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The Formatioii of Nitrile Imines in the 
Thermal Breakdown of 2,5-Disubstituted 

Tetrazoles 

Sir: 
We wish to report evidence that nitrile imines 

(11) are intermediates in the thermal decompo- 
sition of 2,5-disubstituted tetrazoles (I). As one 
might expect from the structural and electronic 
relationship to azides and nitrile oxides, these com- 
pounds are quite reactive and attempts to  isolate 
them have thus far been unsuccessful. However, 
these intermediates can be intercepted by various 
reagents. These reactions are of theoretical interest 
because they demonstrate the existence of I1 and 
they also appear to have synthetic possibilities. 

f -  
C~HS-C=N-N-R 

T 
+.1 - 

C&f-C=S-N-R 

Ia. R = CHa - $ +  
Ib. R = CeH5 CCH,-C-N=N-R 

The first-order thermolysis of the 2,5-disubsti- 
tuted tetrazoles (I) occurs a t  a convenient rate a t  
temperatures of 150’ for I b  and 200’ for Ia. These 
compounds are less reactive than pentazoles and 
5-substituted 2-acyl tetrazolesl but I b  undergoes 
ring opening faster than 1,5-disubstituted tetrazoles 
which are reported2 to give carbodiimides at  220’. 

When I b  is decomposed in aniline a 75% yield 
of I I Ia  is obtained. The thermal breakdown of I b  
in thiophenol gives I I Ib  in 88% yield. Both of these 
reactions apparently involve a 1,3-addition to the 
intermediate nitrile imine IIb. The analogous re- 
action wit,h phenol is followed by an O-+N migra- 

(1) Phenylpentaeole gives a quantitative yield of phenyl 
azide and nitrogen a t  0” in methanol with a half-life of 13 
min. 5-Substituted tetrazoles react rapidly with carboxylic 
acid chlorides or imino chlorides in pyridine at  50-90” to 
give 1,3,4-oxadiaeoles and 1,2,4-triaeolesJ respectively. It 
is noteworthy that these compounds represent substances 
which are highly aromatic in the sense that there is sub- 
stantial resonance stabilization, but nonetheless are very 
reactive. See R. Huisgen and I. Ugi, Chem. Ber., 90, 2914 
(1957); I. Ugi and R. Huisgen, Chem. Ber., 91, 531 (1958); 
I. Ugi, H. Perlinger, and L. Behringer, Chem. Ber., 91, 2324 
(1958); R. Huisgen, J. Sauer, and H. J. Sturm, Angew. 
Chem., 70, 272 (1958); R. Huisgen, J. Sauer, and M. Seidel, 
Chem. and Ind. (London,) 1114 (1958). 

(2) P. A. S. Smith and E. Leon, J .  Am. Chem. SOC., 80, 
4647 (1958); J. Vaughan and P. A. S. Smith, J. Org. Chem., 
23,1909 (1.958). 

tion of the phenyl group to give 79% yield of 
benz-N, N-diphenylhydrazide IV. 

Cyclic structures are formed when I is de- 
composed in nitriles, aldehydes or olefins with 
strained carbon-carbon double bonds. For example, 
the decomposition of Ib  in benzonitrile gives 63% 
of 1,3,5-triphenyl-l,2,btriazole (Va) (identified 
by comparison with an authentic specimen), 
The reaction of Ia  with benzonitrile yields 1- 
methyl-3,5-diphenyltriazole (Vb) ; with p-chloro- 
beiizonitrile the product is Vc. The product re- 
sulting from the decomposition of Ib  in benzal- 
dehyde (yield 75%) has analytical and spectral 
data indicating that it is VI. Both V and VI can 
be considered to  arise by the l,&addition of a 
multiple bond to the nitrile imine intermediate. 

The reaction of nitrile imines with olefins con- 
taining strained double bonds is apparently anal- 
ogous to the reaction of azides and diazoalkanes 
with substances of this type.3 The thermolysis of 
I b  in dicyclopentadiene gives a 68% yield of a 
crystalline compound which appears to be the 
tetracyclic product VII. This structural assign- 
ment is based on the chemical composition and the 
infrared spectrum. This same compound VI1 is 
obtained in 83% yield when a benzene solution of 
benzphenylhydrazide chloride (VIII) and dicyclo- 
pentadiene is treated with triethylamine. This 
alternate route to the nitrile imine intermediate by 
a 1,3-dehydrochlorination is probably analogous 
to the syntheses of nitrile oxides from hydroxamic 
acid chlorides. 

VI1 C6H5 VI11 

(3) K. Alder and G. Stein, Ann., 485, 211 (1931); 501, 1 
(1933); K. Ziegler, H. Sauer, L. Bruns, H. Froiteheim- 
Kohlhorn, and I. Sohneider, Ann. 589, 122 (1954). 
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‘l’he addition reactions involving the nitrile 
imines and their formation by thermolysis of I and 
dehydrochlorination of VI11 are novel in that they 
represent examples of l,&addition and climi- 
nation reactions. Apparently, the only nitrilc 
imine described previously is “ i~odia~omcthane ,~’~  
prepared by de- and reprotonation of diazomethane. 
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(4) E. Muller and W. Kreutzmann, Ann., 512, 264 
(1034); E. Muller and D. Ludsteck, B e y . ,  87, 1887 (1954); 
88, 981 (1955); E. Mullcr and W. Rundel, 90, 2G73 (1957). 

Improvement in the Preparation of 
3P-Acetoxy-5a-pregn-16-en-20-one 

and 3P-Acetoxypregna-5,16-dien-20-one 
from the Steroidal Alkaloids, Tomatidine 

and Solasodine 

sir: 
The degradation of the steroidal alkaloids, to- 

matidine and solasodinc into 3P-hydroxy-5a-pregn- 
16en-20-one’ (yield : ea. 6070) and 3P-acetoxy- 
pregnad, 16-dien-20-0ne~~~ (yield : ca. 10%) has 
been previously reported. A recent a r t i ~ l e , ~  using a 
modification of the original method, reports LL 
marked improvement in the yield of pregnadieno- 
lone from solasodine. We wish to report our findings 
on the conversion of the steroidal alkaloids which 
lead to a further substantial increase in the procluc- 
tion of allopregnenolonc and pregnadienolone from 
tomatidine and solasodine, respectively. 

0,N-Dia~etyltomatidine~ (IA) and 0,lV-diace- 
tylsolasodines (IB) in an acidic medium undergo a 
remarkably facile prototropic rearrangement to 
yield the uneaturated O,.V-diacetyl derivc ‘L t’ ives 
IIA and 1113. Thus, 0,X-diacctyltomatidine (IA) 
can be converted in an almost quantit ative manner 
(05-98%) to IIA, m.p. 128-132’,’ [alf: +1.,5’, 
Arhlf 2.89, 2 . 9 7 ~  (%-€I) ; 5.7811 (3-acetoxy) ; 

( 1 )  Y. Sato, A. Katz, and E. Moscttig, J .  Am. Chcm. 

(2) Y. Sato, €1. IC. hliller, and E. Moscttig, J. Am. Chem. 

(3) Y .  Sato, H. G. Latham, Jr., and E. Mosettig, J. Org. 

(4) N. N. Suvorov, 1,. V. Sokolova, L. 31. Moroaovskaya, 

(5) T. D. Fontaine, J. S. Ard. and l?. 5.2. Ma, J .  A 712. Che7n. 

(6) L. 11. Briggs and T. O’Shea, J .  Chem. Soc., 1654 
(1952). 

(7) Melting points were taken on the Kofler block and 
are uncorrected. hlicro analyses were performed by the 
Analytical Service Laboratory under the direction of Dr. 
William C. Alford. 

SOP., 73, 880 (1951); 74, 538 (1952). 

Soc., 73,5009 (1951 ). 

Chem., 22, 1498 (1057) 

and V. S. Murashcva, Khim Xauka a Prom., 3,281 (1958). 

Soe., 73,878 (1951). 

5.99, &59p (NH-acetyl) ( A n d .  Calcd. foryCjl- 
1Ik9O4N: C, 74.51; €1, 9.88. Found: C, 74.66; 
H,  10.02), by the treatment of IA with a solution 
of mineral acid in acetic acid at room temperature 
or more conveniently by the direct introduction of 
IA into boiling acetic acid followed by brief refluxing 
(15 min.). The partially hydrolyzed alcohol of I IA 
has been previously obtained by the alkaline hy- 
drolysis of the so-called unsaturated triacetylto- 
matidine.s 

Upon carefully controlled oxidation of IIA with 
chromic acid in acetic acid and subsequent cleavage 
of the side chain moiety with acetic acid9 3P- 
:~cc~toxy-S cr-pregn-16-en-20-one (IIIA) is obtained 
in excellent yields (ca. 80% based on IA), m.p. 
l(i5-167°,  CY]^^ + 42’ (CHCI,), A,,,, 239 mp, 
log E 3.98, (Anal. Calcd, for CzsH340a: C, 77.05; 
H, 9.56. Found: C, 77.32; H, 9.58). It agreed in all 
properties with an authentic sample of allopregneno- 
lone. 

U A  C s - a ,  C m - L  

II0 A’, C2,-D 

I n  a similar manner the treatment with acetic 
acid of 0,N-diacetylsolasodine (IR) yielded 1113 
(05-98%), m.p. 135-138’, [a12 -23’, Xc:! 2.90, 
2 . 9 8 ~  (N-11) ; 5 . 7 8 ~  (3-acetoxy) ; 5.98, 6 . 6 0 ~  
(NH-acetyl), (Ar~al. Calcd. for C31114704r\:: C, 
74.81; H, 9.52. Found: C, 75.09; 13, 9.36) which has 
also been previously obtained from the alumina 
ohromatography of the unsaturated triacetylsola- 
sotline3 (pseudosolasodine A). Oxidation and re- 
moval of the consequent 16P-ester side chain of 
1113 resulted in a good yield (75-80% bascd on IH) 
of 3P-acetoxypregna-5, 16-dien-20-one (I1 I n )  m. p. 
173-1753’, [a]? - 3 5 O ,  A,,, 239 mp, log E 4.0, 
(Anal. Calcd. for C2&03: C, 77.49; 11, 9.05. 
Found: C, 77.45; I€, 9,11), identical in all respects 
with an authentic specimen. In  a continuous opera- 
tion from solasodine without isolation and puri- 
fication of intermediates, an over-all yicld of 65% 
of IIIB was obtained. 
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