
EXPERIMENTAL 

The IR spec t r a  of thin l aye r s  or  minera l -o i l  suspens ions  of the compounds were  r eco rded  with a UR-10 
s p e c t r o m e t e r .  The PMR s pec t r a  we re  r eco rded  with a Var ian  s p e c t r o m e t e r  (100 MHz) with t e t r ame thy l s i l ane  
as the external  s tandard.  

Acetylenic  6-keto alcohols I Ie-g ,  k and fo rmyl  alcohol ace ta ls  Ia -c  were  obtained by the method in [1]; 
7-keto alcohols IIh-j  were  obtained by the method in [6]. 

~/-Dihydropyrones (V) and/3-Dihydrofuranones  (VII). A solution of 0.05 mole  of the appropr ia te  acetal  
Ia -d  or  keto alcohol I I e -k  was added to a solution of 12 ml  of concentrated H2SO 4 in 50 ml  of ethanol and 50 
ml  of water ,  and the mix tu re  was ref luxed for  8 h. The ethanol was removed by distil lation, the res idue  was 
ex t rac ted  with e ther ,  and the e ther  l a y e r  was washed wi~h sodium carbonate  solution and dried with MgSO~. 
The solvent was removed  by disti l lation, and the res idue  was vacuum fract ionated.  The physica l  constants  of 
V and VII a r e  p re sen ted  in Table 1. 

1 ,5 -Dipheny l -4 -pen tene - l ,3 -d ione  (VIk). This compound, with nap 106-107 ~ was obtained in 89~ yield 
by a s i m i l a r  method f r o m  0.01 mole  of 1 ,5 -d ipheny l -5 -hyd roxy -2 -pen tyn - l -one  ([Ik). Found: C 81.6; H 5.7ff. 
C17H1402. Calculated:  C 81.6; H 5.6~0. IR spec t rum,  cm- l :  1640 (C =O), 953, 970 (C =C). 
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It is shown that t r e a t m e n t  of 3 -he ta ry lch romones  with alkal is  and hydraz ine  hydrate  leads to 
opening of the pyrone  ring and subsequent  convers ion  of the in te rmedia te  to ~ - h e t a r y l - 2 - h y -  
droxyacetophenones  and 2-hydroxyphenylpyrazole  der iva t ives .  

The reac t ion  of chromones  with alkal is  can be used to es tab l i sh  the s t ruc tu re  of compounds of this s e r i e s  
[2]. We have studied the effect  of a lkal is  on furan  and benzofuran analogs [3] of isof lavones (in-c). It was es -  

* See [ 1] for  communica t ion  IV. 
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tablished that when chromone Ia is heated with a fourfold excess of a 5% solution of sodium hydroxide in aque- 
ous alcohol, the pyrone ring is opened to give benzofurylacetophenone IIIa, identical to the product of methyla- 
tion of c~- (2-benzofuryl)-2,4-dihydroxyacetophenone [4]. In addition to cleavage of the pyrone ring, in the case 
of 7-methoxychromones  Ib, c we observed saponification of the e s t e r  groups to give IlId, e. The same sub- 
s tances were obtained by al ternative synthesis  f rom the corresponding 4-methoxyacetophenones Ivb, c. 4- 
Methoxy-2-hydroxyacetophenones IIl and IV give a positive react ion with a solution of fe r r ic  chloride.  The 
2-OH group appears  as a singlet at 12.22-12.45 ppm [dimethyl sulfoxide (DMSO)] in the PMR spect ra  of the 
products  of alkaline destruct ion of chromones la-c .  
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Compound IIIa is reconver ted  to ehromone Ia on react ion with methyl formate  or  ethyl or thoformate  by 
the method in [3]; this is an additional confirmation of the s t ruc ture  of the ehromones mentioned above. 

It is known that chromones  [5, 6] and 4- thioxochromones [7, 8] containing methyl, phenyl, or  hydroxyl 
groups in the 3-posit ion of the chromone ring undergo opening of the pyrone ring with subsequent closing of 
the intermediate  to give a pyrazole  derivative.  Only those chromones  that do not contain substituents in the 
3 position form hydrazones .  

c.3o-.J~../o. ~ 

t 
. /~-NAc.  3 

VII 

We have shown that both chromone V and thioxochromone VI react  with hydrazine hydrate  to give the 
same compound, which is evidently an o-hydroxyphenylpyrazole  derivative (VII): It gives a b lue-green color-  
ation with a solution of fe r r ic  chloride and is readily soluble in warm 2 N sodium hydroxide solution; this con- 
stitutes evidence for the development of a phenolic hydroxyl group in the molecule.  Products  with s imi lar  
s t ruc tures  (VIII and IX) are  also formed by the action of hydrazine hydrate on other 3- (2-benzofuryl)chromones 
[3, 9]. The IR spect ra  of VII-IX contain absorption bands of s tretching vibrations of the pyrazole  ring at 1520- 
1535 cm -1, of s tretching vibrations of the C =N bond at 1620-1630 cm -t, and of OH and NH stretching vibrations 
at 3245-3400 cm -1. 

R : O \ ~  

H..-N'-.N//~.R , 

VIII, IX 

VIII RK=CHs, R~=H; IX R~=H, R:=CH3 

EXPERIMENTAL 

The UV spectra of 5 " 10 -5 M solutions of the compounds in ethanol were recorded with an SF-4A spec- 

trophotometer. The IR spectra of KBr pellets of the compounds were recorded with a UR-10 spectrometer. 
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TABLE 1. Physical  C h a r a c t e r i s t i c s  of VII-IX 

:ompound mp. "C 

VII I 166 VIII 208,5 
IX 190 

Empirical 
formula 

ClgHI6N203 
CIoHI4N2Oa 
CIsHI4N2Os 

Found, % 
cl lN 

70,9 4.9 8.5 
70,2 4.7 8,9 
70,0 4.6 8,9 

Calculated, 
cl.l 

71.2 5~0 
70,6 4j6 
70,6 4,6 

% 
Yield. % 

N 

8,7 I 90 9, l 83 
9,1 95 

The PMR spec t r a  of DMSO solutions of the compounds (0.25 mole) were  r eco rded  with a ZKR-60 s p e c t r o m e t e r  
(60 MHz) at 25 ~ with t e t ra rae thy ls i l ane  as the internal  s tandard.  

a - (5 -Ca rbox y -2 - fu ry l ) -2 -hyd roxy -4 -m e t hoxyace tophenone  (IIId). A solution of 0.3 g (1 ramole) of chro-  
raone 11) in 15 ml  of alcohol and 10 ml  of wa te r  was refluxed fo r  30 rain with 3.2 ml  (4 ramole) of a 5% sodium 
hydroxide solution, a f t e r  which the mix tu re  was diluted with 50 ral of wa te r  and acidified to pH 5 with dilute 
hydrochlor ic  acid. The resul t ing p rec ip i t a te  was removed  by f i l t ra t ion and purif ied to give 0.2 g (80%) of 
needles  with rap 186 ~ (from aqueous alcohol).  Found: C 60.9; H 4.5%. C14Ht2OG. Calculated:  C 60.9; H 4.4%. 

Compound IIId was obtained under s i m i l a r  conditions f rom 0.29 g (1 ramole) of acetophenone Wb and 1.6 
ral (2 mmole)  of 5% sodium hydroxide.  Pur i f ica t ion  gave 0.25 g (907,o) of a product  with mp 186 ~ 

~ - (2 -Carboxy-5 -benzofu ry l ) -2 -hydroxy-4 -me thoxyace tophenone  (Hie). This compound was s imi l a r ly  
obtained in 72% yield f r o m  chroraone Ic and in 90% yield f rom acetophenone IVc [3]. The reac t ion  t ime  was 
30 rain, and the product  had mp 223.5 ~ (from aqueous alcohol). Found: C 65.9; H 4.5%. ClsH140 ~. Calculated:  
C 66.3; H 4.3~70. 

2 -Methy l -3 - (2 -benzofu ry l ) -4 - th ioxo-7 - rae thoxychromone  (VI). A finely t r i tu ra ted  mix tu re  of 1 mmole  of 
chromone [9] and 0.6 raraole of phosphorus  pentasulf ide in 6 ral of absolute pyr idine was heated at 100 ~ for 1 h. 
a f t e r  which it was added to 50 ral of water .  The solid ma t e r i a l  was removed by f i I t ra t ion and washedthoroughly  
on the f i l t e r  with water .  Pur i f ica t ion gave 0.25 g (78%) of a product  with mp 233 ~ (from n-butanol).  IR spec-  
t rum,  cra- l :  1630 (Vc= S) and 1587 (chroraone VC=C). UV spec t rum,  }'max, nm (log ~): 285 (4.40), 375 (4.46). 
Found: S 10.0~v. C19H1403 S. Calculated:  S 9.9%. 

4 -Heta ry l -5 (3) - (2 -hydroxyphenyl )pyrazo les  (VII-D(). A total  of 6 ral (12 mmole)  of a 2 N alcohol solu- 
tion of hydraz ine  hydra te  was added to a hot solution of 1 ramole  of 3 -he ta ry lchroraone  [3, 9] o r  thioxochroraone 
VI in the min imum volume of alcohol.  Af ter  5-10 rain, the reac t ion  mix tu re  was poured into 100-120 ral of 
water ,  and the resul t ing p rec ip i t a te  was removed  by f i l t ra t ion  and c rys ta l l i zed  f rom alcohol to give co lo r l e s s  
needles ,  the c h a r a c t e r i s t i c s  of which a r e  p resen ted  in Table  1o 
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