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19-5ubstituted 2,3-unsat urated cholestane derivatives I1Ia - IIIe react with hypobromous acid 
to give the cyclic bromo ether VI as sole or major product arising by cleavage of the 2a,3a-bromo­
ion V with 6(0)" participation by the 19a-group. The 5,6-unsaturated alcohol IVa reacts with 
hypobromous acid to yield the cyclic bromo ether X as product of 5(0)" participation. Under 
the same conditions, the methoxy derivative IVb yields two products, X and Xl, with violation 
of Hirst-Plattner rule. In simi lar manner as in the preceding case, the products arise by cleavage 
of the bromonium ion IXb with 5(0)" participation by the 19a-methoxyl. In contrast, the 5,6-un­
saturated acetoxy derivative IVe reacts without participation via two diastereoisomeric bromo­
nium ions VIlle and XV to give the corresponding diaxial bromohydrins XVI and XVII which 
undergo spontaneous cyclization to the epoxides XVIII and XIX. The course of these reaction s. 
comparison with thc lower homologs of the type I and II, the role of Markovnikov and Fiirst­
-Plattner rules and capability of the particular functional groups to participate in 5(0)" and 6(0)" 
processes are discussed. 

One of the factors that may dramatically influence the course of electrophilic ad­
dition 1 is neighboring group participation2

• This has been well documented by ap­
plication of intramolecular participation for synthetic purposes in stereoselective 
halolactonization 3

•
4

, stereo- and regioselective introduction of new substituentss.6 

into a substrate molecule, stereoselective ring closure ete7
. In our previous papersS

-
12 

we dealt with participation by neighboring group (OH, OCH3 , OCOCH3 ) located 
in the position 19 of the steroid skeleton whereby a 2,3 (la-Ie) or 5,6-double bond 
(IIa-IIe) (Scheme 1) was involved. The compounds Ia -IIb react preferentially 
with 5(Ot participation by a 19-0R group (for notation ef. reUO). We rationalized 
certain quantitative differences in the reactivity of the particular derivatives by in­
fluence of steric and stereo electronic factors differing from case to case (distance 
of the OR group from the reaction center, the angle of approach ete.)12.13. The 
acetate IIe reacted differenlylo.12, the main reaction pathway being a 5(o)n.n partici­
pation. 

Part CCXCV in the series On Steroids; Part CCXCIV: This Journal 48, 3597 (1983). 
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In continuation of these studies it appeared desirable to investigate the reactivity 
of homologous derivatives llia-Illc and IVa - IVc (Scheme 1; for synthesis cf. 
ref. 14 , 15) as complementary models to the earlier studied compound s. For structural 
reasons, these hOll1ologs could be expected to undergo 6(0)" participation (type III) 
po ssibly accompanied by competition of 5(0)" participation (type IV). 

The 2.3-unsaturated alcohol Ilia , as well as the methyl ether IIIb, when treated 
with hypobromou s acid (generated in situ frO/11 N-bromoacetamide and perchloric 
acid in aqueous dioxane) furni sh the cyclic bromo ether VI quantitatively. The acetate 
llIc yields the ether VI along with the bromohydrin Vll as a minor product (Table I). 
The structures of both products follow mainly from IH NMR spectra. In the bromo 
epoxide VI, no olefinic protons could be observed. Instead , the spectrum contains 
multiplets corresponding to equatorial 2o:-H and 3P-H by their shape and width, 
similarly to a homolog with a tetrahydrofuran rings .9 . In addition, the molecular 
peak in the mass spectrum is consistent with the structure VI and in the IR-spectrum 
no band of a hydroxy group is present. The IH NMR spectrum of the bromohydrin 
VII shows a mUltiplet due to equatorial 2cx-H and 3P-H (analogously to the homo­
log with a 19-acetoxy grouplO) and reveals retention of the acetoxy group in posi­
tion 19a (Table II). On the basis of these facts the structure of these products may be 
considered as proved. 
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3608 Kocovsky: 

Under the same conditions, the 5,6- unsaturated alcoho l IVa (Scheme 3) gives 
the cyclic bromo ether X. The methyl ether IVb gives the same bromo ether which is, 

TABLE I 

Yields and ra tios of products of hypobromous acid add it ion to the compounds If Ia - I Vc 
- ---_ •. __ ._-_ .• _-_._----_._--_. __ .. ---

Starting 
compound 

la 
Ib 
Ie 
lIa 
llb 
11e 
IIIa 
JIlb 
If Ie 
IVa 
IVb 
( Vc 

Relative yie lds in % (product) 

(O)n participa tion external attack others 

100 
100 
88 12 

100 
65 35" 

12 88 b 

100 (VI) 
100 (VI) 
56 (VI) 43 (VfJ) 

> 98 (X) < 2 
84 (X) 16 (Xl) 

66 (XVI) 34 (XVI fJ)" 

-------------~-

Total 
yield (%) Rer. 

95 
96 
90 10 
97 8 
88 
86 10 
96 
95 
91 
90 
87 
81 

• Product of 5p,6p-bromonium ion cleavage. IJ Sum of products arizing from 5o:,6a-bromonium ion 
cleavage with 6(O),,·n part icioatioll and from 5p,6p-bromonium iOIl. 

TABLE II 

J H NMR Da ta of t he products of hypobromouns acid addi tion 

Compound 19-H 19a-H (W)" CH- O(W)· CH- Br (W)" 3a -H (W)" 

VI 0·64 3-70 m (20) 4·18 m (12) 4·28 m (10) 
VII 0·70 4·20 m (35) 4·25 m(W = 17) 
X 0·65 4·00 m (20) 4·20 ddb 5·08 m (14) 
XI 0·63 3·70 m (20) 4·63 ddc 5·15 m (13) 
XI" 0·65 4·40 dte 4·57 dd 9 5· 12 m (l3) 

4·68 d tJ 

XVI 0·67 4·20 m (40) 4·10 m (9) 5·40 m (30) 
XVIII 0·65 4·25 m (25) 2·95 d h 5·00 m (30) 

a The values are given in Hz. b J = 5·5 and 12·0 Hz. C J = 5·4 and 12· 1 Hz. d The values obtained 
after t reatment with trichloroacetyl isocyanate. e J = 4'8, 10·6 and 10·6 Hz; J J = 6,0, 10-4 
and 10·4 Hz. 9 J = 5·0 and 12·0 Hz. II J = 3·5 Hz. 
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On Steroids 3609 

however, accompanied by a ~ mall amount of the derivative X l (Table 1). The struc­
lUre of the compound X was establi shed fr o m it s I H NM R spectrum (Table II). 
The spectrum shows absence of a meth oxy group, the half width of the 3cx-H signal 
di sclo ~ es cis-anneJlation of the A and B rings , and finally the coupling o f the CH- Br 
moiety reveals the 6cx-collflguration of the bromine atom. The molecular peak 

in the mass spectrum is in agreement with the structure X. 

Va, R= H 
Vb, R= CH) 
Vc, R= Ac 

SCHEME 2 

III 

~+~ 
Br Br 

VI VII 

The structure determination of Xl was so mewhat more complicated. Similar 
to the preceding case, the IH NMR spectrum shows a multiplet o f 3cx-H, the shape 
and width of which is again in conformity with cis-annellation of the A and Brings 

and the signal of the CH- -Br grouping shows 6o:-positioll of the bromine atom. 
Finally, there is present a multiplet of the CH 2- - O groupillg and, in addition, 

a singlet of a methoxy group at 3·62 ppm. The molecular peak in the mass spectrum 
is in agreement with a product of simple hypobromou s acid addition. Based on the£e 

data, two structures may be proposed: the structure Xl and a positional isomer 
in which the position s of the OH and methoxy groups are interchanged , i.e. 5~-hydro­
xy-19a-methoxy structure. A definite deci sion could be made after acetylation which 

resulted in a strong shift of the CH 20 group. This fact permits to formulate the acetate 
as XlJ and the parent alcohol as XI. The same conclusion follows from treatment 
of the alcohol in question with trichloroacetyl isocyanate (Table n). 

On reaction with hypobromou s acid, the acetate I Vc yields a mixture of diastereo­

isomeric epoxides X VII I and X J X. We proved their structures by chemical correla­

tion with the products of epoxidation of J Vc with 3-chloroperoxybenzoic acid. The 

configuration at C( 5) and C(6) in these epoxides follows from the shape and width 

of the signals corresponding to the 6-H (Table II). 
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3610 Kocovsky: 

Mechanism of Additions 

Reactions of 2,3-unsaturated derivatives llIa -Ill e commence by formation of 2cx,3cx­
-bromonium ions Va - Ve. Products corresponding to formation of 2p,3p-bromonium 
ions could not be found in the reaction mixture. The bromonium ion of the type V 
is cleaved by the 19a-oxygen in a 6(0)" process to yield the diaxial cyclic bromo ether 
VI (Scheme 2). This reaction route is exclusive for the alcohol Illa and methyl 
ether 111 b while 2a,3a-bromonium ion derived from the acetate 111 e is attacked 
also by water as external nucleophile which leads to the diaxial bromohydrin Vll. 
This behavior is in line with generally smaller disposition of the ester groups to (0)" 
participation13

. 

x 

SCHEME 3 

XI, R= H 
XII, R= Ac 

lib 

d!f;\ CH : ~ 

AcO .' \ ) 
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Br 

XI/I 

5\<.)"[ 

r-£HQ 
ACO~ 

Br 
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Similar to preceding case, the 5,6-unsaturated alcohol I Va and methyl ether IVb 
suffer solely attack by the electrophilic reagent from the a-side to give rise to 5cx,6a­
brol11onium ions VIlla and VJllb, respectively (Scheme 3). The brol11onium ion 
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VIIIa, thus generated from the a1cohoIIVa, is cleaved so lely by the 19a-hydroxyJ 

with 5(Ot participation in conflict with the Fiirst- Pla ttner rule to yield the cyclic 

Markovnikov-type product X. The bromoniuJ11 ion JIll 1 b generated from the methoxy 

derivative I JIb is al so split with 5(0)" participati on to yield the oxonium ion lXb. 

This ion suffers lo ss of the methyl group (path A) to give the cyclic bromo ether X. 
To a small extent, however, this ion undergoes a competitive cleavage a t C(19a) 

(patb B) which leads to transfer of the methoxy group to the 5-position alld formation 

of the 5~-methoxy-19a-alcoho l Xl. A comparison with the lower homolog llb 

(ref. 9), is of interest. Thi s homolog gives also ri se to the 5Ct,6cx-bromonium ion XJlJ 

that undergoes 5(0)" participation and is cleaved at C(uJ to the oxonium ion Xl V. 
However, the sole product of the reaction of thi s ion with water is the corresponding 

cyclic ether arising by loss of a methyl (analogou sly to the pathway A on cleavage 

of the oxonium ion IX b). An attack by water at C( 19) in the ion XI V, corresponding 

to pathway B, was not observed. Obviou sly , thi s difference is due to steric factors: 

The accessibility of the methyl group of both oxonium ions IXb and Xill is about 

the same (as seen from Dreiding modelS) and is auacked by water as nucleophiJe 

preferentially. Cleavage of the oxonium ion at the methylene carbon (path B) can 

occur in the ion I X b due to better accessibility whereas in the ion X I Vand analogous 

SN2-like approach of water to C(19) is hindered by axial protons in positions 2~ 

and 11~. 

C"'~ J"' ~ _ A,O ~js~ C~ _ A'~ 
AcO J \ ~ ACO~ 

• Hr 0 
8r 

IV' -< Vllh XVI iV'-< XVIII 

i¥-CO j ~CO Br -J AC35° '" ~ 
!!~ -- - ( 

AcO J, \ AcO ~, ACO)~ ~ "", . 

.-/ • HO/ 0 ' 
H20 

xv XVII XIX 

SCHEME 4 

With the 5,6-un saturated acetate I Jle (Scheme 4) no participation occurs at all. 

The reaction with hypobromous acid proceeds through the both bromonium ions 
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3612 Kocovsky : 

VllIc and XVwhich, in the same manner as in 19-unsubstituted steroids, are cleaved 

by attack of water as external nucleophile to yield the diaxiaJ bromohydrins X VI 
and X Vll undergoing cyclization to the corresponding epoxides X VI II and XI X 
on ~orking up the reaction mixture. 

General Considerations 

AdditIOns of e]ectrophilic reagents to 2,3-unsaturated 19-unsubstituted steroids 

are controlled by stereoelectronic factors and formation of the products follows 

the Hirst-Plattner rule 16
. Also the 2,3-unsaturated 19-substituted derivatives la-Ie 

follow this rule and undergo solely an axial attack at C(2) (Scheme 5) (ref. S
-

10
). 

1,/ . R ·~ H 
I b, R '--= 'C1: 3 

/c . R = 1\ (' 

'" LI . R " H 
IIlb. R = CH ) 

"Ie . R = I\c 

IILI. R -: II 
lib. R = CH) 

n'u. R = H 
!Vb. R = CH ) 

!I e 

/. 

CN~~ r--- 1\~ W 
A'O~ AcO~ 

6 7 6 "-.. 

SCHEME 5 

E'+I.:J E'" 

xx XX/a. R= H 
XXlb. R= CH) 
XX/c. R = Ac 
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In the aJcohol1a and methyl ether ib solely the 19-substituent act s as a nucleophile 

giving ri se to a tetrahydro furan ring by 5(0)" partic ipatio n (Scheme 5). Due 

to decreased nucleo philicity of the ether oxygen a to m in the acetoxy derivative Ie 
the 5(0)" pa rticipation is here accompanied by att ack of water as external nucleo­

phile and by 7(0 )n." participation I 2 (Table 1).1 n hOJl1 o logs lila and 111 b , the a ttacking 

nucleophiJe is again and exclusively the OR gro up giving rise to a tetrahydropyran 

ring by a homologous 6(0)" process (Scheme 5). With the acetoxy derivative 111e, 

the cyclic ether is s till the major product o f the reaction but the competing external 

a ttack is more pronounced than with le. This demo nstrates tha t the 6(0)" pa rticipa­

tion by the ether oxygen atom of the ester group obvio usly occurs less readily than 

the 5(0)" participation 1o
.
13

• 

Again , on reaction with electrophilic reagent s, the 5,6- un saturated steroids are 

preferentially attacked from the sterica lly more a cce ~~ ible ex-site. The addition 

is governed by stereoelectronic fact o rs (Fi:irst- Plattner rule) leading, in conflict 

with Markovnikov rule , to a l1ucleophile attack at C( 6 ) to form a 5ex,6B-diaxiaI 

product l 6
. ]n 19-hydroxy and 19-methoxy derivatives 11a and 11b the 19-substituent 

plays the role of the nucleophile cleaving the bro monium iOIl. Here again, the posi­

tion 6 is attacked in a 5(0)" processS
•
9

. However, this type of participation by the 

19-substituent is less favored in 5,6- th a n ill 2,3-ull sa turated co mpound s (this pre­

ference is still m o re pronounced in analogou s epoxides 1 3
) . We attributed 12.J 3 

thi s difference to a larger di stance of the pa rticipa tin g ato m from the reaction center 

and to a larger angle of a pproach in 11 than in I. All thesc fact o rs, coupled with the 

lesser di sposition of the ether oxygen in the ester gro up to participate, are reflected 

in the reactivity of the 19-acetoxy derivative lI e so that the co mpeting 6(0)"·11 

process l O
, 12 is preferred and the 5(0)" participation does not proceed at all in lle. 

On the other hand , the 6(0)" ·11 participation illllc is in cOJlflict with the stereoelectro­

nic factors (Furst- Plattner rule) but is favored by the inductive effect according 

to M a rkovnikov rule. As we have demonstrated recently 11, without thi s support 

the 6(0)" ,11 process could not prevail in competition with the 5(0)" process . 

In homologs iVa and IVb an axial attack by the internalnucleophile should be 

directed toward the C( 6 ) position and should require a 6(0)" participation. However, 

the both compounds equally prefer cleavage at C(5 ) (Scheme 5) with 5(0)" participa­

tion. Similar to 19-acetoxy derivative lle the participating group changes the regio­

selectivity of the reaction. The 5(0)" participation predominates here over the 6(0)" 

process under similar conditions in which the 6(0)"'" process prevails over 5(0)n 

participation (see above) . In thi s case the 5(0)" process, though in conflict with the 

stereoelectronic effect (Furst- Plattner rule), is supported by the inductive effect 

(Markovnikov rule). Further experiments are necessary to show whteher or not as­

si stance by the inductive effect (as in lIe) is necessa ry. 

Tn B-homochole~ taJl e derivatives XXi is the 5(0)" preferred to the 6(0)" process13 

and the reaction is thu s accompanied by a change of regioselectivity (as compared 
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with a normal course 18 in XX) without being assisted by the inductive eJrect. However. 
19-substituted derivatives XXla-XXle are likely to react in a different conforma­
tion than XX, which is extremely favorable for 5(0)" participation (due to favorab le 
di stance and angle of a pproachr 3. 

In the acetoxy derivative IVe, the nucleophilicity of the ether oxygen atom is de­
creased, no (ot process takes place and the compound reacts without participation . 
In the case of He, the 5(0)n process was su ppressed by a competing 6(0 )" ,11 reaction. 
whereas in tbe case of lVe 5(0)n process should be in conflict witb F(irst- Plaltner 
rule and was suppressed by the a ttack of an external 1lucleophile proceeding in ac­
cord with tbis rule. The6(Ot pa rticipation is here 1lot operative (in contrast to 11Ic). 
obviously for the same reason why in the type 11 the 5(0)" process proceeds less 
readily tha n in the type I. Another route, which could be con sidered for the acetoxy 
derivative lVe, should be (homologous to 11e) a 7(0)" ·11 participation requiring 

a cleavage of the corresponding bromonium ion at C(5)' Neither thi s pathway i ~ 

operative. It may be concluded that both the 5(0)n and 6(0)"·11 participation ca n 
suppress the stereoelectronic control (Hirst-Plattner rule), if assisted by the induc­
tive effect (Markovnikov rule), but the 7(0 y,n participa tion proceeds only (cf. ref. I 2) 
if it is not in conflict with the Hirst-Plattner rule and even so is accompanied by COIll­

peting external attack to considerable extent. 

EXPERIMENTAL 

Melting points were determined on a Koner block . Analytical samples were dried at 50°C/ 26 Pa 
(0'2 Torr). Optical measurements were carried out in chloroform with an. error 0 f ± 3°. The 
infrared spectra were recorded on a Zeiss UR 20 spectrometer in tetrachloromethane lInles, 
otherwise stated. The lH NMR spectra were recorded on a Tesla BS 476 instrument (60 MHz) 
in deuteriochloroform at 30°C with tetramethylsilane as internal reference. Chemical shift , 
are given in ppm. Apparent coupling constants were obtained from the first order anaIY.> is . The 
mass spectra were recorded on a Jeol JMS D-IOO spectrometer operating at 14- 75 eV. The 
sa mples were introduced using a direct inlet at lowest temperature enabling evaporation. The 
elemental composition of ions was determined by accurate mass measurements. The identit y 
of the samples prepared by different routes was checked by mixture melting point determina­
tion, by thin-layer chromatography (TLC) and by infrared and 1 H NMR spectra. Usual \,vork 
up of an ethereal solution means washing the solution with 5% aqueous hydrochloric acid. water. 
a 5% aqueous potassium hydrogen carbonate solution , water, drying with sodium sulfate and 
evaporation of the solvent ill vacllo. 

Addition of Hypobromous Acid to Compounds IIIa - IVc 

The unsaturated compound (0'5 mmol) was dissolved in dioxane (5 ml) and treated with 10% 
perchloric acid (0'5 ml) and N-bromoacetamide (80 mg, 0'6 mmol) at room temperature for 
30 min. The mixture was diluted with ether and water, the organic phase was washed with water 
a 5% aqueous potassium hydrogen carbonate solution, a 5% aqueous sodium thiosulfate solu­
tion. water, dried with sodium sulfate, and the solvent was evaporated. The residue was chromato­
graphed on three preparative silica gel plates (20 X 20 cm) using a mixture of light petroleum. 
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ether and acetone (85: 10: 5 or SO: 10 : 10) a s el uen t. Zo nes con ta ining the desired compo u nd 
were collected, eluted with ether and evaporated. The yield s arc givcn in Table I , J H NMR da ta 
in Table II a nd physical and a na lytica l data in Tab le Ill. 

19-Ho Ill0 -5er: -cholest-2-cn-1 9a-o l ( ilIa) 

Powdered zin c ( 1' 5 g) wa s added in 10 por ti ons toa stirred rclluxin g , olu ti on of the epoxide t 5 V/ 

(500 mg) in a mixture o f d ioxane (4 ml ) and acetic ac id III ml ) in a period of 10 min . T he ho t 
mixture was filtered, t hc in o rga n ic material wa s wa shed , with hot ace tic acid, the h ot ('i!trate 
was dilutcd wi th wa te r and sct a side overn ight. The product IlIlI 0 15 mg) was isolated by suc­
tion; m .p. 108- 109°C, [o: J6° -1- 64 ' ( e 1' 1). I H NM R spect rum: ()'b7 (3 H. s, 18-H), 3'68 (2 H. 
brd. t. J ,-= 8 Hz, 19a -H ), 5' (>3 (2 H. d . .! ,,~ 2 Hz. 2- H :I nd 3- 1-1 ). IR spectrum: 1012. 1 635, 
3020, 3 340, 3 470, 3 627 cm - I . For C 2 HH 4S O (400 ' 7) calculated : 80' <) ~ ~ ;' C. 12'07% H ; fo und: 

80'75% C, 12 ' 14 ~;, H . 

19- ]-J omo-5er:-cholest-2-en- ll}a -01 Ace ta te (/ lie ) 

The alcoho l lila (1 60 mg) was disso lved in pyridi ne (2111 1) and trea ted with acetic an hydrid e 
(0 ' 4 ml) at room temperature ove rnight. The mi xtu re wa s then decomposed by icc, the product 
was taken up in e ther a nd the ethereal solutio n wa s wo rked up as usual. The resid ue was crystal ­
lized from a queous acetone to yie ld the ace tate /lie ( 1.10 m g. ), Ill.p. 62- 64°C, [0:16° + 46° (c 3'9). 
IH NMR spectrum: 0'68 (3 H. S, 18-1-1), 2'0n (J H. ". C I-I 3C 0 2) , 4'08 (2 H, 111 , W = 35 Hz. 
19a-H), 5·60 (2 H , d, J ~~ 2 Hz. 2- 1-1 and 3-11 ). Fo r ('30 " 50°2 (442'7) calcu la ted: 8 1'39% C, 
11 '38% H ; fou nd : 81' 27% C. 11 ·40~{. H . 

TABLE HI 

Analytical and phys ica l data of products o f hypobro mou s ac id addit ion to o leftns f1la - / Vc 

CompoLind 

VI 

VII 

X 

XI 

XVI 

XVIII 

Formula 
(m.w.) 

C 28 H .n BrO 
(479-6) 

C3 0H StBr0 3 
(539 ·1) 

C30H49Br03 
(537-6) 

C31Hs3Br04 
(569·1) 

C32Hs3BrOs 
(597,7) 

C32Hs 20S 
(5 168) 

Calcul a ted / Found 

% Br 

70·12 988 16·66 

70·04 9·90 16·85 

66·77 9·53 14·8 1 

66·60 958 14·96 

67·02 9· 19 14·86 

66·87 9· \3 14·95 

65·36 9 ·38 14·03 
65· 19 9-45 14·25 

64-31 8·94 13·37 
64·12 9·02 13 ·64 

74·38 10·14 
74·2 1 10·23 
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19-Homo-5-cho lestene-3!3,1 9a-diol 3-Monoacetate (IVa) 

A) From 6a.-bromo-5, 19a-epoxy-19-hol1lo-5!3-c!1OIestan-3!3-ol acetate (X): Powdered zinc 2 g) 
was added in 10 portions to a st irred reOuxing solution of X (300 mg) in a mixture of dioxane 
(3 ml) and acetic acid (7 ml) in a period of 10 min . The hOI mixture was filtered, the ionorganic 
material was washed with hot acetic ac id, the hot filtrate was diluted with water and the mixture 
was set aside overnight. The product IVa (195 mg) was isolated by suction; m.p. 146 - 148°C, 
[a]6° - 42° (c 2'8). lH NMR spectrum: 0 '68 (3 H, s, 18-H), 2·00 (3 H, S, CH 3 COZ), 3·75 (2 H, 
m, W = 30 Hz, 19a-H), 4·58 (I H, m, W ~= 30 Hz, 3a.-H), 5·58 (I H, brd d, 1 = 4 Hz, 6-H). 
For C30Hso03 (458,7) calcu lated : 78'55% C, 10'99% H; found: 78'16~~ C, 11'19% H. 

il) From 5-methoxy-6a.-bromo-19-!romo-5!3-cholestane-3!3 , 19a-diol 3-1Jlonoacetate (Xl): XI (150 
mg) was reduced with zinc (I g) in a mixture of dioxane (I ml) and acetic acid (3 ml) and worked 
up as given in the prelious experiment to alTord IVa (64 mg), m.p. 143 - 145°C identical with the 
compound prepared under A . 

5-Methoxy-6a.-bromo-19-homo-5!3-cholestane-3!3, 19a-diol 3,19a-Diacetate (X II) 

The alcohol XI (50 mg) was dissolved in pyridine (3 ml) and treated with acetic anhydride (1 ml) 
at room temperature overnight. The mixture was then decomposed with ice and water, the pro­
duct was extracted with ether and the ethereal phase was worked up as usual. The residue was 
crystallized from a mixture of acetone, methanol and water to yield the diacetate XII (38 mg), 
m.p. 66 - 68°C, [a]5° + 20° (e 6'1). I H NM R spectrum: 0·64 (3 H, s, 18-H), 2'03 (6 H, s, 2 X 

X CH3COZ)' 3·48 (3 H, s, CH30), 4·25 (2 H. m, W = 20 Hz, 19a-H). 4·60 (I H, dd, 1 = 4·5 
and II'OHz, 6!3-H), 5'08 (I H, m, W = 12Hz, 3a.-H). For C33HssBrOs (611'7) calculated: 
64'80% C, 9'06% H, 13'06% Br; found: 64'66% C, 9'10% H. 13'35% Br. 

5,6!3-Epoxy-19-homo-5!3-cholestane-3!3,19a-diol 3, 19-Diacetate (X VIII) 

The 0lefin14 IVe (350 mg) was dissolved in chloroform (5 ml) and treated 'With 3-chloroperoxy­
benzoic acid (270 mg) at room temperature for 30 min. The mixture was then diluted with ether, 
washed with water, a 5% aq ueous potassium hydrogen carbonate solution, a 5% aqueous sodium 
thiosulfate solution, water, dried with sodium sulfate and evaporated. The residue was chromato­
graphed on a column of silica gel (30 g) using a mixture of light petroleum and ether (90: 10) 
which eluted impurities and then with a mixture of light petroleum, ether and acetone (89: 10 : 1) 
which eluted the oily 5!3,6!3-epoxide XVIII (48 mg), [a]6° _4° (c 4·2). lH NMR spectrum: 0'67 
(3 H, s, 18-H), 2·02 (3 H, s, CH3COZ)' 2·07 (3 H, s, CH3COZ)' 2·88 (I H, d, 1 = 2·0 Hz, 6a.-H), 
4·50 (3 H, m, W = 50 Hz, 3a-H and 19a-H). For C32HszOs (516'8) calculated 74'38% C, 
10·14% H; found: 74' 19% C, 10'21 % H. 

5,6a.-Epoxy-19-homo-5a-cholestane-3!3 , 19a-diol 3.19-Diacetate (XIX) 

Continued elution with the same mixture of solvents after isolation of XVIII afrorded the 5a,6a­
-epoxide XIX (220 mg), m.p. 123- 125°C (from a mixture of acetone, methanol and water). 
[aj6° - 460 (c 1'8). lH NMR spectrum: 0'65 (3 H, s, 18-H), 2'00 (3 H, s, CH 3COZ)' 2·07 (3 H , s, 
CH3COZ), 2·95 (1 H, d, 1 = 3·5 Hz. 6!3-H). 5'00 (1 H, m, W = 30 Hz, 3a.-H). For C3zHs20S 
(516'8) calcu lated: 74'38% C, IO'14~~ H; found: 74'35% C, 10'18% H. 

The elemental analyses were carried out in the analytical laboratory 0/ this Institute (head 
Dr 1. HoraCek). The IR spectra were recorded by l'vlrs K. Matol/skova and interpretedt by Dr S .. 
VasiCkova. The J H NMR spectra were recorded by (the late) Dr AI. SyndCkova Dr J. Zajicek. 
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l'1rs!. ! elil/kovd and M rs A1. Snopkord. ,\fas.\' .'peCI/·o W('rt' recorded hy Dr V. If OIlIlJ, !. }IeyrOl'sk.\' 
Instill/Ie oj Physical C hellli:.rry olld EleCll"Ochcllli.1 Iry, Prague. 
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