao" An, Qianjin Liu, Delong™*
Liu, Yangang” Zhang, Wanbin**"
(“ School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240)
(® School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Shen, Jiefeng”

Abstract The key intermediate of antihypertensive drugs trandolapril, (2S,3aR,7aS)-benzyl octahydro-1H-indole-2-car-
boxylate, was synthesized by improvement of synthetic route and optimation of synthetic technology with satisfactory results
(99% ee and 13.2% overall yield). The structure and absolute configuration of the product were characterized by NMR and
HPLC analysis, which are completely consistent with the reported data of the literature. It was obvious that the current meth-

odology provided an efficient pathway for the synthesis of trandolapril.
Keywords trandolapril; benzyl octahydro-1H-indole-2-carboxylate; synthesis

B £ % A (Trandolapril), 1t %% % 4 (25,3aS,7aS)-
28-[(1S- LA B R HE TN ) B - T I ) LS M -2 - 72
PR, Pk A R R R AR R, nT LRI 2
P I 0. 1% 252 VL E Roussel Uclaf 23 &), Knoll
v FEE Hoechst 24 A 3[R &, FFHi Roussel Uclaf
INT T 1993 A IRAEVLIE 1T, 2004 4EAEILSE By, B
ZWAEATT AR R ERRT S BIE R
H—H—WRe 2 A 2R 7 IO 5. SR, #F2 3%
G RN EFEA AR 2, AR T 5 s A
M, FHUNA m. NG R BT, 1% 24 i =3 ALk
JETA TN BE, 1) (13 8 B AT 1 11 e =) \ s | R R
R (B ). 2230 (P 0 4y A 22 bt ) 8 2 0 1y S [ o
Ak, HErc Tk, MBes s, i e sk 1

* E-mail: wanbin@sjtu.edu.cn

KRG EERR, BT IR J7 1 45 2. 434 1) B
(25,3aR,7aS)- )\ &~ | H-M5|Wie-2- FF R & 4 22 315 ) 5 il P 5
By, JLRER RN S 1A T2 mT B4 12
LOPS SE

H iR IE 1) 55 F(28,3aR, 7aS)- )\ & - 1 H-15| Wie-2- F iz
WA TR %, WA BUROR 2255 LU LRE. 439
FELL1,1,3,3- DY A A el SRR, NEAR IR
FRITCL e o \VEMIWE . 2R SR 22 B R 25 Oy JsUR)
AT . TR AIAS T — @ CR, AR E AN [+
TR BEHOAETEAG A R 26 A BB A m AR R B i
SO OCBE I, RSB h A B = AT, B
PRI A Skt LA R Ui i, A s T
VFZ MR, T B TR A D T L s AR B )

Received February 2, 2013; revised February 21, 2013; published online February 22, 2013.
Project supported by the National Natural Science Foundation of China (Nos. 21172143, 21172145, 21232004).

K [ R RF23E 4 (Nos. 21172143, 21172145, 21232004) % Bh 15 H .

Chin. J. Org. Chem. 2013, 33, 1573~1577

A ©2013 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1573



BHlLE

side chain

key intermediate

!

link

Trandolapril

HEZ WA

Figure 1 Structure of trandolapril
FAAER BN, PR T & e, ik,
e A v B P A 2 DA S KO (078, e ARSI
R ¥ A

1

1 ZR5iHE

TERTIAOC T/ 2 R & SRR, A1 T
(25,3aR,7aS)- )\ &~ 1 H-M5|Wk-2- FH R R 8 1) — 4% s L ik
T3 I B T 0T S S R ) A0 AN o R A A o ) S AT
THRRUL DL NG H R -7- 5 % —FR[4.1.0)5648 4
Jsokk, 55k R s A 214 e A BE I = ). 1%
=) et m-CPBA AN 2 4 ) R PF A=
WRIERE. T4 Jone’s WA . FIEIL AR/ 31
HAR A H(2S,3aR,7aS)- )\ & -1 H-W5|We-2- IR W liE. 1%

\/\MgBr

TR (P32 — 5 R A S IR I 4 43 31 S Qg BA 7
WRIERE, KR T2 SR & ok, R, %
TSI — Lo T Bk i b T (1) 1% £k b Rk
N-SF PR -7 2 FR[4.1.0 B ke o, Qi e A
IO R F R I A A, & B K 2 dt
PR, Q) B B 2 R N [ £ 35 DA 2l O ik
FIFFL W REFEEAT 73 8, & RO K, HER R K
W G)Er kT Rt ithtk, Lk 87
AR P B i SO (1 B . T B AR,
IR B T AR AT B e 25 1) ek B A il 1T & AR
b, #ft—25(25,3aR,7aS)- )\ & -1 H-15|Wk-2- FH R R R m]
kA A= ()i 42 (Scheme 1).

56, FATCAIA O 8 RS SUZ-T KV, L 82%
MR A 2] N-5F FF R IR -7 - % IR [4.1.0] P
(3), PR IR ISR IR 6 it 2 15 380 4 S U I R U I 5.
RIT, L= 3 EFRBR(TCCA)+TEMPO 14 245 %tk
FIBL DL 9S% 7= 50Kt 5 S A0 A AN (I FR IR 6, IR )y
YA T 30 ANE 4 AL A, BRIV R AR ) Jone’s
WA G EEES, 5Tl EyG 4 B E kb % B
M =S FURR L T BH &R, LHLE, M
FATEL. B 6 MRILIEAT IS4k 5, E i B8/ H R4
RV A P 2 0ok PR 2R IR e 2 i P/ A 2 P el
HIAFE] 9. BUREL RGN TP RN, (HiEG T
ZRN B PR AE A T, BRI T RN AR HL
SV TR, Bk 9 TG Ak A 21 T 5Kt e S AL 44 DY

Of
“/NHTs

H
O Chloramine-T, NBS () m-CPBA 2 OH
NTs
MeCN, 82% CuBr, Et,0, -50 °C ~r.t., 96% DCM, 0 °C ~r.t., 86% N
2 3 4 H Ts
5
TCCA (5.0 equiv.)
TEMPO (5 mol%)
NaBr (0.5 equiv.) H H H
NaHCOj; (10 equiv.) z MeOH z Mg z
COH ———— cCo,Me —— CO,Me
Actone-H,50, r.t. N SOCl,, reflux, 99% N MeOH, 93% N
95% H Ts H Ts H H
6 7 8
i H
C’\/>—cozsn -mCO,BN
N N
HH HH
1a 1b
_ H (2S,3aR,7aS) (2S,3aR,7aS) H
Hydrolysis ; BnOH Resolution
- . COH — + S —— CO,Bn
92% N TsOH, toluene H H 26% ~N
HH 0 : A H
reflux, 93% CO,Bn +1CO,BN
o N N 1a
HH A H (2S,3aR,7aS)
1c 1d overall yield: 13.2%
(2S,3aR,7aS) (2S,3aR,7aS)
Scheme 1
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Rk R (1, 1b F 1c, 1d, LB 313121 2),
25 1) B (1) L 4 S TR AT YR AR (A B TR
%1 I [ B P (144228, 3aR, TaS)- )\ & - LH-W5| Wi -2- H R
FhE(1a). SIS LA T2 O R s IR A
JROKAE =

X TR S, TAT I T4 5 1 7T DA
PGS T S R A4 (Ta, 1b T e, 1d)BEAT 20 5. i A HE s
5, PAT TR DA N K R ), AR RS R n] DA A
ZH A 90% LA B XX SRR R 1e AT 1d. 153
(1) BERAE (— )-L- o Y 2 PR WY 4 R AR A 9 23 7, A
VIDMFYW(LIIE)=3 17 1, 20 CHIZ&MT, &k =ik
Yooy, SRR T 99% ee AL G4 1a (K] 2).

250

7.875
200
- 150 |
<
€ 100 \
|
50 \
5.509 |
O___——‘ — —\_ : r\‘t‘ — 1‘1‘ ,‘L, : —
0.0 25 5.0 7.5 10.0
t/min

B2 HisrY HPLC 45
Figure 2 HPLC result of the target product

2 I
21 XEHAH

NMR Y63 ] Varian MERCURY plus-400 #% 53R
(TMS 4y W#5); HPLC J 533 LC-2010A (Daicel Chiralcel
OD-H FPEAE); BT 50 F & 7 v e (15 db 3
BT AR08 0 117 5 A At el sl fb 24 4l kR JE BT AR A
100~200 H (75 S 1)).
22 TWHE
22.1 N-xF ¥ R#hB A -7- R 22 —3R[4.1.0] %52 (3) 4%
SRR

76 2 L M EEBRF InAIR 24%(16.4 g, 0.2 mol).
=I/KEENE-T (56.2 g, 0.2 mol). NBS (7.1 g, 20 mol%)
MZNEQ L), fEEE AR Y, A TLC mibs:
M. Y8 hJE, RNVARFRIE S R BEIEA W &
1% CWRI U, V80 E 28 BR 2 A I G AR =4
IR R 4 i, ATAF AR 3 (41.1 g, 82%). (L&
(A% B B 5 SCHR[10]Y14; "H NMR (400 MHz, CDCLy)
8: 7.79 (d, J=8.8 Hz, 2H), 7.30 (d, J=8.0 Hz, 2H), 2.94
(t, J=2.8 Hz, 2H), 2.41 (s, 3H), 1.78~1.74 (m, 4H),
1.42~1.32 (m, 2H), 1.24~1.13 (m, 2H); *C NMR (100
MHz, CDCLy) d: 144.3, 136.0, 129.8, 127.8, 40.0, 23.0,

Chin. J. Org. Chem. 2013, 33, 1573~1577

© 2013 Chinese Chemical Society & SIOC, CAS

21.8, 19.6.
222 R A-N-3FF AR B -2-(2- R b 23 Tl
(4)895- A%,

FEEIE (4.9 g, 0.2 mol)E T 500 mL (¥ = FIffih, 7
S I 1E O AR i PN 3-9-1-T4
#5(18.1 g, 0.15 mol) [ ZTk(150 mL)#I, ik R f 47
IRRIRAS. 1 3-VR-1-IN M 18 STk 0 N o6 He 5,
PRiBEFE 1 h, 13 2EEY RO, /£—50 CR
ST I I UK AR B 0 A% TGl R 248 I N AL
TEA(1.4 g, 0.01 mol)H, FHAHAFEEIGRIINA 3 (25.1 g,
0.1 mol)[*] LMK(500 mL)FH. Hnsee)E, RNV IERZE
Wi E E. TLC e OB NV 584 Ja, AR KD
AR, I 530k AT 2. KA 218 LR
(250 mLX3)HEATAIL, & I WU AN S0k B v
Ve, HJCKBR TR S g, e XA NI R, 15
FIF A 4 (28.1 g, 96%). 1bEYIIRE REEHE 5 SCHk
[11]%)4; "H NMR (400 MHz, CDCl3) 6: 7.76 (d, J=8.4
Hz, 2H), 7.28 (d, J=8.4 Hz, 2H), 5.69~5.58 (m, 1H),
4.96~4.89 (m, 2H), 4.50 (d, J=9.2 Hz, 1H), 2.91~2.83
(m, 1H), 2.42 (s, 3H), 2.39~2.34 (m, 1H), 1.82~1.67 (m,
3H), 1.61~1.56 (m, 2H), 1.21~0.85 (m, 5H); *C NMR
(100 MHz, CDCLy) 6: 143.3, 138.8, 136.8, 129.8, 127.2,
116.5,57.3,43.1,37.1, 34.6,31.0,25.4,25.2, 21.7.

223 bR 64 R AR -N-AF T R AR B A - A\ S -1 H-"3] k-
2-F B2 (5) 498,

71 L =10 AL A4 4 (29.3 g, 0.1 mol)ff
TAURE(300 mLYAR. FEUKERIBIIAIETS, SR8 A4
Z i 0 ) G0 A R (20.7 g, 0.12 mol) i — 5 Fi e
(200 mL)¥ M. Wi I oe S I N AR R 2218 T & s i,
TLC i 2 JrURE 58 A SN ) 44 38 AR I N Jok 2 (1 5k R 4t [t
W, 25 DS T W0k, ZEBRVE A, AT AR 30 (PR
W 5 (26.6 g, 86%). '"H NMR (400 MHz, CDCl3) d: 7.65 (d,
J=8.8 Hz, 1H), 7.62 (d, J=8.4 Hz, 1H), 7.26 (d, J=8.0
Hz, 1H), 7.20 (d, J=8.0 Hz, 1H), 3.70 (td, J=11.2, 3.2
Hz, 1H), 3.63~3.50 (m, 2H), 2.79~2.42 (m, 1H), 2.33 (d,
J=9.2 Hz, 3H), 2.26~1.94 (m, 1H), 1.73~1.51 (m, 4H),
1.38~0.75 (m, 5H); “C NMR (100 MHz, CDCl;) ¢:
144.0, 143.3, 133.0, 130.0, 129.9, 128.1, 127.2, 67.3, 66.7,
66.5, 66.1, 62.8, 62.2, 44.8, 43.6, 33.8, 32.8, 32.7, 30.0,
29.9,29.5,25.4,25.3,25.2,24.8,21.7,21.7.

224 KR8 R AR -N-AF T R AR B A - A\ S -1 H-"3] k-
2-F BR(6) 49 4 A%,

75 (3.10 g, 10 mmol)/¥J A FF# (110 mL)H InA
RIS H(8.42 g, 100 mmol/IEAIEW, WALE0.5 g, 5
mmol), TEMPO (78.35 mg, 0.5 mmol). FfiJi5 4k R INA

http://sioc-journal.cn/ 1575
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ZRAFIRBR(11.65 g, 50 mmol), FFAEEE F XM 6 h.
TLC Mids skl i N K, SONAR R KK, %N
i J5 e 4% (R KA F SR AEE, ATHLARFT 1 moleL ™" &4
WAhpESE. A IEFTA KA, H 6 mol-L™' BRI pH
% 3.0. ZJA M 100 mL X 3)AEUA I AL
M, AIBRBREE T 5, ik, e CREEERI, 33050
6 [ 44(3.08 g, 95%); '"H NMR (400 MHz, CDCl3) 6: 7.75
(d, J=7.2 Hz, 2H), 7.33 (d, J=7.2 Hz, 1H), 7.27 (s, 1H)
451 (t, J=8.0 Hz, 1H), 3.03~2.95 (m, 1H), 2.65~2.42
(m, 1H), 2.41 (d, J=12.8 Hz, 3H), 2.35~2.20 (m, 1H),
2.15~2.13 (m, 1H), 1.83~1.50 (m, 4H), 1.47~1.30 (m,
1H), 1.17~0.82 (m, 4H); *C NMR (100 MHz, CDCl;) §:
179.2, 176.8, 144.4, 143.6, 143.5, 139.5, 134.0, 130.1,
130.0, 129.8, 128.1, 127.4, 127.1, 68.9, 65.6, 65.3, 60.9,
60.8, 46.0, 44.2, 353, 34.4, 32.1, 29.9, 29.5, 25.2, 25.2,
24.7,24.6,21.9,21.8.
225 Il AREG RN -N-2F FORABLIS -A\A-1H-"5] "k
22-F BR T B (7) 696 A%,

¥ 6 (3.23 g, 0.01 mol)¥ T HFE(30 mL)H, AR
N — & EHA(1.5 mL, 0.02 mol), ZEMVARIINH R HiHE
Bl 2 h. TLC ARAFINRRHR N 5845, R I N A 2R iE
T, BEEEOHIRY 7 (3.34 g, 99%). 'H NMR (400
MHz, CDCLy) 6: 7.71 (d, J=8.0 Hz, 2H), 7.26 (d, J=7.6
Hz, 2H), 4.10 (dd, J=21.6, 14.4 Hz, 1H), 3.63 (s, 3H),
2.59 (dd, J=16.4, 5.2 Hz, 1H ), 2.39 (s, 3H), 2.07 (s, 1H),
2.02~1.96 (m, 1H), 1.76~1.47 (m, 5H), 1.34~0.82 (m,
4H); *C NMR (100 MHz, CDCl;) §: 174.6, 143.3, 138.9,
129.8, 127.0, 57.8, 51.9, 40.4, 38.4, 34.4, 32.4, 25.5, 25.3,
21.7,21.0.
22.6 HARER AN -N\A-1H-"%-2-F 8L F B8 (8)49 &
P,

¥ 7 (337 g, 0.01 mol)¥ T HEE(70 mL), [t
IINEEJE (4.86 g, 0.20 mol), =EiR#HEFELA. TLC ik
RN SEA IR, R . AW T A RS
WA FLAEIAT E g, TR STyt Kok
WOE TV, 13203 R 8 (1.70 g, 93%). '"H NMR
(400 MHz, CD;0D) 6: 4.51~3.59 (m, 5H), 2.54~2.12
(m, 3H), 2.10~1.90 (m, 1H), 1.80~1.30 (m, 7H); "*C
NMR (100 MHz, CD;OD) ¢: 173.0, 171.3, 60.6, 59.2,
58.5, 57.7, 54.8, 52.5, 38.5, 32.1, 31.4, 26.0, 25.9, 25.6,
25.2,24.8,23.7,22.7,21.2.
227 HARE R R NE-1H-"3]5-2-F BR(9) 4 A AR,

¥ 8 (1.83 g, 0.01 mol)¥# T~ FI#(20 mL)F17K(5 mL)
R A A, AR A NaOH (0.8 g, 0.02 mol), =
WPEFEER. TLC WP RN 5e 25, Rk R N R e+
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BRI FBE(S0 mL)WRIE S HDE, JEMIR s 25 BR ¥
BEIAGEA 9 (1.55 g, 92%). 'H NMR (400 MHz,
CD;0D) ¢: 4.01~3.98 (m, 1H), 3.32~3.30 (m, 1H),
2.80~2.75 (m, 1H), 2.58~2.28 (m, 1H), 2.24~2.14 (m,
1H), 2.06~1.72 (m, 4H), 1.65~1.05 (m, 6H); *C NMR
(100 MHz, CD;0D) d: 173.5, 173.4, 65.1, 63.6, 59.9, 59.8,
44.3,42.2,34.7,29.1,28.7,28.1,24.7, 24.4, 24.2.
2.2.8 Har &) R A\ A-1H-5] "k -2- F BR B (1) 49
B

£ 500 mL P IS 9 (16.9 g, 0.1
mol), Xf F A2 (19.0 g, 0.1 mol), A HI¥(20.8 mL, 0.2
mol) AT ZK(200 mL), it /37K 88 Ml 27K, HaEhin
R 2~3 k. [V 8 h Ja =il 4t 2 h # &, I ik
15 0 CIIZAT NS, K3 200 A oA pE I
TS HHE200 mL)H. AEVKH AR, SR1 i i fl
TR A MRV %S pH 10, 3R $HEEE 0.5 h, JH &
FEAH(200 mL X 3), A IFAHUAHE, A& EKIEE, I
IR R T4, o Hs e 2 5 0 ), 19 2R 5 (iR )
1(24.09 g, 93 %).
22.9 stk FAHMIK 1a F= 1b 69 E 45 dh

BB FER 1 (4.0 g, 15.42 mmol){EE R Fix T+ A
Bk (20 mL), B TOKFEFENTd. A EAEA RIS,
IR PR I8y 3, 7593 1e 1 1d BAR G, Kk
TR IR AR BR 2257, 130 S AR Y(E 2R 1a F
1b,3.17 g), HEH T D484k
2.2.10 fb4&-4h 1a F= 1b #9355

$ D121 &4 1a F1 1b (2.67 g, 10.30 mmol)
W DMF/ZE(V - V=3 : 7)1 (10 mL)#i+E, 221850
(—)-L->%F FEHE R F RS A R (v T e B, Tk
0.5 h, FREMNTE. I8, K432 o ARy T S
B, VK AAT T A2 It A NaHCO: ¥, #ii#: 0.5 h
THETBEACI(50 mLX3), Jo/KBRIREE TR, UEIBIA A
BRI, 19 21R B PR 1a. B RBURHEEAE 3 Ik,
4% 1a (1.05 g, 26%, ee>99%). 'H NMR (400 MHz,
CDCly) &: 7.74~7.17 (m, 5H), 5.88~5.11 (m, 2H), 3.89
(t, J=8.4 Hz, 1H), 2.51~2.19 (m, 3H), 1.98 (d, J=10.8
Hz, 1H), 1.85 (d, J=11.6 Hz, 1H), 1.79~1.63 (m, 2H),
1.46~0.83 (m, 6H); “C NMR (100 MHz, CDCl;) o:
176.5, 136.1, 128.9, 128.8, 128.5, 128.4, 128.3, 66.9, 63.9,
57.8, 45.8, 36.5, 32.4, 30.3, 26.1, 24.9; HPLC 41F: Ttk
Chiralcel OD-H #F, Jitzli4HA V(Hexane) : V(Isopropyl
Alcohol) : (DEA)=96 : 4 : 0.1, UV=254 nm, %ii% 1.0
mL/min, fr;="7.85 min (major), fr,=8.89 min (minor),
ee=>99%.
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NSO I U R R Ot KA T 2, R

HAS B T2 R OCHE P AR IR S . R BRI
NV AR 1R 2 e LA it T 2 B G B R R B
I H I, FRHF R R 2 T e Al T
99% ee 11 (2S,3aR,7aS)-)\ & -1H-W|Wk-2- FHIRE T (1a).
%L N2 R L ) Tl A A P g it 7 — 4% 1)
SERAT IR AR
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