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MODIFICATION OF a-SANTONIN VI. 

SYNTHESIS OF ~+~-D~X~E~~PIM. 

Yasuo Fujimoto*, Hidetoshi Wiura, Takeshi Shimizu, and Takashi Tatsuno 

The Institute of Physical and Chemical Research, Wako-Shi, Saitama 351, 

Japan, 

Summary: (+)-Deoxyvernolepin is synthesized from a-santonin via angular methyl 
activation and subsequent furan ring opening. 

Vernolepin(l)l, an elemanolide-type his-a-methylenelactone isolated from 

vernonia hymenolepis, is noteworthy for its pronounced antitumor activity against 

the Waker intramuscular carcinosarcoma 256. The biological activity and the 

unique framework of this novel sesquiterpene la&one have aroused much attention 

of organic chemists, and the synthetic approaches' and the total syntheses 
3 

of 

(+)-vernofepin have been reported by several groups, 

l,R=OH 
Q 

3 
2,R=H 

Recently, If) -deoxyvernolepin{2) was synthesized and found to be at least 

an order of magnitude more potent than natural vernolepin against human lynpho- 

blastic leukemia cells in culture by Grieco4. 

In continuation of our research on the modification of a-santonin', we now 

wish to describe the synthesis of (+)-deoxyvernolepin starting from o-santonin 

(3) * 

Tetrahydrosantonin(t)6 obtained by known procedure was treated with lead 

tetraacetate in the presence of boron trifluolide etherate to give a mixture of 

2a-acetoxy(5a) and 28-acetoxytetrahydrosantonin(5b)7 in a ratio of 1:l (72% * 
yield). When this mixture was treated with tetramethylammonium acetata(0.1 eq.) 

in glyme at reflux for 8 hr, the reaction reached to equilibrium between 5a wd 

2-oxc-3B-a=etoxy-5a-santanolide(6~815a : 6 = 15 : 851. 

After usual work up, the mixture was recrystallized from ethanol to give 6 

(mp 214-2160). Reduction of 6 with sodium borohydride(-15--loo, 30 min, MeOH: 

CH2C12 = 1 : 1) afforded an alcohol(Z) Imp 158-169°19 in quantitative yield. 

Oxidation of 7 with mercuric oxide-iodine in refluxing benzene for 3 hr 

yielded an ether(f3)178.5% yield, mp 189-191" , ir(KBr) 

(d, 60 MHZ, co+ 

: 1775, 1726 cm-', nmr 

: 3.45, 4.07(2H, ABq, J=9.0 Hz), 4.25(11, d, J=6.0 Hz), 4.38 

(lH, d, J=lO.O Hz)]. 



Hydxolysisf58 MeOH-KOH1 of acetyl group of 8 followed by oxidation of the 

resulting alcohol with ~yridini~ chloroch~~ate(peC)l'(3.0 eq., CH Cl * room 

temp., 3 hrf gave a. ketone($) I90.3% yield, mp X96-198O, ir(KBr) : 1?75f Il7X5 c 

w.r(!$r 60 MHZ, CDC13~ : 3.67, 4.32(28, ABq, Jz9.0 Hz, 4,32(1H, d, Jm9.0 Hz}], 

On treatment of $j wi_t,h zinc powder in refluxing acetlc acid, the redu~tit 

cleavage of tetrahy&ofuran ring hardly occurred, However, the addition of 

sinc.iodide or zinc chloride(8.f eq.) in this reacrion system extremely accele 

rated the reaction to give a keto-alcohoL(~~a~ [59% yield, mp 183-i84°, ir(KBr1 

3450, 1745 cm-l, nmr(6, 60 MHz, CDC13) : 3.66(1H, d, J=9.0 Hz) r 4.25(1H, dd, J 

2.0, 9.0 Hz)] and a keto-acetate(lOb) 'l[26% yield, mp 131-133*, ir(KBr) : 177C 

174Q, 3.690 cm-', mnic(&, 60 k%Hz, CD;13) : 2*11(3H, 6,) # 4.42(28, br.s, 1. 

4 5a, a-OAc 7 
, Jb, 8-OAc 

AC 

a 9 lOa, R4 11 
lob, R=AC 

12 13e, R=OII 14 15a, X=CH,,Y=PhS 
13b, R=o-NO,-PhSe 

P 
15b, X=PhSe,Y=CH 

i,Pb{OAc~~-~~~, i~~~~~N~Ac-~ly~@, ili,NaBlL. 
fv,HgO-In, v,5~K~~-M~O~, vi,PCC-CH,Cl,, vii, / 

I 

Zn-ZnI,, viii,WC&Hie)g-PPTS, ix,O,, x,NaEli*, 
xi,MeOB-l#%HCl, xii,o-NOa-PhSeC~-n-BusP, xiii, 2 
SO%-HaO1-THF, x~v,L~A-PhSeCl,T~F-~~PA~ 
XV, 30%-KIan-TxP 

16 

The cleavage of c~cl~~~xanune ring and subsequent lactone ring fo~atian were 

perf omf5a ds f0mws. 

The compound[l.?b) was reacted with methyl orthoformate in the presence 0: 

pyridinium p-toluanesulfonate(PPTSf12 in methanol at reflux for 3 hr to affort 

a mixture af enol-ether(l~~~ and aimethyl ketal which was then converted into : 



by heating with PPTS in refluxlng benzenelll; 76.5% yield, mp 148-150', ir(KBr) : 

1775, 1740, 1665 cm-', nmr(6, 60 MHz, 
u 

CDCl3) : 3.50{38, s,), 3.88(1H, t, J=lO.O 

Hz) I 4.00, 4.31{2K, ADq, J=12.0 Hz), 4.50(1H, brad, J=7.0 Hz)]. 

Ozonization(M~OU_CH2C~~, -7Sv) of 11 foXlowed by reduction with sodium boro- 

hydride(-78--2O*) provided a esterI12)f79% yield, ir(KBr) : 3500, 1765, 175O(sh), 

1740, 1720 cm-', nmr(6, 60 MHz, CD&-$ : 3.70f3Nr SF), 3.82{28, t, J=6.0 Hz), 

3.93, d.Z0(2H, ABqI J=l2,0 Hz) 1 which was transformed to a dilactone(1.a) lS2S 

yield, ir(KBr) : 3450, 1765, 1725 cm", nmr(b, 60 MHz, CDCl$ : 3.78(28, t, Y-6.0 

HZ), 4.10, 4.33(28, ABq, J=12.0 HZ) by heating in refluxing MeOH-10% HCl(1 : 2) 

for 15 min. 

The reaction of 13a with o-nitrophenyl salenocyanate-tri-n-butylphosphine 13 

gave a salenidefl3b) which without purification was oxidised with 30% hydrogen 

peroxide to afford deoxytetr~hydru~rnol~pin~l4~ [90.0% yield, mp 130-132a, ix 

(KBrf : 1765, 1740, 1730(sh), 1630 cm-', nmr(i, 60 MHz, CDC13) : 8.10, 4.44(28, 

AJ3q, J=12.0 Hz) s 5.07-6.07(X, typical vinyl patternIl. 

Dienolate fo~~tiontlit~i~ dfisopropylamide, THF, -78*) of o~paund(~4) 

followed by trapping with phenylselenyl chl#ride~TSF-HMPA, -40°) provided amix- 

ture of the selenides(l5a) [nmr(S, 60 MHZ, CDCl,) : L.52(3H, s,), 1.58(38, s,), 

2.62(18, d, J=lO.O HZ),- 4.10(1H, br.t, J-10.0 Ha)] and (Lzb) [mp 180-182', nmr(6, 

60 MHz, CDCl3) : 1.55(3H, sr), 3..62(3H, s,), 4.03, 4.97(2B, ABq, J=12.0 Hz), 4.90 

(lH, brt,J=l0.0 Hz) in a ratio of 1 : 2.7(>90% yield) which was separated by high 

pressure liquid c~omatography(HP~) [silica gel, n-hexane-ethyl acetate = 3 : 1). 

Oxidation of compound(l5b) with 30% hydrogen peroride qaye (+)-deoxyverno- 

lepin(2)[82% yield, ~e]~80c3?.5e{~C13, c, O-3311, while the comhound(lSa) by the 

same treatment yielded 2(25% yield) and the isomerU..I C62% yield, nmr16, ." 100 MHZ, 

CDC13) : 2.19(3B, d, J=2.0 Hz), 3.93, 4.07(2B, ABqr J=lO.O Hz), 4,81tlK, dq, J= 

2.0, 12.0 HZ)l. 

The ir and runr spectra of (a)-deoxyvernolepin were identical with thoser of 

(f)-deoxyvernolepin kindly provided by professor P. A. Grieco. Studies on the 

biological. activities of (+I-deoxyvernolepin and some other a-methylene-y-lac- 

tones derived from a-santonin, and introduction of the hydroxyl group on the C-8 

position required far the synthesis of vernolepin are now in progress. 
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