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Some 4 -me thy l -  and 4 -pheny l -3 -hyd roxycoumar in s  were  synthes ized  by the reac t ion  of phenols 
with a - a c e t o x y a c e t y l -  o r  ~ -ace toxybenzoy lace t i c  e s t e r s .  

It has  been proposed  that  3 -hydroxycoumar ins  be obtained by the hydro lys i s  of the cor responding  
amino or  ace tamido  de r iva t ives  [1-3], by cycl izat ion of ethyl O-(ace toxyace ty l ) sa l icy la te  [4,5], and by t r e a t -  
ment  of coumarandione  with d iazoalkanes  [6]~ We have obtained the following 3 -hydroxycoumar ins  by the 
d i r ec t  r eac t ion  of phenols or  the i r  ace ta te  e s t e r s  with a - a c e t o x y a c e t y l -  and c~-acetoxybenzoylacetic  e s t e r s  
in the p r e s e n c e  of su l fur ic  acid via the Pechmann reac t ion:  3 -hyd roxy-4 ,7 -d ime thy lcoumar in  (I), 3 -hydroxy-  
4- methy l -  7 - m  ethoxycoumarin  (II), 3,7- d ihydroxy-  4- me thy lcoumar ins  (III), 3,5, 7 - t r i hyd roxy-  4- m ethylcou- 
m a r i n  (IV), 3 , 6 , 7 - t r i h y d r o x y - 4 - m e t h y l c o u m a r i n  (V), 3 , 7 , 8 - t r i hyd roxy -4 -me thy l coumar in  (VI), benzo[h]-3-  
h y d r o x y - 4 - m e t h y l c o u m a r i n  (VII), 3 ,6 ,7 - t r ihydroxy-4 -pheny lcoumar in  (VIII), and 3 ,7 ,8 - t r i hyd roxy-4 -pheny l -  
coumar in  (IX) (Table 1). The yie lds  of these  products  depend on the na ture  of the r eagen t s  and the acid 
concentra t ion  (see [7,8])~ 

The 3 -hyd roxycoumar in s  a r e  c o l o r l e s s  or  sl ightly colored c rys ta l l ine  subs tances  that  mel t  with de-  
composit ion~ Most of them a r e  s tab le  in a i r .  Except  for  3,6,7- and 3 ,7 ,8 - t r ihydroxycoumar ins ,  which p r e -  
c ipi ta te  s i l ve r  f r o m  s i lve r  n i t r a te  in neut ra l  and weakly acidic media ,  these  compounds reduce  s i l ve r  
n i t r a te  in a lkal ine  sulfi te  solut ions.  The i r  aqueous and alcoholic solut ions darken rapidly .  

TABLE 1. 

Com -JtSh~e ] 
pound ]tmiCth 

lod 

II 
III A 
IV 
V A* 

VII 
VIII ~ 

IX 

3 -Hydroxycoumar ins  

R 

, r"fi .Nff~/OIl 

Decomposition temp. Empirical 
(crystallization solvent) formula 

181--182 Benzene 
201':--203 Benzene 
211--212 Water, benzene 
243--246 Water 
285--291 Alcohol 
273--275 Alcohol 
252--254 Ethyl Acetate 
263--265T 
245--250~ 

CnH~oO3 
CIIHI004 
CIOH804 
CIoHsOs" H20 
CloHsOs 
CloHsOs 
CI4HIoO3 
C~5H~oO5 
C15H1oO5 

,Found, % 

C [ H 

I 

69,5O J 5,3O 
64,22 4,95 
62,78 4,64 
53,11 J 425 
57,78 J 3,75 
57,61 J 4,ll 
74.22 I 4,57 
66,56 4,17 
66,50 4,12 

Calc., % J 
i Y ie ld, 

c H ] % 

/ 
69,46 5,30 ~ 28 
64,07 4,88 ] 52 
62,52 4,19 [ 77 
53,10 ] 4,45 | 96 
57,70 3,87 I 72 
57.70 3,87 ] 49 
74,33 4,45 ] 24 
66,66 3,69 [ 15 
66,66 3,69 / 14 

*Obtained f r o m  hydroxyhydroquinone t r i ace ta t e .  
$ The wash solvent  was a l c o h o l - h y d r o c h l o r i c  acid (1: 3). 
$ The wash solvent  was a l c o h o l - h y d r o c h l o r i c  acid (1: 2)~ 
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The compounds obtained may be of in te res t  as developers  and antifog agents in photography [9]. 

E X P E R I M E N T A L  
3-Hydroxy-4 -me thy l -  or  3 -Hydroxy-4-phenylcoumar ins .  A. A mixture  of 5 mole of the phenol or  

10 mmole  of i ts acetate ,  10 mmole  of ~ -ace toxyacy lace t i c  e s t e r ,  and 10 ml of 75-85% sulfuric  acid was 
heated for  30 rain at 40 ~ af te r  which 100 ml of water  was added. The resul t ing precipi ta te  was Washed 
with water  until it gave a neut ra l  reac t ion  to Congo and was then c rys ta l l i zed  f rom water ,  alcohol, or  ben- 
zene. The readi ly  oxidized 3-hydroxy-4-phenylcoumar ins  were purif ied by boiling in a mix ture  of alcohol 
and hydrochlor ic  acid (sp. gr.  1.18), washing with water  until they gave a weakly acidic reac t ion  to Congo 
red and drying over  alkali.  

B. Sulfuric acid [10 ml (sp. gr.  1.84)] was added gradually with s t i r r ing  to a mix ture  of 5 mmole  of 
the phenol and 10 mmole  of ~-ace toxyacy lace t ic  e s t e r  at 10-15 deg. The reac t ion  mixture  was allowed to 
stand for  24 h at 20-25 deg and was then s t i r r e d  with 50 g of ice. The isolation and purif icat ion were  s imi-  
l a r  to the p rocedures  descr ibed  in method A. 
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