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S T U D I E S  ON P Y R A Z O L E S  

LIX.  S y n t h e s i s  of  f l - ( 4 - P y r a z o l y l ) - f l - a l a n i n e s *  
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A number of B-amino acids of the pyrazole series have been 
synthesized by the direct Rodionov reaction and have been charac- 
terized by their I.IV spectra, electrophoretic mobility, and paper 
chromatography. 

In  v i e w  of t he  f a c t  tha t  t 3 - ( 1 - p y r a z o l y l ) L a - a l a n i n e  
has  b e e n  found in a n u m b e r  of p l an t  m a t e r i a l s  [2 -7 ] ,  
we  h a v e  p r e v i o u s l y  d e s c r i b e d  a - a m i n o  a c i d s  c o n t a i n i n g  

a p y r a z o l e  r i n g  of the  t y p e  found in f 3 - ( 4 - p y r a z o l y l ) -  
c e - a l a n i n e s  and ( 4 - p y r a z o l y l ) - g l y c i n e s  [8, 9]. T h e i r  

b i o l o g i c a l  a c t i v i t y  w i l l  be  the  s u b j e c t  of a s e p a r a t e  

c o m m u n i c a t i o n .  T h e r e  i s  no i n f o r m a t i o n  in the  l i t e r a -  
t u r e  o n / ? - a m i n o  a c i d s  c o n t a i n i n g  the  p y r a z o l e  r i n g .  

pp.  8 8 7 - 8 9 1 ,  1968 

s p e c t r a  of t h e s e  c o m p o u n d s  h a v e  m a x i m a  in the  2 2 0 -  

260 n m  r e g i o n ,  w h i c h  is  c h a r a c t e r i s t i c  f o r  the  c o r -  
r e s p o n d i n g  p y r a z o l e s  [13]. T h e  i n t r o d u c t i o n  of an  

a m i n o  a c i d  r e s i d u e  d o e s  not  c h a n g e  the  p o s i t i o n  of the  
m a x i m u m .  T h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  a r e  in a c -  
c o r d a n c e  w i t h  the  b a s i c i t y  of the  p y r a z o l e  n u c I e u s  

( s m a l l  d e v i a t i o n s  a r e  o b s e r v e d  f o r  s y s t e m  I, pH 1.4) 
[14].  In  a c i d i c  e l e c t r o l y t e s ,  the  a m i n o  a c i d s  m o v e  to 

the  c a t h o d e  (pH 1.4; 4.3) and in a l k a l i n e  e l e c t r o l y t e s  

to the  a n o d e  (pH 11.3).  T h e  c o r r e s p o n d i n g  a c r y l i c  
a c i d s  a r e  f o r m e d  a s  b y - p r o d u c t s  in t h i s  s y n t h e s i s  and 

t h e s e  w e r e  i s o l a t e d  and c h a r a c t e r i z e d  ( T a b l e  2).  
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In  the  p r e s e n t  i n v e s t i g a t i o n  we  h a v e  c a r r i e d  out  the  
s y n t h e s i s  of a n u m b e r  of s u b s t i t u t e d  t ? - ( 4 - p y r a z o l y l ) -  

f i - a l a n i n e s  u s i n g  the  R o d i o n o v  s y n t h e s i s ,  i . e . ,  the  
r e a c t i o n  of the  c o r r e s p o n d i n g  4 - f o r m y l p y r a z o l e s  w i th  

m a l o n i c  a c i d  and a m m o n i u m  a c e t a t e  ( R o d i o n o v - K r a v -  
c h e n k o  m o d i f i c a t i o n )  in a c e t i c  a c i d  [10, 11]. T h e  y i e l d s  

of a m i n o  a c i d s  w e r e  not  a l w a y s  h igh  ( s e e  T a b l e  t) ,  
w h i c h  is  e x p l a i n e d  to a c o n s i d e r a b l e  e x t e n t  by d i f f i c u l -  
t i e s  of i s o l a t i o n .  I f  the  r e a c t i o n  is  c a r r i e d  out in an 

e t h a n o l i c  m e d i u m  ( J o h n s o n ' s  m o d i f i c a t i o n )  [10 ,  12] the  
y i e l d s  a r e  l o w e r  and the  a c i d s  m o r e  d i f f i c u l t  to p u r i f y .  

T h e  c o r r e s p o n d i n g  a c r y l i c  a c i d s  a r e  f o r m e d  as  
b y - p r o d u c t s  in t h i s  r e a c t i o n ,  and t h e s e  w e r e  i s o l a t e d  

and c h a r a c t e r i z e d  ( T a b l e  2): 

/ C O O N  CH~COONH4 

Pyr--COH+ CN2(xCOO H +NH3 --CHsCOOH ~ 

--~ Pyr--CH(NH2)--CH2--- COO H + 

+ [Pyr--CH=CN--COOH]+ H20 + CO~ 

T h e  m a j o r i t y  of the  a m i n o  a c i d s  ob t a ined  a r e  r e a d i l y  
s o l u b l e  in w a t e r  and  t h e r e f o r e  only  p u r i f i c a t i o n  on i o n -  
e x c h a n g e  r e s i n s  D o w e x  i x  4 (100 /200)  in the  O H -  f o r m  
and D o w e x  1 x 8 (100 /200)  in the  HCOa-  f o r m  p r o v e d  
s u c c e s s f u l .  A c h e c k  on the  p u r i t y  of the  s u b s t a n c e s  
w a s  c a r r i e d  out  by  p a p e r  c h r o m a t o g r a p h y  and e l e c t r o -  

p h o r e s i s .  I n f o r m a t i o n  on c h r o m a t o g r a p h i c  and e l e c -  
t r o p h o r e t i c  m o b i l i t i e s  is  g i v e n  in T a b l e  1. T h e  UV 

*For part LVIII, see [i]. 

pH of hydrolysis of the sulfates 

of the pyrazoles 
0,55 1.36 1.75 2.54 

CEI3\__/R CH3\ /R CHa\ l~/R CH3\ /R 

N ~  > N~..N ~.l, C lt3 '>  N~ ,CH 3 /LN~J\cj > \c .  a 
I I I 
Ph Ph CH2C6H5 CH 3 

H.105 

126 132 149 175 

R = --CH(NH2)--CH2--COOIt 

EXPERIMENTAL 

a-methyl-i ,  5-diphenylpyrazole was obtained by the dehyrogena- 
tion of 3-methyl-I, 5-diphenylpyrazoline [15]. 4-Formyl-l-phenyl-, 
4-formyl-3, 5-dimethyl-1-phenyl-, 4-formyl-3-methyl-t, 5-diphenyl-, 
and 5-chloro-4-formyl-3-methyl-l-phenylpyrazoles were obtained 
by formylating the corresponding pyrazoles with N,N-dimethylforma- 
mide and phosphorus oxyehtoride [17]. 1-Benzyl-4-formyI-3, 5- 
dimethyl- and 4-formyl-1,3,5-trimethylpyrazoles were synthesized 
by the procedure that we have described previously [8]. 

Syntheds of the t~-amino acids. A flask with a reflux condenser 
was charged with 0.1 mole of the appropriate 4-formylpyrazole, 0.125 
mole of malonic acid, 0.4 mole of ammonium acetate, and 1 mole 
of acetic acid. The mixture was heated in the boiling water bath for 
10-14 hours. In some cases, the vigorous evolution of gas took place. 
After the end of the reaction, the excess of acetic acid was distilled 
off in vacuum in the water bath to dryness. 

ISOLATION AND PURIFICATION OF THE AMINO ACIDS 

B-(1-Phenyl-4-pyrazolyl)-13-alanine. The solid residue obtained 
was suspended in methanol and transferred to a glass filter where it 
was washed several times with methanol and with a small amount of 
water. This gave a white crystalline residue which was recrystallized 
from 30~ aqueous dioxane (for constants, see Table 1). 

$-(3-Methyl-1,5-dtphenyl-4-pyrazolyl)-6-alanine, The residue 
after the evaporation of the acetic acid was suspended in hot methanol 
and washed several times on the filter with large amounts of hot 
methanol, under suction. This gave pure white crystals of the amino 
acid. To obtain additional amounts of the amino acid, the methanolic 
filtrates were evaporated to dryness and heated with 1 N hydrochloric 
acid. The corresponding acrylic acid was separated by filtration and 
crystallized from aqueous acetic acid. The passage of an aqueous 
methanolic solution of the amino acid hydroehloride contaminated 
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RI R3 

C~Hs cHH3 
CsH~ 
Calls CHs 
C~Hs CHs 

CH~C~Hs CHa 

CH~ GHa 

T a b l e  2 

R~\ / CH=ClI--COO~I 

I 
R~ 

H 

C6Hs 
CH~ 
CI 

CH~ 

CHs 

Mp," C' 

'o I Found, Calcula- 
[~ ~V~i i % ted,% ~= . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ ~ [Empirical formula ] 
[o= �9 ~! 

~> ~i c H c H 

1871~ 

245--24616 

163--16416 

201--203 

229--230 

201--202 

C~aH~C1N202 

CL~H~6N202 

CgH~2N202 

3.47 318 

0.74 1 382 
0.60 424 

0,73 404 

0.72 447 

0.44 531 

-/Z 
- - 

59.02! 4.1:59.43 4.21 
5905 4.1( J 

70.441 6.3, 70.29 6.2! 
70.611 6.4~ 

I I , 
60.12{ 6.7, 159.98 6.7 

t60 la~ 68' i 

32.5 

31.0 

46.0 

28.0 

~20 

with inorganic salts through a column of the anion-exchanger  Dowex 
i x 4 (100/200) in the OH- form and subsequent t reatment  of the 
hydrochloric acid eluates (1 N hydrochloric acid) with the anion- 
exchanger Dowex 1 X 8 ( t00 /200)  in the HCOs" form led to the pure 
amino acid [8]. (Two to three grams of  amino acid can be purified 
on a column 30 cm high and 2.7 cm in diameter) .  

f~-(5-Chloro-8-methyl-l-ph~uyl-4-pyt azolyl)- ~- alanine. The 
residue obtained after the evaporation of the reaction mixture readily 
dissolved in ethanol.  Consequently, isolation was possible only in the 
form of the hydrochloride. The reaction mixture  was extracted by 
heat ing with 1 N hydrochloric acid (4 -5  t imes with 30 ml) .  The 
hydrochloric acid solution was treated with ether (4 x 50 ml).  The 
yellow solid remaining after the t rea tment  with 1 N hydroeh!oric 
acid consisted of the fairly pure substituted acrylic acid.  

It was crystallized from aqueous ethanol.  
The hydrochloric acid extracted was evaporated to dryness in 

vacuum.  The free amino acid was isolated from a solution of the 
residue in 50% methanol  on an ion-exchange  resin. It was crystallized 
from aqueous methanol .  

B-(8, 5-Dimethyl-I-phenyl-4-pyrazolyl)-B-alanlne. This was 
isolated and purified in a similar manner  to B- (5-ch loro-3-methy l -1-  
phenyl-4-pyrazolyI) -~-a lanine .  For analysis it was crystallized from 
water. White plates with a mother -of -pear l  luster containing 1 mole 
of water of crystall ization were obtained. The acrylic acid was re-  
crystallized from aqueous acetic acid. 

13-(l-Bemzyl-3, 8-dimcthyl-4-pyrazolyl)-lS-alanine. The solid 
residue was heated with 2 N hydrochloric acid. On cooling, the 
hydrochloric acid sotution deposited crystals of the acrylic acid. When 
its hydrochloric acid solution was made alkaline with NH4OH to pH 5, 
more crystals of the acrylic acid deposited, and these were recrystal-  
lized from aqueous acetic acid. The solution containing the amino 
acid was purified on an ion-exchange resin. For analysis it was re- 
precipitated from aqueous acetone with ether. The amino acid cry- 
stallized with one molecule  of water of crystall ization, from which 
it  was freed by drying over PrOs at 110 ~ C for 4 hr. 

B-(1,8, 5-Trlmethyl-4-pyrazolyl)-~-alanine. The residue obtained 
after the evaporation of the acetic acid dissolved completely in a 
small  amount  of 1 N hydrochloric acid.  The hydrochloric acid solution 
was evaporated to dryness and the solid mixture was dissolved in 
aqueous methanol  (1 : 3), passed through a column of resin in the OH" 
form, and eluted with 2 N hydrochloric acid. The hydrochloric acid 
eluates were evaporated to dryness, the solid residue was dissolved in 
water, and the solution was made  alkaline with NH4OH to pH 4, 
whereupon a small  amount  of crystals of the acrylic acid deposited. 
These were filtered off and the filtrate was again purified on an ion- 
exchange resin by a method similar  to that described above. This 
t ime,  white crystals of the amino acid were obtained which were 
purified by two precipitations from methanol  and ethanol with ether.  

The yield of the acrylic acid could not be determined accurately 
because it  partially deposited on the resin in the HCOs" form when 
the weakly acid eluates were treated. The acrylic acid was recry- 

stallized from aqueous ethanol 
Chromatography of the amino acids obtained, The Rf values of 

the amino acids were determined by ascending paper chromatography 
on "Khr. 8" paper of the Leningrad Volodarskii mil l  in the following 

solvent systems : system I, n-butanol - -water - -ace t ic  acid (4 : 5 : 1); 
system II, isopropanol--water--ammonia (10:1  : 1). 

The spots were detected with ninhydrin. For all the amino acids 
except  5- (1 ,3 ,  5- t r imethyi-4-pyrazolyl ) -B-alanine ,  which appeared 
directly in the form of a bright blue-viole t  spot, t reatment  with 
ninhydrin gave yellow-brown colorations gradually changing to b lue-  

violet.  
The mobilities of the substituted acrylic acids were determined 

in system II. The spots were revealed with iodine. 
Electrophorettc mobilt t tes,  These were determined under the 

conditions that we have  described previously [8]. Electrolytes: I--pH 
1.4, 30% CH~COOH; the current was passed for 2 hr; u = 440 V; 
I I - p H  4.3, py r id ine -ace t i c  acid--water (2: 4: 994); 4 hr; III--pH 
11.3, 0.2 N Nt-14OH; 2 hr; IV--borate buffer, pH 9.0; I hr. 

In 0.2 N NH4OH (pH 11.3) the spots obtained were unclear and 
diffuse, and therefore we did not measure the mobili t ies quanti tat ive-  
ly. The electrophoretic mobilities were calculated from the formula 
u = d / x .  t, where 

u is the electrophoretic mobili ty,  cmZ/V �9 sec; 
x is the potential  gradient--15.7 V/cm;  
t is the t ime,  see; and 
d is the distance from the s~art to the spot, cm.  
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