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Adducts of 4 - p h e n y l - l , 2 , 4 - t r i a z o l i n e - 3 . 5 - d i o n e  with 2 -v iny lpyr id ines  were  conver ted  to 5- 
azac innol ines  and 4 -hyd raz ino -5 -azac in no l i ne s  on reac t ion  with hydraz ine  hydra te .  

In a study of the s t r u c t u r e  of adducts  of s ty rene  de r iva t ives  with dimethyl  azod ica rboxy la te  Alder  and 
Niclas  [1] showed that  the diadduct with s t ruc tu r e  Ia is hydrolyzed  to ketone II. which can be conver ted  to 
cinnoline IV via the scheme 

CO~CH 3 CO~CH 3 
I " i " 

R/ ~ - - N  I-I I1 / \ 0 NH--Nfl~ 

CH302C CO2CH 3 I 1  I l l  I V  

l a ,  b 

I a R=OCH3, b R=C6H5 

The adduct (Ib) of ~ -pheny l s t y r ene  with dimethyl  azod ica rboxy la te  undergoes  a d i f ferent  s e r i e s  of t r a n s f o r m a -  
t ions under  the influence of hydraz ine  hydra te .  In this  case ,  the final product  is N-amino-3 -pheny l indo le .  

We have p rev ious ly  shown [2] that 2 -v iuy lpyr id ine  and its de r iva t ives  reac t  with 4 - p h e n y l - l . 2 . 4 - t r i a z o l i n e -  
3.5-dione to give adduets  with s t r u c t u r e  V. We invest igated the behav ior  of the l a t t e r  in the reac t ion  with 
hydraz ine  hydra te .  It was found that the s t a r t ing  m a t e r i a l  had vanished a f te r  V had been ref luxed for  7 h in 
excess  hydraz ine  hydrate ,  and 5 -azac inno l ines  VI and 4 - hyd r a z i no - 5 - a z a c i nno l i ne s  VII - compounds that a r e  
the f i r s t  r e p r e s e n t a t i v e s  of the p rev ious ly  unknown 5-azae innol ine  he t e rocyc l i c  sy s t em - were  obtained a f te r  
chromatograph ic  s epa ra t i on  of the r eac t ion  mix tu re .  

Q~ /C6H5 

LMJXM.JJ 

H N--NH NH--NH 2 / \ 
O~.~,~N~O VI a - c  ~,ll a - e  

C:6H5 
V 8 -e  

V, VI. VII a R I = R 2 = R 3 - F I :  b R~=C[t~, R2=R3=H:  c R2=CH3. R I = R S : H ;  d R-~=C2Hs. 
R~=R3=H: e R3=CH3. RI=R2=H 

The mechan i sm of this  t r a n s f o r m a t i o n  is as yet  unknown, but it evidently includes so lvo lys i s  with open- 
ing of the t r i a z o l e  ring,  decarboxyla t ion ,  and oxidat ive a romat i za t ion .  Accord ing  to the ava i lab le  data [1]. the 
l a t t e r  may take p lace  under  the influence of hydraz tne  hydra te ,  which is reduced to ammonia  in the p=ocess .  

The c h a r a c t e r i s t i c s  of V[ and VII and of the i r  de r iva t ives  a r e  p resen ted  in Table 1. 

The UV s p e c t r a  of the 5 -azac innol ines  obtained in this  study (Table 2) had absorp t ion  max ima  ident ical  
to those  observed  for  cinnoltne [kmax(log ~): 222 (4.57). 276 (3.45), 322 (3.34). and 390 (2.4)] [~] but. as seen 
f rom Table 1, had a smal l  hypsochromic  shift .  The introduct ion of a hydraz ine  group in the 4 posi t ion leads  
to a ba thoehromic  shift of the long-wave absorp t ion  maximum with a sharp i nc rea se  in the extinetion.  
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N:'N 
3-H 6-H 8~-H 7-H L L~N~,~ XI i 

3 - .  6 - .  8 - .  g - "  ( ~ ' ( 2 " ; V  

L " ,  i, d i ' , I  i 

. IF, 

6 - H  3-H 8 -H  7 -H 
, ~, 

1'o ~ 
3_ H 6-  H'r H 8k-H 7 -H 

Fig. 1. PMR spectra of Via, Vlla, X, and XI in trifluoro- 
acetic acid. 

The PMR spect ra  of Via and VIla are  presented in Fig. 1. 

The mass  spect ra  of VI had few lines, the most  intense of which was that of the molecular  ion; and sub- 
sequent f ragmentat ion consisted in the success ive  elimination of nitrogen and hydrocyanic acid fragments .  
For  example, for  Via 

- - H C N  .+  - C o i l  2 
:~. ,~ C~H4 , C.~H2 ' +  

m/'e 13111007o) nz/e 103 (38%) m/'~ 76 t95%) m/e 50 (35%) 

Fragmentat ion involving the hydrazine groups with splitting out of the elements of NH, NH2, N2H 4, and N2H 3 
was observed together  with this sort  of f ragmentat ion in the spect rum of 4-hydrazino-5-azacinnol ines  VII. 

The IR spectrum of VHa (in chloroform) had an intense absorption band of the stretching vibrations of 
an NH group at 3470 cm -~, a doublet of bands at 3380 and 3510 cm -I (NH 2 group), and intense bands of the 
deformation vibrations of an amino group at 1622 and 1593 cm -1 (the latter probably runs together with the 
aromatic  ring absorption). The TR spectra  of VTIb-e are  s imilar .  

As one should have expected, hydrazines Vlla-e are  readily oxidized in the air .  They undergo complete 
convers ion to 5-azacinnolines when they are  refluxed in alcohol with copper sulfate; this corresponds to con- 
vers ion of phenvlhydrazine to benzene or of III to cinnoline W [1]. 

The corresponding hydrazones (VIII, IX, and XTI) are  formed in the react ion of hydrazine VlTa with cyclo- 
hexanone, VIId v,ith benzaldehyde, and VIIe with acetone at room tempera ture .  Compound VTIa reacts  with 
acetylacetone t ,  give hydrazone X, which is stable even in t r i f luoroacet ic  acid. It is converted to 4-(3.5-di-  
me thy l - l -pyrazc ly l ) -5 -azac inno l ine  (XT) only on prolonged heating in benzene. The Pi~IR spectra of X and XI- 

are presented in Fig. 1 

Compound X evidently exists entirely in the enol form, since its IR spectrum does not contain the ab- 
sorption of a carbonyl group, and a singlet of an olefinic proton at 6.2 ppm is observed in its PMR spectrum 
(see Fig. 1). The high stability of hydrazone X is probably explained by stabilization due to the formation of 
in t ramolecular  hydrogen bonds. In fact, on react ion with solutions of copper, cobalt, and nickel salts, it readily 
forms intensely colored complexes that are  soluble in organic solvents. 
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Cu$O~ 
VI a ~ VII a 

I, 

O 

O O 

c.~-~-r -.~o ~ ' C / ~  ~, 
2o o,2 h soil5 h 

"H ~-N~N.-H~ O CH3-- < N ~N 

CH3 ~.~CH3 ~J'CH 3 

X[ 

O CH~ 

\' \, xguSO, / N \  ",,Cu SO4 / N \  / '\ 
H N H N �9 H 

[ ~  vId Ir Vie /C\CH3 /C\ Ca. 
H C6H 5 

VIII IX Xll 

Compounds  X and XI behave  ve ry  s i m i l a r l y  u n d e r  the in f luence  of e l e c t r o n  impact .  In the f i r s t  ease  one 
observed only m a s s  s p e c t r o m e t r i c  splitting out of a water  molecu le ,  and the subsequent fragmentation pro-  
ceeds  via two pathways: The f irst  is charac ter i s t i c  for the fragmentation of 5-azaeinnol ine  (see above), and 
the second is charac ter i s t i c  for the fragmentation of 3 ,5 -d imethy lpyrazo le  [4] {see the fragmentation diagram}. 

Diagram of the fragmentat ion of the m o l e c u l a r  ion 
of 4- (3.5 - d i m e t h y l - l - p y r a z o l y l )  - 5 -azao inno l ineXI  

+ 

-H 

m/e 224 (23Z) 

m/e 2250ooz~ 
+ H+ 

CH3"~/N'N ~ N  
C,21t.N ] cinnolyl" '\'~ ~/" . 

�9 x C H  5"~37ZI pyrazolyl" 3 m/e 9 ,. o CH 3 

nl/"e 130 (22~) nl/e 157 (15Z, 
/ i 

/ i ,Tz, e 210 [17Z) 
/, -N~ -N2 

N~/C H a 

/ 
/ 

/ -CH 2 

CI2HIoN~ + 

ta/e 196 (SZ) 

-HCN_ Cv, H;N + 

al/'e 1811 (IIZI 

I -HCN 
C~H6Na + 

m/'e I~6 i67~, 

+ N~CH CIC 7N2 
f-HCN m,, P 129 (19Z) N ~  ~/0 1-55(51Z] 
t 

C6H 4 
m,'e 75 ~I4X) 

Thus,  in c o n t r a s t  to the adduets  (I) of a - p h e n y l s t y r e n e  with d imethyl  azod iea rboxy la te .  V undergoes  con-  
v e r s i o n  with r e t e n t i o n  of the 5 - a z a c i n n o l i n e  r ing  u n d e r  the in f luence  of hyd raz ine  hydra te .  However ,  r e a r -  
r a n g e m e n t  p r o c e s s e s  a r e  not obse rved .  

E X P E  R I M  E N T A  L 

The IR s p e c t r a  of m i n e r a l  o[1 s u s p e n s i o n s  of c h l o r o f o r m  so lu t ions  were  r e c o r d e d  with IKS-22 and UR- 
20 s p e c t r o m e t e r s .  The UV s p e c t r a  of me thano l  so lu t ions  were  r e c o r d e d  with a P y e - U n i c a m - 8 0 0 0  s p e e t r o -  
p h o t o m e t e r .  The PMR s p e c t r a  of t r i f l u o r o a e e t i c  acid so lu t ions  were  r e c o r d e d  with a T-60  s p e c t r o m e t e r  
with h e x a m e t h y l d i s i l o x a n e  as the ex t e rna l  s t anda rd .  The m a s s  s p e c t r a  were  r eco rded  with MKh-1303 and 
Gnom MAT-111  s p e c t r o m e t e r s  with i n t roduc t ion  of the s u b s t a n c e s  into the ionization region at i o n i z i n g - e l e c -  
tron e n e r g i e s  of. r e s p e c t i v e l y ,  50 and 80 eV. P r e p a r a t i v e  c h r o m a t o g r a p h y  was accompl i shed  on ac t iv i ty  [I 
(Broekmann c l a s s i f i ca t ion )  A1203 (with a l a y e r  t h i c kne s s  of 1 ram) in a b e n z e n e - m e t h a n o l  s y s t e m  (10 : 1). 

5 - A z a c i a n o l i n e s  (VI). These  compounds  were  obtained by the following g e n e r a l  method.  A solu t ion  of 
0.01 mo le  of V in 20 ml  of h y d r a z i n e  hydra te  was ref luxed for  7 h, a f te r  which the exces s  hyd r a z i ne  hydra te  
was r emoved  by d i s t i l l a t i on .  The r e s i d u e  was ex t rac ted  r epea t ed ly  with cold methanol ,  and azae inno l ines  V[ 
w e r e  i so la ted  p r e p a r a t i v e l y  f rom the combined  ex t r ac t s  and pur i f i ed  by vacuum sub l ima t ion .  
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4-Hydrazino-5-azaeinnol ines  (VII). These compounds were isolated s imi lar ly  f rom the band with the 
Rf value indicated in Table 1. Prolonged vacuum drying gave red-brown crys ta l s  of hydrazines VII. 

Acetylacetone (5-Aza-4-cinnolyl)hydrazone (X). A solution of 95 mg (0.6 mmole) of hydrazine VIIa and 
0.5 ml of acetylacetone in 50 ml of methanol was allowed to stand at room tempera ture  for 24 h, after  which 
the methanol and excess acetylacetone were removed by distillation, and the residue was separated p repa ra -  
t ively on A1203. Workup of the band with Rf 0.18-0.3 yielded hydrazone X as a crys ta l l ine  red-brown substance. 
The product  was recrys ta l l i zed  f rom methanol to give 100 mg of X. 

Cyclohexanone (5-Aza-4-cinnolyl)hydrazone (VIII). Cyclohexanone [100 mg (1 mmole)] was added to a 
solution of 80 mg (0.5 mmole) of hydrazine VIIa in 3 ml of methanol, and the mixture was allowed to stand at 
room tempera ture  for 6 h. The methanol was evaporated, and the residue was separated preparat ively.  Work- 
up of the band with Rf 0.47-0.53 yielded hydrazone VIII. Recrystal l izat ion of the product f rom benzene gave 
109 mg of VIII. 

Benzaldehyde (7-Ethyl- '5-aza-4-cinnolyl)hydrazone (iX). Benzaldehyde [106 mg (1 mmole)] was added to 
a solution of 95 mg (0.5 mmole) of hydrazine VIId in 2 ml of methanol, and the mixture was allowed to stand 
for 1 h. The result ing precipi ta te  was then removed by fi l tration and recrys ta l l ized  from methanol to give 
106 mg of IX. 

Acetone (8-Methyl-5-aza-4-cinnolyl)hydrazone (XII). An 85-rag (0.5 mmole) sample of hydrazine VIIe 
was dissolved in 5 ml of acetone, and the solution was allowed to stand at room tempera ture  for 5 h. The 
acetone was evaporated, and the residue was separated preparat ively .  Workup of the band with Rf 0.44-0.50 
yielded hydrazone XII. Recrysta l l izat ion from hexane gave 75 mg of XII. 

4 - (3 ,5 -Dimethy l - l -pyrazo ly l ) -5 -azac innol ine  (XI). A solution of 80 mg (0.33 mmole) of hydrazone X in 
10 ml of benzene was refluxed for 15 h, after  which the benzene was removed by distillation. The residue was 
separated prepara t ively .  Workup of the band with Rf 0.42-0.5 gave greenish crysta l l ine  XL which was purified 
by vacuum sublimation to give 60 mg of XI. 
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