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A b s t r a c t : R e a c t i o n of h e t e r o c y c l y l h y d r a z i n e s ( l a - f ) w i th 3 - e t h o x y m e t h y l e n e p e n t a n e - 2 , 4 - d i o n e 
(2) and e thy l 2 - e t h o x y m e t h y l e n e - 3 - o x o b u t y r a t e (3) y i e ld s e x c l u s i v e l y 4 - a c e t y l - 5 - m e t h y l - 1 -
h e t e r o c y c l y l p y r a z o l e s ( 4 a - f ) and 4 - c a r b e t h o x y - 5 - m e t h y l - l - h e t e r o c y c l y l p y r a z o l e s ( 5 a - f ) , 
r e s p e c t i v e l y , in good y i e ld s . 

Introduction 
3 - E t h o x y m e t h y l e n e p e n t a n e - 2 , 4 - d i o n e (2) and ethyl 2 - e t h o x y m e t h y l e n e - 3 - o x o b u t y r a t e (3) 

are u s e f u l s y n t h o n s for the c o n s t r u c t i o n of h e t e r o c y c l i c s y s t e m s such as p y r a z o l e s (1 ,2 ) , 

i s o x a z o l e s ( 3 ) and p y r i m i d i n e s ( 4 , 5 ) . In v i ew of our c o n t i n u e d i n t e r e s t in the r e a c t i o n of 

h e t e r o c y c l y l h y d r a z i n e s (1) wi th 1 , 3 - d i c a r b o n y l c o m p o u n d s (6 ,7 ) , w h i c h led to the s t ruc tu r e 

r e v i s i o n of the p r o d u c t s in many cases , we now repor t the r e a c t i o n of 1 wi th 2 and 3. 

Discussion 
T h u s , 6 - m e t h y l - 2 - h y d r a z i n o b e n z o t h i a z o l e ( l a ) on r e a c t i o n wi th 2 in e t h a n o l , a f f o r d e d a 

s ing le c r y s t a l l i n e c o m p o u n d , m.p 182°C whose s t ruc tu re was e s t a b l i s h e d as 4 - a c e t y l - 5 - m e t h y l - l -

( 6 - m e t h y l b e n z o t h i a z o l - 2 - y l ) p y r a z o l e (4a) on the bas i s of e l e m e n t a l a n a l y s i s , N M R ( ' Η & l j C ) 

spec t r a l da t a and mass s p e c t r o m e t r y (M + , m /z 2 7 1 . 0 7 8 9 ) . 

A t t a c h m e n t of m e t h y l g roup at p o s i t i o n -5 of p y r a z o l e m o i e t y was e s t a b l i s h e d by the 

a p p e a r a n c e of a r e l a t i v e l y d o w n f i e l d th ree p r o t o n s ing le t at δ - 3 . 0 0 a s s u m i n g a p l a n a r g e o m e t r y 

of the m o l e c u l e (8) . F u r t h e r , a s igna l at δ 7 .84 cou ld be a s s i g n e d to p y r a z o l e C 3 -H. An 

i n s p e c t i o n of 13C N M R s p e c t r u m of 4a d i s p l a y e d s igna l s at δ 143 .50 , 122 .85 and 145.67 

wh ich are a s s i g n e d to C 3 , C4 and C5 c a r b o n of py razo l e m o i e t y , b e s i d e s a d o w n f i e l d s igna l at δ 

193 .79 ( C O C H 3 ) . T h e s e va lues are in c o m p l e t e ag reemen t wi th t hose r e c o r d e d wi th for s imi l a r ly 

c o n s t i t u t e d m o l e c u l e s . 

G e n e r a l i t y of th i s r e a c t i o n was e s t a b l i s h e d by t r ea t i ng s eve ra l h e t e r o c l y l h y d r a z i n e s ( l b -

f) w i th 2 ( S c h e m e - 1 ) . In all the cases , s ing le i somers were o b t a i n e d ( 4 b - f ) wh i ch were 

c h a r a c t e r i z e d by the i r *H N M R da ta ( v i d e e x p e r i m e n t a l ) . R e a c t i o n of l a - f w i th e thyl 2-

e t h o x y m e t h y l e n e - 3 - o x o b u t y r a t e (3) s imi l a r l y p r o v i d e d 4 - c a r h e t h o x y - 5 - m e t h y l - l -

h e t e r o c y c l y l p y r a z o l e s ( 5 a - f ) e x c l u s i v e l y in good y ie lds . 

*To whom c o r r e s p o n d e n c e shou ld be a d d r e s s e d . 
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T h e 'H N M R s p e c t r u m of al l t h e s e c o m p o u n d s (4 and 5) d i s p l a y e d a s h a r p s i n g l e t at ~δ 

3 .0 , w h i c h is c h a r a c t e r i s t i c fo r C 5 - C H 3 of p y r a z o l e m o i e t y . T h e 13C N M R s p e c t r u m of 5a 

e x h i b i t s s i g n a l s for C 3 and C 5 at the s a m e p l a c e as in 4a , w h i l e C 4 a p p e a r e d s o m e w h a t s h i e l d e d 

at δ 115 .36 . T h i s is u n d e r s t a n d a b l e as c a r b e t h o x y g r o u p is l e s s e l e c t r o n - w i t h d r a w i n g than an 
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acetyl group. It appears reasonable to assume that the react ion proceeds through the initial 

format ion of a hydrazone by the attack of terminal NH2 of hydrazine on the highly e lectrophi l ic 

extra chain carbon of 2 and 3 ( l b ,10 ) . This is fol lowed by ring c losure of this intermediate via 

in teract ion of a carbonyl group with the other nucleophi l ic site (Scheme-1) . It is interest ing to 

mention here that a lkylhydrazines react with 2 and 3 to give a mixture of 3-and 5-methyl-4-

acy 1 -1-subs t i tu ted pyrazoles with the predominance of former over the lat ter . On the other 

hand, a ry lhydraz ines generate the 5 -methy l der ivat ive as the major product (2). Formation of an 

exclusive product is now observed with he terocylcylhydraz ines . 

This d i f fe rence in react ivi ty can be explained by taking into account the 

nuc leophi l ic i t i es of the two ni trogen atoms in d i f fe ren t hydrazines . It can be surmised that 

whereas a lkylhydraz ines react predominant ly through secondary ni t rogen atoms, 

he te rocyc ly lhydraz ines attack only via terminal primary -NH2 . Ary lhydraz ines provide the 

in termedia te case where the major product is obtained by react ion through terminal-NH 2 and 

minor one via secondary ni t rogen atom. 

C o n c l u s i o n s 

Finally, the fo l lowing conclusions may be drawn from the present s tudy. 

i). Hete rocyc ly lhydraz ines react with 2 and 3 yie lding pyrazoles instead of d iazepines or 

t r iazepines as reported in several related c a s e s ( l l ) . 

ii). These compounds (4 and 5) have planar geometry and consequent ly isomeric pairs having 

methyl group at posi t ions -3 and - 5 can easily be dis t inguished by ]H NMR spectroscopy, 

iii). Many 4-acylpyrazoles have found appl icat ion in the synthesis of b iological ly important 

compounds ( l c , 1 2 ) . Incorporat ion of a heterocycl ic ring in such compounds is thus s ignif icant . 

Experimental 

Melt ing points were taken in a su l fur ic acid bath and are uncorrec ted . The IR (nujol ) and 

'H NMR spectra were recorded on Perkin Elmer IR-842, R-32 (90MHZ ) , Bruker (300 MHz) 

spect rometers , respect ively . I 3C NMR spectra were recorded on a JEOL JNM GSX 400 

ins t rument , Mass spectra were measured on a Kratos MS-50 mass spectrometer . 2-

Hydraz inopyr id ine ( I f ) was obtained from Aldrich and other hydraz ines ( l a - e ) were synthesized 

using l i te ra ture procedures (13). 

S y n t h e s i s of 4 - a c e t y l - 5 - m e t h y l - l - h e t e r o c y c I y l p y r a z o l e s ( 4 a - e ) 

General Procedure: 3 -Ethoxymethylenepentane-2-4-d ione (2, 0.78g, 5mmol) in ethanol (10ml) 

was slowly added with s t i r r ing to a solut ion or suspension of an appropr ia te hydrazine I 

(5mmol) in e thanol (50 ml). The resul t ing solut ion was st irred at room temperature for 30 

minutes . The solvent was evaporated in vacuuo and the res idue was recrys ta l l ized from a 

sui table solvent to give 4. 
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4a: m .p . 182°C ( f r o m e thano l ) , Yie ld 75%: IR : 1675 (CO) c m · ' , Ή N M R (CDC1 3 ) : δ 2 .34 (s, 

6H, C O C H j and C 6 - C H 3 ) , 3 .00 (s, 3H, C 5 -CH 3 , p y r a z o l e ) , 7 .12 (dd , 1H, J=8 .5 & 1.5Hz, C s - H ) , 

7 .46 (d, 1H, J = 1 . 5 H z , C 7 -H) , 7 .66 (d, 1H, J = 8 . 5 H z . C 4 - H ) , 7 .84 (s , 1H, C 3 -H p y r a z o l e ) , n C 

N M R (CDC1 3 ) : δ 13.21 (C 5 -CH 3 . p y r a z o l e ) , 2 1 . 5 8 ( C 6 - C H 3 ) , 9 .18 ( C O C H 3 ) , 121 .20 (C-7 ) , 122.77 

(C-4 ) , 122 .85 (C-4 , p y r a z o l e ) , 128.22 ( C - 5 ) , 133 .36 (C-7a ) . 135 .84 (C-6 ) , 143 .50(C-3 . 

p y r a z o l e ) , 145 .67 (C-5 . p y r a z o l e ) , 149.13 ( C - 3 a ) , 159.63 (C-2) , 193.79 (CO) : MS: M \ m/z 

2 7 1 . 0 7 8 9 . ( F o u n d Ν. 1 5 .38 .C 1 4H, 3 N 3 OS r e q u i r e s N. 15 .50%) . 

4b: m.p . 186°C ( f r o m e thano l ) . Yie ld 78%: IR : 1678 (CO) cm" ' ; 'H N M R (CDC1 3 ) : δ 2.40 (s , 

3H, COCH3), 3 .10 (s , 3H, C5-CH3, p y r a z o l e ) , 7 . 1 5 - 7 . 5 2 (m ,2H, C ' 5 - H and C ' 6 - H ) , 7 .70 -8 .00 (m, 

3H, C ' 4 - H , C ' 7 - H and C 3 -H. p y r a z o l e ) : MS : M+ , m/z 2 5 7 . 0 6 2 6 . ( F o u n d N. 16.30. C n H n ^ O S 

r e q u i r e s N. 16 .34%) . 

4c: m . p . 2 0 5 ° C ( f r o m m e t h a n o l ) . Yie ld 70%: IR: 1680 (CO) cm"1 : 'H N M R (CDC1 3 ) : δ 2.51 (s, 

3H, COCH3), 3 .12 (s, 3H, C 5 - C H 3 . p y r a z o l e ) , 7 .45 (dd, 1H, J=8 .0 & 1 .5Hz, C ' 5 - H ) , 7 .64 (d, 1H, 

J= 1 .5Hz, C ' 7 - H ) , 7 .86 (d, 1H, J=8 .0 Hz, C ' 4 - H ) , 8 .06 ( s , l H , C 3 -H, p y r a z o l e ) , ( F o u n d N. 14.35. 

C n H i o C l N s O S r e q u i r e s N, 14 .41%) . 

4d: m.p . 148°C ( f r o m e thano l ) . Yield 75%: IR: 1672 (CO) c m 1 : 'H N M R (CDC1 3 ) : δ 2 .35 (s, 3H, 

C O C H 3 ) , 2 . 7 2 ( s , 3 H , C 4 - C H 3 ) , 3 . 0 2 ( s , 3 H , C ' 5 - C H 3 ) , 7 . 4 0 - 8 . 0 7 ( m , 6 H , A r H a n d C 3 - H . 

p y r a z o l e ) : MS: M + , m /z 265 .121 1. (Found N. 15.74 C 1 6 H 1 5 N 3 0 r e q u i r e s N. 15 .85%) . 

4e: m .p . 189-90 °C ( f r o m e thano l ) , Yie ld 70%; IR: 1675 (CO) cm ' 1 : ' H N M R ( C D C l j ) : δ2 .50 (s, 

3 H , C O C H 3 ) , 3 . 1 4 ( s , 3 H , C5-CH3, p y r a z o l e ) , 7 . 3 2 ( S , 1 H , C 5 - H , t h i a z o l e ) , 7 . 4 0 ( d d , 2 H , J = 8 . 6 

Hz, p - c h l o r o p h e n y l ) , 7 .81 (dd, 2H, J = 8 . 6 H z p - c h l o r o p h e n y l ) , 7 .98 (s , 1H, C 3 -H p y r a z o l e ) , 

(Found Ν 12.43. C s H . ^ N ^ S C l r equ i r e s N. 12 .59%) . 

4f: m .p . 78°C ( f r o m e thano l ) . Yie ld 70%; IR: 1660 (CO) cm· 1 : 'H N M R (CDC1 3) : δ 2 .50 (s, 3H, 

C O C H 3 ) : 2 .93 (s , 3H, C 5 -CH 3 , p y r a z o l e ) , 7 . 1 6 - 7 . 3 8 ( m , l H , C ' 5 - H ) , 7 . 6 9 - 7 . 9 4 (m, 2H, C ' 3 - H and 

C ' 4 - H ) , 8.01 (s , 1H, C 3 -H , p y r a z o l e ) , 8 .51 (d , 1H, J=5 .0 Hz. C ' 6 - H ) , ( F o u n d N. 20 .75 , 

C „ H n N 3 0 r e q u i r e s N. 20 .89%) . 

S y n t h e s i s o f 4 - c a r b e t h o x y - 5 - m e t h y l - l - h e t e r o c y c l y I p y a z o I e s ( 5 a - f ) 

G e n e r a l p r o c e d u r e : To a s t i r r ed so lu t ion of 1 ( 5 m m o l ) in e thano l (50ml ) was added a so lu t ion 

of e thy l 2 - e t h o x y m e t h y l e n e - 3 - o x o b u t y r a t e (3 0 .93g , 5 m m o l ) in e thano l ( 1 0 m l ) dur ing 10 

m i n u t e s . A f t e r s t i r r i ng the r e s u l t i n g s o l u t i o n for 15-30 m i n u t e s the so lven t was r emoved in 

v a c u u o . T h e r e s i d u e so ob ta ined was r e c r y s t a l l i z e d f r o m a su i t ab l e so lven t to g ive 5. 
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5a : m .p. 168°C ( f r o m e t h a n o l ) , Yie ld 78%: IR: 1710 (CO) cm"1 : 'H N M R ( C D C 1 3 ) : δ 1.25 (t , 

3H, J = 7 . 0 Hz, - C H 2 C H 3 ) , 2 .34 (s, 3H, C ' 6 - C H 3 ) , 2 .97 (s , 3H, C 5 - C H 3 , p y r a z o l e ) , 4 .19 (q, 2H, 

J=7 .0 H z , - C H 2 C H 3 ) , 7 .13 (dd , 1H, J=8 .0 & 1.5 Hz, C ' 5 - H ) , 7 .48 (d, 1H, J=1 .5 Hz, C ' 7 - H ) , 7 .65 

(d, 1H, J=8 .0 Hz, C ' 4 - H ) , 7 .87 (s , 1H, C 3 -H , p y r a z o l e ) : 13C N M R (CDC1 3) : δ 12.97 (C 5 -CH 3 , 

p y r a z o l e ) , 14.38 ( - C H 2 C H 3 ) , 21 .56 ( C 6 - C H 3 ) , 60 .39 ( - C H 2 C H 3 ) , 115 .36 (C-4 p y r a z o l e ) . 121.15 

(C-7 ) , 122 .59 ( C - 4 ) , 1 2 8 . 0 1 ( C - 5 ) , 133.24 ( C - 7 a ) , 135.50 ( C - 6 ) , 143 .59 (C-3 , p y r a z o l e ) , 146.20 

(C-5 , p y r a z o l e ) , 149 .17 (C-3a ) , 159.91 (C-2 ) , 163.15 (CO) : MS: M + . m/z 3 0 1 . 0 8 8 8 . (Found N. 

13.87. C , 5 H 1 5 N 3 0 2 S r e q u i r e s N. 13 .95%) . 

5b : m.p . 143°C ( f r o m m e t h a n o l ) . Yie ld 75%: IR: 1715 (CO) cm"1 : 'H N M R ( C D C l 3 + D M S O - d 6 ) : 

δ 1.33 ( t , 3H, J=7 .0 Hz, - C H 2 C H 3 ) , 3 .10 (s, 3H, C 5 -CH 3 p y r a z o l e ) , 4 .29 (q, 2H, J=7 .0 Hz, -

C H 2 C H 3 ) , 7 . 2 0 - 7 . 4 3 (m, 2H, C ' s - H and C ' 6 - H ) , 7 .70 -7 .93 (m, 2H, C ' 4 - H and C ' 7 - H ) , 7 .97 (s, 1H, 

C 3 - H , p y r a z o l e ) : MS : M + , m/z 2 8 7 . 0 7 2 8 . ( F o u n d N. 14.58 C 1 4 H 1 3 N 3 0 2 S r e q u i r e s N. 14 .63%) . 

5c : m .p . 190°C ( f r o m m e t h a n o l ) . Yie ld 70% : IR : 1718 (CO) cm"' : 'H N M R (CDC1 3) :δ 1.24 

(t, 3H, J = 7 . 0 Hz , - C H 2 C H 3 ) , 2 .96 (s, 3H, C 5 - C H 3 , p y r a z o l e ) , 4 .18 (q, 2H, J=7 .0 Hz, -

C H 2 C H 3 ) , 7 . 3 0 (dd , 1H, J=8 .5 & 2.0 Hz, C 5 - H ) , 7 . 5 7 - 7 . 7 3 (m, 2H, C 4 -H and C 7 -H) , 7 .97 (s, 1H. 

C 3 -H . p y r a z o l e ) . ( F o u n d N. 13.09. C 1 4 H 1 2 C 1 N 3 0 2 S r e q u i r e s N. 13 .06%) . 

5d : m.p . 108°C ( f r o m m e t h a n o l ) , Y ie ld 72%; IR : 1720 (CO) cm ' 1 ; 'H N M R ( C D C 1 3 ) : δ 1.32 

(t , 3H, J=7 .0 Hz , - C H 2 C H 3 ) , 2 .71 (s, 3H, C 4 - C H 3 ) , 3 .02 (s , 3H, C S - C H 3 , p y r a z o l e ) , 4 .26 (q, 2H, 

J=7 .0 Hz , - C H 2 C H 3 ) , 7 . 4 4 - 7 . 9 2 (m, 5H, A r H ) , 7 .99 (s, 1H, C 3 - H , p y r a z o l e ) : MS : M+ , m/z 

2 9 5 . 1 3 2 2 . ( F o u n d N, 14 .18 , C 1 7 H , 7 N3 0 2 r e q u i r e s N, 14 .24%) . 

5e m.p . 144-45 °C ( f r o m e t h a n o l ) , Yie ld 78%; IR : 1716 (CO) cm ' 1 , 'H N M R ( C D C 1 3 ) : δ 1.39 

(t , 3H, J = 7 . 2 5 H z , - C H 2 C H 3 ) , 3 . 12 ( s , 3H, C S - C H 3 p y r a z o l e ) , 4 .35 (q, 2H, J = 7 . 2 5 - C H 2 C H 3 ) 7 .30 

(s, 1H, C s - H t h i a z o l y l ) , 7 .41 (d, 2H, C 2 -H , C 6 -H J=8 .6 Hz , p - c h l o r o p h e n y l ) 7 .41 (d , 2H, C 2 -H, 

C 6 -H, J = 8 . 6 HZ, p - c h l o r o p h e n y l ) 7 .82 (d, 2H, C 3 -H , C 5 -H , J=8 .6 Hz, p - c h l o r o p h e n y l ) , 8.01 (s, 

1H, C 3 - H p y r a z o l y l ) ( F o u n d Ν 11.83 , C 1 6 H 4 N 3 0 2 S C 1 r e q u i r e s N, 12 .08%) . 

5f : m.p . 53°C ( f r o m e t h a n o l ) , Yie ld 70%; IR : 1715 (CO) cm"1 ; 'H N M R ( C D C 1 3 ) : δ 1.35 (t , 

3H, J=7 .0 Hz, - C H 2 C H J ) , 2 .91 (s , 3H, C 5 - p y r a z o l e ) , 4 .31 (q, 2H , J = 7 . 0 H 2 , - C H 2 C H 3 ) . 7 . 0 2 - 7 . 3 5 

(m, 1H, C ' j H ) 7 . 8 7 - 7 . 9 2 (m, 2H, C ' 3 - H and C ' 4 - H ) , 8.02 (s , 1H ,C 3 -H , p y r a z o l e ) , 8 .52 (dd , 1H, 

J=5 .0 & 1 .2Hz, C ' 6 - H ) , (Found N, 18 .12, C 1 2 H 1 3 N 3 0 2 r e q u i r e s N , 1 8 . 1 8 % ) . : 

A c k n o w l e d g e m e n t : we are g r a t e f u l to the M a s s S p e c t r o m e t r y F a c i l i t y . U n i v e r s i t y of C a l i f o r n i a . 

San F r a n c i s c o w h i c h is s u p p o r t e d by the B i o m e d i c a l R e s e a r c h T e c h n o l o g y P r o g r a m , for 

p r o v i d i n g mass spec t r a and to Dr. N. Sh i r a i , N a g o y a Ci ty U n i v e r s i t y , J apan for 13C N M R 

spec t r a . F i n a n c i a l suppor t f r o m the CSIR, New Delh i is a l so a c k n o w l e d g e d . 
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