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158.0'. The chloroform recrystallizations gave poor recovery 
and did not appreciably improve the melt'ing point. 

1-Phenol-4-sulfonamides. General Method. N-Ethyl-1- 
phenol-4-sulfonamide (50).-To 29.7 g. (0.1 mole) of the benzo- 
ate of l-phenol-4-sulfonyl chloride14 in 100 ml. of 3 S XaOH 
cooled in an ice bath \vas added dropwise 4.5 g. (0.1 mole) of 
ethylamine. The mixture was stirred in the ice bath for 1.25 
hr., heated on the st,eani bath for 1.25 hr., cooled t,o 25", and 
acidified with vonrentrated HC1. The mixture was extracted 
with a total of 80 nil. of ether, the organic solution was washed 
with three 20-ml. portions of 20% K,COS, then 20 ml. of water, 
and dried (AIgS04), and the solvent was removed under reduced 
pressure to give 18.8 g. of viscous, brown liquid. Recovered 
benzoic acid from the aqueous wash liquids amounted to only a 
71yo yield, indicat,ing some aminolysis of the ester linkage. The 
crude product was dissolved in 25 ml. of 3 N SaOH,  and t'he 
solut,ion was extracted with ether, yielding 2.2 g. of S-ethylbenz- 
amide in the et,her layer. The aqueous layer was acidified and 
extracted wit,h ether. Evaporation of the solvent gave 14.5 g. 
of light brown liquid which slowly crystallized, m.p. 98'. Re- 
crystallization from toluene-ethyl acetate gave 9.7 g. (48Yo) of 
white crystals with m.p. 105.0-106.5'. 

Use of Excess Amine. N-Methyl-1-phenol-4-sulfonamide 
(&).-To approximately 75 ml. of methylamine a t  -75' was 
added slowly and in small portions the benzoate of l-phenol-4- 
sulfonyl chloride14 (29.7 g., 0.1 mole), followed by 100 ml. of 
ether. Skirring was continued a t  -75' for 0.5 hr., then a t  -1" 
(reflux) for 2.5 hr. Solvent and excess amine were distilled on 
the steam bath, 100 ml. of water was added to the residue, 
and the mixture was acidified with concentrated HC1 and ex- 
tracted with ether. The ethereal solution was washed with two 

(14) (a) S. Magnusson. J. E. Christian, and  G. L. Jenkins, J .  Am. Pharm. 
Assoc.. Sci. Ed.,  36, 257 (1947); (b) &I. Schreinernakers, Rec. trau. chim.. 
16,422 (1897). 

15-ml. portions of water and dried (MgS04), and the solvent was 
evaporated to give 27.9 g. of viscous, brown liquid. Addition of 
3 S NaOH to the liquid precipitated crystals of N-methylbenz- 
amide, m.p. 78.5-79.5" (8.8 g., 65%). Reacidification of the 
basic filtrate gave a paste, which was dried on a clay plate to give 
5.2 g. of white crystals with n1.p. 80-81.5". Recrystallization 
from benzene-ethyl acetate gave 4.3 g. (237,) of product with 
m.p. 91.5-92.0'. This material is reported15 to have m.p. 81-82'. 

p-(1sopropylsulfamoyI)phenyl 1-Phenol-4-sulfonate (55).- 
Isopropylamine (82.9 g., 1.4 moles) was added over a 5-min. 
period to a stirred slurry of the benzoate of 1-phenol-4sulfonyl 
~h lo r ide '~  (416 g., 1.4 moles) in 1.4 1. of 3 N XaOH at 17". The 
temperature was allowed to  rise to 40' during 30 min. and main- 
tained a t  35-40' during an additional 30 min. The mixture 
was heated on the steam bath for 45 min., treated twice with 
activated carbon, and concentrated to two-thirds volume. The 
mixture was heated to 40°, sufficient water was added to effect 
homogeneous solution, and the solution was cooled to 10'. 
The crude sodium derivative of N-isopropyl-1-phenol-4sulfon- 
amide was filtered off, and the filtrate was acidified with concen- 
trated HC1. The resulting precipitate was taken up in 300 ml. 
of ether, the ethereal solution was washed with 800 ml. of 207, 
KHC03, then with two 100-ml. portions of bicarbonate solution 
and 100 ml. of water, and the solvent was removed under reduced 
pressure. The solids were reprecipitated from lOyo XaOH with 
HC1 and recrystallized once from aqueous ethanol and three 
times from 6 N acetic acid to give 9.7 g. (3.77,) of white crystals 
with m.p. 164-165.5'. 
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biological data. 

(15) W. Steinkopf, J. prakt. Chem., [Z] 117, 58 (1927). 
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The publicat'ion of ITolff, Ho, and Kwokl describing 
the spiro-3p-oxiranyl formation from steroid 3-ket'ones 
of the allo series with diniethylsulfoxoniuni methylide 
prompts us to record our own results in this area. 

Aft,er the introduction of the inethylenation method 
by Corey and Chaykovsky* we have methylenated 3,- 
androstan-17~-01-3-one (I) and in agreement mit'h Wolff 
and co-workersl a spiro-3-oxiranyl-5a-androstan-l7~- 

CHC13), was obtained. These authors assume that the 
3p-oxiranyl compound (11) with an equatorial epoxy 
oxygen is formed by attack of the reagent from the 
back side of the molecule. However, according to our 
results, the 3a-oxiran (111) is formed with sulfoxoniuiii 
methylide froin I. Our assignment is based on the 
lithium aluniinum hydride reduction of I11 resulting in  
the forination of the X@-iiiethy1-5a-androstane-3a 1T@- 
diol (IT:).3 On the other hand, we have obtained the 
3@-oxiran (11), m.p. 190.5-191' (uncor.), [ c ~ ] ? ~ D  

01, n1.p. 171-173" (UllCOl".), [a]D t 1 . 9 3 "  (C 0.94, 

(1) R I .  E. Wolff, K. Ho, and R .  K a o k ,  J .  .Wed. Chem., 7, 577 (1964). 
(2) E. J. Corey and M. Chaykovsky, J. A m .  Chem. Soc., 84, 867 (1962). 
(?,)(a) J. Kathol, Schering AG, German Patent  881,945 (April 7, 1951); 

Chem. Zenti , . ,  10329 (1955); (b) B. Pelc, CoUection Czech. Chem. Commun., 
26, 1621 (1960). 

+ 28.8' (c 0.90, CHCI,), from the 3-cyanohydrin uia 
triniethyl(3/3, 170-dihydroxy-5 a-androstan-3a-ylmethyl) 
ammonium iodide (V) by pyrolysis of the free base. 
The lithium aluminum hydride reduction of I1 afforded 
3a-methyl-5a-androstane-3p,l7P-diol (VI).3 Oxidation 
of the diols IV and VI led to the 17-ketones VI1 and 
V I I P  which on acetylation gave the corresponding 
3-acetates (IX and X). 

As expected, all 30-oxygenated compounds possessed 
higher dipole moments4 than their 3a-epimers (see 
Table I). The fact that  the 3a-acetate IX showed 

TABLE I 
Compd. p calcd. p found 

2.50 2.61 dioxane I1 
I11 2.33 2.24 dioxane 
TI1 3.32 3.55benzene 

3 .73  dioxane 
TI11 2.26 2.75 dioxane 

complex acetoxy bands in the 8-p region of t'he infrared 
whereas the 3P-acetrate X had a single band5 confirms 
our assignment of the configuration at' C-3. Seither 
epimeric spiro-3-oxirane showed anabolic or androgenic 
activity after subcutaneous application in rats in the 
Hershberg assay. 

(4) For a description of the calculation and measurement of dipole 
moments, see W. Neudert and H. Ropke, "Steroid Atlas," Springer-Verlap, 
Berlin, 1965. 

( 5 )  R .  N.  Jones, P. Humphries, F. Herling, and K. Dobriner, J .  Am. 
Chem. Soc., 73, 3215 (1951); H. Rosmkrantz  and P. Skogstrom, ibid. 77, 
2237 (1955). 
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Experimental 

All melting points were taken in the apparatus of Tottoli, un- 
less otherwise stated, and are uncorrected. 

Spiro-3p-oxiranyl-5oI-androstan-17p-ol (II).-A solution of 
4.92 g. of V in methanol TI-as passed through a 50-nil. Aniherlite 
IRA-40O-OH resiii column which had been washed free of alltali 
with water mid niet,tianol before use. T h e  ~nethanol eluate was 
dropped into a flask immersed in a bath a t  100" and evaporated. 
Crystallization of the residue from methanol yielded 2.06 g. of 
TI,  m.p. l ! ) '2 ,~bl !L3°~ [ a ] %  +2 (c  0.9, CHCI,), dipole 
morneiit 2.61 p i r i  dioxane (calcd. 2.3:: p ) .  A second crop of 0.13 
g. (tcrtal  yield i:j(,.;,), m.p. 190.5-101°, was obtnined. 

Anal .  Calcd. for C20HS202: C, 78.90; H, 10.5'3; 0, 10.51. 
Fourid: C, 78.70; H, 10.44; 0, 10.70. 

Spir0-3a-oxiranyl-5a-androstan-17p-ol (lII).--This compound 
was prepared from 5a-androstan-17p-ol-3-one in the same w-ay as 
described by \Volff, et  ul.1; m.p. 171--li3", [ a I z 6 ~  +1.93" ( c  0.93, 
CHCI,). dipole moment 2.24 p in  dioxane (calcd. 2.30 p ) .  

3~-Methyl-5a-androstane-3a,l7p-diol (IV).--Lithium alumi- 
nnm hydride (450 mg.) was added to n refluxing solution of the 
spiro-3a-oxiran (111) (304 nig.) in anhydrous ether by extraction. 
The heating was continued for 2.5 hr. To decompose the excess 
hydride the cooled mixture was treated with ethyl :tcetate and 
with aqueous methttnol. rlfter filtration ar id  washing nf the in- 

ith hot  methanol, the extract wzts evqmrated. 
) \\-as obtained, m.p. 165-166'. &liter recrystal- 

lization from rthl-1 :ti.etate it, melted :it. I(j7-107.5", arid mar 
identical in all respects with a sample prepared from I Kith 
methylmagnecium bromide.3 

N,N,N-Trimethyl-N.( 3p,178-dihydroxy-501-androstan-3a- 
ylmethy1)ammonium Iodide (V).---3-Cyano-&-androstane-3,- 
17p-diol, m.p. 17G-178", was prepared and hydrogenated a('- 
cording Goldberg and Kirchensteiner6 to  give 3-aminomethyl- 
:ia-androstane-3,17~-diol, 1n.p. 220-221' (from methanol). 

Anal. Calcd. for C20H35S02: C, 74.72; H, 10.97; N, 4.56; 
0,9.95. Found: C, 74.71; H, 11.04; N, 4.30; 0 , l O . l G .  

l h i s  amine (3.2 9.) was refluxed with a mixture of 30 ml. of 
anhydrous methanol and 6 ml. of methyl iodide under an atmos- 
phere of nitrogen. A methanol solution of sodium methoxide, 
prepared from 440 mg. of sodium and 20 ml. of absolute methanol, 
\vas added within a 2-hr. period. Refluxing was continued for 1 
hr. and after addition of I nil. of methyl iodide the reacatiou mix- 

( 6 )  M. I\. Goltlberg and 11. liircl~eriateiner [rr f l t .  Chirn. &fa, 26, 288 
(1943)l describe t he  prrparation oi the ?ynnohydriri arid irs l iydropmntior 
(for the 17-acrtat~s).  

.~ 

' H  CH3 CH? 
VI11 X 

ture was left a t  room temperature overnight. After evaporation, 
the residue was washed with a small amount of cold water. The 
yield of rnethiodide (I-) \vas 2.71 g. ( 5 5 c G ) ,  m.p. 283--285O dec:. 
For arialyais it  was recrystallized from methanol; the melting 
point remained unchanged. 

.-lnnl. Calrd. for  C.'JH1.ISOp: 1, 2.5.62; S, 2.83. Found: 1: 
26.18; S, '2.86. 

3~~Methyl-5~-androstane-3p,l7p-diol (V1).--'4 100-rng. 
suriiple i i f  the spiro-38-oxiran (11) was reduced with lithium 
:tluminum hydride in the siinie inaiiner as described for the 
epimer IV.  A total CJf 38':b of VI, m.p. 190.5-191.5", was ob- 
tained after two recrystallizations froin ethyl acet:ite, s n t l  \'I 
\vas identical with an authentic sample.3 
3P-Methyl-5a-androstan-3~-ol-17-one (VII).--Ttie diol I V  was 

he 17-ketone VII, rn.p. 
dipole niorricnt :-l..i.i p iii  

Anttl. C:l!Id. 
i X . 9 0 ;  H, lO..iti. 
3a-Methyl-ja-androstan-3~-ol-17-one (VIII).-'rlie diol VI 

wis oxidized with chromic ac:id3a to give the 17-ketone VTI, m.p. 
l\;.i---lX6", [a]95u +!,G.(i" ir. 1.0, CH dip i~ le  moment 2. i . i  p i n  
di~~xai ie  (calcd. 2.%ti p). 

:lncil. Calcd. for C:DH:&n: C, 7S.90; €3, 10.2$). Fouriil: C, 
;!).OO; H, 10.75. 

3B-R.lethvl-S~-androstan-3~-0l-17-one Acetate IIX). --VI1 (0.3 
~I 

g,) ;vas reauxed in 1 nil. of pyridine and 1 nil. of acetic itn'hy- 
tlride under nitrogen for ti hr. The cooled mixture was poured 
iiito water, collected, and washed with water. A yield of 365 mg. 
i~i '  I X  was obtained, 11i.p. 181--182' iKofler apparatus) (froni 
iriethanol and hexane), [a]  ]@D +58.6" ( e  1.023, CHCI,). 

Anc~l. Cdcd.  fiJr CxHa4O3: C, 76.26: II, 9.89. FIIuIid: C, 
70.40: H, 10.00. 

3~u-~ethvl-5~-androstan-3B-ol-17-one Acetate (X).-VIII ( 0 . 3  . ,  
g. j was reflilxed in 4 nil. of pyridine and 1 nil. of acetic anhydride 
under nitrogen for '3 hr. Sfter the same work-up procedure its 
:ibove, recrystallization from methanol and hexane yielded 480 
iiig. of x, n1.p. 158-159° (Kofler apparatus), [ L Y ] ~ ~ D  +86.4" (c  
0.98~5, CHC1,). 

:!nul. Chlcd. for ( ~ ~ ~ I L 4 0 ~ :  C, 76.26; H, 9.89. Found: C:, 
i b.20; €3, 10. I O .  
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