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Hopene-I oxide (I), a minor constituent of Pol.?nodium vulgare, is - 
transformed into hopa-15,17(21)-diene by UC1 in ethanol (1). Wen the same 

epoxide is treated with BP, etherate in C9C15 solution, the reaction takes e 

completely different course, another diene, m.p. 167-168',[~~~' + 51": and a 

ketone, m.p. 277-281O,[a];' + 86.3', being isolated in 85$ and 1556 yields, res- 

pectively. 

Structure II has now been established for the ketone on the basis of 

its transformation into a benzal derivative (III), m.p. XC-312',[a-&* - 1.4', 

which was de,qrrded by ozone into the anhydride IV, m.p. 265-268',[#]*' D + 33.3O, 
&, 5.58, 5.71~. Reduction of II with DiAlHI gave an alcohol (V), m.p. 281- 

-285'@$' + 51°, which was transformed into hopene-I (VI) by POCl, in pyridi- 

ne. An a confisration of the isopropyl group at C 1, i.n II would be expected 

fron a migration which is concerted aith the rupture of the p-oxirane ring. 

The positive Cotton effect of moderate intensity of II (CD, cyclohexane,hE 
3*3 

' On leave of absence from Israel Institute of Technolo_qr, Ueifa. 

+ All specific rotations were measured in CHCIS. 
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+ c.69,& + 1.14,A~ + 1.06) is in accordance with a cis junction of 
Xl?. 309. 

rings D and E, on the basis of literature data on compounds containing the cis- 

-hydrinden-l-one system, such as 14j3-androstan-17-ones and 3-oxo-A-nor-steroids 

(2); e.lthough the isopropyl group lies in a neqtive octant, the skewed nature 

of the cyclopentanone ring should be more important in determining the nip 

of th_e ?ctton effect, than the orientation of the substituents. On the other 

hand the 17p-isopropyl onalogue of II would be expected to exhibit a negative 

"otton effect. The configuration of the hydroxyl -group in V is still uncertain, 

but in ;robe.bly # , as a determination of absolute configuration with a-phenyl- 

butyric snhydride by the method of Eoreau (3) gives an excess of (-)-acid, the- 

refore Tainting to s.n S confi.yl.ration at C-21; this is somewhat surprising Y,': 

17-oxo-l$3-steroi3s cre reported to give the 176~01s on hydride reducti.on (3c,4); 

however, an isopropyl in place of a methyl ,group may well change the stereoche- 

mistry of t'_e reduction. 

The diene obta.ined cs the main product in the RF, rearrangement cf I 

has been forrlulated 2s VII on the follcwing grounds. Its UV spectrum (A,,, 237, 

245, 255 mp,E 20,3CO, 23,7CO, 15,3OC) indicates its conjugated heteronnnular 

netlwe. T.!f.R. shows only one clefinic proton (T 4.62). The most intense peak 

i.n the mass spectrum is n/e 365, corresponding to the loss of the isopropyl 

radical from the molecular ion; its intensity is six times higher than that of 

any other peak, ,::hile the I\! +. ion is of very low abundance (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 s.nd of the quaternary nature of the i.soyrogyl group. In most 

hopane derivatives the [M - c,H;]+ ion is nuch less abundant. In the Trcsent 

case the loss of the isopropyl radical I.ends to the format? on of the steble 

tertiary allylic cation 2, which gives rise to most of the otller f~?~?nte$ion 

peaks in the spectrum, and particularly to ion b (n/o 173) by rctro-?icls-Alder 

cleavage; the latter peak indicates the position of the 12-13 double bond. 

a 

rn7 365 
b - 

m/e 173 
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On hydrogenation over Pt VII yields two isomeric olefins, VIII, m.p. 

176-179',[&-&' - 11.7', and IX, m.p. 17+179’,[a]i. - 4.6', which can be sepa- 

rated on AgNO ,-cantaining silica, and are transformed by acid into an equili- 

brium mixture. The most intense peak in the mass spectrum of VIII is m/e 367, 

corresponding again to the loss of the C,H, mdiaal. The ?fi' ion (m/e 410) is 

of very low abundance (< 0.55). These features indicate the positi.on of the 

17-18 double bond. Clefin IX, in which the double bond is more distant from the 

isopr~I group, exhibits an intense molecular ion (49$), ahile the m/e 367 ion 

is of lower abundance (32%). The base peak, which is found ?t m/e 205, is chr- 

racteristic for triterpenes having s 13-18 double bona (5) and has been attri- 

buted to an ion containing rings D and 3, formed by allylic cle~vsge of the 

P-14 bond, followed by the cleavage of the 11-12 bond znd b:~ a cyclic coll.aDse 

with hydrogen transfer from C-9 to C-14; in our case this should vive ion 2. 

However, ion cl, containing rings A and B,is isomeric wit?- 2 rnd nrnbshl-r con- 

tributes to the m/e 205 peals, The latter peak is practically shsent from the 

mass spectrum of VIII, while it is of hish intensity in thet of ho?ene-?I (XIV), 

whose frngmentntion pattern is extremely similar to thst of IX. 

Although the trsnsformati.on of hindered epovides into dienes with 

ncids has been observed before (6), the passage of I to VII is novel, rs it 

involves ?. aoub1.e migration (or 1,3-shift) of a methyl group, from c-18 to 

C-21. Wo obvious fully concerted mechanism can be suggested for this reaction. 

It was not possible to detect intermedip.ten by g.1.c.; however, in the similar 

reaction of iso-r-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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dietes betvreen the oxide and the analogize of VII. This reaction is now under 

study and we shall discuss the mechanism of both rearrangem.ents :?hen cur data 

on the latter one will be complete. 

The reaction with 53FS etherate has also been studied for hopene-II 

oxide (X), whose transformation into the corresponding 11,13(18)-diene with 

HCl has been described before (8). Rere again BP, leads to a conplet?ly diffe- 

rent result, no dione being formed; a ketone, m.p. 278-292"(dec.),[U]~' + 16.5', 

is the main product (905 yield). For this compound 170 propose structure XT on 

the follo::rinz pounds. ?To hydrogen atoms are present in position a to the CO 

group (YiC?, resistonce to attack by bromine). Li.AlH, reduction Fives an alcohol, 

m.p. 275-79.7E(den.),~]~C + 37.4'(XII), which is transformed by FOCI, in nyri- 

dine into :.r alkane? m.n. l.33-136°,[a]k" + 23.5@, formulrted ns XTII: PJ.M,R. 

one ~lcf<ric yvton 3-t 4.72 T ; mass sn!(?CtrlJm: most abunaent ior nt m/e 218 

(C&,') , F?vjnr ri?r? to ions m/e 203 (-PI,') 2nd m/e 175 (-C,H,')(metastable 

peaks) . mherefor- the m/e ??8 ion must contain rinq x. The high ohundance of 

m/e 31.8 i-on lindi~ates that it is v?r~~ nrobehly formed by a retro-Dieln-4lder 

fra.qmentation of the mo‘lewhr ion, involvinil: a U-13 double bond (BT+ m* -----c inn a). 
Structure XTTI is also confirmed by thr! ?asy transformation into hopene-IT 

(XIV) on ehort treatment with HCl in CHCI.,. 

Of the t':!o nossiblc formulation of the ditnrtiary kctans (XI and XV) 

only XI can easily account for the formation of XIII from XIT, through the gr'o- 

bably concerted shifts indicated in XVI ,and XVI. R>rthermore the ketone exhi- 

bits a positive Cotton e-ffoo+ 'CD, cycl_ohe~anat As + I..N,A~ + 1.71, 
214 304 

AE + 1.501, which nould he expected. on the basis of tbs octant m?I.e for XJ, 
POB 

while XV nould be more likely to yive :a ne?,ntivn Cotton effort. The trsnsforma- 

tion into XI probably re-_uires that the epoxide rin$ has the ct conPiqur~-tion, 

a fact that had not been estnhlished hefore, pnd that could Fe unexnents,? et 

first glance, es the epoxidetion of XIV could be an?umed tn tnl-P -jlace trann ~_^__ 
to the methyl groups at C-14 and C-17. Inspection nf Dreidiny modclq s+~ows, 

however, that the a-enox!?s shnuld be more s-+bl.c than the fl--ic,~~r: 01 in 

the latter compound the two methyl Croups q+ C-14 9nd C-l.7 interfere w+~ith 

each other much more seriously than in the former one. 
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