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UDC 547.728 '814.5  

A n u m b e r  of 3 - ( 2 - b e n z o f u r y l ) - 6 - e t h y l c h r o m o n e s  and t h e i r  4 - th ioxo  d e r i v a t i v e s  w e r e  s y n t h e -  
s i z e d ,  and the a c t i o n  of  h y d r o x y l a m i n e  and h y d r a z i n e  on t hem was  i n v e s t i g a t e d .  I s o m e r i c  
3 ( 5 ) - ( o - h y d r o x y p h e n y l ) i s o x a z o l e s  w e r e  o b t a i n e d  in  the  r e a c t i o n  with  h y d r o x y l a m i n e .  The  p r e -  
d o m i n a n t  f o r m a t i o n  of one o r  the  o t h e r  i s o m e r  de pe nds  on the c h a r a c t e r  of  the s u b s t i t u e n t s  in 
the 2 and 4 p o s i t i o n s  of  the  c h r o m o n e .  The r e a c t i o n  of c h r o m o n e s  wi th  h y d r a z i n e  l e a d s  to o -  
h y d r o x y p h e n y l p y r a z o l e s .  The c o m p o u n d s  ob t a ined  w e r e  c h a r a c t e r i z e d  by  t h e i r  IR, UV, and 
PMR s p e c t r a .  

In a p r e v i o u s  c o m m u n i c a t i o n  [2] we e s t a b l i s h e d  tha t  i s o m e r i c  5 ( 3 ) - ( 2 - h y d r o x y - 4 - m e t h o x y p h e n y l ) i s o x a -  
z o l e s  a r e  f o r m e d  by  the ac t i on  of h y d r o x y l a m i n e  on 7 - m e t h o x y -  and 2 - m e t h y l - 7 - m e t h o x y i s o f l a v o n e s  and t h e i r  
4 - t h i o x o  d e r i v a t i v e s  in s o l u t i o n  in p y r i d i n e .  The p r e d o m i n a n t  f o r m a t i o n  of  one o r  the  o t h e r  i s o m e r s  depends  on 
the n a t u r e  of the s u b s t i t u e n t s  in  the  2 and 4 p o s i t i o n s  of the  e h r o m o n e .  The i s o x a z o l e  s t r u c t u r e  of the p r o d u c t s  
of  the r e a c t i o n  Of i s o f l a v o n e  and 4 - t h i o x o i s o f l a v o n e  with  h y d r o x y l a m i n e  in  aqueous  a l c o h o l  s o l u t i o n  was  p r o v e d  
in  [3, 4] .  T h e s e  d a t a  a r e  in  a g r e e m e n t  wi th  r e p o r t s  [5 -9 ]  in  w h i c h  i t  i s  shown tha t  the r e a c t i o n  of  h y d r o x y l -  
a m i n e  wi th  s u b s t i t u t e d  c h r o m o n e s  l e a d s  to i s o x a z o l e  d e r i v a t i v e s  r a t h e r  than to o x i d e s  of  c h r o m o n e s ,  a s  p r e v i -  
o u s l y  a s s u m e d .  

I, II I I l -X 

I R=H: II R=CHa: III R=H, R!=CH3: IV R=RI=CHa: V R=CFa, R~=H: VI R=CFa, 
R'=COCH,~: VII R=COOC=Hs, R'=H; VIII R=COOC=Hs, RI=COCHa; IX R=R~=H: 

X R=H, RI=COCHa 

In the  p r e s e n t  r e s e a r c h  we s y n t h e s i z e d  new b e n z o f u r a n  a n a l o g s  of  i s o f l a v o n e s  ( I I I -X)  and i n v e s t i g a t e d  
the  r e a c t i o n  of h y d r o x y l a m i n e  wi th  them,  a s  w e l l  a s  wi th  the p r e v i o u s l y  ob t a ined  [ 10, 11] e h r o m o n e s  I and II. 
Da ta  on I I I -X a r e  p r e s e n t e d  in Tab le  1. 

Compounds  XI and XII ,  which  a r e  5 - ( 2 - h y d r o x y p h e n y l ) i s o x a z o l e  d e r i v a t i v e s ,  a r e  f o r m e d  as  a r e s u l t  of 
r e a c t i o n s  of  h y d r o x y l a m i n e  h y d r o e h l o r i d e  wi th  2 - m e t h y l e h r o m o n e s  II and IV in so lu t i on  in  p y r i d i n e .  T h e s e  
c o m p o u n d s  a r e  s o l u b l e  in  2 N s o d i u m  h y d r o x i d e  s o l u t i o n  but  do not  g ive  a c o l o r  r e a c t i o n  wi th  an a l c oho l  s o l u -  
t ion of f e r r i c  c h l o r i d e .  The  f o r m a t i o n  of XI  and XII  can  be  c o n c e i v e d  of as  b e i n g  the r e s u l t  of  n u e l e o p h f l i e  a t -  
t a ck  by  the h y d r o x y l a m i n e  m o l e c u l e  on the C 2 a t o m  of o h r o m o n e ,  in a g r e e m e n t  wi th  the d a t a  in [ 2 - ~ ] .  (See 
s c h e m e  on fo l lowing  page . )  S i m i l a r l y ,  2 - m e t h y l -  3 - ( 2 - b e n z o y l f u r y l ) - 7 - h y d r o x y e h r o m o n e  [ 11] i s  c o n v e r t e d  to 
3- m e t h y l -  4-  ( 2 - b e n z o f u r y l )  - 5- ( 2, 4 - d i h y d r o x y p h e n y l )  i s o x a z o l e  {XIII) u n d e r  the in f luence  of  h y d r o x y l a m i n e .  We 
o b t a i n e d  two p r o d u c t s  in  the r e a c t i o n s  of  t h i o x o e h r o m o n e s  XIV [ 11] and XV wi th  h y d r o x y l a m i n e  u n d e r  the 
s a m e  c o n d i t i o n s .  Some of  t h e s e  p r o d u c t s  w e r e  i d e n t i c a l  to XI and XII (in 53 and 42% y i e l d s ) ,  whi le  o t h e r s ,  
v iz . ,  X V I a n d  XVII  (in aa and 37% y i e l d s ) ,  g ive  a p o s i t i v e  r e a c t i o n  with  a s o l u t i o n  of f e r r i c  c h l o r i d e ,  a r e  s o l u -  
b l e  in 2 N s o d i u m  h y d r o x i d e  so lu t ion ,  and,  a c c o r d i n g  to the  r e s u l t s  of e l e m e n t a r y  a n a l y s i s ,  con ta in  one n i t r o -  
gen  a tom.  The  f o r m a t i o n  of  XVI and XVII,  which  a r e  3 - ( 2 - h y d r o x y p h e n y l ) i s o x a z o l e  d e r i v a t i v e s ,  c an  be  r e -  

*See  [ 1] fo r  C o m m u n i c a t i o n  7. 
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�9 " CH~ 

/ ~  II, III 

XIV, XV XVI, XVll 

II,XI, XIV, XVI R2=H; IV, XII. XV, XVII P-.2=C2H ~ 

ga rded  as being the r e s u l t  of nucleophi l ie  a t tack  by the hydroxy lamine  molecu les  on the 02 and 04 a toms,  
which leads  to opening of the T-pyrone  r ing with subsequent  cyc l iza t ion  of the i n t e r m e d i a t e  to o -hydroxypheny l -  
i soxazo le s .  

The r eac t ion  of 7 - m e t h o x y - 3 - ( 2 - b e n z o y l f u r y l ) c h r o m o n e s  I and TII with hydroxylamine  under  the condit ions 
d e s c r i b e d  above leads  to i soxazo le s  with s t r u c t u r e s  XVIII and XIX. Only one i soxazo le  (XXI, in 25% y i e ld ) ,  
which g ives  a pos i t ive  r eac t ion  with an alcohol  solut ion of f e r r i c  ch lor ide ,  and chromone III (in 25% yie ld)  were  
i so l a t ed  in a s i m i l a r  r eac t ion  with 4- th ioxochromone  XX. 

C H ; ~ O . . ~ O  H 

�9 C H 3 0 " ~  OH . ~  

i , , I xx  r -  ~ , l l  I[  " n ~  

N..O..;" 
I R2=H, X=O: III R2=C2Hs, X=O; XVIII R~=H; 
XIX-XXI R~=C2Hs; XX X=S XXI 

F r o m  prev ious  publ ica t ions  [4, 7-9, 12] i t  is  known that  ch romones  do not give the no rma l  ca rbonyl  r e -  
ac t ion with hydraz ine  hydra te  o r  hydroxy lamine  but undergo r e c yc l i z a t i on  to o -hydroxypheny lpyrazo le  d e r i v a -  
t ives .  Compounds XXII and XXIII a r e  fo rmed  by the act ion of hydraz ine  hydra te  on alcohol  solut ions of c h r o m -  
ones III and IV: 

,1|, Iv NH2NH--------'-~-2 CHaOx~/OH 

c2u5" V n ~ n ' ~ : "  V 
14 

XXII R=II; XXIII R~CH z XXII, XXIII 

They a r e  r e a d i l y  soluble  in a w a r m  2 N solut ion of sodium hydroxide  and give a blue co lo ra t ion  with an alcohol 
solut ion of f e r r i c  ch lor ide ,  which cons t i tu tes  evidence for  the deve lopment  of a phenolic hydroxy group in the i r  
mo lecu le s .  

To conf i rm the s t r u c t u r e s  of XI-XIII ,  XVI-XIX, and XXI-XXTII we r e c o r d e d  the i r  UV, PMR, and IR spec -  
t ra .  The fo rms  of the absorp t ion  curves  of the UV s p e c t r a  a r e  a l m o s t  iden t ica l  for  a l l  of the i soxazo les  and 
d i f fe r  c l e a r l y  f rom the absorp t ion  curves  of ch romones .  If the r eac t ions  p r e s e n t e d  above had p roceeded  with 
re ten t ion  of the pyrone  r ing,  the fo rm of the absorp t ion  cu rves  of the produc ts  should have reproduced  the ab -  
so rp t ion  cu rves  of the chromones  themse lves .  The s t r u c t u r e s  of the i soxazo les  and p y r a z o l e s  obtained a re  
a lso  in a g r e e m e n t  with the data  f rom the PMR s p e c t r a  (Table  2). The s igna ls  of the 5-H protons  of the c h r o m -  
ones and 4- th ioxochromones  expe r i ence  pa r ama gne t i c  shif ts  under  the influence of the adjacent  carbonyl  
group. The s igna ls  of the 6-H protons  of the phenolic  p a r t  of the i soxazo le s  and p y r a z o l e s  a r e  shif ted 0.82- 
0.97 and 0.95-1.06 ppm, r e s p e c t i v e l y ,  to s t rong  f ie ld as compared  with the s igna ls  of the 5-H protons  of the 
s t a r t i ng  chromones .  This is  the r e s u l t  of d i s rup t ion  of the p l ana r  s t r u c t u r e  of the molecu les  due to the benzo-  
furan r ing and i ts  r ing c u r r e n t s .  Nar row s ingle ts  of hydroxy groups  appear  at  9.~2-10.42 ppm. 
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EXPERIMENTAL 

The purity of the compounds obtained and the course of the reactions were monitored by thin-layer 
chromatography (TLC) on Silufol; a mixture of chloroform and methanol (9 : I) or a mixture of benzene and 
ethanol (9 : I) was used as the eluent. The UV spectra of alcohol solutions of the compounds (0.2.10 -S mole) 
were recorded with a Specord UV-vis speetrophotometer. The PMR spectra of the compounds were recorded 
with a ZKR-60 spectrometer relative to tetramethylsilane as the internal standard. The IR spectra of KBr 
pellets of the compounds were recorded with a UR-20 spectrometer. 

~-(2-Benzofuryl)-2,4-dihydroxy-5-ethylacetophenone (XXIV). A solution of 3.06 g (0.02 mole) of 4- 
ethylresorcinol and 1.3~ g (0.01 mole) of freshly calcined zinc chloride in 12 ml of absolute ether was added 
with stirring to a solution of 3.14 g (0.02 mole) of 2-benzofurylacetonitrile in 17 ml of absolute ether, and the 
mixture was cooled to 0-3~ and saturated with stirring with dry hydrogen chloride for 3-4 h, after which it 
was allowed to stand overnight at 0 ~ The ether was decanted from the resulting viscous yellow-orange oil, 
and the latter was washed with ether and treated with 100-150 ml of hot water. The aqueous mixture was re- 
fluxed for I h. It was then poured over ice, and the resulting yellow precipitate was removed by filtration and 
washed with water until the wash waters had pH 6. This procedure gave 5.8 g (89%) of crude product. Re- 
crystallization from 40% alcohol gave 5 g (77%) of needles with mp 151~ PMR spectrum (in DMSO). 4.63 
(CH2) , 11.92 (2-OH), 6.43 (3-H), 10.50 (4-OH), 7.75 (~-H), and 6.80 ppm (benzofuran 3-H). Found: C 72.8; 

H 5.6%. C18H1604. Calculated: C 72.9; H 5.8%. 

~-(2-Benzoyuryl)-2-hydroxy-4-methoxy-5-ethylacetophenone (XXV). A solution of 9.5 g (32 mmole) of 
ketone XXIV in I~0 ml of absolute benzene and 4.45 g (35 mmole) of dimethyl sulfate was refluxed with stir- 
ring with 16 g (116 mmole) of freshly calcined potassium carbonate for 3.5 h. The inorganic precipitate was 
removed by filtration, and the filtrate was acidified with three to five drops of glacial acetic acid. The solvent 
was removed by evaporation to dryness, and the residue was crystallized from alcohol to give 4.7 g (77%) of 
needles with mp 91"C. PMR spectrum (in DMSO): 4.74 (CH2), 12.04 (2-OH), 6.60 (3-H), 7.83 (60H), and 6.85 
ppm (benzofuran 3-H). Found. C 73.1; H 5.7%. C19H1804. Calculated: C 73.5; H 5.8%. 

3-(2-Benzofuryl)-~-ethyl-7-methoxychromone (III). A mixture of 4.5 g (14 mmole) of ketone XXV, 
14.4 ml of freshly distilled ethyl orthoformate, 14.4 ml of dry pyridine, and 30-35 drops of dry piperidine 
was refluxed at 120-130~ for 4-5 h. It was then cooled, and the precipitate was removed by filtration and 
washed with a small amount of pyridine, alcohol, and ether to give 2.8 g (60%) of needles of III (from n- 

butanol). 

2-Methyl-3-(2-benzofuryl)-6-ethyl-7-methoxychromone (IV). A mixture of 3. II g (I0 mmole) of ketone 
XXV, 4.98 g (40 mmole) of acetic anhydride, and 3.03 g (30 mmole) of triethylamine was heated at 120~ for 
2-3 h, after which the solution was poured into 300 ml of water containing 8 ml of concentrated hydrochloric 
acid, and the precipitate was removed by filtration and washed thoroughly with water to give 3.2 g (96.5%) of 
needles of IV (from alcohol). 

2- Tr i f iuoromethyl-  3-(2-benzofuryl)  -6 -e thy l -7 -hydroxychromone  (V). A 0.84-g (4 mmole)  sample of 
t r i f luoroacet ic  anhydride was added dropwise to a cooled (to 0-3~ solution of 0.59 g (2 mmole)  of XXIV in 
3 ml of dry  pyridine, and the mixture was allowed to stand overnight  at room temperature .  It was then poured 
over  ice, and the result ing mixture was acidified. The white precipi tate  was removed by fi l tration to give 0.7 
g (95%) of needles of V (from benzene or  aqueous alcohol).  

2 -E thoxyca rbony l -3 - (2 -benzofu ry l ) -6 -e thy l -7 -hydroxychromone  (VII). This compound was obtained from 
0.59 g (2 mmole)  of XXIV and 0.546 g (4 mmole) of ethoxyalyl chloride under the conditions used for the 
prepara t ion of V. Workup gave 0.74 g (97%) of needles of VII ( f rom aqueous alcohol).  

3 - (2 -Benzofu ry l ) -6 -e thy l -7 -hydroxychromone  (IX). This compound was obtained f rom 0.95 g (3.2 
mmole)  of XXIV, 3.2 ml of ethyl or thoformate,  3.2 ml of pyridine,  and five drops of piperidine under the con- 
ditions used to prepare  III. Workup gave 0.9 g (94%) of a crude product,  which was purified through the acetyl 
derivative.  

3 - (2 -Benzofu ry l ) -6 -e thy l -7 -ace toxyehromones  (VI, VIII, and X). A 4-mmole  sample  of acetic anhy- 
dride was added to a solution of 1 mmole of chromone in the minimum amount of d ry  pyridine, and the mix- 
ture was allowed to stand at 0~ for 24 h. The precipi ta te  was removed by filtration, washed with a small  
amount of pyridine and ether,  and crys ta l l ized  f rom benzene. 

3 - (2 -Benzofury l ) -4 - th ioxo-7-methoxychromones  (XV and XX). A well-ground mixture of 7 mmole of 
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chromone IV or  III and 1.5 g (7 mmole) of phosphorus pentasulfide in 40 ml of absolute pyridine was heated at 
100~ for 2 h, af ter  wMch it was added to 200-250 ml of water,  and the solid mater ia l  was removed by f i l t ra-  
tion and washed on the f i l ter  with water  to give b r igh t - r ed  or  yel low-orange needles (from n-butanol).  

4 - (2 -Benzofury l ) -5 - (2-hydroxy-4-methoxyphenyl ) i soxazo les  (XI-XlII, XVIII, and XIX). A mixture of 1 
mmole of 3- (2-benzofury l )chromone and 3 mmole of hydroxylamine hydroehloride in 3-8 ml of dry  pyridine 
was heated at 100-105~ for  0.5-6 h, af ter  which the hot solution was added to 100 ml of water.  The l iberated 
oil gradual ly  began to Solidify, and the solid was r ec rys t a l l i zed  f rom alcohol or  aqueous alcohol. 

3-( 2- Hydroxy- 4-methoxyphenyl) - 4-( 2-benzofuryl  ) -5 -methyl isoxazoles  (XVI and XVII) and 3 -Methyl-4-  
(2 -benzofury l ) -5- (2-hydroxy-4-methoxyphenyl ) i soxazoles  (XI and XII).  A mixture of 1 mmole of thioxo- 
chromone XIV or  XV and 3 mmole of hydroxylamine hydrochloride in 3-10 ml of dry pyridine was heated at 
115-120~ for  45-60 rain, af ter  which it was added to 100 ml of water.  The solidified oil was removed by fil- 
tration, a i r  dried, and t reated with hot carbon tetrachloride.  The solid mater ia l  that was insoluble in hot CCI 4 
was XI or  XII. The carbon te t rachlor ide  mother  l iquor was evaporated to dryness ,  and the XVI or  XVII was 
rec rys ta l l i zed  f rom alcohol. In addition to these compounds, a compound that did not give a react ion with a 
solution of fe r r ic  chloride and was only very  slightly soluble in alcohol was isolated f rom the reaction mix-  
ture.  The s t ruc ture  of this compound could not be established. 

3 - (2 -Hydroxy-4-methoxy-5-e thy lphenyl ) -4 - (2-benzofury l ) i soxazo le  (XXI). This compound was obtained 
by a method s imi lar  to that used to p repare  XVI and XVII. 

3-( 2-Hydroxy-  4-methoxy-  5- ethylphenyl ) - 4- (2-benzofuryl)  pyrazoles  XXII and XXIII. A 6-ml  (12 -ram ole) 
sample of a 2 N solution of hydrazine hydrate  in alcohol was added to a hot solution of 1 mmoIe of chromone 
in the minimum amount of alcohol, and, after  5-10 rain, the mixture was added to 100-120 ml of water.  The 
precipi ta te  was removed by fi l trat ion and crys ta l l ized  f rom alcohol to give co lor less  needles of the product. 
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