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Research Progress on the Synthesis of Stenine

Chen, Jingbo Chen, Jingchao Xie, Yan

Liu, Nana Liu, Dandan Zhang, Hongbin™
(Key Laboratory of Medicinal Chemistry for Natural Resources, Ministry of Education, Yunnan University, Kunming 650091)

Abstract The alkaloid stenine which has a representative pyrrolo[1,2-alazepine nucleus and a highly substituted perhydro-
indole ring system is unique among Stemona alkaloids. The polycyclic system and the seven contiguous stereogenic centers in
(—)-stenine present a challenge for asymmetric organic synthesis. Progresses toward the synthesis of stenine are reviewed in
terms of the key strategies employed.
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Claisen HHE WK = 28 AN BRAL A 10, 10
a4 H R R N S NN, ARG
SN AEZIEAL(LDA)YYE FH R S e S N AR BRI o £
FINHE, SRJ54 Swern A4k, Wittig e NV AIZL ARG %
PEIC A &9 11, EBREUR 7 FORS L J5 In # iy it
fefb g rtoc B 3, MNAESAMBRIE A ABC
IR R A I 12, 12 MRS iR b 7
5 Lawesson i{I1/E FIWE It i i A o BRARIE %, S5 48
PRI SR AR S B T W ST T B £ )—Stenine ¥ 5
—IRAE i (Scheme 1). Hart [K) & il £k b K 28 25 [
M, LT 8%, LI A BR AL 1N L P BEER
Keck [ 5 | NM S J5 FREAR R SRV BE IR 7 V0 5
RAR T FCLH 5 il A 0 A DS PR H.
1.2 Jung ff5R4E BC IMA RIS K 5%

2000 4F, #H%¥ Jung KA Diels-Alder N
JEFEAER, 4kifii ] Beckmann HE) 7 i 0 g%
Wi BC IR R, BB ABC =IRE5K). {HHED B

H
B OMs
I NHCO,Me

AcO._~

H

Ao~ H

13 (z)-Stenine

Reagents and conditions: (a) ELAICI, xylene, reflux (46%~67%); (b) NH.NH,; (c) Mel, K,COs; (d) CH3COCI (87%, 3 steps); (e) mesitylene,
heat (94%); (f) 9-BBN; (g) NaBO3+4H,0; (h) MsCl, EtsN (95%, 2 steps); (i) MeLi; (j) K2CO3, MeOH (94%, 2 steps); (k) CrOs, H2SO4 (83%); (1) I,
NaHCO; (95%); (m) DBU; (n) NaBH,; (o) TBDMSCI (95%, 3 steps); (p) MeC(OMe),NMe;,, xylenes, reflux (93%); (q) |, THF, H2O (75%); (r)
n-Bu;SnCH,CH=CH,, AIBN (83%); (s) LDA, THF, Mel (87%); (t) EtsN, DMSO, (COCI); (99%); (u) PhsP=CHCOEt, CHClIs, reflux (91%); (v)
Red-Al, CuBr (85%); (w) MesSil, DCM, then mesitylene, heat (86%); (x) OsO, (Cat.), NalO4 (84%); (y) HSCH,CH,SH, SiO,-SO,Cl (100%); (z)

(p-MeOCsH4PS;,), (100%); (a') W-2 Raney Ni, EtOH (80%)

Scheme 1
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ik S R

T Diels-Alder &N ICEARAK(62%), 105 2 Hfd FH IR
PIINAR) TR P LB 2% 5 (Scheme 2). H ET AR
DL S P R 4A 17 #5464 Stenine 4R IE.

OMPM OMPM

TBDPSO TBDPSO” * H

16 17
Reagents and conditions: (a) PhCl, reflux; (b) NH,OH+HCI, pyridine;
(c) TsCl, pyridine

Scheme 2

1.3 Padwa FARABARE KL

2002 4, FEIRERE K Padwa N BRI
[4+2]- 340 s kA T T ) ABC = R 451410
G0 22, HWIAERNBCRN 85%, Mbad) 18 k&
18 ¥, LLRICE 2.1%5 1% T U8 7208 £ )-Stenine
(Scheme 3). Padwa /N T N-— FERE L B A e (18) 55
L TR YRS Adol 4EA N LR 5L A

MeOOC

(19), T 3-(E)-CM-1,6- TR 5 HF G B I S0V FH A5 I8t
WV f%(20), 20 £ DMTSF [dimethyl(methyl)thiosulfonium
tetrafluoroborate] 1€ | T JE B IRt 1 25+ 5| & 40 I .
Al AR TR R, 1 R g BRI I A P A
AW 21 Afoe, Eil NRRE Diels-Alder WA EHE
RV ABC —IMARETINEY 22, L0 )R
IR PRI St S K SRR A i A 25, R
Jii 2t Hart (7774 W, Scheme 1 H' (q)~(s) M (x)~(a")]4%
1k} (£ )-Stenine.

1.4 Aubé HRERE R FTE

2002 4, FEEBFERTA Aubé (5T 41MLLZ 6 b
SR 50%) B ) — Kl 26 S rh R A4, R 2118
Diels-Alder 731 Azido-Schmidt £ 5t 5 W e 204 H gt
SE T ABC =IMARLEY 27, HA e P AER B
SRR, R (43%) AN i (Bg. 1).

WEY) 27 4 Birch i R I HE 5 159 20 B4 A0 A
RIR G S AR B N AE BT ABCD DYIRA R &5
FayftyFp 1144 30, 4% )5 ] Hart (475 %5 . Scheme 1 H(x)~
@)XW e N 15 3(+)-Stenine, AN G S IL 16
W RN, AN LA R R )6 T 12 (Scheme 4),
WE A 7.7%.

OAc O \ -COOMe
L MeS OAc O -
a~c NH ¢ e (0] O :
B - . SMe R MeS% o . - A>=0
S N
18 19 SMe \ B
20 .
22
COOMe COOMe COOMe
b
= d “H R
HO A~ HOW_~G :
f,g 0] h O Hart's method
— N — N = (£)-Stenine
23 25

Reagents and conditions: (a) LDA; (b) (MeS),CHCHO; (c) Ac,O (80%, 3 steps); (d) (E)-methyl 5-(chlorocarbonyl)pent-3-enoate (85%, 3
steps); (e) DMTSF, EtsN (80%); (f) R-Ni, EtOH; (g) NaBH,4, CeCl; (71%, 2 steps); (h) Crabtree’s catalyst, H,; (i) MsClI, Et;N, DBU (64%, 2

steps)
Scheme 3
BnO
N3
BnO” ™
/ z
‘ MeAICl,, DCM, reflux, 48 h
SN O A + (1)
N
H B0
26
27 (43%)
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30

— > (t)-Stenine

Hart's method

31

Reagents and conditions: (b) Na, NH; (lig.); (¢) CrOs, HSOy; (d) 1., NaHCO; (80%, 3 steps); (e) allyltributyltin, AIBN, benzene; (f) LHMDS, Mel

(72%, 2 steps), (g) Hart’s method (63%, 4 steps)

Scheme 4

2005 4EF1 2008 FEAZHFFTA R B LT Tk
Ht, 7F Diels-Alder J M. (1) JfUB—— " R Tl ise 7—A
2, [FRIFEL Sy 1] Diels-Alder [N AT Azido-
Schmidt #* 1 SN s RO £ T i A7 LRI EE I ABC =34
WRWAED 36, 1EfGLLMFALT A KT Hart ik
PRI FI NI T L 1) LRG0T 4 20 N, IR Ak s
B R AL 9 30 N 58 BT A0 BE BT R T i ) Ak
(Scheme 4), EWCH 14%, J& H 720 % 55 w5 10 (£)-
Stenine [ & 5 LN, 36 FIAERT LRI A 35 £ 10
U RN B IR SE G TR TR T B (Neostenine) (1 4% &
(Scheme 5).

35 (18%)

| 5

(%)-Stenine

()-Neostenine

Reagents and conditions: (a) NaH; (b) TMSOTf (43%, 2 steps); (c)
SnCl,, cyclohexenone; (d) LIHMDS; (e) BrCH,CO.Et (73%, 2
steps); (f) NaBH,; (g) LIHMDS, Mel; (h) Lawesson's reagent; (i)
Raney Ni (42%, 4 steps).
Scheme 5
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2007 4F:, Shea U241 e T —Fh A% R T2 5 43
¥ Diels-Alder [ NI ) 2834 J5 N—O BRI 5
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B gt BCD — & R (Scheme 6)(1) /7%,
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Reagents and conditions: (a) BusNIO4(50%, dr=6 : 1); (b) Na/Hg,
Na,HPO, (51%); (c) PMB-OC(=NH)Clz; (d) PhsCBHs (51%, 2
steps); (e) HF, Py (73%, 2 steps); (f) TSCI, Et;N; (g) NaH (67%, 3
steps).
Scheme 6
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Tyrosin (44)it &, SEALMPEARTZ T4 Michael Jii % &
R S N LA FEVE A5 B T I\ ESIAT A2 45, FIaR
T TR AC “IA R (Scheme 7). AT5 %A &l
ML T RRTFAEE, TEQUH A I A 2 55 0 R b 3R
3 B () AR T B AR S . a1 45 &
IR IRAY PRI JGURN AL AR A 3 D I 3 A A A7 1

http://sioc-journal.cn/ 1189



BHlLE

ik S R

KNG E W) 46.
OH

H ~NCOOMe
HO COOH o) N

\
44 H Cbz
45
H

; H
~ AN
b~d HO\\«@,}\COOMe
\

H bz
46

Reagents and conditions: (a) Phl(OAc),, MeOH, NaHCO,, 23 C
(54%); (b) Bz,O, DCM, Py, DMAP, reflux (51%); (c) NaBHy,,
CeCl3*7H,0, MeOH, THF, r.t.; (d) Pdy(dba);*CHCI;, THF, n-BusP,
HCO;H, Et;N, 60 ‘C (55%, 2 steps)

Scheme 7

1A 46 B AL IR I AE o S AT I, FRIE i
P B R 5 4% Hart (1977755 NN-— L 4Bk — H
FLYis 2 Eschenmoser-Claisen L HE 5 W AE ik it &
) 47 (Scheme 8). Bhi% 47 L8k BEVEE AL DI KT A s XU
RS I IR R S P AR R A T 48 TiERE KR N IR IR G

WA NS ACD = IMA R, L Keck I N R0 7
DAL ARIEREME S I NG N SEAS R IR 50, AR5 48 8 20 W,
FA0h (—)-Stenine. 1% & AN TF-PEJ0RFH 55— ORI
THRIASFR S B, it 26 25 N, 55 LA 1.1%[0) 5
WA B T (—)-Stenine (Scheme 8).
2.2 Morimot #ZRAFI AFHHEMERNES KA E
1996 4£, HA Morimoto BF9T4HEH 58 8% T W7
BRI ASKIFR A5 1, 388K H 43§ P Diels-Alder V(1)
BRGNS, JEEIZ0 OV S NTFERRIE, @0 T B 3
K4 AAXIRFL. & 4 B RVIREB I =AM E 52
1 Lewis FR(Me, AICHf#E 4L T &k Diels-Alder K W, Tk
XA P2 A i SR AR LE Ry 10 01, FERAT 5841
PR, ZKAR 1,3- Wk . 1A 2 TP g B 3
41 B AL s R R4k &) 53, 53 £ Shioiri 2K [ Crutius
Ji R BRI AR N F I IR TR &Y, AR AE R I
RERML AW 54 5, 200G A TR AN 0 U N 19 K
BATE R, FREAR A BRAL S N 7 AR e B
M. T ACD = IMARILEW) 55; 55 1] N,O-F-4iils 15
JF R = LFR RN, 4RI NO-4ilE, R4

Hart )77 VESLARERENE 5 NI R FIEASL A 56
(Scheme 9).

FLEEAL N b E IR I VR, 28 1 eh 3 S I B e 794k &
) 49; 1) 49 24 Hart [1) 7775 W, Scheme 1 H1(q)] 4T
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HO™ N/ ~COOMe AN - N ~COOMe

: H
H Cbz Cbz
46 |

47

(—)-Stenine

OTIPS
OTIPS 50 oTPS 51

49

Reagents and conditions: (a) TPAP (cat.), NMO, DCM, MS, 0 C tor.t.; (b) KHMDS, toluenen, —80 °C; then CH,=CH(CH,);0Tf, THF, —60
‘C; (c) NaBH,4, CeCl3*7H,0, THF, MeOH, 40 °C; (d) MeC(OMe),NMe,, xylenes, reflux (36%, 4 steps); (e) AD-mix-g, t-BuOH, H,O, 5 C; then
t-BuOH, H,0, NalO,, r.t.; (f) NaBH,4, CeCl;*7H,0, MeOH, THF, 40 °C; (g) TIPSCI, imidazole, DMAP (cat.), DCM, r.t. (76%, 3 steps); (h) LiOH,
THF, MeOH, H,0, 40 C; (i) PhOP(O)Cl,, PhSeH, Et;N, THF, 0~22 °C; (j) n-BusSnH, AIBN (cat.) xylenes, 130 C (71%, 3 steps); (k) I, THF,
pH 5.5, 21 C; (I) CH,CH=CH,SnBus, AIBN (cat.), 80 C (77%, 2 steps); (m) LDA, THF, HMPA, Mel, —78 °C; (n) OsO4 (cat.), NalO4, THF,
H,0, t-BuOH, 0~21 °C; (o) NaBH,, THF, MeOH, —40 C; (p) 0-(NO;)CsHsSeCN, BuzP, THF, 0 C; then H,O,, THF, 21 ‘C (48%, 4 steps);
(q) HF, CHiCN, 0 C; (r) Dess-Martin periodinane, CH,Cl,, 21 C, then THF, 2-methylbut-2-ene, NaClO,, aq. Na;HPO4, 0 C; (s) Hy,
Pd(OH),/C, MeOH, 21 °C; (t) CsFsP(O)Ph,, CH.Cl,, 21 C (71%, 4 steps); (u) (p-MeOCgH4PS,),, CH.Cly, 21 ‘C (93%); (v) Raney Ni, EtOH,
21 °C (78%)
Scheme 8
1190 http://sioc-journal.cn/
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=
N v~ "“NHCO,Me
o~_-OMPM
MPMO. 54
k~m 4 steps
—_—

N*COzMe

(—)-Stenine

Reagents and conditions: (a) Me,AICI, DCM, —20 C (85%); (b) AgNO3, NCS, CH3;CN/H,0 (80%); (c) LiSEt, THF, 0 C (91%); (d) Et;SiH,
10% Pd/C, acetone, 0 ‘C (100%); (e) NaClO,, NaH,PO4, 2-methyl-2-butene, t-BuOH/H,0, 0 ‘C (100%); (f) DPPA, NEt;, DMF, 60 C, 30 min;
(g9) 10 equiv. MeOH, 0.2 equiv. CuCl, r.t., 40 h (82%, 2 steps); (h) TMSCI, Nal, NEts; (i) m-CPBA, hexane/DCM (V : V=2 :1), —15 C tor.t,,
2 h; (j) HslOg, THF/H,O, r.t., 2 h, then I, NaHCOs;, r.t., 40 h (50%, 3 steps); (k) 0.05 equiv. CH(OMe)s, MeOH, DCM, r.t., 1 h; (I) 3 equiv. allyl-
tributyltin, 0.15 equiv. AIBN, toluene, 80 C, 4 h; (m) Li, HMPA, THF, —78 "C, 30 min, Mel, —78 C, 1.5 h (53%, 3 steps); (n) 5 equiv. Et3SiH,
2.2 equiv. BF3*Et,0, CH3CN, 0 'C, 50 min; (o) Cat., OsO,, NalO,4, THF/H,O (V : V=2 : 1), r.t, 1 h; (p) 1,2-ethanedithiol, BF3*Et,0, DCM, —15
‘C, 45 min; (q) Raney Ni (W-2) EtOH, reflux, 2 h (42%, 4 steps).

Scheme 9

HREAA 56 S5 KT N,O-4i M 28 = £ Rkl I 2%
PR, L4 Lemieux-Johnson 484k i 1A
AL SCRHIE TR B0 S e Ak G 57, SRIG4 4
30 N Akl (—)-Stenine. Morimoto /NHIL T 24 2
RNV, 5 BA 1.8% M) S #4511 (—)-Stenine (Scheme
9).
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PP o-f 5 I N CHEHL G 65, SR a4 SR SAM. i
JR 3 i R - PDC 80 g HRAL S VAR XUR AL 54
66; LA 66 G IR B N R A W 4 FH e 2 U+
()RR A I AR S, P70 ORI W e PR A e N A
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AW 77(68, Scheme 10). L4468 1] 2 [SCHR[9, 12]
J7 1554k h (—)-Stenine.
24 REWHRANBFHEEXNERFZE

2012 45, AW 4LR A PG ORI
N Ay S8 7 VR 58 BT (— )-Stenine R A X FR 4x A K
(Scheme 11). 3-] #i-1-B¥ — Z 45 (69) 4 HAAAL 7 ik
JRA 3,3- L LA IFELERE(70), 70 SR IE e AE B A A
N4 Henry VAR BSUHAEREA S, AEALIFFL =)
LE VUSRI T 5 = R = 56 £ TR IF A FH B 7K A= i i
RIS T1 (Scheme 11). Z%CHR[6]71E, M
(72) 4 SLAE A G 3 008 J5U o) R4S 4- RS T 1R Y g
(73).

7 K (Meldrum’s acid) 55 T ESUR = S eI ZE
FRAGHAL G 75, SRIGERRIE S T S5 &R — &
BefEH, Mad FE S TS BB B &) 76, 1b &
) 76 5 73 4 Horner-Wadsworth-Emmons J A= izt
a0 77, S s 4 01, & 77 48
DU S0 I HP 5 R S 0 3 5% 1) P e 1
AR N AN RN PR TG 78, 2 x5 e e A A 28 Ak J
ENTIR S oy 8, TR R MR T (—)-
Stenine 4> 75 il B IS EEE 238, hEiGBET R T
R I 1 3 Aiti(Scheme 12).
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Reagents and conditions: (a) LHMDS, allyl iodide, HMPA, THF, —78 C, 3 h (92%); (b) 4-pentenyl magnesium bromide, Cul, THF, —78 C, 3

h (90%); (c) DDQ, CHsCN/H,O (V:V=10: 1), rt

, 4 h (84%); (d) i) 4-methoxybenzylamine, NaBH(OAc)s, 1,2-DCE, r.t, 1.5 h; ii)

2-nitrobenzenesulfonyl chloride, Et;N, CH,Cly, r.t., 30 min (73%, 2 steps); (e) CAN, CH3CN/H,O (V. V=2 1), r.t., 5 h (62%); (f) DIAD, PPh;,

1,4-dioxane, r.t., 15 min (55%); (g) LHMDS, ethyl iodide, HMPA, THF,

—78 °C to r.t., 24 h (57%, 80%); (h) i) O3, CH.Cl,,

—78 C, 15 min,

then PPhs, r.t., 1 h (81%); i) PDC, DMF, r.t., 24 h; iii) TMSCHN,, benzene/MeOH (V : V=4 : 1), r.t., 30 min (70%, 2 steps); (i) i) CsCOs,
PhSH, CH:CN, r.t., 12 h; ii) toluene, reflux, 24 h (95%, 2 steps); (j) NaBHs, MeOH, 0 °C, 1.5 h (64%); (k) Ref. [9, 12]

Scheme 10
NO, RAABFIERAER S 78 SAHIEML &Y 71 £ F 18
AL 79 VE T K AE 55— UK Michael IR WY, SR JE7E

Et0” “OEt Et0” “OEt Et0” “OEt
69 70 7
0 0
c H o~ N
@ —=  Me0 H

72 73
Reagents and conditions: (a) Oz, DCM, then Me,S; (b) MeNO,,
EtOH, NaOH (aq.), the crude product was then treated with Et;N
and TFAA in THF, 0 'C (81%, 2 steps); (c) Ref. [13] (95%)

Scheme 11
> > %o
O O a O (0] b 7 c
M M/\ ° BtO
(0] (6] O /P§
74 75 EtO 0
76
O><O d OMe O
OMe OMe
1T EIZ=4:1 78

Reagents and conditions: (a) Butyryl chloride, Et;N, toluene (93%);
(b) LIHMDS, CIP(OEt),, then 30% H,0, (86%); (c) LDA, THF, —78
C, HMPA, then 62 (85%); (d) MeOH, NaH, THF (80%)

Scheme 12
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EUZ PEAE IS AR P54 F 1 258 IR Michael N WV,
SV — N AR i i X R U AL 59 80,

X BEIE B RN AR e R R, FLBA e B HUAREE )

1945 (—)-Stenine AXSFR G KA —BU(Eq. 2).

OMe O 79 (3 mol%), solvent free

o | o 71 5~10 C, 48 h
OMe then KOH/SIO,, ultrasound
48 h,25~35 C
78
2
MeO” O 80 B o "
NH\ ‘ HN,,,
80% yield O‘ NI Q
ee = 87% N L THN
dr>99:1 Il Br :
Bn Bn 79

RN ISR BT A ERAL A4 80 42 56 B AN FK Michael
IR 4k 81 (Scheme 13)#:4k K EHRFR L4 82,
SR G AEBRIE AR R AR IRl 82 J A= SEH A% R (1)
IRMEALEEAR TSR, R AL 4 Scheme 14.

Chin. J. Org. Chem. 2013, 33, 1186~1194



Chinese Journal of Organic Chemistry

REVIEW

R™ 78 [R = (MeOOCH(CH,)3]

0O O

B Bn /jMOMe
g Br
N\N./N:©

I
"’N/‘ \N
| H
Bn Bn

B O
S
i
i v,,IN/ \O /
Q A E":n a

+3
Bn=-NH, HN"Bn

R
B
;n Br NS F
N 0
N02 ~ ‘/Oi
Ni< 7
"wN/: (0] I
[, R
Bn B\ Bn 00+ R
Ni< _ O
N ‘ o) 1
i R
Bn O\+_,/HZ\‘R
'O/N H
(o]
Scheme 13

KOH/SiO,, THF

ultrasound, 25 ~35°C, 48 h

CO,Me
OEt
W

OEt
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— , OEt — . OEt
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Scheme 14
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TNEERE, R AT 6 30 I FH 3 i fl R A 5 006 e I A
AC “IMER, KA 2 InFAE BEE IR S A=
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F R IE B N AE N R 3L 4 20 [ W — R B )V (One Pot Re-
action), K KHEE T A UL, 1bEY) 83 £ Al
G Y) 84, SRIEAEEIAE FH T 5 IR TR LR SOV
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EMEMIE, fkkic i RS 2124 ABCD
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VU R 5 AL S 86, tLEW) 86 (Eami st Ny
Ul FEBE/E I E BRI a5 1 N P AR Rl A8 A0 2 T
87, &5 Lawesson AFAEH AL AR AT 0% 88,
SR 5 55 AR FIE R 6% 19 2] (—)-Stenine  (Scheme
15).
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WS K] e R T AR O R T SRS R v, RO Y. . R
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(—)- Stenine

Reagents and conditions: (a) acetic acid, H,O,, 90 C, then Zn
powder, the crude product was then heated to 90 °C in toluene
(81%); (b) LiCl, H,O,, DMSO, 155 ‘C (89%); (c) LIHMDS, THF, —
78 °C, ethyl bromoacetate (78%); (d) NaBH4, MeOH, 0 °C (51% afer
recrystallization); (e) LIHMDS, THF, —78 C, Mel (65%); (f)
Lawesson’s reagent, DCM; (g) Raney Ni, EtOH, 25 ‘C (90%, 2
steps)
Scheme 15
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