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I o d o - N - m e t h y l p y r a z o l e c a r b o x y l i c  ac ids  with the iodine and ca rboxy l  g roups  on adjacent  c a r b o n  a toms  
condense  with subs t i tu ted  c o p p e r  ace ty l en ides  in boi l ing pyr id ine  to give p y r a n o p y r a z o l e s  [1, 2]. In c o n t r a s t ,  
the analogous  r e a c t i o n  of o -ha lobenzo ic  ac ids  usua l ly  r e su l t s  in c l o s u r e  of the f t v e - m e r a b e r e d  r ing  to give 
phthal ides  [3, 4]. It is a s s u m e d  that the ace ty len ide  condensa t ion  is a t w o - s t a g e  p r o c e s s  in which the l imi t ing  
s tage  is the f o r m a t i o n  of ace ty l en ic  de r i va t i ve s  of a r o m a t i c  ca rboxy l i c  ac ids  [41. However ,  the l i t e r a t u r e  con-  
ta ins  ne i the r  a s t r i c t  p roof  of  this  a s s u m p t i o n  nor  e s sen t i a l  i n fo rma t ion  on the b e h a v i o r  unde r  the condensa t ion  
condi t ions  of  the p robab le  i n t e r m e d i a t e s ,  a c e t y l e n y l - s u b s t i t u t e d  ac ids .  

This c o m m u n i c a t i o n  d e s c r i b e s  a s tudy of the cyc l i za t ion  of ace ty len ic  de r i va t i ve s  of  p y r a z o l e e a r b o x y l i c  
acids  in pyr id ine  at 110-115 ~ in the  p r e s e n c e  of ca ta ly t ic  amounts  of PhC -= CCu. 4 - A c e t y l e n y l - l - m e t h y l -  
p y r a z o l e - 5 - c a r b o x y l i c  ac ids  (I), i r r e s p e c t i v e  of the s t r u c t u r e  of the aee ty len ic  subs t i tuen t ,  r e a c t  comple t e ly  
within 20 min to f o r m  the p y r a n o p y r a z o l e s  (II) in 62-84% yield.  Cyc locondensa t i on  of 4 - i o d o - 1 - m e t h y l p y r a z o l e -  
5 - c a r b o x y l i c  acid (III) with PhC - CCu u n d e r  analogous  condi t ions  is c o m p l e t e  only a f t e r  1.5 h [yiel.d of (IIc) 
75%], and in the  c a s e  of o the r  i o d o p y r a z o l e c a r b o x y l i c  ac ids  >_ 1-5  h is r equ i red  [1, 2]. Thus ,  cyc l i za t i on  of 
the acid (I), l ike the c y c l o c o n d e n s a t i o n  of the acid (lid [1], a f fords  a s ingle  p roduc t ,  the p y r a n o p y r a z o l e  (II), 
but it is f o r m e d  much  f a s t e r  in the f i r s t  r e a c t i o n  
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Me Me Me 
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R = CH20Me (a), CH~N(CH~CH2)20 (b), Pb (c), H (d). 

The 5-1actone structure of (IIa and b) is confirmed by the presence in the PMR spectra of singlet signals 
for the protons of the CH = CR group (6.53 and 6.50 ppm) and the a-CH 2 substituent R (4.42 and 3.36 ppm). Re- 
placement of the aliphatic substituent in the pyranopyrazoles by phenyl results in a shift in the signal of the 
ethylene proton to lower field by 0.3-i.0 ppm [i, 2]. Hence, the increase in the chemical shift of this proton 
in (IIc) by 0.5 ppm as compared with (IIa and b) appears to confirm the correctness of the assumed structure 
or (Ilc). Final confirmation of the structure is obtained by hydrolysis of (IIc) to the acid (IV), followed by 
decarboxylation to the known ketone (V) [i]. 

CH2COPh CH2COPh 

,nc)---~ J, ) . ,! ) 
oH- N\  ~ -co: N\  

N COOH N 

Me Me 
(iv) (v) 

The presence in (rld) of the unsubstituted pyran ring is confirmed by the considerable difference in the 
chemical shifts of the ethylene protons (0.62 ppm) and the value of their coupling constants (6 Hz). In the 
PMR spectrum of methylenephthalide (VI), a single signal at substantially higher field (6 5.16 ppm) corres- 
ponds to the protons of the exomethylene group. It is noteworthy that the phthalide (VI) cannot be obtained 
directly by the acetylenide cyclocondensation of o-iodobenzoic acid as a result of the instability of CuC = CH 
[5]. o-Ethynylbenzoic acid (VII), as we have found, cyclizes readily to (VI) in the presence of PhC ~- CCu 
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(80% yield). This shows that in the acetylenide cyclocondensation and the cyclization of acetylenic derivatives 
in the benzoic acid series, closure of the ~/-lactone ring is the common course of the reaction 

C~CH CH~. 
( ~  J \ - - ~ ' /  

C00H I/ 
0 

(Vn) (VI) 

Cyclization of acetylenyl-N-methylpyrazole-3- and acetylenyl-N-methyl-4-carboxylic acids follows the 
same pattern as pyrazole-5-carboxylic acids. 

4-Phenylethynyl-l-methylpyrazole-3-carboxylic acid (VIII), which is isomeric with (Ic), forms the 6- 
lactone, 7-oxo-2-methyl-5-phenylpyrano[3,4-c]pyrazole (IX), in 71~ yield after 20 rain. This compound is also 
obtained by the acetylenide condensation (3 h) of 4-iodo-l-methylpyrazole-3-carboxylic acid [i]. 

HOOC C----CPh 
\ / 

,a ) 
N \  
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Me 
(VIII) 

Ph 
__ /%/  

Phc_--cc?. .I l L 

o 

(~x) 

Similarly, 3-acetylenyl-l, 5-dimethylpyrazole-4-carboxylic acids (X) isomerize over 0.5 h to 6-substi- 
tuted 4-oxo-2,3-dimethylpyrano[4,3-c]pyrazoles (NIa-c) (yield > 80%), one of which (XIc) has been obtained 
previously by condensation of 3-iodo-l, 5-dimethylpyrazole-4-carboxylic acid with PhC - CCu for 3 h [2]. 

ttC~C COOH R 
\ _ _ /  ~ N _ / % /  

,, ,, Phc_--ccu ' - - ' "  N -y M~-- N\//t../O 
\ M e  l lJ 

I Me 0 
Me 
(X) (XI) 

R = CHzOMe (a), CH2N(CH~CH2)..O (b), Ph (c): 

The structures of the new compounds (XIa and b) were confirmed by their PMR spectra. 

Acetylenyl-N-methylpyrazolecarboxylic acids also cyclize to pyranopyrazoles in aqueous EtOH in the 
presence of AgNO 3 at 20~ 

The acids (I), (VIII), and (X) were synthesized by acetylenide condensation of the methyl esters of the 
appropriate iodo acids (XII-XIV) by the method described in [6], followed by hydrolysis. To obtain (Id), the 
acetylenic alcohol (XVe) was cleaved by an inverse Favorski reaction [7] to (XVd), followed by hydrolysis. 

> ~--~-C----CH 
KOH N x .)J--coOMe 

I r T _ ~ C ~ C R  
HC--~CR). 

C00Me I] -H--C00Me 
N.. y ~0/oI~- 

Me Me - (I), (VIII) 
(XlI), (XlII) (XVa-c,e), (XVIc) 

5-COOMe (Xli), (xv); 3-COOMe (XIII), ~XVI). 
I COOMe RC-----C COOMe 
\__/ \__/ 

IIX~ .---, N i l . . . ) \  --.-, (X a--c) 

N \Me N Me 
I I 

Me Me 
(xiv) (XVII a-.c) 

tt = CFIa0Me (a), CH~N(CI-IzCH.,)e0 (b), Ph (c), CPhMe(0H)(e). 

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

Methyl  A c e t y l e n y l p y r a z o l e a a r b o x y l a t e s  (XV-XVII). A m i x t u r e  of (XII) [8], (XIII) [8], or  (XIV) [2] (0.01 
mole ) ,  RC = CH (0.0125 mole) ,  CuI (20 rag), and Pd(PPh3)2C12 (40 rag) in 50 ml  of NItEt 2 was s t i r r e d  at 50~ 
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in a stream of inert gas until all the iodo compound had disappeared from the reaction mixture, then diluted 

with 0.5 liter of ether, filtered, and the solvent removed. The product was purified by chromatography on 
silica gel, and recrystallized. The reaction times, yields, and constants of the compounds obtained are 
shown in Table i. 

Acetylenylpyrazolecarboxyl ic  Acids (I), (VIII), and (X). Hydrolysis  of (XVa-c), (XVIc), (XVIIa-c) were car r ied  
out with aqueous-methanolic NaOH at 20 ~ as descr ibed for  iodopyrazolecarboxylate  es te rs  [2]. The yields 
and constants of the compounds obtained are  shown in Table 2. 

4 -E thyny l - l -me thy lpy razo le -5 -ca rboxy l i c  Acid (Id). A mixture of 8.5 g of (XVe) and 4.6 g of powdered 
KOH in 5 g of m-pentaphenyl e ther  was heated at 110-130 ~ (1 ram). Distillation of the react ion product a f for -  
ded a mixture of (XVd) and acetophenone, which was mixed without separat ion with 20 ml of 25% KOH, kept 
for  48 h at 20 ~ extracted with e ther ,  and acidified with conc. HC1. The (Id) was filtered off, washed with ice 
water ,  and recrys ta l l ized  f rom alcohol (cf. Table 2). Prepara t ive  TLC on si l ica gel separated the mixture 
of (XVd) and acetophenone (eluent CHC13) to give pure (XVd), mp 77-78 ~ (from CC14). Found: C 58.44; H 5.06; 
N 16.87%. CsHaN202. Calculated: C 58.53; H 4.91; N 17.06%. PMR spec t rum (CDCI3, 5, ppm): 3.83, 4.02 (1- 
CH3, COOCHH3) , 3.13 (HC - C), 7.50 (3-H). IR spec t rum (CC14, ~, era-l): 3328, 2130 (HC - C), 1730 (C =O).  

Cyclization of Acetylenylpyrazolecarboxyl ic  Acids (I), (VIII), and (X). A mixture of 0.01 mole of (Ia-d), 
(VIII), or  (Xa-c) and 0.2 g of PhC - CCu in 50 ml of pyridine was boiled in a nitrogen a tmosphere  until r e a c -  
tion was complete (followed by TLC), diluted with 0.5 l i ter  of ether,  the precipitate filtered off, the fi l trate 
washed with aqueous NH 3 and dried over  K2CO 3. After  removal  of the solvent,  the product was recrys ta l l i zed .  
Yields and constants are given in Table 3. 

The phthalide (VI) was obtained s imi Ia r iy  f rom (VII) [9] (cf. Table 3). 

Acetylenic Condensation of 4 - Iodo - l -me thy lpy razo l e -5 -ca rboxy l i c  Acid (III). Compound (III) was con- 
densed with PhC - CCu according to [2]. Reaction t ime 1.5 h. Yield of (IIc) 75.2%. 

Hydrolysis  of 7 -Oxo- l -me thy l -5 -pheny lpyrano[3 ,4 -c ]pyrazo le  (IIc). Compound (IIc) (1.1 g) was heated 
with 80 ml of 0.1 N KOH on a boiling water  bath for 30 rain, cooled, and acidified with conc. HC1. The keto- 
acid (IV) separated,  and was fil tered off, washed with water ,  and recrys ta l l i zed  f rom alcohol. Yield of (IIc) 
1 g (82%), mp 189-190 ~ Found: C 63.96; H 4.97; N 11.58%. C13H12N203. CalcuIated: C 63 .93 ;H4.95;Nl l .47%.  

Decarboxylation of the Ketoacid (IV). Compound (IV) (0.20 g) was heated in a sublimation apparatus at 
190-200 ~ (14-15 ram), when the ketone (V) sublimed. Yield of (V) 0.15 g (91.5%), mp 92-93 ~ (from b e n z e n e -  
petroleum ether) [1]. 

C ONC LU SIONS 

Acetylenyl-N-methylpyrazolecarboxylic acids containing an acetylenic substituent and a carboxyl group 
on adjacent carbon atoms cyclize in pyridine in the presence of copper phenylacetylenide to pyranopyrazoles. 
The same compounds are obtained by the acetylenide cyclocondensation of the appropriate iodopyrazolecarb- 
oxylic acids, but at a much lower rate. 
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