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CHEMISTRY OF HETEROANALOGS OF ISOFLAVONES 

IV.* SYNTHESIS OF PYRAZOLE ANALOGS OF ISOFLAVONES 

V. P. Kh i lya ,  L. G. G r i s h k o ,  UDC 547.814.1'771.07:542.953:543.422.25 
and T. I. Z h u l '  

Pyrazo le  analogs of isoflavones were synthesized from substituted a - (4 -pyrazo ly l ) -2 ,4 -d ihy-  
droxyacetophenones.  

In a continuation of our study of substituted chromones [2] we have synthesized 3-pyrazoly lchromones  
(VIII-XIV) containing a substituent in the 6 position and analogs (XV-XVII) of natural isoflavones. 

I I 
C6H5 C6H 5 

VIII-XIV, XVIil, XlX XV-XVII. XX. XXl 

1 T 

xNJ'"  R 2 0 "~,N/N 
I l 

CsHs CsH ~ 

I-IV V-VII 

For  this, we ca r r i ed  out the condensation of 1-phenyl-4-pyrazolylacetoni t r i le  with 4-hexyl resorc inol  in boron 
t r i f luoride etherate in the presence  of hydrogen chloride [2]. The formation of two isomeric  acetophenones (I) 
and 2,6-dihydroxy-3-hexyl-• , - (1-phenyl-4-pyrazolyl)acetophenone is possible in this reaction, and this is con- 
firmed by the resul ts  of th in- layer  chromatography (TLC). After we recrys ta l l ized the condensation product 
from alcohol, we isolated the intermediately formed i somer  I, the PMR spectrum [3] of which attests to an un- 
symmet r i ca l  orientation of the substituents in the benzene ring: the signals at 12.55 and 10.80 ppm are related 
to the protons of hydroxyl groups (2-OH and 4-OH), the singlets at 6.55 and 7.96 ppm are related to the aromat ic  
protons of the phenol portion of the acetophenone (3-H and 5-H), and the signals at 8.58 and 7.88 ppm are related 
to the protons of the pyrazole  ring (3-H and 5-H). The indicated assignment of the signals of the protons of the 
hydroxyl groups is in agreement  with the spectra  obtained for 4-methoxyacetophenone (III) and 7-hydroxychro-  
mone (XI1), obtained from I. In the f i rs t  case,  the signal of the 4-OH vanishes, and one peak at 12.75 ppm (2-OH) 
is present  in the region of the signals of hydroxyl groups. In the second case,  one peak at 10.86 ppm (7-OH) is 
observed in the indicated region. The s t ructure  of II, obtained as a result  of the condensation of 1-phenyl-4-  
pyrazolylacetoni t r i le  with 4 -ch lororesorc ino l ,  was s imi lar ly  proved. The signal of the 4-OH group in the PMR 
spectrum of II is broadened to such an extent that it cannot be noticed, probably because of the low rate of p ro -  
ton exchange with the solvent. The IR spectrum of acetophenone II, in which the absorption band of the s t re tch-  
ing vibrations of the 4-OH group is found at 3100 cm -I, also serves as a confirmation of its structure. 

* See [i] for communication III. 

T. G. Shevchenko Kiev State University.  Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 8, 
pp. 1108-1111, August, 1976. Original ar t ic le  submitted November 20, 1975. 
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microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z 50. 
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TABLE i .  c~-( l -Phenyl-4-pyrazolyl )acetophenones  (I-VII)* 

Com - I pound R' R-" 

I 
II 

Ill 
IV 
V 

VI 
VII 

' C~H,~ 

C~H~a 

CHa 

CHa 
C.t~ { H 

formula 

140 [ C2aH~N=Oa 
184 CIvH~aCIN~Oa 
98 C=4H~sN2Oa 

190 [ CIsHIsCIN2Oa 
134 C~sHlsN~Oa 
95 CIgHIsN2Oa 

105 C~HIsN~Oa 

7,5 
~o,7t 
7,3 

lO,51 
9,1 
8,6 
8,7 

calc. 

7,4 
10,8"1" 
7,1 

I0,3~ 
9,1 
8,7 
8,7 

)~rna~" n m  (Ig ~) 

276(4,35); 330(4,01) 
265(4,42); 340(4,26) 
270(4,40); 330(3,79) 
270(4,52); 324(4,08) 
275(4,48); 315(4,07) 
265(4,32) 
270(4,33); 302(3,88) 

* Recrys ta l l i zed  f rom alcohol or  aqueous alcohol. 
~c1,  %. 

~ Yield, 
% 

79 
14 
77 
80 
77 
61 
59 

T A B L E  2. 3 - ( 1 - P h e n y l - 4 - p y r a z o t y l ) c h r o m o n e s  (VIII-XXI)* 

COiTI - 
pound R' R: I Ra 

VIII COOC~Hs C6H,~, H 

tX COOC2Hs CI H 

X CFa C6H~a H 

XI CFo ] CI I{ 

I 
XII H [ C6H~31 H 

XIII H [C6H,a[CH3 
XIV H {C6H,a{ COCHa 
XV --  [ H ] CHa 

XVI - -  t H ] H 
XVII --  [CH~ lI-[ 

X\,qll CFa [ C6H,a I CHa 

XIX CFa [C6H~a C2H5 
/ 

XX -- ] H COCHa 
XXI --  I CH~ COCHa 

XXIV CHa [ H H 
XXIIV CHa [H COCHa 
XXI\ "= CFa [ H H 

/ 
XXV ~ COOC~Hs / H H 

* Recrys ta l l i zed  f rom alcohol.  
~Cl,  %. 

~ m p i r i c a l f o r m u l a - -  

143 C2rH28N~O5 

227 C2~HIsCIN2Os 

212 C25H~aF3N2Oa 

226 CzgHIoC1FaN203 

182 C24H24N2Oa 
117 C~sH26N2Oa 
135 C26H28N204 
175 CKgH~4N2Oa 
23t C~8Hx2N~Oa 
222 CIgHI4N203 
153 C26H2sFaN203 

119 C27H~TFaN203 

180 C2oHj4N204 
149 C21HIsN204 

N, 

T % I )'max, nm 
(Ig~) I 

6,2 6,1 

8,6T 81~ 

6,0 6.1 

8,8t 8,7 

7,3 7,9 
7,2 7.[ 
6 8 6,~ 
8,8 8,8 
9,3 9,2 
9,1 8,8 
5,9 6,C 

5.7 5,8 

8,2 8.1 
7,7 7,8 

275(4,36); 
330(3,09) 
275(4,73); 
350(4,15) 
260(4,48); 
320(4.|5) 
270(4.39); 
330(3,76); 
363(3,85) 
270(4,47) 
270(4,12) 
270(4,31) 
270(4,12) 
270(4,61) 
273(4,44) 
260(4,20); 
315(3,88} 
260(4,20); 
315(3,90) 
270(4,42) 
270(4.31) 
268(4,24) 
255(4,35) 
255(4,38); 
310(4,02) 
265(4,26); 
310(3,92) 

82 

98 

97 

98 

81 
75 
90 
70 
97 
90 
89 

71 

79 
81 

The  r e a c t i o n  of p y r a z o l y l a c e t o p h e n o n e s  I and II and 2 , 4 - d i h y d r o x y -  and 2 , 4 - d i h y d r o x y - 6 - m e t h y l - ( ~ - ( 1 -  
p h e n y l - 4 - p y r a z o l y l ) a c e t o p h e n o n e s  [2] wi th  1 m o l e  of d i m e t h y l  s u l f a t e  in a c e t o n e  s o l u t i o n  y i e l d e d  t h e i r  4 - m e t h o x y  
d e r i v a t i v e s  ( I I I -VI) .  2 , 4 - D i m e t h o x y a c e t o p h e n o n e  (VII) is  f o r m e d  by the  a c t i o n  of 2 m o l e s  of d i m e t h y l  s u l f a t e  on 
a - ( 1 - p h e n y l - 4 - p y r a z o l y l ) - 2 , 4 - d i h y d r o x y a c e t o p h e n o n e .  C o m p o u n d  VII  was  a l s o  o b t a i n e d  f r o m  a c e t o p h e n o n e  V 
and  1 m o l e  of d i m e t h y l  s u l f a t e  ( T a b l e  1). 

K e t o n e s  I and  II w e r e  c o n v e r t e d  by  the  m e t h o d s  in  [4, 5] to  c h r o m o n e s  V I I I - X I  wi th  e t h o x y e a r b o n y l  and  
t r i f l u o r o m e t h y l  g r o u p s  in  the  2 p o s i t i o n .  In o r d e r  to o b t a i n  p y r a z o l y l c h r o m o n e s ' ( X I I - X V I I )  tha t  a r e  u n s u b s t i t u t e d  
in the  2 p o s i t i o n  we t r e a t e d  the  a p p r o p r i a t e  p y r a z o l y l a c e t o p h e n o n e s  wi th  m e t h y l  f o r m a t e  in  t he  p r e s e n c e  of 
s o d i u m  t e r t - b u t o x i d e  [6] o r  h e a t e d  t h e m  with  e t h y l  o ~ h o f o r m a t e  in  p y r i d i n e  s o l u t i o n  [7]. In the  c a s e  of XII, it  i s  
m o r e  c o n v e n i e n t  to  a c y l a t e  the  c r u d e  p r o d u c t s  and  r e m o v e  the  a c y l  g roup  a f t e r  p u r i f i c a t i o n  of a c e t y l  d e r i v a t i v e  
XIV.  

T h e  a c t i o n  of m e t h y l  iod ide  o r  e t h y l  iod ide  on 2 - t r i f l u o r o m e t h y l - 3 - p y r a z o l y l c h r o m o n e  X in  a c e t o n e  g ive s  
the  c o r r e s p o n d i n g  7 - a l k o x y  d e r i v a t i v e s  XVIII  and  XIX.  The  p o s s i b i l i t y  of a c y l a t i o n  of the  p h e n o l i c  h y d r o x y l  
g r oup  u n d e r  m i l d  c o n d i t i o n s  was  shown  in the  c a s e  of 7 - h y d r o x y -  and  5 - m e t h y l - 7 - h y d r o x y e h r o m o n e s  XVI and  

XVII.  B r i e f  h e a t i n g  of 7 - a c e t o x y  c o m p o u n d s  XX and  XXI wi th  d i l u t e  a l k a l i  g ives  s t a r t i n g  7 - h y d r o x y c h r o m o n e s  
XVI and  XVII  ( T a b l e  2). 
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The s t ruc tures  of the synthesized chromones were confirmed by the resul ts  of analysis  and the UV spec-  
t ra .  As seen from Table 2, the principal  absorption maximum in the UV spect ra  of 3-pyrazoly lchromones  is 
found at 260-275 nm. The UV spect ra  of most  of the 3-pyrazoly lchromones  that have a substituent in the 2 
position contain another absorption maximum at 310-350 nm. 

Of the compounds tested for biological activity, chromone XVI displayed considerable antiblastic activity 
in in vi t ro  experiments  in a ~aphylococeus  aureus UF 3 culture [8]. 

EXPERIMENTAL 

The UV spectra of 5 �9 10 -5 mole solutions of the substances in ethanol were measured with an SF-4A spec- 
trophotometer. The PMR spectra of 0.25 mole solutions in dimethyl sulfoxide (DMSO) were recorded with a 

ZKR-60 spectrometer with an operating frequency of 60 MHz at 25 ~ with tetramethylsilane as the internal stan- 

dard. The IR spectra of KBr pellets of the compounds were recorded with a UR-10 spectrometer. The purity 

of the individual compounds and the course of the reactions were monitored by TLC on Merck silica gel G. A 

mixture of chloroform and methanol or benzene and ethanol (9: I) was used as the eluent. �9 

o.-(l-Phenyl-4-pyrazolyl)-2,4-dihydroxy-5-hexylacetophenone (1). A stream of hydrogen chloride was 

bubbled with stirring in the course of 1 h at 20 ~ and 9 h at 50 ~ into a solution of 3.66 g (20 mmole) of l-phenyl- 

4-pyrazolylacetonitrile [2] and 3.88 g (20 mmole) of 4-hexylresorcinol in 25 ml of boron trifluoride etherate, 

after which the mixture was allowed to stand overnight at room temperature. It was then poured into 200 ml of 

water, and the aqueous mixture was refluxed for 1.5 h. It was then cooled, and the yellow precipitate was re- 

moved by filtration. IR spectrum, cm-l: 3165 (uOH), 1640 (uC =O), and 1470 (5CH2). 

a-(l-Phenyl-4-pyrazolyl)-2,4-dihydroxy-5-chloroacetophenone (I1). This compound was similarly obtained 

from 3.66 g (20 mmole) of 1-phenyl-4-pyrazolylacetonitrile, 2.25 g (20 mmole) of 4-chlororesorcinol in 20 ml 

of boron trifluoride etherate. PMR spectrum, ppm: 12.13 (2-OH), 6.73 and 8.18 (benzene ring 3-H and 6-H), 

8.56 and 7.86 (pyrazole ring 3-H and 5-H), and 4.48 (CH2). IR spectrum, cm-l: 3100 (VOH) and 1650 (uCO). 

a-(l-Phenyl-4-pyrazolyl)-2-hydroxy-4-methoxyacetophenones (III-VI). A 10-mmole sample of neutral 

dimethyl sulfate and 30 mmole of freshly calcined potassium carbonate were added to a hot solution of I0 mmole 

of a-(l-phenyl-4-pyrazolyl)-2,4-dihydroxyacetophenone in absolute acetone, and the mixture was refluxed for 

4-6 h, after which the inorganic precipitate was removed by filtration, the filtrate was acidified with three to 

four drops of glacial acetic acid, and the solvent was evaporated. 

a-(1-Phenyl-4-pyrazolyl)-2,4-dimethoxyacetophenone (VII). A solution of 0.16 g (0.5 mmole) of VI and 

0.06 g (0.5 mmole) of dimethyl sulfate in 20 ml of acetone was refluxed for 2 h in the presence of 0.21 g (1.5 

mmole) of potassium carbonate. The mixture was then worked up as in the preceding experiment. 

2-Ethoxycarbonyl-3-(l-phenyl-4-pyrazolyl)-7-hydroxychromones (VIII, IX). A 2-mmole sample of ethox- 
alyl chloride was added dropwise to a cooled (to 2-3 ~ solution of 1 mmole of the acetophenone (I, II) in the min- 

imum amount of absolute pyridine, after which the mixture was allowed to stand at room temperature for 24- 
30 h. It was then added to 80-100 ml of ice water, and the resulting oil crystallized on standing. The solid 

product was washed with water until it was odorless. 

2-Trifluoromethyl-3-(l-phenyl-4-pyrazolyl)-7-hydroxychromones (X, XI). A 2-mmole sample of tri- 
fluoroacetic anhydride was added dropwise to a cooled (to 2-3 ~ solution of 1 mmole of acetophenone (I, II) in the 

minimum amount of absolute pyridine, and the mixture was cooled while shaking for 5-10 rain, after which it 

was allowed to stand at room temperature for 24 h. It was then added to 70-90 ml of water, and the solidified 

product was removed by filtration. 

3-(l-Phenyl-4-pyrazolyl)-7-hydroxychromones (XII, XVI, and XVII) and 3-(l-Phenyl-4-pyrazolyl)-7- 

methoxychromones (XIII, XV). A solution of 1 mmole of the acetophenone (I, III, V) or 2,4-dihydroxy- or 2,4- 

dihydroxy-6-methyl-a-(l-phenyl-4-pyrazolyl)acetophenone [2], 6 mmole of ethyl orthoformate in 1 ml of abso- 

lute pyridine containing two drops of piperidine was heated at 120-130 ~ for 1-4 h [the end of the reaction was 
determined from a negative test of a sample of the reaction mixture with an alcohol solution of ferric chloride 

or by means of thin-layer chromatography (TLC) in benzene-ethanol (9 : 1 or 19 : i)]. The precipitate that 
formed when the mixture was cooled was removed by filtration and washed successively on the filter with a 
small amount of pyridine, alcohol, and ether. If the product did not precipitate at the end of the reaction, the 

reaction mixture was added to 25 ml of water, and the resulting solid product was removed by filtration. 

~-(l-Phenyl-4-pyrazolyl)-7-methoxychromone (XV). A 1.44-g (15 mmole) sample of sodium tert-butoxide 

was added with stirring in an inert gas atmosphere to a cooled (to 0-3 ~) solution of 0.46 g (1.5 mmole) of ace- 
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tophenone V in 30 ml of methyl formate.  After 10-15 min, the mixture was heated to 20-25 ~ and s t i r r ing  w a s  

continued for 4 h, after which the solvent was evaporated. A mixture of i ml of glacial acetic acid, 1.5 ml of 
concentrated hydrochloric  acid, and 1-2 ml of water  was added to the dry residue until the pH of the mixture 
was 0.5-1. The oil that formed initially solidified completely.  A solution or suspension of the product in 12 ml 
of alcohol was refluxed for 40 min with 0.2 ml of concentrated hydrochloric acid, and the solid mater ia l  was 
removed by fi l tration from the cold solution and washed free of acid to give 0.4 g (84%) of product.  

2 -Tr i f luoromethy t -3- (1-phenyl -4-pyrazo ly l ) -5 -hexyl -7-a lkoxychromones  (XVIII, XIX). An acetone solu- 
tion of 1 mmole of chromone X and 4-5 mmole of dimethyl sulfate or  ethyl iodide was s t i r red  at 50-60 ~ with 3 
mmole of f reshly calcined potassium carbonate for 4-5 h (the end of the react ion was determined by means of 
TLC), after which the hot solution was fil tered. The solvent was evaporated, and the residue was washed with 
a small  amount of alcohol. 

3 - (1 -Pheny l -4 -pyrazo ly l ) -7 -ace toxychromones  (XX, XXI). A 5-mmole  sample of acetic anhydride was 
added to a warm solution of 1 mmole of the chromone (XVI, XVII) in the minimum volume of pyridine, and the 
mixture was allowed to stand at room tempera tu re  for 24 h, after which the product was removed by filtration 
and washed on the filter with ether.  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
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SYNTHESIS OF A2-IMIDAZOLINES IN ETHYLENE 

V. B. P i s k o v ,  V. P. K a s p e r o v i c h ,  
and L. M. Yakovleva  

GYLCOL 

UDC 547.781.3.07 

The use of ethylene glycol as the solvent in the condensation of carboxylic acid and their  der iv-  
atives with ethylenediamine or its salts makes it possible to obtain various A2-imidazolines in 
good yields.  The ionization constants and the charac te r i s t ic  frequencies of the IR spec t ra  of the 
synthesized compounds are  presented.  

A2-Imidazolines have valuable pharmacological  proper t ies  and are  used as start ing mater ia ls  for the  

preparat ion of medicinals [1, 2]. However, the physicochemical  proper t ies  of A2-imidazolines have not been 
adequately studied. The aim of the present  r e s e a r c h  consisted in the development of a convenient method for 
the synthesis of these compounds and the determination of their  ionization constants and the charac te r i s t ic  f r e -  
quencies of their  IR spectra .  

A promising method for the synthesis of A2-imidazolines based on the condensation of carboxylic acids 
with ethylenediamine (EDA) or its salts has cer ta in  disadvantages - t h e  necess i ty  of hea t ing toh igh tempera tu res  
or under p res su re  and the low yields of final products [3-5]. We have established that these difficulties can be 
eliminated if the react ion is ca r r i ed  out in ethylene gylcol. 

All-Union State Scientif ic-Control  Institute of Veter inary  Prepara t ions ,  Ministry of Agricul ture  of the 
USSR, Moscow. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 8, pp. 1112-1118, August, 1976. 
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