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S Y N T H E S I S  AND SOME P R O P E R T I E S  OF 

2 - M E T H Y L P H T H A L A Z O N E  H Y D R A Z O N E S *  

B.  I. B u z y k i n ,  N. N. B y s t r y k h ,  
A. P .  S t o l y a r o v ,  and  YUo P .  K i t a e v  

UDC 547.852.7.07 

The reaction of 1-chloro- and 1,4-dichloro-2-methylphthalazinium salts with hydrazine leads 
to the formation of hydrazones and azines of the corresponding 2-methylphthalazones, the 
ratio of which depends on the reaction conditions. Symmetrical azines of 4-substituted phthal- 
azones exist in the EE 'E '  form, while azines of 2-methyl-4-substituted phthalazones exist in 
the ZE 'Z '  form. 

During a study of the structure of 1-hydrazinophthalazines [2] it was found necessary to synthesize model 
compounds having a fixed hydrazone structure - 2-methyl- and 2-methyl-4-chlorophthalazone hydrazones (Ia,b). 
Hydrazones Ia,b and phthalazones IIIa,b in close ratios were obtained from the hygroscopic 1-chloro- (IIa) and 
1,4-dichloro-2-methylphthalazinium (IIb) chlorides and 1,4-dichloro-2-methylphthalazinium methylsulfate (IIc) 
(the analogous 3,6-dichloro-4-methylpyridazinium methylsulfate is stable in water [3]) under the influence of 
aqueous hydrazine solution. In the reaction of salts IIa-c (without isolation after synthesis) with aqueous 
hydrazine solution we isolated, in addition to hydrazones Ia,b and phthalazones IIIa,b, azines of 2-methyl-4- 
substituted phthalazones (IVa,b), the ratio of which depends on the hydrazine concentration. An increase 
in the hydrazine concentration increases the yield of the hydrazone, whereas a decrease in its concentration 
raises the yields of phthalazones II~,b and azines IVa,b. The use of anhydrous hydrazine in organic solvents 
raises  the yields of hydrazones Ia,b considerably.t  

* Communication LII of the ser ies  "Hydrazones." See [1] for communication LI. 
The synthesis of 2-methyl-4-chlorophthalazone dimethylhydrazone in low yield by reaction of methylsulfate 

salt IIc with aqueous 1,1-dimethylhydrazine solution was described in [2]. The yield increases to 85-90% in 
anhydrous methanol. 

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Branch, Academy of Sciences of the 
USSR, Kazan 420083. Translated from Khimiya Geterotsiklieheskikh ,~oedinenii, No. 9, pp. 1264-1267, Septem- 
ber,  1977. Original art icle submitted October 6, 1975; revision submitted December 13, 1976. 
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We were unable to c a r r y  out the t ranshydrazonat ion of azines Wa,b, under the influence of a large excess 
of the hydrazine in dimethyKormamide (DMF) solution by heating for  12 h; the start ing azines were  isolated in 
quantitative yields.  

When hydrazones Ia,b are  heated, they quite readily undergo disproportionation to the corresponding 
azines Wa,b. The hydrochlor ides  of hydrazones Ia,b are  converted in water  to azines IVa,b at room ternpera-  
~are af ter  2 days, as compared with 10-20 min indimethyl  sulfoxide (DMSO). The disproport ionation ofphthalazone 
Va and 4-chlorophthalazone hydrazone Vb to phthalazone azine Via and 4-chlorophthalazone hydrazone VIb p ro -  
ceeds with g r ea t e r  difficulty. The hydrochlor ides  of phthalazone hydrazones Va,b are  stable compounds. 

The sidg product  isolated in the synthesis of hydrazone Va, for  which the 1,2-di( l -phthalazinyl)hydrazine 
s t ruc ture  has been proposed [4, 5], was identical to the compound obtained by disproport ionation of hydrazone 
Va. Similarly, the disproport ionat ion of hydrazone Vb gives VIb. A compar ison of the UV spect ra  of VIa,b 
with the spec t ra  of azines Wa,b, which have a fixed s t ructure  (Table 1), demonstra te  their identical cha rac t e r  
and indicates that the investigated compounds have phthalazone azine s t ruc tures  ra ther  than the s t ruc ture  of 
hydrazine derivat ives .  In addition, the UV spect ra  of 1,2-di(1-phthalazinyl)~,drazines should have on absorp-  
tion band close to the band of 1-(o~-methylhydrazino)-4-chlorophthalazine [2]. The stretching vibrat ions of the 
NH groups in the IR spec t ra  of VIa,b are  represented  by one band. In the PMR spec t ra  the signals of the a ro -  
matic protons in the 8 posit ion of both phthalazone rings are  represented  by one multiplet, the intensity of 
which cor responds  to two protons.  These facts indicate the symmet r i ca l  s t ruc ture  of the VIa,b molecules ,  and 
the phthalazone (1-phthalazinyl)hydrazone is consequently excluded as an al ternative s t ructure .  

In view of the pronounced s ter ic  hindrance in the s -c i s  conformations (the Z' conformers  relat ive to the 
N--N bond), only three confo rmers  can be cons idered  for  symmet r i ca l  azines Wa,b and VIa,b [6]. It is known [2] 

( ~ N--.N 

Z E'Z" E E'E" E E~Z " 
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TABLE 2. 
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l a  

IIa I l i a  ivg 
I1b(llc) IIlb 

IVb 

Charac te r i s t i c s  of the Products  of the Reaction of Salts IIa,b,c with Hydrazine 

Yield, %, by method 

A a 

27 
28 

i005) 
25 (22) 

8 b 

20  24 
44 

15 (23) 
18 (44) 
65 (33) 

C �9 mp,  *C 

846 86--88 c 
3 1127 
5--10J 190--192 

75 (80) [ 106=-I08C 
5 (6) 128--13018[ 

20 (14) 258--260 
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6 ,3 
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Found, % 

II CI 

5Z 

?,1 
4,2 16,9 

27,5 

Empirical 
N formula 

32.2 CgHIoN4 

27,9 
26,7 CgHgCIN4 

18,2 C~gH,4"C12Ns 

Calculated, % 

C H C1 

62,1 5.8 -- 
Y, 

51,8 4,3 1~,0 

322 

26,9 

18,2 

aThe indicated yields a r e  based on phthalazones IIIa,b (for salts Ha,b) and 1,4-dichlorophthal-  
azine (for salt  IIc); the hydrazine hydrate concentrat ion was 60-70% in the react ions with salts 
IIa,b and 40% in the react ion with salt  IIc. 
bThe hydrazine hydrate concentrat ion in the reactions with salts IIa,b was 50%, as compared  
with 40% in the react ion with salt  IIc. 
CThese compounds melt  with decomposition. 

that the chemical  shift of the 8-H proton should be different for  the Z and E i somers  (relative to the Cphth=N 
bond). Fo r  the EE'Z" form, in view of the nonequivalence of the 8-H protons of the phthalazone rings,  their  
chemical  shifts should be different; this is not in agreement  with the experimental  data for  azines IVa* and 
VIa,b. In the ZE'Z"  fo rm the deshielding of the 8-H protons of the phthalazone ring should be greater ,  and the 
position of the resonance signals should consequently be shifted to weaker  field than in the spec t rum of the 
EE' E" form. 

A comparison of the PMR spectra shows (Table I) that a considerable shift of the signal of the 8-H pro- 
tons to weak field (AS 0.88 ppm) is observedon passing from azine Via to azine IVa. Consequently, the intro- 
duction of a methyl group in the 2 position of the phthalazone ring of symmetrical azines VIa,b leads to a 
change in the geometrical structure of the molecule, which is similar to the change observed for phthalazone 
hydrazones [2]. The data presented above make it possible to assign the EZ'E" form to azines VIa,b and the 
ZE'Z" form to azines rVa,b. The high kmax value of the long-wave band and its high intensity in the UV spec- 
tra of azines IVa,b and VIa,b (Table I) make it possible to assume that a planar conformation is realized for 
them. In the case of a nonplanar conformation the UV spectrum should approach the spectra of phthalazone 
hydrazones [2]. 

Symmetrical azines IVa,b and VIa,b remain unchanged under the influence of refluxing 90% AcOH (for up 
to 5 h), although azines IVa,b are quite readily (after 1 h) hydrolyzed to the corresponding phthalazones IIIa,b 
when they are heated with 18% HCI. 

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

The UV spect ra  were  recorded  with a Specord UV-u  spectrophotometer .  The IR spect ra  were recorded 
with a UR-2 0 spec t rometer .  The PMR spect ra  were obtained with a BS-467 spec t romete r  with an operating 
frequency of 80 MRz and te t ramethyls i lane as the internal standard.  The melting points were determined with 
a Boetius microscope  stage. The individuality of all of the compounds was monitored by chromatography on 
Silufol plates by elution with a mixture of pet roleum ether with dioxane or  benzene and development with iodine 
vapors .  

1-Chloro-  (IIa) and 1 ,4-Dichloro-2-methylphthalazinium (lib) Chlorides.  A mixture of 0.02 mole of 
phthalazone IIIa o r  IIIb, 9 ml of POCI~, and 0.34 ml of 98% H2SO 4 was refluxed for  3 h, af ter  which it was allowed 
to stand at - 5  to -10~ for  3-5 h. The result ing precipi tate  was removed by filtration, washed one to two times 
with cold dry benzene, and vacuum dried. The yield of salts Ha,b, with m p >  300~ (in a sealed capillary),  was 
50-70%. Salts IIa,b are  extremely hygroscopic and are  rapidly (5-10 min) hydrolyzed to 2-methyl -  (IIIa) and 4- 
chloro-2-methylphthalazone (IIIb), respect ively,  when they are  allowed to stand in air .  

2-Methylphthalazone Hydrazone (Ia) and Azine (IVa). Method A. A 2.14-g (0.01 mole) sample of salt  IIa 
was dissolved rapidly in 30 ml of water,  and the solution was immediately poured into 20-30 ml of 60-70% hy- 

* The low solubility of azine IVb makes it impossible to r ecord  its PMR spectrum, but its IR and UV spect ra  
are  s imi la r  to the spec t ra  of azine IVa. 
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draz ine  hydra te  solution. After  10 min, p rec ip i t a t ed  hydrazone Ia was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  
f r o m  2-3% hydraz ine  hydra te  solution to give yel low needles .  During r ec rys t a l l i za t ion  of hydrazone Ia the solu-  
tion should not lie heated above 70~ since azine IVa is fo rmed  in this case .  the  mothe r  l iquor was evapora ted ,  
and the res idue  was c rys t a l l i zed  f r o m  e ther  to give white c r y s t a l s  of phthalazone 11In. 

Method B. A solution of sa l t  lia (0.02 mole  of phthalazone ilia, 9 ml  of POC13, and 0.34 ml of 98% H2SQ) 
was added dropwise  at  0~ with v igorous  s t i r r ing  to 60-80 ml  of 50% hydrazine hydrate  solution, and the mix-  
ture  was mainta ined at  room t e m p e r a t u r e  fo r  10 rain, a f t e r  which it was heated to 80-90~ and the prec ip i ta ted  
azine IVa was r emoved  by f i l t ra t ion.  Recrys ta l l i za t ion  f r o m  DMF gave b r i g h t - r e d  c rys t a l s .  Cooling the 
mo the r  l iquor to 0-5~ gave hydrazone Ia. Evapora t ion  of the solution remaining  a f t e r  separa t ion  of hydrazone 
Ia gave phthalazone i l i a .  

~Method C. A solution of sa l t  lia (from 0.02 mole  of phthalazone ilia) was added dropwise with vigorous  
s t i r r ing  at 0-5~ to 80 ml of a 15% solution of anhydrous hydrazine  in absolute  methanol,  a f te r  which s t i r r ing  
continued at  room t e m p e r a t u r e  for  ano ther  30 rain. The mix ture  was f i l tered,  and the solid was washed two to 
th ree  t imes  with methanol  to give azine IVa. The methanol  washings were  combined and vacuum evapora ted  to 
d ryness  to give hydrazone Ia. Evaporat ion of the mothe r  l iquor a f t e r  r ec rys t a l l i za t ion  of hydrazone Ia gave 
phthalazone Ilia. 

2-Methyl-4-ehlorophthal__azone Hydrazon e 0t)) and Azine (l'Vb). Method A. The reac t ion  of 1 ,4 -d ich lo ro-2-  
methylphtha laz in ium chlor ide  (lib) and methylsu l fa te  (lie) [2] with hydraz ine  hydrate  was c a r r i e d  out as in tile 
case  of chlor ide  Ha. Hydrazone 15 was ex t rac ted  with ch loroform,  the ex t rac t  was dried with Na2SO4, and the 
ch lo ro fo rm was r emoved  in vaeuo to d ryness .  Reerys ta l l i za t ion  of the res idue  f r o m  methanol  gave yellow 
needles .  

Evapora t ion  of the mothe r  l iquor a f t e r  r ee rys t a l l i za t ion  of hydrazone Ib gave phthalazone liIb as a pa le -  
yel low c rys ta l l ine  powder  (from methanol) .  

Methods B and C. The reac t ion  of solutions of sa l t s  fib and IIe with hydraz ine  was c a r r i e d  out in the 
s a m e  way as in methods B and C in the case  of chlor ide  IIa. t tydrazone 15 and phthalazone 1115 were  isolated 
as in method A. Recrys ta l l i za t ion  of the ch lo ro fo rm- inso lub le  substance  f rom DMF yielded red  f i l amen ta ry  
c r y s t a l s  of azine 15Tb. 

l 'he yie lds ,  mel t ing points,  and the resu l t s  of e l emen ta ry  ana lys i s  of the products  of the reac t ion  of sa l t s  
I Ia -c  with hydraz ine  by methods A, B, and C a re  p r e sen t ed  in Table 2. 

Phthalazone Azine (VIa)~ A 1.6-g (0.01 mole) sample  of phthalazone hydrazone Va was dissolved in 50 
ml  of xylene, and the solution was ref luxed for  5 h. Half the solvent  was then r emoved  by vacuum evaporat ion,  
and the concent ra te  was cooled and worked up to give 1.1 g (76%) of azine Via as an orange c rys ta l l ine  powder  
with m p >  280~ (dec., f r o m  dioxane). Azine Via was also obtained in the synthesis  of phthalazone hydrazone 
[4, 5]. The spec t r a l  c h a r a c t e r i s t i c s  of azine Via a r e  given in Table 1. 

4-Chlorophthalazone  Azine (Vib)x This compound was obtained in 30-45% yield by dispropor t ionat ion of 
4 -ch lorophtha lazone  hydrazone Vb in xylene in the cour se  of 5 h. The orange c rys ta l l ine  powder mel ted  above 
300~ (dee,, f r o m x y l e n e ) .  Found: C 54.1; t t2 .8 ;  C1 19.7; N23.7%. C16H10ClzN 6. Calculated:  C 53.9; H2.8;  
C1 19.7; N 23.6%. The spec t r a l  c h a r a c t e r i s t i c s  of azine Vib a r e  p resen ted  in Table 1. 
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