
502 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

SYNTHESIS AND MECHANISM OF THE FORMATION OF BIS(METHYLAMIDES) 
OF PYRA ZOLEDICARBOXYLIC A CIDS 

N. B.  Vinogradova  and N. V. K h r o m o v - B o r i s o v  

Kh imiya  Ge t e ro t s i k l i ehe sk ikh  Soedinenii ,  Vol. 4, No. 4, pp. 685-694,  1968 

UDC 547.776.07: 543.422.6 

The reaction of ethoxymethyleneoxaloacetic ester with phenylhy- 
drazine and methylhydrazine has been studied. It has been established 
that the addition of phenylhydrazine takes place to the ethoxy group 
through the B-nitrogen atom, and the addition of methylhydrazine to 
the ethoxy group predominantly through the c~-nitrogen atom. Several 
derivatives of 8-alkyl(aryl)hydrazinomethyleneoxaloacetic esters 
have been obtained. A series of bis(methylamides) and severaI di- 
amides of l-alkyl(aryl)pyrazoledicarboxylic acids have been synthe- 
sized. Their structure has been determined on the basis of their UV 
spectra and their breakdown by hydrolysis to known acids. It has been 
found that in the alkylation of an esterof 3,4-pyrazoledicarboxylic 
acid with alkyI halides followed by amidation, two isomeric bis(meth- 
ylamide)s are formed, apparently with the predominance of derivatives 
of 1-alkyl-3, 4-pyrazoledicarboxylic acids. It has been established 
that the bis(methylamide)s of l-alkyl-3,4-pyrazoledicarboxylic and 
of 1-alkyl-4, 5-pyrazoledicarbcxylic acids have characteristic UV 
spectra differing from one another, The bis(methylamide)s obtained 
are pharmacologically active substances. 

In 1961, we syn thes i zed  a s e r i e s  of a lkyla ted  a m -  
ides of 4 , 5 - i m i d a z o l e d i c a r b o x y l i c  acids ,  or "an t i -  

f e ines"  (I) [1-4] ,  which can be r e g a r d e d  as pecu l i a r  

o p e n - s t r u c t u r e  analogs  of xanthine d e r i v a t i v e s .  P h a r -  
m a c o l o g i c a l  s tudies  have  shown that the an t i fe ines  

p o s s e s s  a pronounced  act ion on the cen t r a l  ne rvous  
s y s t e m  [3, 5, 6]. T h e s e  compounds have consequent ly  
found use in c l in i ca l  p r a c t i c e  [7 -9] .  It  is known that 
the d i amides  and s o m e  b i s (a lky lamide) s  of 1 -a lky l -  
3 , 5 - p y r a z o l e d i c a r b o x y l i c  ac ids  p o s s e s s  seda t ive  and 
n a r c o t i c  p r o p e r t i e s  [10, 11]. 

The  objec t  of the p r e s e n t  work  was to syn thes i ze  
p y r a z o l e  d e r i v a t i v e s  c o r r e s p o n d i n g  to the ant i fe ines:  
b i s (me thy l amide ) s  of 1 -a lky l -3 ,  4 - p y r a z o l e d i c a r b o x y l i c  
ac ids  (II) and b i s (me thy lamide ) s  of 1 - a l k y l - 4 , 5 - p y r -  
a z o l ed i ca rboxy l i c  acids  (III) and a l so  s o m e  d iamides  
of this type. 
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a R=C~Hs, R'=CHa; b R=R'=CH3~ e R=C2Hs, R'=CH3; 
d R=i-CaH7, R'=CHa; e R=CH~=CHCH2, R'=CHa;f R=H, 
R'=CHa; g R=R'=H; h R=CHa, R'=H 

E s t e r s  of p y r a z o l e c a r b o x y l i c  ac ids  (IV) can be ob- 
tained by the r e a c t i o n  of e s t e r s  of e thoxyme thy lene -  
f i -ke to  ac ids  with hyd raz ines  [12, 13]. Thus,  in a s tudy �9 
of the r eac t i on  of e thoxymethy leneoxa loaee t i c  e s t e r  
with pheny lhydraz ine  [13] the hydraz ine  Va was i so -  

lated as an i n t e r m e d i a t e  and it  was shown that the 
addit ion of the phenylhydraz ine  takes p lace  f i r s t  at the 
ethoxy group and not at the keto group of the ini t ia l  
e s t e r .  In the r e a c t i o n  of e thoxymethy leneoxa loace t i e  
e s t e r  (VI) with phenylhydraz ine  [12], an e s t e r  was 
i so la ted  d i r e c t l y  to which, without proof,  the s t r u c t u r e  

of 1 - p h e n y l - 4 , 5 - p y r a z o l e d i c a r b o x y l i c  e s t e r  was a s -  

c r ibed .  In s tudying the r e a c t i o n  of the e s t e r  VI with 
s o m e  hydraz ines ,  we r e p e a t e d  this syn thes i s  and i so -  
la ted an intermediate reaction product the composi- 
tion of which corresponded to formula Vb. This 
substance was converted into l-phenyl-4,5-pyrazoledi- 

carboxylie acid bis(methylamide) (IIIa) without the 
isolation of the ester (see the experimental section, 

method A). We obtained the same amide with a yield 
of 77% without the intermediate isolation of the hy- 

drazine Vb (see method B). The absence of traces of 
substance IIa isomeric with Ilia, even in the mother 
liquor after the separation of the bis(methylamide) 
(Ilia) shows that the addition of the phenylhydrazine 
takes place only at the ethoxy group through the fl- 
nitrogen atom. 
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C--N. / C=O I~ II' \ N  ~=O § ~ J 
C = C H ~  NH--NH--R '  C - -CH/ /  = C H - O C 2 H ~  I I 

COOC2H ~ COO%H~ COOC~H~ 
V IV 

a R=CH~, R'=C6Hs; b R=COOC2H~; R'=C~H5; 

c R= COOC~H~, R'=i-C3Hr 

While  in phenylhydraz ine  the r e a c t i v i t y  of the c~- 
n i t rogen  a tom is g r e a t l y  weakened by the inf luence of 

the phenyl group and t h e r e f o r e  the c o u r s e  of the r e -  
ac t ion  bY s c h e m e  (1) is c o m p l e t e l y  under s t andab le ,  
for  me thy lhydraz ine ,  in which a h igher  e l e c t r o n  den-  
s i ty  is concen t r a t ed  on the c~-atom, one would r a t h e r  
expec t  the r e a c t i o n  to take place  by s c h e m e  (2). The 
s a m e  d i f f e r ence  in the r e a c t i v i t i e s  of phenylhydraz ine  
and me thy lhydraz ine  is obse rved  in the i r  aeyla t ion  
[14-16J .  
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COOC~ H5 CON It CH 3 
C~O[ CH3NH~ /C~=N\N--R 
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C=CtI--N-- R ~' C=CH / 
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It mus t  be e m p h a s i z e d  that the i so la t ion  of c o m -  
pounds VII exc ludes  the poss ib i l i t y  of the r e a c t i o n ' s  
taking p lace  by s c h e m e  (3), s ince  in this  c a s e  the 
compos i t ion  of the i n t e r m e d i a t e  r e a c t i o n  products  
would be d i f fe ren t .  

COOC2H ~ ~ coog.~ 
I") (3) C = N - - N H - - R  CHaNH 2 

C = C H - - O C  H ~- NH2--NH--R . I 
~J=4 ~ s _,2 o ~=cH_o%,5 

OC2H s COOC~Hs 
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We have shown that it is not the ketone but the 
ethoxymethylene group of compound VI that takes par t  
in the reac t ion  not only in the case  of phenylhydrazine 
but a lso  in the case  of c~,a-dimethylhydrazine (sub- 
stance VIII, Table  1). Ethoxymethylene ~-keto  e s t e r s  
r eac t  s i m i l a r l y  with ammonia and amines [17, 18]. 
Apparent ly,  the lowered reac t iv i ty  of the keto groups 
is explained in this case  by their  conjugation with the 
C-~C bond, as a r e su l t  of which the methine carbon 
acquires  the g rea t e s t  posi t ive charge .  

The reac t ion  of VI with methylhydrazine did not 
lead to the format ion of c rys ta l l ine  hydrazine de r iva -  
t ives.  Because of this,  the r eac t i onmix tu re  was heated 
to 40-50 ~ C, whereupon cycl izat ion took place.  The 
pyrazo led ica rboxy l i c  acid formed was not i sola ted 
but was converted d i rec t ly  into the bis(methylamide)  
by the action of methylamine.  The isolat ion of sub- 
stance IIb shows that VI r eac t s  with methylhydrazine 
by scheme (2). The s t ruc tu re  of substance Lib was 
es tabl ished by compar ing the melt ing point and a 
mixed melting point of the acid obtained on its hydrol -  
ys is  (Table 4) with authentic 1 -methyl -3 ,4-  and 1- 
me thy l -4 ,5 -pyrazo led iea rboxy l i c  acids which we had 
synthesized.  The identity of the acid obtained on the 
hydrolys is  of the bis(methylamide)  fib with 1-methyl-  
3 ,4 -pyrazo led ica rboxy l ic  acid was a lso  confirmed by 
comparing their  UV spec t ra  in dioxane (Fig .  1)* 

The authentic 1 -me thy l -4 ,5 -pyrazo led ica rboxy l i c  
and 1 -methy l -3 ,4 -pyrazo led ica rboxy l i c  acids were  
synthesized by oxidizing the two different  t r ime thy l -  
pyrazo les  obtained by the method of Auwers  and 
Cauer [20]. No one had succeeded in oxidizing them 
previous ly  and it was achieved by us on the bas is  of 
a desc r ibed  example of the s tabi l i ty  of a methyl group 
on a ni t rogen atom of the pyrazole  r ing with r e spec t  
to permanganate  [19]. 1 -Methy l -3 ,4 -py razo led i ca r -  
boxylie acid (XI) was previous ly  unknown, and the re -  
fore we synthesized it by another method, as well:  

~OOC2H~ ~/HCH 3 ~OO%1i 5 

c=o N,~ - -  C=Ol ~ H3 
C=CH--OC~It~ Cff C=CH--N--N=CH--CIsHSl § C2HsOH 

COOC2Et~ Cell5 C00C2H5 IX 
I HCI 

(%H.~OH) 

COOHI ~OOH 

I ) N - - C l t  3 KOH t ~,N--CH~ + C6HsC 
~ =CH 1120, If.SO 4 C = C H /  
COOH �9 H20 ' I COOC2H 5 

X! X 

The react ion of VI with benzaldehyde methylhy- 
drazone [21] f i r s t  gave the hydrazine der ivat ive  IX, 
and the reac t ion  of this with dry  HC1 in anhydrous 
ethanol led s imul taneously  to eycl izat ion and the 
ac idolys is  of one of the ethoxycarbonyl  groups with 
the format ion of 4 (3 ) -e thoxycarbony l - l -methy l -3 (4 ) -  
pyrazo leea rboxy l i c  acid (X) (the posit ion of the c a r -  
boxy group in substance X was not establ ished),  
which was then converted by hydrolys is  into the acid 
XI. 

1-Methyl-3,  4 -pyrazo led iea rboxyl ic  acid b i s (meth-  
ylamide) (IIb), the synthesis  of which has been de-  
sc r ibed  above, pos se s se s  an ex t remely  cha rac t e r i s t i c  
UV spec t rum (see F ig .  2). By using these data, we 

log ~. 

03 

OJ 

Fig.  1. UV spec t r a  of 1-methyl-  
pyrazo led ica rboxyl ic  acids: 
1) authentic 1 - m e t h y l - 3 , 4 - p y r a -  
zolediearboxyl ic  acid; 2) the 1- 
methyl  -3,4 -pyrazo led ie  arboxyl - 
ic acid studied; 3) 1 -me thy l -4 ,5 -  

pyrazo led ica rboxyl ie  acid. 

decided to invest igate  what substances are  formed by 
the alkylat ion of dimethyl  3 ,4 -pyrazo led ica rboxyla te  
with methyl iodide or ethyl bromide and with al lyl  
b romide  with subsequent amidation with methylamine,  
when the s imultaneous formation of two types of iso-  
mer i c  b is(methylamide)s  could be expected: 

Ct t3OOC--C"Ct l  CH30 H CHoOOC--C-- Cfl 
[ I -~ Rl'lal - - .  I ~- CH3OOC--C NH ~ /  CH~ONa C H30 OC --  C%,//N -- R 

N N 

CII300~-- C--CH 2CH3NH 2 
+ ~.. --~ ~cFl3OOr--r N - - ~  i l + l i t  

\ /  
N ) 
R 

The results of the production of bis(methylamide)s 

by this method (method C) are given in Table 2. When 
the reaction was carried out with methyl iodide, as 

also in the reaction of VI with methylhydrazine, the 
bis(methylamide) lib was obtained. In both cases the 

mother liquors after the separation of Lhe main mass 

of this substance contained a mixture with the compo- 

sition CsHI~N402 (rap 120-135 ~ C) apparent ly cons i s t -  
ing of a mixture  of i somers  undergoing fur ther  
separa t ion  with difficulty.  

S imi lar ly ,  we obtained 1 -e thy l -3 ,4 -py razo l ed i ca r -  
boxylic acid bis(methylamide)IIc ,  with a c h a r a c t e r i s t i c  
UV spec t rum ve ry  s i m i l a r  to that of the corresponding 
methyl  der iva t ive  (Fig.  2), which confirms its s t ruc -  
ture .  F r o m  the mother  l iquors af ter  the r e e r y s m l l i -  
zation of IIc we isola ted a mixture  of the i s omer s  IIc 
and Ilia with the composition CgHI4N40 z. From this, 

by separating the substances in a solution with a defi- 
nite density gradient* we isolated the bis(methyl- 

amide) life, possessing a UV spectrum with a maxi- 

mum (Fig. 3). The difference of this spectrum from 

the spectrum of substance lie shows the structure of 

the amide under consideration as a derivative of l- 
methyl-4, 5-pyrazoledicarboxylic acid. 

*According to the literature [19], the UV spectrum 
of l-methyl-4,5-pyrazoledicarboxylic acid has a 
maximum at 250 m#. 

*This method of separa t ing  i somers  was developed 
by S. P.  Kozhevnikov; detai ls  of the separa t ion  will  
be published l a t e r .  He also took al l  the UV spec t r a .  
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The  r e a c t i o n  of e t h o x y m e t h y l e n e o x a l o a c e t i c  e s t e r  
with i s o p r o p y l h y d r a z i n e  gave  a 29% y ie ld  of the i n t e r -  
m e d i a t e  h y d r a z i n e  Ve.  Th is  subs t ance  was c h a r a c -  
t e r i z e d  by i t s  compos i t i on ,  which shows the addi t ion  
of the i s o p r o p y l h y d r a z i n e  a t  the e thoxy group;  f r o m  
Ve we obta ined  the b i s ( m e t h y l a m i d e )  Hid, which was 
a l so  s y n t h e s i z e d  without  the i n t e r m e d i a t e  i so l a t ion  of 
Vc.  In this  syn the s i s ,  in addi t ion  to the f o r m a t i o n  of 
the c r y s t a l l i n e  r e a c t i o n  p roduc t  I l id ,  a c o n s i d e r a b l e  
amount  of a d a r k  r e s i n  was f o r m e d  f r o m  which i t  was 
i m p o s s i b l e  to i s o l a t e  an ind iv idua l  s u b s t a n c e .  The  UV 
s p e c t r u m  of I I Id  c o n f i r m s  i t s  s t r u c t u r e  ( s ee  F ig .  3). 

log~ 2\\! 

X 
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F i g .  2. UV s p e c t r a  of a m i d e s  of 1 - a l k y l -  
3 , 4 - p y r a z o l e d i c a r b o x y l i c  ac ids :  1) I l i e ;  

2) IIe;  3) IIh; 4) He.  

I t s  f o r m a t i o n  is  p o s s i b l e  only if the i s o p r o p y l h y -  
d r a z i n e  adds  by the f l - n i t r ogen  a tom at  the e thoxy 
group of the i n i t i a l  e s t e r  VI. 

The  r e a c t i o n  of the e s t e r  VI with a l l y l h y d r a z i n e  
( a f t e r  c y c l i z a t i o n  and amida t i on  with me thy lamine )  
gave  a c r y s t a l l i n e  m i x t u r e  of the i s o m e r i c  b i s ( m e t h y l -  
amides )  I Ie  and IIIe,  with the compos i t i on  C~0H14N402 
and mp 8 0 - 9 5  ~ C. The s a m e  m i x t u r e ,  with mp  
85 -102  ~ C, was  ob ta ined  by  a lky la t ing  d ime thy l  3, 4 -  
p y r a z o l e d i c a r b o x y l a t e  with a l l y l  b r o m i d e  and s u b s e -  
quent  a m i d a t i o n  with m e t h y l a m i n e .  The  r e p e a t e d  
c r y s t a l l i z a t i o n  of this  m i x t u r e  f rom cyc lohexane  
gave  a 29% y ie ld  of the b i s ( m e t h y l a m i d e )  He.  A f t e r  
add i t iona l  t r e a t m e n t  with so lvents ,*  the i s o m e r i c  
b i s ( m e t h y l a m i d e )  I I Ie  was obta ined f rom the m o t h e r  
l iquors  with a y i e l d  of 4.5%. The  two a m i d e s  l i e  and 
IIIe  p o s s e s s  c h a r a c t e r i s t i c  UV s p e c t r a  d i f f e r ing  

*The method  of s e p a r a t i n g  the i s o m e r s  was  d e v e l -  
oped b y  S. P. I<ozhevnikov. 
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m a r k e d l y  f rom one ano the r .  On the bas i s  of these  
s p e c t r a  ( s ee  F i g .  2 and 3), s u b s t a n c e  I Ie  was a s c r i b e d  
the s t r u c t u r e  of a d e r i v a t i v e  of 1 - a l l y l - 3 , 4 - p y r a z o l e d i -  
c a r b o x y l i e  ac id  and subs t ance  I l i e  the s t r u c t u r e  of a 
d e r i v a t i v e  of 1 - a l l y l - 4 , 5 - p y r a z o l e d i c a r b o x y l i c  ac id .  

The  a m i d a t i o n  of both methy l  and ethyl  3 , 4 - p y r a z  o le -  
d i c a r b o x y l a t e s  with m e t h y l a m i n e  gave the b i s ( m e t h y l -  
amide)  l i f ,  A c o m p a r i s o n  of i ts  UV s p e c t r u m  with the 
s p e c t r a  of the b i s ( m e t h y l a m i d e ) s  of the a lky l a t ed  3 ,4-  
p y r a z o l e d i c a r b o x y l i c  a c i d s  II and the 4 , 5 - p y r a z o l e d i -  
c a r b o x y l i c  ac ids  III  c o n f i r m s  that  this  subs t ance  had 
the s t r u c t u r e  of a 3 , 4 - d e r i v a t i v e .  

3 , 4 - P y r a z o l e d i c a r b o n a m i d e  (IIg) was  obta ined  f rom 
the d i m e t h y l  e s t e r  of this  ac id  and aqueous  a m m o n i a  
at  r o o m  t e m p e r a t u r e ,  while  it  had p r e v i o u s l y  been 
s y n t h e s i z e d  f r o m  the ac id  c h l o r i d e  and l iquid a m m o n i a  
[22], s i n c e  i t  had not been p o s s i b l e  to obta in  it f r om 
the d ie thy l  e s t e r  and  e thanol ic  a m m o n i a  [121. The 
in i t i a l  p y r a z o l e d i e a r b o x y l i c  e s t e r  was obta ined by oxi-  
d iz ing  4 , 5 - p y r a z o l i n e d i c a r b o x y l i c  e s t e r  [23] with ch lo -  
r ine ,  while  the p r e v i o u s l y - k n o w n  method used b r o m i n e  
as  ox id iz ing  agent  [24], which g ives  v e r y  poor  r e s u l t s .  
We o b s e r v e d  that  in the c a s e  of p ro longed  contac t  of 
d i m e t h y l - 3 , 4 - p y r a z o l e d i e a r b o x y l a t e  with a c h l o r o -  
f o r m i c  so lu t ion  of HC1, the e s t e r  underwent  a c i d o l y s i s  
with the f o r m a t i o n  of 4 ( 5 ) - m e t h o x y c a r b o n y l - 5 ( 4 ) -  
p y r a z o l e e a r b o x y l i e  ac id  XII (the pos i t ion  of the c a r -  
boxy group  in this  compound was not e s t a b l i s h e d ) .  

l~ I '--,, 

2 ~ 

�9 ~ ,. ~,. 
,, 

o.54t.--.<:. \ \ \  

k%i", '\', 
'~ '~ x '~", ""~--_2->- 

u0 24o 2~o 26a ~ n m  

F i g .  3. UV s p e c t r a  of 1 - a l k y l - 4 , 5 -  
p y r a z o l e d i e a r b o x y l i c  ac id  b i s ( m e t h y l -  
amide),s: 1) l i Ie ;  2) I l ia ;  3) l id ;  4) I l i e .  

We have d e s c r i b e d  a s i m i l a r  e a s e  of a c i d o l y s i s  above 
( conve r s ion  of IX into X). The  s t r u c t u r e  of subs t ance  
XII was shown by i ts  c o n v e r s i o n  into the p r e v i o u s l y -  
known 4 , 5 - p y r a z o l e d i c a r b o x y l i c  acid  hyd ra t e  [24]. 1- 
M e t h y l - 3 , 4 - p y r a z o l e d i c a r b o n a m i d e  (I/h) was  ob ta ined  

Table  i 
R" 

L 
t t S C 2 O O C - - C - - C  ~ C H - - N - -  N - -  R 

II I ( 
0 C O O C ~ H  s . R' 

En~pirical Found, ~/o t Calculated, % Yield, 

I ] 9,15 C,sHIsN205 58.72 5.96 9.07158.81 5,92 70 
58.89 6.03 9.39 

J 

CIIHIsN~O6 51.4151"38 7.037"08110 ];~!51.157.02 10.84 72 

C~H20N2Os 52.67 7.0610.50152.9217.4010.29 29 ' 
52.677.1210.521 ] 

C17H20N205 B0.2350"37 5.266'24 8.978"9661.4216.07 8.43 89.5 
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f r o m  d i m e t h y l  3 , 4 - p y r a z o l e d i c a r b o x y l a t e  in a s i m i l a r  

m a n n e r  to t h e  s y n t h e s i s  of the  c o r r e s p o n d i n g  b i s ( m e t h -  

y l a m i d e )  ( s e e  T a b l e  2) .  T h e  s t r u c t u r e  of t he  d i a m i d e  

w a s  s h o w n  b y  i t s  h y d r o l y s i s  to 1 - m e t h y l - 3 , 4 - p y r a -  

z o l e d i c a r b o x y l i c  a c i d  ( T a b l e  3).  It w a s  f o u n d  t h a t  

t h i s  a c i d  c a n  f o r m  a m o l e c u l a r  c o m p o u n d  w i t h  one  

m o l e c u l e  of i t s  m o n o p o t a s s i u m  s a l t  w h i c h  c r y s t a l l i z e s  

f r o m  w a t e r  w i t h o u t  d e c o m p o s i t i o n  ( s i m i l a r  s a l t s  a r e  

k n o w n  f o r  a c e t i c  a c i d  [25]) .  F r o m  the  a q u e o u s  s o l u -  

t ion ,  t h e  a d d i t i o n  of H 2SO 4 l i b e r a t e d  t he  f r e e  1 - m e t h y l -  

3 , 4 - p y r a z o l e d i c a r b o x y l i c  a c i d .  T h e  r n o n o p o t a s s i u m  

s a l t  of  t h i s  a c i d  i s  s t a b l e  in  an  a c i d  m e d i u m .  1-  

P h e n y l - 4 , 5 - p y r a z o l e d i e a r b o x y l i c  a c i d  p o s s e s s e s  s i m -  

i l a r  p r o p e r t i e s  [13] .  

W e  h a v e  a l s o  s y n t h e s i z e d  1 - m e t h y l - 3 , 5 - p y r a z o l e d i -  

c a r b o x y l i c  a c i d  b i s ( m e t h y l a m i d e )  (XIII) s t a r t i n g  f r o m  

the  c o r r e s p o n d i n g  e s t e r  [26],  m e t h y l  i od ide ,  a n d  

a q u e o u s  m e t h y l a m i n e .  

A p h a r m a c o l o g i c a l  s t u d y  of t he  s u b s t a n c e s  II,  III,  

a n d  XIII o b t a i n e d  h a s  s h o w n  t h a t  t h e y  p o s s e s s  a p r o -  

n o u n c e d  c e n t r a l  a c t i v i t y  c o n s i s t i n g  in  t he  s u p r e s s i o n  

of c o r t i c a l  s e c t i o n s  w i th  the  s i m u l t a n e o u s  e x c i t a t i o n  

of a s e r i e s  of f o r m a t i o n s  of the  d i e n c e p h a l o n .  T h e  

s e d a t i v e  a c t i o n  of t h e s e  s u b s t a n c e s  i s  s o m e w h a t  

g r e a t e r  t h a n  of the  a n t i f e i n e s  w h i l e  a t  t he  s a m e  t i m e  

t h e r e  i s  a w e a k e n i n g  of the  s t i m u l a t i n g  i n f l u e n c e  on 

the  s u b c o r t i c a l  f o r m a t i o n s .  T h e  l a t t e r  p r o p e r t y  i s  

m o s t  s t r o n g l y  d e v e l o p e d  in s u b s t a n c e  XIII  [27].* In  

a d d i t i o n ,  s u b s t a n c e  I Id  w a s  f o u n d  to h a v e  an a n t i p h l o -  

g i s t i c  a c t i o n  a n d  a n  e x c i t i n g  i n f l u e n c e  on t he  h y p o -  

p h y s e a l - a d r e n a l  s y s t e m  [28] .  

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

~-Alkylfaryl)hy~azlnornethyleneoxaloacetic esters. With cooling 
(+ 5* C) and stirring, 0.055 mole of an alkyl(aryl)hydrazine was added 

dropwise to 12.2 g (0.05 mole) of the ester VI in 25 ml of absolute 

ethanol. The precipitate that deposited was filtered off and dried in 

vacuum. It was purified by reprecipitation from ethanol with water 
(Table 1 ). 

l-Alkyl(aryl)py~azoledicarboxylic acid bis(methylamide) and 
diamides (Table 2). 

A. With cooling and stirring, 0.11 mole of an alkyl- or arylhy- 
drazine was added dropwise to 24.4- g (0 .1mole)of  the ester VI in 
50 ml of absolute ethanol. Then the solution was heated at 40-50" C 
for 1 hr, cooled, and treated with 38 ml of 33% aqueous methylamine 
or the corresponding amount of ammonia. After a day, 100 ml of 
water was added and the mixture was extracted with chloroform four 
times with heating. In the case of Ilia, no extraction was carried out. 
In the case of IIId, after the evaporation of the CHC1 s the oil was 
treated with benzene and cooled for crystallization. After the elimi- 
nation of the chloroform, the substance was crystallized several 
times: IIb from ethanol, IIIa from water, IIId from eyclohexane, and 
IIc from a mixture of benzene and petroleum ether. 

B. With heating to 50-60* C, 6 g of substance Vb or Ve was 
dissolved in 10 ml of absolute ethanol, and the solution was cooled 
and treated with 9 ml of 33% aqueous methylamine. In the case of 
Vb, the white precipitate of IIIa was filtered off after 12 hr, yield 
70%, mp 199-200" C (from water). In the case of Vc, substance I I Id  
was extracted with CHC13, and after the evaporation of the solvent 

* In  t h i s  p a p e r ,  1 - m e t h y l - ,  1 - e t h y l - ,  and  1 - a l l y l -  

3 , 4 - p y r a z o l e d i c a r b o n y l i c  a c i d  b i s ( m e t h y l a m i d e s ) s  

w e r e  e r r o n e o u s l y  a s c r i b e d  t h e  s t r u c t u r e s  of t he  c o r -  

r e s p o n d i n g  1 - a l k y l - 4 , 5 - p y r a z o l e d i c a r b o n y l i c  a c i d  

d e r i v a t i v e s .  

the small amount of CsH 6 was added and the mixture was cooled for 
crystallization. Mp 100-101.5" C (from cyclohexane). In both cases, 
mixed melting points were taken with the substances obtained by 
method A. 

C. A solution of sodium methoxide prepared from 7.8 g (0.34 g- 
atom) of sodium in 225 ml of methanol and then a 100@0 excess of 
alkyl halide were added to a solution of 60 g (0.32 mole) of dimethyl 
pyrazoledicarboxylate in 1800 ml of methanol that had been cooled 
to 25 ~ C. The reaction mixture was boiled gently under reflux--for 
10 hr in the case of CHsI and for 16 hr In the case of CsHhBr; in the 
case of C2HhBr the mixture was boiled for 7 hr and cooled, half the 
amount of C2HsBr fixst taken was added, and it was boiled in the 
same way for another 7 hr. Then the methanol was distilled off and 
90 ml of 33% aqueous methylamine or the corresponding amount of 
aqueous methylamtne or the corresponding amount of aqueous am- 
monia was added. The further operations for the isolation of the 
bis(methylamide)s II were similar to those of method A. The mother 
solutions after the crystallization of the bis(methylamide)s from an 
appropriate solvent yielded a mixture of the two isomers: IIb+ IIb-  
yield 31%; IIc + illc--36.4% IIe+ II ie-40.6% 

To isolate the isomer IIIe, 17 g of the mixture, with mp 
85-102" C, was boiled with a mixture of 50 ml of water and 50 ml 
of CC14. The aqueous layer, on evaporation and crystallization, gave 
a precipitate which was treated with the mixture of solvents once or 
twice more and was crystallized several times from water. To isolate 
IIIb from its mixture with IIb (rap 112-137" C) the same method was 
used, with final crystallization from ethanol (in this case, according 
to the UV spectra, it was impossible to achieve complete separation). 
The isolation of IIIc from its mixtuxe with IIc (rap 83-100 ~ C) was 
carried out by the repeated treatment of the finely-ground powder 
with a mixture of cyelohexane and CCla (n D 1.445) in a centrifuge 
with subsequent isolation of the ring of substance formed. Thirteen 
grams of the mixture yielded 0.65 g of IIIe. 

Substance IIf was obtained both from dimethyl and from diethyl 
py~azoledicarboxylates and aqueous methylamine. In the synthesis 
of IIh, a mixture of the isomers II and III was formed from which the 
Ilia was isolated by repeated crystallization from water. 

1-Methyl-3,5-pyrazolediearboxylie acid bis(methylamide) (XIII) 
was obtained by the same method with a yield of 78%, mp 23 4- 236" C 
(from water). Found, %: C 48.76, 48.99; H 6.24, 6.47; N 28,54, 
28.32~ Calculated for CsHIzN4Oz, %: C 48.97; H 6.17; N 28.55. 

4{8)-Ethoxycarbonyl.-l-methyl-8(4~yrazoleearboxylic acid (X). 

A current of dry HCI was passed into a solution of 14.37 g (0.043 mole) 

of substance IX in i00 mlof absolute ethanol for 2 hr. Then the meth- 

anol was distilled off at 40-60* C in a vacuum of 40 ram. The re- 

sidue crystallized on cooling. Yield 52.3%, mp 182-183" C after two 
crystallizations from ethanol. Found, %: C 48.69, 48.99~ H 5.36, 5.021 
N 14.23, 14.21; equiv. 193.3, 193.6. Calculated for CsH10N2Oa, %: 
C 48.49; H 5.09; N 14.141 equiv. 198.2. 

l~azoledicarboxylic acids and theft: salts (see Table 8). Method 
1A. A mixture of 2 g (0.01 mole) of the bis(methylams IIb and 
11.4 g of 30% KOH solution and a mixture of 2 g (0.003 mole) of the 
bis(methylamide) IIIa and 8.8 g of the same solution were boiled for 
4-6 hr. After cooling, the mixtures were immediately acidified with 
11 (or in the second case 22) ml of H2SO 4 (1 : 2 by volume). The acids 
were crystallized from water. Method lB. If to the product of hydrol- 
ysis of lib the same H2SO 4 was added in drops until the mixture was 
acid to Congo Red. the monopotassium salt of the acid XI was ob- 
tained in the form of colorless crystals. Method 1C. A mixture of 
2 g of the diamide IIh and 13.8 g of 30% KOH solution was boiled for 
5 hr. After cooling, the mixture was immediately acidified with 
13 ml of HzSO 4 (1 : 2 by volume). Colorless crystals of the double salt 
were obtained and these were crystallized several times from water. A 
1.4 g amount of the double salt was dissolved in J.2 ml of water with 
heating, and the solution was cooled and acidified with M ml of 
H~SO4 (1:2 by volume). On stirring, a precipitate of the acid /~I 
deposited. 

Method 2A. With stirring, a hot solution of 31.5 g (0.199 mole) 
of KMnO4 was addedto a solution of 5.5 g (0.05 mole) of 1,8,4-tri- 
methylpyrazole [20] in 70 ml of water. Method 2B. In the oxidation 
of 1,4,5-trimethylpyrazole [20], we used 3.1 g (0.028 mole) of it in 
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T a b l e  2 

Com- 
R 

pound 

Il ia CsHs 

l ib CHa 

IIIb CHa 

l l ld  i-Call7 

I l a + l l l e  CH2=CHCH2 

I l e  CH==CHCHe 

I I Ie  C,Ha=CHC.Ha 

l i e  C~H~ 

l l I c  C~H~ 

l l e  H 

I I f  i CH~ 

l lg  II 
[ 

CHa 

CHs 

CHa 

CHs 

CHa 

CHa 

CHa 

CHa 

CHa 

CI-t3 

1f 

1I 

vlethod og 

synthesis] 

A 

A 

B 
B 

A 

A 

B 

B 

B 

B 

B*** 

HC=C--CONHR' 

R--N C~CON H R' 
\ . r  

N 

U 

Mp, "C 

199--200 

192--193 

192--193"* 
136--I38 

100--101,5 

80 --95 

117--118"* 

122--123.5 

129--130 

I04--107 

245--246 

282--283 

322 

HC--C--CONHR 
and ~ " 

C--CO~HR -../ 
N 
I 
It I I I  

Empirical 

formula c 

CmH~4N40~ 60,84 
60.73 

CsH ~2N402 48.53 
48.63 

C8tli2N402 

CmHL6N40~ 53.40 
53.62 

CioI t14N402 54 .53  
54.28 
54.23 
54.21 

CgH]~N402 51.43 
51.44 

CgH14N402 51.85 
51,66 

CrH~oN402 46.01 
46.29 

C6118N402 43.04 
43.28 

Cat16N402 

*Another 17.5% of a m i x t ~ e  of isomers was obtained from the ethanolic mother liquors. 

~~ mixture with the substance obtained by method A gave no depression. 

Found, % Calculated,% 

H N 

5.59 21.62 
5.69 21,71 
6.76 28.31 
6.50 28.34 

- -  28.72 
28.71 

7.23 25,42 
7.22 25,56 
- -  25.05 

25.49 
6.64 25.10 
6.73 24.83 
6.29 24.90 
8.59 25.11 
6.69 26.91 
6.89 26.40 
6.60 26.82 

27.01 6.96 
5.62 ~ .73  
5.78 31.08 

33.45 5,17 
4.86 33.31 

36.72 
36.81 

C II N 

60.45 5.46 21,69 

48.97 6.17 28.55 

28.55 

53.55 7.19 24.98 

25.21 

54.03 6.34 25,21 

54.03 6,34 25.24 

51.41 5.71 26.65 

51.41 6.71 26.65 

46.'14 5.53 30.76 

42.~5 4.79 33.32 

--  - -  36.35 

***Extraction with chloroform was not carried out since the substance crystallized readily from the aqueous solutions. 

Yield,  
o/o 

76.8 

33.5* 

25.7 

40 

29 

4.5 

30.4 

3 

74 

38.7 

70.6 

T a b l e  3 

P y r a z o l e d i c a r b o x y l i c  A c i d s  a n d  T h e i r  S a l t s  

R"- -Oc- -C  : C I I  R" - -Os  -Ct1 
I I [I II 

R"--OC--C N--R R"--OC--C N u,/  "-,/ 

It' 

Method 
of r~" R or R' 

s_~s . . . . . . . . . . . . .  

IA 

IA 

IB 

IA 

IC 

IC 

2B 

2B 

2A 

2A 

3 

Oit R-CII:~ 

()il I~ =CH:~ 

OK P = CHa 
OII 

O l l  R'=C61ts 

OK R =,CI ta 
301f 

OH R=CHa 

OK R'=CHa 
OIt 

OIt R'=Clta 

OK R = CHa 
OH 

r? OH ~, = CHa 

OI-I R = CHs 

Mp, ~ 

~33b 

233 

335--335.5 

211d 

335--335.5 e 

230--2 31 f 

272 

234 

322 

234 f 

231--232 f 

Empirical 
formula 

CaI 1~;N204 �9 It20 a 

C6116N204c 

C6HsKN~O4 

C.Ft8N404 

Cclt6N204 �9 CdtsKN204 

C~I-IsN~O4 - H20 

C6HsKN204 

38.00 
38,7ll 

42.29 
42.47 

34.20 
34.10 

Found, % 

1t N 

4.29 14.98 
4,31 t4.70 

3,29 16,58 
3.28 16,54 

2.70 13.51 
2.71 13,62 

--  12.23 
12,24 

2.58 i 4,96 
2.90 19,15 

13.77 
13.16 

1 8 . 4 5  

CsHaN204. Hg) 

CsHsKN~O4 

C 6 H o N 2 0 4 '  H 2 0  

C a H 6 N 2 0 4 '  H 2 0  

38.16 
38.44 

34,32 2.44 13,78 
13.38 

Calculated,  % 

K C I t N 

--  38.30 

42.36 

18,70 34.61 
18.46 

F 
i 

I0,31 138.0,0 
10 .06  

18.08 

34,61 

4.29 14.89 

3,56 16.47 

2.42 13.46 

- -  12.06 

2,93 14,81 

13.46 

2.42 13.46 

98.1 

Yield,  % 
K 

- 92.2 

18.78 98.0 

--  67.4 

10.33 .91.0 

18.78 76.2 

18.78 

aFound, %: H20 9.19, 9.17. Calculated, %: H20 9.58. ben being pIaced on a block heated to 320" C, the acid sublimed without melt ing and 
without decomposing~ CFound, equivalent: 88.4, 87.2. Calculated, equivalent: 85.1. dAecording to the literature [13], mp 216 ~ C. eThe 
me]tLqg point of the substance coincides with that of potassium 1-methyl-4,5-dicarboxylate .  ttowever, in the melt ing of the two substances 
tbere is a c lear ly-vis ible  difference: in the upper part of the capiIlary containing the double salt there is a pronounced ring of crystalline sub- 
l imed acid, which is absent from the capil lary with the potassium hydrogen salt. Sublimation begins rapidly when the capil lary containing 
the double sak is placed in a block heated to 320* C, L e . ,  at the same temperature at which tile flee acid sublimes, fA mixture with the 
acid obtained by another method gave no depression. 
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65 ml of water with the addition of 1.4 g of NaOH and 38.6 (0.244 
mole) of KMnO4. Both mixtures were boiled for 2 hr. After the usual 
working up and acidification of the evaporated solutions to pH 4, the 
potassium hydrogen salts of the methylpyrazoledicarboxylic acids were 
obtained. By boiling the salts with dilute H2SO4, the free acids were 
obtained: from 1,3,4-trimethylpyrazole--mp 234" C, a mixture with 

the acid obtained by method 1 giving no depression; from 1,4,5-tri- 

methylpyrazole-mp 284" C, a mixture with the preceding acid giv- 

ing a depression of ~ 20 ~ C, 

Method 3. A mixture of 1.45 g of substance X and a solution of 

1.9 g of KOH in 4.5 ml of water was boiled for 2 hr. After cooling, 

it was acidified with II ml of H2SO 4 (I : 2 by volume). 

D/methyl 8,4-pyrazoledicarboxylate. A current of dry chlorine was 
passed into a solution of 10 g (0.63 mole)of  dimethyl 3,4-pyrazoline- 
dicarboxylic acid [28] in 40 ml of CHC13 at 0 to --5" C. The resulting 
solution was immediately poured into a flat dish for the evaporation of 
the CHC1 a at room temperature. Yield 91.5%, mp 139-140" C 
(according to the literature [24], mp 141" C). Found, %: N 18.05, 

18.09. Calculated for CTHI2NO2, %o: N 17.98. 

4(5)-Methoxycarbonyl-5(4)-pyrazolecarboxylic acid (XlI). The 
conditions of preparation were the same as above, but after the end of 
the passage of chlorine the solution was left in a closed vessel over- 
night. A precipitate of the acid XII, which is insoluble in chloro- 
form and methanol, deposited. Yield 42.9~ To obtain an analytically 
pure sample, the substance was boiled three times with fresh 
methanol. Found, %: C 42.68, 42.46; H 8.76, 3.52; N 16.54, 16.72%. 
Calculated for C6H6N204, %, C 42.36; H 3.55; N 16.46%. 

3,4-Pyrazolediearboxylic acid hydrate. Two grams (0.012 mole) 
of substance XII was boiled with 45 ml of 13% HNO s until it had 
dissolved and then for another 30 rain. Yield 90.7%, mp 259~C 
(from water); a mixture with an authentic sample melted at 
258-259 ~ C [24]. 
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