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As a continuation of our s e a r c h a m o n g s t t h e  subst i tuted pyr idaz ines  [1, 2] and pyridazinoquinoxal ines  
[3] for  subs tances  with an t imic rob ia l  act ivi ty ,  we have synthes ized  a new he te rocyc l ie  sys t em,  viz. ,  d ipyr i -  
daz ino [3 ,4 -b :4 ' , 5 ' - e ]py raz ine .  

When 1 -pheny l -4 ,5 -d iaminopyr idaz in -  6- one is condensed with benzoylpyruvic  acid, 3 -phenacy l -2 ,5 -  
d ioxo-6-phenylpyraz ino[2 ,3-d]pyr idaz ine  (I), which has not been  descr ibed  before ,  is obtained. The s t r u c -  
ture  of I is conf i rmed  by i ts  IR s p e c t r u m ,  in which an amide  carbonyl  band is p r e sen t  (1660 cm-1), the ab-  
sorpt ion band of the p r i m a r y  amino group (3395 cm -1) obse rved  in the spec t rum of the init ial  d iaminopyr i -  
dazone is absent ,  and absorp t ion  bands co r respond ing  to the NH (3150 cm -1) and keto groups (1705 cm -l) 
appear .  The UV s pec t rum  of I in fo rmic  acid shows an additional absorp t ion  m a x i m u m  (at 415 nm) com-  
pa red  with the spec t rum of the initial  d iaminopyr idazone ,  in which there  is only one m a x i m u m  at  280 nm. 
In the condensat ion of diamino de r iva t ives  with dicarbonyl  compounds when the r eac tan t s  a re  a s y m m e t r i c  
it is na tura l  to expect  i s o m e r s .  However ,  a g rea t  deal of data [4] shows that one of the expected i s o m e r s  
is often fo rmed  exclus ive ly  or  p re fe ren t i a l l y ,  the d i rec t ion of the reac t ion  depending on the bas ic i ty  of the 
amino groups,  the di f ferent  r eac t iv i t i e s  of the carbonyl  groups in the dicarbonyl  component ,  the pH of the 
medium,  etco In the case  of the p r epa ra t i on  of subst i tu ted quinoxalines f rom pyruvic  acid der iva t ives  in a 
neut ra l  medium,  it has been shown [5] that the reac t iv i ty  of the ca rbony l  groups of this carbonyl  component  
d e c r e a s e s  in the o r d e r  ca rboxyl  > e s t e r  > aldehyde > ketone.  

In the p re sen t  case ,  compound I is fo rmed  in good yield. It is known that the amino group in posit ion 
4 is the mos t  bas ic  in 1 -pheny l -4 ,5 -d i aminopyr idaz in -6 -one .  On the bas i s  of what has  been said above,  we 
m a y  suppose that this amino group r eac t s  with the carboxyl  group of the benzoylpyruvic  acid.  

We a t t empted  to p r e p a r e  the condensat ion product  of benzoylpyruvic  acid with one of the amino groups 
of the disubst i tu ted pyr idazone .  Under  the conditions of synthes is  of compound I, benzoylpyruvic  acid does 
not r eac t  with 1 -pheny l -4 -n i t ro -5 -aminopyr idaz in -6 -Oneo  We did succeed  in obtaining such a product ,  how- 
ever ,  in the case  of 1 - p h e n y l - 4 - a m i n o - 5 - m e t h y l a m i n o p y r i d a z i n - 6 - o n e  (V). Compound V was synthes ized 
by heat ing 1 - p h e n y l - 4 - n i t r o - 5 - h y d r o x y p y r i d a z i n - 6 - o n e  with an aqueous solution of methy lamine  (analo- 
gously to the known method of p r e p a r i n g  1 -pheny l -4 -n i t r o -5 -aminopyr idazone  by the action of ammonia  [6]) 
and subsequent ly  reducing the resu l t ing  1 - p h e n y l - 4 - n i t r o - 5 - m e t h y l a m i n o p y r i d a z i n - 6 - o n e  (IV}with stannous 
chlor ide in hydrochlor ic  acid.  In our case ,  however ,  the reac t ion  gave a v e r y  low yield of the expected 
product  IV, toge ther  with which the fo rmat ion  of 1 -pheny l -3 -n i t ropyrazo le  was observed .  As is known f rom 
the l i t e ra tu re  [6], such cont rac t ions  of the pyr idazine  r ing a re  brought  about by the action of mine ra l  acids 
and a lkal is .  

The compound VI obtained by condensat ion of V with benzoylpyruvic  acid is insoluble in sodium bi-  
carbonate  solution. In its IR s p e c t r u m  the carboxyl  group absorpt ion  bands a r e  absent  and the band of the 
p r i m a r y  amino group (3410 cm -i)  obse rved  in the spec t rum of the initial V d i sappea r s .  I ts  UV spec t rum is 
analogous to that  of the init ial  V, with a ba thochromic  shift  of 35 rim. On the bas i s  of all  these data, we can 
ass ign  the N - ( 1 - p h e n y l - 5 - m e t h y l a m i n o - 6 - o x o p y r i d a z i n - 4 - y l ) b e n z o y l p y r u v a m i d e  s t ruc tu re  to compound VI, 
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and f rom what has  been said  above, we can suppose that the phenacyl group in compound I is in the 3 pos i -  
tion. 
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Compound I was  conver ted  into the hydrazone  of 3 -phenacyl -2 ,5-d ioxo-6-phenylpyraz ino[2 ,3-d]pyr i -  
dazine 0I) by reac t ion  with hydraz ine  hydra te  in alcohol solution. The s t ruc tu re  of II is conf i rmed  by its 
IR spec t rum,  in which the absorpt ion band cor respond ing  to the keto group observed  in the spec t rum of I 
d i sappears  and absorp t ion  bands appear  for  the azine C - N  (1625 cm -1) and the p r i m a r y  amino group of the 
hydrazone (3310 c m - l ) .  

On prolonged boil ing in acet ic  acid solution, hydrazone II is cycl ized to fo rm 3 ,7-diphenyl-6-oxodi-  
py r idaz ino [3 ,4 -b :4 ' , 5 ' - e ]py raz ine  (III). The absorp t ion  bands of the azine and p r i m a r y  amino groups ob- 
s e rved  in the spec t rum  of II  d i sappear  in the IR spec t rum of III~ A study of the UV and H 1 NMR spec t ra  of 
II and IIi  p roved  to be  imposs ib le  owing to the v e r y  low solubility of the subs tances  in solvents  suitable for  
measu r ing  these  spec t r a ,  

React ion of III  with excess  methyl  iodide in a solution of sodium alcoholate  leads ,  as shown by thin- 
l aye r  ch romatography  on a luminum oxide, to a mix tu re  of five products  with R f  values  of 0.78, 0.407, 0.295, 
0.200, and 0.080. 

The f i r s t  two products  (VII and VIH) a r e  the main  components  of this mix ture .  They were  sepa ra ted  
by f rac t ional  c rys ta l l i za t ion :  VII, mp 281-283% R f  = 0.407; VIII, mp 235-237 ~ R f  = 0.78~ According to e le -  
m e n t a r y  analys is  data, both compounds a r e  dimethyl  de r iva t ives  of III. 

The obtained compounds do not p o s s e s s  an t imicrob ia l  act ivi ty.  

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

The IR spec t r a  were  recorded  with a UR-10 spec t ropho tomete r  in mine ra l  oil and the UVspec t r aw i th  
an EPS-3 spect rophotometero  The H i NMR spec t r a  were  recorded  on a C - 6 0 - H L  ins t rument  with awork ing  
f requency of 60 MHz using hexamethyldis i loxane as internal  s tandard and deuteropyr id ine  as solvent .  Thin- 
l aye r  ch roma tog raphy  was c a r r i e d  out on an unfixed l aye r  of 2rid-degree act ivi ty  a luminum oxide in the 
c h l o r o f o r m - m e t h a n o l  (98:2) s y s t em .  

3-Phenacyl-6-phenylpyridazino[2,3-d]pyrazin-2,5-dione (I). A solution of 8.4 g 1 -phenyl -4 ,5 -d iamino-  
pyr idaz in -6 -one  in 150 ml  alcohol is added to a solution of 8 g benzoylpyruvic  acid in 60 ml  alcohol.  The 
mix ture  is heated to boil ing for  15 rain. Af te r  5 rain, ab r i gh t -ye l l ow  prec ip i ta te  begins  to be deposited,  
giving 12.7 g (85.6%) of I, mp 312-315 ~ (from acet ic  acid).  IR spec t rum (cm-1): 3150 (NI-I), 1705 (ketone CO), 
1660 (amide CO). UV spectrum, kma x nm (log ~), in formic acid: 260 (4.8), 415 (1.65). Found (%): C 66.78; 
H 4.21; N 15.44. C20HI4N403. Calculated (%): C 67,04; H 3.94; N 15.64. 

3-Phenacyl-6-phenylpyridazino[2,3-d] pyrazin-2,5-dione Hydrazone (If). A stirred suspension of 8.3 g 
I in 250 ml alcohol and 16 ml hydrazLne hydrate is heated for 5 h. The precipitate of I is gradually con- 
vetted into If, giving 6.5 g (75.4%) of II as yellow crystals, mp > 360 ~ (from dimethylformamide). IR spec- 
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trum (cm-1): 3310 (NH2), 3140, 320* (NH), 1625 (azine C-N),1660 (amide CO). Found (%): C 64.28; H 4.50; 
N 22.83~ C20H16N602. Calculated (%): C 64.50; H 4.33; N 22.57. 

3,7-Diphenyldipyridazino[3,4-b:4' ,5 '-e]pyrazin-6-one (III). A mixture of 6.5 g II and 150 ml glacial 
acetic acid is boiled for 6-8 h. A bluish-white precipitate is gradually deposited from solution. This is 
fi l tered off, washed with alcohol, boiling dimethylformamide,and alcohol again, to give 5.3 g (85.8%) of III, 
mp> 360 ~ IR spectrum (cm-1): 3120 (NH), 1665 (CO). Found (%): C 67.49; H 4.14; N 23.11. C~0H14N60. 
Calculated (%): C 67.79; H 4.00; N 23.84. 

1-Phenyl-4-nitro-5-methylaminopyridazin-6-one (IV) and 1-Phenyl-3-nitropyrazole.  A mixture of 
10 g 1-phenyl:4-ni tro-5-hydroxypyridazin-6-one and 300 ml of a 25% aqueous solution of methylamine is 
boiled for 16 h while periodically saturating with methylamine from a cylinder. The precipitate formed on 
cooling is fi l tered off to give 1.8 g (32.8%) of 1-phenyl-3-nitropyrazole,  mp 126-128 ~ (from alcohol). Found 
(%): C 57.21; H 3.64; N 22.22. C~-I~N302. Calculated (%): C 57.20; H 3.70; N 22.80. 

On cooling the mother liquor, 3.3 g of the starting material  is precipitated. The mother liquor is then 
evaporated to dryness,  and the residue recrystal l ized from water and alcohol, to give 2.3 g (32.5%) of IV, 
mp 158-159 ~ Found (%): C 53.38; H 3.90; N 22.96. CllHi0N403. Calculated (%): C 53.00; H 4.05; N 22.80. 

1-Phenyl-4-amino-5-methylaminopyridazin-6-one iV). A solution of 6.4 g stannous chloride in 50 
ml concentrated hydrochloric acid is added to a s t i r red  solution of 2.3 g IV in 50 ml ethanol. The mixture 
is heated for 30 rain; the alcohol is distilled off; the residue is diluted with 50 ml water, made alkaline with 
a solution of caustic soda, and extracted with chloroform. After evaporating off the chloroform, the res i -  
due is tr i turated with petroleum ether, giving 1.2 g (59.5%) of V, mp 110-111 ~ (from benzene). IR spectrum 
(cm-l): 3410 (NH2), 3200 (NH), 1665 (CO). Found (%): C 61.25; H 5.86; N 25.89. CllH12N40. Calculated (%): 
C 61.12; H 5.59; N 25.92. 

N- (1-phenyl-5-methylamino-6-oxo-4-pyridazinyl) benzoylpyruvamide (VI). A mixture of 1.2 g V and 
1.07 g benzoylpyruvic acid in 20 ml ethanol is boiled for 1 h. The yellow precipitate formed on cooling is 
fi l tered off to give 1.8 g (82.8%) of VI, mp 187-188 ~ (from alcohol). IR spectrum (cm-I): 3230(NH), 1707 
(ketone CO), 1650 (amide CO). UV spectrum;Ymax nm (log e), in formic acid:315 (2.6), Found (%):C 64.28; 
H 4.90; N 14.36. C21HIsN404. Calculated (%): C 64.60; H 4.62; N 14.40. 

Methylation of HI. A mixture of 3.4 g III, 150 ml of a solution of sodium alcoholate Obtained from 
0.75 g metallic sodium, and 13.6 g methyl iodide is heated to boiling and left to stand for 6 days. The white 
precipitate is filtered off and washed with water to give 1.5 g of precipitate (A), mp 205-290 ~ Rf  0.78, 
0.407, 0.295. The alcoholic mother liquor is evaporated to dryness,and the residue treated with water to 
give 3.5 g of a precipitate (B), mp 150-275 ~ Rf  0.78, 0.407, 0.295, 0.20, 0.08. 

Precipitates A and B are  recrystal l ized from alcohol to give 2.2 g of a mixture of substances with 
Rf  values of 0.78 and 0.407. After repeated crystallization from alcohol, 0.3 g of VII, mp 281-283 ~ Rf  = 
0.407, is obtained from this mixture. Found (%): C 68.87; H 4.82; N 21.80. C22H18N~O. Calculated (%)-: C 
69.10; H 4.74; N 21.98. 

The mother liquors from VII are  evaporated and repeatedly recrystal l ized from benzene to give 0.1 g 
of VIII, mp 235-237 ~ Rf = 0.78. Found (W~: C 69.54; H 4.78; N 22.06. C22H18N60. Calculated (%): C 69.10; 
H 4.74; N 21.98. 
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