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T h e m e c h a n i s m of perchloric acid cleavage o f epoxides I and / / was established o n the basis 
o f experiments us ing H j ' ^ O . The 2a,3o!-epoxide / gave t w o products: the cychc ether V (60%) 
arising by 5 ( 0 ) " participation of the 19-acetoxyl and the diol VI (40%). The latter c o m p o u n d 
is formed by t w o mechanisms: I) By direct c leavage of the oxirane ring with H j ' ^ O as external 
nucleophi le and 2) by 7 (0 )" '" participation via the ion / / / . Under the same condi t ions the 
5a ,6a-epox ide / / y i e l d e d t w o diols: The diequatorial diol VIII (96%) arising by 6(0)"'" participa­
t ion and the diaxial diol IX which is again formed by both direct c leavage of the oxirane ring 
wi th H 2 ' ^ 0 and by 7(0)" '" participation via the intermediate ion X. The compet i t ion of several 
mechanisms is discussed. 

In earlier p a p e r s ' ' ^ we repor ted cleavage of 2a,3o(- and 5a,6a-epoxides I and / / 
bear ing an acetoxy g r o u p at posi t ion 19. O n t r ea tmen t with aqueous perchlor ic 
acid in d ioxane the 2a ,3a-epoxide / yields two p r o d u c t s : the cyclic ether F (60%) 
a n d the diaxial diol VI (40%). Cleavage of the 5a ,6a-epoxide / / gives the diequator ia l 
diol VIII (96%) as the major p roduc t , the m i n o r p roduc t being its diaxial isomer IX 
(47o)-

F o r m a t i o n of the cychc ether V f rom the 2a ,3a-epoxide / is due to 5 ( 0 ) " par t ic ipa­
t ion of the 19-acetoxy g r o u p ' . The diaxial diol VI, however , may arise by two routes , 
ei ther on cleavage of the oxirane r ing by water acting as an external nucleophi le , 
o r by 7 ( 0 ) " ' " par t ic ipa t ion of the acetoxy g r o u p via an in termedia te cyclic ion III 
hydra t ion of which would eventual ly give the diol VI. The ear l ie r ' work was based 
o n p roduc t analysis which did n o t pe rmi t t o decide which al ternat ive is operat ive . 
The a n o m a l o u s cleavage of the 5a ,6a-epoxide / / yielding the d iequator ia l diol VIII 
was ra t iona l ized ' ' ^ by 6 (0 )" ' ° pa r t i c ipa t ion (for no ta t i on cf. ref.^) of the 19-acetoxy 
g r o u p and this view was suppor t ed by assuming an analogy with the behavior of the 
co r respond ing 19-ethoxycarbonyl derivat ive where the par t i c ipa t ion was clearly 
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d e m o n s t r a t e d ' . The minor p r o d u c t IX can arise by two routes , either a) by a direct 
react ion of the oxirane ring with water act ing as an external nucleophi le or b) by 
7 ( 0 ) " ' " par t ic ipat ion of the 19-acetoxy g roup via the cyclic ion X. 

We now present direct p roof for the mechan i sm of format ion of the diols VI, VIII 
and IX based on exper iments carried out in the presence of water enriched in ' ^ O 
isotope. If the diol is formed on direct cleavage of the epoxide by water as an external 
nucleophile , all ' ^ O incorpora ted in to the steroid molecule mus t be present in the 
hydroxyl g roup . O n the o ther hand , if the diol fo rmat ion involves 6 ( 0 ) " ' " or 7 ( 0 ) " " 
par t ic ipat ion by the carbonyl oxygen of the acetoxy g roup [via the cor responding 

y (60 % ) via ( 1 7 % ) Vlb ( 2 3 % ) 

SCHEME 1 
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cyclic ion) , the mus t be inco rpora t ed in to the carbonyl of the acetoxy g roup . 
The 2a ,3a-epoxide / , on t r ea tmen t wi th perchlor ic acid in d ioxane conta in ing 

water enr iched in H j ' ^ O (27%), is cleaved in the following m a n n e r (Scheme 1): 
5 ( 0 ) " par t ic ipa t ion yields the cyclic e ther F a s the major p roduc t . The minor p roduc t , 
the diaxial diol VI, con ta ins the ' ^ O iso tope bo th in the 2P-hydroxyl {Via, 42%) 
and in the acetoxy g r o u p {VIb, 58%) as demons t r a t ed by mass spect rometry (Tables I 
and I I ) . F o r m a t i o n of the diol VI is t hus due to b o t h mechan isms , i.e. a) to direct 
cleavage of the oxirane r ing by water as an external nucleophile {l-yVIa) and b) 
to 7 ( 0 ) " ' " par t ic ipa t ion of the 19-acetoxy g roup via the cyclic ion / / / , its hydra t ion 
to the in te rmedia te / F e v e n t u a l l y provid ing the diol VIb. 

U n d e r the same condi t ions , the 5a ,6a-epoxide / / gives the diequator ia l diol VIII 
as the major p roduc t . Since this diol conta ins practically all the ' ^ O isotope in the 
acetoxy g roup ( > 9 5 % ) , it mus t be exclusively formed by fission of the oxirane r ing 
a t C ( 5 ) by the carbonyl oxygen of the 19-acetoxy g roup , i.e. by 6 ( 0 ) " ' " par t ic ipa t ion 
{II-^ VII-^ VIII) as shown in Scheme 2. T h e minor p roduc t , the diaxial diol IX, con­
ta ins the ' * 0 isotope p redominan t ly in the hydroxyl g r o u p {IXa, 88%), while the 
acetoxy g r o u p conta ins the remain ing 12% of the oxygen isotope ' ^ O {IXb). I t fol-

H O 

IXb (0.5 % ) 
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lows from these facts t ha t mos t of the diol IX is formed by cleavage of the oxirane 

r ing by water as an external nucleophile (ll-^IXa). The competi t ive fission by 7(0)"'" 

par t ic ipa t ion [Il-^X-^IXh) cont r ibutes to its fo rmat ion only t o a hmi ted extent . 

T A B L E I 

The content of ' * 0 in the products of the c leavage of the epoxides / and / / 

C o m p o u n d I o n Content of " O , % 

VI M + - 21-2 ± 0-7 
( M - H j O ) " ^ * 15-8 ± 0-7 

( M - a H j O ) * ' 16-1 ± 0-4 
( M - C H j C O a H ) * ' 11-7 ± 0-4 

( M - C H 3 C O 2 H — H j O ) * • 4-7 ± 0-2 

VIII M + - 22-9 ± 0-5 
( M - H 2 0 ) ' * " 22'7 ± 0-7 
( M - 2 H 2 0 ) + ' 17-3 ± 0-7 
( M - H 2 O — C H 3 ) + 22-0 ± 0-7 
( M - C H 3 C 0 2 H ) + " 0-5 ± 0-2 
( M - C H 3 C O 2 H — H 2 0 ) + " 0-0 ± 0-2 

IX ( M - H 2 0 ) + ' 3-3 ± 0-4" 
{ M - C H 3 C 0 2 H ) + - 24-5 ± 0-3 
( M - C H 3 C O 2 H — H 2 0 ) + ' 18-3 ± O-O" 
( M - C H 3 C 0 2 H ~ - C H 2 0 H ) " ^ 17-3 ± 0-1 

" Different mechanisms of water e l iminat ion. 

T A B L E II 

Corrected distribution of " o in the diols VI, VIII and IX 

C o m p o u n d Posi t ion of the label Content of " O , %" 

VI I 9 - O 2 C C H 3 5 8 
2P -OH 4 2 

VIII I 9 - O 2 C C H 3 > 9 5 

5 P - O H < 5 

IX I 9 - O 2 C C H 3 1 2 

6 P - O H 8 8 

" Corrected for 100%-content of ' ® 0 . 
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E X P E R I M E N T A L 

T h e identity of the labeled c o m p o u n d s was checked by T L C , by their ' H - N M R (recorded 
o n a Tesla B 476 instrument in deuter iochloroform with tetramethylsi lane as internal reference) 
and mass spectra (measured o n a J E O L J M S D-lOO apparatus at 75 eV) and by compar i son of the 
Hf values and the spectra with those of the unlabeled c o m p o u n d s prepared earl ier' . The ' ^ 0 - c o n -
tent (Table 1) of the c o m p o u n d s was determined by mass spectrometry. The samples were intro­
duced using a direct inlet heated to 1 2 0 — 1 5 0 ° C , the ion source being maintained at 150°C. The 
intensities of ion species were recorded at a constant total ion current and scan rate of 60 m i n / m a s s 
decade. The intensity values were averaged over at least four scans and then corrected for natural 
abundance^ of ' ^ C , ^H and ' * 0 isotopes . The correcting factors were taken from the mass 
spectra of the corresponding unlabeled c o m p o u n d s . 

Cleavage of the Epoxides / and / / 

The epoxide (200 rag) was dissolved in dioxane (5 ml) and treated with a so lut ion (1 ml) prepared 
from a solut ion of 27% H 2 ' ^ 0 in H j " ' © (1-6 ml) , d ioxane (6-2 ml) and 72% aqueous perchloric 
acid (0-2 ml) at r o o m temperature for 1 h. The product was precipitated with water, extracted 
with ether and the ethereal layer was washed with water, a 5% aqueous potass ium hydrogen 
carbonate so lut ion, and water, dried and evaporated. The residue was chromatographed o n four 
silica gel plates with a mixture of light petro leum, ether and acetone (80 : 10 : 10) as g iven ' for 
unlabeled c o m p o u n d s . 

C o l l e c t i o n Czechos lovak Che in . C o m m u n . [Vo l . 47] 

Blank exper iments were carr ied ou t by t rea tment of the unlabeled diols VI, VIII 
and IX for 3 h in a react ion m e d i u m identical wi th tha t used for the cleavage of epo ­
xides. Practically n o ' ^ O was incorpora ted in to the acetoxy g roup . 

In the case of 2a ,3a-epoxide / , the 6 ( 0 ) " - " par t ic ipa t ion is no t possible. Even so, 
par t ic ipa t ion processes p r edomina t e , the 5 ( 0 ) " par t ic ipat ion being the major , the 
7 (0 ) ' ' - " the m i n o r react ion. External a t t ack by water occurs to a b o u t the same extent 
as the 7 ( 0 ) " ' " par t ic ipat ion . W i t h the 5a,6oc-epoxide / / , the 6 ( 0 ) " ' " par t ic ipat ion 
largely p r edomina t e s ; 5 ( 0 ) " par t ic ipa t ion , t hough formally possible, is no t opera­
t ive ' . 

The 2o(,3a- a n d 5a ,6a-epoxides / and II a re no t equally p rone to 7 ( 0 ) " " par t ic ipa­
t ion . The 2a ,3a- i somer / shows a greater tendency to undergo this react ion than its 
5a,6cy.-counterpart / / . All these results are in line with those ob ta ined in h y p o b r o m o u s 
acid addi t ion to the cor responding 2,3- a n d 5,6-unsaturated derivatives (cf. previous 
paper^) . General ly , as follows f rom the investigations presented here and in the 
previous p a p e r s ' " ^ , the b r o m o n i u m ions are more p rone to ne ighbor ing g roup 
par t ic ipa t ion t han are the cor responding epoxides . Moreover , similar to the previous 
paper ' ' , these results br ing evidence for the existence of the cyclic seven-membered 
ace toxonium ion as in termediate . 
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