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3 - H e t a r y l - 7 - m e t h o x y c h r o m o n e s  were  obtained by reac t ion  of a - ( 5 - e t h o x y c a r b o n y l - 2 - [ u r y l ) - ,  
a - ( 2 - b e n z o f u r y l ) - ,  and a - ( 2 - m e t h o x y - c a r b o n y l - 5 - b e n z o f u r y l ) - 2 - h y d r o x y - 4 - m e t h o x y a c e t o p h e -  
nones with methyl  fo rma te  o r  ethyl  o r tho fo rma te ,  and 3 - h e t a r y l - 4 - h y d r o x y - 7 - m e t h o x y - c o u -  
m a t i n s  were  obtained by reac t ion  of the same compounds with diethyl  ca rbona te .  Methods for 
the syn thes i s  of 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  f rom a - f u r y l -  and a - b e n z o f u r y l - s u b s t i t u t e d ,  
2 ,4 -d ihydroxyace tophenones  were  inves t iga ted .  

We have d e s c r i b e d  the r e a c t i o n s  of a - [ u r y l -  and a -benzo[ury l -2 ,4 - -d ihydroxyace tophenones  with some 
ha l ides  and anhydr ides  of ca rboxy l i e  ac ids  that lead to the fo rmat ion  of 2 - subs t i tu t ed  3 - h e t a r y l c h r o m o n e s  
[1-4]. In a cont inuat ion of these inves t iga t ions  we have s tudied r e a c t i o n s  leading to furan and benzofuran  
analogs  of na tu ra l  i sof lavones  that do not contain subs t i tu tents  in the 2 posi t ion of the chromone sys tem.  
With th is  end in mind, we subjec ted  a - h e t a r y l - 2 - h y d r o x y - - 4 - m e t h o x y a c e t o p h e n o n e s  (Ia-e) to reac t ion  with 
e x c e s s  methyl  fo rmate  in the p r e s e n c e  of sodium te r t -bu tox ide  at 35--40 ~ C via  the Cla isen  condensat ion 
(method A) (a s i m i l a r  r eac t ion  of o -hydroxyphenyl  benzyl  ke tones  with ethyl  fo rmate  and sodium is  known 
[6]). Compounds II, which a re  fo rmed  in the f i r s t  step,  were  conver ted  to chromones  containing 2 - h y d r o x y -  
ch romanones  III by t r e a t m e n t  with an acid  buffer (pH 0.5-1).  2 -Hydroxychromanones  III were  r e a d i l y  d e -  
hydra ted  to ch romones  IV by heat ing the r eac t ion  mix tu re  with a lcohol ic  hydrochlor ic  acid.  The amounts  of 
contaminat ing  2 -hyd roxych romanones  were  ins igni f icant  in the case  of the format ion of ch romones  IVa,b. 
On the o ther  hand, in the c los ing  of acetophenone Id i n t e r m e d i a t e  IIId was p r e s e n t  in l a rge  amounts .  T r e a t -  
ment of a - fo rmy lace tophenone  IId with 1% hydroch lo r i c  acid  gave an individual  compound, which apparen t ly  
is  the co r r e spond ing  2 -hydroxychromanone  (IIId), inasmuch as  chromone IVd was  formed as  a r e s u l t  of d e -  
hydra t ion  during i ts  r e c r y s t a l l i z a t i o n  f rom methanol  o r  dur ing the de te rmina t ion  of i t s  mel t ing  point. In 
c o n t r a s t  to 2 - h y d r o x y - 3 - h e t a r y l c h r o m a n o n e s ,  2 -hydroxy i so f l avones  are  more  s table  and can be obtained in 
ana ly t i ca l ly  pure  fo rm [7]. 

In the r eac t ion  of ketones  Ic ,e  with methyl  fo rma te ,  t r a n s  e s t e r i f i c a t i on  of the e s t e r  group o c c u r r e d  
along with the format ion  of a chromone  sys t em,  as  a r e su l t  of which chromones  with mel t ing  points  iden-  
t ica l  to the mel t ing  points  of IVb and IVd were  i so la ted .  The fact that acetophenone Ic was conver ted  to 
chromone  IVc on r eac t ion  with ethyl  fo rma te  under  s i m i l a r  condit ions a lso  s e r v e d  as  proof  of the obse rved  
t r a n s e s t e r i f i c a t i o n .  Chromone IVc, l ike chromone  IVb, was obtained f rom acetophenone Ic and methyl  f o r -  
mate ,  and r e a c t s  with e thanolamine  to give the same compound (VII). 

In o r d e r  to obtain ch romones  IVa, b, d we a l so  used another  method [8] - ace tophenones  Ia, b, d were  
heated in pyr id ine  with ethyl  o r t ho fo rma te  in the p r e s e n c e  of ca ta ly t ic  amounts  of p ipe r id ine  (method B). 
(See scheme on following page.) 

3 - H e t a r y l - 4 - h y d r o x y - 7 - m e t h o x y c o u m a r i n s  Va, c, d, the s t ruc tu re  of which is  conf i rmed  by the UV and 
IR s p e c t r a  (Table 1), were  obtained as  a r e su l t  of the reac t ion  of ketones  In, c, d with d ie thyl  ca rbona te  un-  
de r  the condi t ions  of the Cla i sen  condensa t ion  with sodium te r t -bu tox ide  as  the ca t a lys t .  
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~ H e r e  a n d  s u b s e q u e n t l y ,  a R  = 2 - b e n z o f u r y l ;  b R  = 2 - r n e t h o x y e a r b o n y l - G - f u r y l ;  

c R = 2-ethoxycarbonyl-5-furyl; d R = 2-methoxycarbonyl-5-benzofuryl; e R = 
2-etboxycarbonyl-5-benzofuryl. 

The opinion that only those polyhydroxacetophenones in 
which all of the hydroxyl groups are protected except the 2-  
OH group that participates in the formaLion of the pyrone rings 
can undergo the Claisen reaction with methyl formate in the 
presence  of sodium metal was  propagated in [9]. We have 
shown that unprotected ~-hetaryl -2 ,4-dihydroxyacetophenones  
VTIIa and VTIIc [2, 4] undergo the reaction with formic acid 
e s ters  in the presence of sodium tert-butoxide, and the cor -  
responding 7-hydroxychromones  IXa, c (method A) are formed 
after treatment of the reaction mixture with 1 ~7c hydrochloric 
acid, but the y ie lds  of products are somewhat lower than in 
the case  of ketones with a protected 4-hydroxy group. 

In the synthesis  of 7-hydroxychromones  IXa-e by method 
B it was found to be convenient in some c a s e s  (IXa, b) to im-  
mediately acylate the crude reaction products and m subse-  
quently deacylate their individual acetyl derivat ives  (Xa, b) to 
7-hydroxy compounds. Chromone TXa was also obtained by 
heating the appropriate 7-methoxy compound IVa or chro-  
mone XI, which we obtained in [2], with pyridine hydrochloride 
by the method in [10]. 

/ tc  
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Attempts to demethylate 7-methoxy derivat ives  IVb, d 
or to remove the 2-ethoxyearbonyl group in 3 - (5 -e thoxycar -  
bonyl-2- furyl ) -  or 3 - (2 -e thoxy-carbonyl -5 -benzo[ury l ) -7 -  
hydroxychromones [1, 3] were unsuccessful  in view o[ the 
pronounced resinification of the reaction products when the 
reaction mixtures  were heated. 

The structures of the chromones  obtained are confirmed 
by the UV and IR spectra (Tables 2 and 3), 



T A B L E  2. F u r a n  and  B e n z o f u r a n  A n a l o g s  o f  I s o f l a v o n e s  ( s e e  t h e  

f o r m u l a s  in t he  t ex t )  

Com- 

pound raP,.c 

IVa 1204b 
IV b/225 c 
IVd 1244c 
IV c/161 d 
X a/201 e 
x b/~02 e 
X e/238 e 

IX a[308 f 
IX c|231 d 
IX b~245 d 
IX d 1304 h 
~x e I~86 b 

L,,ax. nm (e. 10-,)a 

284 (3,88), 295 (3,44),308 (2,84) 
289(3,60) 
272 (3,60), 283 (3,10),305 (1,90) 
289 (3,36) 
275 (5,50), 300 (4,01), 313 (3,92) 
28O (3A0),305 (3,18) 
275 (2,85), 305 (1,50) 
284 (3,70), 295 (3,52),307 (3,00) 
295(3,25) 
298(5,45) 

260 (4,20),300 (2,50) 

iEmpiri- 'F~ Calc. Yield, 

ca l for -  - - - -  % t % - 
mula c :HI C H[A,B  

CI~H~O6 
C,oHt406 
IC~7H1406 
C ~H,20~ 
C1~H120~ 
C22H*~Or 
;CiTHloO~ 

iClsH1~O~ 
~C19H~O~ 
}C~oH~40~ 

73 8I 4J 73,9! 4,1' 91 i73 
64,314,4164,014,0190 t58 
68,8' 4.1 68# 4,01 89 85 
65 0 4 6 65,0~ 4,5:70 I 
71,0 4,0 / 71,2; 3,81 154 
62,0 4,0 62,21 3,7 ',72 
67,1 3,9 67,3 4.1 68 
73.31 4,0 73,4! 3,ff 83 '~95g 
63.8i 4,1 64,0 4,0 56 i77 
62,8 3,9 62,9 3,6~ :92g 
67 61 3,8 67,9 3,6' ',86 
68,5' 3,9] 68,6~ 4,01 85 

a T h e  U V  s p e c t r a  of  X a ,  b, e and  I X c ,  b, e w e r e  o b t a i n e d  f r o m  

2.5 �9 10 -~ M s o l u t i o n s  in e t h a n o l ,  t h o s e  o f  I V a - c  and  Xb w e r e  o b -  

t a i n e d  f r o m  s o l u t i o n s  in e t h a n o l - d i o x a n e  (40 : 1), a n d  t h a t  o f  IVd  

w a s  o b t a i n e d  f r o m  a d i o x a n e  s o l u t i o n ,  b F r o m  p r o p a n o l ,  c F r o m  
d i o x a n e ,  d F r o m  e t h a n o l ,  e F r o m  b e n z e n e ,  f F r o m  b u t a n o l ,  g T h e  

y i e l d  w a s  b a s e d  on  the  a c e t y l  d e r i v a t i v e ,  h F r o m  d i m e t h y l f o r m a -  

m i d e .  

T A B L E  3.  IR  S p e c t r a  o f  F u r a n  and  B e n z o f u r a n  A n a l o g s  o f  

I so  f l a v o n e  s 

Com- . .... Y Or 6 , cra -I 

pound iehro- eRer 
Iraone 
IC=O C=O 

IVa t6368 

IVb 16458 17228 
IV d 16358 17308 
X a 16608 17708 

Xb !670s 17688 
t740w 

IX a [6318 

IXC 16658 17108 

IXd 1640s 17228 

chro- 'furan ' furan 
mone C = C  , C--O 
C = C  , 

,598~ i1620, 11228m12608 
l 12508 I 

15988 16208 12108 t2558 
15988 1625 $ 1238 m 1261S 

1230 s 1253 m 1590w 1625m 
J 1263w 

1589w i 1630ra I2318 ! 1275 w 

1260 s 15958 i ! 1210s 
�9 I 1290 s 

I590w ~ 1635 s ! 1235s ; 1268 s 
1610s 
1580m 1238 m 1255m 
1610 m 

• h e n o -  ~ out-of-plane CH i 
i for the benzene i 

C - O  'flag ! 

8608 896W 

825 s 8508 
820 m 860 m 
830 s 875m 

812s 865m 

820m 875m 

815 TM 847 m 
865m 

840m 

I ra  C~H~N-HC| IX a C~HsN.HC ! ~ , , ~ O ~ . j ~  

�9 X l  

OH 

3100w 

!33958 
I 
133208 

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

T h e  U V  s p e c t r a  w e r e  r e c o r d e d  w i t h  U n i c a m  S P - 8 0 0  and  S F - 4 A  s p e c t o p h o t o m e t e r s .  T h e  IR  s p e c t r a  o f  

K B r  p e l l e t s  o f  t he  c o m p o u n d s  w e r e  r e c o r d e d  w i t h  U R - 1 0  and  U n i c a m  S P - 2 0 0 G  s p e c t r o m e t e r s .  

a - ( 5 - M e t h o x y c a r b o n y l - 2 - f u r y l ) - 2 - h y d r o x y - 4 - m e t h o x y a c e t o p h e n o n e  (Ib). A 1 . 1 4 - m l  (12 m m o l e )  s a m p l e  
o f  d i m e t h y l  s u l f a t e  and  4 .95  g (36 m m o l e )  o f  f r e s h l y  c a l c i n e d  p o t a s s i u m  c a r b o n a t e  w e r e  added  to  a h o t  s o l u -  

t ion  of  3 .3  g (12 m m o l e )  o f  c ~ - ( 5 - m e t h o x y c a r b o n y I - 2 - f u 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  [1] in 2,40 m l  o f  a b -  
s o l u t e  b e n z e n e ,  a f t e r  w h i c h  t h e  m i x t u r e  w a s  r e f l u x e d  f o r  6 h. T h e  i n o r g a n i c  p r e c i p i t a t e  w a s  t h e n  r e m o v e d  
by f i l t r a t i o n ,  t he  f i l t r a t e  w a s  a c i d i f i e d  w i t h  t h r e e  to f o u r  d r o p s  o f  g l a c i a l  a c e t i c  a c i d ,  and the  s o l u t i o n  w a s  

v a c u u m  e v a p o r a t e d  (with a w a t e r  a s p i r a t o r ) .  T h e  r e s i d u e  w a s  c r y s t a l l i z e d  f r o m  m e t h a n o l  to g i v e  2.9 g 

(83 ~ )  o f  c o l o r l e s s  n e e d l e s  w i t h  m p  97 ~ F o u n d :  C 61 .8 ;  H 5 .1%.  CI~H140 v C a l c u l a t e d :  C 62.1,  H 4.9%. 
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a - ( 2 - E t h o x y c a r b o n y l - 5 - b e n z o f u r y l ) - 2 - h y d r o x y - 4 - m e t h o x y a c e t o p h e a o n e  (Ie). This  compound was s i m -  
i l a r l y  obtained f rom 2.6 g (7.65 mmole)  of c~- (2 -e thoxycarbonyl -5 -benzofury l ) -2 ,4 -d ihydroxyace tophenone  
[3] in 120 ml  of acetone,  0.8 ml (8.4 mmole)  of d imethy l  sulfate,  and 3.17 g (23 mmole)  of po t a s s ium c a r -  
bonate. The y ie ld  of c o l o r l e s s  need les  with mp 135 ~ (from alcohol) was  2.2 g (82%). Found: C 67.4; H 5.3 ~. 
C20H1806. Calcula ted:  C 67.7; H 5.1~. 

3 - H e t a r y l - 7 - m e t h o x y c h r o m o n e s  (IVa, b ,d) .  Method A. A 10-mmole  sample  of sodium te r t -bu tox ide  
was added with s t i r r i n g  in an a tmosphe re  of an iner t  gas  to a cooled (to 0-3 ~ solution of 1 mmole  of a ce to -  
phenone I a - e  in absolute  methyl  o r  ethyl  formate .  Af te r  10-15 rain, the mix tu re  was  heated to 35-40 ~ and 
s t i r r i n g  was continued for  4-8 h. The solvent was then evapora ted ,  and the ca lcu la t ed  amount of an acid  
buffer  [concentra ted  hydroch lo r ic  a c i d - g l a c i a l  acet ic  acid  (1 : 1)] and  1-2 ml of wa te r  were  added to the 
d ry  re s idue .  When this  is  done, the pH of the reac t ion  mix ture  should be 0.5-1.  The in i t i a l ly  fo rmed  oil  
so l id i f ied  comple t e ly  on standing.  A solution o r  suspens ion  of the r eac t ion  p roduc t  in alcohol was  ref luxed 
for 30 rain with hydroch lo r i c  acid (0.5 ml of concen t ra t ed  hydroch lo r i c  acid p e r  g r a m  of the compound), 
a f t e r  which the solut ion was cooled,  and the resu l t ing  p r ec ip i t a t e  was r emoved  by f i l t ra t ion  and washed to 
free it of acid.  

Method B. A 1 -mmole  sample  of acetophenone and 6 mmole  of o r tho fo rma te  e s t e r  were  heated in 
1 ml of absolute  pyr id ine  with two d rops  of p ipe r id ine  at 120-130 ~ for  1-4 h [the end of the r eac t i on  was 
d e t e r m i n e d  f rom a negat ive t e s t  of a s ample  of the r eac t ion  mix ture  with an a lcohol  solution of f e r r i c  ch lo -  
r ide  o r  by means  of t h i n - l a y e r  ch romatography  (TLC) on Merck  s i l i c a  gel  G in b e n z e n e - e t h a n o l  (90 : 10 o r  
95 : 5)]. The mix ture  was  cooled,  and the resu l t ing  p r ec ip i t a t e  was  r emoved  by f i l t r a t ion  and washed suc-  
c e s s i v e l y  on the f i l t e r  with a sma l l  amount of pyr id ine ,  alcohol ,  and e ther .  

3 - [ 5 - N - ( 2 - H y d r o x y e t h y l c a r b a m i d o ) - 2 - f u r y l ] - 7 - m e t h o x y c h r o m o n e  (VII). A solut ion of 0.18 g (0.57 
mmole)  of chromone IVc and 0.18 ml  (2.86 mmole)  of e thanolamine  in 1.6 ml of absolute  alcohol  was r e -  
fluxed for 3 h, a f t e r  which the mix ture  was cooled,  and the resu l t ing  p r ec ip i t a t e  was removed  by f i l t ra t ion  
to give 0.16 g (85%) of c o l o r l e s s  needles  with mp 192-5 ~ (from methanol) .  Found: N 4.7%. C17H15NO s. 
Calcula ted:  N 4.3%. Compound VIIwas  s i m i l a r l y  obtained f rom chromone IVb in 35~ y ie ld  (dioxane was used  

as the solvent).  

3 - H e t a r y l - - 4 - h y d r o x y - 7 - m e t h o x y c o u m a r i n s  (Va, c, d). A 10-mmole  sample  of sodium ter t~butoxide 
was added with s t i r r i n g  in an iner t  gas  a tmosphe re  at r oom t e m p e r a t u r e  to a solution of 1 mmole  of a c e t o -  
phenone Ia, c, d in absolute  die thyl  ca rbona te ,  and the mix ture  was  s t i r r e d  at 120-130 ~ for  4 h. The solvent  
was then evapora ted ,  and the d ry  r e s idue  was t r a n s f e r r e d  to 40-50 ml of water .  The mix ture  was ac id i f ied  
with dilute hydroch lo r i c  acid  to pH 2-3,  and the resu l t ing  p r ec ip i t a t e  was r emoved  by f i l t ra t ion .  

3 - H e t a r y l - 4 - a c e t o x y - 7 - m e t h o x y c o u m a r i n s  (Via, c). A solution of 1 mmole  of coumar in  Va, c in 6 ml 
of absolute  ace t ic  anhydr ide  was  ref luxed for 10 rain, a f t e r  which the mix tu re  was  al lowed to stand at r oom 
t e m p e r a t u r e  for  24 h. I t  was then added to ice wa te r ,  and the resu l t ing  p r ec ip i t a t e  was r emoved  by f i l t r a -  
tion and washed thoroughly with water .  

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 .  Method A. The method used to p r e p a r e  ch romones  IV was used  to 
obtain IXa, c f rom o~-he tary l -2 ,4-d ihydroxyace tophenones  VilIa,  c and ethyl  formate .  Af te r  r emova l  of the 
ethyl  fo rmate ,  the reac t ion  mix ture  was t r e a t e d  with the ca lcu la ted  amount of 1% hydroch lo r ic  acid.  When 
the i n t e rmed ia t e  2 -hydroxychromanone  (of the III type) was p re sen t ,  the mix tu re  was ref luxed for ~30 min 
in a lcohol  containing hydroch lo r i c  acid.  

Method B. As in the p r e p a r a t i o n  of ch romones  IV, IXa-e  were  obtained f rom acetophenones  VII Ia-e  
and o r thofo rmate  e s t e r  in pyr id ine  in the p re sence  of a few d rops  of p ipe r id ine .  Chromo,~es IXc-e  p r e c i p i -  
ta ted at the end of the reac t ion ,  w h e r e a s  ch romones  IXa, b were  i so la ted  by t r e a t m e n t  of the r eac t ion  m i x -  
t u r e s  with wa te r ,  and the IXa, b were  immed ia t e ly  conver ted  to ace ty l  d e r i v a t i v e s  Xa, b by t r e a t m e n t  with 
acet ic  anhydr ide  in pyr id ine  at r oom t e m p e r a t u r e  (4 mo les  of acet ic  anhydr ide  pe r  mole  of chromone) .  
Af te r  24 h, the r e su l t ing  p r ec ip i t a t e  was  r emoved  by f i l t ra t ion  and washed on the f i l t e r  with e ther .  A 0 .6-  
ml sample  of 5 % sodium hydroxide  solution was  added to a hot acetone solution o r  suspension of 1 mmole  
of 7 -ace toxy  de r iva t ive  Xa, b, the solution was di luted to twice i ts  volume with wa te r ,  and the mix ture  was 
ref luxed for 5 min. It was then ac id i f ied  with dilute hydroch lo r i c  acid,  and the r e su l t i ng  p r ec ip i t a t e  was 

r emoved  by f i l t ra t ion  f rom the cold solution. 

3 - ( 2 - B e n z o f u r y l ) - 7 - h y d r o x y c h r o m o n e  (IXa). Method C. A mix tu re  of 0.58 g (2 mmole)  of IVa and 
2.08 g (18 mmole)  of pyr id ine  hydroch lo r ide  was hea ted  at 170-180 ~ for 8 h, a f te r  which it was added to 
50 ml  of water .  The r e su l t i ng  p rec ip i t a t e  was r emoved  by f i l t ra t ion  and washed thoroughly with w a t e r  to 

give 0.31 g (56 %) of IXa. 
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Method D. A mix tu re  of 1.05 g (3 mmole)  of ch romone  XI and 3.12 g (27 mmole)  of pyridine hydro -  
chlor ide  was  heated  at  160-170 ~ for  10 h, a f t e r  which it was  added to 70 mt  of wate r ,  and the resu l t ing  p r e -  
c ipi ta te  was  r e m o v e d  by f i l t ra t ion  to give 0.5 g (60 %) of IXa. 
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