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Abstract (—)-Angustureine is an important member of the tetrahydroquinoline alkaloid family. Such natural products have
attracted the attention of synthetic chemists because of their potential biological activities. Starting from methyl (R)-N-Boc-
indoline-2-carboxylate, the enantioselective total synthesis of (—)-angustureine was accomplished in 7 steps. The key step of

our synthesis involves a rearrangement ring-expansion reaction.
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Figure 1 Tetrahydroquinoline alkaloids isolated from Galipea
officinalis Hancock
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W 22 F 4 B —)-angustureine 1357 5725,
1 #R5118

L LKL A nms| b2 - SR R F G SIS in T k)
& %(—)-angustureine (1), #£k40 Scheme 1 fizs. B4
A DIBAL-H it J5 L&) 5 BEASBIRE 7, BCRIEA
HAR., AR LR R H bR, B REK T RS
¥ 5 B REE 6 FREMIITTEASE] 7. (A S fEELL
FREEME F N IRIRBOE R N 6, 722 83%. X T &6
AL, o2 DLEUES BRI e 1 v AR, (H R
A2 FEER B Boe, MW B F=¥E 4. & H
Parikh-Doering I e B2 AT URAIZEAT, BL 79%[1) 43
SRR 7. BB AR 7 15 20 Fh X i
SRR, ERERE R BRIy 4 01 HA, B
B EFY) AR 8 ITLL T1%H 5 BICRAE]. 8 &=
S LR AL B R AR S0 W2 FRBEAT AR 9. B R R d%
HESCHR[351M 7%, FH = 2R B A0 DU S B A B4k &4
9, SFIFEHY L7410 1 Appel B s N =4 11 (TR &
), BB 3 01 BARSCEE T LLIAE] 93%, (H A
DA BS, 45 J5 82 B SRAR KRB, i ik R B, H
ST HEBEACE ORI, OB R AR R H bR A DY S
10, HAEKERA 55%. thEa% 10 fEEEA 5 T
(AIBN)FI =T HAMBFE T HIBEUR N, T &L
ORI 2 DY S AR A V8 TR BB AN R A . A e o 2R AE
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Reagents and conditions: (a) LiAlHs, THF, 0 C, 83%; (b) Py+SOs,
DMSO, EtsN, DCM, 0~10 C, 79%; (c) CsH11MgBr, THF, 0 C, 71%,; (d)
TFA, DCM, r.t.,, 78%; (e) PPhs, CCls, DCM, reflux, 93% (10 : 11, 3 : 1);
(f) P(n-Bu)s, CCls, DCM, reflux, 55% (10 only); (g) (n-Bu)3SnH, AIBN,
benzene, reflux, 81%; (h) Mel, THF, reflux, 96%

B 1 (—)-Angustureine FI& FLHSLE

Scheme 1 Synthetic route toward (—)-angustureine

2508 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

W, B IREEAT, L 81% M7 B IR AR R &
Y12, sJEX 12 BT N-FREEAL, BRI R H R
(—)-Angustureine (1), F b iEY6{E 5 SCHR[3]IRIEAH I,
Vi B S Bk R HR A R AR T R Y T

2 i

PLEVRIE A H(R)-N-Boc-M5| I -2-¥2 % F ik 5 Ak
GRIERE, DAEHEY 0 R SR g % 0 R A 42 DU S e ki
a2 7 SBIRMNEL 16%H B ISCR A RSB T KRR
(—)-angustureine (1). XM 7V NS FE I FPEREW A
s, ELRE ST SRR = DUE R B k.

3 SRS
3.1 X5

B ARG M4 Bruker AV 300 MHz, Bruker AV
400 MHz(HF5: TMS); 45 £40: XT4A SAUE S0 e 41X
(AL B EACES ), W R4 PL341[H14:4%
IRERAN B3 (L) A FR A & (PerkinElmer)]; DU BAT 5 554 :
Micromass Q-TOF; # E il ENTHER: GF254(F 5
AT 43Ty HENTRER: 200~300 HOLREGMWE
TR X R b T A R ), i 28 & AX: RE-3000( I
W R AR ), TEMOKNE 29 SHZ-TI( LT
FRAMAER] ), GIRA ZIEIA 2 DLSB-5L/25(7M F 44
W THEEA R AR, KiEAHEIRAC PSLISIO,
PSL-1400( 4 ¢ B Ak gs itk 20 2s 41 EYELA). Bt HIH)
10953 W Ak ).

3.2 XWHE
3.2.1 (R)-N-8T &HH-2-% F H 3| 2hoAk(6)49 4] &

7E 100 mL B E SR HLED) 5 (474 mg, 1.71
mmol)¥A T 15 mL Tk PUEMH, 0 C Rt Ay
SAA4(195 mg, 5.13 mmol). 0 °C T/ 3.5 h, #Z2{0
PRGN R SN 52 4s. RN 10 mL RN S Ak B v v e
KN, IR CEERE(15 mLX4), &AM, HA
ALK IERE(20 mLX2), T/KBBRIN T 1. KR
7, FEENT B VO ¢ (LR ZBR)=6 -
AL AR EY) 6 (353 mg, 1.42 mmol), 23 83%.
[a]) +45.1 (¢ 0.66, CHCls); 'H NMR (400 MHz, CDCl;)
8: 7.55 (br, 1H), 7.20~7.10 (m, 2H), 6.95 (t, J=7.4 Hz,
1H), 4.60 (s, 1H), 3.78~3.73 (m, 1H), 3.69~3.64 (m,
1H), 3.33 (dd, J=16.0, 10.0 Hz, 1H), 2.83 (br, 1H), 1.59
(s, 9H); '3C NMR (100 MHz, CDCls) d: 141.8, 130.2,
127.4, 124.9, 122.8, 115.5, 85.1, 77.4, 77.1, 76.8, 66.1,
61.0, 31.1, 28.4; HRMS (ESI) calcd for C;4H;9NNaO;
[M+Na]" 272.1257, found 272.1271.
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322 (R)-N-#T FF I 75| kotk-2- F B (7) 4 4] &

7£ 100 mL [ [E LT 59 6 (217 mg, 0.87
mmol)iF T 10 mL LK & FEH, ET 0 CF. fkik
TIN=21%(353 mg, 486 L, 3.49 mmol)Fl — FF 3V A}
(476 mg, 433 uL, 6.10 mmol). 0 °C F#t+E 10 min 5, i

= E AR E %A PI(416 mg, 2.61 mmol), 0 °C N/

R, i A R S R e A, AU R AR AL
(15 mLX4), &IEH VLA, 1R &AL K3 P20
mL X2), JoKBREREN T Z8PRIEH, FEENT o B[
Al VAR @ M CRR CER)=S8 @ 115 RE ARk &
Y7 (169 mg, 0.68 mmol), =% 79%. T % LEDA
FE, WHEEEEMT T2 &M, 'H NMR (400 MHz,
CDCl3) 6: 9.67 (s, 1H), [7.92 (br, 0.6 H), 7.52 (br, 0.4H)],
7.24 (t, J=7.2 Hz, 1H), 7.16 (d, J=7.2 Hz, 1H), 6.99 (t,
J=7.2 Hz, 1H), 4.76 (br, 1H), 3.46~3.39 (m, 1H), 3.16
(dd, J=16.6, 5.4 Hz, 1H), 1.54 (br, 9H).
323 (R)-N-BT R HEHA-2-[(R)-1-F A T A )75 ok
(8)89 %) &

£ 50 mL [ EERER TR EY) 7 (169 mg, 0.68
mmol)¥& T 10 mL Jo/K UL (THR) H, BT 0 CT,
B BERE TN B VR S A8 R 18 0 n 1 3 IR AL BE[1.03
mL, 1 mol/L THF, 1.03 mmol], 0 °C F4k%: N 2 h.
J2 R R JEORE R SE 4, N 10 mL AN Sk B
WK, LR CEERE(15 mLX4), &3FANAHE, WA
NI IE(20 mL X 2), JC/KBRERENT 1. 28R,
T B WA VOaEE) - (LR 4B =6 : 1],
B EOHRY 8 (138 mg, 0.43 mmol), =H 71%.
[a]y) +31.2 (¢ 0.37, CHCl3); "H NMR (400 MHz, CDCls)
d:7.58 (br, 1H), 7.15~7.07 (m, 2H), 6.92 (td, J=7.4, 1.1
Hz, 1H), 4.49 (d, J=10.6 Hz, 1H), 3.95 (br, 1H), 3.22 (dd,
J=16.4, 10.6 Hz, 1H), 2.97 (d, J=16.4 Hz, 1H), 1.56 (s,
9H), 1.51~1.29 (m, 8H), 0.86 (t, J=6.6 Hz, 3H); '3C
NMR (100 MHz, CDCLy) o: 153.7, 142.8, 131.0, 127.3,
124.6, 122.8, 115.4, 81.9, 74.0, 64.1, 32.2, 32.0, 29.2, 28.6,
25.8, 22.7, 14.2; HRMS (ESI) calcd for C;oH,NNaOs
[M-+Na]" 342.2040, found 342.2060.
324  (R)-2-[(R)-1-# 3 T A3k (9) 49 4] &

£ 50 mL B[R JEFR LS 8 (110 mg, 0.35
mmol)¥& T 10 mL JoK Z& W ki, fidtE FIA=ma
F2(590 mg, 385 uL, 5.17 mmol). =¥ F4k8: %N 3 h, &
JEZEBR S P =8 OB, TN 15 mL WRIRRER &
By, AR5 mLX4), SIANAE, WL
NI (15 mL X 2), ToKBRERENT-15. ZEBRIA T,
FEET BB A VOAES) @ M(CROER)=3 © 1143
T HPIRIL &4 9 (59 mg, 0.27 mmol), 773K 78%. [o]
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+40.1 (¢ 0.48, CHCL;); 'H NMR (400 MHz, CDCl;) 6:
7.10 (d, J=7.6 Hz, 1H), 7.03 (t, J=7.6 Hz, 1H), 6.75 (t,
J=17.6 Hz, 1H), 6.66 (d, J=7.6 Hz, 1H), 3.98 (td, J=9.6,
3.2 Hz, 1H), 3.77 (dt, J=7.8, 3.8 Hz, 1H), 3.06 (br, 2H),
3.06 (dd, J=15.7, 10.0 Hz, 1H), 2.90 (dd, J=15.7, 10.0
Hz, 1H), 1.59~1.33 (m, 8H), 0.91 (t, J=6.8 Hz, 3H); 3C
NMR (100 MHz, CDCly) d: 150.7, 129.3, 127.3, 125.0,
119.5, 109.8, 77.5, 77.2, 76.8, 72.0, 64.5, 33.1, 32.1, 29.2,
25.9, 22.8, 14.2; HRMS (ESI) caled for Ci4H,,NO
[M-+H]" 220.1696, found 220.1705.

3.2.5 (2R,35)-2- /X H-3-5-1,2,3,4-19 S50k (10) 49 %)
%

7£ 25 mL MEJEFEA LG 9 (43 mg, 0.20
mmol)¥& T 5 mL /K & B ke, =IRBHE T IATLK
TS AL B5(920 mg, 575 uL, 6.0 mmol), Z/SfrY", Hitk
N AR I =T 38910 mg, 1.0 mL, 4.0 mmol),
THEZE RS RN 0.5 h, T2 R R ER R B 58
Ax, ZEBRIEF, FEENT O BSGEBLA): VOAHEE) - M(CR
L Tlig)=50 : 1B R E AR EY 10 (26 mg, 0.11
mmol), 7##55%. [a]h +37.6 (¢ 0.31, CHCLy); '"H NMR
(400 MHz, CDCL3) §: 7.02 (t, J=7.6 Hz, 1H), 6.96 (d, J=
7.6 Hz, 1H), 6.66 (td, J=7.6, 0.9 Hz, 1H), 6.53 (d, J=8.0
Hz, 1H), 4.14~4.09 (m, 1H), 3.35 (td, J=7.8, 3.4 Hz,
1H), 3.26 (dd, J=16.4, 5.0 Hz, 1H), 3.08 (dd, J=16.4, 8.0
Hz, 1H), 1.81~1.71 (m, 1H), 1.55~1.49 (m, 1H), 1.39~
1.29 (m, 6H), 0.91 (t, J=6.8 Hz, 3H); *C NMR (100
MHz, CDCl3) d: 143.0, 129.3, 127.6, 118.1, 117.7, 114.1,
57.6, 57.4, 36.3, 34.1, 31.9, 24.9, 22.7, 14.2; HRMS (ESI)
caled for C4H, *CIN [M+H]" 238.1357, found
238.1343.

3.2.6 (R)-2-7%4k-1,2,3,4-79 E789K(12) 89 4] &

725 mL [ R B R 4b &40 10 (22 mg, 0.1 mmol)
BT 3 mL R, SRS T RSN =T RS
#(58 mg, 54 uL, 0.2 mmol)AMEfLEFIER 57 T I,
FHEZE 80 C/ M 3 h, )= G AT k& B 584,
JEZR BRI, N 10 mL ABFREACHETR, LR ZHE%
(15 mLX4), &HANAHE, WAEIBKERGEEAS
mL X 2), JoKBREREN T BRI, FEEHT B (Ui
A ), B AHRAEY 12 (15 mg, 0.075
mmol), FZZ81%. [a]y +54.1 (¢ 0.44, CHCls); '"H NMR
(400 MHz, CDCL3) 6: 6.96~6.92 (m, 2H), 6.58 (t, J=7.2
Hz, 1H), 6.46 (d, J=7.9 Hz, 1H), 3.25~3.19 (m, 1H),
2.84~2.67 (m, 2H), 1.98~1.91 (m, 1H), 1.63~1.56 (m,
1H), 1.47~1.27 (m, 8H), 0.90 (t, J=6.8 Hz, 3H); 1*C
NMR (100 MHz, CDCly) 6: 144.9, 129.4, 126.8, 121.5,

http://sioc-journal.cn/ 2509
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117.0, 114.2, 51.7, 36.8, 32.1, 28.3, 26.6, 25.5, 22.8, 14.2;
HRMS (ESI) calcd for CisH2N [M+H]" 204.1747, found
204.1736.
3.2.7 (—)-angustureine &% &-

£ 25 mL FERESRHRAEY 12 (18 mg, 0.09
mmol)¥A T2 mL oK PUE MR, SR T VRS S
4 IR 5E(77 mg, 34 uL, 0.54 mmol), FHEZE 60 ‘C4k
SN 18 h, T E G R R R TE A, R ZE BRI
FIDUE R, TN 5 mL MABRES, LR OERFE
(15 mLX4), &FFE N, WS KIE RS
mL X2), JTo/KBEREN T4, ZEBRVEFA, AEEHT o 5 (/i
Az A, 1598 35 ORI A (18 mg, 0.083 mmol),
F2E 96%. [alh —7.7 (¢ 0.21, CHCL) [lit.}) [o]h —7.16
(¢ 1.00, CHCI3)]; '"H NMR (400 MHz, CDCls) 8: 7.07 (t,
J=7.7 Hz, 1H), 6.96 (d, J=7.3 Hz, 1H), 6.57 (td, J=7.3,
0.9 Hz, 1H), 6.51 (d, J=8.2 Hz, 1H), 3.25~3.20 (m, 1H),
2.92 (s, 3H), 2.84~2.75 (m, 1H), 2.64 (dt, J=16.3, 4.4
Hz, 1H), 1.90~1.86 (m, 2H), 1.45~1.18 (m, 8H), 0.89 (t,
J=6.8 Hz, 3H); *C NMR (100 MHz, CDCL3) o: 145.3,
128.8, 127.2, 122.0, 115.3, 110.5, 59.1, 38.1, 32.2, 31.3,
259, 24.5, 23.7, 22.8, 14.2; HRMS (ESI) caled for
CisHN" [M+H]" 218.1903, found 218.1921.

HBh# Rl (Supporting Information) {L54%) 6~10, 12,
(—)-angustureine AL MEILIRIE &), 3X LebA k) ) DL 4 2%
AT 355 (http://sioc-journal.cn/)_E R %K.
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