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(+/-)-Parvistemonine A U2 & B

LR MR Emit PERC £2EH°
(G PR R E A IARWE A L KJE 030006)
C TR T 2B KJE 030006)
CUPERZRBAES F.0 KR 030006)

FWE  Parvistemonine A Sy MK I 8 4 BS A3 0 SR AR 0. FRATTLMG S 7 SR, I 5 B A A 1 48 5 K
BeAb ) ERIC 8L, Vilsmeier—Haack & Julia-Kocienski M55 6 5 [ N IR FERL T H #6AE Y58 (+/-)-parvistemonine A
H4& R I1E, N parvistemonine A fiTAEMINIE BRI B AW VERE 74T T 340k

KA ORI EIBAEYIIR; parvistemonine A; LA R

Total Synthesis of Racemic Parvistemonine A

Ma, Kaiging** Ren, Hubin®® Wu, Xiaoxiao® Chao, Jianbin® Qin, Xuemei®
(* Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006)
(" College of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006)
(“Scientific Instrument Center, Shanxi University, Taiyuan 030006)

Abstract Parvistemonine A was isolated from Stemona parviflora. The total synthesis of racemic parvistemonine A was
completed in 6 steps for the first time, employing compound 7 as the starting material. The synthetic strategy features a tandem
Friedel-Crafts cyclization and lactonization, Vilsmeier—Haack and Julia—Kocienski olefination. This study laid the foundation
for the synthesis of the parvistemonine A derivative and its biological activity research.
Keywords natural product; stemona alkaloids; parvistemonine A; chemical synthesis

L7 1 #B(Stemona sessilifolia), =4 7 #f(Stemona japonica) A% M- 7 &5 (Stemona tuberosa) () T M 7E 2015 A
o E 2GR R Z AR, HRTCERIL T 150 ZF0 B AR AR F= ) AL B A o 2545 31 . A 1
M, TR R AR L R M RO R [L, 2-o] B (B D). T gh i L SRR 2R,
B A AR 2R R A 1 sp® Z4Abm b Ly, AT SRR R R R B 22 R A 3% P dn . Sigma 32 A
ZELIETER, b, BEmR EER, FuboRl, W L T TS O T A R T A
Wk, BWHESER T KA AR R, Hoh AR IR, 2-a) B E 4L stemoamide T 20 Al A K
J7EARGERY, T AR AR, G LA I AR A R B T AR R AR P ) £ N D AT R . 2016
AR LI AT 50 KT I 4 BS 45 3 A2 g parvistemonine A A% At B Rk 2k HUNE M 16 s Ak e Y
Parvistemonine A £5#rh B ML 2438,  HEms Ze3h g iy b BA /D UL IE T 285U, B H ANk, parvistemonine A
B A A A R E .

TERTIAWT I TAE T, S 2% 5y Wi o6 A0 1R 48 o S 2 K oA IR AL I BRI OB, 3 1 7 S AR s i o0 [5-7-5) e X
FIR G, H &k U 4R A0 B R R A A B B R, SE R T R AR F= 4 bisdehydroneostemoninine  Fl
bisdehydrostemoninine [ 2. A TBARAE fil it S ARt &4 8, FRilIt — R 5 ekl N 58 L A 1 R
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YIRS e O TAERZ SR, RTS8 R R L 51 8 SE IR W) (+1-)-parvistemonine A ) & .

H
AN
1R i .
OO0 N OO N ¢]
j; 0~ j; 0~
G H

bisdehydroneostemoninine (1) bisdehydrostemoninine (2)

stemoamide (3) parvistemonine A (4)

B 1 F AR AR M S A
Figure 1 Representative structure of stemona alkaloids

1 &R51R

FERTII T AEROBERE L0, AT 2, 5-— FARE DU AU 5 4-E0E T MR 2B Hh AR B Bk, S — R 91 55
A 7, TRATTFAG 222 e 5 SRR O L 0 18 5 % YR £ LR LB 2 1 e 240 50 T 2 B =
AL Z AT, CER IR I A R A DL 13063 A5 BUBR HEFR AR 2OF SR SE e RO, 4 =R AL 2,
WA IR, SRR R . 2 5 TR — UL, JSURHR M 5E 4, (TG F AR E R 24
NS AL Z RV, 4185 AR TR FE ) 0,08 mol/L 4 FE T AiELL 799%F %45 51 S s AR SEER A =4,
PAFII Iy 2.6:1, B R I SRGE 9 12 8 JE B2, {4 BORHR KB 30 mmol B, 725 s
FWE, UL 6390 R AEI BN . O T KR ARG, Fof 13RS B LB 52 0 = (g
) TGEIHEAT AL, (R UL R R L

eIk 8 2R, TS AR 5 (LI NS (IR 1, BERATE R T = AR S DMF
SFRY, RN SRR T F AR P i, T A T = SRR TR 2 S BRI R R R, R B I 1
Vilsmeier—Haack K14 fF1S), 1L 379MHC R A BIRESEAL A0 9, PR OR(RbfEG . TR0 THEITT i 2 o T P4 M B 7 P
SO FARE, TR T BIRRFTSEN, LRRAIRAEH T AW 9. a9 SHE4 10 75 KHMDS fF/
R Julia-Kocienski i K LRI, B 54% (MR AELAY) 11, 1A 10 & BVETTEF 14 HJSK, 85 1-
HHE-TH-DYRUE-5-BRE A/ Mitsunobu SR, {5 BIBRREIL 44 15, 141 15 ZEiFULE LRI R T
FIAFEIL 4 1019 (IR 2).
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&1 - EE LS RN AR R

Table 1 The reaction conditions of the tandem Friedel-Crafts cyclization and lactonization
O,

- )
|G
OH

H
5 [Ref 12] /_/_§=>, Conditions i L“ R
' @ °\ "
P

o 0 o
H2N \/\)LO/\
HCl 7 8
6
Entry Conditions? Results
1 BF3 Ether (1.2 equiv) (0.01 mol/L) Yield: 13%
2 TFA (1 equiv) 7 remained
3 Me,AICI (1.2 equiv) Complex formed
4 BF3 Ether (1.2 equiv) (0.03 mol/L) Yield: 79 %, dr = 2.6:1
5 B(CeFs)3 (1.2 equiv) 7 remained

2 Unless otherwise stated, 7 (0.5 mmol), catalyst, in DCM at 0 °C - rt.

& 11 EARTAE N R AR ARG B, DL 96% I Z1G B4 &4 12, AT 58 BAEIE I R 5 A7 5] N T 1E
T I BT R RN AT A A BRI BRI B o SR IR B R S N, A 12 £ KHMDS A T 58U ft
AL N, DL Q4% ISR 4 B9 453 B F IE4E P24 13, (E 5 parvistemonine A FIRZREEIE ST LN G, RIUMLEDY
13 WAL LA R 5 R IR P~ parvistemonine A fE{ERCKZE 7, A THENZ AL A4 parvistemonine A 71 10 i FH L [ 2
A SRR, A T IR AN, FATE R T AW 13 25 6ETE DBU fEA FRAEZ R, HEKAY 13 5
DBU 7£ H 2K B 26 T R A A RN, TG RATR AL G 13 SRR TE B B oh R SR A Z 19 A4k, FF DL 52%
PIF= AR 8 7 — ik, P ZE R R R KA B2 B T I E R, SELEY 13 KINBRM S K
TR, B 4L parvistemonine A FIAZ LB HEAT EEXF DY (3% 2), WA 2 10 S AL S5 IR 72 0 AR 72
W) parvistemonine A I 4MH EIR & .
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BiliE W53 &R
Y
N~N»\s"\/\
(COCI),, DMF, AcONa o KHMDS
o _—
0 THF, -78 °C to rt,
DCM, 0.53!;,(%1,0 Ctort @ 12 h, 54%
8 10
PdH, KHMDS, Mel H
0
EtOH, 1t, 3 h 0
o69% THF, -78 °C, 3 h, 94%

" 12 13
KoCOj H
MeOH, rt, overnight o
52%
0
(+/-)-parvistemonine A (4)
B3R 1 (+/-)-parvistemonine A 14 i
Scheme 1 Synthesis of (+/-)-parvistemonine A
N-N ',\f"\{ 0
1 n
_~_on Frst.DEAD, PPhs N~N>\S/\/ H20 Mo7O2u(NHA)sH,0 - N, NS~
THF,0°C, 1.5h EtOH, 12 h, 83% ©
14 15 10

http://sioc-journal.cn/

B 2 faw 10 ME
Scheme 2 Synthesis of compound 10
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2 2 RIRFY parvistemonine A A2 HEE A b xT

Table 2 The comparison of the NMR date of the synthesized parvistemonine A and the natural one

No. Reported Reported Synthesized Synthesized
'H NMR BC NMR compound compound
'H NMR C NMR
1 5.88d (3.4) 103.0 5.88d (3.2) 103.0
2 5.84 d (3.4) 104.3 5.84d (3.4) 104.3
3 134.3 134.3
4 4.21dd (14.7, 5.6) 44.2 4.21dd (14.8, 5.6) 44.2
3.65dd (14.7, 11.6) 3.65dd (14.7, 11.7)
5 213 m 26.0 2.20-2.09 m 26.0
157 m 1.51-1.66 m
6 254 m 344 2.48-2.61m 34.4
1.79m 1.79m
3.91dd (9.5, 3.6) 81.8 3.82-3.97m 81.8
3.02m 494 3.00 m 494
9 128.1 128.1
10 2.98 m 39.4 3.00 m 394
11 178.5 178.5
12 1.43d (6.6) 13.9 1.42 dd (17.2, 7.0) 13.9
13 2.551(7.1) 26.3 2.48-2.61m 26.3
14 158 m 31.6 1.51-1.66 m 31.6
15 141m 22.6 1.42m 22.5
16 0.96 t (7.3) 13.9 0.97t(7.4) 13.9

2. &ip

S5 L RTIR, 7E AT SRR b, AR TaI AR 7 b R e 5 S Ak A T K P TR A 1 BRI S B, Vilsmeier—Haack
J Julia— Kocienski #1055 6 20 N IRGERE T 58/ T E A2 Y0 (+/-)-parvistemonine A & R LAE, Zid 5K
FEY RIS BT EE X, A R & 4 G5REET T RN . A parvistemonine A fiTAEYI A BORT B HLAE I
G ANE R

3. LWL
3.1 LB 55
Bruker AV-600 MHz #%HEILIRIC (BL CDCls N7,  TMS NMFR); Thermo Scientific Q Exactive 7573 ¥ 5 i

AL (ESD); AS2I A R B A S A4l BT SO A8 F K VE IR &SR R AT .
3.2 LWHE:
3.2.1 (3aR, 10bR)-1, 3a, 4, 5, 6, 10b-7< £.-2H-7% “H[3, 2|8 2 [1, 2-a] A7 2-2-8 (8) 494 Ak

£0CT, =5 LBE(78 1, 0.6 mmol)IFWETE 5 /-8 WZFIMAEILEY 7 (96 mg, 0.5 mmol) [ =5 L4¢
(7.8 mbD &, REEEDI R ERIFHAEER . REEEYH =R K, Bide 30 70480, AHLERKBE%K,
ToKBRBRAN T, LuE, JEMIRG IR AMAERE(ECK: LMRLEE = 4 1), DL 79%MSICRE BRI &
Y8 (54 mg, 57%) MHZE R FMAE (21 mg, 22%).
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B
3.2.2 (3aR, 10bR)-2-#.-1, 3a, 4, 5, 6, 10b-7< £ -2H-"% " [3, 2-c]*rt =& 12 [1, 2-a] R 2+ #-8-F & (9) #94m%

£ 10 CRM R, FEBEE (2.4 ml, 2 M SR LEER) 12N 212 DMF (0.72 mi)H, 44 5 1 il 44
JofE IR T4k RE 15 0%k, BEE NN &R (100 mL). RSB RIE T &M (50 mL)MIL&4 8 (900
mg, 4.7 mmol)¥EiR. TEZEIR NI 0.5 /A EMABSERER (2 g, 20 ml KEWR) , SEAEE\RBF: 2 /N, A
THEEBAR =K, AIFENAE, JoK NaSO, T4, W IEEARER kA (A LR AHEE =2 1), 3
RAEEY 9 (375.4 mg), 7% 37%."H NMR (600 MHz, CDCl3) § 9.51 (s, 1H), 6.87 (d, J = 4.0 Hz, 1H), 6.10 (d, J = 3.9 Hz,
1H), 5.84 (dd, J = 14.7, 5.6 Hz, 1H), 4.04 (td, J = 10.8, 3.5 Hz, 1H), 3.70 (dd, J = 14.5, 11.8 Hz, 1H), 3.51 (dd, J = 20.7,
10.0 Hz, 1H), 2.97 (m,2H), 2.60 (dd, J = 13.0, 3.4 Hz, 1H), 2.18-2.24 (m, 1H), 1.85-1.90 (ddd, J = 16.0, 13.2, 3.5 Hz, 1H),
1.70 (dd, J = 26.8, 13.3Hz, 1H). *C NMR (151 MHz, CDCl5) 5 179.9, 174.3, 139.9, 132.5, 124.67, 107.3, 82.2, 45.5, 41.8,
34.4,33.2,25.3; HRMS (ESI) [M + H"] calculated for C;,H,,NO3: 220.0968, found: 220.0968;
3.2.3 (3aR, 10bR)-8-((E)- T #-1-4-1-#)-1, 3a, 4, 5, 6, 10b->~ £.-2H-"4 "#[3, 2-c]==8 12 [1, 2-a] f. 2 $-2-87 (11)
9 4

¥4k &4 9 (100 mg, 0.46 mmol) itk &4 10 (150 mg, 0.59 mmol)i& T 15 mL TR UL T, SRR HE
78 °C, FEMLIRE R 1.0 mol/L KHMDS (1 mL, 1 mmol), FF#EMiRE FHisE B 30 20580, SR T4 =
SN 12 /B, AR 0 C RN 5mL Al NH,Cl A b B, AR5 &A=k, &HAVIAH, HF NacCl
WIRHERE =X, oK Na,SO, T, U8, JEMIRGI TS RMAEEIE(HMEE: 2ROl = 3 @ D)k &Y
11 61 mg, 7% 54%. 'H NMR (600 MHz, CDCl5) & 6.23 (d, J = 15.6 Hz, 1H), 6.15 (d, J = 3.1 Hz, 1H), 6.08 — 5.98 (m,
1H), 5.91 (d, J = 2.5 Hz, 1H), 4.36 (dd, J = 14.9, 5.6 Hz, 1H), 4.06 — 3.92 (m, 1H), 3.72 — 3.59 (m, 1H), 3.44 (dd, J = 21.2,
9.2 Hz, 1H), 2.91 (qd, J = 16.7, 10.4 Hz, 2H), 2.62 — 2.47 (m, 1H), 2.22 (p, J = 7.0 Hz, 2H), 2.19 — 2.11 (m, 1H), 1.88 —
1.79 (m, 1H),1.65 — 1.62(m, 1H), 1.09 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz, CDCl3) & 175.3, 133.2, 133.0, 129.1, 117.3,
104.8, 104.1, 83.7, 44.3, 42.3, 34.2, 335, 26.3, 25.8, 13.7; HRMS (ESI) [M + H*] calculated for C;5H,NO,: 246.1488,
found: 246.1489;
3.2.4 (3aR,10bR)-8-T #-1, 3a, 4, 5, 6, 10b->~ A -2H-"k " [3, 2-C]=t & 12 [1, 2-a] A+ 2-2-B7 (12) 94 m

HA4bE4) 11 (50 mg, 0.2 mmol)¥sT 5 ml ZFEH, MAHUGR, TEESMERT, RSN 3 M. oy, HrERE
TR R EICR AR, EOR ARG A 12 48 mg, FEEE 96%. 'H NMR (600 MHz, CDCls) § 5.86 (s, 1H), 5.81 (d,
J=3.0 Hz, 1H), 4.21 (dd, J = 14.8, 5.6 Hz, 1H), 3.99 (td, J = 10.8, 3.3 Hz, 1H), 3.79 — 3.55 (m, 1H), 3.42 (dd, J = 21.5, 9.0
Hz, 1H), 2.91 (ddd, J = 24.4, 16.7, 10.4 Hz, 2H), 2.63 — 2.45 (m, 3H), 2.27 — 2.09 (m, 1H), 1.84 (ddd, J = 15.8, 13.5, 3.2 Hz,
1H), 1.72 — 1.48 (m, 3H), 1.41 (dq, J = 14.7, 7.3 Hz, 2H), 0.96 (t, J = 7.3 Hz, 3H). **C NMR (151 MHz, CDCls) § 175.5,
134.5, 128.1, 104.3, 103.4, 83.9, 44.2, 42.4, 34.3, 33.6, 31.6, 26.3, 26.0, 22.5, 13.9; HRMS (ESI) [M + H"] calculated for
C1sH2NO,: 248.1645, found: 248.1644;
3.2.5 (IR, 3aR, 10bR)-8-T #£-1-7 % -1, 3a, 4, 5, 6, 10b—>~ A-2H-"k " [3, 2-c]=t &1z [1, 2-a] A 4 #-2-B7 (13) &9
AR

B &4 12 (40 mg, 0.16 mmol)& T T DU (2.7 mi)H, 7E-78 ‘CEA4E N MBI AR (= H L i3 ) & I
B#(0.24 ml, 1M VUSERRIEIETR), &AL 10 73805k RBHEZE 0 C RIS 708, ARJEEFAEIZE-78 °C, A
F5£(0.26 mL, 0.26 mmol), 7ESLIEEE F 4R8N 3 /. FFEZE, IEMEEER AL IR, REH R4
BEAEE =R, SN, WA NaCl Wik =k, Jo/K MgSO, T, iLiE, JEMIRYSFTSk RMEr Gt (f
Wk 2R 2B =3 )EIRIL A 13 40 mg, 7% 94%. *H NMR (600 MHz, CDCl3) § 6.06 (d, J = 3.5 Hz, 1H), 5.83
(d, J = 3.5 Hz, 1H), 4.34 (td, J = 10.7, 4.0 Hz, 1H), 4.23 (dd, J = 14.8, 6.0 Hz, 1H), 3.55 (dd, J = 14.7, 11.4 Hz, 1H), 3.43
(dd, J = 10.2, 7.1 Hz, 1H), 3.13 (p, J = 7.3 Hz, 1H), 2.64 — 2.58 (m, 1H), 2.54 (t, J = 7.8 Hz, 2H), 2.18 — 2.10 (m, 1H), 1.77
(ddd, J = 16.1, 13.3, 3.3 Hz, 1H), 1.69 — 1.60 (m, 1H), 1.61 — 1.54 (m, 5H), 1.46 — 1.37 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H).
B3C NMR (151 MHz, CDCl3) § 179.2, 134.1, 125.7, 105.7, 104.6, 80.9, 45.6, 44.9, 39.7, 34.9, 31.5, 26.5, 25.4, 22.6, 13.9,
12.6; HRMS (ESI) [M + H™] calculated for CysH24NO,: 262.1802, found: 262.1801.
3.2.6 (+/-)-parvistemonine A (4) 94 &

¥4 &) 13 (6 mg, 0.023 mmol)iE T ZFE(0.5 ml)+, MIABKELEH(5 mg, 0.035 mmol), 7E==iR M+t 12 /IS,
KA R B, SRR =R, &IV, U8, IERRAE TR RMAEE ik (amit: 2ROl =3:

6 http://sioc-journal.cn/ © 2019 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2019, 39, XXXX~XXXX
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1)#3 4R (+/-)-parvistemonine A 3.2 mg, %% 52%. '*H NMR (600 MHz, CDCl3) 6 5.88 (d, J = 3.2 Hz, 1H), 5.84 (d, J = 3.4
Hz, 1H), 4.21 (dd, J = 14.8, 5.6 Hz, 1H), 3.97 — 3.82 (m, 1H), 3.65 (dd, J = 14.7, 11.7 Hz, 1H), 3.00 (m, 2H), 2.61 — 2.48
(m, 3H), 2.20 — 2.09 (m, 1H), 1.79 (m, 1H), 1.66 — 1.51 (m, 4H), 1.42 (dd, J = 17.2, 7.0 Hz, 4H), 0.97 (t, J = 7.4 Hz, 3H);
3C NMR (151 MHz, CDCl5) § 178.5, 134.3, 128.1, 104.3, 103.0, 81.8, 49.4, 44.2, 39.4, 34.4, 31.6, 26.3, 26.0, 22.5, 13.9,
13.9; HRMS (ESI) [M + H™] calculated for C,6H,,NO,: 262.1802, found: 262.1801.

3.2.7 1- 3R A -5-(A AR BL A )-1H-w k. (10) 494 A%

4 IEAEE 14 (0.5 g ,8.32 mmol )T 130 mL FHE M Y SRR, Wi % 0 °C, RERKIMAN =K 2% (5.5 g, 20.8
mmol), 1-K3E-1H-PYmMe-5-fifE (3.0 g, 17 mmol), A =FER 45 (3.3 mL, 20.8 mmol), FEMZLFT M 1.5 /)
i, ZEFEHEE R I 40 mL ¥ 28R EEFGRE, N 30 mL HIF0 NH,Cl DA I [ v, SR G H R QA IR =k, &
FHANUAE, MR NaClIEVRBES =ik, Jo7K NaSO, T4, ik, JEMIRAETSFHL=W.

P =T 35 mL g, AEIE 0°C, ARJERIINNEHER VYK A4(929 mg, 0.74 mmol), 30% HIXEAIK
(8.9 mL, 75 mmol), fEMLEAt: N KB 12 /NIF, AnN 20 mL PN T AR BRANTA TR LA LB SN, AR5 I 2R R AL =
W, GHANAE, WA NaCl G =k, To/K NaSO, T4, U8, JEHIRAEFT 3 5R RV EAE Cnl (F A ik -
2 ZBE =15 DEAGER 1.7 g, 775 83%. SR CHR[16] 7574 M. *H NMR (600 MHz, CDCls) & 7.71 (d, J = 7.3
Hz, 2H), 7.67 — 7.58 (m, 3H), 3.81 — 3.64 (m, 2H), 2.03 (dd, J = 15.4, 7.6 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H).
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(+/-)-parvistemonine A (4) 8 7

Parvistemonine A M B &8 - 4> B 1S I0 B S AR, FRATLAME A 7 )RRl
JE I B 5 3R R 4K A8 v B N R AR I AR G SR, Vilsmeier—Haack A Julia—Kocienski
I IEANEE 6 30 ION T IRGE K T 5E R T B A PR (+/-)-parvistemonine A 4 & i L
€, 4 parvistemonine A TAYIINA A FLAE D E I 54T T R A
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