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On reaction with hypobromous acid. the unsaturated alcohol lIla yields the diequatorial bromo 
epoxicle XIX arising from the Sa,6a-bromonium ion X VIlla on cleavage at C(5) by 19b-hydroxyl 
group with 6(0)" participation. By contrast, the bromonium ion XVIlIb generated from the 
llnsaturated methyl ether lIIb is cleaved by water as external nucleophile to yield the, unstable 
diaxial bromohydrin XX which undergoes cyclization to the oxirane derivative XXI. A com­
parison with the reaction course in homologs of the type I and II permits the conclusion that the 
change in regioselectivity. generally possible outcome of the S(ot participation , is only possible 
ror the 6(0)" process if the participating group is a hydroxyl. 

1n our earlier papers \-4 we dealt with participation of the neighboring groups (hydro­
xyl and methoxyl) in the addition of hypobromous acid to double b(md in the 5,6-posi­
tion of the steroid skeleton . The participating group was located either at C(19) 

(fa and Ib) (ref. 1
-

3
) or at C(19a) (Ila and lIb) (ref.4

). In both types of compounds 
we observed the preference of 5(0)" participation (Scheme 1; for notation cf. ref. S

) 

AcO 

lao R = H} " 
lb. R = CH, 5(0) 

Ila. R= H } 
/lb. R=CH., 5(0)" 

lila, R = H, Y= CH)O 
I!Ih. R = CH), Y= AcO 

SCHEME 1 

Part CCXCYI in the series On Steroids; Part CCXCY: This Journal 48, 3606 (1983) 
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On Steroids 3619 

With 19-substituted derivatives J this reaction course fo llows the Fiirst- Plattner 
rule and lead s to ant i-Markovnikov product; competition of a 4(0)" participa tion , 

which would proceed in accordance with the Markovnikov rule , was not observed. 
By contrast, the homologou s 19a-substituted derivatives Il strictly follow the Mat:kov­

nikov rule in a 5(0)" participation. Competition of a 6(0)" proccss would follow the 
Hirst-Plattner rule to give a dia xial product but it does not proceed at all. Com­
parison of the bo th homo logs J and J J led us to the conc1usion4 that the 5(0)" participa­
tion is here the prefe rred process and if it is (in unsymmetrically substituted olefins) 

assisted by the inductive clfect of the substitucnt s (in acco rdance with Markovnikov 
rule) it may causc that the electrophilic addition proceeds in conflict with Flirst­

- Plattner rule to yield a diequatorial product. This is accompanied by a change 
in the regiose lectivity of the addition as compared with the normal rcaction course 

(i.e. in compounds witho ut a participating group and in deriva tives of the type 1). 
Therefore, it appeared desirable to establish whether or not similar regularities 

will be valid for 6(0)" pa rticipation . To thi s end , it was needed to prepare higher 

homologs bearing a suitable substituent at C(I 9b)' i.e. the alcohol IlJa and the methyl 
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3620 Kocovsky: 

ether III b (Scheme 2). We intended to perform the homoiogization by application 
of the Wiltig react ion to a readily accessible aldehyde of the type A (Scheme 2) 
while using a suitable reagent with two carbon atoms. Unfortunately , 3p-acetoxy­
choJest-5-en-1 9-al (type A) does not react e.g . with triphenylphosphonoaceta te 
(A ~"" B). Also failed an attempt at introducing a substituted one-carbon fragment. 
as demonstrated by a ttempted reaction with methoxYl11ethyltriphenylphosphoniull1 
chloride and sod iul11 sa lt of dimethyl sulfoxide (A * > C). In these circumstances. 
we had to choose a longer and less elegant route. As we have repo rted ear lier4

.
5 

- 8 , 

the aldehydes of the lype A yield lOp-vinyl derivatives (A --> D) on reaction with tri­
phenylphosphonium methyl ide which is the simplest Wittig reagenl o f comparatively 
low ste ric requ irement. The lOp-vinyl group can be hydroboraled 6 (D --> E) and the 
alcohol thus obtained can be oxidized to an aldehyde. Repeating this sequence 
(F --> G --> H) was thought to furni sh the required derivatives of the type H. 

This procedure, however, requires protection of both the 3p-oxygen functi on 
and the 5,6-double bond. As we have demonstrated earlier, thi s goal may be suitably 
achieved by app lication of i-steroid rearrangement which provides a 3o:,5o:-cyclo­
-6p-methoxy derivative6

. A problem of the synthetic tacticts rerr.ained in which step 
this rearrangement ~ holiid be performed. In the earlier papers6 we described 1 wo 
of three poss ible procedures starting from the derivative IV. ]n the fir st route, the 
diacetate of the compound 1 V was hydrolyzed selectively in position 3, subjected 
to i-steroid rearrangement followed by hydrolysis of the 19-acetoxy group, oxid ation 
to the 19-aldehyde and a pplication of the Wittig reaction. The product [X could be 
then hydroborated on the vinyl ic double bond with retention of the latent 5,6-double 
bond6

. In the second procedure, the alcoho l IVwas first oxidized 'io"the aldehyde6
.
9 

and by application of the Wittig reaction cOllverted into a vinyl derivative which, 
after hydrolysis of the acetoxy group and mesylation, was realTaJlged to the cor­
responding cyclosteroid IX. This procedure is by two steps shorter but its di sadvan­
tage lies in extreme reluctance to i-steroid rearraJlgemcnt rcsultiJlg in lower yield 
than in the fir st procedure. For this reason, we chose the third route which, at last. 
turned out to be the most suitable procedure (Scheme 3): The diol monoacetate I V 
was oxidized with Jones ' reagent (chromium trioxide in 8M-H 2S04 ) in acetone to the 
aldehyde V, following alkaline hydrolysis yielded the hydroxy aldehyde VI the mesy­
late of which (Vll) was easily rearranged by means of buffered methanolysis to yield 
the cycloste roid VIII in which the aldehyde group remains unaffected. This COI11-
pound was SUbjected to a Wittig reaction with the ylide generated frol11 tripheny J­
methylphosphonium iodide by sodium salt of dimethyl sulfoxide to give in excellent 
yield the vinyl derivative IX (cj. ref. 6

) which on hydroboration 6 was converted 
to the alcohol X and oxidized to the aldehyde XI. The latter was subjected to the 
Wittig reaction with triphenylphosphonium methylide to yield the homolog X I I 
the structure of which was corroborated by its conversion to the 3p-acetoxy-5,6-un­
saturated derivative XIV (via XIII). 
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Hydroboration of the vinyl derivative Xli provided the alcohol XV which was 

converted to the methyl ether X)/J. The last step invo lved recovery of the 3~-oxygen 
function and 5,6-dollble bond. ]t was desirable to dilTercntiate the functional groups 

I V 

XI 

d7 
OCH] 

XII 

11111 

SCHEME 3 
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XVI, R = eH) I!fh, R = A c 
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in the positions 3 and 19b. To this end , the treatment of the alcohol XVwith acid was 
conducted in methanol which procedure led to introduction of a methoxyl group 
into 3p-position (XV~1 IJa). On the other hand, the methyl ether XVI was rearranged 
in aqueous acidic medium to the 3P-hydroxy derivative XVIJ which on acetylation 
provided the second model compound IJlb. 

Hypobromou s Acid Addition 

The 19b-alcohol lIla, when treated with hypobromous acid (generated in situ from 
N-bromoacetamide and perchloric acid in aqueous dioxane), gave the diequatorial 
cyclic bromo ether XIX in quantitative yield (Scheme 4). The reaction proceeds via 

III ~~t2~ ReO J ~ 
,\,., 0 

Br 

n/lla. R' = H. R: = CIi] ~
\ 

R' = H 

~ 0 
Rr 

CH]O 

XI "Jllb. R' = CI-J,. R: = Ac XIX 

XXII XXI XX 

SCHEME 4 

the 5cx,6cx-bromoniul11 IOn XVllIa which is cleaved by the 19b-hydroxyl with 6(o)n 
participation. The structure of the product follows from the IR, mass and IH NMR 
spectra. In the IR-spectrum the band of the hydroxyl group is absent and the mole­
cular ion in the mass spectrum is consistent with the structure XIX. The width of the 
multiplet of 3cx-H (J = 15 Hz) demonstrates the cis annellation of the rings A and B. 
The coupling of CHBr proton shows that this grouping is adjacent to a methylene 
.group, i.e. demonstrates the presence of a - CH2- CH-Br grouping and equatorial 
·conformation of the bromine atom. These facts prove the structure XIX conclusively. 
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The methyl ether /Jib yie ld s the 5p,6p-epoxide XXi when treated with hypobro­
mous acid under the same conditions. F o rma tion of thi s epoxide is du e to cleavage 
of the 5a.,6a.-broll1oniuJ11 io n XVI 11 b at C( 6) with water as external nucleophile 
to give the uIl stable diaxial broll1ohydrin XX which cyclizes spontan eo usly (XX-> 

->XXI). The structure of the epoxide XXi is corroborated mainly by the IH NM R 
spec trum, namely by the shape and width of the 6-1-\ signal. For co mparison , the 
diastereoisomeric 5cx,6cx-epox ide XXIJ was prepared by epox idation of III b with 
3-chloroperoxybenzo ic acid . In the I H NM R spectrulll of thi s epox ide, the multi­
plet related to 6-H has a difrerent shape. Since in the series of 5cx ,6a.- and 5P,6p­
epoxides the correspoJ~ dillg J11ultipJct s of 6-H show characteristic differences, the 
configuration of the epox ides XXi and XXlJ should be considered proved. 

Genera 1 COll sidera I iOll s 

For 19-substituted derivatives la and ib and their hOll1ologs lIa and lIb, the 5(0)" 
participation is the dominant process in reacti ons with hypobromous acid and other 
electrophilic reagents 1 - 4 , 10. However, so me difrerence may be no ted jn the readiness 

to participate: Whereas the alcohol 1 {/ yield s the corresponding cyclic product 
quantitatively, with the methyl ether ib competing processes occur to some extent2 • 

This may be explained by easier conversion of the intermediary oxonium ion (Sche­
me 5) to the stable cyclic product if R = H . When a five-membered ring is involved 
(x = 1), i.e. ill the case ofa 5(0)" participati on, the difference in the reactivity between 
the hydroxyl and methoxyl groups is not great (the pairs I and IJ). However, in homo-

SCHEME 5 

R ~ fl . C H ) 

x = 1.2 

logs IlIa and Illb only 6(0)" participation (x = 2) is possible for structural reasons 
and this difference in reactivity is reflected in a dramatic change of the reaction 
course: While the alcohol IlIa cyclizes quantitatively, in the methoxy derivative Illb 
the participation is completely suppressed in favor of external attack. The en tropic 
factors associated with the introduction of the second methylene group appear 
to be still counterbalanced in JIla by the high reactivity of the hydroxyl group which 
is no more valid for the less reactive metboxyl in Illb . 
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3624 Kocovsky: 

As we have demonstrated earlier 46(0)" participation by hydroxyl and methoxy l 
groups proceeds readily if it is not in conflict with the Furst-Plattner rule. The results 
reported in the present paper show that participation by hydroxyl group can proceed 
even with violation of the Hirst- Plattner rule when thi s participation is favored 
by inductive effect (Markovnikov rule). However , in compounds with the less reactive 
methoxyl group, the 6(0)" proce,s is suppressed in such a case and external attack 
is preferred. 

The observed fact s lead to the conclmion that the 5(0)n participation takes prece­
dence over the 6(Ot process and that the both processes can change the regio­
selectivity of bromoniuJl1 ion cleavage (with respect to the normal reaction course). 

EXPERIMENTAL 

Melting points were determined o n a Kofler bl ock. Analytical samples were dried at 50°C j 26 Pa 
(0'2 Torr). Optical mea ~ un:mcnts were carried out in c hl oro form with an error o f ± 3°. The 
infrared spect ra were reco rc:ed on a Zeiss UR 20 spectromete r in tetrach lo romc:tha ne unless 
o the rwise ~ tated . The 11-1 NMR ,pcc tra were recorded o n a Tesla BS 476 instr ument (60 MH z) 
in dellteriochloroform at 30"(" with tet ramot hylsi lano as interna l reference. Chemical shifts 
are given in ppm. Apparent co upling comtants were ob tained from the fir st orde r ana lysis . 
The mass spectra we re reco rded On a Jeo l J M S D-I CO spectro mete r operating at 14 - 75 eV. 
T he sa mples werc introduccd using a direct inlet at lowest tempe ra ture enabling evaporation . 
The e le menta l composition of ions was determined by accurate ma~s measurements. The iden tit y 
of the samples prepared by different ro utes was checked by mixture melting point determination. 
by thin-layer chro matog raphy (TLC) and by infrared and 1 H NMR spectra. Usual wo rk up o f an 

e thereal solution means washing the soluti on wi th 5% aqueou s hydrochloric acid , water , a 5 /~ 

aqueous po tassi um hydrogen carbonate so lutio n, water , dryi ng with sod iu'111 "su lfate and eva­
po ratio n of the solvent ill r ae I/o. 

3~-lVlethoxy -19-bi sh0 l110cho l es t-5-cn-1 9b-ol (IlIa ) 

The 3a,5-cyclo derivative X V (200 mg) was disso lved in a mixture of acetone (10 ml ) a nd metha nol 
(J 5 ml) and refluxed with p-toluenslilfonic acid (25 mg) for 1 h. The solution was cooled, diluted 
with water and the product was extracted with ether. The ethereal soluti on was washed with water. 
a 5% aqueous potassium hydrogen carbonate solution, water, dried with sodium sulfate and th e 
solvent was evaporated. The crude material was dissolved in a mixture of benzene and light 
petroleum (I : 4) and the solution was fil tered through a column of aluminum oxid e. The eluate 
was evaporated to yield the oily product IlIa (145 mg), [alba - I SO (c 2'2) . .1 H NlVlR spectrum: 
0·70 (3 H, s, I S-H), 3·10 ( 1 H , m, W = 30 H z, 3a -H ), 3'33 (3 H. s, CH 30), 3·57 (2 H, m, W = 

= 15 Hz, 19b-H), 5·53 ( I H, m, W = 12 Hz, 6-H). Fo r C30 H s201 (444' 7) ca lculated : SI'02~~ C, 
11'79% H; found: SO'79~ ~ C. 11' 84% H . 

19b-Methoxy-1 9-bishomocholest-5-ell-3~-0 1 3-Acetate (IIIb) 

The alcoho l XVII (200 mg) was dissolved in pyridine (1'2 ml) and refluxed with acetic anhydride 
(O'S ml) for 10 min . The mixture was cooled a nd decomposed by ice and water, the product 
extracted with ether and the ethereal phase was worked up as usual. The residue was crystallized 
from a mixture of ace tone, methanol and water to give the acetate IIIb (115 mg), m .p. 99 - 100°C, , 
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[(Xjf,0 - 430 
(c 2'1).11-1 NMR spectrum: (H)9 t3 H. s. 18-H ). HX) (3 H. s, CH 3C02), 3'32 (31-1, 

s. CI-I 3 0), 3'33 (2 H. m. W = I II Hz. I%-H). 4·60 (I H . m. W ·-·" 30 Hz. 3et -H ) 5·55 ( I H. 111 , 

W = 10 Hz. o- H ). Fo r C32 H 5~03 (480'8) calculated: 78 ''16'' :' C . 11 ' 18% H ; fo und : 78'74~~ C, 
11'32% H. 

3P-Methanesulfonyloxy-cholc; t-5-en-1 9-al (J 'll ) 

The hydroxy a ldehyde VI (4 g) was dissolved in py rid ine (40 ml) and treated with methanesulfonyl 
chloride (4 ml) at O°C for I h . The mixturc was then decompo~cd with icc and water, the p rod uct 
extracted with ether and the et he rea l solution wa s worked up as usua l to a l1'ord the crude mcsy la te 
VII (c. 4·1 g). m.p. 78 - S loC which wa s used without purificatio n in further ste p. J II NMR 
spectrum: 0· 60 (3 H. s. 18-H ). 2''15 (3 H, S, C H 3 S(3 ). 4·50 ( I H, 111, W =. 30 Hz, 3et-H), 5·92 
(1 H, m, W = II Hz. 6-H). 9'03 (I H, s. 1<)- 11 ). 

6P-Methoxy-3o:,5-cycI0-5et-cholc~tan-19-al (1'111) 

The crude mesy late VlI (15 g) was dissol ved in a mixture of dioxane (70 ml) and l11e thanol 
(300 ml) and refluxed with anhydrous sod ium acctat..: (10 g) fo r 12 h . The volume of the solutio n 
was then reduced to about 1/ 5 by evaporation ill PQCI/O. the residue was trea ted with ether a nd water, 
the ethereal laye r was washed with wa te r. a 5% aqueou s potassium hydrogen carbona te sol u­
tion, wate r. dried with sodium sulfate and evaporated. The rc~idue was dissolved in light petro­
leum and filtered throu gh a column o f aluminum oxide . The c lua te was evapo rated to furnish 
the oily a ldehyde V1I1 (II g) , [o: j6° + 63" (c 2'0) identical wi th an authentic sa mple6 • I H NMR 
spectrum: 0·73 (3 H, s. 18-H ), 2'85 (1 H , m, W =~ 8 Hz. 67-11 ),3'27 (3)J, s, C H 3 0), 10'00 (I 1-1, 
s, 19-H). 

op-Methoxy-3a,5-cyclo -1 9-homo-5o.-choJcsta n-I 'Ia -a I (Xl) 

The alcohol 6 X (2 g) was dissolved in dichl o romethanl' (40 ml) po ta ssiu m acetate (1 g) and sodium 
sulfate (4 g) were added, and pyridinium chlorochromate (5 g) was added in portions over a period 
o f 2 h while stirring at room temperature. The mi xt ure was filtered through a column of alu­
minum oxide, the eluate evaporated, the residue disso lved in ether and the etherea l solution 
was washed 5 times with water, dried with sodium su lfate a nd evaporated to yield the oily aldehyde 
XI (1'4 g), [o: j6° + 6° (c 2'2). I H NMR spectrum: 0·82 (J H , s, 18- H), 2'90 (I H, m, W = 10 Hz, 

nct-H), 3·43 (3 H , s, CH 3 0), 10·08 (I H , m , W = 10 Hz. 19a-H). Fo r C29H4802 (428'7) cal­
cu lated: 81'25% C. 11'29% 1-1 ; found: 8 1'12% C, 11'34% I-I. 

6P-Methoxy-19-vinyl-3a,5-cycl 0-5a-cholesta ne (XII) 

Sodium hydride (150 mg) was dissolved in dimethyl sulfox ide (20 ml) with stirring and heating 
at 65°C for 2 h. Triphenylmethylphospho niulTI iod ide (3 g) was then added at WOC and the mix­
ture was stirred at rOom temperature for 30 min. A sol ution of the aldehyde XI (2 g) in tetra­
hydrofuran (15 ml) was added , the mixture was stirred at room temperature for 1 h a nd then 
a t 65°C for 4 h . The mixture was then cooled, diluted with water and the product was extracted 
with ether. The ethereal laye r was washed with wate r, a 5% aqueous potassium hydrogen sulfa te, 
a 5% aqueous sodium thiosulfate, water, dried with sod ium sulfate and evaporated. The residue 
was dissolved in benzene and treated with light petroleum. The solid was separated by suction, 
the filtrate was evaporated, the residue dissolved in light petroleum and the solution was filtered 
through a column of aluminum oxide. The eluate was evaporated to yield the oily olefin XII 
( 1'6 g), [0: ]6° + 34° (c 2' 7). IH NMR spectrum: 0'68 (3 H , s, 18-H), 2'68 (1 H, m , w = 9 Hz, 
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6et-H), 3-30 t3 H, s, CH30), 4·80 (I H, m, W = 8 H z, 19b-H), 5'03 ((I H, m, W = 14 Hz, 
19b-H), 0· 15 (I H, m, W = 45 Hz, 19a-H). For C30HSOO (426'7) calcula ted: 84'44% C, 11 '8 1% 
H; fo und : 84'29~:' C, 11 '90% H . 

19-Yinyl-chole;t -5-cn-313-o l 3-Acetate (Xn ' ) 

T he 3Cl,5-cyclo derivat ive XII (500 mg) was d isso lved in a m ixture of ace tone (50 ml) and water 
(2 ml) and rel1u xed with 10% aq ueo us perch loric ac id (3 ml) for 20 min. The solution was COn­
centra ted by evaporat ion in vaClIO , d iluted with water and the product was ex tracted with ether. 
The ethereal layer was successively washed with water, a 5% aqueo us potassium hydrogen carbo­
nate soluti on. water, dried with sodium sulfa te and evaporated to yie ld the crude alcohol XIII 

(c. 450 mg). T he alcohol XIII was d issolved in pyridine (10 ml) and heated wi th ace tic anhydride 
(3 ml) a t 100°C for IS min . The mixture was then cooled, decomposed wi th ice and wa ter, the 
produ ct was taken up into ether a nd the ethereal solution was worked up as usual. The residue 
was chroma tographed on a column of silica ge l (30 g) using a mixt ure of light pet roleum and 
ether (99 : I) which eluted the im purities a nd then with a mixture of the same solvents (98 : 2) 
to clute the desired product. This fraction was evapo ra ted and the residue crysta llized from 
a mi xture of methanol, acetone a nd water to give the acetate X I V (180 mg), m.p. 8 1-82°C, 
[albo - 32° (c 1'4). IH NMR spectr um: 0'64 (3 H, s, 18-H), 2'02 (3 H. s, CH3COZ)' 4' 60 (I H, 
m, W = 30 Hz. 3Cl-H). 5·13 (3 H. m, W = 35 Hz, - Gf= C Hz). 5'60 (I H, m, W = 13 Hz. 
6-H). For C 31 H50 0 2 (454'7) calcu la ted: 81' 88% C, 11 '08% H; found : 8 1'69% C, II 15~~ H. 

6p-Methoxy-3et,5-cyclo-1 9-bishomo-5et-cholcstan-1 9b-ol (X V) 

Boron trifluoride etherate (1'63 ml ) in ether (3 ml) was added dropwise to a st irred mixt ure 
of the olefi n X II (1'6 g) disso lved in tetrahydrofuran (20 ml) and sodium borohydride (400 mg)­
at O°C in the period o f 30 min under argon and the mixture was stirred for a n additional 2 h. 
T he excess of reagent was deco mposed wit h wa ter. the mixture was stirred with a solution of potas­
si um hydroxide (I g) in water (10 ml) and 30~:' hydrogen peroxide (5 ml) aCOQC for 1·5 h. and 
then refl uxed for I h while stirrin g. The vo lume of the mixture was red uced to about 1/4 by eva­
poration ill VUC II O. the residue was treated with water and ether, the ethereal layer was washed 
with water, a 5% aqueous sodium thiosulfate, water, dried with sod ium sulfate and evaporated . 
T he residue was chroma tographed on a co lumn of silica gel (70 g) impregnated wi th ammonia. 
using a mixture of light petroleum, ether and acetone (88 : 10 : 2). The fraction containing the 
desired compou nd was evaporated to afford the oily alcohol XV (1'1 g), [albo + 36° (c 2' 1). 
lH NMR spectrum: 0·70 (3 H, s, 18-H ), 2·68 (I H , m, W = 9 H z, 6et-H), 3'30 (3 H , s, CH30), 
3'60 (2 H, m. W = 30 Hz, 19b-H). Fo r C30Hs202 (444'7) calculated: 81-02% C, 11'79~;'; H; 
fo und : 80'84% C, YI ['82% H . 

613, 19b-Dilllethoxy-3Cl.5-cyclo-19-bishomo-5et-cholestane (XVI) 

A solution of the alcohol XV (250 mg) in tetrahydrofuran (15 ml) was refluxed with sodi um 
hydride (100 mg) while stirring under argon for 30 min. Methyl iodide (1 ml) was then added 
and the mixture was refluxed while stirring for 1 h. The mixture was then cooled, the excess 
of sodium hydride was decomposed with water, the mixture was diluted with ether and water, 
the ethereal phase was washed with wa te r, a 5% aqueous potassium hydrogen carbonate solution , 
a 5% aqueous sodium thiosulfate solution, water, dried with sodium sulfate and evaporated. 
The residue was dissolved in a mixture of benzene and light petroleum (1 : 9) and fi ltered through 
a column of a luminum oxide. The filtrate containing partiall y purified product was evaporated 
and the residue was chromatographed on a column of silica gel (20 g) impregnated with ammonia 
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using a mixture of light petroleum and benzem: (95 : 5) which eluted lipophi lic impurities. Elu­
tion with a mixture of light petroleum, benzene and ether (93 : 5 : 2) furni shed the fraction 
containing the pure desired product. Thi s fracti on was evaporated to gi ve the o il y cthn X VI 
( 160 mg), [a]5° + 420 

(c 2'2). 1 H NMR spectrum: 0·72 (3 H, s. IS- H ). 2'65 (I 1-1, m. W " 9 H z. 
6st -H). 3' 32 (3 H , s, CH 3 0). 3'40 (2 II. m. W - 30 H z. 1% -1-1 ). Fo r ('3111 54 ° 2 (458'8) calcu lated: 
8 1'1 6% C. 1I' 86~~ 1-1 ; fo un d: 8 1'0 3~" ~ C. 11 9Y':' 1-1. 

19b-Mcthoxy -1 9-bi silol1Jo-chl)lc,t-S-cn -JII-o l (.\ . J '// ) 

The 3a,5-cyclo derivative X J '/ (120 mg) wa s dissolVL'd in a mixture of acetone ( 10 ml) and watcr 
(0 '5 ml ) and refluxed wi th I () ~;; aqueous pcrchl o ric acid ( I ml) for 10 min (chccked by 1'L(,). 
The mixture was then conce ntrated by c,apora tion il/I 'OC IIII, thc res idue was diluted with water. 
the product was extracted with ether. the cthereal pha se \Va .s wa shed with watcr, a 5% aqueous 
potassi um hydrogen carbonate, water. dried with sndiu/1) sulfate and cvaporated. The residue 
was dissolved in a mixture of ben7_cnc and light petroleum ( I : 2) and liltcred through a co lumn 
of a lumin um oxide. The IIltrate was evapo rated 10 alTnrd thc oily alcohol XVJJ (85 mg), [a]5° 
_ 41 0 (2'1). I 1-1 NMR spectrum: 0,('<) (31 1. s. 1<) -11 ).3'30 (3 H. s. CH 3(), 3·42 (3 H. m, W ,= 
= 30 Hz. 3O'-H and 19b-I-I). S'50 (11-1 , m, W e 12 liz, ()- II ). 1:0 1' C 3 0 11s2(h (444'7) calculated: 

S I'02% C. II· 79~~ H; f ound: SO'86% C. 1 1 '92 ~ " II. 

Addition of Hypobromou s Aciel to Com pound s IlI ll ilnd 1111) 

The unsaturated compound (0'5 ml1lol) wa s di"olvcd in dioxane (5 ml ) and water (0'5 ml) and 
treated with 10% aqueous perchloric ac id «()'4 ml) a nd N-bro1Tlcaccta mide (80 mg, 0'6 mmol)­
for 30 min at room tem peraturc. The m ixture wa s then di luted with cther and water, the etherea l 
phase was washed successively wit h water, a 5~ ·;' aqueo us potas~ium hydrogen carbonate solution, 
a 5% sodium thi osu lpfate so lution, water. dried wi th :-.od ium sulfate and evaporated. The resi­
due was chro matographed on three preparati ve silica gc l plates (20 X 20 cm) using a mixture 
of ligh t petroleum a nd ether (90: 10) or a mix ture of light pctrolcum. e ther and acetOne (85 : 10 : 
: 5) as e luent. Zones were COllected, eluted with ether and evaporated. The yield s arc given 

in the text. 

3B-Methoxy-5, IOB-(epoxypropano)-6':t.-bromo-1 9-nor-S[l-cholcstane (XI X) 

[a]5° + 4° (c 2'0). IH NMR spectrum: 0 ' 65 (3 H. s. IS- H). 3' 40 (3 H, s, c,J-J3 0), 3-54 (l H, m, 
W = IS Hz, 3o:-H ), 3·75 (21-1, m, W ~ 50 Hz_ 19b-II )_ 5' 17 (11-1, dd, J = 4 and 12 Hz, 6B-H ) . 
For C 30 H s 1 Br02 (523'6) calcu lated: (i8'8 1 ~ '~ C, 9'82% 1-1 . 15'26~{, Hr; fou nd: 68-64% C, 9'90% 1-1, 

J5-37/~ Br. 

5.6B-Epoxy-19b-methoxy- 19-bishomo-5B-cholestan- 3[l-01 3-Acetate (X X l ) 

[a]5° _ 1° (e 2'0). 1 H NMR spectrum : 0'63 (3 H, S, 19- H), 2'02 (3 H, s, CH3C02), 2·90 ( I H; 
m. W = 7 Hz, 6O'-H ), 3'33 (21-1. m, W ~ 15 Hz. 1% -1-1 ), 3'35 (3 H , s. CH3 0), 5'10 (l H, m , 

W = 30 Hz, 3o:-H). For C321-1S404 (502' 8) calculated: 76'45% C, lO' 83% 1-1; found: 76'28% C, 

J 104% H. 

5,6st-Epoxy-19b-methoxy-19-bishomo-5':t.-cholestan-3[l-01 3-Aectate (X Xli ) 

The olefin Illb (50 mg) was d issolved in chloroform (J ml) and treated with 3-chloroperoxy­
benzoic acid (35 mg) at room temperature for 3 h. The mixture was then diluted with ether and 
water. the ethereal phase was washed with water, a 5% aqueous potassium hydrogen carbonate 
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solution, a 5% aqueous sodi um thiosulfate solution, water, dried with sod ium sulfate and eva­
porated. The residue was dissol ved in a mixture of benzene and light petroleum (I :5) and fi ltered 
through a column of aluminum oxide. The eluate was evaporated to afford the oily epoxide XXII 
(28 mg). [aj5° - 370 (e 2·0). I H NMR spectrum: 0·62 (3 H, 5, 18-H ). 1·99 (3 H, s, CH 3 C02 ). 

2·49 (I J-I, d, J = 2·5 Hz, 6[3-1-1), 3·33 (2 H, m, W = 15 Hz, 19b-I-I), 3·35 (31-1, s, CI-I 30), 4·95 
(I H, m, W = 30 Hz, 3rt-H). For C32Hs404 (502·8) calcu lated: 76·45% C, 10·83% H; found: 
76·21% C, 10· 97% I-I. 

The analyses were carried 0111 in the Analytical Laboratory of tlds IlIslitllte (Ilead Dr 1. Horacek). 
The IR spectra were recorded by !l4rs K. MalOlIskovti and il1lerpreted by Dr S. Vasickovd. Tire 
I H NMR spectra were recorded hy Mrs 1. Jelinkovd alld M. Snopkova. Tire mass spectra were 
recorded alld interpreted by Dr F. TIII·eeek. 
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