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CHEMISTRY OF HETEROANALOGS OF ISOFLAVONES 

Ill.* SYNTHESIS OF BENZIMIDAZOLE AND BENZOTHIAZOLE ANALOGS OF ISOFLAVONES 

V. P. Khilya, L. G. Grishko, UDC 547.814.5'789.6 
and T. N. Sokolova 

Condensation of cyanomethyl  der iva t ives  of benzimidazole  and benzothiazole  with r e so rc ino l  gave 
the cor responding  2, 4 -d ihydroxy-~-he ta ry lace tophenones .  The la t t e r  were  conver ted  to 3 -he ta ry l -  
ch romones  with methyl,  t r i f luoromethyl ,  and ethoxycarbonyl  groups in the 2 posit ion or  to chro-  
mones  without subst i tuents  in this posit ion.  

Continuing our study of chromones  containing ni t rogen he te ror ings  in the 3 posi t ion [2, 3], we have syn- 
thes ized  benzimidazole  and benzothiazole  analogs of isof lavones {IV-XII). The s ta r t ing  a - h e t a r y l - 2 ,  4-dihy- 
droxyacetophenones  {I-III) were  obtained by condensation of the appropr ia te  2 -he ta ry lace ton i t r i l e s  with r e s o r -  
cinol by the method in [2]. Boron t r i f luor ide  etherate ,  which a lso  se rved  as the solvent,  was used as the 
ca ta lys t .  

~ 0 . . . ~ 0  H R20 N 

CH2--X 0 R 0 

I - I I I  IV-IX, XI X, Xll 

I X=NH; lI X=NCH~; III X=S; IVR=R2=H, RI=CFa; VR=CHs, R~=CFz, R2=H; 
VI R=R2=H, Rt=COOC2Hs; VII R=CHz, RI=COOC2Hs, R~=H; VIII R=RI=CHs, 
R2=COCHa; IX R=CHa, RI=R~=H; X R2=H; XI R=CHs, RI=H, R~=COCHa; 

XII R2=COCHs 

Chromones  IV-VII containing t r i f luoromethy l  and ethoxycarbonyl  groups in the 2 posi t ion were  obtained 
by  reac t ion  of a -benz imidazoly laee tophenones  I and II with t r i f luoroace t ic  anhydride by our modificat ion of the 
method in [4] or by react ion  of ethoxyallyl  chlor ide  [5] in pyridine in the cold. The pyrone  r ing in the indicated 
reac t ions  is  fo rmed  cons iderably  m o r e  read i ly  than in the case  of ~-he ta ry lace tophenones  with thiazole [2] and 
py razo l e  [3] res idues ,  this is  apparent ly  explained by the inc reased  reac t iv i ty  of the methylene group of ketones 
I and II. The act ivat ing effect  of the benzimidazole  r ings  shows up pa r t i cu l a r ly  c l ea r ly  in react ions  leading to 
2 -me thy lch romone  der iva t ives .  Thus, for  example,  the react ion  of acet ic  anhydride with acetophenone II p ro -  
ceeds  smoothly  in pyr id ine  at r o o m  t e m p e r a t u r e  to give 2 -me thy l -7 -aee toxyehromone  VIII. while prolonged 
heating at 120-150 ~ in t r i e thy lamine  (which is a s t ronge r  base  than pyridine)  is n e c e s s a r y  for  rea l iza t ion  of the 
analogous cycl izat ion of the above mentioned o~-hetarylacetophenones [2, 3] and a -phenylbenzyl  ketones [6]. 
Under these  conditions acetophenone II gives a d i f f icu l t - to-pur i fy  res inous  product .  Chromones  IX and X, which 

* See [1] for  communicat ion  II. 
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TABLE 1. a - H e t a r y l a c e t o p h e n o n e s  (I-IN) 

~Ollq - 
>ound 

I 
II 

III 

mp, *C Empirical 
formula 

252 C~sH~eN20~ 
243 CI~H~4N203 
214,5 C~sHI~NO~S 

Found, Calc.,, 

N 10,2 N 10,5 
N 10,2 IN 9,9 
Sll,0 [$11,3 

IR Spectrum, cm'l  ! 
R] 

~Ott ";C=O 8CH~ 

3420 m 16~5s 1460 m 1 0,31 55 
3440m 1635s 1450m I 0,4I 76 
3080m 1640 s 1450 0,52 50 

TABLE 2. 

Com- 
pound 

IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

3 - H e t a r y l c h r o m o n e s  (IV-XII) 

mp, ~ Empirical . _N, ~ IR spectrum, v, cm -l 

formula I found talc. OH C~O O- cCh~o C- 
I mone mone 

244 
248 
252 
216" 
295 
300 

>315 

221 
225 

CITHgFsN~O3 8,3 
CIsHIIF3N20B 8,0 
CtgHI4N2Os 8,2 
C2oHI6N205 7,7 
C~HI~N204 8,2 
C,7H12N203 9,8 
C16HgNO~S 4,6 

10,9" ~ 
CIgH~4N~03 8,6 
CIsHI~NO4S 9,2~ 

*With decompos i t ion .  
This  value is the p e r c e n t  sul fur .  

8,1 
7,8 
8,0 
7,7 
8,0 
9,6 
4,7 

10,9"~ 
8,4 
9,5 

3430 i [ 1638 s 
3440 1638 s 
3380 1637 s 
3430 1638 s 

3090 w [ 1635 s 
3100m : 1627 s 

1590 s 
1580 s 
1600 s 
1605 s 

1585 m 
1586 s 

Ry 

0,39 
0,32 
0,33 

0,41 
0,47 

0,63 
0,91 

~Z 

99 
98 
62 
61 
60 
82 
81 

87 
78 

do not  contain subs t i tuents  in the 2 pos i t ion  of the c h r o m o n e  sys tem,  w e r e  syn thes i zed  by  heat ing ace tophenones  
H and III  with ethyl o r t h o f o r m a t e  in pyr id ine  in the  p r e s e n c e  of p ipe r id ine  [7]. 3 - H e t a r y l - 7 - h y d r o x y c h r o m o n e s  
a r e  readily., acy la ted .  Thus 7 - a c e t o x y c h r o m o n e s  XI and XII  a r e  f o r m e d  as a r e su l t  of the r e a c t i o n  of IX and X 
with ace t ic  anhydr ide  in pyr id ine .  

The  IR s p e c t r a  of the  c h r o m o n e s  and ace tophenones  a r e  c h a r a c t e r i z e d  by the p r e s e n c e  of in tense  a b s o rp -  
t ion  bands c o r r e s p o n d i n g  to the s t r e t ch ing  v ib ra t ions  of  the ca rbony l  and hydroxy l  g roups  and the a r o m a t i c  r ing  
(Tables 1 and 2). 

Studies of the b io logica l  ac t iv i ty  of the  compounds  that  we obtained under  the condit ions in [8] showed that  
3 - ( 2 - b e n z i m i d a z o l y l ) - 7 - h y d r o x y c h r o m o n e s  have m o d e r a t e  ant iblas t ie  ac t iv i ty  (the d i a m e t e r  of the zone of sup-  
p r e s s i o n  of the  g rowth  of S taphylococcus  aureus  UF~ is 15-20 ram) that  is  weake r  by  a f a c t o r  of two to t h r ee  
than the c o r r e s p o n d i n g  ac t iv i ty  obse rved  fo r  benzofuran  analogs  of i sof lavones  [8]. 

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

The IR s p e c t r a  of p o t a s s i u m  b r o m i d e  pe l l e t s  of  the compounds  w e r e  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  
Th in-qayer  c h r o m a t o g r a p h y  (TLC) was  c a r r i e d  out on Merck  G s i l i ca  gel.  A c h l o r o f o r m - m e t h a n o l  m i x t u r e  
(9 : 1) w a s  used  as  the  elue nt. 

2 - (2 -Benz imidazo ly l ) -2 ,4 -d ihy .d roxyaee tophenone  (I). Hydrogen  ch lor ide  was bubbled with s t i r r i n g  for  2 h 
at 2-3 ~ and fo r  8 h at  40 ~ into a m i x t u r e  of 3.14 g (20 mmole )  of 2 -benz imidazo ly l ace ton i t r i l e  [9] and 2.2 g (20 
mmole )  of r e s o r c i n o l  in 2 5 ml  of  b o r o n  t r i f luo r ide  e thera te ,  a f t e r  which the mix tu r e  was  al lowed to s tand at 
r o o m  t e m p e r a t u r e  overnight .  I t  was  then poured  into 120 ml  of water ,  a f te r  which the mix tu r e  was  ref luxed for  
2 h and made  alkal ine to  pH 3 -4  with ammonia .  The c rude  p roduc t  was r e p r e c i p i t a t e d  f r o m  alkal ine solut ion 
and r e c r y s t a l l i z e d  f r o m  aqueous alcohol .  

~ - ( 1 - M e t h y l - 2 - b e n z i m i d 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  (II). This  compound was s i m i l a r l y  obtained 
f r o m  3.42 g (20 mmole )  of 1 - m e t h y l - 2 - b e n z i m i d a z o l y l a c e t o n i t r i l e  [10], 2.2 g (20 mmole )  of  r e so r c ino l ,  and 25 
ml  of  b o r o n  t r i f l uo r ide  e the ra te .  

a - ( 2 - B e n z o t h i a z o l y l ) - 2 : 4 - d i h y d r o x y l a c e t o p h e n o n e  (III). This compound was  s i m i l a r l y  obtained f r o m  2 .25g  
(13 mmole )  of 2 -benzo th i azo ly l ace ton i t r i l e  [11] and 1.71 g (15.5 mmole )  of r e s o r c i n o l  in 16 ml  of b o r o n  t r i f luo-  
r i de  e thera te .  Hydrogen  ch lor ide  was  bubbled th rough  the r eac t i on  mix tu r e  at 60 ~ for  10-12 h. 

2 - T r i f l u o r m e t h y l - 3 - h e t a r y l - 7 - h y d r o x y c h r o m o n e s  (IV, V). A 2 - m m o l e  sample  of  t r i f l u o r o a c e t i c  anhydr ide  
was  added d ropwise  to a cooled (to 2-3 ~ solut ion of 1 m m o l e  of a - h e t a r 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  (I, H) in 
the  min i raum vo lmne  of  absolute  pyr id ine ,  a f te r  which the m i x t u r e  was coo led  and shaken f o r  5-10 rain. It was  
then atL~wed ~o ~t~nd at r o o m  t e m p e r a t u r e  ove~aight,  a f t e r  which it was  pou red  into 70-90 ml  of wate r .  The 
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resul t ing  solid p rec ip i t a te  was r emoved  by f i l t ra t ion and r ec rys t a l l i z ed  f r o m  aqueous alcohol to give the p rod -  
uct as co lo r l e s s  needles .  

2 -E thoxyca rbony l -3 -he t a ry l -7 -hyd roxych romones  {VI. VII). A 2 - m m o l e  sample  of ethoxallyl chlor ide 
was added dropwise  at 2-3 ~ to a solution of 1 m m o l e  of ketones I and II in the min imum vo lume  of absolute 
pyridine,  a f te r  which the mix tu re  was allowed to stand at r oom t e m p e r a t u r e  for  30-40 h. It  was then poured 
into 80-100 ml  of water ,  and the l ibe ra ted  oil c rys ta l l i zed  on standing. The product  was washed with water  
until it was odor less ,  a f te r  which it was r ec ry s t a l l i z ed  f r o m  aqueous alcohol. 

2- Methyl- 3- (1-methyl-  2 -benz imidazoly l ) -7-  ace toxychromone {VIII). A 0.51-g (5 mmole)  sample  of acet ic  
anhydride was added to a solution of 0.28 g (1 mmole)  of ketone II in 2 ml of absolute pyridine,  a f ter  which the 
mix tu re  was allowed to stand at room t e m p e r a t u r e  overnight.  It was then poured  into 50 ml  of water ,  and the 
resul t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion to give 0.2 g of co lo r less  c ry s t a l s  (from acetonitr i le) .  

3 - H e t a r y l - 7 - h y d r o x y c h r o m o n e s  (IX, X). A mix tu re  of 1 mmole  of ketone iX or III in 1 ml  of absolute 
pyridine,  6 m m o l e  of ethyl o r thoformate  and two drops of piper idine  was heated at 120-130 ~ for  1-4 h (the end 
of the reac t ion  was de te rmined  f rom a negat ive t es t  a sample  of the reac t ion  mix tu re  with alcoholic f e r r i c  chlo- 
r ide  solution or by  means  of TLC in a benzel~e-ethanol  sy s t em 90 : 10 or 95 �9 5). The prec ip i ta te  that fo rmed  
on cooling was r emoved  by f i l t ra t ion  and washed success ive ly  on the f i l te r  with a smal l  amount of pyridine,  
alcohol, and ether .  Compound IX was c rys ta l l i zed  f r o m  alcohol, whereas  X was c rys ta l l i zed  f r o m  dioxane or 
dimethyl  sulfoxide. 

3 - H e t a r y l - 7 - a c e t o x y c h r o m o n e s  (XI, XII). A, 5 -mmole  sample  of acet ic  anhydride was added to a w a r m  
solution of 1 mmole  of hydroxychromone IX or X in the min imum volume of pyridine,  and the mix tu re  was 
allowed to  stand at r oom t e m p e r a t u r e  for  24 h. The product  was r emoved  by fi l trat ion,  washed on the f i l te r  
with ether,  and r e c r y s t a l l i z e d  f r o m  benzene.  
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