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Bro mination of the epimeric 4.5-cyci o pro panocho lcstan-3-0Ilcs J and Xlll ha s been studied and 
structures of the products were established by chemical and spectral mean s. Conformation of 
the A ring in the bromo ketones and bromohydrin s is discussed on the ba sis o f spectral evidence. 

In the course of our studies of steroid cyclopropane derivatives we became interested 

in stereochemistry of these compoucds. M odel s suggest that in the 4,5-cyclopropano 

steroids, and especially in the p-series, the A ring is sufficiently l1exible to adopt dil1e

rent conformations when they are enforced by ptoper substitution . .In this paper 

we present our studies on bromination of the epimeric 4,5-cyclopropanocholestan

-3-ones I and XIII alid on conformation of the A ring in the bromo derivatives 

obtained during these studies. 

Bromination of the ketone ' I was carried o ul with Jacques' reagent in tetra hydro

fman and with bromine in acetic acid. Both methods gave mixtures of the same com

pounds (bromo ketones II, Ill, and IV) but their proportion s were different for each 

method. With Jacques' reagent the dibro moketone IJ was fonned as the main product 

and only very little of the bromo ketone III was obta ined. On the other hand, thi s 

bromo ketone - product of the clea vage o f the cyclopropane ring - represented the 

main component in the mixture resulting on bromination with bromine in acetic acid. 

The structures of these products follow from spectral a s well a s from chemical evi

dence: On dehalogenation with tri-n-butyltin hydride the bromo ketones II and I V 
yielded the starting ketone I , whereas the dibromo derivative 111 afforded under 

similar conditions the known 2 5-methyl-5(X-chole ~ tan-3-one (XX I X). This proves that 

the cyclopropanocholestane skeleton remained unchanged in the bromo ketones T I 
and J V in contrast to the [;romo ketone 1[1 where the cycloprc paJ~e ricg urderwent 

cleavage with the hydrobromic acid present in the bromination reaction mixture. 

To prove the position and the configuration oflhe bromine atom in the bromo ketone 

IV it was reduced to the bromohydrin VIII which on oxidation with JOlle~' reagent 
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afforded back the starting bromo ketone I V. The configuration of the bromine atom 
therefore remained unchanged during the hydride reduction. Removal of the bromine 
atom in this bromohydrin gave the known 3 3~-hydroxy derivative X and treatment 
with methanolic potassium hydroxide gave rise to the epoxide Xl. We may therefore 
conclude that the bromine atom and the hydroxy group in the bromohydrin VIII 
have mutual trans orientation and the bromine atom has 2ct.- and the hydroxyl 
3~-configuration. In the cpoxide XI the oxygen ring must also be ~-oriented. This 
epoxide is extremely unstable and even a short contact with silica gel causes rearran
gement to the ketone XII. 
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In the dibromo derivative I I the both bromine atoms :ue, according to the spectral 
evidence, attached to the carbon atom 2. Reduction with lithium tri-tert-butoxyalu
minium hydride was accompanied by loss of one bromine atom to yield the bromo-
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hydrin V. Dehalogenation afforded again the 3~-alcohoI3 X but alkali treatment led 
to the ketone I . This proves the structure of this bromohydrin as a 2~-bromo-3~-01. 
Jones' oxidation yielded the bromo ketone VlI which proved to be the thermodyna
mically unstable isomer and under enolising conditions isomerised readily to the 
stable 2ex-bromo derivative IV. 
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When the dibromo ketone III was reduced under analogous conditions a mixture 
of three compounds resulted: One dibromo and two monobromo derivatives. On 
oxidation the dibromo derivative yielded the starting dibromo ketone III and acetyl
ation gave an acetate with axial proton at C(2) and equatorial proton at C(3) (see ex
perimental part). This points to structure XXX for the product of reduction and to 
structure XXXI for the corresponding acetate. Dehalogenation afforded the acetate 
XXX VI which after hydrolysis to the alcohol xxxv and oxidation gave the known 2 

ketone XX IX. This ketone on metal hydride reduction yielded a mixture of the alco
hols epimeric at C(3) containing about 90% of the axial 3ex-isomer XXXv. Evidently, 
the steric influence of the Sex-methyl group is responsible for this anomalous course 
ofreduction4

. The second product obtained from the dibromo ketone III with lithium 
tri-tert-butoxyaluminium hydride contained one bromine atom and after acetylation 
and dehalogenation gave again the acetate XXXVI. Together with 1 H NMR evidence 
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this proves the structure XXX11 for this reduction product. The third bromo deriva
tive contained no hydroxy group and IR spectrum showed the presence of an ether 
grouping in the molecule. In the mass speclrum the elemental composition of the 
molecular ion M +' (C2s H47BrO) suggests that a new ling was closed . The presence 
of the ions C5H bO +' and C24H 3 90 + (M - C4HSBrV plesumably formed by 
a fragmentation presented by forms XLJ-XLIll is consistent with an ether link be
tween the oxygen at C(3) and methyl group at C( 5)' This ,together with the !H NMR 
evidence, proves the st! ucture XXX I V for this product. Reduction with tri-n-butyltin 
hydride Jed to a clean dehalogenation affording the cyclic ether XXX VIl . 

Analogous results were obtained in the 4~,5~-cyclopropano series. Bromination of 
the ketone! XIJI was agam carried out with Jacques' Jeagent as well as with bromine 
in acetic acid the latter method giving rise predominantly to the brOlllomethylcol11-
pound X I Vaccompanied by the expected bromo ketones X Vand XVI. In the reaction 
mixture obtained on bromination with Jacques' reagent the dibromo ketone XVI 
represented the main component in the mixture of the three bromo derivative. 
The bromo ketone XV was also obtained in a clean reaction on bromination of the 
eno I acetate XVI I and the dibromo ketone X VI was easily prepared as the sole product 
on bromination of the bromo ketone X V with Jacques' reagent; no cleavage of the 
cyclopropane ring was observed. Again, structures of these bromo ketones (X IV, XV, 
and XVI) follow from spectral and chemical evidence. Bromo ketones XV and XVI 
yielded back the starting ketone Xll I on dehalogenation. In thi s case, the metal 
hydride reduction of the bromo ketone XVafforded the two at C(3) epimeric bromo
hydrins XXI and XXIJ1 both of them giving back the bromo ketone XV on oxidation . 
Removal of the bromine atom and isolation of the known alcohols 1 ,2 XXVI and 
XXVIJ, respectively, proved the configurations of the hydroxy groups at C(3) in 
these compounds. On alkali treatment the bromohydrin XX11I yielded the ketone 
X 111 in contrast to the epimer XX I which afforded smoothly the epoxide XXv. 
This epoxide, like its isomer in the 41X,51X-cyclopropano series, rearranged readily to 
the corresponding ketone XX VI I 1. Reduction of the dibromo ketone XVI was accom
panied by loss of one bromine atom to yield the bromohydrin XVIIJ the structure of 
which was again proved by dehalogenation to the alcohol XXVI and by transforma
tion to the ketone XIIJ by alkali. IJl analogy with the 4o:,5o:-cyclopropano series oxi
dation of this bromohydrin yielded the unstable bromo ketone XX which isomerised 
quantitatively to the stable bromo ketone XV when exposed to enolising conditions. 
The third product of bromination of the ketone X JII - the bromomethyl derivative 
XIV - afforded on dehalogenation the known 5 5-methyl-5~-cholestan-3-one 
(XXXIX) and its structure follows from the IH NMR spectrum. In contrast to the 
isomeric compound JII the metal hydride reduction of XIV gave rise smoothly to 
one single product, tbe cyclic ether XXXVllI, yielding the bromine-free oxide on 
dehalogenation. Again, the structures of these ethers were proved by spectral evi
dence, analogously as described above for the isomeric oxides XXXIV and XXXVII. 
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Having securely established the configurations of the substituents j .. n our bromo 
derivatives by chemical means we turned our attention to the conformatfon of the A 
ring in these compounds. Table I shows the IR data for the four isomeric bromo keto
neslV, VII, Xv, and XX. It is a well known fact that the shift of the carbonyl maximum 

TABLE I 

Infrared Spectra of Bromo Ketones 

Compound 

4a,5-CycJopropano-5a-cho]estan-3-one (1) 
2a-Bromo-4a,5-cycJopropano-5a-cho!estan-3-one (IV) 
213-Bromo-4a,5-cycJopropano-5a-cho]estan-3-one (VII) 
413,5-CycIopropano-513-cho]estan-3-one (XIII) 
2a-Bromo-413,5-cycIopropano-513-cho]estan-3-one (XX) 
213-Bromo-413,5-cycIopropano-513-cho!estan-3-one (XV) 

v(C= O) 
cm-) 

1693 
1700 
1700 
1688 
1696 
1698 

Shifts of 
cm - ) 

+ 7 
+ 7 

+ 8 
+10 
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in IR region caused by introduction of a halogen atom in the neighbouring position 
is highly dependent on the angle between the two dipols, this being about -5 to 
+ 3 cm- 1 for an axial and + 13 to + 30 cm - I for an equatorial substituent. In ollr 
case the absolute values of the corresponding shifts are almost identical and lie well 
between the values characteristic for axial and for equatorial halogens. From this, 
and from the coupling constants of the proton at C(2 ) with the protons at e(l) we 
may conclude that the A ring in the bromo ketones a lways adopts a conformation in 
which the C-O dipol at C(3) bisects the angle between the bonds at C(2). 

Somewhat dIfferent situation is in the bromohydrin acetates where the bromine 
atom always adopts equatorial conformation as follows fJ om 1 H NM R evidence. 
In the bromohydrin acetate XIX the 2p-proton shows diaxial coupling with the 
llX-proton like the 21X-proton with the Ip-proton in the isomers XX 1J and XXIV. 
This, together with the model considerations based on further spectral evidence (see 
Experimental) is consistent with the 3p-equatorial twist-chair conformation (Fig. 1) 
of the A ring in the bromohydrin acetate XIX and with the 3p-axial conformation 
(Fig. 2) in the isomers XX 11 and XX IV. In the IX-cyclopropano series models suggest 
the possibility of two conformations of ring A - a twist-chair (Fig. 3) and a twist-boat 

FIG. I 

Conformation of the ring A in the bromo
hydrin acetate XIX 

FIG. 3 

Conformation of the ring A in the bromo
hydrin acetate IX 

Collection Czechoslovak Chern. Commun. [Vol. 48] [1983] 
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Conformation of the ring A in the bromo
hydrin acetates XXII and XXIV 

FIG. 4 

Conformation of the ring A in the bromo
hydrin acetate VI 
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(Fig. 4). In the 2ex-bromo derivative IX the 2~-proton shows again a diaxial coupling 
with the lex-proton which points to the 1'.vist-chair conformation (Fig. 3) in which the 

2ex-bromine atom is equatorial. In the 2~-bromo compound VI the coupling constant s 

of the 2ex-proton with the protons at C(l) (120,10 = 10·1 Hz and J 2"IP = 6·6 Hz) 
suggest a twist-boat conformation (Fig. 4) of the A ring again with equatorial confor

mation of the bromine atom. Dreiding models explain well thi s behaviour of the A 
ring. The 4,5-cycJopropano steroid skeleton represents a strained system in which 

the A ring cannot adopt the energetically favourable chair conformation. The 1,3-di

axial non-bonded interaction of the 2~-bromine atom with the C(10) methyl group 
is sufficient to cause the conformational changes between the twist forms of the A 
ring. 

EXPERIMENTAL 

Melting points were determined on a Kofler block. Optical rotations were carried out in chloro
form with an error of ± 3°. The infrared spectra were recorded on the Zeiss UR 20 spectrometer 
in tetrachloromethane. The CD spectra were recorded on the Roussel-louan CD-185 spectrometer 
in methanol. The I H NMR spectra were recorded at 200 MHz on a Varian XL-200 instrument 
in deuteriochloroform. Tetramethylsilane was used as internal standard. The chemical shifts are 
given on ,5-scale. Mass spectra were recorded on a lEOL JMS D-IOO spectrometer at 75 eV. The 
samples were introduced using a direct inlet heated to 140°C. The identity of samples was checked 
by mixture melting point determination, by thin-layer chromatography (TLC) and by spectral 
evidence. Usual working up of a solution implies washing the solution with 5% aqueous hydro
chloric acid, water, 5% aqueous sodium hydrogen carbonate, water, drying over magnesium sul
phate, and evaporation of the solvent under reduced pressure . Ligroin refers to the fraction of b.p. 
40 - 60a C. 

4a,5-Cyclopropano-5a-cholestan-3-one (I) 

a) A solution of the dibromo ketone II (90 mg) in benzene (2 ml) was treated with a molar 
benzene solution of tri-n-butyltin hydride (0'7 ml) and refluxed with azobisisobutyronitrilc 
(10 mg) for 1 h. The mixture was chromatographed on a silica gel column (6 g) in benzene. 
Fractions with the desired product were worked up and the residue was crystallised from metha
nol to yield 45 mg of the ketone I, m.p. 137- 138°C, [aI6° + 12° (c 0'8), identical with the authen
tic l compound . 

b) The bromo ketone VII (80 mg) was treated with tri-n-butyltin hydride as described under a). 

Similar working up and crystallisation from methanol afforded 35 mg of the ketone I, m.p. 134 
to 135°C, [aI5° + 13° (c 0' 7), identical with the authentic l sample. 

c) The bromo ketone I V (110 mg) was debrominated with tri-n-butyltin hydride and the reacti on 
mixture was worked up as described under a). Crystallisation from methanol gave 72 mg of the 
ketone I, m.p. 135 - 137°C, [aI6(' + 12° (c 1'2). 

d) The bromohydrin V (140 mg) was refluxed with a solution of potassium hydroxide (200 mg) 
in ethanol (6 ml) for 5 h. The alkali was removed with acetic acid and the solvents were distilled 011' 

under reduced pressure. The residue was taken into ether and the ethereal solution was worked up. 
The bromine free residue was crystallised from methanol to yield 72 mg of the ketone I, m.p· 
136 - 137°C, [xI5° + 11 ° (c 1'1). 

Coltection Czechoslovak Chern. Cornrnun. [Vol. 48J [19831 



On Steroid s 3463 

2.2-Dibromo-4:X,5 -cycJopropano-5et-cholcstan-3-0111: (11 ) 

The ketone 1 (3 g) in tetrahydrofuran (40 ml ) was trea ted with Ja cques' re<lgcn t (5 g) and 
a ll owed to stand at roomtcmpcra ture fo r 15 min . Thc reaction mixture was poured into 5% sodium 
hydrogen carbonate and the product wa S ex tracted with ether. The ethcreal solutio n was washed 
with 5% sod ium thi osulphatc. 1% hydrochl o ric acid, 5 ~ ' ~ sod ium hydrogen carbonate, wate r, and 
dried over magnesium sulpllatc. The residuc after evapo ration o f c thcr consisted of the bromo 
der i\'atives 11, 111, and I V, the dibromo ket o ne 1/ bein g the most lipophilic and main component. 
The mixture was chromatographed o n a silica ge l column (250 g) in benzene. F racti ons with the 
dibromoketone were combined, solvent removed, and the res idue was crystallised from ethanol 
to afford 1·7 g of the dibromo ket one 1/, m.p. 152"C. [IX]6° -- 23" (c 1'3). I H NrvtR spectrum: 
0·(\8 (s, 18-H), 1·27 (s, 19-H), 2·9 3 (d, i gc lll =" - 1(\,5 H7 .. l et -I·I). 3·40 (d. 113-H). For CzsH44BrzO 
(55(\' 5) calcu lated: (\0'43% C. 7'97% H . 28'72~;';' HI'; found: 60'28~{, C. 7'8 1:%; H . 28 ' (\3% Br. 

2a - Bromo-5-bromomcthyl-5C1-cholesta n- 3-one (111) 

0) Eluti on of the chromatographic column of the fo rcgoing ex periment with benzene gave 
I'rac tions with the more polar component. Working up ga ve 210 mg of the oily dibro mo derivative 

Ill , [IX]5° + 20° (e 2'5). I H NrvtR spectrum: (l'68 (s, 18-11), 1-37 (5, 19-H), 2'03 (dd, i~c l1l = 

- -- 13'7 Hz. l:x-H ). 2·44 (dd, i = 2'9 Hz. 4Il-H). 2' 53 (dd. Ill-I-I). 2'81 (d. i gc lll = - 15'3 Hz, 

4C1-H), 3' 15 and 4·00 (two dd , i gcm = - 10,8 Hz, - C/-f 1Br). 4·74 (dd . .I2rl , l~ ~~ 7'6 Hz, .I2P. l ~ = 

12'2 Hz, 2ll-i-J). For C18H46Brzi (558 ' 5) calcu lated: (,(l'2 1% C. 8'22% 1-1, 28'55% HI'; found: 
{'() '05% C , 8'05% 1-1, 28'30% Br. 

h ) A solution of the ketone 1 ( I g) in chlo rofo rm (1 5 ml) was trcated with 48% hydrobromic a c id 
in acet ic acid (5 drops) and with a chloroform soluti o n of bro mine (500 mg in 5 ml of chloroform). 
The mixture was heated to 40°C and decolorisation took place within few seconds. It wa S diluted 
wi th ether, washed with 5% sodium thiosulphate, 5% sod ium hydrogen carbonate, water, dried, 
and the solvents were distilled off under reduced pressure. The residue con tained, according to the 
TLC, four products: The bromomethyl derivati ve III as the main product together with the bromo
ketones lI, IV, and VII. The mixture was chromatographecl on a silica ge l column (l00 g) in benze
ne. The corresponding fract ions were worked up to y ield 6 10 mg o r the bromo ketone lII, [IX ]5° 
- 22° (c 1'2) resist ing a ll attempt s at crysta llisation. 

2::t- Bromo-4C1,5-cyclopropano-5::x-cholestan-3-one (1 V) 

a) Elution of the chromatography after isolation of the dibromo ketone 11 with benzene afforded 
fractions with the polar component. Working up and crystallisation rrom ethanol yielded 1·1 g of 
the bromo ketone IV, m.p. 148 - 149°C, [0:]6° - 3° (c 1' 4). JR spectrum: 3084, 3010 (cyclopropa
ne), I 700 cm - I (carbonyl ). CD spectrum: !:J.c3 0 7 = - 2, 6 1. 1 H NrvtR spectrum: 0'68 (s, 18-H), 

1'08 (s. 19-H), 1'82 (dd, .I4P ,cyc l. = (\'3 Hz, 4ll -H ), 2'3(\ (dd, i gc m = - 14' 3 H z, Ill-H), 4·19 (ddd, 
J 2P.1p = 8·7 Hz, J2P . I ~ = 10, (\ Hz, J2p ,4p ~~ 1·1 Hz, 2r~-I-I). For C 2S 1-1 4S BrO (477'6) calcu lated: 
70'42% C , 9 '50% H , 16'73 ~~ Br; found: 71-07% C, 9'(\6% 1-1 , 17·J Y;';' Sr. 

h) Elution of the chromatographic column a fter isola tion of the bromomethyl derivative 111 
under h) with benzene afforded fract ions with the more pol a r compound, working up and crystal
lisation from ethanol gave 220 mg of the bromo ketone I V, m.p. I 48 - 149°C, [IX]5° - 2° (e 0'8). 

e) A solution of the bromohydrin V111 (230 mg) in acetone (5 ml) was treated with excess 
Jones' reagent and allowed to stand at room temperature for 10 min . The excess oxidizing agent 
Was removed with methanol, the reaction mixture was diluted with water, and the product was 
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isolated with ether. Working up of the ethereal solution and crys(allisation from ethanol afforded 
185 mg of the bromo ketone I V, m.p . 149 - 150°C, [0;]5° - 3° (c 1'0). 

d) A solution of the bromo ketone VII (100 mg) in methanol (3 ml) was treated at rOom tem
perature with I drop of 10% methanolic potassium hydroxide. After 5 min at room temperature 
the excess alkali was removed with acetic acid and solvents were distilled off ill mello . The residue 
was taken into ether, and the ethereal solution was worked up. The product was crystallised frolll 
ethanol to yield 55 mg of the bromo ketone IV, m.p. l47 - l48°C. [0; ]5° _ 2° (cO·7). 

2~-Bromo-4et,5-cyclopropano-5et-cholestan-3~-01 (V) 

A solution of the dibromo ketone II (2'3 g) in tetrahydrofuran (50 ml) was treated with lithium 
tri-tert-butoxyaluminium hydride (6 g) and allowed to stand at room temperature for 20 min. 
The mixture was diluted with ether and the ethereal solution was washed with 5% hydrochloric 
acid and worked up. The residue contained according to the TLC two products. The mixture wa s 
chromatographed over silica gel (200 g) in benzene. Fractions with the lipophilic component were 
worked up and the residue was crystallised from methanol to afford 1·05 g of the bromohydrin V, 

m.p. 131 - 132°C, [a]5° + 34° (c 0'9). For C zB H4 7BrO (479'6) calculated: 70·12% C, 9'88% H. 
16'66% Br; found : 70'21 % C. 9'73% H, 16'51 % Bf. 

2~-Bromo-4a,5-cyclopropano-5a-cholestan-3~-01 3-Acetate (VI) 

The bromohydrin V (350 mg) in pyridine (3 ml) was acetylated with acetic anhydride (2 ml) at 
80°C for 5 h. The mixture was decomposed with ice and water and the product was extracted with 
ether. Usual working up and crystallization from ethanol gave 320 mg of the acetate VI, m.p. 
154-155°C, [0;]5° _ 8° (c 1'1). lH NMR spectrum: 0·28 (dd, Igcm = - 6'0 Hz, cyclopropane 
proton), 0'68 (s. 18-H), 1-36 (s, 19-H), 2' 17 (s, acetate) , 4·24 (ddd, 12 . , 1. = 10'1 Hz, l z • . 1 P = 
= 6'6 Hz, 12.,3. = 5'0 Hz, 2a-H), 5·46 (dd, 13.,4p = 4'0 Hz, 3et-H). For C 3Q,H49BrOz (52I-(i) 

calculated: 69 '07% C. 9'47% H, 15'32% Br; found: 69'03% C, 9'52% H, 15'63% Br. 

2~-Bromo-4a,5-cyclopropano-5a-cholestan-3-one (VII) 

The bromohydrin V (750 mg) in acetone (I5 ml) was treated with excess Jones' reagent and allowed 
to stand at room temperature for 10 min. Methanol was added to destroy the excess reagent, the 
reaction mixture was diluted with water and the product was isolated with ether. Usual working 
up and crystallisation from ethanol afforded 615 mg of the bromo ketone VII, m.p. 145 - 146°C, 
[a]r,° + 8° (c 1'2). IR spectrum: 3075, 3010 (cyclopropane), I 700 cm - I (carbonyl). CD spectrum: 
de290 - 4'53. 1 H NMR spectrum: 0 '68 (s, 18-H), 1·20 (5, 19-H), 2' 34 (dd, Igom = - 16'3 Hz, 
la-H), 2·43 (dd, I~-H), 4·61 (dd , 12 . , 1. = 7·8 Hz, 12. , IP = 3·6 Hz, 2a -H). For C 28 H45 BrO 
(477-6) calculated: 70'42% C. 9'50% H, 16·73% Br; found: 70' 48% C. 9'12% H, 16'55% Br. 

2a- Bromo-4a.5-cyclopropano-5a-cholestan-3~-01 (VIII) 

a) The bromo ketone IV (I g) in tetrahydrofuran (50 ml) was cooled to -5°C and treated wil h 
lithium aluminium hydride (50 mg). After 5 min the mixture was diluted with wet ether and decom
posed with ethyl acetate. The solution was washed with 2% hydrochloric acid and worked up 
in the usual way. The product was chromatographed over silica gel (50 g) in benzene to yield after 
working up of the corresponding fractions and crystallisation from methanol 745 mg of the bro
mohydrin VIII, m.p. 102-103°C, [0:]5° +58° (c 1' 3). For C 28 H47 BrO (479'6) calculated : 
70'12% C, 9'88% H, 16'66% Br; found: 69'85% C, 9'74% H, 16'40% Br. 
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h) Elution of the column after isolation of the brol1lohydrin V with benzene gave fractions with 
the polar componenl. Working up and cry~tallisation from etha nol yielded 870 mg of the br01110-
hydri n VlII, 111 .p. 103 - 104°C, [lXlbo + 62° (e 1'8). 

20: -BroI1l0-4a,5-cyclopropano-50:-cholcstan-3P-ol 3-Aceta te (IX.> 

The bromohydrin VIII (7{X) mg) was acetylatcd with acetic anhydride (3 ml) in pyridine (4 ml ) at 
room temperature for 20 h. The mixture was decomposed with ice and water and the product was 
e-xtracted with ether. Usual working up and crystallisa tion from ethanol aO'orded 640 mg o f the 
aceta te IX, m.p. 128- 129°C, [-xlbo -+ 3 1° (c 0'8). 1 H NMR spectrum: 0'34 (dd, 1

8CI1I 
,= - 5·5 Hz, 

Jcyc 1. .4~ = 9·8 Hz, cyclopropane proton), 0'67 ( 5, 18-H ), 1·1 9 ( 5, 19-H), 1·93 (dd , 19o11l = 
" - 13·4 Hz, IP-H), 2·12 (s. acetate), 4·20 (ddd, J 2P . IP ,= S'3 Hz, 12p. l a "~ 13'6 H z., 12 ~ .3a = 

,= 7'3 Hz, 2p-H), S'27 (d . .I3a.4P < I Hz. 30:-H). For C3 0H49Hr02 (521'6) ca lcula ted: 69'07% C, 
<)-47%. H, IS'32% Br; fou nd : 68·73 % C, 9'39% H . 14 '9S% Hr. 

40: ,S-Cyclopropano-So: -cholestan- 3P-ol (X) 

The bromohydrin V (110 mg) in ben zene (3 ml) was trea ted with a molar soluti on of tri-n-butyltin 
hyd ride in benzene (0'8 ml) and refluxed with azobisisobutyronitrile (10 mg) for I h. After cooling 
ofT the solution was chromatographed ove r silica gel (10 g) in benzene. The corresponding fractions 
were worked up and the crude product was crystallised from methanol to yield 62 mg of the alco
ho l X. m.p. l30-I3I °C, [lXl bO + Sl o (c 1'6). identical with the a uthentic3 sa mple. 

2P,3P-Epoxy-40:.S-cyclopropano-So:-cholestane (XI) 

The bromohydrin VIII (500 mg) in methanol (10 ml) w astreatcd at DOC with 20% methanolic po
tassium hydroxide sol ution (S ml) and a ll owed to stand a t room temperature for IS min . The 
mixture was dil uted with ice cold water and the product was extracted into ether. The e thereal 
solution was washed well with water, dried, a nd ether distilled ofT in vacuo. The residue was crystal
lised from methanol to yield 28S mg of the epoxide X I, m.p. 100 - IOI O C, [0:15° + 34° (c 1' 4). 

IR spectrum: 3065 (cyclopropane), 870, 830 cm - 1 (epoxide). For C 2s H460 (386'6) calculated: 

83-87% C, 11 '99% H ; found : 83'6S% C, 11 '78% H. 

40:,S-Cyclopropano-So:-cholestan-2-one (XI I) 

A benzene solution of the epoxide XI (110 mg) was passed through a silica gel column (20 g). 
The collected eluate was evaporated and the residue was crystallised from ethanol to yield 87 mg 
of the ketone XlI, m.p. 148- 149°C, [o: lbo + 1440 (d ·2). JR spectrum: 3065 (cyclopropane), 
1711cm- 1 (carbonyl). For C ZS H46 0 calculated: 83'87% C, 11'99% H ; found : 83'73%C, 
11' 67% H. 

4P,S-Cyclopropano-5P-cholestan-3-one (XlII) 

a) The dibromo ketone XVI (80 mg) in benzene was treated with a sol ution of tri-n-butyltin 
hydride in benzene (I mol I -1,0'6 ml) a nd refluxed wi th azobisisobu tyronitrile (10 mg) for I h. 
The mixture was passed through a silica gel col umn (lO g) and the product was el uted with benzene. 
Evaporation and crystallisa tion from ethanol gave 20 mg of the ketone XIII, m.p. 82- 83°C, 
l'l. lbO + 70° (c 0'8), identical with the authen tic

1 
sample. 

Collection Czechoslovak Chern. Comrnun. [Vol. 48J [1983J 



3466 Fajkos, Joska, Zajicek: 

b) The bromo ketone X V (100 mg) was debrominated with tri-n-butyltin hydride as described 
above , Similar working up and crystal lisation from etha nol afforded 65 mg of the ketone XII/, 

m.p. 80 - 82°C, [rx]5° + 71 ° (c 1'1). 

c) The bromo ketone X X (90 mg) was treated with tri-n-butyltin hydride and the reaction mixtu
re was worked up as described under a). Crystallisation from ethano l gave 54 mg of the ketone 
X IJI, m.p. 82 - 83°C, [rx]5° ·f- 72° (c 1'5). 

d) The bromohydrin XXIII (165 mg) in methanol (4 ml) was refluxed with potassium hydroxide 
(80 mg) in methanol ( I ml) for 5 h. The alkali was removed with acetic acid a nd solvents were 
distilled otT under reduced pressure. The residue was dissolved in ether and water a nd the ethereal 
solution was worked up in the usual way. The crude product was crystallised from ethanol to 
yield 102 mg of the ketone XIII, m.p. 83°C, [rx]5° +. 68° (c 0'9). 

e) The bromohydrin XVIII( 140 mg) was treated with alkali and the reaction mixture was worked 
up as described in the previous experiment to yield 72 mg of the ketone XIII, m.p. 80 - 81 ' e, 
[0:]5° -[ 70° (c 1'3). 

2~- Bromo-5-bromomethyl-5~-cholestan-3-one (XI V) 

a) The ketone XIJI (1'6 g) in ch loroform (30 ml) was brominated with bromine (600 mg) under 
the presence of hydrobromic acid as described for preparation of the bromo ketone III under h). 
Similar working up affo rded a mixture of the bromo ketones Xl V, XV, a nd XVI in which the Ille
dium polar compound XIV predominated. Chromatography on a silica gel column (200 g) ill 
benzene and working up of the corresponding fractions gave a crude product (1'2 g) which 011 

on crystallisation from methanol yielded 930 mg of the bromomethyl derivative XIV. m.p. 
133 -- 115°C, [rx)50 + 10° (c 1'2). JR spectrum: 1 739cm - t (carbonyl). CD spectr um: 1\C.19 3 

-· 0'63. J H NMR spectrum: 0·68 (s, 18-1-1) , 1'00 (s, 19-H), 2·11 (t , Jgclll = - 14,4 Hz, I~-H ) , 
2·57 (dd, lex-H), 2·77 (d, J gcm = 14'9 Hz, 4~-H), 2·95 (dd, J = 1·6 Hz, 40:.:]12, 3'42 and 3-4S 
(d and dd, Jgcm = 10'5 Hz, - CH1Br), 4'66 (dd, J 2 •. tp = 13·8 Hz. J 2.,t. = 6·2 Hz, 2ex-H ) 
For C2sH46Br20 (558 '5) calculated: (i()'21% C, 8'30% H, 28'62% Br: found: 60'15% C, 8'22~-;; H, 
28'55 % Br. 

b) The ketone XI1I (4 g) in tetrahydrofuran (100 ml) was treated with Jacques' reagent (6'7 gl 

and allowed to stand at room temperature for 20 min . The mixture was diluted with ether ami 
washed with 5 ~~ sodium thiosulphate , 5% sod ium hydrogen carbonate. water, dried and solvcn b 
removed ill vaClio. The bromomethyl derivative represented only the minor product in the reaction 
mixture. It was chromatographed on a silica gel column (500 g) in benzene. Fractions with the 
medium polar product afTorded after working up 520 mg of a crude product which on crystalka
tion from methanol gave 410 mg of the bromo ketone XIV, m.p. 110-l ll oC, [rx]5° + 12° (c 0· 9) 

2~-Bromo-4~,5-cyclopropano-5p,-cholestan-3-one (X V) 

a) Fractions with the polar ccmponent from the chromatography of the foregoing experimen t 
were combined and solvent removed. The residue (1'25 g) was crystalli,ed from methanol to 

afTord 980mg of the bromo ketone XV, m.p. 112-114' C, [rx]5° + 75 0 (c 1'6). IR spectrum 
3085, 3015 (cyclopropane), I 698 cm -1 (carbonyl). CD spectrum 1\£307 + 2·12. J H NMR spec' 
trum 0'67 (s, 18-H), 1·10 (5, 19-H). 1·75 (dd, J 4a ,cyct. = 11'0 Hz, J4"cyct. = 4·4 Hz, 4:.:-H), 1·87 
(dd, Jgcm = - 14'9 Hz, I~-H ), 2'33 (dd, lex-H), 4·15 (ddd, Jkt .= 7'6Hz, J1. , lP = 12' 3 Hz. 
J 2 .,4. = 1·0 Hz, 2:.:-H). For C 2s H4s BrO (477'6) calculated: 70'42% C, 9'50% H, 16' 73% BI: 
found: 70'35% C, 10'07% H, 17'08~~ Br. 
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b) Elution of the chromatographic column after isolation of lhe bromo ketOne X/V under tI) 

gave fractions with the polar component. Working lip a nd cry"lalli"alion fro m methanol yie lded 
120 mg of the bromo ketone X I' , m.p. 111 - 11 3"e, [o: J6° -I 72" (c I· I). 

c) The enol acetate XVI/ (5.2 g) was dissolved in tetrachlorolllct hane (:!OO ml). calcium carbo
nate was added (10 g) and the mixture was treated at ()" C under .>tirring dropwise with bromine in 

tctrachloromethane until the yellow color persisted. The sol ution wa S wa shed with 5% sodiu lll 
lhiosulphate, 5% sodium hydrogen carbonate. water, dried. and solvent was distilled o fT illl'a('uo. 

The residue was crystallised from methan o l to y ield 5·5 g of the bromo ketone XV, l11.p. 114 to 

I We, [o:J6° + 73 0 (c I·/i). 

d) The bromohydrin XXI (170 mg) in acetone (4 ml) \Va" tn:ated with excess Jones' reagent and 
allowed to stand at room temperature fo r 10 min. Methanol wa s added to remove the reagent, 

the mixture was diluted with watcr, and the product wa s iso lated with ether. U sual working up 
and crystallisation from methanol gave liS mg of the bromo ketone XV. m.p. 110 - 113°e, 

[<>:J6° + 72° (c 0'8). 

e) The bromohydrin XXII/ (/is mg) was oxidi zed and the reaction mixture was worked up as 

described in the foregoing experiment to y ield 30 m g o f the bromo ketone X V, Ill.p. 112- 113°C, 

[:>:]6° + 70° (c O·/i). 

f) The bromo ketone XX (liS mg) in methanol (4 ml) wa s treated at room temperature with 

I drop of 20% methanolic potassium hydroxid e. After S min tile alka li was rellloved with acetic 
acid, the mixture was diluted with water and the product was isolated with ether. Usual working 

up and crystallisat ion from methanol afforded 87 mg of the bromo ke tone X V, Ill.p . 111 ·_ .. 112°C, 

[:>:J6° + W (c 1'2). 

2,2- Dibromo-4~,5-cyclopropano-S~-cholestan-3-one (X V /) 

0) The bromo ketone XV (2 g) in tetrahydrofuran (1iO ml) wa s treated with Jacques' reagent 

(2'5 g). After 20 min at room temperature the reac tion mixture was diluted with ether and washed 

wi th S% sodium thiosulphate, 5% sodium hydrogen carbonate, water, dried, and the solvent was 
distilled off. The residue was crystallised from ethanol to yield 1·7 g of the dibromo ketone XVI, 

m.p. 13S - 13 TC, [0:]60 + 920 (c 1'3).1 H NMR spect rum: (H8 (5,1 8+1),1'01 (5, 19-H), 2·87 (d, 

Jgcm = - 17'2 H z, la-H), 3'39 (d, J~-H). For C28H44I3rzO (SS4'S) calculated: 59'75% e, 

8'35 % H, 29'32% Br; found: 59·43% C, 7'97% H. 28'72% BL 

b) Fractions with the lipophilic product obtained on preparation o f the bromo ketone Xl V 
under a) yielded after working up and crystallization from ethanol 110 mg of the bromo ketone 

XVI, m.p. 134 - 13SOC, [<>:]5° + 900 (c 1·7). 

c) Fractions with the lipophilic product obtained on preparation of the bromo ketone Xl V 
under b) afforded similarly 1·7 g of the bromo ketone XVI. m.p. 13S - 13/iQ C, [0:)6° + 90° (c 1'2). 

3-Acetoxy-4~,S-cyclopropano-S~-cholest-2-ene (X V 1 l) 

The ketone XlII (7 g) in isopropeny! acetate (J SO ml) was treated with S drops of cone. sulphuric 
ac id and in the course of two hours 100 ml of the distillate were collected. The remaining isopro

penyl acetate was distilled off in vacuo and the residue was dissolved in ligroin. The solution was 

fi ltered through a column of alkaline aluminium oxide (200 g) and the collected filtrate was eva
porated. The residue was chromatographed over silica ge l (500 g) in ligroin- benzene (4: J). 

The corresponding fractions were worked up and the product was crystallised from ethanol to 
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yield S·8 g of the enol acetate XVI/, m.p. 116 - II7°C, [a ]6° + 270 (c 1' 4). For C30H4S03 (440' 7) 
calculated : 81'76% C, 10'98% H; found : 81-69% C, 10·70% H. 

20:- Bromo-4B,5-cyclopropano-SB-cholesta n -30:-01 (X VIII) 

A solution of the dibromo ketone XVI (1'3 g) in tetrahydrofuran (40 ml) was treated with solid 
lithium tri-tert-butoxyaluminium hydride (4'S g) and set aside for 2 h. The mixture was poured 
into 1% hydrochloric acid and the product was taken into ether. The ethereal solution was 
worked up as usual and the residue was chromatographed over silica gel in benzene. The corres
ponding fractions were combined and evaporated to yield 720 mg of the oily bromohydrin XVIlI. 

[a ]6° + 34° (c 2'6). For C2s H47BrO (479'6) ca lculated: 70' 12% C, 9'88% H, 16'66% Sr; found: 
70'36% C, 9'6S% H, 16'42% Br. 

2:x-Bromo-4B,S-cyclopropano-SB-cholesta n-30:-01 3-Acetate (XIX) 

The bromohydrin XVIII (300 mg) was acetylated in pyridine (3 ml) with acetic anhydride (2'S ml) 
at 80a C for S h. The mixture was decomposed with ice and water and the product was isolated with 
ether. Usual working up and c rystallisa tion from ethanol yielded 265 mg of the acetate XIX. 

m.p. 88-89°C, [a]6° + 69° (c 2'4). I H NMR spectrum: 0·23 and 0'3S (two dd, JCyc!.,4~ = 9'0 Hz, 
Jcy C I.,4~ = 4·7 Hz, cyclopropane protons), 0'69 (s, 18-H), 1'03 (s, 19-H), 1·80 (ddd, Jgem = 

= - 14'3 Hz, IB-H). 2·17 (s, acetate), 4·23 (ddd, J2p , l ~ = 12·4 Hz, J2p ,1p = 6'6 Hz, J2pp = 
= 2·8 Hz, 2B-H), S'43 (t, J3P.4~ = 3'4 Hz, J 3p , 1p = 0'8 Hz, 3B-H). For C30H49Sr02 (S21 '6) cal
cula ted : 69'07% C. 9'47% H, IS'32% Sr; found: 69'31 % C, 9'IS% H , 15'46% Br. 

20:-Bromo-4B,S-cyclopropano-SB-cholestan-3-one (XX) 

The bromohydrin XVIII (860 mg) in acetone (12 ml) was treated with excess Jones' reagent and 
allowed to stand at room temperature for IS min. The excess oxidizing agent was destroyed with 
methanol a nd the prod uct was isolated with ether. Usual working up and crystallisation from metha
nol afforded 70S mg of the bromo ketone XX, m.p. 137-138°C, [0:]5° + 46° (c 1'7). IR spectrum: 
3080, 3010 (cyclopropane), 1 696 cm - 1 (carbonyl). CD spectrum: 6.e29S + 3'63). 1 H NMR 
spectrum: 0'68 (s, 18-H), 0'93 (dd, Jgc m = - S'7 Hz, one cyclopropane proton), 1'03 (s, 19-H), 
1·80 (dd , J4~, cyc !. = 9·4 Hz, J4~ , cyc !. = 4·4 Hz, 40:-H), 2' 17 (dd , J gem = - 17'5 Hz, Io:-H), 
2·46 (dd , IB-H), 4·48 (dd, J2P , I~ = 1·2 Hz, J 2P.1p = 8'8 Hz, 2B-H). For C 2s H4s SrO (447'6) 
calculated : 70'42% C, 9'SO% H. 16' 73 % Sr; found : 70'IS% C. 9'36% H, 16'82% Sr. 

2B- Sromo-4B,S-cyclopropano-SB-cholestan-30:-01 (XXI) 

A solution of the bromo ketone XV (6S0 mg) in tetrahydrofuran (IS ml) was treated with solid 
lithium tri-tert-butoxyaluminium hydride and set aside for 30 min. The mixture was decomposed 
with acetic acid, diluted with water, and the product was extracted with ether. Usual working up 
gave a product consisting of two components in which the lipophilic one predominated. The mix
ture was chromatographed on a silica gel column (80 g) in benzene. Fractions with the lipophilic 
compound were worked up to yield 310 mg of the oily bromohydrin XXI, [a ]6° + 7° (c 1'0). 

For C2s H47 BrO (479'6) calculated: 70' 12% C, 9'88% H, 16'66% Sr; found: 70'04% C, 9'75% H, 
16'32% Br. 
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2P-Bromo-4P,5-cyclopropano-S[:\-cholesta n- 3cx-ol 3-Acetate (X XII ) 

T he bromohydrin XX I (340 mg) was acety la ted with ace tic anhyd rid e (2 ml) in pyridine (3 ml) at 
r<lo m temperalUre for 18 h. Usual work ing up a nd cry; tallisa tion from metha nol yie lded 285 mg 
(If the acetate XXII, m.p. 152"c' [cr. JGo -l 230 (e O·S). I H NMR spectrum: (J' 37 and 0 ·50 (two dd, 

.Icyol.,4, = 9·7 Hz, 1c)'C I.,4. c= 5·5 Hz, 19cm - 5, 2 Hz, cyclopropane). (HiS (5, 18- H ), 0·78 (dd, 

.I, ),c l. ,4. 4cx -H), 1· 00 (5, 19-H), 4·14 (ddd . .Ilo ,l n = 13·9 Hz . .11,. 1. = 4·0 Hz • .I2,,3n = 8'4 Hz, 
2cx -J-1 ). For C30H49Br02 (S2]-(i) cal cula ted: 69 '07% C. 9'47~~ H. 1 5 '32~{, Hr; found: 69'36% C, 
~J-3I % H, 15' 85% Br. 

2P-13romo-4I3,5-cycl opropano-SP-choJestan- 313-01 (XXIII) 

Uution of the chromatographic column after isolatio n of the 3cx -isomCT XXI with benzene yielded 
fractions with the polar component. Working up gave 175 mg of the o il y bromohydrin XXIII, 
[aJbO - SI D. For C 28 H47 13rO (479'6) ca lcula ted: 70'I2~:' C, 9 ' 8 8~:' H, 16'66% Hr; fo und: 70'24% e, 

9-6S~~ J-1, 16 82% Br. 

2P-Bromo-413,S-cyclopropano-S!3-cholestan-3P-ol 3-Acctate (X Xl V) 

The bromohydrin XXlll (470 mg) was acetylatcd with acetic anhydride (1 ,5 ml) in pyridine 
(2 ml) at 80°C for 6 h. Usual working up and crystallisation from methan ol affo rded 385 mg of the 
acetate XXIV, m.p. 114 - IIS oC. [cr.J5° - S8 ' (c 1'3). I H NMR spectrum: 0' 67 (s, 18-1-1), 1·00 

(s, 19-H ), 2·11 (5, aceta te), 4'30 (ddd, 1 2., 1 n 13'6 H z, 12. , 1. 3·1 H z, 12.,3. = 5·2 Hz, 
2ry-H), 5'32 (ddd, 13 • .4. = 8·1 Hz, 13 • . 1• = 1·2 Hz, 3cx-H). For e30 H4 9B rOz (521'6) calculated: 
69 '07% C, 9'47% J-1, IS'32% Br; found: 69 '50% C, 9'36% H, IS'08% 131". 

2a,3ry-Epoxy-4P,Scyclopropano-SI3-ch olestane (XXV) 

The bromohydrin XXI (400 mg) in ethanol (10 m l wa s treated at O"e with a solution of potassium 
hydroxide (180 mg) in the minimum amount of water and ethanol (S ml) a nd allowed to stand at 
rOOm temperature for 15 min . The oily product which ~eparated wa s taken into ether and the 
etherea l solution was worked up. Yield 290 mg of the epoxide XXV which resisted all attempts at 
cry, talli ,ation; [aJbo + 62° (c 1'8). IR spectrum: 3060 (cycl opropane), 989, 917, 862cm - 1 

(cpoxide) . For C 2s H46 0 (386 '6) calculated: 83'87% C, 11'99% H; found: 84'23% C, 11-61 % H . 

413,S-Cyclopropano-5P-cholestan-3cx-ol (XXVI) 

a) A solution of the bromohydrin XXI (80 mg) in benzene (3 ml) was treated with a molar 
solution of tri-n-butyltin hydride in benzene (0'4 ml) and rel1uxed under the pre~ence of azobis
isobutyron itrile (10 rng) for 1 h. The mixture was adsorbed on a silica gel column (6 g) and the 
product was e luted with benzene. Evaporation of the solvent gave 4S mg of the non-crystalline 
alcohol XXVI, [o:Jbo + 21 ° (c 1'1), identical in all respects with the authentic3 sample. 

b) The bromohydrin XVIII (110 mg) was dehal ogcnated and the reaction mixture was worked 
up as described in the previous experiment to afford 7S mg of the alcohol X X VI, [o:J5° + 23° 

(c 1'4). 

413,5-Cyc!opropano-5P-cholestan-3P-ol (XXVII) 

The bromohydrin XXIII (90 mg) afforded on treatment with tri -n-butyJtin hydride as described 
in the foregoing experiment and after crystalliastion from methanol SO mg of the alcohol XXVII, 
m.p. 81-83°C, [o: jf,0 _8° (c 0'7), in acco rdance with the literature l

. 
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4P,5-Cyclopropano-5P-cholestan-2-one (X XV 111) 

A benzene sol ution of the epoxide XX V (130 mg) was passed over a silica gel col umn (15 g) and 
the material was eluted with benzene. Evaporation of the solvent yielded TLC pure material which 
was crystallised from methanol to give 110 mg of the ketone XXVIII, m.p . 117- II SOC, [0: ]5° 
-400 (c 1'2). IR spectrum: 3060 (cyclopropane), 1709 cm- 1 (carbonyl). For C zs H46 0 (386'6) 
calculated: 83'S7% C, 11'99% H; found : 83'92% C, 11 '52% H. 

5-Methyl-5a-cholestan-3-one (XXIX) 

a) The dibromo ketone III (210 mg) in benzene (10 011) was dehalogenated with molar benzene 
solution of tri-n-butyltin hydride (2 '5 011) as described fo r the preparation of the alcohol XX VI. 
Similar working up and crystallisation from methanol yielded 110 mg of the ketone XXIX, m.p. 
167- 16SOC, [0:]6° + 420 (c 1'1) in accordance with the literature1

. I H NMR spectrum: 0·68 
(s, 18-H), 0·93 (d, Jsonb,4~ = J Hz, 5a-CH 3 ), 1-16 (19-H), 1·86 (dd, J4, . 20 1-3 Hz, J gcm ' 

= -- 15·2 Hz, 4a-H), 2'47 (dq, 4p-H). 

b) The alcohol XXXV (S5 mg) in acetone (3 ml) was oxidized with excess Jones' reagent for 
10 min at room temperature. Methanol was added a nd the product was isolated with ether as 
usual. Crystallisa tion from methanol afTorded 62mg of the ketone XXIX, m.p. 166 - 16S"C. 
[0:]&0 + 39° (c 0'9) . 

2a-Bromo-5-bromomethyl-5a-cholestan-3a-ol (XXX) 

The bromo ketone III (3'8 g) in tetrahydrofuran (80011) was treated at room temperature with 
lithium tri-tert-butoxyaluminium hydride (10 g) and allowed to stand for 30 min. The excess 
hydride was destroyed with acetic acid, the mixture was diluted with water and the product 
was taken into ether. Usual working up afforded a mixture of the bromo derivatives XXX, XXXI, 
and XXXIV. Chromatography over silica gel (500 g) in benzene yielded fraction'~ \vith the lipo
philic component. Evaporation of the solvent left 1·1 g of the oily bromohydrin XXX, [0:]6° 16 0 

(c ]'5). IR spectrum: 3568 cm- 1 (hydroxyl). For C2sH4SBr20 (560'5) calculated: (i() · OO/~ C. 
8'63% H, 28'52% Br; found: 60'15% C, 8'28% H , 28'14% Br. 

2a-Bromo-5-bromomethyl-5a-cholestan-3a-ol 3-Acetate (XXXI) 

The bromohydrin XXX (105 mg) was acetylated with acetic anhydride (lml) in pyridine (1'5 ml) 
at 80aC for 6 h. Usual working up and crystallisation from ethanol yielded 95 mg of the acetate 
XXXI, m.p. ]69-170°C, [0:]6° + 17° (c 0'8). IH NMR spectrum: 0'66 (s, 18-H), 1·15 (s, 19-H), 
2·17 (s. acetate) , 2·25 (dd, Jge m = - 15'9 Hz, 4a-H), 4'07 and 4'20 (two dd, JCH2Ilr,4~ = 2'2 Hz. 
JCH2Br,6 ~ = 1·2 Hz, J gcm = -10,0 Hz, - CH2Br, 4·47 (ddd, J 2 . 1o = 10'6 Hz, J2~,1~ = 7·6 Hz, 
J2~.3 ~ = 4· 1 Hz , 2p-H), 5·23 (mt, J3~, 40 = 2·6 Hz, J3~,4~ = 4·1 Hz, JP-H). For C30 HsoBrzOz 
(602'5) calculated: 59'80% C. 8'36% H , 26'53% Br; found: 59'46% C, 8'52% H, 26 '90% Br. 

5-Bromomethyl-5ct-cholestan-3a-ol (XXXII) 

Elution of the chromatographic column after isolation of the dibromo derivative XXX gave frac
tions with the most polar compound. Working up and crystallisation from methanol yielded 
630 mg of the alcohol XXXII, m.p. 150- 151°C, [0:]5° + 14° (c 1'2). IR spectrum: 3600, 
1000 cm- 1 (hydroxyl). For C 2s H49 BrO (481 ' 6) calculated: 69'83% C, 10'26% H, 16'59% Br; 
found: 69'65% C, lO'04/,~ H, 16'32% Br. 
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5-Hromomcthyl-5 :x-choles ta n- 30: -01 3-Acc ta te (X XX I II ) 

The alcohol X XXII (80 mg) was acetylated wi th acetic anhyd ride (1 ml) in pyridine (1 ,5 ml) at 
SO°C for 5 h . Usual working up and crysta lli'a tion from ethan ol yiel ded 65 mg o f the acetate 
XXXIII, m.p. 120 - 121 "c'la J6° + 11 0 

(c 0·7). I H NM R spectrum: 0·66 (s, IS-H), 1'08 (s, 19-H) . 
1·46 (ddd, i4~. 3a = 4·0 Hz. J~C Jll - 15·x li z. 4f\-1-I). 2'09 (5. Hcctate). 4·08 and 4·23 (two dd. 
JC1f , llr.4~ = 2·4 Hz, iClf,flr. b ll ~_c 1' 3 Hz . .I~C I11 =: -- 9'9 1-1 1. . - C H 2 111'). 5·06 (mt , I..1 = 12·7 Hz, 
Ja- I-I) . For C 30 H SI 131'0 2 (52J'6) ca lcu lated : 6S'8 1 ~:' C, 9'82~':' 1-1 , 1 5 '2 6~/:' Ilr; found : 68'73% C. 
<)'65% H. 15' 82% 131'. 

2rx-13romo-3rx,5-oxymcthylene-5a-choksta ne (X X X I I ' ) 

El ution of the chromatographic colu mn after isolati on o f thc bromohydrin XXX and working up 
of the corresponding fra ctiom ga ve 830 mg of a crud c prod uct which on c ry, ta ll isation fro m metha
nol yielded 705mg o f the bro mo deri va ti vc XXXI V. m.p. 122- 123°C, [0: ]5° _., 53° (c 1'3), IR 
spectrum: 1020,955, 833 cm - I (ether). J H NM R spectrum: 0 '65 (s, 18- 11 ),0'99 (d, J I9 • t a. = 
= 0·6 H z, 19-H), 1· 80 (dd, i gc m = - 13-4 1-1 1.. la -I-I). 2·03 (dd , IfI-I1 ). 3'4(i and 4'32 (two d. 

i gc m = - 8'6 Hz, - OCI-I 2), 4·15 (ddd . ./211.10 .~ 11 ·5 Hz, .1211. 111 ,= 5·8 Hz, .I2 ~ ,3 11 = 0·8 Hz. 
2f\-H), 4'36 (d. i 311.4a ~-, (i Hz, i3~ ,4~ ~- 0 H7.. 3[\-1-1). For C 2 8 1-i47 BrO (479·(i) calculated: 
70'12% C, 9'8S% 1-1, 16'66% Hr; found: 70'0(,~:, C, ')'45 :~ ;' I-I, 16' 42% HI'. 

5-Methyl-5a -cholestan-3o:-01 (XXXV ) 

a) A solution of the acetate X X X I V (150 Ill g) in ethanol (5 1111 ) was refluxed with a solution of 
potassium hydroxide (100 mg) in ethan o l (2 IllI ) for (, h . Ace tic ac id was added to remove the 
alkali and solvents were distilled o fT ill 1'(1("//0. The residue was diluted with water and the product 
was extrac ted wi th ether. Working up of the o rga nic laye r and crysta lli sation from methanol 
afforded 93 mg of the a lcohol XXXV, m.p. 138 - 139"C, 10: ]5° -! J5° (c J'2) For C 2M H 50 0 (402,7) 

calculated: 83'51% C, 12'52% 1-1; found: 83 '46% C, 12' 38 /;' I-I. 

b) The ketone XXIX (210 mg) in lClrahyci rofuran (6 ml) was red uced with lithium tri-tert
-butoxyaluminium hydride (500 mg) at roo m tempera ture for 10 min . The mixture was poured 
into 2% hydrochloric acid and the product wa s take n into ether. Worki ng up of the ethereal solu
tion affored a prod uct containing according to the TLC ab out 90% o f the 3a-alcohol XXXV and 
10% of the corresponding W-i somcr. It was chromatogra phed on a silica gel column (12 g) 
in benzene to afford after working up of the fra ctio ns a nd crysta lli sation from methanol 132 mg 
of the alcohol XXXV, m .p. 138- 140°C, [a]5° + I T (c 1'0). 

5-Methyl-5a -cholestan-3Cl-ol 3-Aceta te (XXXVI) 

a) The dibromo derivative XXXI (I SO mg) in benzene was treated with molar benzene solution 
of tri-n-butyltin hydride (I ml) and refluxed under the presence of azobisisobutyronitri le (10 mg) 
for I h. The mixture was adsorbed on a silica gel column and the product was eluted with benzene. 
Evaporation of the solvent and crystallisation from methan ol gave 75 mg of the acetate XXXVI. 
m.p. 131 - 132°C, [a lta + 240 (c 1'2). 1 H NMR spectrum: 0' 65 (s, IS-H), 0'93 (s, 19-H), 1· 11 
(5, 5a-methyl), 2'02 (s, acetate), 5'03 (mt, I.i = 12·9 Hz, 3f1-H equatorial). For C30HS202 (444'7) 
calculated : 81'02% C, lI-79% H; found : SO'78% C, 11 '63% H. 

b) The bromo derivative XXXIII (150 mg) was deha logenated a s described in the foregoing 
experiment. Similar working up and crystallisat ion yie lded S2 mg of the acetate XXXVI, m.p. 

130- 131 °C, [a]tO + 24° (c 1'3). 
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3a,5-0xymcthylcne-5a-cholestane (XXXVII) 

The bromo derivative XXXIV (160 mg) was debrominated as described in the previous experi
ment. Working up and crystallisation from methanol afforded 105 mg of the epoxide XXXVII, 
m.p. 71 - 72°C, [0:]5° + 37° (c 1-6). IH NMR spectrum: 0·66 (s, 18-H), 0'97 (s, 19-H), 3'35 and 
4·27 (two d, J gcm - 8,2 Hz, - OCH z), 4'21 (d, 1 3P ,Z'1. = 5·2 Hz, 13P ,2p = 0·5 Hz, 3~-H). 

For C 28 H4S O (400,7) calculated: 83'93~<> C, 12'08% H; found: 83'65% C, 11'91 % H. 

213-Bromo-3~,5-oxymethylene-513-cholcstane (XXXVI/I) 

The bromo ketone XIV (400 mg) in tetrahydrofuran (20 ml) was reduced with lithium !ri-ten
-butoxyaluminium hydride for 15 min at room temperature. The mixture was poured into 2/~ 
hydrochloric acid and the product was taken into ether. Usual working up afforded after evapora
tion of ether a product which was uniform according to the TLC. Crystallisation from ethanol 
gave 485 mg of the epoxide XXXVIII, m.p. 125-127°C, [0:]5° - 22° (c 1-4).lR spectrum: 1 102, 
1018,972,891 cm - 1 (ether). I H NMR spectrum: 0'65 (s, 18-H), 0'94 (s, 19-H), 1'82 (dd, Jgem = 

== -14,0 Hz, 113+1),2'35 (d, 1 9c m = -12,8 Hz, 4a-H), 3'32 and 4'09 (d and dd, 19cm = -8'6 Hz, 
- OCHz), 4'00 (del, J2~ , I~ = 5·4 Hz, 1Z'1. , I P = 11 ·9 Hz, JZ~,3'1. = 0·8 Hz, 2a-H), 4'38 (d, J3~,4p = 

= 6·5 Hz, J3~ ,4a < I Hz, 3:x+1). For C 2s H47BrO (479'6) calculated: 70'12/~ C, 9'88% H, 
16'66/~ Br; found: 70'25% C, 9'52% H, 17'14% Br. 

5-Methyl-5~-cholestan-3-one (XXXIX) 

The bromo ketone XI V (115 mg) was dehalogenated with tri-n-butyltin hydride as described for 
preparation of the acetate XXXVI. Similar working up and crystallisation from methanol gave 
45 mg of the ketone XXXIX, m.p. 89-90°C, [0:]5° -j- 32° (c 1'3) in accordance with the literatures. 
IH NMR spectrum: 0·68 (s, IS-H), 0·87 (s, 513-melhyl). 0·92 (s, 19-H). 

313,5-0xymethylene-513-cholestane (XL) 

The bromo derivative XXXVIII (170 mg) was debrominated as described above for preparation 
of the acetate XXXVI. Working up and crystallisation from methanol afforded 95 mg of the epoxi
de XL, m.p. 53-54°C, [0:)5° + 28° (c 0'8). IR spectrum: 997, 901,889,884 cm -1 (ether). 1 H NMR 
spectrum: 0'66 (5, 18-H), 0'90 (s, 19-H), 2·24 (dd, 1gem = -11'6 Hz, 4et-H), 3'20and 4'03 (d and dd, 
.l= 0·8 Hz, Jgem = -8,2 Hz, -OCH2 ), 4'26 (t, J 3a ,2p = 5'3 Hz, J 3'1.,4P = 5'3 Hz, J3~,4~ = 

~= 0 Hz, 3et-H. For C28 H4sO (400'7) calculated: S3'93% C, 12'08% H; found: 83'86% C, 12'25% H. 

The analyses were carried Ollt in the Analytical Laboratory of this Institllte by Mrs E. Sykorova 
and Mrs E. Sfpovd IInder the direction of Dr J. Horacek. The IR spectra were recorded by Mrs 
K. Matollskova IInder the direction of Dr J. Smolikovd. The CD spectra were recorded and interpreted 
by Dr S. VaSfckova. Ollr thanks are dlle to Dr F. Tureeek for recording and interpreting the mass 
spectra. 
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