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this study of the cyclic sulfides. Similarly, the facile 
cleavage of cyclic five-membered sulfones under condi- 
tions not affecting the six-membered systems mas 
attributed $0 ring strain in the former.4 

The isolation of both I1 and I11 in this study provides 
greater evidence that the classical Claisen rearrange- 
ment product (Ia) is the initial intermediate formed 
directly from I ( c j .  ref. 5). However, since neither we 
nor Kwart have actually isolated this classical product 
(or Ib) under conditions leading to the formation of I1 
and now also 111, this evidence may be circumstantial 
and an alternate initial path from I cannot yet be defi- 
nitely precluded. 

The Claisen route, with the initial formation of Ia  
and I b  as very reactive transients ( i .e . ,  nonisolable)" 
derives further support from related studies. There are 
indications that benzenesulfenyl anions (ArS-) are 
much more reactive nucleophiles than phenoxy anions; 
e . g . ,  1 % -  attacks benzotliiophene 1,l-dioxide forming 
quantitatively the P-PhS-adduct, while PhO- is com- 
pletely unreactive with this substrate.L8 Much greater 
niesonieric delocalization of the negative charge in the 
phenoxy systems reasonably accounts for this and sinii- 
lar observations. lY It follows rationally that while 
o-allylphenols can be isolated from usual Claisen re- 
arrangements, the corresponding thiols may simply 
cyclize too rapidly to be detected per se especially 
under the high-temperature and alkaline conditions em- 
ployed. 

I t  has been suggested*" that I initially might cyclize 
directly into 111-anion which then is reversibly trans- 
formed into the anions of la,  Ib,  and 11, all in equilib- 
rium, but irreversibly into I11 by proton abstraction. 
The experiniental facts-sequence of formation of I1 and 
111, cleavage of I1 but not 111 under these conditions, 
etc.-together with independent evidence of the greater 
stability of six- than five-membered cyclic systems con- 
taining a sulfur atom4 14-16  do not support this argu- 
ment. 
h closer examination of these reactions, necessarily 

under less vigorous conditions, should prove interesting 
and fruitful. 

(17) While this  was suggested by Kwar t  to explain the  absence of I a ,  
n o  supporting evidence was offered. 

(18) F .  (;. Bordwell and  W. H. AlcRellin, J .  Am,  Chem. Soc., 72, 1985 
(1950). 

(19) See C .  C .  Price a n d  R .  Oae, "Sulfur Bonding," The  Ronald Press 
co . ,  New T o r k .  s. I-,, 19fl2, p. 2 5 .  

(20)  Tlrc s i i thors  grs teful l j -  acknowledge R referee's suggestion. 

homoannulation) has been reported by Mazur2 and 
Z d e r i ~ . ~ ~  A11 our attempts to convert suitable pre- 
cursors to A-ring unsaturated compounds by chemical 
methods have failed-for example, bromination-de- 
hydrobromination,6 selenium dioxide oxidation,' arLd 
heating with dichlorodicyanoquinones-and Zderic has 
mentioned having the same experience. 

We have now found that fermentation of 12a-aza-3P- 
hydroxy-C-homo-5a-pregnane-12,20-dione (I) with 
Nocardia sp .  A.T.C.C. 14558 gave 12a-aza-C-homo-1,4- 
pregnadiene-3,12,20-trione (11). Compound I1 was 
obtained in two polymorphic forms having identical 
solution infrared spectra. The structure was confirmed 
by quantitative hydrogenation and by n.m.r. spectrum. 
The latter showed the typical complex pattern in the 
350-4t50-c.p.s. region due to interaction of the C-4 pro- 
ton with the C-2 proton (itself part of an AB system). 
Similarly, fermentation of 3P-acetoxy-12a-aza-17a- 
hydroxy-C-homo-5 a-pregnane-12,20-dione (I I I) with 
Nocardia sp.  X.T.C.C. 14359 gave 12a-aza-17a-hydroxy- 
C-homo-l,4-pregnadiene-3,12,20-trione (IT'), with typi- 
cal n.m.r. spectrum in the 350--43O-c.p.s. region. A dif- 
ferent result was obtained by fermenting 36-acetoxy- 
12a-aaa-C-homo-5a-pregnane-12,20-dione (V) with Ar- 
throbacter sp .  ,Z.T.C c. 14360 which yielded 12a-aza- 
C-homo-5a-pregn-l-ene-:3,12,20-trione (VI) ; the 1i.m.r. 
spe,trum showed the .1R pattern of a AWketone. 
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I, R = R ' = H  IT, R = H 
111, R = Ac, R' = OH I V ,  R '  = OH 
V, R = Ac, R' = H 
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;\.mstcroid- ha\ e attracted sonie attention a? a direc- 
tion in  i t  liicli to  aearch for 3teroid hormone analogs. 
Introductioii oi nitrogen into ring C (n ith concurrent 

(11 Par t  111 R H l l a z  ir J Org Chem 28,  348 (1963) 

It is interesting that the ultraviolet spectra of all 
products showed a hypsochromic shift of about 4 mp 
usually associated with 11-keto steroids. To our knowl- 
edge, there is only one previous example of direct con- 
version of a ring X/B saturated steroid 3-alcohol deriv- 
ative to a A1 4-3-ketone by ferrnentat i~n.~ 

(2)  R.  H. Maeur,  J .  Am. Chem. Sac., 82, 3992 (1960). 
(3) R. H. hlaaur,  ibid., 81, 1454 (1959). 
( 4 )  J. A .  Zderic, H. Carpio,  a n d  D. C. Limon, J .  O r g .  Chem. ,  27, 1125 

(1962). 
(;7) .J. .1. Zderic a n d  J. Iriarte,  i b d .  27, 1750 (1902). 
(6) E.  S. RothInan and  11, E. \Tall, J .  Am. Chem. Sac.. 78, 1744 (1956). 
(7) C. l l eys t re ,  H. Frey, \\'. Voser, and A .  WPttstein. Hela. Chim. Acto, 

(8) D. Burn. D. N.  Kirk,  a n d  1'. Petrow. ['roc. Chem. Soc., 14 (1900). 
(9) V. E. Oriponi, Neil E. Ripler. and  .J. J. Goodman, U.  S. Patent, 

3 9 , 7 3 4  (1956). 
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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. Canirrino. 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). 


