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AbawtStcrcoselcctivc synthcsii of (~~scmpoxyde and (*)crotcpoxide is dcscrii starting from 2- 
hydroxymethyl-l&benzoquinonc throw the rctro-Diels-Alda reaction. 

Senepoxyde (1,’ and crotepoxide (lly are naturally 
occurring highly oxygenated cyclohexane derivatives, 
and noted for the strained structure having oxirane ring 
in the molecules. Polonsky d al.’ isolated senepoxyde 
from fruits of Uvario colo~arpo which had been used for 
a folk medicine in France. Crotepoxide was isolated 
from the fruits of Proton macrostac~ys by Kupchan d 
al? as a tumor inhibitor and subsequently from the 
leaves and stem of piper futukadzum by Takahashi.’ In 
the present paper, we describe the details of stereoselec- 
tive synthesis of (+)-senepoxyde and (+)-crotepoxide 
starting from 2-hydroxymethyl-l,dbenzoquinone. In the 
synthesis, retrodiene reaction was effectively used for 
the preparation of the epoxycyclohexenones 5 and 13, 
key intermediates leading to senepoxyde and crotepoxide 
respectively. 

Synthesis of (k~senepoxyde.’ Senepoxyde (1) has one 

oxirane ring and two acetoxyl groups in the cyclohexene 
ring. One of the acetoxyl group (C-l) is tmns and the 
other (C-2) is cis to the epoxide. Therefore, it was 
expected that, after stereoselective formation of the key 
intermediate 5, which has adequate stereochemistry with 
the epoxide and C-l acetoxyl group, the second acetoxyl 
group at C-2 would be introduced from less hindered 
side, trans to C-l acetoxy group in 5. For this purpose, 
the dio12 was prepared according to previously reported 
procedure! Treatment of the dial 2 with 1.2 equivalent 
of benzoyl chloride in pyridine afforded the benzoate 3, 
which was further acetylated with acetic anhydride- 
pyridine to the acetate 4. The retrc4liene reaction of the 
acetate 4 in diglyme by heating at 160 for 1 hr under 
nitrogen gave an epoxycyclohexenone 5 in 78% yield. 
The stereochemistry of 5 was co&rmed by the PMR 
spectrum, in which a long range coupling (J = 1.5 Hz) 
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between 4H (6 5.98) and 6H (6 3.57) in deformed 
W-configuration’ (Sa) was observed. Such a long range 

Y 

coupling is common for acpoxycyclohexenone, in 
which the epoxide occupies stable O-axial conformation, 
and in compound 5 the observation indicates that the 
acetoxyl group locates in tmns position with the epox- 
ide. Reduction of 5 with xinc borohydride atforded a 
product 8, which was converted to the benxoate 9 with 
2&dichlorobenxoyl chloride, and to the tosylate with 
tosyl chloride 10. Attempts to convert each of these 
derivatives (9 and 10) to senepoxyde itself or its pre- 
cursor through !&$ reaction in the presence of adequate 
nuckophiks such as -0Ac and -OH under various con- 
ditions failed to recover only unchanged compound 
a&r give simply substituted product through sN2 
reaction. Therefore, another method involving reductive 

alcohol-THF proceeded selectively to give the alcohol 7. 
The reaction mechanism would be descrii as 6a and 
6h. In the reaction, the regioselectivity might be 
explained by the favorable steric requirements of the 
transition state more tlexibly induced from the di- 
substituted epoxide than that of the trisubstituted epox- 
ide. Acetylation of 7 with acetic anhydride in pyridine 
atforded (+)-senepoxyde, m-p. 97-%P, which was iden- 
tical with natural sample in JR, PhiR, MS and behavior 
on tic. Very recently another synthesis of (+ene- 
poxyde has been reported.” 

Synth& of (+~~lqoxi&.‘~*” Crotepoxide (11) 
resembles to senepoxyde (l>” very closely in the sub 
stituents and the skeleton except the number of oxirane 
ring and the stereochemistry. Iherefore, it was anti- 
cipated that crotepoxide would be synthesized via a 
similar method to the synthesis of (+)-senepoxyde.J 

At first, our efforts were directed toward the synthesis 
of an a&unsaturated ketone 16 from the common in- 
termediate 2 for the synthesis of (+senepoxyde. Thus, 
direct epime&ation of acetoxyl group in 5 to 16 under 
basic or acidic conditions was attempted. However, 
because of instability of the a&uasatumted ketone 5, ah 
attempts failed. Further attempts to epimerise by 
&2 inversion with the C4 oxygen group in 2 were 

0: R=H 

cleavage of a-epoxyketone to an ally1 alcohol using 
hydra&e’ was attempted. In order to prepare a di- 
epoxide which is used for the reductive cleavage the 
alcohol 8 was oxidixed with mchloroperbcnkc acid, 
but only starting material was recovered; the reason 
might be due to inductive effect induced by two electron 
at&act@ groups (OAc and OH), which decrease elec- 
tron density of the double bond in 8. Fnally, direct 
epoxidation of the cyclohexenone 5 with hydrogen 
peroxide in aqueous potassium carbonate was attempted 
andobtainedadiepoxide6,thoughduringthereaction 
appreciable amount of product s&red hydrolysis, and 
weneededtoacetylatethemixtureoftheproducta.The 
relative co&uration of newly introduced epoxide was 
expected to be tmas to the acetoxyl group, since hydrc+ 
peroxide anion would attack to the double bond from 
more favorable side in regard to steric and elecbostatic 
quirements. In fact the PhfR spectnun showed that a 
signal at S 6.00 due to a-proton to acetoxyl group has 
rather small half width (3 Hz), which indicates that the 
proton occupies tnsns position to the vicinal hydrogen 
withadihedmlangleofnearly90”.Tbe6ndingsarein 
accord with the stereochemistry retained stable O-axial 
conformation possessing two oxirane rings. Reductive 
cleavage of an epoxide (C&G) in the diepoxide 6 with 
hydraxine hydrate (CQ. 2 equivs) in benzene-isopropyl 

examined. Treatment of 3, which was obtained from 
2-hydroxymethyl-1&benxoquinone via three steps ac- 
cotding to the same procedure used for the synthesis of 
(+enepoxyde, witb M&l-pyridine, gave a mesylate I2 
in 91% yield. Acetolysis of the mesylate 12 under various 
conditions was unsuccessful. It was thought that the low 
reactivity of 12 would be attributed to the congested struct- 
ure 12s characteristic of such an e&-type Pixels-Alder ad- 
duct. In order to remove the dimethylfulvene part res- 
ponsible for this steric congestion, the retro-Diels-Alder 
rea&n’b of 12 was carried out at 12IP in xylene under 
nitrogen to give an epoxycyclohexeneone W in 72% 
yield; above 12IIP the yield decreased because of the 
decomposition of 13. All attempts obtain&r a desired 
product 16 by acetolysis of l3 failed, since l3 was a 
vinylogue of unreactive a-mesyloxy ketone. Therefore, 
13 was reduced with zinc borohydride in THF-benxene 
to give an ally1 alcohol 14 stereoselectively. The stem& 
chemistry at C-5 in the alcohol 14 was con6rmed by the 
fact that a-proton to epoxy group showed a relatively 
small coupling (J = 2 Hz) with the vicimd proton in the 
PMR spectrum. This stereosekctivity was probably 
caused by the steric and/or electronic et&t expected on 
the basis of the more stabJe “O-axiaY conformation of 
the epoxy group. The results are compatible with the 
Sndings that reduction of terreic acid, an cr-epoxy 
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ketone, predominantly gave epiterremutin having &OH 
Broup to epoxy group: 

Treatment of 14 with anhydrous potassium acetate in 
acetonegcetic acid gave an acetate IS in 54% yield from 
W.oxidationofIswitbmangWse dioxide in ChlolW 
form gave a desired compound 16 in 75% yield. Inversion 
at C-2 in acetolysis was demonstmted by the fact that 
long range coupliae of a-proton (6 3.59) to epoxy group 
with tbe proton at c-2 through wuMd&ulation7 was no 
longerobservedmthePMRq!ectNmof1(;inthe 
epimer 5, long range Wupling (J= l.SHz) tbrougb w- 
con@uration had bee0 observed. 

Epoxidation of 16 with potassium carbonate-hydrogen 
peroxide .stereose1ectivcly tiorded the diepoxide 17 in 
81% yield. It was expected that epoxidizing reagent 
would attack the double bond of 16 from the less hin- 
dered side to give a desired product 17. 

Treatment of 17 with hydra&e* in the same manner 
as the synthesis of (+)-senepoxyde gave an unexpected- 
product 18 instead of a desired product 19. The structure 
of 18 was deduced by the fact that two protons were 
observed at S 3.61 and 8 3.81 due to a-protons to 
epoxide in the PMR spectrum. This regioselectivity was 
explained by the fact that, in the pndominant conformer 
17a, the axial epoxy group was stereoelectronically sub 
jetted to reductive cleavage in preference to equatorial 
epoxy group as shown in 17b. 

After all, the synthesis of (2 )-crotepoxide has been 
achieved as follows. Protection of hydroxyl group of 1s 
with dihydropyran gave a tetrahydropyranyl ether #) in a 
quantitative yield. Hydroxylation of #) with osmium 
&t&de gave a glycol21 stemselectively, since osmium 
tetmide attacked preferentially from the less hindered 
side of the double bond of 20. The stereochemistry was 
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confirmed by the analysis of the PMR spectrum of a 
product 22 in the next step. 

Acetylation of 21 with acetic anhydride-pyridine 
(1.2 eq.) in anhydrous ether at 5” gave, accompanied by a 
small amount of a biacetate 24, a chromatographically 
inseperable mixture of diacetates 22 and 23 in a ratio of 
3 : 1 as determined by the PMR signals (8 2.15 and S 2.12) 
due to C-2 acetate Me. The regioselective acetylation of 
the glycol 21 was expected from the favorable con- 
formation 2la. in which OH group at C-3 occupies easily 
acylable equatorial position. In the PMR spectrum of 22, 
C-2 proton at S 5.49 showed a coupling constant, 6Hz. 
This value was somewhat small compared with tmns 
diaxial coupling constant of a normal strain-free cyclo- 
hexane, but it would be acceptable by assuming that the 
oxirane ring distorts considerably the cyclohexane ring in 
22. Indeed the abnormality is supported by the fact that, 
in 29 derived from natural crotepoxide,’ C-2 proton 
showed a coupling constant, 5.5Hz, which was 
moderately small as a teas diaxial coupling constant 
The mixture of the acetates, 22 and 23 was used for 
further reaction since it is expected that in the final stage, 
the derivative 28 of undesired product 23 would be 
removed from synthetic crotepoxide. Mesylation of 22 
with mesyl chloride-pyridine, followed by removal of 
tetrahydropyranyl group with p-toluenesulfonic acid in 
ethanol gave an alcohol 27. Treatment of 27 with basic 
ahunina gave Wcrotepoxide 11, m.p. 12lL19, identical 
with natural crotepoxide by UC, PMR, IR and mass 
spectral comparison. 

-AId 

AU m.ps are uncorrected and wm determined on a Yanaco 
Micromelting Point Apparatus MP-30. lR spectra recorded on a 
Hitachi JR Spectrophotometer. Model 285 and PMR stmctra on a 
Hitachi 9ohiHz H&h Resolution Spectrometer Model R-22 and 
Jaoan Elect&s JNM PSlOO Hiah Resolution Boectrometers: the 
abbreviations s. d, I, q and m-signify singlet; doubkt, tripkt, 
quartet and multiplet. Mass spectra were &krmined on Hitachi 
RMU-I specbometer. 

The starting material the dio12 was prepared by the same 
procedure descrii in the preceeding paper.’ 

BauoylorionofZTotheicecookdsolnof938meotZin5ml 
THF and Sml anhydrous pyridine was added 0.6 ml henxoyl 
chloride under stirring. After adding benxoyl chloride, stirring 
continued additional 2 hr at room temp. The mixture was pcured 
onto &water and resuh.ing crystals were colkcted and washed 
with NaHC4ag and then &t&. The crystals were dissolved in 
CHCI, and the soln was dried over Na$SO, and evaporated in 
wcuo to give 1.31 .g of 3, which was recrystalhsed from benzene 
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to yield pure sample, q .p. 149.5- 15OJ”. IR v=,%; 3480 (OH), 
1700 (GO) cm-‘, PMR S$#j’? 1.50 (6H, s. CH,), 2.95 (IH, ddd, 
J = 12 Hx, 5 Hz, 3 Hz, CH), 3.16 (lH, dd, J = 12 Hz 3 Hz, CH), 

3.35 (lH, s, bH), 3.44 (lH, m, CH), 354(1H, m, CH).4.18. 
5.02 (2H, ABq, J= 13Hx, -CHfl)), 4.61 (lH, d, J=SHx, -CH- 

0), 6.33 (2H, m. =/H), 7.58 (3H, m, ArH), 8.05 (2H, dd, J = 8 Ha, 
aHx, ArH). (Found: C, RIO; H, 6.07. Calc. for CnHuO,; C, 
7211; H, 6.05%). 

Acetylolionoj3.Asolnof 1.3lgof3inamixtureof5ml 
AcsO aod IOmt anhydrous pyridine was allowed to stand for 
12 hr at room temp. The mixture wrs poured onto ice-water and 
the resuhing crystals were cotkcted asd wasbed with water and 
then dissolved in CH&. The soln was dried over Nas!W, and 
evaporated ix ouc#o to yield 1.41 g of 4. Recrystalhsation of the 
acetate from EtOH gave pure 4, mp. 151-15P, IR v=; 1715 
(COAr), 1730 (OCOCHs), 1600 (Ar)cm-‘; PMR SW 1.47 (6H, s. 
CH,), 2.08 (3H, s, OCOCHs), 2.97 (lH, ddd, J = 11 Hz, 5 Hz, 3 Hz, 
UQ3.15 (lH, &I, J = 11 Hz, 3 Hz, -CH-), 4.06, 4.73 (2H, ABq, 

J = 12HL, CHsO), 5.88 (lH, dd, J = 5 H& 3 Hz, =/H), 5.99 (lH, 

6 J = 5 Hx, -CHOAc). 6.43 (lH, dd, J = 5 Hr., 3 HZ&~), 334 

(1H. m, CH), 3.36 (IH, s. LH), 4.01 (lH, m, CHL7.50 (3H 
AS), 8.84 (2H, AS). MS m/c 408 (M+). (Found: C. 70.29; H: ’ 
5.94. Calc. for C&& C, 70.57; H, 5.9296). 

R&u-fX&-AUerrmciionoj4.Asokof 1857gof4in lOml 
diglymewasheatedat 168’for lhrumkrNs.Themixturewas 
evaporated in wcno and the residue was chnuWogWbed on 
siti& acid eluting with benxene-EtOAc (!X: 5, v/v) to give 
688 mg (785%) of oily 5, JR vz:; 1758 (OCOCH3), 1729 (COAd. 

1690 (GO) cm-‘, PMR SW; 2.05 (3H, s, OCOCHs). 3.57 (lH, 

dd. J= lJHz, 15Hz,,&H),5.25,5.00(2H,ABq, J= 12Hx, 

-CHsO), 5.98 (lH, m, -CHOAc), 6.11 (IH, m, =/H), 6.67 (1H. 

dd. J = 10 Hz, 5 Hz, =/H), 7.50 (3H, ArH). 8.04 (2H. ArH). MS 
m/c; 302 (M’), 242 (M+ -CHIC&H). 

@&#ionofS.Toasolnof 183mgSin3mtTHF~ 
added peroxide soln prepared from l@Jnrg JW4 aad 05 mu 
3036H~in2.5mlwaterumkstirring.After2hr.~~ 
wasa&dtothemixture,andthiswasexuactedwitbCHCI~ 
TIIC c~mhinal extracts were dried over Na#Q and evsporated 
inwrru,togivcareJidue.Thcsolnoftheresidueialml 
pyridiaeaod05mlAElO~anOWtd10s~foll2hratroom 
temp.Themixture~pouredontoke-waterandextracted~ 
CHCI,. The extracts were dried over N&SO4 ad evapOrad m 

WCYO. m muking mifiuc was chfomatographai on atkic a&t 
cotump, arut the e&mn was elutod with benxer~+EtOAc 8: 1, 
v/v) to ykld 112 ntg (f#%) of 6, JR vt; 1720. 17400(C=C’+’ cm-‘. 

PhfR 13~ 2.10 (3H, s, OCCCH3,3.47 (2H. m, / ). 3.59 



!&reosekctive syntMsis of (+senepoxyde amI (+crotepoxide 187 

(HI, dd, J=4Hx, ZHz, &“). 4.00. 4.89 (3H, ABq, J= 
13 Hz, CHQ, 6.00 (lH, s, -CHOAc). 7.58 (3H. ArH), 8.05 (2H, 
ArH). MS WI/C: 318 (M+). 259 (M’ -CH,CO& 

(+~Sarepoxy&1.Toasolnof43mgof6inlmJbenzeneand 
0.3mJ THF was added O.Sml (2eq) hydraxine soln which was 
prepand from 70 mg hydraxke hydrate, 0.7 ml i&OH and 1.3 ml 
THF.ThcmixturrwasallowedtostandforlZhrat50.Tothe 
mixturewasaddedsmaJlamountofwater,andthemixturewas 
extracted with CHCIr. The extracts were dried over Nash, and 
evaporated in wcuo. The residue was chromtogiapbcd on silicic 
acid column, which was eluted with benxene-EtOAc. The ebtate 
was concentrated in DDCUO to yield a residue which was treated 
with 0.05 ml A@ in pyridine and kft overnight. To the mixture 
was added ice-water and this extracted with CHCls. The extracts 
were drkd over NaxSO, and evaporated ia uacw. The residue 
was chromatographed on siiicic acid and the column was eluted 
with benzene-EtOAc (9:l. v/v) to give crystals, which was 
recrystallised with EtOH to give pure (+)-senepoxyde, m.p. 
97* (natural sample’, m.p. 84-85”). JB ~2 1738 (GO) cm-‘, 
PMB S$$$j” 2.04 (3H, s, OCOCH,), 2.06 (3H, s, OCOCH,), 3.44 

(lH, d, J=4Hx, &“,, 4.25, 4.83 (2H, ABq. J=12Hx, 
CHxO). 5.18 (lH, dd, J=SJHx, ZSJix, CH). 5.59 (lH, d. J = 
2.5Hr. CH), 6.07 (lH, tn. CH), 637 (lH, dd, J= 10Hx. 4Hx. 
CHL 7.50 (3H. m. ArJB. 8.05 (W. dd. J = 8 Hx. 2 Hz. ArJB. MS 
m/e;346 &+): (Ijoumif C, 62.54: ii, 5.38. Cak.‘for C;&& C, 
6242; H, 5.24%). 

M&ste l2. To a soln of 2.50 g 3 in 15 ml anhydrous pyridinc 
wasaddedlmJmesylchkrideandthemixturewasa8owedto 
standfor3hratroomtemp.Themixturewas~.intoice 
water the resulting ppt was i&k&d, washed by v&r, dissolved 
in CHCI, and concentrated ia oacao to aive 2.87~ of 12 as 
crystals hr 91% yield. The crude sampk w& mcry&&d from 
CHCI~EtOH to give a pure sample, mp. 14214R JJt v,“; 1720 
(GO), 1350, 1188 (-S&O-) cm-‘; PMB S@ 153 (3H. s, 

=/cHs), 3.20 (W, m, -CH-), 3.43 (IH, s, -OCH-), 3.62 (2H, m, 
XXI-), 4.36.4.88 (2H, ABq, JAa = 13 Hz, -CH#-), 5.86 (lH, d, 

J = 5 Hz, -CH-OMs), 6.38 (W, m, =/H), 7.68 (3H, tn. ArH), 8.15 
(W, dd, J = 8.2 Hx, ArH), MS m/c: 338 (M+ -C&). 243 (338 
CH,SCQ. (Found: C, 62.D; H, 5.75: S, 7.22. Cak. for C&,0,s: 
C, 6216; H, 5.44; S, 7.20%). 

R&v-LXds-Alder ma&n of l2. A sobr of 2178 in I2 in 
H)mlxyknewasheatedatlZDOundrrN2for3hr.Tbemixture 
was cooled, concentrated in wcao, chromatogmpbed on sificic 
acid using benxene-EtOAc (4: 1, v/v) as solvent to give 1.14g of 
W as an oil in 72% ykld, JB vs 1720, 1710, 1690 (GO). 1360, 
1180 (-!X&OCHx) cm-‘, PMB S$#‘z 3.10 (3H, s, CH,sop-). 
3.64 (lH, dd, J = 15 Hz, J = 1.5 Hz, -OCH-), 4.36.5.13 (W, ABq, 
h; l$CF&y), 5.86 (lH, m, -CHOMs), MS m/c: 338 (M’), 

Reduction of W ‘with zinc borohgdridc To a soln of 470 mg of 
W in anhydrous THF (5ml) and benzme (5ml) was added 
dropwke 3 ml ethereal zinc borohydride at (P and the mixture 
wasstinedfor2hratO”.EtOAcwaseddedtothemixtunand 
this was washed with dil AcOH. The aqueous layer was exttac- 
ted with EtOAc. The combined extracts were dried over Na#Q 
andevapoWediJrwcuo.TberesiduewasluysUi&amJ 
recrystaJlised from EtOAc to give 14, m.p. 108-111’. JB v= 
3580 (OH), 1715 GO) cm-‘. PMB SW: 3.04 (3H, s, 
CH$WZO-). 3.67 (lH, m, -OCH-), 4.62 (lH, rn, -CH@), 4.26, 
5.08 (2H, ABq, J,,r, = 12Hx, CH&-), 5.54 (lH, m, CHOMs), 

5.98 (W, m, =/H), MS m/s: 122 (C&COOH). 105.77. (Fcundz 
C. 51.93; H, 4.83; S, 9.11. Cak. for C,sH,&S: C, 5294; H, 4.74; 
s. 9.40%). 

AcetoIysis of 14. The residue was dissolved in 1Oml acetone 
and3mlAcOH.TothesolnwasaddedanhydrousKOAcandthe 
mixturewasstirredfor3hrat5060’.Tothemixw=asadded 
EtOAcandthiiwaswasbedwithkine.Theaqueousphasewas 
extracted twice with EtOAc. The combined extracts were 
washed with brine, dried over Na$Q, concentrated in wcuo. 
The residue was purftkd on column chromatography elutkg with 

CHCl,&OH (98 : 2, v/v) to give 235 mg of crystalhne material in 
54% yield from 13. This was recrystaMsed from benzene-hexane 
to give a pure sampk of Is, m.p. 97-W, JB vz 3500 (OH), 
1735 (GO) cm-‘. PMB SW 215 (3H, s, aOCH,), 3.72 (lH, 
dd, J=2Hr., J= 2Hz, -OCH-), 4.50 (lH, m, CHO-), 4.40,4.63 
(2H, ABq, JAB = 12Hx, -CHrO-), 5.53, 5.72 (2H, m of ABq, 

Jm = 10 Hx, =/H), 5.83 (IH, m, -CHOAc), MS m/e: M4 (M+), 
261 (M+ -CCC&), 245 (M’ -CH,COO). (Found: C. 63.05; H, 
5.27.cak. for c,&f,&,: C, 63.15; H, 5.30%). 

a.&Uasatunatcd ketone 16. A mixture of 118 ma Is and 1 R Mn- 
01 k 4ml CHCh was stirred for 3Omin at r&r temp. To the 
n&we was addid CHCI, and filtered through High8&upercel. 
The Hiahtlosunercel was washed well with CHCL. The 8hrate.s 
and wa&ings &re. combined and concentrated in-oacuo to give 
85mg of 16 as a crystalline material in 75% yield. This was 
recrystalhsed from EtOH to give a pure sample, m.p. 142-143”, 
JB v=: 1745 (OCOCH,). 1720 (COAr), 1685 (C=C-C=O) cm-‘, 
PMB SW: 2.18 (3H, s, CH,COO-), 3.59 (lH, d, J=2Hx, 
-OCH-), 4.43, 4.72 (2H, ABq, J,,a = 12Hx, -CHsO-). 6.01 (lH, 

m, =/H), 6.47 (lH, m, =/H), MS m/c: 302 (M’). 243 (M’ 
-CH&IOO). (Found: C, 63.53; H, 4.85. Cak. for Cu&O~; C, 
63.57; H, 4.67%). 

,!$midhnof 16.Toasolnof22Omgof16in3mlTHFwere 
added a few pieces of ice and subsequently 2ml of a paoxide 
soln made from 1OOmg K#Xr, 2.5 ml water and 0.5 ml 30% 
H&. Tbe mixture was stirred for 2hr, and extracted with 
CHCI,, washed with water, drkd over Na#O, and concentrated 
ia wcuo. The residue was dissolved in 1 ml anhydrous pyridine 
and 0.5 ml A@. The soln was allowed to stand for 12 hr at room 
temp., poured into ice water and extracted with CHCls. The 
extracts were dried over NaxSO, and evaporated in wcuo to give 
an oily residue. The residue was chromatographed on silicic acid 
with benxene-EtOAc (9: 1, v/v) to give 1% mg of 17 as a crystal- 
tine material in 81% ykld. This was recrystallised from benxene- 
hexane to afford a pure sampk, m.p. 123-lW, JB YE: 1730. 
1745 (0) cm-‘, PMB S##? 224 (3H, s, CHQKI-), 3.50 (IH, 
dd, J = 4 Hz, J = 25 Hx, -OCH-), 3.59 (lH, d, J = 25 Hz, -0CH). 
3.80 (lH, dd. J=4Hx, J=2Hz, -WH-). 4.14, 4.63 (2H. ABq, 
Jm =- 13 Hz, -CH& 5.79 (lH, d, J = 2 Hz, -CH-OAc), MS m/e: 
318 fM+). 259 (M+ -CHICOO). (Found: C. 60.27: H. 4.51. Cak. 
for C16HII(x: C. 60.38: H, 4.43%). . ’ 

Reductive &&age -of 17. To a soln of 103 mg 17 in 2 ml 
benxeneand1mlTHFwasadded12mlofahvdrazine&(a 
mixture of 7Omg hydra&e hydrated, lml THF and lmJ;- 
ROH). The soln was aBowed to stand for 12hr at room temp. 
The mixture was diluted with water, extra&d with CHCls and 
the combined extracts were evaporated in wcuo. The. residue was 
chromatograpbed on siJicicW acid using benxene-EtOAc 
(4: 1). v/v) as ekents to dve 18. PMB S$Et& 2.24 (3H. s. 
&CXHs), 3.62 (lH, m, I&H-), 3.85 (lHT”d, J =4.5 Hz, 1 
OCH-), 4.34 (W. d, J = 1.5 Hz, -CHxO-)), 5.32 (lH, s. -CHOAc), 

6.26(2H,d J=3 
H 

Tclnzhdmv~~~~ 3 z&r)&. A soln of 186ma 15.6Oma dihv- 
dropyran~-imeb-toleneJulronicacidin2n;ianhydrousTHF 
was allowed to stand for 12 hr at room temp. To the mixture was 
xhkdbenxene,andthiswaswashedwithNaHC@aq.7be 
aqueous layer was extracted with benxene. The combined 
extracts were dried over NasSO, and concentrated in wc~~ to 
give 248mg of 20 as an oil in quantitative yield JB v=: 1748, 
1720 (00) cm-‘, PMB S’&$‘? 1.65 (6H. m, CH& 2.14 (3H, s. 
-0COCH3, 355 (lH, m, -OCH-), 3.82 (IH, dd, J=2Hx, J= 
2Hz -OCH-). 4.00 (lH, m, -OCH-), 4.35, 4.65 (2H, ABq, 

Jm = 11 HZ, =/H), 5.88 (lH, m, -CHOAc), MS m/e: 303 (M+ 
-THP). 285 003 -H,O). 244 (303 -CHEW). 

LX&km- if ii. A in of 104m.g a in 1 ml anhydrous 
ether and 0.05 ml anhydrous pyridine was stirred at 9’. To tbc 
sdnweJaddedasokof%meosmiumtetroxidein2mlanhy- 
drousetherinthreepations,andtheresultingmixturewas 
stinsdfor90hratroomtemp.Afterdisappearancxof1onUc, 
totbemixturewasadded3OOtngNaH!?O,inlmlwaterand 
0.5 ml pyridine. lbe resultant mixture was stirred for 38 min. 
extracted with EtOAc, washed with brine, dried over NaxSO,, 
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CvaporatedinDllWOiUKlC~ onsilicicacidusing 
CHcIrMcOH (97 :3. v/v) to give 47 ntg of 21 in 40% yield. IB 
vq: 3H)o, 3400 (XM), 1730 (00) cm-‘; PMB SW 1.65 (6H, 
m, CH& 2.08 (3H, s, -OCOCH& 3.55 (1H. m, -OCH-). 3.68 (lH, 
d, J = 2.5 Hz, aH-), 3.88 4.05 (3H, m, -CH+), 4.15 (IH. m, 
-OCH-). 4.44 (W, S. -CHfi), 4.98 (lH, m, -tICHO-). 5.43 (IH, 
d, J = 4 Hz, -CHOAc), MS m/c: 422 (M’). 

sdactw acetyiath of the did 21 to 22, 23 and 24. To an 
icacoldsolnof56~of21inO.lmlanhydrousetherwaslsdded 
in ice-cold soln of 16mg (1.24cq) A@, l5mg of anhydrous 
pyrid& and O.lml anhydrous ether. The rem&ant soln was 
allowedtostandfor24hrat5o.Totbemixhnrwaspddedwater 
andthiswasextractcdwithEtOAc.Theextractswcredrkdovcl 
Na#&, evaporated in oacuo and the residue was cbromato. 
graphed on silicic ecid nsiog CH&-MeOH (98 : 2, v/v) as eluents 
to give 24. fB vz 1750,1730 (C=O) cm-‘, PMB am 1.60 (6H, 
m, -CHr), 1.94 (3H, s, C4 OAc), 1.97 QH. s, C-3 OAc). 2.14 
(3H, s, C-2 OAc). 3.60 (IH, m, -OCH-), 3.73 (lH, d, J = 2 Hz, 
-OCH-), 4.03 (lH, m, -OCH-), 4.22 (1H. dd, J =6Hz, 3 Hz, 
-CHO). 4.36,4.58 @II, ABq, I- = 12Hr. XH#CO). 4.89 (1H. 
m, -OCHO-), 5.21 (lH, dd, J = 6 Hz, J = 2 Hz, C4H), 5.28 (1H. 
dd, J = 6 Hz, J = 2 Hz, C-3H), 5.62 (lH, d, J = 6 Hz, C-w), 7.55 
(3H), 8.13 (2H) and a mixture of 22 and 23. IB vs 3MO (OH), 
1750, 1735 (0) cm-‘, PhfB SW; from #2.01 QH, s, C-3 
OAc), 2.15 (3H. s, C-2 OAc), 3.66 (lH, d, J = 3 Hz, -OCH-), 435, 
4.55 @I, ABq. J= 12Hz, -CH&), 5.85 (lH, dd, J=6Hz. 
J = 2 Hz C-3H). 5.49 (1H. d. J = 6 Hz, C-w). from 23.1.97 (3H. 
s. C4 OAc), -212 (3H, s, C-2 OAc), 3.ti (1H. d, J=3-Hz. 
-OCH-1.4.34.455 IW. ABa. J = 12 Hz. -CH,O-). 5.10 (1H. dd. 
J=sH;;J=iHz,d4H),Sji(IH,d,J;4H;,C-~. ’ . 

MnglotlonofPlurd2).Toasolnof~Omp22and2300.2ml 
anhydrou pyridinc was added 1omg lMhancsldfonyl chloride 
andthemixturrwasallowedtostandfor2hratroomtemp. 
After addition of water. the mixture was extra&d with CHClj. 
The combined extracts were drkd over Na&Q, and cvaporatal 
inwcwotoniveamixtureof25aad21inaratioof3:l.IRvd: 
1750, 1738 @O) cm-‘; PMB SW from 25. 3.03 (3HS; 
WCHd, 4.94 (IH, dd, J = 5 Hz, J = 3 Hz, MH), from 26,231 
(3H, s, SO,CH,), 4.94 (lH, dd. J = 5 Hz, J = 2 Hz, C-3H). 

&ument of 25, 26 with ptohaidfonic acd A solo of 
40 mg of 25 tid 2/ and 3 & p-tohmcdfonic acid in 05 ml 
EtOH was allowed to staml for 24hr at mom temp. To tbc 
mixture was added NaHCO,aq, sod the mixture was-extracted 
with CHCl* The extracts were dried over Na+X& coaantrated 
in uacyo and c~matographed on silicic acid using CHCl3- 
MeOHe7:3,v/v)togive25~of~sndtinratioof3:1.IR 
vz; 3580,1750,1730 cm-‘. 

(+~Crotcpoxidrll.AJolnof25~ofnandginasmall 
volume of EtOAc was placed on a dry cohmm of 2g basic 

ahuniM.Aftcr5mintbewllmmwaselutcdwithEtOAc.llIc 
fhtC8WCEC~in~~8lKiChroraatoenphsdOOsilicic 

acid wing benzene EtOAc (4:1, v/v) to give (+ll. m-p. 12g- 
1w (natural (t)crotepo~, m-p. uo-1517. IB vz 1760, 
1730, 1600,710cM-‘, v$!$% 1750.1730.1720,l608cm~‘. PMB 
a#!@? 202 (3H, s. *OCH,), 2.11(3H, s. -OCOCH3,3.11 (lH, 
dd,J=15Hz,4Hz,C4H).3.45(1H,ddJ=4Hz.25Hz,C-SH). 
3.67 (1H. d, J = 2.5 Hz, CXiH), 4.26.459 (2H, ABq. Ju = 12 Hz, 
-CHp-), 5.01 (lH,dd, J= ~.~I&~Hz,C-~CHOAC).~.~~(IH. 
d, J = 9 Hz. C-2 CHOAc). (Pound: C, 59% H. 5.00. Cak. for 
t&J&,0,: C, 59.66; H, 5.01%). 

Adnowkdgrmmts-We wish to thank Mm J. Polonsky, InstiM 
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