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Numerous derivatives of pyridazine are known which possess various biological activities, although 
there are little data concerning the tuberculostatic activity of this class of compounds. Thus by analogy 
with isoniazide and pyridazamide, a series of derivatives of pyridazine carbonic acid and also a series of 
hydrazones of 3-hydrazine pyridazine were synthesized [i]. The halide [2] and mercapto-derivatives of 
pyridazone [3] which possess tuberculostatic activity are well-known. 4,5-Dimercaptopyridazone-6, sub- 
stituted in relation to tile mercaptogroups with methylfuran and methyl thiophene, and also 4-mercapto-5- 
halo idpyr idazone-6  have been desc r ibed  in patents  as ant i tuberculous  compounds [3]~ 

It was of i n t e re s t  to follow the change in tubercu los ta t ic  act iv i ty  of the 4 ,5-d iha lo id-subs t i tu ted  p y r i -  
dazone-6  when a molecule  of va r ious  subst i tu tes  was introduced into posit ion number  1, and also when the 
hal ides in posi t ions  number  4 and 5 were  rep laced  by other  groups .  In addition it would be des i rab le  to ob- 
tain derivatives of pyridazine, which are analogous, of the tuberculostatie thioearbanilides. Similar analogs 
containing the pyrimidine ring, obtained by us previously [4], showed a high degree of antituberculous 
activity. 

In the present study derivatives of dibromopyridazone-6 containing various substitutes in positions 
i, 4 and 5 (Table i) and also substituted thioureas of the pyridazine series (Table 2) were obtained. 

4,5-Dichloro-(1) [2], 4,5-dibromo-(II) [2], l-phenyl-4,5-dibromo-(IV) [5], l-cyclohexyl-4,5-dibromo- 
(V) [5], l-(n-nitrophenyl)-4,5-dibromopyridazone-6 (VI) [6], and l-(M-oxy-n-carbethoxyphenyl)-4,5-dibro- 
mopyridazone-6 (IX) were synthesized by the usual method, i.e. by condensation of dichloro- or dibromo- 
muconic acid with hydrazine hydrate and substituted hydrazines. 

The methyl group was introduced into position number ] of 4,5-dibromopyridazone-6 by the action of 
methyl iodide (compound Ill) [51. 

l-(n-Aminophenyl)-4,5-dibromopyridazone-6 (VII) [6] was formed by the reduction of compound VI, 
and l-(n-acetaminophenyl)-4,5-dibromopyridazone-6 (VIII) was produced by acetylation of compound VII. 

l-Phenyl-4,5-dibromopyridazone was converted into l-phenyl-4-nitro-5-oxypyridazone-6 (XI) by the 
action of sodium ni t r i te  in aqueous d ime thy l fo rmamide  [5]. Compound XI was conver ted  into 1 -pheny l -4 -  
n i t r o - 5 - b r o m o p y r i d a z o n e - 6  (X) [8] by the action of phosphorus t r ib romide ,  and it was conver ted  into 1-  
pheny l - -4 -n i t ro -5 -aminopyr idazone-6  (:g~) [7] by the act ion of ammonium.  

1 - P h e n y l - 4 - n i t r o - 5 - ( o - c h l o r o p h e n y l a m i n o ) - p y r i d a z o n e - 6  (XIV) was obtained by the in terac t ion  be -  
tween compound X and o-chlorani l ine ,  and it was  then reduced to 1 -pheny l -4 - amino -5 - (o - ch lo ropheny l -  
amino) -py r idazone -6  (XV). 

1 - P h e n y i - 4 , 5 - d i a m i n o - p y r i d a z o n e - 6  (XIII) [8] was  fo rmed  by the reduct ion of compound XII. 

An a t t empt  was made to obtain the subst i tuted th iourea  a r i s ing  f r o m  the d iaminopyr idazone of c o m -  
pound XIII.  However,  in non-polar  solvents  and under  normal  conditions no in terac t ion  between compound 
XIII and n-methoxyphenyl  i sothiocyanate  occur red .  The original  subs tances  were  isolated unchanged. On 
boiling the components  inalcohol ,  4 ,4 ' -d imethoxyth ioearban i l ide  and the unchanged amine  of compound XIII 
we re  isolated.  It is poss ib le  to explain the fo rmat ion  of thiocarbani l ide by the par t ia l  c leavage of the o r i -  
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h indered.  

ginal  i so th iocyana te  under  these  condit ions and the subsequent  in te rac t ion  of the n -an i so l e  fo rmed  with i so -  
th iocyanate .  The fo rmat ion  of n -an i so le  was conf i rmed  by t h i n - l a y e r  ch romatography  of the r eac t ion  mix -  
tu re  on a lumin ium oxide in the p r e s e n c e  of an ind ica tor .  When d iaminopyr idazone  (XHI) was heated with 
n-methoxyphenyl  i so th iocyanate  in d ime thy l f o r m a m i de  at  80-90 ~ for  1 hour, 5 - p h e n y l - 2 - m e r c a p t o i m i d a z o -  
(4 ,5 -d ) -py r idazone -4  (XVI) and 4 ,4 ' - d ime thoxy th ioca rban i l i de  we re  i so la ted .  The fo rmat ion  of these  c o m -  
pounds can be expla ined  by the following method,  n-l~Iethoxyphenyl i so th iocyanate  r e a c t s  with d i a m i n o p y r i -  
daz ine  XIII to fo rm  5 - p h e n y l - 2 - m e r c a p t o i m i d a z o - ( 4 , 5 - d ) - p y r i d a z o n e - 4  (XVI) and n -an i so l e .  The l a t t e r  r e -  
ac t s  with i so th iocyanate  which has not p a r t i c i p a t e d  in the r eac t i on  to fo rm the s y m m e t r i c a l  th iocarban i l ide .  

The s t r u c t u r e  of the i so la ted  imidazopyr idazone  of XVI has been de t e r m i ne d  by e l e m e n t a r y  ana lys i s  
and ident i f ica t ion  with the compound obtained on fusion of the d iaminopyr idazone  of XIII with th iourea  (i.e. 
by  a method s i m i l a r  to the wel l -known method for  obtaining 2 - m e r c a p t o  benz imidazo les ) :  

NH~CSNJlz 

N N:~-.. N~"N/blH~+[ ,, CHsO-~---~NCS ---~, ~ -  "~SH + CH30-~--~-JqH 
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I t  was poss ib le  to obtain substi tuted th ioureas  containing the pyr idazine  ring, 1 - ( 6 ' - a l k o x y - 3 ' - p y r i d a -  
z iny l ) -3 -a ry l th iou rea  (see Table 2; XVII-XXXIV), f r o m  3 - a m i n o - 6 - m e t h o x y -  and 3 - a m i n o - 6 - b u t o x y p y r i -  
dazine on heating with a ry l i so th iocyna tes  in anhydrous benzene of ethyl ace ta te .  

3-A mino-6 -methoxypyr idaz ine  was obtained by heating 3 - amino -6 -ch lo ropy r idaz ine  with sodium 
methoxide fo r  20 hours  in an autoclave at  120 ~ and 8 a t m o s p h e r e s  of p r e s s u r e  [9, 10]. The product  was 
i so la ted  by ex t rac t ion  with methylene chlor ide  and a yield of 70% was obtained. 

3 -Amino-6-bu toxypyr idaz ine  was synthes ized  f r o m  3 -amino -6 -ch lo ropy r idaz ine  by heating with 
sodium butylate  at  150-160 ~ [11]. 

The a ry l i so th iocyana tes  used in the reac t ion  were  obtained by heating the s y m m e t r i c a l l y  d i -subst i tu ted  
th iocarbani l ides  with acet ic  anhydride [12]. 

A study was conducted of the tuberculos ta t ic  act ivi ty  of the compounds obtained. It was shown that  the 
4 , 5 - d i b r o m o - d e r i v a t i v e s  of py r idazone -6  (see Table  1) p o s s e s s  ma rked  bac te r ios ta t i c  act ivi ty  in re la t ion  
to Mycobae te r ium tubercu losus .  This  was apparen t ly  on account of the p r e s e n c e  of b romine  a toms in the 
molecule .  Substitution of two halide a toms  into other  groups led to a sha rp  dec rea se  in the tuberculosta t ic  
act ivi ty  of the compounds.  Introduction of an a roma t i c  rad ica l  into posi t ion number  1 of the d i b r o m o - d c r i -  
va t ives  of py r idazone-6  i n c r e a s e s  the act ivi ty  of the compounds.  

1 -Pheny l -4 ,5 -d ib romopyr idazone -6  was studied during exper imenta l  tuberculos is  in white mice .  The 
compound was toxic in l a r g e  doses  and not ac t ive  in to le rab le  doses  (5 mg or lower  pe r  animal) .  

I t  follows f r o m  Table 2 that the 1 - ( 6 ' - a l k o x y - 3 ' - p y r i d a z i n y l ) - 3 - a r y l t h i o u r e a s  containing the butoxy 
group in the pyr idazine  ring a r e  m o r e  ac t ive  than s im i l a r  compounds possess ing  the methoxy group (XXVI 
and Xu XXIX and XXV, XXX and XIX). However ,  the methoxypyr idaz inyl  th ioureas  containing alkoxy 
groups  with a b ranched  rad ica l  in the benzene ring, on the con t ra ry ,  a re  more  act ive  than the c o r r e s p o n d -  
ing bu toxy-de r iva t ives .  The tubercu los ta t i c  ac t iv i ty  of the methoxypyr idazinyl  a ry l th iou reas  i nc rea se s  with 
i n c r e a s e  in length of the rad ica l  of the alkoxy group in the benzene r ing.  

Butoxypyridazinyl  th ioureas  which do not contain a subst i tute  in the benzene ring, and a lso  those with 
a methyl  group in the n-pos i t ion  of the benzene ring (XXVI and XXIX) a lso  showed high tuberculos ta t ic  a c -  
t ivi ty.  One should note that in the p r e s e n c e  of blood s e r u m  there  is a sha rp  dec r ea se  in the tuberculos ta t ic  
ac t iv i ty  of the subst i tuted th ioureas  of the pyr idaz ine  s e r i e s .  

EXPERIMENTAL 

l-n-Acetyl aminophenyl-4,5-dibromopyridazone-6 (VIII). A 4 g quantity of compound VII was heated 
in the p r e sence  of excess  acet ic  acid until it had dissolved,  and the mix ture  was cooled. A 3 g quantity of 
compound VIII  (67%) was isolated,  mp 268-270 ~ ( f rom alcohol). Found, %: C 37.70, 2.51; N 10.62; Br  41.89. 
C12HsN302Br 2. Calculated,  %: C 37.32; H 2.34; N 10.85; Br  41.33. 

1 - (M-Oxy-n -ca rbe thoxy ) -pheny l -4 ,5 -d ib romopyr idazone -6  (IX). A mix ture  of 7.67 g of d i b r o m o m u -  
conic acid and 5 g of the ethyl e s t e r  of n -hydraz ine  sa l icyl ic  acid in 50 ml of acet ic  acid was boiled for  5 
hours .  The p rec ip i t a te  obtained on cooling was washed with acet ic  acid and e ther .  A 7 g quantity of c o m -  
pound IX was i so la ted  (56.7%), mp 157-158 ~ ( f rom alcohol). Found, %: C 37.98; H 2.77: N 7.06; Br  38.51. 
C13II10N2Br204. Calculated, %: C 37.33; H 2.41: N 6.70; Br  38.30. 

1 - P h e n y l - 4 - n i t r o - 5 - ( o - c h l o r o p h e n y l a m i n o ) - p y r i d a z o n e - 6  (XIV). A 5.5 g quantity of 1 -pheny l -4 -n i t r o -  
5 - b r o m o - p y r i d a z o n e - 6  (X) was dissolved in 50 ml of d imethy l formamide ,  and 2.34 g of o-chlorani l ine  and 
1 ml of t r i e thy lamine  were  added, and the mixture  was heated for  5 hours  in a boiling wa te r  bath. The 
solution was diluted with an equal volume of wa te r  and the p rec ip i t a te  was ex t rac ted .  Af te r  r ec rys t a l l i za t ion  
f r o m  alcohol 3.6 g of compound XIV (56%) was obtained, mp 175-177 ~ ( f rom alcohol).  Found, %: C 55.98; 
H 3.22; N 16.60; C1 10.58. C16HIllN403C1. Calculated,  %: C 56.06; H 3.24; N 16.35; C1 10.35. 

1 : P h e n y l - 4 - a m i n o - 5 - ( o - c h l o r o p h e n y l a m i n o ) - p y r i d a z o n e - 6  (XV). A 3.6 g quantity of NH4C1 , 2 ml of 
an 18% solution ofHCl,  and 9.6 g of i ron fi l ings w e r e  added in por t ions  to 3.6 g of compound XIV in 120 ml 
of alcohol.  The reac t ion  mix tu re  was boiled for 5 hours,  f i l tered,  and the p rec ip i ta te  fo rmed  on cooling was 
f i l t e red  by suction and washed with water .  A 1.8 g quantity of compound XV (54.8%) was obtained, mp 233- 
235 ~ (from alcohol). Found, %: C 61.15; H 4.34; N 17.22; C1 11.21. CI6HI3N4OCI. Calculated, %: C 61.44; 
H 4.19; N 17.91; C1 11.35. 
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5-Phen.y l -2-mercaptomidazo-(4 ,5-d) -pyr idazone-4  (XVI). A. A mixture of 2 g of compound XIII, 
1.54 g of n-methoxyphenyl isothiocyanate and 15 ml of dimethylformamide was heated for 1 hour at 80-90 ~ 
and poured into water .  The result ing precipi ta te  was separated.  A 2.2 g quantity of a mixture of com-  
pounds was obtained, mp 182-240 ~ By means of th in- layer  chromatography on aluminium oxide it was shown 
that this mixture consis ts  of two compounds. In a chloroform-methanol  (95:5) sys tem on development in 
iodine vapor one of the substances was determined with an indicator as 4,4 ' -dimethoxytbiocarbani l ide.  The 
second substance remained as a spot at the s tar t ing point. The mixture was dissolved in a 5% solution of 
NaOH. The undissolved precipitate was removed by filtration. A 1 g quantity of 4,4~-dimethoxythio - 
carbanil ide was obtained, mp 187-188 ~ (from alcohol). According to data in the l i te ra ture  [13] the melting 
point of this compound is 186-188 ~ . The alkaline mother  l iquor was acidified with dilute hydrochlor ic  acid. 
A 1.2 g quantity of compound XVI was isolated, mp 305-307 ~ (from the experiment),  Rf value of 0.216 in a 
sys tem of methanol-10~0 aqueous ammonia (90:10) on development with iodine vapor. Found, %: C 54.28; 
H 3.72; N 22.62; S 12.96. CI1HsN4OS. Calculated, %: C 54.I0; H 3.30; N 22.94; S 13.11. 

B. A mixture of 0.8 g of compound III and 0.3 g of thiourea was fused unt i l ' ammonia  ceased to evolve. 
The warm product  of fusion was dissolved in a 5% solution of NaOH, and the f i l tered solution was acidified 
with dilute hydrochlor ic  acid. A 0.5 g quantity of compound XVI was obtained, mp 306-308 ~ (from alcohol), 
Rf 0.216 in a sys tem of methanol-10% ammonia (90:10) on development with iodine vapor. Found, q: 
C 54.23; H 3.50; N 22.65; S 13.23. CnHsN4OS. Calculated, %: C 54.10; H 3~ N 22.94; S 13.11. 

3-Amino-6-methoxypyr idaz ine .  A solution of 13 g of 3 -amino-6-ch loropyr idaz ine  and sodium meth-  
oxide (prepared f rom 6.1 g of sodium and 300 ml methanol) was heated for 20 hours in an autoclave at 120 ~ 
at a p r e s s u r e  of 8 a tmospheres .  The sodium chloride precipi tate  was removed by filtration. The fi l t rate 
was extracted under vacuum to dryness  and extracted with methylene chloride.  After  evaporation of the 
extract  the precipi ta te  was removed by fi l t rat ion and washed with a small  quantity of methylene chloride. 
A 8,13 g quantity (70~) of 3-amino-6-methoxypyr idaz ine  was obtained, mp 103-105 ~ According to data in 
the l i te ra ture  this compound has a melting point of 103-105 ~ 

1- (6 ' -Methoxy-3 ' -pyr idaz inyl ) -3- (n-e thoxyphenyl ) - th iourea  (XX1). A solution of 1.41 g of n-e thoxy-  
phenyl isothiocyanate in 10 ml of anhydrous benzene was added stepwise to a solution of 1 g of 3 -amino-6 -  
methoxypyridazine heated to boiling in 15 ml of benzene, and the mixture was heated for  2 hours with 
mixing. Af ter  cooling to room tempera tu re  the precipi ta te  of compound XXI was removed by f i l t ra t ion and 
washed with dry ether.  The mother  l iquor was evaporated under vacuum and the precipi ta te  was washed 
with dilute hydrochlor ic  acid and ether.  A 2 g quantity of compound X~XI (82.5~ theoretical) was obtained, 
mp 201-202 ~ (alcohol). Compounds XVII-XX and XXII-XXV were obtained by an analogous method. 

1 - (6 ' -Butoxy-3 ' -pyr idaz iny l ) -3- (n-methoxyphenyl ) - th iourea  (XXVID. A 1.48 g quantity of n -meth-  
oxyphenyl isothioeyanate in 5 ml of ethyl acetate  was added gradual ly with mixing to a solution of 1.5 g of 
3-amino-6-butoxypyr idaz ine  in 10 ml of ethyl acetate heated to boiling, and the mixture was heated for  4 
h. After cooling to room tempera tu re  the precipitate was removed by fil tration, washed with ether,  and r e -  
c rys ta l l i zed  f rom alcohol. A 1.83 g quantity (65.5% theoretical) of compound XXVII was obtained, mp 
161-162 ~ . 

Compounds X?gVI, XXVIH-XXXIV were  obtained in an analogous manner.  
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