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anthrene,21 0.4 g. of sodium hydroxide, 10 ml. of ethanol and 
2.0 g. of Raney nickel was shaken in a hydrogen atmosphere 
a t 3000 p.s.i. and 100° for 24 hr. The mixture was filtered 
through a Celite mat and the solution concentrated to dry
ness. The residue was dissolved in 20 ml. of benzene and 
chromatographed on ethyl acetate-washed alumina. EIu-
tion with benzene yielded 1.1 g. of 2-hydroxy-jym-octahydro-
phenanthrene with a low melting point. Distillation of this 
material a t a bath temperature of 180° and 0.5 mm. and 
crystallization from ether afforded 0.9 g. of white needles, 
m.p . 128-129.5° (capillary m.p . , corrected). 

(21) We are grateful to Dr. R. C. Elderfield for a generous supply of 
this materia). 

In 1936, Inhoffen1 and Butenandt and Schramm2 

investigated the monobromination of 5a,6(3-di-
bromocholestane-3-one3 (I) under slightly different 
conditions and obtained different tribromo ketones. 
Inhoffen's product, m.p. 138°, resulted from bro-
mination in ether-acetic acid; Butenandt and 
Schramm's product, 106°, was obtained by bro-
mination in acetic acid alone. Since both tribromo 
ketones on further bromination yielded the same 
tetrabromo ketone they were regarded as stereoiso
mers, an inference confirmed by Corey's observa
tion4 that the lower-melting tribromo ketone is 
converted by ethereal hydrogen chloride into the 
higher-melting isomer. 

Both Inhoffen and Butenandt and Schramm re
garded the two epimeric tribromo ketones as 4,5,6-
derivatives and the tetrabromo ketone as the 4,4,-
5,6-derivative mainly on the apparent evidence of 
three transformations. One was conversion of 
both tribromo ketones by the action of boiling etha
nol into 6-ethoxy-A4e-cholestadiene-3-one, the enol 
ethyl ether of A4-cholestene-3,6-dione.12 A second 
was formation of cholestane-3,6-dione in 60% yield 
from the lower-melting tribromo ketone on treat
ment with sodium iodide followed by reaction with 
potassium acetate (200°, five hours).2 The third 
transformation considered to support the postulated 
structures was conversion of Inhoffen's tribromo 
ketone and of the tetrabromo ketone on drastic 
treatment with potassium acetate into the enol ace
tate of diosterol-II, at the time formulated as 4-
acetoxy-A4'e-cholestadiene-3-one, but now consid
ered to be 3-acetoxy-A25-cholestadiene-4-one.6 The 

(1) H. H. Inhoffen, Ber., 69, 1134, 1702 (1936). 
(2) A. Butenandt and G. Schramm, ibid., 69, 2289 (1936). 
(3) The configuration of the bromine atoms since has been estab

lished by D. H. R. Barton and E. Miller, T H I S JOURNAL, 72, 1066 
(1950). 

(4) E. J. Corey, ibid., 76, 175 (1954). 
(5) L. F. Fieser, M. Fieserand S. Rajagopalan, J. Org. Chem., 18, 800 

U »48). 

Anal.™ Calcd. for C H H 1 8 O : C, 83.1; H, 9.0. Found: 
C, 83.1; H , 9 .1 . 
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(22) The microanalysis is by the Analytical Service Laboratory of 
this Institute under the direction of Dr William C. Alford. 
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second and third transformations involve reaction 
with potassium acetate at a high temperature, 
which is now known to be accompanied rather fre
quently by rearrangement.6 The only reaction with 
potassium acetate at room temperature reported 
was that of Inhoffen's tribromo ketone. The 
product, originally formulated as 4,6-dibromo-A4-
cholestene-3-one, has since been shown to be a 2,6-
dibromo-A4-cholestene-3-one,7 and hence this evi
dence favors location of the bromine introduced by 
substitution at position 2 rather than 4. 

Another reason for questioning the original for
mulations is that bromination of A/B trans 3-ketones 
ordinarily gives rise to 2-bromo derivatives, even 
when the 5a-hydrogen is replaced by a substituent, 
such as a hydroxy! group.8 Moreover the ultra
violet absorption characteristics of the transforma
tion products are such as to throw some doubt on 
the assigned structures.9 

Since dehydrohalogenation with collidine is sel
dom attended with rearrangements,10 we have 
studied the reaction of the polysubstituted ketones 
with this reagent. The results show that the tri
bromo ketones are 2,5,6-derivatives. Brief treat
ment of either isomer II or III with collidine results 
in elimination of two equivalents of hydrogen bro
mide with formation of a bromodienone, which has 

(6) Examples: 2ct-bromocholestane-3-one —»- A5-cholestene-4-one, 
A. Butenandt and G. Ruhenstroth-Bauer, Ber., 77, 397 (1944); 2a,4a-
dibromocholestane-3-one —+ cholestane-3,4-dione; 2-bromo-5-chloro-
cholestane-3-one —*• cholestane-3,6-dione and cholestane-3,4-dione, A. 
Butenandt, G. Schramm, A. WoIS and H. Kudszus, ibid.. 69, 2779 
(1936); 60-bromo-A*-cholestene-3-one —*• 2a-acetoxy-A*-cholestene-3-
one, L. F. Fieser and M. A. Romero, T H I S JOURNAL, 78, 4716 (1953). 

(7) C. Djerassi, G. Rosenkranz, J. Romo, St. Kaufmann and J. 
Pataki, ibid., 72, 4534 (1950). 

(8) B. Ellis and V. Petrow, / . Chem. Soc, 1078 (1939); 2194 (1950). 
(9) L. Dorfman, Chem. Revs., 63, 47 (1953). 
(10) Dehydrohalogenation of 2a-bromochloestane-3-one with colli

dine affords Ai-cholestene-3-one a> a minor product (12-23% yield), 
but the major product is the expected A^cholestene-S-one; C. Djerassi 
and C. Schultz, T H I S JOURNAL, 69, 2404 (1947). 
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Reinvestigation of the bromination of 5a,6/3-dibromocholestane-3-one has shown that the initial products, depending upon 
the conditions, are the 2a- and 2(3-bromo derivatives II and III and that further bromination affords the 2a,2/3,5a,6/3-de-
rivative IV. The structures were established largely by dehydrohalogenations conducted with collidine under non-rearrange
ment conditions; the configurations of the bromine substituents were established by synthetic operations. Transforma
tions of the bromo ketones are accounted for, and the structures and configurations assigned accord with established ultra
violet and infrared absorption data. 
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an absorption maximum at 290 m,u (25,000), close 
to that of A4'6-cholestadiene-3-one, X 283-284 
(26,300). The bromine atom cannot be on the 
unsaturated system at 4 or at 6, since such substi
tution would produce a bathochromic shift of at 
least 25 rm*.11 That the product is actually a 2-
bromo-A.4'6-cholestadiene-3-one (VI) is shown by 
further dehydrohalogenation with collidine to A2'4-6-
cholestatriene-3-one (VII), identified by the typi
cal triple maxima in the ultraviolet and by com
parison with a sample prepared according to the 
literature.7 

The tribromo ketones are thus 2,4,6-derivatives, 
epimeric at C2. That the more stable tribromo ke
tone, m.p. 138°, has the expected equatorial (a) 
orientation was established by a synthesis starting 
with2a,4a-dibromocholestane-3-one12 (VIII). Brief 
treatment of VIII with collidine affords 2a-bromo-
A4-cholestene-3-one13 (IX), which on bromination 
with N-bromosuccinimide gave a dibromocholeste-
none identical with the product of monodehydro-
halogenation of both tribromo ketones (II and III) 
with potassium acetate at room temperature. The 
compound is evidently 2a,6/3-dibromo-A4-choles-
tene-3-one (V). 

The results of collidine dehydrohalogenations are 
consistent with formulation of the tetrabromo ke
tone as 2a,2/3,5a:,6/3-tetrabromocholestane-3-one 
(IV). On brief treatment (5 min.) with collidine 

(11) See A. L. Nussbaum, et al., T H I S JOURNAL, 78, 3263 (1951). 
(12) For the orientation of the bromine atoms see R. N. Jones, et al., 

ibid.,74, 2828 (1952). 
(13) C. Djsrassi, ibid., 71, 1003 (1949). This readily occurring de

hydrohalogenation probably proceeds through partial epimerization at 
Ci. 
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two equivalents of hydrogen bromide are eliminated 
with formation of a dibromocholestadienone having 
an absorption band at 253 my (17,700), corre
sponding to that of known 2-bromo-A1'4-3-ke-
tones.8 We thus formulate the product as 2,6/3-di-
bromo-A^-cholestadiene-S-one (XI). Prolonged de
hydrohalogenation gives a product which, because 
it has ultraviolet absorption characteristic of 
A1'4'6-trienones, can be formulated as 2-bromo-
A^^-cholestatriene-S-one (XII). Dehydrohalo
genation of the tetrabromo ketone IV with potas
sium acetate at room temperature gave 2a,2/3,6/3-
tribromo-A4-cholestene-3-one (X), identical with a 
compound prepared by Butenandt, Schramm and 
Kudszus14 by bromination of V. These authors 
formulated the substance as 4,6,6-tribromo-A4-
cholestene-3-one (formula VII of their paper) but 
such a structure should exhibit absorption at about 
270 myu, whereas the observed value is 253 m,u 
(ether). Revised formulas now can be assigned to 
a series of transformation products described in the 
same paper. The dibromodienone (their XII), 
m.p. 183°, Xchf 296 mn (19,400) is 2a,2/3-dibromo-
A46-cholestadiene-3-one; the tribromodienone 
(their XIII), m.p. 166°, Xchf 313 my (17,400) is 
2a,2/3,6-tribromo-A4'6-cholestadiene-3-one; and the 
dibromotrienone (their XIV), m.p. 203°, is then 
2,6-dibromo-Al'4'6-cholestatriene-3-one, as tenta
tively suggested by Inhoffen and Becker.16 

The present structures are not inconsistent with 
the transformations noted above. The reaction of 

(14) A. Butenandt, G. Schramm and H. Kudszus, Ann., SSl, 176 
(1937). 

(15) H. H. Inhoffen and W. Becker, Ber., 85, 183 (note 5) (1952). 
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t h e t r i b r o m o k e t o n e s I I a n d I I I w i t h bo i l ing e t h a n o l 
m a y i n v o l v e f o r m a t i o n of t h e u n s a t u r a t e d d i b r o m o 
k e t o n e V a n d a l ly l ic m i g r a t i o n of b r o m i n e t h r o u g h 
t h e eno l f rom C 2 t o C« t o g ive 6 ,6 -d ib romo-A 4 - cho l -
e s t e n e - 3 - o n e , h y d r o l y s i s t o A 4 -cho les tene-3 ,6-d i -
o n e , a n d a c i d - c a t a l y z e d eno l e t h e r f o r m a t i o n . T h e 
r e a c t i o n of I I I w i t h s o d i u m iod ide a n d t h e n p o t a s 
s i u m a c e t a t e t o f o r m c h o l e s t a n e - 3 , 6 - d i o n e m a y p r o 
ceed b y 5 , 6 - d e b r o m i n a t i o n , m i g r a t i o n of b r o m i n e 
f rom C 2 t o C 4 t o C 6 , h y d r o l y s i s t o 6 0 - h y d r o x y - A 4 -
cho l e s t ene -3 -one , a n d i s o m e r i z a t i o n . R e l a t e d r e a c 
t i o n s a r e t h e c o n v e r s i o n of 5a ,6 /3 -d ib romocholes -
t a n e - 3 - o n e i n t o cho l e s t ane -3 ,6 -d ione 1 6 a n d of 2-
b r o m o - 6 / 3 - a c e t o x y c h o l e s t a n e - 5 a - o l - 3 - o n e i n t o A4-
cho le s t ene -3 ,6 -d ione . 8 A poss ib le p a t h for t h e 
t r a n s f o r m a t i o n of t h e t r i b r o m o k e t o n e I I I i n t o 3 -
ace toxy -A 2 ' 6 - cho l e s t ad i ene -4 -one i s : d e h y d r o h a l o -
g e n a t i o n t o V, a l ly l ic m i g r a t i o n of b r o m i n e f rom 
C 6 t o C4 , m i g r a t i o n of t h e b r o m i n e a t C2 t h r o u g h t h e 
eno l t o C 4 t o g ive 4 ,4 -d ib romo-A 5 - cho l e s t ene -3 -one , 
fol lowed b y t h e r e a c t i o n s of ace to lys i s a n d a c y l m i 
g r a t i o n p r e v i o u s l y p o s t u l a t e d for t h e s a m e i n t e r m e 
d i a t e . 5 

T h e p r e s e n t s t r u c t u r e s a r e a lso c o n s i s t e n t w i t h 
k n o w n effects of s u b s t i t u t i o n of h a l o g e n a d j a c e n t 
t o a c a r b o n y l g r o u p on t h e in f r a red c a r b o n y l 
s t r e t c h i n g b a n d . 1 7 A b r o m i n e a t o m of e q u a t o r i a l 
o r i e n t a t i o n p r o d u c e s a s l igh t shif t in t h e pos i t i on of 
t h e c a r b o n y l b a n d , w h e r e a s if t h e o r i e n t a t i o n is 
ax ia l t h e effect is negl ig ib le . T h e effects n o t e d w i t h 
t h e b r o m o k e t o n e s cons ide r ed in t h i s p a p e r a r e 
s u m m a r i z e d in T a b l e I . 

TABLE I 

EFFECT OF BROMINB SUBSTITUTION ON INFRARED CAR

BONYL ABSORPTION 

Bromo ketone 

2a-Bromo- A*-cholestene-3-one (IX) 
2a,6/3-Dibromo-A<-cholestene-3-one (V) 
2a,5al6/S-Tribromocholestane-3-one (II) 
2/3,5a,6/S-Tribromocholestane-3-one (III) 
2cr,2|3,6|S-Tribromo-A<-cholestene-3-one (X) 
2a,20,5a,B|3-Tetrabromocholestane-3-one (IV) 

Conforma
tion of 

a-Br 

Equatorial 
Equatorial 
Equatorial 
Axial 
Equat., axial 
Equat., axial 

Shift, 
AX, M 

0.07 
.08 
.06 
.02 
.05 
.05 

A c k n o w l e d g m e n t . — W e a r e i n d e b t e d t o t h e 
C a m i l l e a n d H e n r y D r e y f u s F o u n d a t i o n for a fel
l o w s h i p ( to M . A . R . ) . T h e w o r k w a s s u p p o r t e d in 
p a r t b y g r a n t s f r o m t h e N a t i o n a l I n s t i t u t e s of 
H e a l t h a n d t h e N a t i o n a l S c i e n c e F o u n d a t i o n . 

E x p e r i m e n t a l 

2a,60-Dibromo-A4-cholestene-3-one (V). (a) From 2a,-
5a,6/3- and 2/3,5«,6/3-Tribromocholestane-3-one (II and III) . 
—The partial dehydrohalogenation of the tribromo ketones 
with potassium acetate in ethanol-benzene was carried out 
as described by Inhoffen1 for I I . The product (V) was the 
same in both cases (yield about 75%). 

(16) E. Dane, Y. Wang and W. Schulte, Z. fihysiol. Chem., 24S, 80 
(1937). 

(17) R. N. Jones, tt al., T H I S JOURNAL, Ti , 956 (1950); Tt, 2828 
(1952). 

(b) From 2a-Bromo-A'-cholestene-3-one (IX).—The 
bromo ketone (200 mg.), prepared according to Djerassi," 
was treated with N-bromosuccinimide (80 mg.) in refluxing 
carbon tetrachloride (30 ml.) under illumination. After 
evaporation of the solvent under reduced pressure, the resi
due was crystallized from aqueous acetone; the product 
(V, 180 mg., 77% yield) was obtained as long colorless 
needles, m.p. 169-170°, avckt + 5 0 . 0 ± 2° , XE t 0 H 248 mM 

(14,100), X0"'5.91 p. 
2a-Bromo-A4'6-cholestadiene-3-one (VI). (a) From 2a,-

6/3-Dibromo-A4-cholestene-3-one (V).—A solution of the 
dibromo-A4-3-ketone (2 g.) in freshly distilled collidine (8 
ml.) was refluxed for 15 min. and then cooled. The colli
dine hydrobromide was removed by filtration, and the 
solution, diluted with ether, was washed with dilute hy
drochloric acid and then water. The ethereal solution was 
dried with anhydrous sodium sulfate and evaporated. The 
residue on crystallization from petroleum ether-benzene 
gave the bromodienone VI (1 g., 59% yield) as yellowish 
prisms, m.p. 146-147° d e c , \Et0B 290 mM (25,000), Xchf 

6.01, 6.20, 6.33 /i. 
Anal. Calcd. for C27HuOBr (461.51): C, 70.10; H, 

8.93; Br, 17.27. Found: C, 70.46; H , 9.04; Br, 17.38. 
(b) From 2a,5a,6/3-Tribromocholestane-3-one (II).—A 

solution of the tribromo ketone (3 g.) in distilled collidine 
(20 cc.) was refluxed for 30 min. The reaction was worked 
up as in (a). The bromodieneone VI was obtained (400 
mg., 18% yield). 

(c) From 2£,5a,6/3-Tribromocholestane-3-one (III) .— 
The dehydrohalogenation was carried out as in (b) and the 
product VI was obtained in 22% yield. 

A1'4'6-Cholestatriene-3-one (VII).—A solution of 2-
bromo-A*'6-cholestadiene-3-one (240 mg.) in collidine (2 
ml.) was refluxed for 5 hr. The reaction mixture was 
worked up in the usual way, and the trienone (VII) was 
obtained in 56% yield as a low-melting solid; neg. Beilstein 
test; XE'OK224m/*(10,700),258mM(8300),300mM (12,860). 

The same material was obtained ( 3 1 % yield) from 2a,6|3-
dibromo-A4-cholestene-3-one (V) as already reported.7 

2,6/3-Dibromo-A1'4-cholestadiene-3-one (XI).—The tetra-
bromo ketone IV (500 mg.) was heated in distilled collidine 
to reflux for 10 min., and the reaction was then worked up 
by the usual procedure. The crude product was chromato-
graphed through alumina, and the petroleum ether-ben
zene (5:3) eluate afforded 180 mg. (47% yield) of colorless 
needles, m.p. 177-178°. Pure XI was obtained by crystalli
zation from aqueous acetone; m.p. 180-181° d e c , OD 
- 5 5 ± 2° (Chf), XEtOH 253 mft (17,800), X°h< 6.03, 6.25 M-

Anal. Calcd. for C27HuOBr2 (541.43): C, 59.88; H, 
7.63; Br, 29.52. Found: C, 60.48; H, 8.21; Br, 29.72. 

2-Bromo-AI'4'9-cholestatriene^3-one (XII).—The tetra-
bromo ketone IV (2 g.) was dehydrohalogenated in the usual 
way in collidine (15 ml., 1.5 hr. reflux). The product, 
m.p. 145-146°, 5 3 % yield, crystallized from petroleum ether 
as straw-colored needles, m.p . 148-149° d e c , aD —16 ± 1° 
(Chf), XE '0H 224 mM (14,780), 271 mM (12,000), 308 mp 
(9750), Xchf 6.08, 6.25, 6.32 M. 

Anal. Calcd. for C27H31OBr (460.50): C, 70.41; H, 8.53; 
Br, 17.35. Found: C, 70.11; H , 8.39; Br, 17.51. 

2,2,6/3-Tribromo-A4-cholestene-3-one (X).—The tetra-
bromo ketone IV (2 g.), dissolved in a mixture of absolute 
ethanol (70 ml.) and benzene (30 ml.) , was treated with 
potassium acetate (0.4 g.); the reaction mixture was al
lowed to stand for 24 hr. a t room temperature. Potassium 
bromide separated and was removed by filtration; the sol
vent was evaporated under reduced pressure and the solid 
residue crystallized from acetone (1.2 g., 6 8 % yield); 
m.p. 185-186°, aD - 6 ± 1° (Chf), Xoh< 5.96, 6.21 ». 

The product was shown by direct comparison to be iden
tical with Butenandt 's "A4-cholestenone-3-tribromide-4,6,-
6 , " a sample of which was prepared from V by his proce
dure.14 
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