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Experimental 

We would like to thank R. T .  Dillon and associates for analyses, 
rotations, and spectra. Melting points are uncorrected. The 
analytical samples were dried for 2 hr.  a t  100' under moderate 
vacuum (about 10 mm. ) .  N.m.r.  spectra were obtained on a 
Varian A-60 spectrometer a t  10% consentration in deuterio- 
chloroform using tetramethylsilane as an internal, standard. 
Chemical shifts--figures in parentheses--are reported in cycles 
per second downfield from the standard. 

Colunin chromatography was carried out by S .  Bilek and M .  
Blaumeiver (direction E .  G .  Ilaskalakis). Quantitative hydro- 
genations were performed by i V .  bl .  Selby. 

1Za-Aza-C-homo-l,4-pregnadiene-3,12,20-trione (II).--So- 
cardia s p .  A.T.C.C. 14558 (Searle A20-16) was grown as a sub- 
merged culture in a stainless steel fermentor in 35 1. of medium 
containing 200 g. of Ilifco Nutrient Broth and 10 g .  of silicone 
emulsion (1)ow Corning .4ntifoam AF Emulsion). The culture 
was agitated by means of a paddle-type stirrer operating at 200 
r.p.m. and was aerated with 10 1.p.m. of sterile air which entered 
through a sparger located below the agitator. The incubation 
temperature was 25'.  After an initial growth period of 30 
hr . ,  10.0 g.  of 12a-aza-3S-hydroxy-C-homo-5a-pregnane-l2,20- 
dione (1 ) s  in 200 ml,  of acewne and 50 ml. of methanol was added 
and incubation continued for 14 hr .  

The culture was extracted with two 18-1. portions of methylene 
chloride and the combined extracts distilled t o  dryness. The 
residue, 10.26 g., was crystallized from 200 nil. of 1:  1 benzene- 
cyclohexane and the desired product separated as irregular 
prisms, 6.10 g. (62Yc), m.p.  180-184". Recrystallization from 
benzene raised the m.p.  to 183-185'; [ a ] %  $48" ( c  1, methanol); 
X::? 240 mp ( e  16,100). 

Anal. Calcd. for C21H27?;03: C ,  73.87; H ,  7.97; E, 4.10. 
Found: C, 74.03; H ,  X.lO; N ,  4.06. 

A sample (19.5 mg.) in 957, ethanol was hydrogenated over 
5% palladium on carbon (4.0 mg.) in the apparatus of Clauson- 
I(aas.10 Hydrogen uptake ceased at 102% of two double bonds. 
Similar results were obtained with model ~1 ,~-3-ke tones .  

The  n.1n.r. spectrum was interpreted as follows: 19-CH3 
(io), 8-CH3 (75.5), 21-CH3 (129,5), 4-H (broad singlet, 361), 
2-H (doublet of doublets, 367 and 377), XH (422), 1-H (doublet, 
422 and 432). J1 ,2  had the usual value of 10 c.p.s. while J2.4 

was about 2 c.p.s. 
In a second run under identical conditions, the product had 

m.p. 200-203". The infrared spectrum in  chloroform was identi- 
cal with tha t  of material with m.p.  183-186'. 

12 a-Aza- 17~-hydroxy-C-homo-l,4-pregnadiene-3,12,20-trione 
(IV).--The fermentation was conducted as described except 
tha t  the organism employed was .l:ocardia s p .  A.T.C.C. 14559 
(Searle A20-17). Following an initial growth period of 26 hr. ,  
6.0 g .  of 3p-acetoxy-lZ'a-aza-lia-h~drosy-C-homo-5a-pregnane- 
12,20-dione (III)3 dissolved in 250 ml. of acetone was added and 
incuhation continued for 21 hr.  The crude material obtained 
by methylene chloride extraction was chromatographed on silica 
gel. Elution with ethyl acetate gave the desired product, 1.01 
g .  ( l i ( L ) ,  m.p. 252-256". Crystallization from methanol 
yielded squnre prisms, m .p .  260-262"; [ a l Z 3 ~  +45' ( c  1, chloro- 
form); A:::" 240 mp ( e  16,300). 

.4na2. Calcd. for CzlH2,S04: C, 70.56; H, 7.61; E, 3.92. 
Found: C, 70.46; H ,  7.93; X, 4.33. 

The n .m. r .  spectrum was very similar to tha t  of compound 11. 
12a-Aza-C-homo-5a-pregn-1-ene-3,12,20-trione (VI).-The 

fermentation was carried out as described for compound I1 
except tha t  the organism used was ilrthrobacter s p .  A.T.C.C. 
14.560 (Searle B22-46). After an initial growth period of 26 hr. ,  
10 .0 g . of 36-acetoxy- 12a-am-C-homo-5a-pregnane- 12,20-dione 
( V ) 3  in 200 ml. of acetone was added and incubation continued 
for 21 hr. The crude product was chromatographed on silica 
gel. Elution with ethvl acetate yielded compound 1.1, 2.56 g. 
(26c/;), m.p. 194-196'. Crystallization from 1:  1 benzene- 
cyclohexane gave clusters of needles, m.p .  206-20'7.5'; [a]  *% 
$32"  ( c  1, methanol); A:::H 227.5 nip ( e  11,100). 

i lnal.  Calcd. for C21H29x03: C, 73.43; H, 8.51; S ,  4.08. 
Found: C, 73.56; H,8.37; S , 3 . 9 9 .  

A sample (21.63 mg.) in Mf<< ethanol %as hydrogenated over 
6.18 mg. of 5(,i  palladium on carbon. Hydrogen uptake ceased 
a t  9Xc!$ of one double bond. 

__.___..- 

( I O )  N. Clauson-Kaas and  F. Iirnborp, Acto Chem. Srand . ,  1, 884 (1947) .  

'The n.m.r.  spectrum was interpreted as follows: 19-CH, 
( 5 7 ) ,  18-CH3 ( i 5 ) ,  21-CI13 (130), 2-H (doublet, 345 and 3 5 5 ) ,  
NH (417), 1-H (doublet, 425 and 435). J1.2 had the  value of 
10 C.P.S. 
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In  the preceding paper of this series,' base-catdyzed 
ring contract'ion of appropriate +epoxy ket'ones? 
was suggested as a novel approach to norst'eroids. 
However, this mode of reactioii was not observed when 
4,j-oxidocholestan-3-one was treated with rnet'liaiiolic 
base, the major product being 4-metho~y-~~-cl iolesten-  
%one (VI).1'4 We now report the result's of a similar 
study of lcr,2cr-oxidocholestan-3-one (I). 

Treatment of I with refluxiiig methanolic sodium 
hydroxide yielded 2-methoxy-A1-cho1esten-3-one (11) 
as the major product. This st'ruct'ure assignment was 
based on the infrared spectrum, A:,:: 3.95 and 6.23 p ,  

the ultraviolet spectrum, X ~ ~ " f ~  263 nip ( e  B O O ) ,  the 
n.m.r. spectrum (vinyl hydrogen and methoxyl hydro- 
gen appear as singlets, 4.18 and 6.57 T ,  respectively, 
with an area ratio of 1 :3 .3) ,  and the elenieiital analysis. 
I n  addition, acid hydrolysis of I1 to the diosplieiiol I I Ia  
and an independent synt,hesis of I1 from diosphenol 
IIIb provide chemical evidence for this structure. 
The reaction probably proceeds by opening of tlir oxi- 
rane ring through methoxide ion att,ack at C-2 followed 
by @-elimination of water. 

An isomeric derivative, 3-methoxy-A3-cholesten-2-one 
(IV), was prepared by methylation of a mixture of dios 
phenols IIIa and I I Ib  with alkaline dimet,hyl sulfate. 
The infrared and ultraviolet spectra of I\' were siniilar 
to those from 11; however, the n.ni.r. spectrum of thr 
former exhibited a doublet a t  4.83 7, having au area 
ratio to the methoxyl resonance a t  6.49 T of 1 : 2.9, in 
contrast to the singlet vinyl resonance observed for 11. 
The exclusive formation of isomer IY in  this reaction is 
interesting in view of the fact that' there are no ob\ious 
steric factors favoring alkylation of one diosplieiiol over 
the other. Since equilibriuiii between t,hr two dios- 
phenols and their conjugate bases is undouht'rdly 
established in t'he alkaline niediuin employed in this 
react'ion, we suggest this select,ivity reflect,s a difCereiice 
in the stability of the diosphenol conjugate bases and or: 
the ~net~hylat'ion derivatives.: =2n instructive coiitrast 
is provided by the preparat'ioii' of :~-niethoxy-S'-clloles- 
ten-4-one (171) from diospheiiol T' through siniilar 
treatment with dimethyl sulfate. In  this case, steric 

(1) 
(2) I T ,  Treibs. Bpr . ,  64, 2178, 2513 (19.31). 
(3) H. House and  15.. Gilniore, J .  A m .  Chpm. ,qo<.,  83, 3972 i 1 S l i l j .  
(4) B. Canirr ino.  B. Patelli,  and  R. S r i aky ,  Gnzz. r h i m .  i i n i . .  S a ,  709 

(1902). 
( A )  The  diosphenola I I Ia  and I I I b ,  t i l? corrrspondinp roiiliigatr bases. 

and the  niet11yI drrivatives I1 and IT' probably h a v ~  corrrsijunding s t i l h l l t y  
orders. The coniinon factors responsibir for t h ?  s ta l i i l i ty  riiffr.rrnrps a w  
disciissed i n  ref. 9. 

Reusrh and R .  LeXIahieii, J .  A m .  Clie77~. Soc.. 85, 1660 (190:3). 
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hindrance of the C-4 oxygen appears to be an im- 
portant factor. 

In  a parallel investigation, Canierino, Patelli, and 
Sciaky reported4 that the salt prepared by treatment of 
V with sodium hydride in refluxing xylene reacted with 
methyl iodide to give VI. We interpret this result as 
implying rapid, irreversible formation of the conjugate 
base of V followed by methylation of the C-4 oxygen, 
which is the site of greatest negative charge. A cor- 
res2onding study of diosphenols I I Ia  and I I Ib  has dis- 
clodell a similar relationship. Thus, methylation of the 
enoLte anion prepared by reaction of I I Ia  with sodium 
hydride gave a mixture of methyl derivatives consisting 
of 96CG IT7 and 47, II.6 Equivalent treatment of the 
eiiolate anion deriyed from IIIb,  on the other hand, pro- 
duced a mixture of 447, I1 and 5670 IT.r.6 Apparently, 
interconversion of the isomeric eiiolate anions is occur- 
ring in  the latter case. 

A I  
HO 'O& ;)yyzHIJf$ 

IIIa  I I I c  I I I b  

OR 
V. R = H  VI. R=CH3 

0 
VI1 

The diosphenols I I Ia  and I I Ib  and the a-diketone 
IIIc coiistit,ute a remarkable tautomeric system. 
Several procedures for the preparation and isolation of 
the diosphenols have been described,' and chemical 
evidence7b for the structural assigiinients has been 
buttressed by n.1n.r. measurements.8 An inspection of 
molecular models indicates that  isomer IIIa  has fewer 
and less severe nonboiided interactionsg than IIIb ; 
therefore, the former should be more stable and pre- 
dominate in an equilibrium mixture of the two tautomers. 
In  view of this, the preparation of I I Ib  by acid treat- 
ment of a diosphenol mixture7 is unexpected. However, 
a careful examination discloses that I l I b  is actually ob- 
tained in relatively low yield and that the mother 
liquors consist roughly of 80% IIIa and 20% IIIb.  

((i) Tlipse analyses werc niwde using the integrated areas of the charac- 
teristir vinyl hydrogen resonanres in the n.ni.r.  

( 7 )  (a) E. T. Stiller and  0.  Rosenke'ini, J .  Chem. Soc.,  353 (1938); (b) 
L. Runicka.  P1. Plat tner ,  and  3 f .  F'urrer, H e / ? .  Clt?m. Acta, 37, ,524 (1944);  
( c )  .I. C .  Shcrlian and  1'. 1'. Ernian,  J .  Am.  Chem. SOC., 79, 00.50 (19,571; 
( d )  €€. Nacr and 31. Inaba ,  J .  Oiy.  Ciiern.. 27, 4024 (1962) .  

181 c'. R .  So l l r r .  .4. hlelcra, 31, G u t ,  , J .  N .  Schoolerr .  and L .  F. .Johnson. 
TElrahrdio,z L r t t ~ r . s ,  1 5 ,  1; (15(\0). T ~ Q  n.m.r. spectra  rpported by these 
workers nerc measured in deuteriochloroform solution, and  the 10-6 values 
lor tlir vinyl l i y d r o w n  resonance arc 4 .32  f o r  I I I a  and 3 .03  for I I Ib .  The  
fornict  ay,)>pars as a doublet  n?th J - 3 c.p.s .  R'e have confirmed the 
essential f r ~ a t r i w s  of thip stildy. 

( $ 3 )  111 nddition to  tlir C-19:C-I interaction present in I I I b  bu t  not  in 
I I I a .  t i l ?  frrriiicr i s o m p i  has  serious compressions brtiveen C-19 :C11 and  
C-l<1:C 8. 

Although previous workers have often disregarded the 
difference between the diosphenols and the a-diketone 
IIIc,  it is clear that the substances described in their 
reports were primarily the former. Thus, infrared, 
ultraviolet, and 1i.m.r. spectra of the isomers melting 
a t  144' (IIIa) and 162' (IIIb) are in complete agree- 
ment with the assigned structures; a modification hav- 
ing a melting point of 132-135' was demonstrated7& to 
be an equimolar mixture of the diosphenols. 

During the course of our work with these materials, 
the diosphenol I I Ia  was found to be unstable in the 
solid state. Upon standing, either at  room temperature 
or in the refrigerator, this isomer became yellow, the 
melting point dropped (after thirty days the iiielting 
range was 70-75') , strong absorption appeared a t  5.78 
and 5.89 M in the infrared, while the 2.94 and 6.02-p 
bands which characterized the diosphenol were much 
diminished, and the vinyl hydrogen and hydroxyl res- 
onances appearing at  4.45 and 4.32 7 for I I Ia  and 3.82 
and 4.32 T for I I Ib  were greatly reduced in intensity 
(the ratio of the combined areas of these low field 
absorptions to the methyl resonance at 8.37 7 was 
roughly 0.06). Since over 507, diosphenol I I Ia  was 
recovered from this lorn melting material via the potas- 
sium salt, it is clear that no deep-seated structural 
changes occurred. Isomerization of the disopheiiols to 
the a-diketone is an attractive rationale for these facts. 
In  contrast to the changes observed in crystalline II Ia ,  
carbon tetrachloride solutions of this isomer do not 
appear to accumulate significant concentratioiis of IIIc, 
although isomerization to I I Ib  occurs to a small extent. 
Over 807, of the diosphenols are present as I I Ia  a t  
equilibrium. 

Experimental 

The 
infrared spectra were measured with a Perkin-Elmer, Model 21, 
spectrophotometer. The ultraviolet spectra were determined 
with a Beckman DK-2 spectrophotometer. The microanalyses 
were performed by  Spang Microanalytical Laboratory, Ann 
Arbor, Mich. The n.m.r.  spectra were determined in carbon 
tetrachloride solution using a Varian Associates A-60 high reso- 
lution spectrometer. 

2-Methoxy-A'-cholesten-3-one (II).-A solution of la,&- 
oxidocholestan-3-one10 ( I ,  1.0 g.)  in methanol (90 ml.)  was re- 
fluxed with 12 N sodium hydroxide (3  ml . )  for 5 hr. Dilution 
of the reaction mixture with water followed by extraction with 
ether gave, upon evaporation of the dried ether extracts, 900 mg. 
of a neutral oil. This material was chromatographed on neutral 
alumina (40 g.)  and yielded 140 mg. of recovered I and 580 mg. of 
11, m.p. 69-70'. An analytical sample, m.p. 70-71, was pre- 
pared by crystallization from aqueous ethanol. 

Anal. Calcd. for C28H&: C, 80.54; H ,  11.52. Found: 
C, 80.47; H, 11.55. 

The aqueous fraction yielded 70 mg. of acidic material. 
Hydrolysis of Enol Ether 11.-A solution of 2-methoxy-A'- 

cholesten-3-one (11, 250 mg.) in 95% ethanol (40 ml.)  containing 
a little concentrated hydrochloric acid (0.5 ml.) was refluxed over- 
night. R a t e r  was added to the reaction mixture which was then 
extracted with ether. The combined ether extracts were shaken 
with 20% potassium hydroxide; the potassium salt which formed 
remained suspended in the aqueous layer. After being dried 
and evaporated, the ether layer gave 160 mg. of an oil, which 
proved to  be unchanged I1 on the basis of the infrared spectrum. 
Acidification and ether extraction of the aqueous fractions con- 
taining the suspended potassium salt resulted in the isolation of 
90 mg. of a colorless solid, m.p. 137-139", which exhibited an 
infrared spectrum identical t o  that of authentic I I I a .  h mixture 
melting point confirmed the identification. 

Melting points were determined on a Kofler hot stage. 

(10) P. Striebel and Ch. Tamm.  Helc .  Chim. Acta,  37, 1094 (1954). 
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3-Hydroxy-A3-cholesten-2-one (IIIa) .-A mixture of dios- 
phenols I I I a  and I I Ib  was prepared according to the procedure of 
Ruzicka, et al.7h Upon shaking an ether solution of this mixture 
with cold 20% potassium hydroxide, an insoluble potassium salt 
formed and was filtered and washed with ether. A suspension 
of this salt in dilute hydrochloric acid was extracted with ether. 
Evaporation of the dried ether extracts and crystallization of the 
residue from petroleum ether gave I I Ia ,  m.p.  143-145" (re- 
ported m.p .  i+-145'); 2.92, 5.98 and 8.25 p ;  n.m.r.  
absorption at 4.32 and 4.45 7 (doublet J = 2.5 c.p.5.) in carbon 
tetrachloride solution. 
2-Hydroxy-A1-cholesten-3-one (IIIb).-A solution of dios- 

phenol I I I a  (400 mg.) in glacial acetic acid (3 ml.) containing a 
little concentrated hydrochloric acid (0.1 ml.) was heated on a 
steam bath for 10 min. Upon cooling, a solid precipitated and 
was crystallized from ethyl acetate to  give I I Ib  (60 mg.),  m.p. 
161-162' (reported m.p .  160-162'); A:::' 2.93, 6.00 and 11.65 
p ;  n.m.r.  absorptions a t  3.82 and 4.32 T have equal areas. 

The mother liquor exhibited three low field resonances a t  3.78, 
4.12 and 4.45 T ,  the areas of which indicate a mixture of 18% 
I I Ib  and 82% I I I a .  The downfield shift of the hydroxyl absorp- 
tion (4.32 r in pure I I Ib  to  4.12 in the mixture) is characteristic of 
mixtures of these diosphenols and implies intermolecular hydro- 
gen bonding. A shift of the carbony! stretching frequency in 
the infrared to  6.02 p agrees with this suggestion. 

Evidence for Cholestane-2,3-dione (IIIc).-Diosphenol I I I a  
is not stable in t,he crystalline state and yellows upon standing 
at room temperature or in the refrigerator. After 2 weeks i t  
melted a t  10.i-125°, and after a month the j-ellow solid melted a t  
7@i5' .  The infrared spectrum of this low-melting subetance 
showed weak absorption a t  2.94 and 6.02 p and strong absorption 
a t  5.78 and 5.89 p .  Very weak peaks a t  3.86, 4.19 and 4.44 T 

were observed in the n.m.r.  spectrum; when compared with the 
area of the methyl resonance a t  8.37 7,  these combined low field 
absorptions represent about 10%; diosphenol. 

A 50-mg. sample of the low melting yellow substance was con- 
verted to a potassium salt by shaking with 2070 potassium hy- 
droxide. Iliosphenols were isolated by treating the salt with 
dilute hydrochloric acid followed by ether extraction. The crude 
solid thus obtained (35  mg.) was crystallized from petroleum ether 
to yield I I I a  (20 mg.), m.p.  14@142', identified by mixture 
melting point and infrared spectrum. The mother liquors 
showed strong absorption just above 6.00 p in the infrared. 

3-Methoxy-A3-cholesten-2-one (IV).-A mixture of diosphenols 
I I I a  and I I Ib  (.560 mg.) was dissolved in methanol (40 ml.) 
containing sodium hydroxide (200 mg.) and then refluxed with 
dimethyl d f a t e  ( 2 . 5  9.)  for 20 hr.  The reaction mixture was 
diluted with water and then worked up by ether extraction in the 
usual manner. Evaporation of the dried ether portions yielded a 
yellow oil (550 mg.),  which was chromatographed on 30 g. of 
neutrel alumina. The first materials to be eluted were oils (150 
mg.) exhibiting saturated carbonyl absorption in the infrared. 
Elution with benzene gave 11. (230 mg. ) ,  m.p .  153-155'; A::: 
5.96, 6.18 and 8.40 p ;  266 mp (log € 3 . 9 ) ;  n.m.r. ,  4.83 T 

(doublet) and 6.49 T (area ratio 1 :2 .9) .  An analytical sample, 
m.p.  157-158', was prepared by crystallization from aqueous 
ethanol. 

Anal. Calcd. for C2SH4602: C ,  80.54; H ,  11.52. Found: 
C,  80.71; H ,  11.33. 

Elution with ether gave GO mg. of recovered diosphenols. 
Rate-Controlled Methylation of Diosphenols IIIa and IIIb. A .  

-A freshly prepared and crystallized sample of I I I a  (200 mg.) 
was dissolved in dry benzene (20 ml.) and treated with sodium 
hydride ( 5 0  mg. of a 52.8('; dispersion in mineral oil) a t  reflux for 
45 min. When the hydride was added, a flocculent solid formed 
concurrently with gas evolution. Methyl iodide (2  nil.) was 
added and the mixture was refluxed an additional 20 hr.  Excess 
sodium hydride was decomposed by a few drops of ethanol and 
the reartion mixture was diluted with water and ext,racted with 
ether. L-nchanged diosphenol (70 mg.) was removed as the 
potassium salt,  formed by shaking the ether extracts with 20%, 
potassium hydroxide. The residue obtained by evaporation of 
the ether extracts was chromatographed on neutral alumina 
(15 9 . )  yielding 88 mg. of a solid, upon elution with ether. 
Crystallization of this material from aqueous ethanol gave 60 mg. 
of needles, m.p. 121-131 ', having an infrared spectrum identical 
to  that, of IT-. The n.m.r.  spectrum showed a very weak reso- 
nance a t  1.20 T and stronger absorptions a t  4.90 7 (doublet) 
and 6.48 r (OCHI) .  The ratio of the areas of the vinyl hydrogen 
doublet to  the methoxyl singlet indicated this material to be 9455 

I V .  Additional attempts to remove the small amount of I1 
apparently present by further chromatography or crystallization 
failed. 

B.-A freshly prepared and crystallized sample of I I Ib  (54 
mg.) dissolved in 15 ml. of dry benzene was refluxed with sodium 
hydride ( 7  mg. of the oil dispersion) for 50 niin. After the addi- 
tion of methyl iodide (1 ml . )  to the reaction mixture reflux was 
continued for 20 hr. The work-up paralleled the previous proce- 
dure and, after chromatography, two crystalline fractions were 
isolated. Although the melting point ranges of these fractions 
were different ( 105-140O and 50-105"), the infrared spectra were 
very similar to each other and to authentic I1 + 11. mistures. 
The combined fractions totaled 52 mg. and exhibited ahsorption 
a t  4.14, 4.81 (doublet) and 6.52 T (OCH,) in the n.m.r.  spectrum. 
A comparison of the areas of the vinyl hydrogen resunances sug- 
gested that this material was a mixture of 44°C TI and 565;. 11.. 

Acknowledgment.-This research was supported in 
part by a research grant (AM 04936-02 SIC) from the 
Nat'ional Institutes of Health, Arthritis and Metabolic 
Diseases Division. 

The Synthesis of A5-Cholestene-3/3,19-diol 
via the 3,5-Cyclosterol Rearrangement. 

A Novel Route to 19-Nor Sterols 

ROBERT M. MORIARTY A N D  T. I). D'SILI A 

The Catholic Vneversity of Amerzca, Eashangton, 
Distrzct of Columbia 

Received March 19, 1963 

The synthesis of the A5-3/3,19-dihydroxy steroid 
system is of interest because of its use as an interme- 
diate in the preparation of physiologically active 19-nor 
steroids' and as a precursor in the synthesis of certain 
C-19 oxygenated naturally occurring steroids.2 We 
have achieved a synthesis of this system by utilizing 
the 3 ,5-~yclos te ro l~~ rearrangement of 3a,.Sa-cyclo-B/3, 
19-oxidocholestane (11) .3h 

The hydrolytic rearrangement of 3a,da-cyclo-66-01 
steroids to the corresponding 36-A5-sterols is well 
known.3 The high solvolytic rate aiid stereospecificity 
observed in this reaction are accommodated by postula- 
tion of an intermediary nonclassical homoallylie cat- 
ion. By analogy, it was anticipated that application 
of this rearrangenient to a 3cu,.~a-cycl0-6/3,19-oxido 
steroid (A) would lead to intramolecular transfer of the 
6/3 oxygen to (2-19 1-esultiiig in the homoallylie ion (€3). 
Subsequent attack by solvent a t  C-8 would yield the 
corresponding 36-substituted 19-hydroxy- Aj-steroid (C). 

Such a reaction sequence was realized experinient ally 
and represents a simple and potentially general rout e 
to A5-36, 19-dihydroxy steroids. 

Treatment of 3a,3a-cyclocholestan-6/3-ol ( I )  in dry. 
benzene with lead tetraacetate and dry calcium carbon- 
ate led to a 251% yield, based iipoii recovered starting 

(1) A .  Rowers, R .  Villorti, .J. A .  Edwards,  E. I l eno t ,  and  0. Haljlprn, 
.I. Am. Chem. Soc.,  84, 3204 (19I32). 

( 2 )  L. F. Fieser and  11. Fieser. "Pteroids," Rcinhold Publishinn Corp. ,  
S c ~ r  l o r k ,  N. T., 1959, pp. 727-809. 

( 3 )  (a) E.  S. Wallis. E. Fernholz, and T .  Gq,ha r i i t .  J .  . i m  Chum. S o i . ,  
69,  137 (1937); (h )  I i .  Tanahc ,  et ai.. haye puhlialied the  prtX1,aratiiin an<l  rc- 
arrangement  of ~p,lQ-orido-3a,~a-cycloandrostan-17-on~ [Ii. Tanahr,. H .  
Takasaki ,  K.  Pakai. R .  Hayashi. and Y. Alorisawa, C h e m .  I'hni.nr. Bvli. 
(Tokyo) ,  10, 1126 (1962)l .  

(4) E .  XI. Kowower and  S.  Winstein, J . . 4 m .  Chem. Soc..  78, 1317 ilg.i t5).  


