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ARTICLE

(+)-Galbulin (£ )-8,8"-epi-aristoligone BIZ & A%

F o4t FaOm® FTEHHE
( BWERI RS S A KR P E AR = B 650500)
O EREBE BRI AT R R PSR A PR R AR E R S B 650204)
=M BaAERAMFT A0 B 650111)

WE  (£)-galbulin FI(£)-8,8"-epi-aristoligone J& T RN AZERIA NG HBMUAY, A ZEDEME. L34-ZHE
IR 2 NI E R, KA Horner-Wadsworth-Emmons [ . Al Friedel-Crafts g N NI, 4 8 FHHF T
(%)-galbulin, FFiEILW (L )-galbulin “FA7EAIT B ()-8,8'-epi-aristoligone. ZIEEAERI BB, BRLRBE, NARIIEER
KIERNEWN G A T 2%,

RH#iA  galbulin; aristoligone; 44X

Total Synthesis of (% )-Galbulin and (= )-8,8'-Epi-aristoligone

Wang, Kou* Qin, Hongbo” Li, Mingming™**
(“ School of Pharmaceutical Science and Yunnan Key Laboratory of Pharmacology for Natural Products,
Kunming Medical University, Kunming 650500)
(® State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany,
Chinese Academy of Sciences, Kunming 650204)
(° Yunnan Baiyao Group Innovation and R & D Center, Kunming 650111)

Abstract (%)-Galbulin and (=*)-8,8'-epi-aristoligone belong to cyclolignan family, and exhibit varieties of bioactivities.
Using Horner-Wadsworth-Emmons and Friedel-Crafts reactions as key steps, galbulin has been successfully synthesized in
eight steps from 3,4-dimethoxy-phenylacetic acid, and (+)-8,8"-¢pi-aristoligone was obtained by oxidation of (% )-galbulin.

The method is simple and easy to operate, which provides a reference for the synthesis of cyclolignan compounds.

Keywords galbulin; aristoligone; total synthesis
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EMEETT R BPURAMKIEAE S B INE. Gal-
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JiFEWCERTIE 23%, (HEGR IR EE- 2R H AL BRI IR
TCHEEMIE R, R5 3RS, Hong WL LN TEE
{ki@id Michael-Michael-Aldol 4% B SZHL T galbulin
&, ZAEEE 12 DRI 1%L T
galbulin FIANKEFRG K, (EELG IR FEREAS 5 3845, 52
PIANEHFRE FE 15 5] L Ueno-Stork [ 33K A [ B
F1 Evans FrdEft Ry F B ROAPIRTERL T galbulin )& R,
AR NP BRAAE 10 AR EL 2T NG B, AT
galbulin #1 aristoligone [ 4& AT T 7%, v 4K H
—ANERIGIFERNE B 51, & BUE BRI m R A T VE
SEIVEATIE R, NS VIR PROE B RS A R0R &
e z%,
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OH o Friedel-Crafts [ N2 2 RN IR, XA VAL RIR
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(£)-galbulin (£)-8,8"-epi-aristoligone Io) o)
MeO
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B1 ®ATER. (£)-galbulin Al(£)-8,8"-epi-aristoligone 1] B 1 ()-Galbulin (1 & BT
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Sch 1 Ret thet 1 f (£)-galbul
Figure 1 Structures of podophyllotoxin, (%)-galbulin and (+)- cheme ctrosynthetic analysis of ()-galbulin
8,8'-epi-aristoligone TEA SRR, HbL 3,4-—HAREK LR NE

N K, &5 N,O-— W R PR e IR #h 45 & | Nl 13 weinreb
1 &ERSWiE Ml (2). 2 5 MR 2 5 4 00 A B e B2 15
I (£ )-galbulin &5 K3 #r, FATHAT TU0R FZEPAE 3. AR 3 5= a;@tﬁﬂ@ﬁﬁaﬁx@aé}t HWE
F IS R BT (4)-galbulin H U S Z5RZ 2 Friedel-Crafts S EBURTE T IR R .15 4, 4 &S8R 45 BB
S RAF R PURZERE AT R TR ED 0 PRI R TRRE 5. & R <LDA)1ﬁeﬁﬁT 5 Ll
BB R KT BRI AT DUEE R R & FF ot I v A B LE S L4007 B N 3724 62, (L&) 6
YI1¥) Horner-Wadsworth-Emmons (HWE) Js I $ K fii 8% EL2 RBRER T4, BEEY 7. B 7 AL
PAF; MR CRRB GV AL weinreb BEiZ, F5H BRI AT USRS B s K 8. S, B e 8
PR A e B2 T DAAR 7 (3 4 ) 45 2R A 2B 46 &%) 2 NaBH, 8B, P 5 EE AICL (B T2
(Scheme 1). £ FRW & B treh, 1@id HWE [ MIGK Friedel-Crafts <M, RIA[13(=+)-galbulin (9), & Lk
BE. 7T W Friedel-Crafts N A B A4 1 1] 11 Scheme 2 Fi7R.
Friedel-Crafts < M. 5] X C 3. Hf HWE Jx B fl

EtO ’/O 2
~p
\)J\OEt

Me0:©/\”/ MeO o’
—> _—
83.3%
MeO :©/\”/ 2 steps, 61.9% MeO 0 c, o
90.1%  MeO 61.1%

()
8% Meo
MeO MeO
_9 .
e0 70%  MeO
o)
7

Reagents and conditions: (a) DCC, Et;N, CHCIs, 0 °C; (b) MeMgl, THF, 0 °C; (c) n-BuLi, THF, 0 °C-r.t.; (d) Pd/C, H,, EA-MeOH, r.t.; (e) LDA,
Mel, THF, —78 °C; (f) PPA, 110 °C; (g) KOH/EtOH, 20 °C; (h) 1) NaBH,, MeOH, 20 °C; 2) AICls, 1,2-Dimethoxybenzene, DCE, —30 °C

B 2 (F)-Galbulin & B
Scheme 2  Synthetic route of (+)-galbulin

OMe
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¥ (£)-galbulin (9) % £ % 4 B 7] 43 (£)-8,8"-epi-
aristoligone (Eq. 1), Wik X} s B 46 B e & B0, 7E1R
Z %A T YRR B bR, (A28 =AM, &E
RIN, 1E CrOy/AcOH 2611 T AR EUFIR(R 1).

1 (%)-Galbulin EAL 7%

Table 1 Screening of (+)-galbulin oxidation condition

75 JRER T B 2 A R /%
1 PCC, CH,Cl,, Eiff,, #itFEI® 40
2 KMnO,, MeCN, =i, Hifidn 31
3 CrO;, CH,Cl,, =35, #fdn 49
4 DDQ, H,0, Dioxane b
5 CrO;, AcOH, =i, il 63
2 #ig

AILLL 34- WA EER O kG R R, KA
HWE %%l Friedel-Crafts [ NN CEED IR, 48 8 D18
#| 7 ()-galbulin, il RE(2)-galbulin A7 45 F]
(£)-8,8"-epi-aristoligone. P ™4t & 4 i 18 H 48 15 SC iRk
ol — 2. VR R, BRI, NIRAR ISR
KIBRFA GG St 725, EAYEES
20 1E s BT ER N A

3 S
3.1 UES5HF

T SR 24 b 35 R T S A w4, A AT AR AT
aifbab3E. ZFES CaH, B, 4 A 4 T TR AT
et 3EHR1E F) Bruker AM-400 MHz BUAZRESLARACI &
(TMS AW FER); MS 1 fi] Finnigan-LCQP*“*, HRMS i Ff]
Bruker Daltonics Bio-TOF-Q e, f#H 200~
300 HERHEATHEE M.
3.2 ZLWAHE
321 3,4-=F &AL RKAEA3)69 A %

¥ 3,4- —HIEEFEK ZFRA) (1.96 g, 10 mmol) /K
ST, VOKB I N,O-— W &2 bR £5(979
mg, 10 mmol)f1 = Z}%(2.1 mL, 15 mmol), FIIA NN
T EHER WHZ(DCC) (2.06 g, 10 mmol), I
0 CRHHE 1 h. RFIFEASE, IELGRE, JEHR Sk
e GIEA N, K BT A3 B0 A2 T A A VA
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fif) V(R OHEE)=10 : 1], Btk 2. R 2
FAFJ80 THF ¥#, 0 °C R I\ B £ 1) B JE A% 20 711
FR (I FF 5%, 1.6 mL, 30 mmol, Mg 720 mg, 30 mmol). %
N1 h &, IR, RN, SRR Ry 31
1.2 g(FiB IR 61.9%). '"H NMR (400 MHz, CDCl;) o:
6.84 (d, J=1.2 Hz, 1H), 6.75 (s, 1H), 6.71 (s, 1H), 3.87 (s,
6H), 3.63 (s, 2H), 2.15 (s, 3H); °C NMR (100 MHz,
CDCly) 0: 206.84, 149.11, 148.17, 126.73, 121.58, 112.38,
111.41, 55.90, 55.88, 50.61, 29.09.

322 3-FHRAQA4-ZFAAERL)THERCEEMY)
AR,

W 3 (1.16 g, 6 mmol)Fl = 2 FMi ik 2 BR s v T T
PRI DY SRR, 0 'C R I n-BuLi (12 mmol, 2.5 mol/L
in hexane). HIATF R FRBFE VL TLC Faill i 56 4%
J&, MRS KRN, LR CBEFER =K. AL
MG ALANTE T, Na,SO, T, WRaTHfL . #HEMT
V(A ) @ V(LR CH8)=8 © 11LL 83.3% %48 Lt
HRY 4 1.32 g. 'TH NMR (400 MHz, CDCl;) d: 6.81 (d,
J=8.0 Hz, 1H), 6.71 (dd, J=8.0, 2.0 Hz, 1H), 6.66 (d, J=
2.0 Hz, 1H), 5.66 (s, 1H), 4.15 (q, J=7.2 Hz, 2H), 3.87 (s,
3H), 3.86 (s, 3H), 3.37 (s, 2H), 2.12 (s, 3H), 1.27 (t, J=7.2
Hz, 3H); °C NMR (100 MHz, CDCl;) 5: 166.80, 158.63,
148.99, 147.85, 130.23, 121.32, 116.98, 112.27, 111.23,
63.63, 55.88, 46.67, 18.63, 14.31; HRESIMS calcd for
C1sHy04Na [M+Na]™ 287.1259, found 287.1256.

323 3-FHAQA-—FAERK)TRCE®G)®
A AR

BAEY 4 (1.3 g, 4.92 mmol)H 20 mL Z./R Z.Fig-
MeOH (V@ V=1 . )i#f#, £ Pd/C HIfEL FEIH
. N5 G BRI SR 25, FEH AR RV
v ML R AR E AT VR ) @ (LR CFE) =38
1 RBEBR, 73 BRI EHIRY 5 1.18 g, 722 90.1%.
'H NMR (400 MHz, CDCls) 6: 6.79 (d, J=8.4 Hz, 1H),
6.69~6.70 (m, 2H), 4.15 (q, J=7.2 Hz, 2H), 3.87 (s, 3H),
3.86 (s, 3H), 2.57 (dd, J=13.2, 6.8 Hz, 1H), 2.44 (dd, J=
13.2, 7.5 Hz, 1H), 2.31 (dd, J=14.7, 5.8 Hz, 1H), 2.23~
2.27 (m, 1H), 2.12 (dd, J=14.7, 8.0 Hz, 1H), 1.25 (t, J=
7.2 Hz, 3H), 0.94 (d, J=6.5 Hz, 3H); HRESIMS calcd for
CysHy,0,Na [M+Na]" 289.1416, found 289.1413.

324 23-=FHA4-34-=FAELRL)TERCTHEE(6)
ERRENA

HY = S5 A RE T2 (6 mmol) T ) RO, FJE7K THF ¥
fi#t, —78 ‘C RN n-BuLi (6 mmol, 2.5 mol/L in hex-
ane), JIE 0 ‘C/BL 1 h. W15 LDA WA HI 2 —
78 °C, MVES A IR KT 0 CH T THF 1) 5 (4

Chin. J. Org. Chem. 2016, 36, 2928~2932



Chinese Journal of Organic Chemistry

mmol), —78 CHi¥k 1 hj5, I Mel (12.8 mmol). —
78 C/M 1 hJE, BT E SRR KB E)
TR NHCl K, LR CERFER =R, AN, 1
AR B, ToKIRBREN T4, IR IR 415 % 18
PR, AEENT VORI @ MR LBR) =5 115
BRI AR 6 (851 mg), P 76%. 'H NMR
(400 MHz, CDCl3)8: 6.79 (d, J=8.4 Hz, 1H), 6.69~6.71
(m, 2H), 4.15 (q, J=7.2 Hz, 2H), 3.88 (s, 3H), 3.86 (s,
3H), 2.62 (dd, J=13.5, 5.7 Hz, 1H), 2.35 (m, 2 H), 2.16
(m, 1H), 1.27 (t, J=7.2 Hz, 3H), 1.13 (d, J=7.0 Hz, 3H),
0.83 (d, J=6.8 Hz, 3H); °C NMR (100 MHz, CDCl5) 6:
176.44, 148.76, 147.28, 133.22, 121.08, 112.26, 111.04,
60.16, 55.89, 55.84, 43.78, 40.78, 37.41, 15.42, 1431,
12.45; HRESIMS caled for C;¢H,sO4Na [M + Na] *
303.1572, found 303.1566.

325 23-=FWH-6,7-=F A HK-3,4-= A -%-1-EA(8)
4 B Bk B A B AL

b &4 6 (840 mg, 3 mmol) T+, A 3 mL £
FWERR(PPA), BT 110 CHIFERFL 3 h. ¥ RPIRA
BINVKK T, 28 2540 mLX3)AEHL, 4Kk F 0
NaHCO; FIE AN R VES, ToKBRERN 15,
JRFEEMT[VCR M) @ MR LER)=8 : 1 NP
BRI MER 7 (429 mg, 61.1%). ¥ 7 (234 mg, |
mmol)F1 KOH (56 mg, 1 mmol)H 4 mL ZEZ¥f# 20 C
idE 1.5 ho JERRE AR, HA OB, TR, 5
H b5 2ABH 8% (164 mg, 70%). m.p. 136~137 C(CCHk
5™ 135 °C);"H NMR (400 MHz, CDCl;) é: 7.50 (s, 1H),
6.63 (s, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 2.91 (dd, J=16.4,
4.1 Hz, 1H), 2.68 (dd, J=16.4, 10.4 Hz, 1H), 2.16~2.20
(m, 1H), 1.97~1.99 (m, 1H), 1.27 (d, J=6.8 Hz, 3H),
1.15 (d, J=6.6 Hz, 3H); *C NMR (100 MHz, CDCl;) d:
199.41, 153.39, 147.97, 137.76, 125.10, 110.02, 108.74,
56.03, 55.99, 48.76, 37.18, 36.66, 20.28, 12.92.

3.2.6 (+)-galbulin (9)49 & A&

L&Y 8 (150 mg, 0.64 mmol)FH I EEIAMAE, A
NaBH, (46 mg, 1.2 mmol), =IEHFE 1 h. HeT HE, I
AR NaHCO; KN, ZBEREEL, A HUAH R 4
RENBESR, NaSO, THE. T3, HEEHT T —2
VL.

4.0 mL 2P THEH, W%, A AICL; (0.100
g, 0.75 mmol). BHEEWVIAEZE—30 C, ZERMINGET
4.0 mL 1,2-=& LKE) 8, MEEF R 30 min, JIA 2
mol/L aq. HCI, 73 A HUAH, FFHKIKH aq. NaHCO; F11fl
FIEr ERKBES:. NaySO, T, 4. M an ik AT JZE
VA - MR B =4 © 1 NEEHFN D BEELA
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HeARY 91 (141 mg), HLIR 61.8%. 'H NMR (400
MHz, CDCl;) 6: 6.81 (d, J=8.0 Hz, 1H), 6.71 (dd, J=8.0,
2.0 Hz, 1H), 6.57 (d, J=2.0 Hz, 1H), 6.56 (s, 1H), 6.16 (s,
1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.56 (s, 3H),
3.43 (d, J=10.4 Hz, 1H), 2.77 (dd, J=16.2, 4.6 Hz, 1H),
2.62 (dd, J=16.2, 11.2 Hz, 1H), 1.51~1.58 (m, 2H), 1.08
(d, J=6.4 Hz, 3H), 0.87 (d, J=6.4 Hz, 3H); "C NMR
(100 MHz, CDCls) J: 148.85, 147.31, 147.03, 146.90,
139.05, 132.47, 129.12, 121.95, 112.83, 112.08, 110.71,
110.62, 55.90, 55.81, 55.78, 54.31, 43.82, 39.02, 35.57,
20.01, 17.18.

3.2.7 (%)-8,8'-epi-aristoligone (10)89 &A%,

BLEY 9 (35.6 mg, 0.1 mmol) T, ISR,
EARYT RN CrO; (30 mg, 0.3 mmol), FiRHFET
. WETVER, HA CLRERFEZ AT (VA M) © (L8R
ZBE)=4 1 1 NEEBA S BEEEEOEAE 100 234
mg), WHE 63%. m.p. 146~149 C(CHAED 149 ~
151 °C); "H NMR (400 MHz, CDCly) 8: 7.54 (s, 1H), 6.86
(d, J=8.0 Hz, 1H), 6.75 (dd, J=8.0, 1.8 Hz, 1H), 6.57
(d, J=1.8 Hz, 1H), 6.18 (s, 1H), 3.92 (s, 3H), 3.91 (s, 3H),
3.81 (s, 3H), 3.70 (d, J=10.8 Hz, 1H), 3.62 (s, 3H), 2.38
(m, 1H), 2.08 (m, 1H), 1.32 (d, J=6.6 Hz, 3H), 0.94 (d,
J=6.4 Hz, 3H); >*C NMR (100 MHz, CDCl;) 5: 198.89,
153.20, 149.21, 147.89, 141.51, 136.16, 125.69, 122.11,
111.71, 111.12, 110.94, 108.07, 56.00, 55.94, 55.84, 53.31,
48.52,43.78, 18.04, 12.61.

HBh#1 Bl (Supporting Information) FT & b & 9K
'H NMRAIC NMR§ . XS RAARE AT L4 3 A F) 9
¥l (http://sioc-journal.cn/) | N %K.
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