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Hopene-I oxide (I), a minor constituent of Polypodium vulgare, is

transformed into hopa-15,17(21)-diene by HCl in e*thanol (1). Vhen the same
epoxide is treated with B¥; etherate in CHCl, solution, the reaction takes ¢
completely different course, another diene, m.p. 167—168°,Ez]5° + 51°7 and a
ketone, m.Dv. 277—281°,Ea]5‘ + 86.3°%, being isolated in 8%5% snd 15% yields, res—
pectively.

Structure II has now been esteblished for the ketone on the basis of
its transformation into a benzal derivative (III), m.v. 310-312°,Ea]5° - 1.4°,
which was degrrded by ozone into the anhydride IV, m.v, 265—268°,Ez]5’ + 33.3°,
)CO 5.58, 5.71 p. Reduction of II with TiAlH, gave an alcohol (V), m.p. 281-
-285°,Ez]5’ + 51°, vhich was transformed into hopene-I (VI) by POCly in pyridi-
ne. An & configuration of the isopropyl group at C,, in IT would be expected
fron a migration which is concerted with the rupture of the ]3—oxirane ring.

The positive Cotton effect of moderate intensity of II (CD, cyclohexane,[\&
3

3

° On leave of absence from Israel Institute of Technolozy, Haifa.

* A gpecific rotetions were measured in CHCls.
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+ O.69,Z§g + 1.14,Z§£ + 1.06) is in accordance with a cis junction of
rings D anali, on the ba;;; of literature data on comnounds containing the cis-~
-hrdrindsn-l-one system, such as 1@3-androstan—l7—ones and 3-oxo-A-nor-steroids
(2); elthough the isopropyl group lies in a nerative octant, the skewed nature
of the cyclopentanone ring should be more important in determining the simm

of the Octton offect, than the orientation of the substituents. On the other
hand the 17B-isopronyl onalogue of IT would be expected to exhibit a necative
Totton effect. The configuration of the hydroxyl group in V is still uncertain,
but is »robebly &, as a determination of absolute configuration with a-rhenyl-
butyric anhydride by the method of Horeau (3) gives an excess of (~)-acid, the-
refore nointing to an S confi~suration at C-21; this is somewhat surprising as
17—oxo—ly%—steroiis are rerorted to give the 17a-ols on hydride reduction (3c,4);
however, an isoprropyl in place of a methyl group may well change the stercoche-
mistry of the .reduction,

The diene obtained os the main product in the BF; rearrangement of I

hos been formmlated as VII on the following grounds. Its UV gpectrum ()hax 237,
245, 25¢ mp, € 20,300, 23,700, 15,90C) indicates its conjugated heteroaonnular
nature. ¥,¥,R, shows only one clefinic proton (T 4.62). The most intense peak
in the mass spectrum is m/e 365, corresnonding to the loss of the isopropyl
radical from the molecular ion; its intensity is six vimes higher than that of
any other veak, while the M ion is of very low sbundance (5%). The high abun-
dance of the m/e 365 ion seems to be indicative both of the position of one of
the double bonds =znd of the guaternary nature of the isonropyl crouv. In most
hopane derivatives the [M - C;H;]+ ion is much less sbundant. In the present
case the loss of the isopropyl radical leads to the Tormation of the steble
tertiary allylic cation a, which zives rise to most of the other frarmentetion
peaks in the spectrum, and particularly tn ion b (m/e 173) by retro-Diasls-Alder

cleavage; the latter peak indicates the position of the 12-13 double bond.
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On hydrogenation over Pt VII yields two isomeric olefins, VIII, m.p.
176-179°,[a:]5‘ - 11.7°, and IX, m.p. 173--179",[}x]]’}1 - 4.6°, which can be sepa-
rated on AgNO,-conteining silica, and are transformed by zcid into an equili-
brium mixture. The most intense pesk in the mass spectrum of VITI is m/e 367,
corresponding again to the loss of the C;H, radirsal. The ¥* don (m/e 410) 1is
of very low abundance (< 0.5%). These features indicate the position of the
17-18 @&euble bond. Olefin IX, in which the double bond is more dis*tant frnm the
isopreopyl group, exhibits an intense molecular ion (49%), while the m/e 367 ion
is of lower abundance (32%). The base peak, which is found =%t m/e 205, is che-
racteristic for triterpenes having = 13-18 double bond (5) =2nd has been attri-
buted to an ion containing rings D and T, formed by allylic clesvage of the
8~14 bond, followed by the cleavage of the 11-12 hond =nd tr a crelic collianse
with hydrogen transfer from C-9 to C-14; in our case this should sive ion ¢.
However, ion ¢', containing rings A and B,is isomeric with ¢ 2nd »robablr con-
tributes to the m/e 205 peak. The latter peak is practically absent frem the
mass spectrum of VIIT, while it is of hisgh intensity in that of hopene-TII (XTV),

whose fragmentation pattern is extremely similar to that of TX.
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Although the transformation of hindered epoxides into dienes with
acids has been observed before (), the passage of I to VII is novel, =28 it
involves n double migration (or 1,3-shift) of a methyl zroup, from C-18 to
C-21, No obvious fully concerted mechanism can be suggested for this reaction.
It was not possible to detect intermedirtes by g.l.c.; however, in the similar
reaction of iso-)-lupene oxide (7), a close analogue of I, with BF;, two dienes

can be isolated after short reaction periods, which are very probably interme-
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diztes between the oxide 2nd the analogue of VII, This reaction is now under
study and we shall discuss the mechanism of both rearrangements when cur data
on the latter one will be complete.

The reaction with BF; etherate has also been studied for hopene-II1
oxide (X), whose transformation into the corresponding 11,13(18)~diene with
HC1 has been described before (8). Here again BF; leads to a conpletcly diffe-
rent result, no dizne being formed; = ketone, m.D. 278—292°(dec,),5235° + 16.5°,
is the main oproduct (90% yield). For this compound we propose structure XI on
the followinz grounds. No hydrogen atoms are vresent in position & to the CO
groun (WKR, resistance to attack by bromine). LiAlH, reduction gives an alcohol,
mop. 275-293°(dee.),[@]i¢ + 37.4°(XTT), which is transformed by POCl, in nyri-
dine into -n =2lkene, m.;. 133—136°,Ea]%° + 23.5°, formulated as XIII: N.M.R.
one olefinic »roton 2% 4,72 T ; mass snoctrums most abundent ion ot n/e 218
(CLGH,5+), Fivine rise to ions m/e 203 (~CH,") and m/e 175 (-C;H,") (metastadble

esks), Therafor> the m/e 218 ion must contain ring B. The hish ahundance of

k3

3

/e 218 ion indinates that it is verr probehly formed by a retro-Diels-ilder
frarmmentation of the melervlar ion, involvineg a 12-13 double bond (Pﬁ'-lT: ion 4).
Structure XITI is elso confirmed by the =asy tranaformation into hopene-IT

(XIV) on short treatment with HC1l in CHCI,.

Of the two possible farmalation of the ditertiary ketonz (XI and XV)
only XTI can easily account for the formation of XITI from XIT, throush the »ro-
bably concerted shifts indicated in ¥VI nd XVII. Tuvrthermore the ketone exhi-
hits a vositive Cotton effoet 10D, oyclohevnne,lﬁe +1.19,A¢ + 1.73,

314 304
ANe + 1,50}, which would be exnected on the hasis of the octant vrle for XI,

206
while XV would be more likely to =zive ~ negetive Cntton effeoet. The transforma-~
tion into ¥I probably re~uires that the epoxide ring has the & configuration,
a fact thet had not heen established hefonre, ~nd that could te unexnected at

first glance, a2s the epoxidation of XIV could be assumed to tale -lace trans

t0 the methyl grouvs ot C-14 =2nd C-17. Inspection of Dreidins models shows,
however, that the &-epoxide should be more sinkle than the fR-igormer, os in
the latter compound the two methyl aroums nt =14 and (=17 interfere whith

each other much more ssriously than in the former one,
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