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Iiis iricttiod of ~ y i i  ttiwis iiivolvirig Iiydrogcn sulfide arid licxa- 
mcthylenctctrltniiric no halomctliyl end groups can be 
prrsciit. This mechiinism, bnsotl OII sulforiiuni salt formation, 
was invoked by 13~11, et al.' to cxplaiii "two c l i t~sc~ ' '  of poly- 
(ethyleric sulhdcs), namclg, Class I which docs not give s- 
dithiane oil hcnting :in11 Class I1 which gives the dithianc. 
We also observed tlic formation of dit,liianc 011 heating poly- 
(ethylene sulfitlc) wtiicti was prepared by thc reaction of 1,2- 
dibroniocthane and sodium sulfidc in equimolar propor- 
tions. 
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thanks to the C;oodyc:ir Tire and Rubber Company 
and Dr. 11. J. Ostorhof for permission to publish 
t,hcsc results, Dr. 12.. I?. Cunningham for molccular 
wcight dctcnninntioiis, 111.. E. l p .  Dcvlin for in- 
frared analysis, hZr. P. J. .Jorics for x-ray diffraction 
and Mr. D. J .  Zimmcrmm €or Icchnical assistance. 
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(7) E. V. Bcll, G. M. I3ciinett, arid A.  L. IIock, J .  Chern. 
Soc., 1803 (1927). 
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JEAN-CLAUDE ItICIIER A N D  ERNEST L. ELIEL" 

Eeceived February 16, 1960 

In a previous paper from thcsc 1aboratorieslb it 
was shown that the reduction of C-tbutylcyclo- 
hcxanonc with lithium aluminum hydride-alumi- 
num chloridc (1 :4 ratio) in excess gives 80% of 
the trans (cquatorial) 4-t-butylcyclohexanol, i.e., 
less than the 80-91% trans-alcohol formcd with 
lithium aluminum hydride alone. l s 2  

Compared to  these results, the value of 99% 3- 
0-cholestanol reported by Whceler and Matcos3 
for the reduction of 3-cholestanone with a mixturc 
of lithium aluminum hydride-aluminum chloride 
seemed surprising, especially since thc reduction of 
3-cholcstanonc with lithium alumiiiunl hydride 
nlonc is reported to givc 88-01% of the (equa- 
t,orial) alcohol4 thus being very similar to the rcduc- 
tion of 4-t-bu tylcyclohexanone. This proinptcd us 
to rcstutly t tic reaction with the inixcd hydride. 

( la )  To wliom inquiries rcgardiiig this note should bo 
dircctcd. 

(Ib) E. L. Elicl and M. N. Rerick, ,I. Am. Chem. SOC., 
82, 1367 (19GO). 

(2) E. L. Eliel and R. S. lto., J. Am. Chem. Soc., 79, 
5992 (1057). 
(3) 0. H. Whccler and J. L. hlatcos, Chem. &. Znd. 

(Lmdon), 306 (1957); Can. J .  C h e m ,  36, 1431 (1958). 
(4) (a) H. It. N:tce a i d  Q. I,. O'Coiinor, J. Am. Chew 

Soc., 73, 5824 (1951). (b) C. W. Shopper and G. H. R. 
Sunimtm, J. Chein. Soc., 686 (1950). We repeated this re- 
duction to check our analytical method and found 91% 
8-cholcstanol (see Experimental). 

Preliminary expcrimcntsb indicated that in the 
presence of the usual excess (25-100%) of reducing 
agent (lithium aluminum hydride-aluminum chlo- 
ride) variable amounts of unchangcd 3-cholestanonc 
were recovered. When a larger excess of hydride was 
used (10 equivalents of hydride pcr mole of ketone), 
the products of reduction were ketone-free and 
contained 18 * 2% of 3-a-cholestanol (axial) 
according to the specific rotation of the acetatc of 
the reaction product. Column chromatography of 
the reduction product yielded 15.3% of pure 3-a- 
cholcstanol and suggested that the total proportion 
of this isomer was 17%. 

The difference between these values, which arc 
well in agreement with the published results' for 
the reduction of 4-t-butylcyclohexanone, and the 
amount of 3-a-cholestanol (less than 1%) reported 
earliera might possibly be explained as the result 
of some ketone being lcft in the reduction product 
obtained in the earlier3 investigation. It is known 
that in the presence of ketone, lithium aluminum 
hydride-aluminum chloride equilibrates a mixture 
of equatorial and axial alcohols (such as trans- 
and cis4t-butylcyclohexanol), and that at equi- 
librium almost the entire alcohol (99% or more) is 
in the form of a complex of the equatorial isomer. 
We were able to bring about such an equilibration 
by boiling the reaction product of 3-cholestanone 
(in excess) and lithium aluminum hydride-alumi- 
num chloride overnight in ether solution. The only 
alcoholic material isolated from this reaction was 
3-j3-cholestanol. 

The equilibration of the R-OAlCL complex of 
the cholestanols (R-OH) must be distinguished 
(cf. ref. 1) from the equilibration of the free 3- 
cholestanols which gives 84% 3-8 (equatorial) and 
16% 3-CY isomer,4a similarly to the equilibration of 
4-t-butylcyclohexanol which gives 77431% equa- 
torial isomer. 

 EXPERIMENTAL^ 
IZcduction with lithium alunainurn hydride-aluminum chlo- 

ride. (A) In a typical cxperiment, 0.88 g. (2.27 nimoles) of 
3-cholestanone (m.p. 132-133'; [a]; + 42.5')'in 200 ml. of 
dry ether was added over a period of 2 hr. to the reducing 
agent prepared as describcd heforel from 2.1 g. (15.7 mmoles) 
of aluminurn chloride in 50 ml. of ethcr and 5 ml. (5.3 In- 
moles) of a 1.06M solution of lithium aluminum hydridc in 
ether. The crude product, isolated in the usual manner, was 
heated for 3 hr. on a steam bath with 25 ml. of acetic anhy- 
dride and 15 ml. of dry pyridine to give 0.91 g. (95% over- 
all yicld) of crude 3-cholestanyl acetates, [al: + 16.8 * 
0.2' which corresponds to 18.0 f 2% of the 3-a-komer if  
the specific rotations are taken as +13.9'8~9 for the 3-P 
isomer and +30.0°8for the 3-a isomer. 

(5) E. L. Eliel, M. N. Rerick, and L. A. Pilato, unpub- 
lished observations. 

(6) All melting points were taken on a Ilofler block and 
are uncorrc&d. Rotations were deterniincd in a 2-dm. tubo 
in 2-394 chloroform solution. 

( 7 )  H. S. Ankcr and K. Bloch, J .  Ant. Cheni. SOC., 66, 
1732 (1944) havc reported m.p. 128.8-129.8' and [a]D 
$42.70. 
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(0) In anotlicr cxprrrnlcnl tlie crude rcduction product 
\ma chromatographed on alumina (Rlerck, for chroma- 
tographic purposes) and waa separated as follows: 0.1498 
g. (15.3% of the total) of 3-a-cholestano1, m.p. 187-189' 
(lit.8 m.p. 186-187'), 0.0893 g. (8.8% of the total) of a mix- 
ture of 5 cholcstanols, m.p. 137-177" and 0.7414 g. (75.7% 
of the total) of 8-pcholcstano1, doublc m.p. 127' and 145' 
(lit m.p. ca. 125' and 141-142'1 which was acetylated as 
above to give a crude 3-p-cholestanyl acetate, [a]:: + 13.9.' 

Reduction with lithium aluminum hydride.' This was car- 
ried out in the usual way and the crude reaction product 
was acetylated as described above. The rotation of the acetyl 
derivative [CY]: 14.8' rose to 15.4" upon further drying, 
corresponding to 9.4% cholestnnyl-3-cu acetate. In a second 
experiment the crude material was chromatographed. Of 
the eluate (96% recovery), 91% melted at  141-145' (3- 
8 isomer) and 0% melted a t  170-172' (slightly impure 3-a- 
isomer). 

Reduction under equilibrating conditions. To a solution of 
1.0 g. (7.5 mmoles) of aluminum chloride in 30 ml. of ethcr 
n'as added 6.0 ml (1.G8 mmoles) of a 0.?8M fiolution of 
lithium aluminum hydride in ether, followed by 2.3 g. (7.31 
mmoles) of 3-cholestanone in ether solution. After refluxing 
overnight, the solution waa worked up in the usual way and 
the rmidue chromatographed. There waa obtained 0.24 
g. (9% of the eluate) of an unidentified semisolid, followed 
by 1.39 g. (53% of eluate) of crude 3-cholestanone, 
m.p. 110-11lo whose infrared spectrum indicated the 
abeencc of hydroxylated matcrial and 0.98 g. (38%) of 3- 
8-cholestano1, m.p. 142-143'. No 3-~t-cholestanol waa d e  
tected. 
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(8) C. W. Shoppce, J .  Chem. SOC., 1138 (1946). 
(9) Value reported in ref. 8 is +14.0". 

Fluorinated Steroids. 111. Synthesis of 16c- 
Fluorotestos terone 

HENRY M. I<ISS~IAN, ARLENE S. HOFFMAN, A N D  MARTIN J. 
WEISS 

Receioect June 0, 1960 

In  previous papers' we have described a method 
for the introduction of fluorine into the steroid 
inolecule which coiisists in the reaction of the sodio 
enolate of an a-alkoxalyl keto steroid with per- 
chloryl fluoride? followed by removal of the alk- 
oxalyl moiety under mildly alkaline conditions. In 
this note we wish to report the application of this 
method to the synthesis of lGt-fluorotestosterone 

A suitable starting material for the syiithesis of a 
1 G-alkoxalylandrostene derivative was 3-ethylene- 

(1) H. M. Bissman, A. M. Small, and M. J. Weiss, J .  
Am. Chem. SOC., 81, 1262 (1059); H. A I  Kissman, A. M. 
Small, and M. J. Weiss, J .  Am. Chem Sod. ,  82, 2312 (1960), 
(paper I1 of thiv series). 

(2) \Ye would like to thank the Pennsnlt Chcniicals 
Corporation for a generous sample of perchloryl fluoride. 

(IV) . 3  

clioxy-5-androsten-l7-one (I) .4 This compound was 
prepared by the chromic oxide-pyridine oxidation5 
of testosterone 3-ethylene ketal.4d*s Condensation 
of I with ethyl oxalate and sodium ethoxide in 
benzene afforded a white, crystalline ethoxalyl 
derivative I1 in 72% yield. Reaction of the sodio 
enolate of this substance with perchloryl fluoride in 
methanol followed by the potassium acetate- 
catalyzed cleavage of the ethoxalyl group gave 3- 
ethylenedioxy-1G~-fluoro-5-androsten-17-one (111) 
in poor yield and also afforded a by-product, 
CzlHZeFOs.H20, which has not been identified thus 
far. Compound I11 was converted to 1Gl-fluoro- 
testosterone (IV) by sodium borohydride reduc- 
tion of the 17-keto group' followed by acid-cala- 
lyzed regeneration of the A*-3-one system. Tlie ster- 
eochemistry of the fluorine atom a t  Cle in 111 and 
IV is uncertain. However, the physical charac- 
teristics of the product are in good agreement with 
those reported in the patent literature3 for 16n- 
fluorotestosterone. 
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(3) J. Fried and G. H. Thomas (U. S. Patent 2,857,403) 
prepared 16a- and 16~-fluoroteatosterone in a reaction se- 
quence which involved displacement of the mesyloxy group 
in 16~-mesyloxy-4-androstene-3,l7-dione by fluoride ion. 

(4) H. Koster and H. H. Inhoffen, U. S. Patent 2,302,- 
636; (b) E. Fernholz, U. S. Patents 2,356,154 and 2,378,918; 
(c) H. L. Herzog, M. A. Jevnik, M. E. Tully, and E. B. 
Herschberg, J .  Am. Chem. SOC., 75, 4425 (1953); (d) H. J. 
Dauben, B. Loken, and H. J. Ringold, J .  Am. Chem. SOC., 
76, 1359 (1954). 

(5) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarctt, 
J. Am. Chem. Soc., 75, 422 (1953). 

(6) A more direct preparation of I has h e n  reportcd'd 
through thc preferential 3-ltetalization of 4-androstene 
3,17-dione with Zmethyl-2-et~hyl-l,3-dioxolane. However, 
in our hands, this procedure gave a product contaminated 
with 3,17-bis~thylenediox).-5-sndrostene.*~ 

(7) Metal hydride reductions of lG-halo 17-kctoncs have 
been reported by several workers to afford the 17phydroxy 
derivatives.8 However, in a few instances, mixtures of the 
17-epimeric alcohols have been obtained.9 

(8)(a) B. Ellis, D. Patel, and V. Petrow, J .  Chem. SOC., 
800 (1958); (b) J. Fajkok, Colt. Czech. Chem. Conzm., 2 0 ,  
312 (1955); J. Fajkoe and F. Sorm, Colt. Czech. Chem. Cornm. 
24, 766 (1959); J. FajlioB, J .  Chem. SOC., 3966 (1059). 

(9)(a) C .  W. Shoppcc, R. H. Jenkiiis, and G. H. R.  
Summers, J .  Chem. SOC., 3018 (195s); (b) G. 1'. Mueller, 
W. F. Johns, D. L. Cook, and R. A. Edgren, J .  Am. Chem. 
Soc., 80, 1769 (1058). 


