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The condensation of hydroxy- and methoxyacetophenones with 2,1,1,3- 
tetraehloro-3-ethoxypropane or ~,/~-dichloroacrolein in an acid me- 
dium has yielded a number of dichlorodienyl hydroxyphenyl ketones 
which are converted into the corresponding 2-pyrones in acetic or 
propionie acids in the presence of phosphoric acid. 

The c~-pyrone nucleus  is a component  of a n u m b e r  
of na tu r a l  and synthet ic  compounds pos se s s ing  var ious  
physiological  effects [ 1, 2, 3]. It  appeared  of i n t e r e s t t o  
to obtain phenolic  de r iva t ives  of 2 -py rone  and to study 
the inf luence of the posi t ion of the hydroxy group in 
the phenolic  r ad ica l  on their  phys ieochemica l  prop-  
e r t i e s  and biological  ac t iv i t i es ,  

We syn thes ized  6 - (hydroxypheny l ) -2 -pyrones  by 
eyc l iz ing  the d ichlorodienyl  ketones (I-VI)  which were  
obtained, in the i r  turn,  by condensing hydroxy-  and 
methoxyaeetophenones  with 1 ,1 ,1 ,3 - t e t r aeh lo ro -3 -  
ethoxypropane (TCEP) or with f l , f l -d ich loroacro le in  
(DCA) by the following scheme: 

O 
,~"~p_.~ _ C: H3 CCIaCH2CH CIO(;2Hs 

r ~  + c c , ~ H - ~ c . o  - -  

I-VI VII-XIII 

1, VIi R=o-OH; ii ,  VIII R=o-OCH3; Ill,  IX R=m-OH; 

IV, X R=m-OCH~; V, XI R=p-OCHa; VI, XIl i*  R=p-CH3; 

XIi R=p-OH 

We found that the syn thes i s  can be c a r r i e d  out in a 
s ingle  s tage without the i so la t ion  of the d ichlorodienyl  
ketone not only when DCA and 1 ,1 ,3 - t r i ch lo ro -3 - e t hoxy -  
propene a re  used [4] but a lso in the case of TCEP;  
under  these condit ions the yield of pyrone  amounts  to 
80-90% (Table  2). The hydroxy-  and methoxyaceto-  
phenones r e a c t  with TCEP read i ly  even in the cold 
(Table  1). o-Hydroxyacetophenone is an exception, un-  
dergoing only 5-10% reac t ion  under  these  condi t ions .  
The condensa t ion  of this compound with DCA at 
40 -50  ~ C i n c r e a s e s  the yield of 1 ,1 -d i ch lo ro -5 - (o -  
h y d r o x y p h e n y l ) - l , 3 - p e n t a d i e n - 5 - o n e  to 70-80%. 

Heating I - V I  in ace t ic  or propionic  acid in the p r e -  
sence  of phosphoric  acid led to the 2 -py rone  de r iva t ives  
(Table  2). However,  I can also be eycl ized with the 
par t i c ipa t ion  of the o-hydroxy group of the phenyl nu-  

cleus with the fo rmat ion  of 2- ( f l , f l -d ichlorovinyl ) -4-  
chromanone  (XIV). 

M 
~ H  H=CH~CH = EEl ~ / OR v I I  

o 

~CH 2 

XIV 

I n c r e a s i n g  the t e m p e r a t u r e  and t ime of the r e a c -  
tion r a i s ed  the yield of VII and lowered the yield of 
XIV. Substance  XIV was co lo r l e s s  (no conjugated s y s -  
tem of bonds), did not d i s so lve  in alkal is ,  and did not 
give a r eac t ion  with f e r r i c  chlor ide  solut ion.  A com-  
pa r i son  of the IR spec t ra  of I, VII, and XIV conf i rmed  
the s t r u c t u r e  of the la t te r  (see the f igure) .  The IR 
s p e c t r u m  of XIV exhibited an absorp t ion  band in the 
1688 cm -1 region  due to the s t r e tch ing  v ib ra t ions  of a 
~ O  group and a c h a r a c t e r i s t i c  band in the 1643 cm -1 
reg ion  due to the s t r e tch ing  v ib ra t ions  of an isolated 
~ C  bond of a vinyl  group. Moreover ,  there  were  
s t rong  bands in the 1222 and 1070 cm -1 reg ions  c o r r e -  
sponding to the s t re tch ing  v ib ra t ions  of t h e - ~ C - - O - - C - -  
grouping.  The r e  were  no c h a r a c t e r i s t i c  bands for the 
absorp t ion  of a hydroxy group whatever .  The absence  
of bands co r re spond ing  to the v ib ra t ions  of an OH 
group and the d i sp l acemen t  of the band of the carbonyl  
absorp t ion  in the d i rec t ion  of sho r t e r  wavelengths in 
the IR s p e c t r u m  of I is explained by the ex is tence  of a 
hydrogen bond between the carbonyl  group and the 
phenolic  hydroxyl .  The IR s p e c t r u m  of VII c l ea r ly  
shows a broad band of assoc ia ted  hydroxy groups with 
max ima  in the 3070 and 3150 cm -1 reg ion  and a s t rong  
absorp t ion  band (1712, 1690 em -1) c h a r a c t e r i s t i c  for 
an ~ - p y r o n e  r i ng  [5, 6]. 

Compounds I, III, VH, and IX smoothly  gave acetyl  
de r iva t ives  with acet ic  anhydr ide  in the p r e s e n c e  of 
pyr id ine  or sodium aceta te .  Compounds VIII, X, and 
XI r ead i ly  underwent  demethyla t ion  without the c leav-  
age of the pyrone r i ng  to give VII, IX, and XII, r e s p e c -  
t ively, under  the act ion of a luminum chlor ide in 
benzene solut ion.  The o- and p - i s o m e r s  demethyla ted  
m o r e  eas i ly  than the m - i s o m e r .  Al l  the d ichlorodienyl  
ketones (apar t  f rom II) and ~ - p y r o n e s  obtained con-  
s i s ted  of fa int ly  colored c r y s t a l l i ne  subs tances  diffi-  
cult  to puri fy .  Compounds H and IV were  uns table  and 
decomposed on s torage  with the evolut ion of hydrogen 
chlor ide .  

*6 - (p -To ly l ) -2 -py rone  is syn thes ized  in o rde r  to 
compare  i ts  physiological  ac t iv i ty  with the ac t iv i t ies  
of the hydroxy-  and me thoxypheny l -2 -py rones .  

EXPERIMENTAL 

I, 1=Dichloro-5-(o-hydroxyphenyl)-l, 3-pentadien-5-onr (I). Dry 
hydrogen chloride was passed for 30 rain into a mixture of 13.6 g 
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IR spectra: 1) 1, 1-diehloro-5-(o-hydroxyphenyl)-l, 3-penta- 
dien-5-one; 2) 2-(B, ~-dichlorovinyl)-4-chromanone; 3) 6- 

(o-hydroxyph enyl)-2-pyrone. 
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(0.1 mole) of o-hydroxyaeetophenone and 14.5 g (0.116 mole) of DCA 
at 3*-5* C and then, with the continued passage of hydrogen chloride, 
the mixture was heated to 4 0 " - 4 ~  C for 1 hr 30 min to 2 hr and was 
kept at this temperature for another 2 hr. Yield 19.3 g (79.4%) (the 
yields are always given for the unpurified material),  mp 143"-143.5" C 
(ethanol). IR spectrum: 1647, 1579 cm -1. Found, %: C 54.73; H 3.59; 
C1 28.82. Calculated for CIlHsClzO2, %: C 54.35; H 3.32; C1 29.17. 
Acetate of I, mp  79.5*-80* C (aqueous methanol).  Found, 90: C 54.35, 
H 3.77; C1 24.78. Calculated for ClsH10ChO~, %: C 54.76; H 3.54; 
C1 24.87. 

1, l-Dichloro-5-(m-methoxyphenyl)-l, 3-pentadlen-5-one (IV). A 
mixture 4 g (0.0266 mole) of m-methoxyacetophenone,  7 g (0.031mole) 
of TCEP, and 35 ml  of acetic acid was kept at b~-10 ~ C for 8 days. 
The brown oil that separated on the addition of water crystallized after 
some t ime.  Four grams of crystals were separated off and were purified 
by reerystallization from methanol.  

The dinitrophenylhydrazones of II and IV were purified by the 
chromatography of a solution in carbon tetraehloride on alumina,  with 
subsequent reerystatlization from a mixtur e of benzene and heptane. 

Compounds II, III, V, and VI were obtained similarly (Table 1). 
8-(o-Hydroxyphenyl)-2-pyrone (VII). A mixture of 3 g (0.0123 ml) 

of I and 2 ml  of 83% phosphoric acid was boiled in 45 ml of glacial  
acetic acid for 75 hr. The crystals that deposited were separated off and 
carefully washed with benzene, and the liquid was poured into water. 
The crystals, consisting of 1.19 g of VII, were recrystallized f romwater ,  
IR spectrum: 17t2, 1690, 3070, 3150 em -1. The benzene extracts were 
evaporated in vacuum and diluted with petroleum ether, and, by frac- 
tional crystallization and freezing out, white fibrous crystals of the 
ehromanone IV were obtained, with rnp 79*-80" C. IR spectrum: 1688, 
1222, 1070, 1643 cm -1. Found, %: C 54.34; H 3.32; C1 28.64. 
Calculated for C1,I44C1~D2, %: C 54.35; H 3.32; C1 29.17. When the 
reaction was carried out in propionic acid practically none of the chro- 
manone XlV was formed. 

Compounds IV, X, and XI were obtained similarly (Table 2 
method A). In the ease of X, the reaction mixture was poured into 
water and extracted with ether and the extract was washed with sodium 
carbonate solution and with water and was dried with magnesium sul- 
fate. The residue after the el iminat ion of the ether and vacuum dis- 
tillarion crystallized. 

6-(m-I-Iydroxyphenyl)-2-pyrone(IX). A solut ionof4g(O.0294mole)  
of m-hydroxyaeetophenone and 7.64 g (0.0338 mole) of TCEP in 35 ml 
of ace t ic  acid was kept at 5~  * C for 7 days and then 2 ml  of 83% 
phosphoric acid was added and the mixture was boiled for 19 hr and 

poured into water. This yielded 4.84 g of IX, which was purified by 
repeated recrystallization from methanol.  

Compounds VIII, X, XI, and XIII were also obtained without the 
isolation of the diehlorodienyl ketone (Table 2, method B). 

Demethylatton of VIIL With stirring, 0.47 g of a luminum chloride 
was added to a solution of 0.3 g (0.015 mole) of VIII in 30 ml of ben- 
zene. The reaction mixture was heated under reflux for 1 hr and was 
then decomposed with concentrated HC1. The precipitate was filtered 
off, washed with benzene, and recrysallized from water or aqueous 
ethanol. This gave 0.25 g (89.6%), mp 196.5-297.5" C. A mixture with 
VII exhibited no depression of the melting point 

Compounds X and XI were demethylated similarly. The yield of 
6-(m-hydroxyphenyl)-2-pyrone was 47.8%, nap 184"-185 ~ C, a mixture 

with IX giving no depression. The yield of XII was 86.6%. 
nap 222~ ~ C [4]. 

The IRspectra of I, VII, and XIV were recorded on a UR-10 in- 
strument in the range from 1000 to 1800 em -I with a sodium chloride 
prism and in the range from 2800 to 3600 cm "l with a l i thium fluoride 
prism. The substances were compressed into tablets with KBr. 
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