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WE  Parvistemonine A Jy XS B 4> B A I E S AR, CAMLE Y 7 uJEkl, i B 5 BT Ak 1 1 5 & M sk
R BE SN, Vilsmeier-Haack & Julia-Kocienski #5405 6 25 e N B RS2 T H #4400 I )-parvistemonine A 4 &
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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

H AL H #(Stemona sessilifolia)~ =4 H #H(Stemona
Japonica) X X M H B (Stemona  tuberosa) ] T 1§ HL AR 7E
2015 hierp [ 245 derh i 7 o 25 Y, HETC S KM T
150 2 Ff A DA b E SR AE A i 43 B9 45 211 B 8 AE MR 2R
P NGRS B A, B A IROR SR ) B R
RIS 11, 2-0) AR (B DY BT gs i p By
ZRVEMIE SR, FE AR MARIZ R R EER sp’
Al ey, DRI S R AR =) S R 2 I th 2 Fh
ApiE T, 0 Sigma SAREE SRR M bz, itk
s EE ), PUMORC SR 2 25 P, BF
EAEYIEAT ) ARSI, BRI SR TR E K
WS D, Hod BAT IS IE[1,2-a] B4 1 2R 1
stemoamide TVfF 20 AP & 7 vEIRIE!. BT rg A
INHIATRE M, AT L S IR S5 1) (1) B 0 A B R SR
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W& REN AT FROE. 2016 SE AT = M NGHAE & 3 R
715 2] /E e parvistemonine A & HAM E A R 2k gt
1 E B A 2005,. Parvistemonine A Z5 ¥ TG MEng 2228, H
Mg Ze 3R /0 LA IE T SR B, 3 B AT ik, parviste-
monine A IE A - E EE A ARIE.

TERTHAR T AR, S 2% 5 R e A4 1 8 o ) B2
S N BRAG T B R SN, AE 3 T AR B A% 0 [5-7-5]
SR IR, FEL i I 4R A A AR R RN I HR R
R, FERE T RARFZY) bisdehydroneostemoninine Al
bisdehydrostemoninine FJ&r . FRATIAR AL 7L 5
BErRaA 8, JRlId — RV N TE AR H A
SR = A . v TIEB AR, JA TR @
(a4 8 SEMRARF=¥)( £ )-parvistemonine A 15 K.
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Bisdehydroneostemoninine (1 Bisdehydrostemoninine (2)

Stemoamide (3)

Parvistemonine A (4)

B A AR S5

Figure 1 Representative structure of stemona alkaloids
1 BRSHE

FERTH AR R FERE B2 BL2, 5-— AR AR DY Sk
5 455 TR AR IR N ERL, i — R N1 F]
MERE AL A 7, 20 2 e i A0 A 4 5w B N g Ak 17 R
P 48 RANEE 1 R, 248 5 iR N SR R =
AT WA, TERURIRE AT, BELL 13%Mi0E
15 B H I S IR AT B R A A, 4 =k
M 2.k ¥R =5 SRR, JERL R R A RN 241 5 W
o — HEEEALERRT, R R N 5E 4, B0 B AR AR
B 240N 5T R P = AL 2RV, R v BE R
WPEF] 0.03 mol/L I, ELL 79% W 45 21 e A A=
HIRH A4, ARGy 2.6 @ 1, BA RGF
WEM B EY) 8 NEE Y, H&MERHE 30
mmol I, F=HBEE TR, LI 63%M AR HA %
AN N E e (AL N A =S92 N A
6 5 TR — (TLIR IR S5 B Bt Tk AT Ak, (ER JEURE R K
A4k

TEAS B SCEE R Ak 8 2 )5, N — DA BAENEE IR
5 A5 NEEHE(Scheme 1), B E22 T =& &S5 DMF
ZAEU) JERNE R TE B ARFEIAE IR, FTREH T =
AT TR Z T SR R A B AR, 24 R et S
Vilsmeier-Haack J2 % 26441, DL 37% 15215 3] g a4k,
W9, PRI, TR BT N BRI R M 2 1
TARRE, RAETHEIRN. EY9 5 10 /£ KHMDS 1
T &4 Julia-Kocienski etk s il LA 54% %
FEMEY 1. AED) 10 ZLAEREE 14 950K, @it
5 1K1 H-DY A Me-5-B i & A2 Mitsunobu [ B2, 735
LAY 15, 1hE9 15 R A & R 3L H
TEFRF, S5 2L A9 101 (Scheme 2).

&Y 11 fERAEH T RAE SR, LA
96% U HAR B AW 12, NI 58 BLAEME RS IR 5 4751
AN TIET 3. 8T R—B RN AWHAIE N BRI HRIER o
FrSr AR FEEL S N B, &4 12 7 KHMDS 1EH
SRR A H IR O, BL 94% ISR 3 B 5 I
FAL =) 13, 1£ 5 parvistemonine A FIAZREEHE HEAT HE
XE, KA 13 BI85 R parvi-
stemonine A fFER K Z R, W %tk &P AN
parvistemonine A 7E 10 iz F3E 1) 2 [m) A4 4. T HE]
BEHED, B 2es2il T A 13 =5 RE/E DBU /EH R R
AR, A 13 5 DBU 72 R &4 T
RRERN, TEHEY 13 SHER AL FFEE b S N R
AR, FELL 52%MI P R4S ) N — Rk, b
72 ) A A P 2 AR, P RESE BTN AR R A
SEAEY 13 KINBRH S K AT 7. A Atk
55 parvistemonine A [IRZHEREIEAT ELXH (3R 2), KM
KA 22 W SRR R B F=  R IR =) parvistemonine A
HIAME IERE Y.

R H 5w R H BN Y S AR R

Table 1 Reaction conditions of the tandem Friedel-Crafts cyclization and lactonization

OH
2 Conditions
/O@/O\ + HQN\/\)J\O/\ [Ref. 12] N o
HCl @ g
5 6 % 7
Entry Condition? Results
1 BF 3 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 BF 3+ Ether (1.2 equiv.) (0.03 mol/L) Yield: 45%, dr=2.6:1
5 B(CgFs)3 (1.2 equiv.) 7 remained

@ Unless otherwise stated, 7 (0.5 mmol), catalyst, in DCM at 0 °C ~ r.t.
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BT R ER

N,
N" N
N— _o
S
o \/\
(COCI),, DMF, AcONa 10 Pd/H,
DCM, 0.5h, 10°C to r.t. KHMDS, THF EtOH, r.t, 3h
37% 78°C torit. 96%
12 h, 54%
KHMDS, Mel KoCO3

THF, -78 °C, 3 h, 94% MeOH, r.t., overnight

52%

(x)-parvistemonine A (4)

B 1 (+)-Parvistemonine A &%
Scheme 1 Synthesis of (& )-parvistemonine A

NN NG
~_OH PTSH, DEAD, PPh; N/\N>\S/\/ H20,, Mo7024(NH4)sH20 Ny ﬁ,/\/
14 THF, 0°C,1.5h EtOH, 12 h, o
two steps: 83%
15 10

B2 Lam 10 fam
Scheme 2 Synthesis of compound 10

2 KIRFW) parvistemonine A F%REHHE L XF

Table 2 Comparison of the NMR data of the synthesized parvistemonine A and the natural one

No 'H NMR "C NMR
' Reported Synthesized Reported Synthesized

1 5.88d(3.4) 5.88d(3.2) 103.0 103.0

2 5.84d(3.4) 5.84d(3.4) 104.3 104.3

3 1343 1343

4 4.21dd (14.7, 5.6) 4.21dd (14.8,5.6) 442 442
3.65dd (14.7, 11.6) 3.65dd (14.7, 11.7)

5 2.13m 2.20~2.09 m 26.0 26.0
1.57m 1.51~1.66 m

6 2.54m 2.48~2.61 m 344 34.4
1.79 m 1.79 m

7 3.91dd (9.5, 3.6) 3.82~397m 81.8 81.8

8 3.02m 3.00m 49.4 49.4

9 128.1 128.1

10 298 m 3.00m 394 39.4

11 178.5 178.5

12 1.43 d (6.6) 1.42dd (17.2,7.0) 13.9 13.9

13 2.55t(7.1) 248~2.61 m 26.3 26.3

14 1.58 m 1.51~1.66 m 31.6 31.6

15 1.4l m 142 m 22.6 22.5

16 0.96 t (7.3) 0.97t(7.4) 13.9 13.9

2 &£ SER T SER T E S AE Y+ )-parvistemonine A Ak

TAE. &5 R REVE BT LR X, & ik
EW) 4 S53EAT T RN, N parvistemonine A fiTAEHIN]
B AN S A s A T S,

o FRTIA, FERTHARE A AL B, MHREE 7 R,
T 3T i 2 M R A 1) 1 5 K P R A 1 R R S R, Vils-
meie-Haack } Julia-Kocienski #3405 6 20 e v, B IR
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3 IS
3.1 X5

Bruker AV-600 MHz #HiFLHR1 (LA CDCls N,
TMS NAR); Thermo Scientific Q Exactive =14 #% i
BEA(BSD). ASELG AT RIS AT & il Brfa OV
P F G AU R AR G SR T AT
3.2 ZWHE
3.2.1 (3aR,10bR)-1,3a,4,5,6,10b-7~ £ -2H-"% "H[3,2-c]
g b [1,2-a] R 7R 3 -2-8R(8) 49 & A&,

0 CF, =5l ZBH(78 uL, 0.6 mmol)¥& ik
7E 5 min PIEHE A RIS 7 (96 mg, 0.5 mmol)ff) —
ALKE(7.8 mL)EWF, IREVT R = EH TR,
SRR G = K, i 30 min, A HUZHKBE
&, TOKIRBREAT 1, g, JEMRYE TR ik R A
EIEVOECH) | LR LER)=4 1], BL 79%I1 8
FAGFMRILEY) 8 (54 mg, 57%) K H 2 7 A4 (21
mg, 22%).

3.2.2  (3aR,10bR)-2- #.-1,3a,4,5,6,10b- 5~ £, -2H-"% "h
[3,2-c] & K[ 1,2-a] R 2= 3 -8-F BE(9) 49 Ak,

1L 10 CAREH, KEBESE (2.4 mL, 2 mol/L —&
FR eV ) 2 12 3 N 21 48 1¥) DMF (0.72 mL)H, 442K
H A 7E = IR T AR HE 15 min, BEE DA &
FE(100 mL). 28522183 g T — & HF F8(50 mL)FIfk
) 8 (900 mg, 4.7 mmol)iF. TEZEIR NI 0.5 h 5
TINBSEEREN VA2 g, 20 mL /KIEWR), 4kstir =R e 2
h. =& RN =R, GFAHAHE, JoK Na,SO, T
g, LI EAERAEREVOECK) | MR LE)=
20 11408, BRENIRIL A 9 (375.4 mg), 723 37%. 'H
NMR (600 MHz, CDCl;) &: 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), 2.97~3.12
(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, 13.3 Hz, 1H); °C NMR (151 MHz, CDCl,)
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) calcd for C;,H,4NO;
[M+H"]220.0968, found 220.0968;

3.2.3 (3aR,10bR)-8-((E)-T #-1-#i-1-%)-1,32,4,5,6,
10b- 7~ £, -2H- "k "# [3,2-c] e %8 J2. [1,2-a] # s 5 -2-ER)
(11) 9 &A%,

BALAY 9 (100 mg, 0.46 mmol)F{LAH) 10 (150
mg, 0.59 mmol)i& T 15 mL TV E IR H, SRJ5¥4
HE—78 C, R NZ12W I 1.0 mol/L KHMDS
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(1 mL, 1 mmol), FEEMIRE R < 30 min. 2R /5
FHEZIRXMN 12h, /£0 CFIA S mL #2F1 NH,C1 P
b, REH ZE WA=, S IFA T,
Al NaCl JERVEE =X, To/K Na,SO, T4, e, JER
RAE TR R AR ORE[V(IECK) © (LR LER)=
3 1R HPIRAL A 11 61 mg, 723 54%. 'H NMR (600
MHz, CDCly) d: 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),
436 (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 (t,
J=7.0 Hz), 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) d: 175.3, 133.2, 133.0, 129.1, 117.3,
104.8, 104.1, 83.7, 44.3, 42.3, 34.2, 33.5, 26.3, 25.8, 13.7;
HRMS (ESI) caled for C;sH,)NO, [M+H"] 246.1488,
found 246.1489.

3.2.4 (3aR,10bR)-8- T #-1,32,4,5,6,10b- 7~ £ -2H-"%
"H[3,2-c] g I [ 1,2-a] R A= 3 -2-BA(12) 49 & &

KAk &Y 11 (50 mg, 0.2 mmol)¥E T 5 mL ZEEr,
N/, EESMERT, ZiRRM 3 h g, HiEsE
BRI A B, JETR AR A ) 12 48 mg,
2% 96%. '"H NMR (600 MHz, CDCls) &: 5.86 (s, 1H),
5.81 (d, J=3.0 Hz, 1H), 421 (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, CDCly) d: 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) caled for C;sH»,NO, [M+H ']
248.1645, found 248.1644;

3.2.5 (1R3aR,10bR)-8-T #-1-%F #-1,3a,4,5,6,10b-7<
F-2H-"k "8 [3,2-c] b SR [1,2-a] R 2 -2-BA(13) &9 &
I

B A1 12 (40 mg, 0.16 mmol)VA T T IU S bk
(2.7 mL)H, #£—78 “C4MF T M8 A (= H L HE
FYRFLA(0.24 mL, 1 mol/L VUEFKIRAEW), KM 10
min G NIEFEE 0 'C T 5 min. BEHAEE—
78 °C, MMABEH $£(0.26 mL, 0.26 mmol), 7ELIRE
GeRR M 3 h FARER, NS EIE R DA E R
N, ARG R QBB =R, A IEA UM, M1 NaCl
WP =k, To/K MgSO, T4, 138, JEmHk4gi s
PRV FEEOE[VCA T - MR LB =3 © 1115
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RAEY) 13 40 mg, 77F 94%. 'H NMR (600 MHz,
CDCly) d: 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); "C 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) calcd for Ci¢H,NO,
[M+H"]262.1802, found 262.1801.
3.2.6 (%)-Parvistemonine A (4)49 & %

BALEY 13 (6 mg, 0.023 mmol)iE T ZE#(0.5 mL)
o, IOABREZAR(5 mg, 0.035 mmol), =R FHidE 12
h J&, IKBAZIE N, &R =), &34
BUAR, 338, U8R 4 It 15 5k R ) 2 4% (35 (VA
fif) @ V(2.2 2 B8)=3 : 1115 H1R(+)-parvistemonine A
3.2mg, & 52%. 'H NMR (600 MHz, CDCL;) J: 5.88 (d,
J=3.2 Hz, 1H), 5.84 (d, J=3.4 Hz, 1H), 421 (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); °C NMR
(151 MHz, CDCly) §: 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) calculd for C;sHNO, [M+H ']
262.1802, found 262.1801.
32,7 1-R A5 (AARBEA)-1H-w =4 (10)89 & m%,

¥ IETARE 14 (0.5 g ,8.32 mmol)i& T 130 mL T
PUE MR, WHIZE 0 C, WRIKIMA=FERESGS g
20.8 mmol), 1-#<3E-1H-PUME-5-BR (3.0 g, 17 mmol),
B WR — ZH5(3.3 mL, 20.8 mmol), EMZEMET M
1.5 h. fEHERE RN 40 mL () 28R ZEsFEFE, TN 30
mL Y1 NH,Cl A2 ik B, 2R 5 R BRI =R,
G AN, MR NaCl EGEs — ik, Jo/K NaySO, T
fe, 1LE, JEMIRETA .

P T 35 mL LBEH, AEIZE 0 C, SAEHK
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VINEHER £ VUK A40(929 mg, 0.74 mmol), 30%FHIRL
#A7K(8.9 mL, 75 mmol), 7EMZAE TR 12 h, fIA 20
mL VRN AR BR AN VA T LA 28 1 [ . 2R 2L 2K L
=W, A MU, WA NaCl ¥R B =k, LK
Na,SO, T, U8, BRI T 135k R & M i
[VCATEE) @ M(CBR CB)=15 T 1183 AfEE 1.7 g, 7%
# 83%. 'H NMR (600 MHz, CDCL3) d: 7.71 (d, J=17.3
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).

# Bh 1 Bl (Supporting Information) fTH =4/ 'H
NMR Fl °C NMR 3 &, 32481 A] LA 4o 2 A 93
(http:// sioc-journal.cn/) I T %k,
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