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Synthesis of Certain Steroidal a-Cyano 
Ketones 

Sir: 
We wish to report the synthesis of certain steroid 

hormones substituted a t  C 2 or C-16 with the cyano 
group. These compounds were prepared from the 
corresponding 2- or 16-hydroxymethylene st,eroid 
derivatives by application of the method of 
Pomeroy and Craig,' whereby an aldehyde is con- 
verted to a nitrile through reaction with 0,N-bis- 
(trifluoroacety1)hydroxylamine (I). Thus, treat- 
ment of 2-hydro~yrnethylenetestosterone~ with two 
equivalents3 of I for two hours in refluxing benzene 
containing pyridine afforded 70% 2a-cyanotes- 
tosterone trifluoroacetate [m.p. 212-217'; ( a ) ,  + 83.3'; A,,, 242 mp ( E  16,400)].4 Hydrolysis gave 
Ra-cyanotestosterone (64%) [m.p. 265-156'; ( a ) ,  
+119'; A,,, 242 mp ( E  15,600)]. 
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In a similar manner, 2 a-cyanoprogesterone [m.p. 
193-195'; (CY)= + 212'; A,,, 242 mp (E 16,300)], 
Za-cyanodeoxycorticosterone [m.p. 183-184'; ( a ) D  + 208'; A,,, 242 mp ( E  15,280)], Za-cyanohydro- 
cortisone [m.p. 235-237', (a)= + 1'72' (c 0.26 in 
methanol) ; A,,,, 243 inp ( e  14,330)], da-cyunocor- 
tisoneb [m.p. 246-247'; ( C Y ) ,  +194' (dioxane); 
A,,, 235 mp ( E  18,500)], and 2a-cyano-9a-JEuoro-ii 
/3,Zi-dihydroxy-16al iYa-isopropylidenedioxy-4- 
pregneneS120-dione [m.p. 293-296'; ( a ) ,  + 1 3 2 O  
(acetone); A,,, 238 mp (E 17,300)] were prepared 
by the reaction of I with 2-hydroxymethylene- 

progesterone 20-ethylene ket a1 [ m.p . 160- 164 O ; 
( a ) D  +42 4'1, 2-hydroxyn~ethylenedeoxycorticos- 
terone 20-ethylene ketal [m.p. 191-192'; [a], ,  + 41.2 '1, 2-hydroxyme thylenehydrocortisone 20- 
ethylene ketal [m.p. 233-236'; ( 0 ~ ) ~  +47.1°],6 2- 
hydroxymethylene - 17a,20;20,21 - bismethylenedi- 
oxy-4-pregnene-3,11-dione6 [m.p. 206-289' 
+9.2'] and Sa-fluoro-llp-hydroxy-2-hydroxy- 
methylene- 16 CY, 17 a-isoprop ylidenedioxy-2 1 -(tetra- 
hydropyran-2-yloxy)-4-pregnene-3,20-dio1~e [m.p. 
125-128'; ( a ) D  +68.5'], respectively, followed by 
acid-catalyzed hydrolysis of the side-chain blocking 
groups. The requisite 2-hydroxymethylene deriva- 
tives were prepared in the usual manner2 by formyl- 
ation with sodium hydride and ethyl formate of 
progesterone 20-ethylene ketal,' deoxycorticosterone 
20-ethylene ketal [m.p. 163-165', prepared from 
the corresponding 2 1-acetate8], hydrocortisone 20- 
ethylene keta1,g 17 a,20 ;20 2 l-bismethylenedioxy- 
4-pregnene-3,l I-dionelo and Sa-fluoro-1 lp-hy- 
droxy- 16a,l 7 a  - isopropylidenedioxy - 21 - (tetrahy- 
dropyran-2-y1oxy)-4-pregnene-3,20-dionei1 respec- 
tively. 

The introduction of the 2-cyano group (A,,, 
4.43-4.45 p )  results in a hypsochromic shift of the 
3-carbonyl band (to 5.90-5.95 p )  in the infrared and 
does not affect the location of the maximum of the 
A4-3-keto chromophore in the ultraviolet. The dif- 
ferences in molecular rotation between the 2-cyano 
compounds and the respective parent compounds 
are in the range of + l 5  to +81. These values are 
in general agreement with the effect on molecular 
rotation caused by substitution of halogen, l 2  hy- 
d r o ~ ~ , ~ ~  acetoxy,13 and methyl14 groups at the 2 
a - p o s i t i ~ n . ~ ~  In view of the foregoing, it is concluded 
that the various 2-cyano steroids are most probably 
in the a (equatorial) configuration. 
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B y  the same general method, 16-hydroxymethyl- 
ene-3-ethylenedioxy-5-androsten-17-one [m.p. 203- 
206'; (a)D +26.8'], prepared from X-ethylenedi- 
oxy-3-androsten-l7-0iie,~6 gave the corresponding 
16 (-cyano derivative [m.p. 240-242'; ( a ) ,  f4.3' 
(*21', c 0.2311 which was converted to 16t-cyano- 
testosterone [m.p. 218-219'; ( a ) ,  +88.5'; A,,, 240 
mp ( e  16,170) ] by lithium borohydride reduction 
and acid-catalyzed removal of the ring-A blocking 
group. 16 - Hgdroxymethyleiieestroiie 3 - methyl 
ether17 and I yielded 16t-cyanosterone 3-methyl 
ether [m.p 138-148'; ( a ) ,  +189'] which on sub- 
sequent reduction with lithium borohydride af- 
forded 16&cyanoestradiol 3-methyl ether [m p. 

The results of the as yet incomplete biological 
evaluation of these compounds will be reported in 
a forthcoming paper. S o  outstanding endocrinologi- 
cal activities have been discovered thus far. 
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Reactivity of 2,6-Di-t-butyPpyridine Toward 
Sulfur Trioxide at Elevated Temperature 

Sir: 
It has been known for several years that 2,B-di-t- 

butylpyridine can be sulfonated with sulfur tri- 
oxide a t  low temperature. l I n  an extensive investiga- 
tion of the reactivity of 2,G-dialkylpyridines one of 
us (v. d. PLj, together with den Hertog, has shown 
that during this reaction the sulfonic acid group en- 
tered the 3-p0sit ion,~-~ as in the sulfonation of 
pyridine below 300'. Since sulfonation of pyridine 
above 300' leads to the formation of pyridine-4- 
sulfonic acid and 4-hydroxypyridine1 together with 
the 3-sulfonic acid,5 we also studied the behaviour of 
2,6-di-t-butylpyridine toward sulfur trioxide at 
elevated temperatures. 

When 2,6-di-t-butylpyridine was heated with 
sulfur trioxide a t  240-250' for fifteen hours in a 
sealed tube, neither 2,6-di-t-butylpyridine-4-sul- 
fonic acid nor 2,6-di-t-butylpyridone-4 was formed. 

Instead, together with unchanged 2,6-di-t-butjrl- 
pyridine (30-35%) and the 3. sulfonic acid (30- 
35%), a compound was isolated (15-20%) melt- 
ing a t  140-141 '. It was insoluble in water but easili 
soluble in ether and ethanol. From elemental analy- 
sis and molecular weight determination its com- 
position was established as C13H19N02S. Anal. 
Calcd. for ClsH19S02S: C, 61.62; H, 7.56; X, 5 . 5 3 ;  
S, 12.66; mol. wt. 253. Found: C, 61.9; H, 7.4; E, 
5.5; S, 12.1; mol. wt. (according to Rast) 245. Tak- 
ing into account its composition, mode of forma- 
tion and the fact that the compound could not be 
hydrolyzed in an alkaline medium, i t  was con- 
sidered to be best represented by structure I,4 2,3- 
dihydro-3,3-dimethyl-5- t-butylthieno [3,2 - blpyri- 
dine l-dioxide. 

We now wish to report that  this conclusion was 
correct. The infrared spectrum of I in chloroform 
shows two strong bands a t  1134 cm.-l and 1316 
cm.-l, both indicating the presence of a sulfone 
group in the molecule.6 That no rearrangement of 
the t-butyl group occurred during heating of the 
2,6-di-t-butylpyridine with sulfur trioxide was 
established by considering the XhIR spectrum of I 
(internal reference tetramethylsilane, solvent tet- 
rachloromethaiie, 60 mc., magnetic field approxi- 
mately 14,100 gauss). In  this spectrum two peaks 
were observed with ~-values,' 2.38 and 2.88, both 
peaks being characterized by doublet structures 
with coupling constants J = 8 c.p.s. The 7-values 
agree with those given for the p- and y-protons of 
the pyridine nucleus.8 The coupling constants, J = 
8 c.p.s. also affirm the presence of both p- and y- 
protons in the pyridine nucleus, being in good agree- 
ment with JOY = 7.35  c.p.s. given for 2,3-substituted 
 pyridine^.^ These data exclude the possibility of an 
a-proton being present in the pyridine nucleus. 
Further, the KMR spectrum shows peaks at 
7-values 6.74, 8.43, and 8.63, attributed, respec- 
tively, to the proton resonance peaks of the 
methylene-, the two methyl groups, and the t-but 1 
group. The intensity ratio of these three peaks, 
2 : 6.1 : 9, supports these assignments. The para- 
magnetic shift of the protons of the methylene 
group is due t o  the deshielding by the adjacent 
electron-withdrawing sulfone group. 
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