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C y a n o g u a n y l  A z id e  C h e m i s t r y ^

W i l l i a m  P. N o r r i s  a n d  R o n a l d  A. H e n r y  

T h e  C h e m is tr y  D iv is io n ,  R esea rc h  D e p a r tm e n t,  U .  S .  N a v a l  O rd n a n c e  T e s t  S ta t io n ,  C h in a  L a k e ,  C a lifo r n ia

R ec e ive d  J x d y  12 , 1963

S e v e ra l c y a n o g u a n y l az id es w ere  p re p a re d . In f ra re d  a n d  u lt ra v io le t  s p e c tra l  d a t a  in d ic a te  t h a t  th e  s t r u c ­
tu r e ,  N C — N = C ( N 3 ) N H H  (w h ere  11 =  H .a lk y l ,  a ry l) , is  th e  d o m in a n t ta u to m e r . T h e  a c tio n s  o f b ases o n  cy an o ­
g u a n y l a z id e  (1 )  fa ll  in to  f(tu r ca te g o rie s : (1 )  c y c llz a tlo n  to  5 -c y a n lm in o te tra z o lin e  sa lt* , (2 )  d isp la c e m e n t of 
az id e , (3 )  a d d i t io n  to  th e  o y a n o  g ro u p , a n d  (4 )  s im p le  com plex  fo rm a tio n . D ia z o m e th a n e  a r t s  a s  a  c y c liz in g a n d  
m e th y la t in g  a g e n t  r>n 1 a n d  N -c y a n o -N '-m e th y lg u a n y l a z id e  (2 )  y ie ld in g  l ,4 -d im e th y l-5 -c y a n im in o te tra z o lin e  
(7 ) . T h e  ro le  o f b a s e  in  th e  cyc 'liza tion  o f g u a n y l az ides, in  g en e ra l, is d iscu ssed . T h e  s t ru c tu r e s  a n d  c h e m is try  of 
t h e  o -c y a n im in o te tra z o lin e s w e re  in v e s tig a te d . P o ta ss iu m  5 - (X * c y a n o -N -m e th y la m in o )te tra z o le  (4 ), a  m en ib e r 
o f a  n ew  te tr a z o le  se ries , w as iso la te d , d e r iv a tiv e s  w ere  p re p a re d , a n d  s t r u c tu r e s  w ere  e s ta b lish e d .

Cyanoguanyl azide (1) was reported and character­
ized by Hart* in 1928, bu t the chemistry was not in­
vestigated further. This paper deals in more detail 
with the structure and chemistry of 1 and some of its 
derivatives.

\-C y a n o -X '-methylguanyl azide (2) and X-cyano- 
X ',N '-dim ethylguanyl azide (3) were prepared by 
H art’s procedure using the potassium salts of 5-methyl- 
aminotetrazole and 5-dimethylaminotetrazole, respec­
tively, and cyanogen bromide. One coproduct in the 
preparation of 2 was potassium 5-(N-cyano-N-methyl-

(1) Presented at the 142nd National M«tvng of the American Chemical 
Society, Atlantic City, N. J., 8epteml)er, 1962.

(2) C. V. Hart, J .  A m .  C h e m . S o c .,  6 0 ,1922 (1928).

amino)tetrazole (4); in this case the cyano group 
attacked the 5-methylamino position. Cyanoguanyl 
azide formation proceeds through the intermediate 
formation of a 1-cyano-o-aminotetrazole. Arenesul- 
fonyl halides and 5-aminotetrazole, in the presence of 
base, proceed similarly to  produce arenesulfonylguanyl

N R R '

^ N “  +  B rC N  /

N R R ' 

^ . N - C N N C N = C :
^ R R '

'N,

1, R = R ' = H
2, R = CHj; R ' = H
3, R -  R ' = CH,



azides.*"® The instability of a tetrazole with an electro­
negative group in the 1-position also can be inferred

from the failure of imidoazides, X —X = C —X 3 (where 
X  is in electronegative group), to  form tetrazoles.®^

N-Cyano-X '-phenylguanyl azide (5)^ and N,X- 
( l ,4-phenylene)bis(N '-cyanoguanyl azide) (6) w'ere 
prepared by the reaction of aniline and 1,4-phenyIenedi- 
amine, respectively, with N-cyanimidocarbonyl azide.

N,

2 N C — N = C  +  1,4-C6H4(NH2)2 —
\

N ,
l,4 -C e H ,(N H —C = N C N ) *  +  2H N 3 

6 Na

There is now quite general agreement th a t electro- 
negatively substituted guanidines have the structure 
X — N = C (N H R )2, where X  is acyl, nitro, or cyano and 
R  is H or alkyl.*"^^ The tautom er with the proton on 
the more basic nitrogen would be expected to  predomi­
nate. I t  is reasonable to assign a similar structure to 
cyanoguanyl azide and its derivatives, neglecting the 
additional resonance structures involving charge sepa­
ration. In  the case of 3 the  two m ethyl groups on the 
amino nitrogen fix the structure in this configuration. 
The ultraviolet absorption spectra (Table I) of 1, 2, 
and 3 show marked similarities indicating th a t 1 and 2 
are structurally similar to 3. There is a regular batho- 
chromic shift of the maxima in the spectra as methyl 
groups are added. A similar effect was noted by 
M cKay with n i t r o g u a n id in e s .1,4-Dimethyl-o-cyan- 
iminotetrazoline (7) absorbs in the 220-230-miU region 
as do 1, 2, and 3 and with about the same intensity. 
In each case an imino group in conjugation with a nitrile 
group may be the chromophore responsible for this 
band. l-M ethyl-5-cyaniminotetrazoline (8) and its 
diisopropylammonium salt (9) also absorb in this region.

The infrared spectra of 1, 2 , and 3 offer additional 
evidence th a t the cyano group is in conjugation with 
the imino group. The unconjugated nitrile group of 
dimethylcyanamide absorbs a t 4.o2 and the nitrile

(3) H. K. Nagy. A. J. Tomson, and J. P. Horwitz, J .  A m .  C h e tn . S o c .,  62, 
1609 (I960).

(4) K. A. Jensen and C. Pedersen, A d a .  C k e tn . S c a n d ..  19, 991 (1961).
(5) S-Alkylamino- or 5-arylaminotetrazoles and acetic anhydride react

in the prcstnce of base to give conipounds which rearranKC, when heated, 
to 1-aIkyI (or ary]}-5-acetatnidotetrazoles [R. M. Herbst and W. L. Gar- 
brecht, y. O rg. C h e m .. 18, 1283 (19.‘i3): R. M. Herbst and J. E. Klingbcil, 
J .  O tq. C h tm . ,  2S, 1912 (1968) |. Here again the reaction proceeds by attack 
on the 1-poeition of the tetrazole ring. Tliese reactions and the previous 
ones, all invoh-ing .Vanilnotetrazole and derivatives, are to be contrasted 
with the reactions cf 5-phenyltetrazole with acylating agents in which attack 
appears to occur exclusively at the 2-po8ilion [R. Husigen, J. Sauer, H, J. 
Sturm, and J. H. Markgraf. C h e m . B e r ., 98, 2106 (1960); R. M. Herbst 
y. Orff. 26, 2372 (1961) ].

(6) F.Eloy,»6td.,8«, 952 (1961).
(7) G. A. Reynolds, J. A. VanAllan, and J. F. Tinker, ib id . ,  24 1205 

(1959)’
(8) R. Greenhalgh and R. A. B. Bannard, C a n . J .  C h e n . ,  39, 1017 (1961).
(9) W. D . Kumler, J .  O rg . C h e m .. 20, 700 (1955).
(10) W. D. Kumler and P. P. T. Sah, ib id . , IS, 669 (1953).
(11) 8. S. Barton, H. Hall, and G. F Wright, J .  A m .  C h e w . S o c .,  78. 2201 

(1951).
(12) X-ray crystallographic studies on nitroguanidine [J. H. Bryden, 

L. A. Burkardt, and E. W. Hughes, A c ta .  C rya l., 9, 573 (1956)] and cyano- 
guanidine [E. W. Hughes. J .  A m .  C h e m . S o c .,  62, 1258 (1940)] show that 
all three guanidine carbon-nitroRen bond lengtha are approximately equal 
in each compound indicating that various resonance forms involving charge 
separations contribute substantially, and all the carbon-nitrogen bonds 
have some double bond character.

(13) A. F, McKay, J. P. Picard, and P. E. Brunet, C a n . J .  C h e m ., 29, 
746 (1951).

T aBI/B I
Ultraviolet Spectra of Cyanoguanyl Azides

A N D  T e T R A Z O L I N E S ® ’ ^

Compound ln»i («)
C y a n o g u a n y l a z id e  ( I ) 219 (1 0 ,4 0 0 )

242 (7950)
N -C y a n o -N  '-m e th y lg u a n y l 224 (1 1 ,5 0 0 )

a z id e  (2 ) 247 (7800)
N -C y a n o -N  ',N  '-d im e th y l- 231 (9560)

g u a n y l az id e  (3 ) 253 (9300)
1,4 -D in iethy l-5 -cyan irm n<  i-

te trazo U n e  (7 ) 226 (1 4 ,0 0 0 )
l-M e th y l-5 -c y a m in in o -

te tra z o lin e  (8 ) 221 (9500)
B isd iiso p ro p y lam m o n iu m

5 -c y a n im in o te tra z o lin e  (3 2 ) en d  a b s o rp tio n  
D iiso p ro p y la m m o n iu m  

l-m e th y I-5 -c y a n im in o -  
t€ tra z o l in e (0 )  

l-P h e n y l-5 -c y a m ttu n o -  
te tra z o lin e  (22)

218

273

( 1 1 , (KX)) 

(10,000)
° T h e  so lv e n t u sed  w as 9 5 %  e th a n o l.  ̂ S p e c tra  w ere  re- 

(!orded o n  a  M o d e l 11 C a ry  sp e c tro p h o to m e te r .

group (unconjugated) of 2-methyl-5-(N-cyano-N- 
methylamino)tetrazole (10) absorbs at 4.47 m- The 
nitrile absorptions of 1, 2, and 3 (Table II) are all shifted 
to longer wave lengths as would be expected for a con­
jugated system. Sim ilarly the > C = X —  absorption 
frequency, which occurs at 5.98 to 6.01 m in unconju­
gated systems,’  ̂ occurs at 6.06, 6.17, and 6.23 m, 
respectively, in 1, 2, and 3, which indicates conjuga­
tion of the > C ~ X —  group with the cyano group and 
possibly the azido group.

Sodium iodide in trifluoroacetic acid'® reacts im­
mediately with 1, 2, and 3 to release iodine showing the 
presence of the azido group.*® Triphenylphosphine 
reacts with guanyl azides to give the phosphinimides 
shown in Table III. In general a bright yellow color 
develops upon combining the two reagents followed by 
rapid evolution of nitrogen and disappearance of color. 
In the case of 3, the in itia l bright yellow adduct, P ,P,P- 
triphenyl-X-(X-cyano-X',X'-dimethylguanyl)phospha- 
zide, crystallized from solution and was comparatively 
stable. Phosphazides have been isolated before, but 
more often than not they decompose at room tem­
perature or below.

Guanyl azides isomerize to 5-aminotetrazoles with 
greater or lesser ease depending upon the substituents 
present.*® The cyanoguanyl azides are sim ilar to the 
arenesulfonylguanyl azides* and nitroguanyl azidê *̂  
in that a base is required to effect the cyclization to 
the isomeric tetrazole. i-Butylamine, diisopropyl­
amine, l,4-dimethyl-5-iminotetrazoline, and dilute 
aqueous sodium hydroxide at 25° convert 1 into the 
corresponding dicationic salts of 5-cyaniminotetrazoline; 
the salts can be converted to free 5-cyaniminotetrazo­
line (II) by acidification. Certain other bases and 1

(14) F. H. Suydam, A n a i .  C h em ., 30, 193 (1963).
(15) This convenient reagent was devised by Dr. W. R. Carpenter of 

this laboratory.
(16) Hydrogen iodide reacts with azides to give Ij (P. A. 8. Smith and 

B. B. Brown, J .  A m .  C h em . S o c .,  73, 2438 (1951)].
(17) H. Staudinger and E. Hauser, H e lv . C h im . A c ta .,  4, 861 (1921).
(18) J. E. Leffler, U. Honsberg, Y. Tsuno, and I. Forsbald, J .  O rg. C h e m ,,  

36,4810(1961).
(19) R. A. Henry, W. G. Finnegan, and E. Lieber, J .  A m .  C h e m . S o c .,  

77,2264 (1955).
(20) E. Lieber, E. Sberman, R. A. Henry, and J. Cohen, ib id . ,  78, 2327 

(1951).



Table I I

I nfrared Spectra of Cyanoouanyl Azides, Tetrazolines, and Tetrazoles in the 4.4-6.5-m  Region®''’
Compound Xmax> I f

C y a n o g u a n y l a z id e  (1 ) 4 .5 5 4 .6 0 , 6 .0 6
N -C y a n o -N '-m e th y lg u a n y l a z id e  (2 ) 4 .6 2 6 .1 7
N -C y a n o -N ',N '-d im e th y lg u a n y l  a z id e  (3 ) 4 .5 8 4 .6 8 6 .2 3
N -C y a n o -N '-p h e n y lg u a n y l a z id e  (5 ) 4 .5 8 4 .6 2 6 .1 6 6 .3 5 '’
5 -C y a n im in o te tra z o lin e  ( 11) 4 .5 9 6 .1 7
M o n o so d iu m  5 -c y a n im in o tc tra z o lin e  (37) 4 .6 0 6 .1 9
D iso d iu m  5 -cy an im in o te tra ;so lin e  (2 8 ) 4 .5 8 6 .1 2
B isd iiso p ro p y la m m o n iu iu  5 -c y a n im in o te tra z o iin e  (3 2 ) 4 .7 3 6 ,0 9 6 .2 1
B is -t-b u ty la m m o n iu m  5 -c y a n im in o te tra z o lin e  (3 5 ) 4.48* 4 .6 7 6 .0 9
l-M e th y l-5 -c y a n im in o te tra z o lin e  (8 ) 4 .5 9 6 .1 3
D iiso p ro p y la m m o n iu m  l-m e th y l-5 -c y a n im in o te tra z o lin e  (9 ) 4 .6 2 6 .2 2 6 .4 2 ''
l-P h e n y l-5 -c y a n im in o te tra z o lin e  (22) 4 .5 8 6 .1 0 6 ,35*
H y d ra z in iu n i l-p h e n y l-5 -c y a n im in o te tra z o lin e  (3 8 ) 4 .5 8 6 .1 9 6.35*
B isd iiso p ro p y la m m o n iu m  l ,4 -b is (5 -f iy a n im in o - l- te tra z o lin y l)-

b e n z e n e (4 1 ) 4 .6 2 6 ,2 2 6 .4 7 '
l ,4 -D im e th y l-5 -c y a n im in o te tra z o lin e  (7 ) 4 .5 8 6 .1 8
5 -(N -C y a n o * N -m e th y la m in o ) te tra z o le  (3 3 ) 4 .4 3 6 .4 8
P o ta s s iu m  5 - (N -c y a n o -N -m e th y la m in o ) te tra z o le  (4 ) 4 .5 1 6 .5 8
2 -M e th y l-5 -(N -c y a n o -N -m e th y la m in o ) te tra 2 o le  (1 0 ) 4 .4 8 6 .5 0

6 .3 4 ‘

T h e  s p e c tra  w ere  d e te m u n e d  o n  a  P e rk in -E lm e r  In fra c o rd  si> ec tro p h o to m e te r  e m p lo y in g  p o ta s s iu m  b ro m id e  a s  th e  m ed iu m . ® T h e  
p e a k s  r e p o r te d  in  th is  ra n g e  a re  o n ly  th e  m o d e ra te ly  s tro n g  to  s tro n g . ^ P ro b a b ly  a s so c ia te d  w ith  th e  p h e n y l  g ro u p . ^  P ro b a b ly  d u e  
t o  th e  d iiso p ro p y la m m o n iu m  g ro u p . D iiso p ro p y la m m o n iu m  ch lo rid e  h a s  a  m o d e ra te ly  s tro n g  a b s o rp tio n  a t  6 .3 2  m- * P ro b a b ly  d u e  
to  th e  t-b u ty la m m o n iu m  ion . ^ -B u ty la m m o n iu m  5 -b ro m o te tra z o le  h a s  a  b a n d  of m e d iu m  in te n s i ty  a t  4 .5 2 1*.

Table I I I
Preparation of Substituted Guanyltriphenylphosphinimidbs

NRsRj
R ,N = C

\
N=P(C6H5),

-Compound"- -Carbon-
-Analysis, % ~  
—Hydrogen— -Nitrogen-

Ri Rt R« M.p., *0. Calcd. Found Calcd. Found Calcd. Found

C N H 222-223 6 9 .7 5 7 0 .2 8 4 ,9 8 4 .9 4 1 6 .2 7 1 6 .5 6
C N C H 3 H* 229-2 3 0 7 0 .3 8 7 0 ,0 8 5 .3 4 5 ,2 5 1 5 .6 3 1 5 .6 8
C N C H , CH.'' 159-160 7 0 ,9 5 7 0 .9 1 5 .6 8 5 .3 0 1 5 .0 5 1 5 .2 0
C N C,Ho H 2 0 0 - 2 0 2 1 3 .3 3 1 3 .2 8
NO* H H 1 7 8 ,5 -

1 7 9 .5 6 2 ,6 3 6 2 .6 8 4 .7 0 4 .2 1 1 5 .3 8 1 5 .6 0
CeHs H H ' 194-195 7 5 ,9 3 7 4 .4 6 5 .6 1 5 ,6 4 1 0 .6 3 9 .8 9
4 -N O 2C 6H 4SO 2 H 232-233 5 9 .5 2 5 9 .9 0 4 .2 0 4 ,0 4 1 1 . 1 1 1 1 .1 8

** T h e  p ro d u c ts  w ere  c ry s ta lliz e d  from  b e n z e n e  e x c e p t  w h ere  R i =  CeHs w h e n  e th a n o l  w as u se d . * P ro d u c t  w h ich  c ry s ta lliz e d  con ­
ta in e d  1 m o le  o f C eH ,: A n a l.  C a lc d . fo r  C » H n N 4P  • C «H ,; C , 73 .93 ; H , 6 .4 9 ; N , 13 .26; C *H ,, 18.5. F o u n d : C , 73 .22; H , 5 .27 ; 
N , 13 .57; C*Hg, 18.5. I t  w as d e so lv a te d  b y  h e a tin g  fo r  6 h r . a t  100“ . T h is  sa m e  p h o sp h in im id e  w as o b ta in e d  f ro m  e ith e r  N a C iN H i)-  
N C N  o r  ( N ,) ,C = N C N . 'C a l c d . :  P , 8 .64 . F o u n d : P , 8 .90 . “ C a lc d .: P ,  8 .32 . F o u n d : P ,  8 .56 . * T h is  co m p o u n d  w as 
p re p a re d  b y  h e a tin g  0 .8  g. o f l -p h e n y l-5 -a m iu o te tra z o le  w ith  1.3 g. o f t r ip h e n y lp h o s p h in e  fo r  9  h r . a t  165-180® ; g as  w as ev o lv ed . T h e  
g la ssy  so lid  re s id u e  w as d i s s o lv ^  in  b en z e n e , a n d  th e  p ro d u c t p r e c i p i t a t e  w ith  h e x a n e . -^C alcd .: S , 6 .35 . F o u n d : S , 6.49.

react differently. Hydrazine and methylhydrazine, 
being weaker bases and better nucleophiles than the 
above organic b a se s ,d is p la c e  azide '̂** to give the 
intermediate aminocyanoguanidines which cyclize im­
mediately to the corresponding triazoles, 12 and 13. 
The structure of 13 was verified by synthesizing it from 
methylhydrazinium sulfate and sodium dicyanamide. 
Aniline and phenylhydrazine, which are weak bases 
and relatively poor nucleophiles, do not react with 1 
at 25°, but in refluxing ethanol they add to the cyano

(2l)(a) In the reaction. HsN=CNHj(OC,H») +  BH —  HjN=CNHj(B) 
+  C;H»OH, in water at 25® the relative second-order rate constants, where 
BH =• hydrazine, methylainine, isopropylamine, ammonia, and diethyl- 
amine, are 100, 89, 1.3, 1.0, and 0.0.50, respectively (unpublished work by 
R. A. Henry and W. R. McBride of this laboratory); (b) under certain 
conditions azide displacement by hydrazine from guaoyl azide and nitro- 
Ruanyl azide haa been observed IF. L. Scott, D. G. O’Donovan, and J. 
Reilly J . A p v l-  C h e m . (London) * , 368 (1952); T. E. O’Connor, K. Horgan, 
and J.’ Reilly, ibid., 1, 91 (1951); F, L. Scott, F. C. Britten, and J. ReUly, 
J .  O rg . Chem., 3 1 ,1519 (1956)).

group and cyclization occurs (not necessarily in that 
order) to give l-phenyl-2-(5-tetrazolyl)guanidine (14) 
and l-anilino-2-(5-tetrazolyl)guanidine (15 ), respec­
tively. In addition, some azide displacement occurs 
w ith phenylhydrazine to give l-phenyl-3,5-diamino-
1,2,4-triazole (1 6 ). The structure of 16 was established 
by independent synthesis; the structure of 15 was in­
ferred from analytical data and the failure of the com­
pound to react w ith benzaldehyde, which indicates 
the absence of an > N -N H a group. N-Methylmorpho- 
line, a relatively weak aliphatic amine, and 1 form a 
1:2 complex (17) from which 1 may be recovered un­
changed. Gummy precipitates which contain azide 
ion but which were not further characterized were ob­
tained from either methylamine or triethylamine and 1 
in  diethyl ether. (See Chart I.)

The effect of acid on 1 was investigated only briefly. 
Cold concentrated hydrochloric acid and 1 react to give 
a compound which Hart* designated as the hydrate of.
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cyanoguanyl azide hydrochloride on the basis of chlo­
ride analysis. I t  gives a positive test for the azido 
group and shows a  strong carbonyl absorption band, 
5.72 fi, indicating th a t  the nitrile group has probably 
added w ater to form carbamoylguanylazide hydrochlo­
ride (18).

N-Cyano-N '-methylguanyl azide (2) forms the so­
dium, diisopropylammonium (9), and hydrazinium (19) 
salts of l-methyl-5-cyaninotetrazoline when treated 
w ith respective bases. W ith hydrazine some 1-amino- 
2-(l-methyl-o-tetrazolyI)guanidine (20) (see C hart II) 
also is formed. Benzaldehyde reacts w îth the picrate 
of 20 to  give the corresponding benzal hydrazone 
picrate. Since 3 cannot cyclize to a tetrazole or a tetra-

C h a b t  II  

N C N

CHa-I^ N 
N=N

9

l(CH3)2CHl2NH2

NCN

N aO H HCI A
C H 3 - I ^  n »

N=N
8

N C N CH«

C H s— ^  NaH# +  N H 2 N H C (N H )N H C ' N
n= n

20
zoline, hydrazine again displaces azide ion and the inter­
mediate, l-amin0'2-cyan0-3,3-dimethylguanidine, ring

closes to  3-amino-5-dimethylamino-I,2,4-ti'iazole (21). 
N-Cyano-X'-phenylguanyl azide (5) resembles 2 since 
diisopropylamine and hydrazine convert it  to  salts of 
l-phenyi-5-cyaniminotetrazoline (22). N,N-(1,4-Phen- 
ylene)bis(X'-cyanoguanyl azide) (6) reacts with di­
isopropylamine and sodium hydroxide to give the cor­
responding salts of l,4-bis(r)-cyanimino-l-tetrazolinyl)- 
benzene (23).

The function of base in the cyclization of electro- 
negatively substituted guanyl azides (24) is to  increase 
the electron density of the system by removal of a 
proton to give an interm ediate (25) which then ring 
closes to  26.

/ H N / R  _ 
X -N = cr —

2 4

X-N ^

25

BH R - N-

26

B H "

X = ArSO,, NO., CN 
R = H, CH3, C A

Alternatively, a concerted process of proton removal 
and ring closure may occur, converting 24 to 26 di­
rectly. ̂ 2 Qualitatively this hypothesis is consistent 
with the facts. Nitroguanyl azide, with the most elec­
tronegative group and, therefore, the most acidic pro­
tons, requires only a very weak base such as acetate or 
amines to  convert it  to  salts of 5-nitraminotetrazole»^; 
arenesulfonylguanyl azides require aqueous sodium 
hydroxide or hot sodium carbonate solution for cycliza­
tion, pyridine being ineffective^; and cyanoguanyl

(22) Reynolda, VanAUan. and Tinker (ref. 7) put forth a eimilar ar«:u- 
nient to explain the effect of electron availability on tetrazole formation 
orlack thereof, in the eystein ^  where X is varied.



azide undergoes cyclization a t  room tem perature with 
sodium hydroxide, l,4-dimethyl-5-iminotetrazoline, di- 
isopropylaminc, and i-butylamiiie but not with weaker 
bases such as N-methylmorphoIine and aniline. N- 
C yano-\'-pheiiylguanyI azide (5) would be expected 
to have a more acidic proton than  cyanoguanyl azide 
and require a  weaker base. This seems to be the case 
because attem pts to prepare 5 from sodium 5-anilino- 
tetrazole and cyanogen bromide always gives 1-phenyl- 
."j-cyaniminotetrazoline (22) rather than the acychc 
guanyl azide, presumably with sodium 5-anilinotetra- 
zole acting as the base. Guanyl azide does not require 
the assistance of external base to effect cyclization since 
the electron density is sufficiently high in the neutral 
molecule to perm it its rapid isomerization to 5-amino- 
tetrazole. The same is tr\ie of phenylguanyl azide and 
other similar system s.’* The effectiveness of the bases, 
diisopropylamine, /.-butylamine, and 1,4-dimethyl-o - 
iminotetrazoline, in cyclizing 1 may have been due, in 
part, to their bulk which would not affect the base 
strength much bu t would greatly inhibit nucleophilic 
attack  on the imidoyl carbon. This may explain why 
methyJamine and triethylam ine apparently failed to 
give salts of r)-cyaniminotetrazoline when reacted with 
compound 1.

Diazomethane and either 1 or 2 react slowly to give
l,4-dimethyl-r)-cyaniminotetrazoline (7); a small 
am ount of 2-methyl-5-(N-cyano-N-metiiylamino)tetra- 
zole (10) also is formed in the first reaction.^® The 
structure of 7 was estabhshed by its synthesis from 1,4- 
dimethyl-.'j-iniinotetrazoJine and cyanogen bromide and 
by its hydrolysis to 1,4-dimethyltetrazolone (27).*‘‘ 
M ethyl iodide and disodium ”>-cyaniminotetrazoline 
(28) likewise give a mixture of 7 and 10. The conver­
sion of 2 to  7 with diazomethane involves a cyclization 
of the guanyl azide and a metliylation, in th a t order, 
because m ethylation a t N-(2) would give 3 and methyla- 
tion a t  N -(l) followed by cyclization would give 1- 
methyl-5-(N-cyano-N-metby]amino)tetrazole, m ate­
rials which were not detected in this reaction. The 
latter two processes could, bu t apparently do not, com­
pete with the first process since carbamyl azide reacts 
slowly with diazomethane to  give N-methylcarbamyl 
azide. The base required for the cyclization m ust be 
diazomethane, a reagent which has been found to  be 
an  effective catalyst for transesterifications.*®^® In 
the case of cyanoguanyl azide, monomethylation of the 
amino group followed by cyclization and further 
methylation may occur or cyclization may occur first, 
followed by dim ethylation. E ither route could lead 
to  7. (See C hart III.)

Potassium o-(N-cyano-N-methylamino)tetrazo!e (4) 
and m ethyl iodide react to give chiefly 10; a small 
am ount of the  1-methyl isomer is undoubtedly formed 
too, bu t it was not detected. The structure of 10 was 
established by ba.sic hydrolysis to the known 2-methyI-

(23) Tlie slugKisli reaction of diazomethane with 1 and 3 is in marked 
coDtraet to its vigorous reatition with nitroguanyl azide. The principal 
product of the latter reaction ia 2 -methyl-5-(N*niethy!-N'nitroatnino)- 
tetrazole with a little 1-tnethyl isomer. The combined infrared spectra of 
these two compounds accounts for all the bands preaent in the spectrum of 
the product.

(24) K. Hattori, E. Lieber, and J. P. Horwitz, J .  A m .  C k e m . S o c ., 78,

(25) T. W’ieland and R. K. Rothhaupt, C k e m . B e r .,  89, 1176 (1956). ^
(26) II. Bredereck. R. Sieber, L. Haniphenkel, and R. Bamberger. tb»d., 

89, 1169(1956).

Chart I I I

1 +  2 C H .N . -----

(2)
(1) /NHCHj 

NCN=cf +  CH,Nj

rC H r - N ^ - C E ,  +  BrCN- 
N=N

.'iCN

CHa-N'^N-CHj
N = N

7 +  NaOH
a-o

CH:H -CH,
N=N
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5-methylaminotetrazole; the nitrile group is readily 
hydrated to give (2-methyl-5-tetrazolyl)urea (29), but 
the latter is hydrolyzed only with difficulty. The ac­
tivated cyano group of 4 and azide ion 2*eadily con­
dense to give N-methyl-N,N-bis(5-tetrazolyl)amine
(30). Similarly, N,N-bis(r)-tetrazolyl)amine hydrate
(31) can be prepared in good yield from bisdiisopropyl- 
ammonium 5-cyaniminotetrazoline (32), sodium di- 
cyanamide, or potassium dicyanoguanidine, and 
trimethylammonium azide (see C hart IV following) in 
refluxing aqueous solution. Potassium dicyanoguani- 
dine in hot aqueous solution m ust be in equilibrium 
with cyanamide and potassium dicyanamide, thus ac­
counting for formation of 31 in the reaction (Chart IV). 
Cyanoguanidine behaves in a similar fashion, dissociat­
ing to cyanamide and reacting with hydrazoic acid to 
give 5-aminotetrazole.^^

The assignment of the 5-cyaniminotetrazoline struc­
ture in lieu of a 5-cyanaminotetrazole structure to some 
of the compounds reported here is based on infrared 
spectral data. The structures of 4, 7, and 10, and
33 have been firmly established by chemical means. A 
comparison of the infrared spectrum of 7, which is a 
tetrazoline, with the spectra of the others, which are 
tetrazoles, reveals some significant differences (Table 
II). The tetrazoles show absorption a t  6.50-6.58 ix 
(possibly due to endocyclic >C=N-)^® and 4.45 to 
4.52 M (unconjugated -C = N ) . Dimethyl cyanamide 
shows - C = N  absorption a t  4.52 fi. The exocyclic 
> C = N -  of 7 absorbs a t  6.18 n and the conjugated 
-C = N  a t 4.58 m- The spectra of the other compounds 
named as 5-cyaniminotetrazohne derivatives correspond 
closely with th a t  of 7 in these two particular regions of 
the spectrum.

Experimental
R e a c tio n  o f 5 -M e th y la m m o te tra z o le  w ith  C y a n o g en  B ro m id e .

— 5 -M e th y Ia n iin o t« tra z o le , 9 .9  g . (0 .1 0  m o le ) , w as su sp e n d e d  in 
20  m l. o f w a te r  a n d  n e u tra liz e d  to  a  p h e n o lp h th a le in  e n d p o in t  
w ith  p o ta s s iu m  h y d ro x id e . E th a n o l  (2 0  m l.)  w as a d d e d , th e  
m ix tu re  w as cooled  to  0®, a n d  12 .6  R. (0 .1 2  m o le) o f cy anogen  
b ro m id e  w as a d d e d . P o ta s s iu m  h y d ro x id e  (5 0 %  so lu tio n )  w aa 
ad d e d  d ro p w ise  to  keep  th e  re a c tio n  sy s te m  a t  a b o u t  p H  9  u n t i l  
a ll th e  c y an o g en  b ro m id e  h a d  d isso lv ed . T h e  re a c tio n  m ix tu re  
w as s t i r r e d  a n  a d d it io n a l  15 m in . d u r in g  w h ich  tim e  a  w h ite

(27) R.StoUe,fier.,6*, 1118(1829)
(28) 5-Trifluoromethyltetrazoles absorb in this narrow band width also 

(W. P. Norris. J .  O rg. C k tm . ,  4T, 3248 (H»62)j.



Chart IV

+  CH3I

N a  /CH 3

A  . K ,

CH,
10

NC /CH3

H,N—

33

XHa

10
KOH

HjO

\ h ,  c h .

29

CH.
Jia'N, i t

32
NaN, + H,0 H‘

or NaN(CN), 
or KN(CN)C(NHyNHCN

3 0

?  H  ^

* - h V
31

■H,0

p re c ip ita te  fo rm e d . T h e  s o lv e n t w as re m o v e d  u n d e r  re d u c e d  
p re ss u re , a n d  th e  so lid  re s id u e  w as e x tra c te d  w ith  50  m l. o f bo il­
in g  m e th y le n e  ch lo r id e . C o n c e n tra t io n  a n d  coo lin g  to  0 °  gav e
2 .5  g . (2 0 %  y ie ld )  o f N -c y a n o -N '-m e th y lg u a n y l az id e  (2 ) ,  m .p . 
118-121'* d e c . R e c ry s ta l l iz a tio n  f ro m  c a rb o n  te tr a c h lo r id e  
ra ise d  th e  m e ltin g  p o in t  to  122-123® d e c . E xpjosure to  l ig h t  in 
th e  la b o ra to ry  ca u se d  th e  so lid  to  tu r n  p in k . T h is  co m p o u n d  
c au ses  im m e d ia te  l ib e ra tio n  o f  io d in e  fro m  a  so lu tio n  o f sodiu iri 
io d id e  in  tr if lu o ro a c e tic  ac id .

A n a l.  C a lc d . fo r  C jH iN ,:  C ,  2 9 .0 3 ; H ,  3 .2 5 ; N ,  6 7 .7 2 . 
F o u n d : C . 2 8 .6 1 ; H , 3 .3 7 ; N . 6 7 .9 2 .

T h e  m e th y le n e  c-hloride in so lu b le  re s id u e  fro m  th e  a b o v e  r e a c ­
t io n  w as e x tra c te d  w ith  700  m l. o f  b o ilin g  a c e to n itr i le .  T h e  
so lu tio n  w aa f ilte red  a n d  co o led , d e p o s itin g  0 .7 0  g . o f p o ta s s iu m  
l-m e th y l-5 -c y a n im in o te tra z o lin e  (3 4 ) , m .p .  2 9 0 “ d e e .,  a s  fine 
w h ite  n eed le s . C o n c e n tra t io n  o f th e  f i l t r a te  a n d  coo lin g  g a v e
3 .5  g. of la rg e  w h ite  n eed le s  o f p o ta s s iu m  5 - (N -c y a n o -N -m e th y l-  
a m in o ) te tra z o le  (4 ) ,  m .p .  210® d e c . F u r th e r  c o n c e n tra t io n  an d  
coo lin g  g a v e  a l te rn a te ly  a d d it io n a l  q u a n t i t ie s  o f th e  290  a n d  210" 
m e ltin g  p o in t  m a te r ia ls .  A  to ta l  o f 1 .2  g . (7 %  y ie ld )  o f  34  w as 
o b ta m e d . R e c ry s ta lH z a tio n  fro m  a c e to n itr i le  ra ise d  th e  d e­
c o m p o s itio n  p o in t  to  3 0 0 ° . T h e  sa m p le  fo r  a n a ly s is  w as d r ie d  a t  
100® (0 .0 1  m m .)  fo r  16 h r .

A n a l.  C a lc d . fo r  C jH jK N g : C , 2 2 .2 1 ; H , 1 .8 6 : K  24 11- 
N ,  5 1 .8 2 . F o u n d : C , 2 2 .3 0 ; H , 2 .2 1 ; K , 2 4 .0 9 ; N .  5 1 .8 1 . ’

A. to ta l  o f 4 .0  g . ( 2 5 %  y ie ld )  of 4  w as re c o v e re d . A f te r  re- 
c r y s t^ h z a t io n  fro m  a c e to n itr i le  th e  d ec o m p o s itio n  te m p e ra tu ro  
re m a m e d  a t  210 . T h e  sa m p le  fo r  a n a ly s is  w as d r ie d  a t  1 0 0 “ 
(0 .0 1  m m .)  fo r  16 h r .

^ n a l .  C a lc d . fo r  C a H .K N ,: C . 2 2 .2 1 ; H , 1 .86 ; K  24 11 - 
N , 5 1 .8 2 . F o u n d :  C , 2 1 .9 9 ; H , 2 .4 3 ; K ,  2 3 .6 5 ; N ,  51 .27 .' ’

N e i th e r  o f  th e  l a t t e r  co m p o u n d s  ca u se d  l ib e ra tio n  o f  iod ine  
i ro m  th e  so d iu m  lo d id ^ tr i f lu o ro a c e t ic  a c id  r e a g e n t.

N -C y a n o -N ',N '-d im e th y lg u a n y l A zide ( 3 ) .— 5 .D im e th v I-  
a m m o te tra z o le  (6 .7  g . ,  0 .0 5 8  m o le) w aa su sp e n d e d  in  15 m l of 

n e u tra l iz e d  to  a  p h e n o lp h th a le in  e n d  p o in t  w ith  p o ta s ­
s iu m  h y d ro x id e . E th a n o l  (1 5  m l .)  w a s  a d d e d  fo llow ed  b y  6  2  g

(0 .0 5 8  m o le) o f c y an o g en  b ro m id e . T h e  re a c tio n  m ix tu re  wad 
s t ir r e d , m a in ta in in g  a  te m p e ra tu re  o f 3 0 °  u n t i l  th e  cy an o g en  b ro ­
m id e  d isso lv ed . A f te r  1 h r .  th e  so lv e n t w as re m o v e d  u n d e r  re ­
d u c e d  p re s su re . T h e  re s id u e  w as e x tra c te d  w ith  th re e  100-m l. 
p o r t io n s  o f bo ilin g  e th e r .  T h e  e th e r  so lu tio n s  w ere  co m b in ed  
a n d  co D ce n tra ted  to  20 m l . F o u r  g ra m s o f so lid  s e p a ra te d . T h is  
w as c h ro m a to g ra p h e d  on  a  C e lite -s ilic ic  ac id  c o lu m n  u sin g  b e n ­
zen e  a s  th e  e lu e n t .  T h e re  w as reco v ered  3 .5  g . (4 4 %  y ie ld )  of 
3 , m .p .  74-76® . R e c ry s ta lliz a tio n  fro m  e th e r -m e th y le n e  ch lo rid e  
so lu tio n  g av e  1 .3  g . o f m a te r ia l ,  m .p .  75-76® . E x p o su re  to  l ig h t 
in  th e  la b o ra to ry  caused  th is  co m p o u n d  to  tu r n  p in k . T h e  
co m p o u n d  causes im m e d ia te  l ib e ra tio n  o f io d in e  from  a  so lu tio n  of 
so d iu m  io d id e  in  tr if lu o ro a c e tic  ac id .

A n a l.  C a lc d . fo r  C 4H .N e: C , 3 4 .7 8 ; H , 4 .3 8 ; N , 60.84. 
F o u n d : C , 35 .06 ; H , 4 .48 ; N , 60 .72 .

G e n e ra l  P ro c e d u re  fo r  P re p a ra tio n  o f G u a n y l-P ,P ,P - tr ip h e n y l-  
p h o sp h in im id e s .— O ne m illim o le  e a c h  of g u a n y l az id e  a n d  tr i-  
p h e n y lp h o sp h in e  w ere  c o m b in ed  a n d  h e a te d  a t  re flu x , if  neces­
s a ry ,  in  5 m l. o f b en zen e  u n t i l  th e  in i t ia l ly  in te n se  yellow  co lor 
h a d  d isa p p e a re d . U p o n  coo ling  th e  p h o sp h in im id e  c ry s ta llized  
from  so lu tio n  in  h ig h  p u r i ty .  In  m o s t  cases th e  c o m p o u n d  w as 
re c ry s ta lliz e d  b efo re  a n a ly s is . T a b le  I I I  g ives m e ltin g  p o in ts  
a n d  e le m e n ta l a n a ly se s  fo r  th e  p r o d u c ts . I n  th e  in s ta n c e  of 3  a n d  
tr ip h e n y lp h o s p h in e , an  in te n se ly  yellow  so lu tio n  fo rm ed  a t  25® 
fro m  w h ich  a n  8 8 %  y ie ld  o f b r ig h t  ye llow  c ry s ta ls  o f  th e  in itia l 
a d d u c t ,  P ,P ,P - t r ip h e n y l-N - (N -c y a n o -N  ',N  '-d im e th y lg u a n y l V
p h o sp h a z id e , m .p .  119® d e c .,  s e p a ra te d .

A n a l.  C a lc d . fo r  C m H ^ N ,? ;  C ,  6 5 .9 9 : H ,  5 .2 9 ; N ,  2 0 .0 9 ; 
P , 7 .7 4 . F o u n d : C . 6 7 .0 3 ; H , 5 .1 8 ; N , 2 0 .3 4 ; P ,  7 .7 3 .

N -C a rb a m y l-P .P .P - tr ip h e n y lp h o s p h in im id e  fro m  ca rb a m y l 
az id e  a n d  tr ip h e n y lp h o s p h in e  m elted  a t  1 8 3 .5 -1 8 4 .5 °  a f te r  tw o  
re c ry s ta lliz a tio n s  fro m  b en zen e .

A n a l.  C a lc d . fo r  C i.H n N z O P : C , 7 1 .2 4 ; H ,  5 .3 5 ; N , 8 .7 5 . 
F o u n d : C .7 1 .5 1 ;  H .5 .6 7 ;  N ,8 .7 8 .

B is -i-b u ty la m m o n iu m  S a lt  of 5 -C y a n im in o te tra z o lin e  (3 5 ) .—  
C y a n o g u a n y l az id e  (1 .1  g . ,  O.Ol m o le) w as d isso lv ed  in  125 m l. of 
d ie th y l e th e r  a n d  t r e a te d  w ith  1.5 g . (0 .0 2  m o le) o f i-b u ty la m in e  
in  75  m l. of e th e r .  A tu r b id i ty  d e v e lo p e d  im m e d ia te ly  a n d  in  a  
few  m in u te s  a  f lo ccu len t p re c ip ita te  b eg an  to  s e p a ra te .  A fte r  
s ta n d in g  fo r 16 h r . ,  th e  so lid  w as re m o v e d  a n d  w a sh e d  se v e ra l 
t im e s  w ith  e th e r ;  th e  y ie ld  o f d r ie d  m a te r ia l  w as 1 .75  g . ( 6 8 % ) . 
I t  w aa re c ry s ta lliz e d  b y  d isso lv in g  in  e th a n o l,  f ilte r in g , a n d  a d d in g  
e th e r .  T h e  m e ltin g  p o in t  is in d e f in ite  a lth o u g h  a  ch an g e  of c h a r ­
a c te r  o ccu rs  a t  150-155® . T h e  sa m e  co m p o u n d  re su lte d  in  low er 
y ie ld  w h en  e q u im o la r  a m o u n ts  o f r e a c ta n ts  w ere e m p lo y e d . T h is  
s a l t  d id  n o t  r e a c t  w ith  tr ip h e n y lp h o s p h in e  in  e th a n o l (n o  yellow  
co lo r, n o  g as  e v o lu tio n )  a n d  d id  n o t  g iv e  a  p o s itiv e  t e s t  fo r  az ide  
w ith  so d iu m  io d id e  a n d  tr if lu o ro a c e tic  a c id .

A n a l.  C a lc d . fo r  C,oH24N8: C , 45 .85 ; H , 9 .44 ; N ,  43 .71 . 
F o u n d :  C , 45 .88 ; H , 9 .27 ; N , 43 .73 , 43.45.

B isd iiso p ro p y lam m o n iu m  s a l t  o f 5 -c y a m m in o te tra z o lin e  (32) 
w as p re p a re d  in  th e  sa m e  m a n n e r ;  th e  re c ry s ta lliz a tio n  w as ef­
fe c te d  as b efo re  e x c e p t t h a t  a  few  d ro p s  o f d iiso p ro p y la m in e  w ere 
a d d e d  to  th e  e th a n o l b e fo re  th e  a d d itio n  o f e th e r .  T h e  s a l t  can  
a lso  b e  re c ry s ta lliz e d , w a s te fu lly , fro m  a b so lu te  e th a n o l .  T h e  
s a l t  b eg in s  to  lose a m in e  a b o u t  125® a n d  deco m p o ses 133-136® .

A n a l.  C a lc d . fo r  C uH szN g: C , 5 3 .8 1 ; H ;  10,32; N , 35  86 
F o u n d :  C , 53 .89 ; H , 10 .23; N ,  36 .0 4 .

W h en  a n  ethanoIi(! so lu tio n  o f  th e  s a l t  w as t r e a te d  w ith  p ic ric  
a c id , d iiso p ro p y la m m o n iu m  p ic ra te  cou ld  b e  re c o v e re d ; a f te r  
tw o  re c ry s ta lliz a tio n s  fro m  b en zen e  th e  m e ltin g  p o in t  w as 1 4 8 - 
149®; ad m ix ed  w ith  a n  a u th e n t ic  sa m p le , th e  m e ltin g  p o in t  w as 
u n d e p re sse d .

A n a l.  C a lc d . fo r C i jH i s N A :  N , 1 6 .9 6 . F o u n d : N , 17.01
A n a q u e o u s  so lu tio n  o f  th e  s a l t  w as t r e a te d  w ith  excess h y d ro -  

ch lo ric  a c id . T h e  w a te r  w as re m o v ed  u n d e r  re d u c e d  p re ssu re  
a n d  th e  g u m m y  r ^ i d u e  w as e x tra c te d  w ith  e th e r  a n d  th e n  d is- 
so lv ed  in  a c e to n i tn le .  U pon  coo lin g , d iiso p ro p y lam m o n iu m  
ch lo rid e , m .p .  2 1 1 -2 1 3  , c ry s ta lliz e d  fro m  so lu tio n . T h e  m e lt-  
m g  p o in t  w as n o t  d ep ressed  b y  a d m ix tu re  w ith  a n  a u th e n t ic  
sa m p le  o f d iiso p ro p y la m m o n iu m  ch lo rid e .

T h e  s a l t  (3 2 ) in  e th a n o l d id  n o t  r e a c t  w ith  tr ip h e n y lp h o sp h in e -  
lu r th e rm o re , no  re a c tio n  o c c u rre d  w hen  su ch  a  so lu tio n  w as ac id i- 
b e d . y e t  th e  a d d itio n  o f  c y a n o g u a n y la z id e  to  th is  sa m e  so lu tio n  
cau sed  a n  im m e d ia te  r e a c t io n . T h e  s a l t  a lso  w as reco v e red  u n ­
c h an g ed  a f te r  b e in g  reflu x ed  in  te t r a h y d ro fu ra n  fo r  46 h r .

A  m o re  ra p id  a l te rn a te  p ro c e d u re  is a s  fo llow s: 3 .3  e  o f 1 5a 
s lu rn e d  in  35  m l. o f a b so lu te  e th a n o l ,  7 .5  g . o f d iiso p ro p y la m in e  
IS a d d e d  a ll a t  o nce , a n d  th e  so lu tio n  is a llo w ed  to  w a rm  s p o n ta n e ­



ously. The azide dissolves, then some of the white crystalline 
salt begins to  separate; when the exothermic reaction is over, 
]0() m l. of diethyl ether is added, the mixture is cooled to 5°, 
and the product is removed by filtration. Wjishing with ether 
and drying furnishes 7.32 g. (95..'}%) of 32.

If equimolar quantities of 1 and diisopropylaniine are refluxed
in absolute ethanol, a  yellow RelatinouB precipitate, similar to 
th a t obtained w ith triethylam ine (see below), is formed. Some 
of 32 in absolute ethanol was refluxed for 4 hr. w ith an excess of 
phenyl isothio(!yanate; yellow plates began to  separate after 2 
hr. I t  was necessary to protect the reaction vessel from light 
otherwise the product became purple in color. After the heating 
period, the solid was removed from the hot sohition by filtration 
and washed w ith ethanol until free of isothiocyanate. The dried 
product did no t m elt up to  2.50°; it  waa insoluble in water or 
aqueous base and was essentially insoluble in ho t ethanol. The 
dried solid was also photosensitive and rapidly turned purple 
unless kept in the dark. A sample of the unrecrystallized m ate­
rial was analyzed. The structure is unknown.

A n a l .  Calcd. for CioHsNtS: C. 46.32; H , 3.49; N , 37.82; 
S, 12.36. Found: C , 46.28; H , 3.46; N , 37.82; S, 12..50.

Bis-l,4-dimethyl-5-imjnotetrazoline Salt of 5-Cyaniminotetra- 
zoline (36).—This salt was made in absolute ethanol, precipitated 
with diethyl ether, and reorystallized from absolute ethanol, 
m .p . 140-141° dec.

A n a l .  Calcd. for CsHijNig: C , 2S..57; H , 4.80; N , 66.64. 
Found: C , 28.24; H , 4.58; N , 66.97.

M onosodium Salt of 5-Cyaninilnotetrazoline (37).—To a 
solution of sodium hydroxide (0.8 g., 0.02 mole) in 20 ml. of 
w ater a t 5° was added all a t once 3.2 g. (0.02 mole) of recrystal- 
lized 32. This solution was then evaporated to one-half volume 
a t am bient tem perature under reduced pressure in order to  remove 
the diisopropylamine, cooled to  5°, and acidified with concen­
tra ted  hydroctiloric acid to  the bromophenol blue end-point. The 
white plates which separated weie renioved and washed with a 
small volume of ice-w ater; the yield of dried product was 1.0 g. 
This monosodiu^n salt, m .p . al>ovc 300®, waa recrystallized, 
waatefully, by dissolving in 10 ml. of water a t  3.o°, filtering, and 
chilling to  0®; the white felted needles were dried a t 101)® before 
analysis.

A n a l .  Calcd. for C2H N 8N a; C, 18.19; H , 0.76; N , 63.64; 
N a, 17.42. Found: C , 17.63; H , 0.97; N , 63.30; N a, 16.90.

The monosodium salt also was prepared directly from 1.
1 (1.1 g., 0.010 mole) was added to  200 ml. of 0.10 N  sodium 
hydroxide. The solution was basic to phenolphthalein indicator. 
The w ater was removed under reduc^ed pressure to  leave a white 
powder. The powder was dissolved in 5 ml. of w ater and acidi­
fied w ith 6 N  hydrochloric acid to give 1.1 g. of 37 w ith properties 
identical w ith those of the compound made in the preceding ex­
perim ent. An excess of acid or base converts the monosodiinn 
salt to  the more soluble diacidic or dibasic forms.

5-Cyaniminotetrazoline (11) was isolated in poor yield and in 
an im pure sta te  by dissolving 3.1 g. of 32 in 5 m l. of ice-water, 
adding 3.4 ml. of cold 6 N  hydrochloric acid, and cooling over­
night a t —18°. A mixture of amorphous and crystalline mate­
rial separated; the amorphous product, which was removed by 
swirling the solution and decantation, was very poorly soluble in 
w ater b u t was soluble in base. I t  decomposed a t about 240® 
when plunged into a  hot bath . The remaining crystalline frac­
tion was washed w ith a  small volume of ice-w ater and dried; it  
was soluble in w ater giving a strongly acidic solution. When 
heated from am bient the compound did not m elt up to  155®. 
When plunged into a ho t b a th  a t 120®, however, i t  decomposed 
explosively. The infrared spectrum  was distinctly different from 
th a t for the isomeric cyanoguanyl azide. W hen an aqueous 
solution of the free acid stood a t 0®, an amorphous white 
solid, which decomposed about 240® when plunged into a pre­
heated bath , was formed. The nitrogen content was about 67%.

A n a l .  Calcd. for C2H 2N 6 O.5H 2O: N , 70.57. Found; N , 
71.58.

3,5-D iam ino-l,2,4 'triazole (12).—Cyanoguanyl azide (1) (3.3 
g ., 0.03 mole) was slurried in 30 ml. of absolute ethanol, cooled 
to  5°, and treated  w ith 1.1 g. (0.033 mole) of 96%  hydrazine in 
30 ml. of cold ethanol. There was a  complete and rapid solution 
of all solid; some gas was evolved. The solution was refluxed 
for 2 h r., then cooled to 5°; the white solid was removed by 
filtration, washed w ith diethyl ether, and dried (2.0 g ., 66%). 
I t  recrystallized from absolute ethanol upon the addition of 
ether as felted needles, m .p . 201-202°, w ith wetting and shrinking 
a t  190-195°.

A n a l .  C a lc d . fo r  C 2H 6N 6: C , 24.24; H , 5.09; N , 70.68. 
F o u n d : C , 24.10; H ,5 .2 0 ; N , 70.75.

This compound furnished a  picrate decomposing a t 248-249° 
after recryst^illization from w ater; admixture w ith authentic 3,5- 
diam ino-l,2,4-triazoIe picrate did no t depress the melting point.

The pale yellow dibenzal derivative, m ade by  refluxing some 
of the compound in ethanol w ith benzaldehyde and piperidine, 
decomposed a t 203-204® after recrystallization from benzene in 
which i t  is only sparingly soluble.

A n a l .  Calcd. for CioHisNs: C, 69.80; H , 4.76; N , 25.44. 
Found: C , 69.45; H , 5.30; N , 24.83.

In  one experiment a small am ount of a compound, poorly 
soluble in alcohol, was recovered from the initial reaction. This 
unknown, which was w ater soluble, was fractionally precipitated 
from 75% ethanol w ith diethyl ether. The early crops were 
amorphous and were discarded; finally a crystalline fraction was 
obtained which did no t m elt up  to 300® although i t  became tan  
colored about 240-250°. This material m ight possibly be either 
impure dihydrazinium 5-cyaniminotetrazoline or the isomeric 
hydrazinium l-amino-2-(.'i-tetrazolyl)guanidine.

A n a l .  Calcd. for CjHioNm: C, 13.79; H , 5.79; N , 80.42. 
Found: C, 14.39; H . 3.73; N , 81.95.

3,5-D iam ino-l-m ethyl-l,2,4-triazole (13).—A solution of 
methylhydrazine (0.08 g.) and 1 (1.85 g .) in 40 ml. of absolute 
ethanol, after standing a t room tem perature for 1 h r., was re­
fluxed for 2 h r.; gas was evolved. When the solution was cooled, 
a small am ount (0.05 g .) of white flocculent solid w ith an indef­
inite melting point separated and was removed. The ethanol 
solution was evaporated under reduced pressure to leave a  vis­
cous oil which was redissolved in 20 ml. of ethanol. One-half of 
this solution was treated  with excess picric acid; there was an 
immediate precipitation of the yellow monopicrate (rosettes of 
fine needles) which decomposed a t 273-274° after two recrystal- 
lizations from 95%  ethanol.

A n a l .  Calcd. for CgHioNsO,: C , 31.58; H , 2.95; N , 32.74. 
Found: C , 31.52; H .2 .8 3 ; N , 31.97, 32.04.

The other half of the ethanolic solution was adjusted to  the 
bromophenol blue endpoint w ith concentrated hydrochloric acid 
and treated  w ith 10 ml. of ether. The white crystalline solid 
was removed and washed well w ith more ether, 0.95 g. (75% ). 
After recrystallization from ethanol-diethyl ether this hydro­
chloride decomposed a t 188-190®.

A n a l .  Calcd. for 3(C3H7N5)-2HC1: N , 50.95; Cl, 17.20. 
Found: N , 50.59; C l, 16.99.

The monohydrochloride decomposed a t 218-220° and was ob­
tained by recrystallizing some of the initial hydrochloride from 
absolute ethanol which contained a few drops of concentrated 
hydrochloric acid.

A n a l .  Calcd. for C3H 7N 5 HCI: N , 46.82; Cl, 23.70. Found: 
N , 46.24; Cl, 23.36.

3,5-D iam ino-l-m ethyH ,2,4-triazole (13), characterized as its 
picrate, was made in 96.5%  yield by heating 0.04 mole of methyl- 
hydrazinium sulfate (CHaNHNH2-0.5HaS04) w ith 0.04 mole of 
sodium dicyanamide in 25 ml. of water for 2 hr.**

Phenylhydrazine with 1.—Cyanoguanyl azide (2.2 g., 0.02 
mole) and phenylhydrazine (2.2 g., 0.02 mole) were dissolved in 
50 ml. of absolute ethanol. There was no evidence of reaction a t 
am bient tem perature. The solution was refluxed for 2 h r., then 
cooled a t 5° for several days. The white solid (0.7 g., 16%) was 
removed, washed with cold ethanol, and recrystallized twice from 
ethanol, m .p . 221-222® dec., darkening about 210°. The com­
pound, which waa slightly soluble in hot water and readily soluble 
in cold, dilute sodium hydroxide solution, showed neither nitrile 
nor azido function in its infrared spectrum; i t  did no t react with 
benzaldehyde. These properties suggest l-aniUno-2-(5-tetra- 
zolyl)guanidine (15).

A n a l .  Calcd. for CsH.oN*: C , 44.03; H , 4.62; N , 51.35. 
Found: C, 43.90; H , 4.93; N , 51.19.

T ha t the product m ight be the hydroazide of 3,5-diamino-l- 
phenyl-l,2,4-triazole (16) is excluded on the basis of the infrared 
spectrum; th a t i t  might be the la tte r triazole is excluded on 
the basis of its analyses.

Evaporation of the original alcoholic m other liquora gave a 
red-brown gum which was converted to a  picrate, m .p . about 
220® dec. After one recrystallization from a large volume of 
95% ethanol, the melting point of the orange needles was raised 
to 228-230® dec.’®; admixture w ith an authentic sample of 16

(29) M. B. Frankel, E. A. Burns, J. C. Butler, and E. R. Wilson, J .  O rg. 
C h e m .. 28,2428(1963).



p ic ra te  d id  n o t  d e p re ss  th e  m e ltin g  p o in t .  T h e  in f ra re d  s p e c tru m  
fo r  th is  p icT ate  re v e a le d  n o  nitTvle o r  az \d o  fw netion  a n d  w{u> id e n ­
tic a l w ith  t h a t  fo r  16 p ic ra te .

A n a l .  C a lc d . fo r  CnHi2Nf|()7: N , 2 7 .7 2 . F’o u n d : N , 27 .5 8 .
3 ,5 - l) ia m in o - l-p h e n y l- l ,2 ,4 - t r ia z o le  can  b e  m a d e  also  b y  re - 

flux ing  a n  a q u e o u s  so lu tio n  o f e q u im o la r  q u a n t i t ie s  o f p h en y l-  
h y d ra z in e  h y d ro c h lo rid e  an d  so d iu m  d ic j 'a n a m id e ;  th e  p ic ra te  
d eco m p o sed  a t  2 3 3 -2 3 4 '’ .

A n a l.  C a lc d . fo r  C hH .zN sO ,: C , 4 1 .5 9 ; H , 2 .9 9 ; N , 2 7 .7 2 . 
F o u n d : C , 4 2 .0 7 ; H , 2 .9 7 ; N , 27.9.=).

l-P h e n y l-2 - (5 - te tra z o ly l)g u a n id in e  (1 4 ).— C y a n o g u a n y l azide 
(1 .1  g .,  0 .01  m o le ) , 1 .0  g . o f a n ilin e , a n d  25  m l. o f a b so lu te  
e th a n o l w ere  refiu x ed  fo r  16 h r .  T h e  m ic ro c ry s ta llin e  so lid , 
w h ich  g ra d u a lly  s e p a ra te d , w as re m o v e d  fro m  th e  so lu tio n  a f te r  
coo ling , w a sh e d  w ith  co ld  e th a n o l ,  a n d  d r ie d , y ie ld in g  0 .9 5  g. 
(5 0 .2 % ) .  I t  c a n  b e  re c ry s ta lliz e d  fro m  a  la rg e  v o lu m e  o f  ac e to -  
n i t r i le ,  o r  p u rifie d  b y  d isso lu tio n  in  d i lu te  a q u e o u s  so d iu m  h y ­
d ro x id e , io llo w ed  b y  f i l t r a t io n  a n d  a c id if ic a tio n . T h e  m e ltin g  
p o in t ,  w h ich  w as so m e w h a t d e p e n d e n t on  th e  h e a tin g  r a te ,  w as 
271-273®  d e c .;  p h e n y l iso c y a n id e  w as g e n e ra te d  d u r in g  th e  d e ­
c o m p o s itio n . A b s o rp tio n  b a n d s  co rre sp o n d in g  to  n i tr i le  an d  
az id o  fu n c tio n  w ere  a b s e n t in  th e  in f ra re d  sp e c tru m .

A tia l .  C a lc d . fo r  C ,H # N ,: C , 4 7 .2 8 ; H , 4 .4 6 ; N , 4S .26 . 
F o u n d :  C , 4 7 .2 7 ; H , 4 .6 2 ; N , 4 8 .9 0 .

N o  re a c tio n  o c c u rre d  w h en  th e  r e a c ta n ts  in  a  1 :2  m o la r  ra tio  
in  d ie th y l  e th e r  w ere  a llo w ed  to  s ta n d  a t  a m b ie n t te m p e ra tu re  fo r 
4  d a y s .

C y a n o g u a n y l A z id e -N -M e th y lm o rp h o U n e  ( 2 :1 )  C o m plex  (1 7 ). 
— W h e n  1 (1 .1  g . ,  0 .01  m ole) in  125 m l. o f d ie th y l  e th e r  w as 
t r e a te d  w ith  2 .1  g . (0 .0 2  m o le) o f d r ie d  N -m e th y lm o rp h o lin o , no 
c ry s ta llin e  s a l t  s e p a ra te d  ev en  a f te r  se v e ra l d a y s . T h e  a d d itio n  
of 25  m l. o f b en zen e  d id  n o t  cau se  a n y  p re c ip ita t io n . T h e  so lu ­
t io n  w'aa e v a p o ra te d  to  o n e - th ird  v o lu m e  u n d e r  re d u c e d  p ressu re  
a t  a m b ie n t  te m p e ra tu re ;  th e  w h ite  so lid  w h ich  ap j)ea red  w aa th en  
red isso lv ed  b y  g e n tly  w a rm in g  th e  so lu tio n . U pon  coo ling  th e  
so lu tio n  to  0 ° , co lo rless , c lea r  p rism s c ry s ta lliz e d ; th e se  w ere re ­
m o v e d  a n d  w a sh e d  w ith  a  sm a ll v o lu m e  of co ld  b en zen e . T h is  
co m p o u n d  w as v e ry  so lu b le  in w a te r  a n d , if  d r ie d  fo r  o n ly  a  few 
m in u te s  in  a  v a c u u m  d e s ic c a to r , d e co m p o sed  a t  9 8 -1 0 0 ° .

A n a l.  C a lc d . fo r  C ,H ,jN „ 0 :  C , 3 3 .6 4 ; H . 4 .7 1 ; N , 56 .6 7 . 
F o u n d : C , 3 3 .5 3 ; H , 4 .9 5 ; N , 5 6 .4 5 .

I n  c o n tr a s t  to  th e  b e h a v io r  of th e  s a l ts  o b ta in e d  w ith  <-butyl- 
a n iin e  o r  d iiso p ro p y la m in e , 17 re a c te d  im m e d ia te ly  w ith  t r i-  
p h e n y lp h o sp h in e  in  e th e r ,  ev o lv in g  g as  a n d  d e v e lo p in g  a  yellow  
co lo r. F u r th e rm o re , th e  in f ra re d  sp e c tru m  of th is  com plex 
sh o w ed  a b s o rp tio n  p e a k s  c h a ra c te r is t ic  o f b o th  n itr i le  a n d  az id o  
g ro u p s  ( s im ila r  to  1), w h e reas  th e  s a l ts  show  o n ly  a  sin g le  s tro n g  
a b s o rp tio n  a t  4 .6 -4 .7  n ,  c h a ra c te r is t ic  o f th e  cy an im in o  g ro u p . 
A d d itio n a l e v id e n c e  t h a t  th is  w as o n ly  a  co m p lex  of 1 a n d  N - 
n ie th y lm o rp h o lin e  w a s  t h e  f a c t  t h a t  p ro lo n g ed  p u m p in g  a t  20 
n im . a n d  ro o m  te m p e ra tu re  c au se d  th e  ( 'lea r p r ism s  to  d is in te g ra te  
to  a  w h ite  p o w d e r , m .p .  149 .5 -1 .50 .5° d e c .,  w hose  in f ra re d  sp e c ­
t r u m  w as id e n tic a l w ith  t h a t  o f 1 .

T rie th y leu n in e  a n d  1 .— T h e  la t t e r  c o m p o u n d ( l . l  g . ,0 .0 1  m ole) 
in  150 m l. o f d ie th y l  e th e r  w as t r e a te d  w ith  1.0 g . of tr ie th y l-  
a in in e  (0 .0 1  m o le ) . N o  tu r b id i ty  d e v e lo p e d  a n d  n o  g ra d u a l  p re ­
c ip ita t io n  o f a  c ry s ta llin e  so lid  o c c u rre d . A f te r  15 d a y s  a t 
a m b ie n t  te m p e ra tu re ,  1.6 g . o f a  ye llow  g u m  h ad  s e p a ra te d . 
T h is  g u m  w as o n ly  p a r t ia l ly  so lu b le  in  a b s o lu te  e th a n o l o r  in 
w a te r ; th e  in so lu b le  f ra c tio n  wiis sw o llen  b y  w a te r  to  a  v isco u s, 
g e la tin o u s  m ass . E v a p o ra tio n  o f  th e  e th e re a l  m o th e r  liq u o rs  
le f t  a  w h ite , c ry s ta llin e  so lid , m .p .  75-80® , w h ich  w as v e ry  so lu ­
b le  in  w a te r ,  ev o lv ed  t r ie th y la m in e  w h en  m ad e  b a s ic , a n d  "gave a  
s tro n g , q u a l i ta t iv e  te s t  fo r  a z id e  io n ; th e  e v id en ce  su g g e s ts  tr i-  
e th y la m m o n iu m  azide .

S im ila r  re su lta  w ere  o b ta in e d  w nth m o n o m e th y la n iin e .
D iiso p ro p y la m m o n iu m  S a lt  o f l-M e th y l-5 -c y a n im in o te tra z o U n e

(9 ) .  T h is  s a l t  s e p a ra te d  a s  c lea r  n eed le s  w h en  0 .1 2  g . (0.001 
m o le) o f 2 in  20 m l. o f d ie th y l  e th e r  wiis t r e a te d  w ith  0 .2 5  g . 
(0 .0 0 2  m o le )  o f d iiso p ro p y la m in e  in  e th e r .  T h e  e th e r-w a sh e d  
p r o d u c t  m e lte d  a t  136-137® ( w ith o u t  d e c o m p o s itio n )  a f te r  
v a c u u m  d ry in g ;  i t  g a v e  no  q u a l i ta t iv e  t e s t  fo r  az id o  fu n c tio n .

A n a l.  C a lc d . fo r  C ^H .jN ,: C , 4 7 .9 7 ; H , 8..50: X , 43 .52  
F o u n d : C , 4 8 .1 8 ; H ,8 .3 5 ;  N , 43 .57 .

l -M e th y l-5 -c y a n im in o te tra z o lin e  (8 ).— N -C y a n o -N '-m e th y l-  
g u a n y l a z id e  (0 .4 3  g . ,  0 .0 0 3 5  n \o le ) w as d isso lv ed  in 35  m l. of

(30) G. Coho [ / .  p r a k t.  C h e m .. 12)84, 396 reported m.p. 225®.
Repetition of his procedure, however, gave a base wltose picrate decom­
posed at 233-235® after recrystallization from etiianol.

0 .1 0  .V so d iu m  h y d ro x id e , th e n  35  m l. o f 0 .1 0  N  h y d ro c h lo ric  ac id  
w as a d d e d . T h e  so lu tio n  w as e x t r a c te d  w ith  e th e r  to  rem o v e  50 
m g . o f s ta r t in g  m a te r ia l .  T h e  w a te r  w as th e n  re m o v e d  u n d e r  
re d u c e d  p re ssu re  a n d  th e  so lid s w ere  e x tra c te d  e ig h t  t im e s  w ith  
e th e r .  T h e  e th e r  w as e v a p o ra te d  to  le a v e  0 .2 5  g . o f  so lid , m .p .  
160° d e c . R e c ry s ta lliz a tio n  fro m  te t r a h y d ro fu ra n  g av e  0 .12  
g . o f 8 , m .p .  162° d e c . T h is  c o m p o u n d  d o ^  n o t  g iv e  an  az ide  
t e s t  w ith  tr ip h e n y lp h o s p h in e .

A n a l.  C a lc d . fo r C ,H 4Ne: C , 2 9 .0 3 ; H , 3 .2 5 ; N ,  67 .7 2 . 
F o u n d : C , 2 9 .2 8 ; H , 3 .1 5 ; N , 67 .6 5 .

l-M e th y l-5 -c y a n im in o ;e tra z o I in e  (8 ) a n d  l-A m in o -2 -( 1 -m ethy l- 
5 - te tra ro ly i)g u a n id m e  (20  ;.— N -C y a n o -N '-m e th y lg u ;in y l az id e  
(0 .7 4  g .)  a n d  9 5 %  h y d ra z in e  (0 .2  g .) ,  e a c h  d isso lv ed  in 5  m l. of 
co ld  a b so lu te  e th a n o l,  w ere m ix ed . T h e  s lu r ry  w as k e p t in  an  
ic e -w a te r  b a th  u n t i l  gas ev o lu tio n  h a d  ceased  a n d  th e  az ide  h a d  
d isso lv ed  co m p le te ly  ( a b o u t  20 m in .) ;  th e  so lu tio n  w as h e a te d  to  
bo ilin g  a n d  th e n  e v a p o ra te d  to  d ry n e ss  u n d e r  re d u c e d  p re ssu re . 
T h e  re s id u e  -was d isso lv ed  in  5  m l. of w a te r ,  ac id ified  w ith  7 
d ro p s  o f c o n c e n tra te d  h y d ro ch lo ric  a c id , a n d  ch illed  to  5 ° . T h e
l-m e th y l-5 -c y a n im in o te tra z o lin e  w h ich  s e p a ra te d  (0 .1 7  g ., 
2 3 % ) w as rem o v ed  a n d  re c ry s ta lliz e d  f ro m  w a te r  a s  ro s e tte s  of 
w h ite  n eed les . A n  a q u e o u s  so lu tio n  of th e  c o m p o u n d  is s tro n g ly  
ac id ic .

A n a l.  C a lc d . fo r  C 3H 4N 6: C , 2 9 .0 3 ; H , 3 .2 5 ; N , 67 .72 . 
F o u n d : C , 2 8 .6 6 ; H , 3 .2 4 ; N , 68 .54 .

I f  th e  a lcoholic  r e a c tio n  m ix tu re  is  t r e a te d  w ith  a n  e q u a l v o lu m e  
of d ie th y l  e th e r ,  in s te a d  o f b e in g  w o rk e d  u p  aa o u tlin e d  a b o v e , 
th e n  h y d ra z in iu m  l-m e th y l- .5 -c y a n im in o te tra z o lin e  (1 9 ) s e p a ­
ra te s  as w h ite  p ills . T h e  m e ltin g  p o in t  o f 19 is in d e fin ite . T h e  
a b o v e  c o m p o u n d  ch an g es c h a ra c te r  a t  a b o u t  100° , th e n  d eco m ­
poses a t  2 2 0 -2 2 5 ° ; w h en  p lu n g e d  in to  a  h o t  b a th  a t  210®, i t  
m e lts , d eco m p o ses, th e n  reso lid ifies; w h en  p lu n g e d  in to  a  h o t  
b a th  a t  140-145® , i t  sw ells d u r in g  d e h y d ra z in a tio n  o r  r e a c tio n , 
th e n  reso lid ifies.

A n a l.  C a lc d . fo r CaH ^N ,: N , 71 .7 6 . F o u n d : N , 70 .9 0 .
T h e  a q u e o u s  so lu tio n  re m a in in g  a f te r  th e  re m o v a l of 8 w as 

m a d e  b as ic  to  p h e n o lp h th a le in  w ith  so d iu m  h y d ro x id e  a n d  e v a p ­
o ra te d  to  d ry n e ss . T h e  re s id u e  w as extra<-ted w ith  15 m l. of 
b o ilin g  9 5 %  e th a n o l,  a n d  th e  h o t  e x t r a c t  w as t r e a te d  w ith  1 g . 
o f p ic ric  a c id . T h e  p ic ra te  (0 .6  g . ) ,  w h ich  c ry s ta lliz e d , m e lte d  
b e tw e e n  1 8 0 -1 9 0 ° . S e v e ra l re c ry s ta lliz a tio n s  fro m  9 5 %  e th a n o l 
g av e  f la t, y e llow  need les w h ich  d eco m p o sed  1 9 5 -1 9 6 ° . T h e  
a n a ly se s  a re  c o n s is te n t w ith  th o se  re q u ire d  fo r  th e  p ic ra te  o f 20 .

A n a l.  C a lc d . fo r C sH u N u O ,: C , 2 8 .0 6 ; H ,  2 .8 8 ; N ,  3 9 .9 9 . 
F o u n d : C , 2 8 .1 1 ; H , 2 .8 5 ; N , 3 9 .3 8 .

W h e n  som e of th e  a b o v e  p ic ra te  w as d isso lv ed  in  h o t  9 5 %  
e th a n o l a n d  t r e a te d  w ith  b en za Jd e h y d e , th e  b e n z a l h y d ra z o n e  
p ic ra te  s e p a ra te d  a s  d a g g e r-sh a p e d  p la te s ,  m .p .  2 3 9 -2 4 0 °  d e c ., 
a f te r  a n o th e r  r e c ry s ta lliz a tio n  f ro m  e th a n o l.

A n a l.  C a lc d . fo r  C i.H u N n O ,:  C , 4 0 .5 9 ; H ,  3 .1 9 ; N ,  3 2 .5 5 . 
F o u n d : C , 4 0 .2 2 ; H ,3 .2 3 ;  N , 3 2 .7 8 , 32 .6 0 .

In  a n o th e r  e x p e r im e n t a  sm a ll a m o u n t  o f a  p ic ra te ,  m .p .  2 3 1 -  
2 3 2 °  d e c ., a f te r  tw o  re c ry s ta lliz a tio n s  fro m  e th a n o l,  a lso  w as re ­
co v e re d ; th is  m a y  h a v e  b een  th e  p ic r a te  o f 3 -a m in o -5 -m e th y l-  
a m in o - l,2 ,4 - tr ia z o le  b u t  i t  w as n o t  a n a ly z e d .

3 -A m in o -5 -d im e th y la m in o - l,2 ,4 - tr ia z o le (2 1 ) .— N -C y a n o -N ',-  
N '-d im e th y lg u a n y l az ide  a n d  h y d ra z in e  (m o la r  e q u iv a le n ts )  
re a c te d  e x o th e rm ic a lly  in  a b so lu te  e th a n o l w ith  g as  e v o lu tio n . 
A f te r  5  h r . a t  a m b ie n t  te m p e ra tu re , th e  so lu tio n  w as s tr ip p e d  to  
d ry n e ss  u n d e r  red u ced  p re ssu re  a n d  th e  re s id u e  w as c o n v e r te d  to  
a  p ic ra te .  A f te r  th re e  r e c ry s ta lliz a tio n s  fro m  9 5 %  e th a n o l ,  th e  
m e ltin g  p o in t  w as 206.5-207 .5® .

A n a l.  C a lc d . fo r  C ,oH ,2N s()7: C , 3 3 .7 1 ; H , 3 .4 0 ; N , 31 45 
F o u n d : C , 3 3 .6 9 ; H , 3 .4 4 ; N , 3 1 .4 3 .

H y d ra z in e  S a lt  of l-P h e n y l-5 -c y a n im in o te tra z o liiv e  (3 8 ).—  
W h en  e q u im o la r  q u a n t i t ie s  o f 5 a n d  9 5 %  h y d ra z in e  w ere  nnxed  
in a  sm a ll v o lu m e  of a b so lu te  e th a n o l ,  th e  az id o  co m p o u n d  
ra p id ly  d isso lv ed  b u t  n o  g as  w as ev o lv e d ; w h ite , fe lte d  need les 
of th e  s a l t  g ra d u a lly  c ry s ta lliz e d , m .p .  1 lO -1 1 1 ° d ec . T h is  s a l t ,  
w hich  te n d s  to  lose h y d ra z in e  u p o n  re c ry s ta lliz a tio n  o r  u p o n  
v a c u u m  d ry in g , is w a te r  so lu l)le  a n d  g iv es 22 u p o n  ac id ifica tio n  
( id e n tic a l in f ra re d  sp e c tra ) .

A n a l.  C a lc d . fo r  CsHioNs: C , 4 4 .0 3 ; H ,  4 .6 2 ; N ,  5 1 .3 5 . 
F o u n d : C , 4 4 .2 3 ; H .4 .9 0 ;  N .5 1 .0 9 .

T h e  d iiso p ro p y la m m o n iu m  sa lt  of l-p h e n y l-5 -c y a n im in o te tra -  
zoUne (3 9 )  w as m a d e  fro m  5 in  th e  sa m e  m a n n e r  as d e sc rib e d  
ab o v e  fo r  th e  o th e r  s a l ts .  R e c ry s ta lliz a tio n  f ro m  e th a n o l - e th e r  
gav e  la rg e , b r i l l ia n t ,  c lea r  p r ism s , w h ic h  m e lte d  a t  142-143® w ith ­
o u t  d eco m p o s itio n .



A n a l.  C a lc d . fo r  C u H a iN j: C , H , 7 .3 7 : N’ 34 12
F o u n d : C ,r> 7 .S 2 . 5 8 .0 1 : H , 7 .3 5 , 7 .4 2 ; N , 3 4 .7 1 .

W h en  so m e  o f  th e  a b o v e  su i t  in  a  n u n in iu m  v o lu m e  of cold 
w a te r  w as ac id ified  w ith  c o n c e n tra te d  h y d ro c h lo ric  a c id , a  whitt* 
p o w d e ry  so lid  s e p a ra te d . A f te r  reo ry sta lU zu tio n  fro m  a  sm a ll 
v o lu n ie  o f a b s o lu te  e th a n o l,  tlio  ro se tte s  o f  fine n eed le s  p a r t ia l ly  
m e lte d  a n d  s lu m p e d , th e n  reso lid ified  w hen  p lu n g e d  in to  a  p re ­
h e a te d  l)a th  a t  l.")0 -I55°. I f  h e a te d  from  ro o n i te m p e ra tu re , 
th e re  w as n o  v isib le  c lum ge in th e  sa m p le  u p  to  hiR lier te m p e ra ­
tu r e s .  T h e  in fra re d  s p e c tru m  o f  th is  c o m p o u n d  w as id e a tic a l  
w itli 22 m a d e  b y  th e  fo llow ing  p ro c e d u re .

A n a l.  C a lc d . fo r  C ,HbN b: C , 5 1 .6 1 ; I f ,  3.2.5; N , 45 14 
F o u n d : C , 5 1 .4 9 ; H ,3 .4 1 ;  N , 45 .20 .

l-P h e n y l-5 -c y a n im m o te tra z o U n e  (2 2 ) .— .5 -A n ilino te trazo le  ( 3 .0
g . ,  0 .0 1 9  m o le) w as d isso lv ed  in 40  m l. o f rii)%  aciueous a c e to n e , 
n e u tra l iz e d  to  th e  p h e n o lp h th a le in  e n d p o in t  w ith  a q u e o u s  so d iu m  
h y d ro x id e , cooled  to  6 ° ,  a n d  t r e a te d  w ith  2 .0  g . o f  cy an o g en  b ro ­
m id e . T h e  m ix tu re  w as s t i r r e d  fo r  1 .5 h r .  a n d  c o m p le te  so lu tio n  
w as f l t ta m e d . A fte r  a b o u t  4  h r . so lid  b eg an  to  s e p a ra te :  a f te r  
th e  so lu tio n  h a d  s to o d  fo r  3 d a y s  a t  5 ° ,  th e  so lid  w as re m o v ed  an d  
w ash ed  w ith  10 m l. o f co ld  .50% a q u e o u s  a c e to n e . A p p ro x im a te ly  
0 .5  g . o f s ta r t in g  a n ilin o te tra z o le  w as reco v ered  from  th is  so lid  
w h ich  a lso  c o n ta in e d  a  m a to r ia l n o t  im m e d ia te ly  so lu b le  in 
a q u e o u s  b ase  a n d  w h ich  d eco m p o sed  a b o u t  145“ . (T h is  bjise- 
in so lu b le  f ra c tio n , w h ic h  w as v e ry  so lu b le  in  a c e to n itr ile  a n d  e th y l 
a c e ta te  b u t  in so lu b le  in  b en z e n e , w as n o t  in v e s tig a te d  fu rth e r , 
a lth o u g h  i t  is  su g g e s te d  th a t  it m ig h t h a v e  been  p h e n y lc y a n o -  
g u a n y l a z id e .)  T h e  co ld  o rig in a l m o th e r  liq u o rs  p lu s  th e  a<iueou8 
a c e to n e  w jish ings w ere  ac id if ied ; th e  w h ite  so lid  whi<'h s e p a ra te d  
w as renxoved a n d  w a sh e d  w ith  tw o  2;>-ml. p o r t io n s  of co ld  w a te r . 
T h e  y ie ld  o f d r ie d  p r o d u c t  w as 1.1 g . in  o ne  e x p e r im e n t. 1.4 g . in 
a n o th e r . T h is  m a te r ia l  m e lte d  a n d  reso lid ified  a t  a b o u t  1.50- 
155“ w h en  p lu n g e d  in to  a  h o t  b a th ,  th e n  d eco m p o sed  a t  2 4 0 -  
2 4 1 “ . I f  th e  c o m p o u n d  w ere re c ry s ta llia e d  ra p id ly  fro m  ac e to -  
n i t r i le ,  i t  w a s  o b ta in e d  a s  w h ite  neoUlea sh o w in g  th e  s a m e  m e ltin g  
l>ehavior as t l ie  s ta r t in g  m a te r ia l .  I t  w as b ase -so lu b le , g av e  no 
t e s t  fo r  az id o  fu n c tio n  w ith  p o ta s s iu m  io d id e  in tr if lu o ro ace tic  
a c id , a n d  sh o w ed  = N C N  a b s o rp tio n  (4 .6  m) in i ts  in fra re d  
sp e c tru m ; th e s e  p ro p e rtie s  a re  c o n s is te n t w ith  th o se  ex p ec ted  
fo r  22 .

A n a l.  C a lc d . fo r CsHgN*: C , 5 1 .6 1 ; H , 3 .2 5 ; N , 45 .1 4 . 
F o u n d : C , 5 1 .4 5 ; H ,3 .4 5 ;  N , 45 .1 1 .

T h e re  w as n o  e v o lu tio n  o f gas a n d  no  < levelopm en t o f a  yellow  
co lo r ( fu r t l ie r  co n firm in g  th e  a b sen ce  o f  a n  az id o  g ro u p )  w h en  0 .2  
g . of th e  c o m p o u n d  a n d  0 .3  g . of tr ip h e n y lp h o s p h in e  w ere  d is­
so lv ed  in  50 m l. o f e th a n o l-b e n z e n e  (1 :1 ) .  W h en  th is  so lu tio n  
w as reflu x ed  fo r  4  h r . ,  th e re  wjis re c o v e re d  a  sp a rin g ly  so lub le  
c o m p o u n d  w hose in f ra re d  s p e c tru m  no  longer show ed  a  - C N  
g ro u p . A n  id e n tic a l c o m p o u n d  w as o b ta in e d  w hen  22 w as re- 
flu x ed  in  a c e to n itr ile . Recr> ’̂ sta l\iza tion  f ro m  aV)solut« e th a n o l 
g av e  w h ite  c lu s te rs  o f <Tystal8 whic^h d eco m p o sed  a t  273-277®  
w ith  e v o lu tio n  o f p h e n y l iso c y a n id e . T h e  p ro p e rtie s  a n d  a n a ly ­
ses o f th is  c o m p o u n d  su g g e s t t h a t  i t  is  p ro b aI)ly  a  tr ia z in e  d e r iv a ­
tiv e .

. 'In a l. C a lc d . fo r  (CsHoNg)^: C ,  5 1 .6 \ ;  H ,  3 .2 5 ; N , 4 5 .U .  
F o u n d : 0 ,5 1 .3 6 ,5 1 ,9 0 ;  H , 3 .2 5 , 3 .3 1 ; N , 4 5 .0 5 , 44 .9 7 .

l ,4 -B is (5 -c y a n im in o - l- te tra z o lin y l)b e n z e n e  (2 3 ) .— O u d e  N .N -  
( l ,4 -p h e n y le n e ) l) is (N '-c y a n o g u a n y l a z id e )  (4 0 ). w h ich  w as p re ­
p a re d  fro m  1 ,4 -d iam in o b e n zen e  a n d  ( N j) jC = N C N *  in ab so lu te  
e t l ia n o l ,  w as s lu r r ie d  in  co ld  w a te r  a n d  t r e a te d  w ith  ext^ess cold 
0.1 A' so d iu m  h y d ro x id e  so h itio n . A n  a p p re c ia b le  a m o u n t  of 
g e la tin o u s  m a te r ia l  re m a in e d  u n d isso lv ed  a n d  w as re m o v e d  by  
f il t r a t io n . W h en  th e  c le a r , co ld  f i l t r a te  w as ca re fu lly  acid ified  
w ith  d ilu te  h y d ro c h lo ric  a c id , a  l ig h t g ra y  p o w d e r s e p a ra te d . It 
w as f ilte re d , w aslied  w ell w ith  co ld  w a te r ,  a n d  v acuunx  d r ie d  a t  20 
m m ., f irs t  a t  a m b ie n t te m p e ra tu re ,  th e n  a t  H 0°. T h e  com p o u n d  
d eco iu p o sed  ex p lo s iv e ly  w h en  p lu n g e d  in to  a  b a th  p re h e a te d  to  
220® b u t  d id  n o t  w hen  p lu n g e d  in to  a  b a th  a t  2 1 5 ° . W h en  h ea ted  
fro m  a m b ie n t ,  th e  (com pound d id  n o t  d eco m p o se  v is ib ly  o r  m elt 
u p  to  250®. T h e  in f ra re d  sp e c tru m  show s a  s tro n g , s in g le  a b so rp -

^‘*’L " 'a L '''^ C a lc d . fo r C .  40.K 2; H , 2 .0 6 ; N , 57 .13 .
F o u n d : C , 3 9 .5 3 , 4 0 .7 2 ; H , 2.4M, 3 .0 6 ; N , 57 .59 .

B isd iiso p ro p y la m m o n iu m  1 ,4 -b is (5 -c y a n irn ln o - l- te tra z o lm y l)-
K M 7fine (41') w a s  u ia d e  as fo llow s. C ru d e  d ia z id e  (4 0 , S '  

e d  n  W  m l. of a b .o k .te  e th a l.o \ . n d  t r e a te d  w ,th  1.5

u in o rp h o u s , in so lu b le  m a te r ia l ren m in ed  a n d  w as re m o v e d  by  
f ilt ra t io n  a f te r  th e  so lu tio n  h a d  l>een ch illed  to  5®. A n eq u a l 
v o lu m e  of d ie th y l e th e r  n o w  w as a d d e d  slo w ly  to  th e  f i l t r a te ;  an  
:ilm o8t w h ite  c rystaU ine  so lid  s e p a ra te d , w h ich  w as f ilte red  a n d  
w ash ed  f irs t  w ith  e th a n o l - e th e r  (1 ;2 > , th e n  w ith  e th e r .  T h e  
.yield o f d r ie d  s a l t ,  w h ich  m e lte d  a b o v e  3(N)®, w as 1 .17 g . ;  th is  
p ro d u c t is  re a d ily  a n d  < o m p le te ly  so lu b le  in  co ld  w a te r .

.4/mi/. C a lc d . fo r C 2,H „ .\ ,^ :  C , .53.20; H , 7 .3 1 ; N , 39.49 
F o u n d : C , 5 2 .9 7 ; H , 7 .3 1 ; N ',;i9 .7 5 .

R e a c tio n  of 1 w ith  D ia z o m e th a n e .— C y a n o g u a n y l az id e  ( 1.4 
g .,  0 .013  m o le) w as d isso lv ed  in  100 m l. o f e th e r  a n d  a d d e d  to  an  
e th e r  so lu tio n  o f d ia z o m e th a n e  (0 .0 1 3  m o le ) . T h e  d ia z o m e th a n e  
co lor w as n o t  d isc h a rg e d  ra p id ly , a n d  th e re  w as no  v is ib le  n itro g e n  
e v o lu tio n . A f te r  s ta n d in g  fo r  72 h r . in  th e  d a rk  a t  2 5 ° , th e  
yellow  co lor o f d ia z o m e th a n e  w as g o n e . T h e  e th e r  w as e v a p o ­
r a te d ,  a n d  th e  resid u e  w as d isso lv ed  in  m e th y le n e  ch lo rid e  a n d  
th e n  c h ro m a to g ra p h e d  on  a  silic ic  a c id -C e li te  c o lu m n  using  
m e th y le n e  ch lo rid e  as th e  e lu tin g  so lv e n t. T h e  f irs t  so lid  reco v ­
e re d  Wat) 1 ,4 -d im e th y lc y a n im in o te tra z o lin e  (7 )  w h ich  a m o u n te d  
to  0 .4 5  g . ,  m .p .  1 1 0 -1 1 1 '‘ (w ith  so f te n in g  a t  lOS®). T h is  com ­
p o u n d  d o es n o t  l ib e ra te  io d in e  fro m  a  s a tu r a te d  so lu tio n  of 
so d iu m  io d id e  in  tr if lu o ro a c e tic  a c id .

A n a /.  Cal<!d. fo r  C 4H «X ,: C , 3 4 .7 8 ; H , 4 .3 8 ; N , 60 .8 4 . 
F o u n d : C , 3 4 .9 4 ; 1 1 ,4 .3 3 ; X , 6 1 .0 0 .

A p p ro x im a te ly  0 .5  g . o f 1 s u b s e q u e n tly  w as e lu te d  fro m  th e  
co lu m n  w ith  e th e r .

In  a n o th e r  e x p e r in ie n t 0 .1 4  m ole o f 1 a n d  0 .3 4  m o le  o f d ia z o ­
m e th a n e  w ere u se d . T h e  p e r  c e n t  y ie ld  o f 7 w as a p p ro x im a te ly  
th e  sa m e . In  a d d it io n , a  sm a ll a m o u n t  o f o il w as iso la te d . I te  
in fra re d  sp e c tru m  sh o w ed  a b s o rp tio n  b im d s a t  4 .4 7  a n d  6 .48  
c h a ra c te r is t ic  o f 10, a n d  a t  4.5H a n d  6 .1 2  fi, c h a ra c te r is t ic  o f 7 , 
in d ic a tin g  a  m ix tu re  o f th e  tw o .

R e a c tio n  o f 2 w ith  D ia z o m e th a n e .— N’-C y a n o -N '-m e th y lg u a -  
n y l az id e  (0 .7 5  g .,  0 ,0 0 6 0  m o le) w as d isso lv ed  in 75  m l. o f e th e r  
c o n ta in in g  0 .0 0 7  m ole  o f d ia z o m e th a n e . T h e  re a c tio n  w as 
w o rk ed  u p  in th e  sa m e  m a n n e r  a s  in  th e  p re v io u s  e x p e r im e n t to  
g iv e  0 .6 0  g . (7 2 %  y ie ld )  o f 7 , m .p .  110-112® , a f te r  re c ry s ta lliz a -  
t io n  fro m  c a rb o n  t<itra<^hloride.

M e th y la tio o  of 2 8 .— B isd iiso p ro p y la m m o n iu m  s a l t  o f  5 -cy au - 
im in o te tra z o h n e  (0 .7 0  g . ,  0 .0 0 2 2  m o le) w as d isso lv ed  in  15 m l. of 
m e th a n o l a n d  a d d e d  to  10 m l. o f m e th a n o l c o n ta in in g  0 .0 0 4 5  m ole  
o f so d iu m  m eth o x id e . T h e  v o la tile s  w ere  re m o v ed  u n d e r  re d u c e d  
p re ssu re  le a v in g  a  p o w d ery  w h ite  re s id u e . T h e  s a l t  w as su s­
p en d ed  in  35  m l. o f a c e to n itr ile  c o n ta in in g  2  n d . o f m e th y l io d id e  
a n d  w as reflu x ed  u n til  th e  so lid  h a d  d isa p p e a re d . T h e  so lv e n t 
w as re m o v ed  u n d e r  re d u c e d  p re ssu re  a n d  th e  g u m m y  resid u e  
w as t r i tu r a te d  w itli e th e r .  E v a p o ra tio n  of th e  e th e r  le f t  0 .2 5  g . 
o f o il. A n  in f ra re d  s p e c tru m  of th e  o il sh o w ed  i t  to  co n s is t of 
a t)o u t e q u a l p ro p o r tio n s  o f 7  a n d  10.

l ,4 -D im e th y l-5 -c y a n im in o te tra 2 o U n e  (7 ) .— A so lu tio n  o f 1 ,4- 
d im e th y l-5 - im in o te tra z o Ie  (0..53 g .)  a n d  t r ie th y la m in e  (0 .5  g .)  
in  3 0  m l. o f d ie th y l  e th e r -b e n z e n e  ( 2 :1 )  w as coo led  in  a n  ic e -  
w a te r  b a th .  C y a n o g en  b ro m id e  (0 .5  g .)  in  10 m l. o f co ld  e th e r  
w as a d d e d  to  th e  firs t so lu tio n ; im m e d ia te ly  a  w h ite  f io ccu len t 
p re c ip ita te  fo rm e d . A fte r  3  d a y s , th e  t r ie th y la m m o n iu m  b ro ­
m id e  w as rem o v ed  a n d  w ash ed  w ith  e th e r .  T h e  co m b in ed  e th e ­
rea l so lu tio n s  w ere e v a p o ra te d  to  d ry n e ss , a n d  th e  re sid u e  w as re- 
crysta lH zed  fro m  c a rb o n  te tr a c h lo r id e , y ie ld in g  0 .2  g .,  m .p .  1 1 2 - 
113°. T h e  In fra red  specttrum  of th is  c o m p o u n d  wjis id e n tic a l 
w ith  7 o b ta in e d  b y  th e  p re v io u s  p ro c e d u re s .

H y d ro ly s is  o f 7 .— l , 4- l-) im e th y l- ;> cy an im in o te tra zo Iin e  (0 .3 0  
g .,  0 .0022  m o le) w .is a d d e d  to  0 .2 6  g . (0 .0 0 6 5  m o le) of so d iu m  h y ­
d ro x id e  in 5  m l. o f w a te r  a n d  w as h e a te d  fo r  15 m in . on  a  s te a m  
h a th .  T h e  coo led  so lu tio n  w as e x tra c te d  w ith  th r e e  15-nd . 
}X)rtions of e th e r .  T h e  e th e r  w as e v a p o ra te d  a n d  th e  re sid u e  
su b lim ed  a t  100® (0 .1  m m .)  to  g iv e  0 .1 0  g . (4 0 %  y ie ld )  o f 27 , 
m .p . 117-llH ® . T h e  m e ltin g  p o in t  w as n o t  d e p ressed  w hen  
m ixed  w ith  im  a u th e n t ic  sa m p le  o f 1 ,4 ^ im e th y lte t r a z a lo n e -5  an d  
th e  in f ra re d  sp e c tru m  of 27 w as id e n tic a l w ith  t h a t  o f th e  la t t e r  
c o m p o u n d .

M o n o m e th y la tio n  of C a rb a m y l A z i d e . -  T h e  l a t t e r  (x jm pound 
re a c te d  v e ry  slow ly  a t  a m b ie n t  te m p e ra tu re  w ith  a n  e th e re a l 
so lu tio n  of d ia z o m e th a n e  (ex cess); se v e ra l d a y s  w ere  re«iuired 
to  d isc h a rg e  th e  yellow  co lo r co m p le te ly . I h e  so lu tio n  w ^  
f ilte red  a n d  e v a p o ra te d  to  d ry n e ss ; th e  re m a in in g  o il g ra d u a lly  
c ry s ta lliz e d . llt* c ry s tam za tio n  fro m  h ex an e  g av e  w h ite  p la te s , 
m  p  47-48® , w h ich  su b lim e d  ra p id ly  a t  25  m m . a n d  r < > ^  tern - 
p e ra tu re . T h e  m e ltin g  p o in t  fo r  N -m e th y lc a rb a m y l az ide  (4 2 ) is 
___V>fi 4fi-'47°.



A n a l.  C a lc d . fo r  C iH 4N 40 : N , 5 5 .9 8 . F o u n d ;  N ,  55 .57 , 
55 .40 .

T h e  in fra re d  s p e c tru m  sh o w ed  t h a t  th e  az id o  fu n c tio n  w as s ti l l  
p re s e n t ;  th is  w as (;onfirn ied  b y  re a c tio n  w ith  tr ip h e n y lp h (^ p h in e . 
A f te r  tw o  re c ry s ta lliz a tio n s  f ro m  b e n z e n e , t h e  re su ltin g  p h o sp h in -  
im id e  d eco m p c« ed  1 6 0 -1 6 2 ° .

A n a l.  C a lc d . fo r  C riH .g N ,O P : C , 7 1 .8 2 ; H , 5 .7 3 ; N ,  8 .3 8 . 
F o u n d : C , 7 1 .6 5 ; H ,5 .7 1 ;  N ,8 .2 2 .

S o m e of 42 w as reflu x ed  fo r  3 0  m in . w ith  a n ilin e  in  a l^ o lu t«  
e th a n o l:  th e  s o lv e n t  w as th e n  re m o v e d , a n d  th e  o ily  re sid u e  w as 
t r i tu r a te d  se v e ra l t im e s  w ith  h o t  h e x a n e . T h e  w h ite  cr> 'stalline 
Bolid w h ich  re m a in e d  m e lte d  a t  1 4 8 -1 4 9 ° ; th e  m e ltin g  p o in t  of 
N -m e th } i-N '-p h e n y lu re a  is 1 5 1 -1 5 2 ° . A d m ix tu re  w ith  N ,N '-  
d ip h e n y lg u a n id in e  ( m .p .  147-148® ), th e  m o s t  l ik e ly  p ro d u c t if 
th e  m e th y la te d  c a rb a m y l a z id e  h a d  been  N‘H = C (O C H j)N * , w as 
1 1 0 -1 1 5 “ .

R e a c tio n  o f D ia z o m e tb a n e  w ith  N itro g u a n y l A z id e .— D iazo - 
m e th a n e ,  0 .1 3 8  m o le , in  135 m l. o f e th e r  w as a d d e d  to  7 .3  g . 
(0 .0 5 6  m o le )  o f n itro g u a n y l a z id e  in  e th e r  so lu tio n . T h e  yellow  
co lor o f d ia z o m e th a n e  w as d isc h a rg e d  ra p id ly  w ith  v ig o ro u s 
e v o lu tio n  o f g a s . T h e  so lu tio n  w as f ilte red  a n d  th e  e th e r  w as 
e v a p o ra te d  to  le a v e  8 .0  g . o f v isc o u s , l ig h t yellow  liq u id . T h e  
in f ra re d  s p e c tru m  of th e  c ru d e  m a te r ia l  in d ic a te d  t h a t  i t  w aa a  
m ix tu re  o f s ta r t in g  m a te r ia l  (a z id e  b a n d  a t  4 .6 3  m) a n d  1- a n d  2 - 
m e th y l-5 - (N -m e th y l-N -n itro a m in o ) te tra z o le a . All th e  a b so rp ­
t io n  b a n d s  in  th e  p ro d u c t cou ld  b e  a c c o u n te d  fo r  fro m  th e s e  th re e  
s p e c tra .

1 -M e th y I-5 -(N -m e th y l-N -n itro a m in o )te tra z o le .— l-M e th y l-5 -  
m e th y la m in o te tra z o le  (2 2 .6  g .)  w as a d d e d  p o rtio n w ise  w ith  s t i r ­
r in g  to  50 m l. o f c o n c e n tra te d  su lfu r ic  a c id  a t  1.5-20“ . T h e  so lu ­
t io n  w a s  cooled  t o  a n d  m a in ta in e d  a t  10® w hile  15 m l. o f 9 0 %  
n itr ic  a c id  w as a d d e d  d u r in g  20  m in . A fte r  10 m in . th e  n i t ra tio n  
m ix tu re  w as p o u re d  o v e r  300  g . o f  c ru sh e d  ir e ;  th e  p re c ip ita te d  
n itra m in e  w as re m o v e d  b y  f ilt ra t io n  a n d  w ash ed  w ith  fo u r  50-m l. 
p o r t io n s  o f ic e -w a te r ;  th e  y ie ld  o f d r ie d  p ro d u c t ,  m .p .  5 5 “ , w as
2 2 .5  g . T h e  m e ltin g  p o in t  o f  th e  w h ite  n eed le s  w as ra ised  to
57 .5-58 .5®  b y  re c ry s ta iliz a tio n  fro m  2 -p ro p a n o l. T h e  co m p o u n d  
is v e ry  so lu b le  in  m e th y le n e  ch lo rid e , b en z e n e , m e th a n o l, a n d  
e th y l  a c e ta te ,  m o d e ra te ly  so lu b le  in  d ie th y l  e th e r ,  a n d  p o o rly  
so lu b le  in  cy c lo h ex an e .

A n a l.  C a lc d . fo r  C jH jX jO j: C , 2 2 .7 9 ; H , 3 .8 3 ; N , 53 .15 . 
F o u n d : C , 2 2 .7 0 ; H , 3 .8 7 ; N ,  52 .9 2 .

l -E th y l-5 - (N -e th y l-N -n itro a m in o ) te tra z o le , p re p a re d  s im i­
la r ly , m e lte d  a t  4 8 -4 9 “ a f te r  re c r \’8 ta lliz a tio n  fro m  d ie th y l  e th e r  
a t  - 8 0 “ .

2 -M e th y l-5 -(N -m e th y l'N -n itro a m m o )te tra z o le .— O n e  niiili- 
l i te r  o f 1 0 0 %  n itr ic  a c id  w as a d d e d  d ro p w ise  to  0 ..i0  g . of 2- 
m e th y l-5 -m e th y la m in o te tra z o le  d isso lv ed  in  3  m l. o f 9 5 %  su lfu ric  
a c id  k e e p in g  th e  te m p e ra tu re  b e lo w  2 0 “ . A f te r  co m p le tio n  
o f  a d d it io n  th e  m ix tu re  w as p o u re d  o n to  ice a n d  th e  w hole w as 
e x tr a c te d  w ith  th r e e  2 5 -m l. p o r t io n s  o f  e th e r .  T h e  e th e r  w as 
e v a p o ra te d  a n d  th e  o ily  re s id u e  w as d is tille d  fro m  a n  E m ic k  tu b e  
a t  0 .1  m m . to  g iv e  th re e  d ro p s  o f  c le a r  l iq u id , n®i) 1 .5027.

A n a l.  C a lc d . fo r  C s H g N A : C ,  2 2 .7 9 ; H , 3 .8 3 ; N , 53 .15 . 
F o u n d : C , 2 4 .0 7 ; H .3 .7 6 ;  N ,  52 .4 6 .

M e th y la tio n  o f p o ta s s iu m  .5 -n itro am in o te trazo le  w ith  excess 
m e th y l io d id e  in  re flux ing  a q u e o u s  a c e to n e  g a v e  a  l iq u id  p ro d u c t 
w h ich  e x p lo d ed  on  th e  h o t  p la te  a n d  w hose  in f ra re d  sp e c tru m  
w as e s se n tia lly  th e  sa m e  a s  t h a t  fo r  2 -m e th y l-5 - (X -m e th y l-X -  
n itro a m in o ) te tra z o Ie . A n e th e re a l  so lu tio n  o f  t h is  liq u id  g a v e  no  
c ry s ta llin e  s a l t  w h en  t r e a te d  w ith  2 -a m in o p y rid in e  a n d  su g g e sted  
th e  ab se n c e  o f  m o n o in e th y l d e r iv a tiv e s ;  G a rriso n  a n d  H erbst** 
c h a ra c te r iz e d  l-m e th y l-5 -n itro a m in o te tra z o le  a n d  5 - (X -m e th y l-  
N -n itro a m in o ) te tra z o le  in  th is  m a n n e r . T re a t in g  5 -n itro a m in o - 
tetrassole w ith  a n  excess o f d ia z o m e th a n e  a lso  g a v e  a  liq u id  di- 
m e th y la te d  p r o d u c t  (F o u n d :  X ,  5 3 .7 . T h e o ry :  N , 5 3 .2 .) .

2 -M e th y l-5 -(N -c y a n o -N -m e th y la m in o )te tra z o le  ( 10) .— 4  (2.1 
g . ,  0 .0 1 3  m o le) a n d  m e th y l  io d id e  (1 .8  g . ,  0 .0 1 3  m o le )  w ere com ­
b in e d  w ith  25  m l. o f a c e to n itr i le  a n d  s t i r r e d  fo r  16 h r .  a t  25®. 
T h e  so lid  w as f ilte re d  o ff, a n d  th e  s o lv e n t  w as e v a p o ra te d ;  th e  
re s id u e  w as d isso lv ed  in  e th e r  a n d  e x tra c te d  w ith  a q u e o u s  so d iu m  
th io su lfa te . T h e  e th e r  w as e v a p o ra te d ,  a n d  th e  co lorless liq u id  
w as d is tille d  a t  11.5-125® (0 .5  m m .)  to  g iv e  0 .8 7  g . (4 8 %  y ie ld )  
o f  10, m .p .  30-35® . R e c ry s ta iliz a tio n  fro m  e th e r  ra ise d  th e  
m e lt in g  p o in t  to  3 5 - 3 7 “ .

(31) E. Oliveri-Maodala and E. Calderano, Oar*, c fi im . i la l.  4SI ,W9 
(1913).

(32) J. A. Gan-iaoo and R. M. Herbst, J .  O rg . C h e m .. M, 278 (19.W).

A n a l.  C a lc d . fo r  C 4H ,N ,:  C , 3 4 .7 8 ; H ,  4 .3 8 ; N , 6 0 .8 4 . 
F o u n d : C , 3 4 .8 6 ; H ,  4 .4 7 ; N ,  60 .6 7 .

H y d ro ly s is  of 10.— P o ta s s iu m  h y d ro x id e , 5 0 %  so lu tio n  (0 .5  
m l.) , w as a d d e d  to  1.0  g . (0 .0 0 7 2  m o le )  o f 10 d isso lv ed  in  5 .0  m l. 
o f w a te r .  A fte r  30  m in . a t  2 5 ° , 0 .9 0  g . (8 0 %  y ie ld )  o f N -m e th y l-  
N -(2 -m e th y l-5 - te tra a o ly l)u re a  (2 9 ), m .p .  19()-195®, w as f ilte red  
off a n d  w a sh e d  w ith  d is tille d  w a te r .  A f te r  re c ry s ta iliz a tio n  fro m  
w a te r  th e  m e ltin g  p o in t  w as 197-200® . T h e  in f ra re d  s p e c tru m  
show s a b so rp tio n  b a n d s  a t  5 .9 2  ( > 0 = 0 )  a n d  6 .5 2  n  ( > C = N  — ).

A n a l.  C a lc d . fo r  C iH g N .O : C , 3 0 .7 6 ; H ,  5 .1 6 ; N , 53 .83 . 
F o u n d : C .3 0 .9 0 ;  H , 5 . . n ;  N , 5 3 .8 9 .

H y d ro ly s is  o f 29 w ith  exc< ss h o t  e th a n o lic  p o ta s s iu m  h y d ro x id e  
fo llow ed  b y  ac id if ica tio n  y ie ld e d  so m e  im p u re  2 -m eth y J-5 - 
m e th y la m in o te tra z o le , m .p .  42-45® , l i t . ”  m .p .  48®, w hose in ­
f ra re d  sp e c tru m , e x c e p t o f a  sm a ll ca rb o n y l a b s o rp tio n , w as 
id e n tic a l w ith  t h a t  o f  a n  a u th e n t ic  sa m p le . T liis  r e s u lt  e s ta b ­
lishes th e  2 -p o sitio n  fo r  th e  r in g  m e th y l g ro u p .

5 -(N -C y a n o -N -m e th y la m in o )te tra z o le  (3 3 ) .— 4 (0 .5  g . )  w as 
d isso lv ed  in  10 m l. o f w a te r  a n d  ac id ified  w ith  6  N  h y d ro ch lo ric  
a c id . T h e  so lu tio n  w as e x tra c te d  w ith  th re e  2 5 -m l. p o r t io n s  of 
e th e r .  T h e  e th e r  w as e v a p o ra te d  a n d  th e  so lid  w as d isso lv ed  in 
c h lo ro fo rm -e th e r  s o lv e n t, f i lte re d , co n < 'en tra ted , a n d  coo led  to  
g ive 0 .2  g . o f 33 , m .p .  129® d e c . R e c ry s ta iliz a tio n  fro m  e th e r -  
ch lo ro fo rm  so lu tio n  d id  n o t  c h a n g e  th e  m e ltin g  p o in t.

A n a l.  C a lc d . fo r  C*H4N«: C , 2 9 .0 3 ; H ,  3 .2 5 ; N , 6 7 .7 2 ;
n e u t .  e q u iv . ,  124 .1 . F o u n d : C , 2 9 .6 1 ; H ,  4 .3 4 ; N ,  6 5 .9 3 ;
n e u t .  e q u iv .,  125.1 .

N -M e th y l-N ,N -b is (5 -te tra z o ly l)a m in e  (3 0 ).— 4  (0 .4  g ., 0 .0025  
m o le) a n d  so<lium a z id e  (0 .0 0 3 2  m o le )  w ere  d isso lv ed  in  10 m l. of 
w a te r  a n d  h e a te d  on  th e  s te a m  b a th  fo r  4  h r .  W h e n  th e  cooled  
so lu tio n  w as ac id ified  w ith  6  N  h y d ro c h lo ric  a c id , 0 .3 0  g . (7 2 %  
y ie ld )  o f p ro d u c t ,  m .p .  2 1 0 “ d e c . ,  w as p r e c ip i ta te d . R e c ry s ta i­
liz a tio n  fro m  w a te r  g a v e  3 0 , m .p .  211® d ec .

A n a l.  C a lc d . fo r  C 3H 5N ,:  C , 2 1 .5 6 ; H , 3 .0 2 ; N ,  75 .4 3 .
F o u n d : 0 ,2 1 .6 9 ;  H , 3 . 6 l ;  N , 74 .8 5 .

B is (5 - te tra z o ly l)a m in e  (3 1 ). A .— C y a n o g u a n y l az id e  (1 1 .0  g ., 
0 .1  m o le )  w as s lu r r ie d  w ith  50  m l. o f  co ld  w a te r  a n d  t r e a te d  w ith  
10.1 g . (0 .1  m o le ) o f d iiso p ro p y la m in e  in  5  m l. o f w a te r .  E sse n ­
tia l ly  a ll o f th e  az id o  co m p o u n d  d isso lv ed . S o d iu m  a z id e  (7 .2  
g .,  0 .1 1  m o le) a n d  10.6  g . (0 .1 1  m o le )  o f tr im e th y la m m o n iu m  
ch lo rid e  w ere  a d d e d , a n d  th e  so lu tio n  w as reflu x ed  fo r  18 h r .  
D u rin g  th e  e a r ly  s ta g e s  o f h e a tin g , co p io u s a m o u n ts  o f  tr im e th y l-  
am in e  w ere  ev o lv e d . T h e  a lm o s t  n e u tr a l  so lu tio n  w^as cooled  to  
room  te m p e ra tu re ,  f ilte red  f ro m  a  sm a ll q u a n t i ty  o f g e la tin o u s  
m a te r ia l , a n d  ac id ified  w ith  20 m l. o f c o n c e n tra te d  h y d ro ch lo ric  
a c id . A w h ite  g ra n u la r  p re c ip ita te  fo rm e d  im m e d ia te ly ; i t  w as 
rem o v ed  b y  f ilt ra t io n  a f te r  th e  so lu tio n  h a d  b een  coo led  to  0 “ a n d  
w ash ed  on ce  w ith  a  sm a ll v o lu m e  o f  co ld  w a te r .  T h e  y ie ld  of 
a ir -d r ie d  p ro d u c t ,  31 m o n o h y d ra te , w as 13 .3  g . ( 7 8 % ) .  I t s  in ­
f ra re d  sp e c tru m  w as id e n tic a l w ith  t h a t  o f  th e  ac id  m a d e  b y  th e  
fo llow ing  m e th o d .

B .— S o d iu m  d ic y a n a m id e  (8 .9  g . ,  0 .1  m o le ) , 14 .3  g . o f so d iu m  
az id e  (0 .2 2  m o le ) , 2 1 .2  g . o f  tr im e th y la m m o n iu m  c h lo r id e  (0 .2 2  
m o le ) , a n d  100 m l. o f w a te r  w ere  refiu x ed  fo r  23 h r .  T h e  h o t, 
n e u tr a l  so lu tio n  waa f ilte red  a n d  cooled  to  5®; ro se tte s  o f  w h ite  
need les c ry s ta lliz e d  slo w ly . T h is  p r o d u c t  w as re m o v ed  b y  
f il t r a t io n , w ash ed  w ith  co ld  w a te r ,  a n d  v a c u u m  d r ie d ;  th e  m o th e r  
liq u o rs  a n d  w ash in g s  w ere  re ta in e d . T h e  y ie ld  o f  h y d ra te d ,  ac id  
so d iu m  s a l t  w as 3 .8  g . ( 1 0 % ) ;  fo r  a n a ly s is  a  p o r tio n  w as re -  
c ry s ta lliz e d  f ro m  w a te r .

A n a l.  C a lc d . fo r  C4H sN igN a 3 H 2 0 : H » 0 , 1 4 .1 . F o u n d : 
H 2O , 1 3 .5 , 1 4 .3 . C a lc d . fo r  C 4 H iN „ N a : C , 14 .64 ; H ,  1 .54 ; 
N ,  7 6 .8 2 ; N a ,  7 .0 1 . F o u n d : C , 14 .64 ; H ,  1 .6 0 ; N ,  76 .51 ; 
N a ,  7 .2 5 .

T h e  a q u e o u s  m o th e r  liq u o rs  w ere  h e a te d  to  80® a n d  t r e a te d  
w ith  25  m l. o f c o n c e n tra te d  h y d ro c h lo ric  a c id . T h e  w h ite  
g ra n u la r  so lid  w as re m o v e d  a n d  w ash ed  w ith  co ld  w a te r  a f te r  th e  
so lu tio n  h a d  b e e n  coo led  to  5®; th e  y ie ld  o f d r ie d  31 m o n o h y ­
d r a te  w as 11 .5  g . ( 6 7 % ) . I t  c a n  b e  re c ry s ta lliz e d  fro m  a  la rg e  
v o lu m e  o f  w a te r ;  th is  co m p o u n d  d a rk e n s  b e tw e e n  2 7 0 -2 8 0 “ , b u t  
d o es n o t  m e lt  o r  d eco m p o se  u p  to  3 0 0 “ .

A n a l.  C a lc d . fo r  C jH s N g 'H jO : C , 14 .04 ; H ,2 .9 5 ;  N ,  73 .67 ; 
H jO , 10 .53 . F o u n d :  C , 14 .14 ; H , 3 .1 7 ; X , 7 3 .2 0 , 7 3 .1 4 ; H jO , 
1 0 .6 . C a lc d . fo r  C 2H 3X 9: N ,  8 2 .3 4 . F o u n d :  N ,  8 3 .0 1 .

T h e  d ia m m o n iu m  s a l t  c ry s ta lliz e s  fro m  w a te r  a s  w h ite , fe lte d  
need les w h ich  a re  n o t  h y d ra te d .

(33) R. A. Henry and W. G. Finnegan, J .  A m .  C h em . S o c ..  76, 923 (1954).



A n a l.  C a lc d . fo r  C 1H 9N 1, :  C , 12 .83 ; H , 4 .a 5 ;  N , 82 .3 2 . 
F o u n d : C , 12 .87 ; H , 3 .5 7 ; N ,  83 .0 7 .

C .— P ro c e d u re  B  w as fo llow ed  e x c e p t  t h a t  14 .7  g . (0 .1  m o le) o f 
p o ta s s iu m  d if ly a n o g u an id in e  w as u se d  in s te a d  of th e  so d iu m  d i- 
c y a n a m id e  a n d  th e  f ilte re d , h o t  so lu tio n  im m e d ia te ly  w as a c id i­
fied  w ith  25  m l. o f  h y d ro c h lo ric  a c id . T h e  p r o d u c t  w as rem o v ed  
a f te r  th e  so lu tio n  h a d  coo led  to  25®, w ash ed  w ith  co ld  w a te r ,  a n d  
a ir -d r ie d ; th e  y ie ld  w as 11 .6  g . ( 6 7 % ) . R e c ry s ta lliz a tio n  from  
w a te r  g a v e  ro se tte s  o f co a rse , w h ite  n ee d le s , w hose in f ra re d  sp e c ­
t r u m  w as id e n tic a l w ith  t h a t  fo r  31 m o n o h y d ra te  m a d e  b y  m e th -  
0 (fa A o r  B .

A n a l.  C a lc d . fo r  C jH ,N »  H 2 0 : C , 1 4 .0 4 ; H ,2 .9 5 ;  N ,  73 .67 . 
F o u n d : C , 1 4 .0 0 , 14 .23 ; H ,  2 .9 0 , 2 .9 5 ; N , 7 3 .3 6 , 73 .7 2 .

N -(l-M e th y l-5 - te tra z o ly l) -N -(5 -te tra z o ly l)a m ln e .— A  so lu tio n  
co n s istin g  o f 0 .9 5  g . o f 3 4 , 0 .4 2  g . o f so d iu m  a z id e , a n d  0 .6 2  g . o f 
tr im e th y la m m o n iu m  ch lo rid e  in  10 m l. o f w a te r  w as h e a te d  o v e r­
n ig h t  o n  th e  s te a m  b a th ,  ac id ified  w ith  3 m l. o f c o n c e n tra te d  h y ­
d ro ch lo ric  a c id , a n d  coo led  to  0®. T h e  y ie ld  o f p re c ip i ta te d  so lid  
a f te r  f i l t r a t io n , w ash in g , a n d  d ry in g  w as 0 .5  g . O n ly  3 5  m g . of 
th e  t i t le  c o m p o u n d  w a s  re c o v e re d , a s  t h e  lesB-eoluble f ra c tio n , 
a f te r  f ra c tio n a l c ry s ta lliz a tio n  f ro m  w a te r ;  th e  b u lk  o f  th e  m a te ­
r ia l p ro v e d  to  b e  8 . R e c ry s ta lliz a tio n  f ro m  w a te r  g a v e  ro se tte s  of 
w h ite  n eed les , d eco m p o sin g  a t  2 4 2 -2 4 3 ° .

A n a l.  C a lc d . fo r  C sH tN *; C , 2 1 .5 6 ; H , 3 .0 2 ; N ,  75 .4 3 . 
F o u n d : 0 ,2 1 .6 1 ;  H ,3 .5 6 ;  N , 74 .9 4 .




