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in Table 111 leads to a correct qualitative prediction 
of the predominant anomer at  equilibrium in every 
case. This generalization, previously found ap- ranoses. 
plicable in the cases of poly-0-acetylglycopyrano- 

syl halides and alkyl glycopyranosides, thus also 
appears valid in the case of poly-0-acetylglycopy- 

STANFORD, CALIF. 

[CONTRIBUTION FROM THE CHEMISTRY DEPARTMENT OF THE c N I V E R S I T Y  OF CALIFORNIA, L O S  AVGELES, AUD THE CIlffhlIS TR\ 
DEPARTMETT O F  THE cSIVERSITP OF SYDKEY, AUSTRALIA] 

Allylic Rearrangements. XLII. The Preparation and Some Reactions of 
3~-Chlorocholest-4-ene and 3a-Chlorocholest-4-enel 

B Y  IY. G. 170u&+G, R. E. IRELAND, T. I. WRIGLEY, c. lv. SHOPPEE, B. D. AGASHE AND G. H. R. SUMMERS 

RECEIVED JUXE 23, 1958 

The allylic chlorides named above have been prepared from 3P-hydroxycholest-4-ene and 3a-hydroxycholest-4-ene, re- 
The chlorides, by solvolysis in ethanol-dioxane (1 : 1 )  at 25",  exhibit kinetics 

The products of solvolysis 
spectively, and their structures established. 
of the first order with respect to  the steroid and show closely similar rate constants (38 > 3a). 
under various conditions have been examined. 

3~-Chlorocholest-4-ene (I, C1 quasiequatorial) 
was the sole isolatable product obtained by treat- 
ment of 3/3-hydroxycholest-4-ene (I) with thionyl 
chloride in ether a t  0' using the procedure of Platt- 
ner, et aL2 A plot of the first-order kinetics ob- 
tained from solvolysis of the total product in alcohol- 
dioxane (1:l) a t  25' gave a stright line between 
the limits 0-759;;; reaction. Beyond this point there 
was considerable drift in the rate, probably due to 
the presence in minor amount of a second allylic 
chloride. However, after several recrystallizations 
of this crude material, purer 3P-chlorocholest-4- 
ene (11) was obtained, as indicated by the almost 
complete elimination of this drift. The same 
chloride (11) was also obtained by use of phos- 
phorus pentachloride in carbon tetrachloride; 
this result recalling the conversion of 7a-hydroxy- 
cholest-5-en-3P-yl acetate into 7a-chlorocholest-5- 
en-3P-yl acetate, with both thionyl chloride in 
ether and phosphorus penta~hloride.~ 

The structure of the chloride I1 was established 
by conversion with perbenzoic acid to the 4a, 5,- 
epoxide (111)) and reduction thereof with lithium 
aluminum hydride in ether to the known 3P- 
chloro-5a-cholestan-5-01 (IV) . 4  This, by hydro- 
genation with platinum in ethyl acetate, gave 5,- 
cholestane. The 3P-configuration and quasiequa- 
torial conformation6 of the chlorine atom in I1 is 
confirmed by the infrared absorption spectrum, 
which exhibited a strong band a t  760 cm.-l as- 
sociated with the C-C1 stretching vibration (equa- 
torial C1, 736-856 cm.-l; axial C1, 646-730 

Solvolysis of pure 3/3-chlorocholest-4-ene in 
aqueous acetone a t  45-55 O in the presence of sodium 

cm.-1,6a,b). 

(1)  This investigation was commenced independently a t  the Uni- 
versity of California (W.G.Y., R.E.I., T.1.W) and a t  the University 
of Wales (C.W.S., B.D.A.. G.H.R.S.); learning of each others' work 
we decided to  publish our  results jointly. 

(2) P. A. Plattner, H .  Heusser and A .  B. Kulka rn i ,  H e l a  Chim.  Acfn,  
32, 265 (1949). 

( 3 )  4. E. Bide, H.  B. Henbest, E. R. H. Jones and P. A. Wilkinson, 
J .  Chem. Soc , 1788 (1948). 

(4) C. W. Shoppee, R. J, Bridgwater, D. N. Jones and  G. H. R .  
Summers, ib id . ,  2492 (1956). 

( 5 )  D. H. R .  Barton, R. C. Cookson, W. Klyne and C. W. Shoppee, 
Chemistry &Indus t ry ,  21 (1954). 

( 6 )  (a) J.  E.  Page. J. C h e m  S o r . ,  2017 (19Z3); (t i)  D. H .  R. Barton. 
J. IS. Page a n d  C. W. Shoppee, ibid., 331 (1956) .  

bicarbonate, or in moist ether a t  20' in the presence 
of silver hydroxide, gave cholesta-3,5-diene (ca. 
157&), and 3P-hydroxycholest-4-ene (I) and 3cr- 
hydroxycholest-4-ene (iT) in approximately equal 
proportions (cu. 40Ye of each isomer). These re- 
actions thus appear to proceed by an SN1 heter- 
olysis; the carbonium ion produced can acquire 
extra stability by resomerism and may therefore 
be sufficiently long-lived to assume its stable plane- 
trigonal form, so that the ultimate attack by the 
substituting agents affords an almost completely 
racemized product. However, use of potassium 
acetate in acetic acid a t  20" afforded cholesta-3,- 
5-diene (ca. 15%), with a marked preponderance 
of 3a-acetoxycholest-4-ene ( 70yo) over the 3/3- 
epimer (< 10%) ; this predominant inversion of 
configuration suggests the incursion of S N ~  dis- 
placement despite the relatively weak nucleophilic 
power of the anion (OAc-) involved. 

r-k d J-J-2 __* ,3 
c1 c1 '6 C1 OH 

M 
I11 IV OH I I1 

Unlike its ,&epimer, 3a-hydroxycholest-4-ene 
(V) could form a quasiaxial chlorosulfinate in 
which the chlorine would have relatively unhin- 
dered approach to Ch enabling the operation of an 
SN1' mechanism. However, 3a-chlorocholest-4- 
ene (VI) was the major product from the reaction 
of the allylic alcohol (V) with thionyl chloride. 
Solvolysis of the total product and a plot for first- 
order kinetics gave a straight line between the 
limits &70% beyond which point there was con- 
siderable drift, presumably due to the presence of 
a second non-isolable allylic chloride, the rate of 
solvolysis of which was considerably slower than 
that of 3P-chlorocholest-4-ene (11). This minor 
product may be 5cr-chlorocholest-3-ene (IX) re- 
sulting from an Sxl' reaction. Lithium aluminum 
hydride reduction of the allylic chloride mixture 
afforded solely cholest-4-ene. The infrared spec- 
trum of this total product showed no absorption a t  
773 and 671 cm.-' expected for cholest-3-ene,' the 

(7) I1 I3 Henbest,  G D >leakins and G W Wood i h i d  800 
(1954) 
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normal hydride reduction product of the tertiary 
allylic chloride IX. This does not rule out the 
possible formation of the latter, as hydride reduc- 
tion by an S N ~ '  displacement may have occurred to 
give cholest-4-ene. 3a-Chlorocholest-4-ene (VI) 
was also obtained as principal product by treatment 
of 3a-hydroxycholest-4-ene (V) with phosphorus 
trichloride in chloroform at  20". 

TABLE I 
RATE COKSTANTS FOR THE SOLVOLYSIS OF 0.017 M 36- 

ETHAKOL-DIOXANE (1: 1) AT 25.0' 

3P-Chlorocholest-4-ene (11) 6.20 f 0.04 

CHLOROCHOLEST-4-ENE AND 3a-CHLOROCHOLEST-4-EKE IS 

IO", sec. --I 

3a-Chlorocholest-4-enc (VI) 4 .94 xk 0.04 

Proof of the structure of 3a-chlorocholest-4-ene 
(VI) was obtained by employing the same reaction 
sequence of epoxidation followed by lithium alumi- 
num hydride reduction, as with the @-epimer, to 
give 3a-chlorocholestan-sa-01 (VIII) .s Hydrogen- 
ation of the allylic chloride (VI) with platinum 
oxide in ether gave 5P-cholestane. 

OH 2-,d-,a-d Cl Cl 0 C1 OH 

V VI VI1 VI11 

Experimental 
Melting points were recorded on a Kofler block and are 

corrected. Rotations were determined in 1% chloroform 
solutions. The petroleum ether referred to  is the fraction 
with boiling point 67-68". The deactivated alumina was 
prepared by treatment of activated alumina with 5y0 of its 
weight of 10% aqueous acetic acid; the alkaline alumina 
used was Spence (activity - 11). 

36-Chlorocholest-4-ene .-(A) A solution of 3P-hydroxy- 
cholest-4-ene (6.2 g., m.p. 131-132", [ a I 2 j ~  + 42') in an- 
hydrous ether (50 ml.) was treated with purified thionyl 
chloride (1.5 ml.) a t  0" for 6 min. It was thoroughly 
washed with sodium bicarbonate solution and the steroid 
was then isolated as a colorless solid (6.13 g.). Three cry- 
stallizations from ether gave fairly pure allylic chloride (3.1 
g.), m.p. 116-120", + 26"). Modified Volhard titra- 
tions indicated 96% chloride ion. 

3P-Hydroxycholest-4-ene (1 g.) in carbon tetrachlo- 
ride (50 ml.) mas shaken with phosphorus pentachloride (1 
g., freshly sublimed a t  50-70" (0.1 mm.) a t  0' for 15 min. 
The usual working up gave 3P-chlorocholest-4-ene (0.8 g.), 

(B)  

m.p. 111-113', [ a ] " D  +23'. 
Anal. Calcd. for C27Ht5Cl: C, 80.05; H, 11.20; C1, 

8.75. Found: C,80.3; H,  11.1; C1,8.4. 
Lithium Aluminum Hydride Reduction of 3p-Chlorocho- 

lest-4-ene.-3~-Chlorocholest-4-ene (0.170 g., m.p. 116- 
120') in ether (15 ml.) was refluxed in the presence of lithium 
aluminum hydride (ca. 1 g.) for 20 min. The product was 
isolated with ether and chromatographed on alumina ( 5  g.). 
Elution with petroleum ether gave cholest-4-ene (0.108 g.), 
m.p. and mixed m.p. 81-82' (from acetone), [aIz5D + 71". 
3P-Chloro-4~-5-epoxy-5~-cholestane .-A benzene solution 

(15 ml.) of 36-chlorocholest-4-ene (1.8 g.) was treated a t  25' 
with perbenzoic acid (1.3 moles) in benzene (61 ml.). The 
ensuing reaction, followed titrimetrically, was complete in 
2.5 hr. After washing with dilute sodium hydroxide solu- 
tion the steroid was isolated as a crystalline solid (1.74 g.). 
Two recrystallizations from acetone yielded the pure ep- 
oxide, m.p. 114-115', [ a I z 6 ~  + 64'. 

Anal. Calcd. for C27H450C1: C ,  77.01; H, 10.77; C1, 
8.42. Found: C, 76.81; H, 10.42; C1,8.11. 

S O C . .  968 (1954) .  
(8 )  A. J. Fudge. C. 'A'. Shoppee and  C.. H. R.  Summers, .I. Chmz.  

3~-Chloro-5a-cholestan-5-ol.--The epoxide (0.4 9.) in 
ether (40 ml.) was refluxed with lithium aluminum hydride 
(0.2 9.) for 0.5 hr. The reaction product (0.38 9.) was chro- 
matographed on alumina (15 g.). Elution with pentane 
gave cholesta-3,5-diene (54 mg.), m.p. and mixed m.p. 78- 
80". Elution with ether-pentane (1 : 19) yielded 3P-chloro- 
5a-cholestan-5-01 (0.27 g.), m.p. 11@111", [alZe6D +24", 
giving no depression on admixture with an authentic sample. 

Solvolysis Products of 3p-Chlorocholest-4-ene.-(A) 
38-Chlorocholest-4-ene (1.12 g., m.p. 116-120") and sodium 
bicarbonate (3 g.) were placed in a 200 ml. r.b. flask and ace- 
tone (90 ml.) was added, the steroid easily dissolving. 
n'ater (10 ml.) was then added and the mixture was main- 
tained at 45-55" for 1.5 hr.  and vigorously shaken during 
this period. The steroid (1.01 g.) was isolated with ether as 
a crystalline solid. A sample of this material, after one re- 
crystallization from ethanol, had m.p. 138-140", [a] 2 6 ~  

+is". The melting point of this material was not de- 
pressed upon admixture with a sample of the molecular com- 
pound of 30-hydroxpcholest-4-ene and 3a-hydroxycholest-4- 
ene. 

A sample of the crude reaction product (0.618 g.) was 
chromatographed on alumina (35 g.). Elution with petro- 
leum ether gave cholest-3,5-diene (0.062 g.), m.p. 78-79", 

Elution with benzene-ether (1O:l) gaxe 
(1) 3a-hydroxycholest-4-ene, m.p. 82-83', [a]  2 5 ~  + 119 ; 
(2) the molecular compound, m.p. 139-140", [ a ] % ~  +&3'; 
(3) 3@-hydroxycholest-4-ene, m.p. 131-132", [a]  2 6 ~  $43". 

(B) 3p-Chlorocholest-4-ene (0.5 g.) in ether (40 ml.) 
was shaken with moist, freshly precipitated silver oxide a t  
20' for 16 hr. The solid product, isolated in the usual way, 
was chromatographed on neutralized alumina (15 8.) in 
pentane to give by elution with pentane impure cholesta- 
3,5-diene (70 mg.), and by elution with ether-benzene 
(1:9) the molecular compound (0.4 g.), m.p. and mixed 
m.p. 140'. 

3p-Chlorocholest-4-ene (0.65 g.) was treated with a 
solution of freshly fused potassium acetate (0.36 g.) in ace- 
tic acid (20 ml.) a t  20" for 24 hr. The resultant oil (0.66 g.) 
was chromatographed on neutralized alumina (30 g.) in 
pentane. Elution with pentane (50 ml.) gave cholesta-3,- 
5-diene (104 mg.), m.p. 80-81", [ a I z 5 D  -105". Further 
elution with pentane (10 X 50 ml.) gave 3a-acetoxycholest- 
4-ene (0.47 g.), m.p. and mixed m.p. 83-84", [ a I z 5 ~  +17io,  
after crystallization from acetone. -4 portion of this ma- 
terial was converted by treatment with lithium aluminum 
hydride in ether a t  20" into 3a-hydroxycholestl-ene, m.p. 
80-84", [ C X ] ~ ~ D  + 110'; after crystallization from acetone. 
3p-Hydroxycholest-4-ene could not be isolated. 
3a-Chlorocholest-4-ene.-(A) Thionyl chloride (0.6 ml.) 

was added to an ether solution (25 ml.) of 3a-hydroxycholest- 
4-ene (1.35 g., m.p. 82-84", [cyIz6D +122') maintained a t  
0".  After 6 min. the steroid (1.29 9.) was isolated with 
ether and recrystallized from acetone to  give fairly pure 3a- 
chlorocholest-4-ene, m.p. 89-95', [a] 25D +169". Modified 
Volhard titrations indicated 89%l, chloride ion. 

3a-Hydroxycholest-4-ene (0.3 g.) in chloroform (15 
ml.) was treated with excess phosphorus trichloride ( 5  ml.) 
dissolved in chloroform (10 ml.) a t  20" for i hr. The prod- 
uct, isolated with ether, crystallized readily and by recrys- 
tallization from acetone gave 3a-chlorocholest-4-ene, m.p. 
96-98', [a] 2 6 ~  +140°. 

Anal. Calcd. for C2?HlaC1: C, 80.05; H, 11.20; C1, 
8.75. 

Lithium Aluminum Hydride Reduction of 3a-Chlorocho- 
lestd-ene.-The hydride (ca. 0.1 9.) was added to a solution 
of the crude allylic chloride (0.198 g., m.p. 89-95') in ether 
(25 ml.), the mixture then being heated under reflux for 30 
mm. The steroid was isolated with ether and chromato- 
graphed on alumina (10 g.). Elution with petroleum ether 
gave cholest-4-ene m.p. and mixed m.p. 79-81' (from ace- 
tone), [ C ~ I ~ ~ D  X 69". 

Hydrogenation of 3a-Chlorocholest-4-ene.-The pure 
chloride (65 mg.) was hydrogenated with platinum oxide 
(20 mg.) in ether (20 ml.); the solid product by recrystallizt- 
tion from acetone furnished 5@-cholestane, m.p. 69-70 , 
mixed m.p. 69-71' with a genuine sample. 

3~-Chloro-5~-cholestan-5-ol.-A solution of 3a-chloro- 
cholest-4-ene (2.81 g., m.p. 88-94') in benzene (30 ml.) was 
treated with perbenzoic acid (1.25 moles) in benene (85 
ml.) and maintained a t  room temp. for 3 hr. The product 
(2:79 g.) was isolated as an oil and treated with lithium alu- 
minum hydride (1.5 g.) in refluxing ether (80 nil.) for 2.Fj hr. 

-118". 

(C) 

(B)  

Found: C, 80.22; H,  11.28; C1, 8.55. 
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After decomposition of the excess hydride by cautious addi- melting point of this material was depressed upon admixture 
tion of ethyl acetate, the steroid was isolated with ether and with a sample of 3~-chloro-5ol-cholestan-6-01. 
chromatographed on alumina (120 g.) . Elution with pe- Acknowledgment.-C.~~.s. wishes to acknowl- 
troleuni ether-benzene (10: 1) afforded an oil (0.48 g.) which 
failed to crystallize. Elution with petroleum ether-hen- edge a gift Of from G1axo Laboratories 
zene (1: 1) have a gummy solid (1.21 g.), [a] %I +?io, which Limited, London. 
after five recrystallizations from aqueous acetone gave  CY- Los AKGELES, CALIF. 
chloro-5~u-cholestan-5-o1, 1n.p. 115-118’, [CY] +17’. The SYDNEY, AUSTRALIA 
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The conversion of the readily available plant steroid, hecogenin, to  a C-ring lactam is described. The latter could serve 
as the precursor for modified steroid hormones. 

Hecogenin (I), 3P-hydroxy-5~~,22a-spirostan-l2- 
is among the most readily available sapog- 

enins, being found in various species of Agave.4 
I t  has been used successfully as a starting material 
for the synthesis of cortisone6 and would seem to 
be an attractive substance for the preparation 
of steroids modified in ring C.‘jt7 One such modi- 
fication could be the introduction of nitrogen 
in to ring C. 

The physiological activity of steroid hormones 
depends on a number of factors. Among those of 
primary importance are stereochemistry and the 
over-all shape of the molecule. Thus, any really 
fundamental change in the steroid nucleus should 
alter the stereochemistry as little as possible. 
hIodels indicate that expansion of ring C from six- 
to seven-membered has little effect on the mole- 
cule’s general shape and no change in the con- 
figuration a t  any asymmetric center need be made. 

The preparation of steroids containing nitrogen 
in the ring system has been limited to few examples. 
Bolt8 synthesized 4-aza analogs of cholestane and 
17P-hydroxypregnane. Schencks has carried out 
Beckmann rearrangements of ring ketoximes de- 
rived from bile acids. Barnes, et al.,’O and Falco, 
et al.,” have prepared B-ring lactams in the 

(1) R. H. Mazur, U. S. Patent 2,738,350 (March 13, 1956); com- 

(2) R .  H. Mazur,  U. S. Patent 2,806,028 (September 10, 1957). 
(3) For a discussion of the side chain stereochemistry of the series 

of sapogenins which includes hecogenin, see I t ,  E. Wall and H. A. 
n’alens, THIS JOCRNAL, 80, 1984 (1958). 

(4) R .  E. Marker, R. B. Wagner, P. R. Ulshafer, E.  L. Wittbecker, 
D. P .  J. Goldsmith and C. H. Ruof, ibid. ,  69, 2167 (1947). 

(5) A. F. B. Cameron, R. M. Evans, J. C. Hamlet, J. S.  Hunt,  P. G. 
Jones and A. G. Long, J .  Chzm. Soc., 2807 (1955); J. H. Chapman, J. 
Elks and L. J. Wyman, Chemisfry 6’ Industry ,  603 (1953), describe 
some recent developments and given references to  the earlier literature. 

(6) E. S. Rothman and M. E. Wall, THIS JOURNAL, 77, 2229 (1956). 
These authors have prepared a series of compounds containing a 12- 
carboxy-13-hydroxy-lactone by peracid oxidation of 12-keto steroids. 

(7) E. S. Rothman and M. E. Wall, ibid., 73, 1744 (1956). This 
paper gives references to the preparation of certain cortical hormone 
analogs with a 12-keto group starting both from hecogenin and from 
bile acids. 

pare B. M. Regan and F. N. Hayes, TRIS JOURNAL, 78, 639 (1956). 

(8) C. C. Bolt, Rzc. trav. chim., 67, 905 (1938). 
(9) M. Scbenck, Z .  angew. Chem.,  42, 61 (1929). 
(10) C. S. Barnes, D. H. R. Barton, J. S .  Fawcett and B. R. Thomas, 

(11) M. Falco, W. Voser, 0. Jeger and L. Ruzicka, Helo. Ckim.  A d a .  
J Chcm. Soc., 2339 (1952). 

35,  2430 (1952). 

lanosterol series while Kaufmann,12 Heusser, et a1.,13 
Regan and Hayes’ and the present author‘ have 
synthesized various 17a-aza-D-homo steroids. 

Hecogenin (I) was converted to the acetate I1 
which gave the oxime 111. The oxime failed to 
rearrange a t  room temperature with p-toluene- 
sulfonyl chloride in pyridine, but heating a t  100’ 
gave 3~-acetoxy-12a-aza-C-homo-5a,22a-spirostan- 
12-one (IV). An examination of models showed 
that although the assigned structure of the oxime 
and resulting lactam was the more probable, the 
alternative oxime (syn to the C-18 methyl group) 
and lactam (a 12-aza-12a-one) was not precluded. 
More about the structure of the lactam was learned 
from the following sequence of reactions. 

Hecogenin acetate was oxidized by selenium 
dioxide in t-butyl alcohol14 to 3P-acetoxy-ja,22a- 
spirost-9(11)-en-12-one (V).’j The oxime VI was 
more reactive than its saturated analog I11 and 
yielded with p-toluenesulfonyl chloride in pyridine 
at  room temperature 3P-acetoxy-12a-aza-C-homo- 
5a,22a-spirost-9(11)-en-12-one (VII). The latter 
on catalytic hydrogenation gave IV. Thus, the 
two series II+III-.IV and II-.V+VI+VII-.IV 
both lead to a common end-product and the second 
sequence goes through an intermediate whose 
structure should be capable of unambiguous proof, 
namely, the unsaturated lactam VII. It should be 
possible to distinguish between VI1 and the al- 
ternative 12-aza-9( 1 l)-en-12a-one (an enamine 
lactam) by the ultraviolet spectrum. 

Not enough examples of a,@-unsaturated amides 
and lactams and of a,P-unsaturated amines are in 
the literature to permit an unambiguous interpre- 
tation of the ultraviolet spectrum of VII. The 
more pertinent data, summarized in Table I, 
lead to  the tentative conclusion that a$-un- 
saturated lactams have their strong maxima a t  low 
wave lengths (around 200 mp) while a,p-unsatu- 

(12) S. Kaufmann, THIS JOURNAL, 73, 1779 (1951). 
(13) H .  Heusser, J. Wohlfahrt, M. Muller and R. Anliker, Helo. 

Chim.  Acta, 38, 1399 (1955); R. Anliker, M. Muller, J. Wohlfahrt and 
H.  Heusser, i b i d ,  38, 1404 (1955). 

(14) C. Meystre, H. Frey, W. Voser and A. Wettstein, i b i d . ,  39, 
734 (1956); S. A. Szpilfogel, T. A. P. Posthmus, M. S. dewinter and 
D A. van Dorp, Rcc. fraw. chim., 76, 475 (1956). 

(15) C. Djerassi, H.  Martinez and G. Rosenkranz, J .  Org.  Chcm.,  16, 
303 (1951). 


