
3-(p-Chlorobenzo~rl)dibenzofuran. The ketone was purified by recrystal l izat ion from glacial acetic 
acid o r  alcohol to give a product with mp 153 ~ M 306 (by mass spectrometry),  and Rf  0.5I. IIt spectrum: 
1665 (C:=O) and 845 cm -1 (1,4-disubstituted ring) (according to the data in [9], the ketone has mp 152~ 

3,6-Dibenzoyldibenzofuran. The ketone was purified by recrystal l ization from acetic acid or  alcohol 
to give a product with mp 165 ~ M 376 (by mass spectrometry),  and Rf  0.80. IR spectrum: 1664 (C----O) and 
705 cm'71 (monosubstituted benzene ring) (according to the data in [1, 2], the ketone has mp 167-168~ 
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D I -  AND T R I ( 2 - P Y R O N - 6 - Y L ) A R E N E S  

S. V. S o k o l o v s k a y a  a n d  L .  K. M o l d o v a n o v a  UDC 547.812.5.814.1 : 543.422.4.6 

Condensation of di- and tr tacetylarenes with 1,1,1,3-tetrachloro-3-alkoxypropanes or  fl,fl- 
dichloroacrolein in acidic media gave a number of (dichloropentadienyl)- and tris(dichloro- 
pentadienyl)-substituted aryl  ketones, which, in the case of acetic acid in the presence of 
phosphoric acid, a re  converted to the corresponding di- and tr i(2-pyron-6-yl)arenes.  It 
was observed that nitric acid has an oxidation effect on 2-pyrones.  

In a continuation of our ea r l i e r  research  [1] in the pyrone ser ies  we synthesized systems with two 
and three o~-pyrone rings separated by benzene rings and studied some of their  reactions. We accom- 
plished the synthesis of 1,4-di(2-pyron-6-yl)benzene (X), 1,4-(2-pyron-6-yl)diphenyl {XI), and sym-tr i (2-  
pyron-6-yl)benzene (XIII) from p-diacetylbenzene (I), 1,4-diacetyldiphenyl (II), and sym-triacetylbenzene 
0II), respectively, by the method in [2], which has been previously used for  the synthesis of monopyrones. 

I 
H~COC- COCH 3 "~ 2CCI~CH~CHOR 

(2 CCI2=CHCHO) 
I, il 

Moscow Technological Institute of the Meat and Dairy Industry, Moscow 109029. Translated from 
Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 897-901, July, 1977. Original art icle submitted De- 
cember  30, 1975; revision submitted October 29, 1976. 

rThis material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, 10011. No part N.Y. 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
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TABLE 1. C h a r a c t e r i s t i c s  of the Compounds Obtained 

~ l  m~._'c �9 

IV 122--124 
V 136--!37 

VI 179.5-=180 (d~.) 
VII 180--181 (dec.) 

V~ 134--135 
191--192.5 

)~ 180--18I (dec.) 
XI I 280,5--282 (dec.) 

XIl ! 19--120 
XIII 400 (dee.) 

I Fou~, 

I 
1570, 1660, 3030 [58,4 
1580, 1670, 3040 ] 62,5 
1590, 1650, 3040 [51;0 
1590, 1610, 1685, 3050]58,3 
1550, 1640, 1730, 3070[72,8 
1540, 1650, 1720, 3060[78,6 
1550, 1630, 1720, 3080[ 42,0 
1555, 1630, 1730, 3090] 77,4 
1590, 1660, 3040 ~48,2 
1540, 1630, 1720, 3080[70,0 

3,5 
3.8 
2.8 
3.4 
4,8 
4,9 
3.8 
3,8 
2,4 
3,6 

Emp41~ al 
formula 

ClsHtoCl202 
C,gH,4C1202 
ClsHloCl402 
C22H14C140~ 
C,3HIoO3 
CIgHI4Os 
C,6HIoO4 
C22H1404 
C21H12C160~ 
C2LHI206 

58,0 
62,7 
51,1 
58,4 
72,9 
78,5 
72,1 
77.2 
48,0 
70.1 

* The composit ions of IV-VII and XII were  also confirmed by 
determinat ion of the chlorine content. 

3.7122 
4.0 1 56 
2.7 I 93 
3.1 161 
4.7 151 
4.8 I 57 
3.7 I 93 
4.0 1 84 
2.3 I 58 
3.3 l 60 

\ / c ,=c ,  ~ ~ / .  \ c . = c ,  ~ ~ / .  o It CCI 2 
IV, S t VI, VII 

Ylll, IX X ~, Xl 
0 

"q CCI2=CHCHO ~ A  
+ ~ ~]m- CCI2=CH CH~CHCO)3C6H 3 

sym'(CH3CO)sC6H3 XI! 

II1 
�9 

I, IV, VI, VIII, X n=l If,V, VII, IX, XI n~2; 

R = C~Hs, Cj, H 9 XIII 

The f i r s t  step in the synthesis - the prepara t ion  of bis (dichloropentadienyl)- and tr is  (dichloropentadienyl)- 
substituted a ry l  ketones (VI, VII, and X I I ) -  was ca r r i ed  out by condensation of ace ty larenes  I-KI with fl,fl-di- 
ch loroacro le in  and its bisulfite derivat ive and 1 ,1 ,1 ,3- te t rachloro-3-a lkoxypropanes .  The condensation of I 
with te t rachloroalkoxypropanes proceeds  readily at  room temperature  to give bis (dichloropentadienyl) ketones 
(VI). The use of dichloroacrolein  and its bisulfite derivative leads to the prepara t ion  of both bis(dichloropenta- 
dienyl)- and mono(dichloropentadienyl)-substi tuted ketches (IV, VI) in 60-80% overal l  yields.  Diacetyldiphenyl 
0I) reac ts  with dichloroacrolein  and te t rachloroethoxypropane only on heating (60-80~ and both acetyl  groups 
a re  involved in the reaction.  A di f f icu l t - to-separa te  mixture of mono-,  bis- ,  and tris(dichloropentadienyl) ke-  
tones is formed in the condensation of sym- t r iace ty lbenzene  0ID with tetracMoroethoxypropane,  whereas  XII is 
isolated in .~ 60% yield with dichloroacrolein.  

The cyclizat ion of dichloropentadienyl ketones IV-VII and XII proceeds  smoothly in glacial  acetic acid in 
the presence  of phosphoric acid to give mono-,  di-,  and t r ipyronyl  compounds VIII-XI and XIII. Data on the 
compounds obtained a re  presented in Table 1. 

Dipyronyl compounds X and XI can be considered to be he teroaromat ic  analogs of terphenyl and quater -  
phenyl, whereas  XIII can be considered to be an analog of sym-tr iphenylbenzene.  However, in cont ras t  to the 
color less  polyphenyls,  X and XI are  intensely yellow like conjugated polyenes.  In conformity with the po lar iza-  
tion of the bonds of ~ - p y r o n e  rings [3], one should expect that the attack of electrophil ic reagents  will be di- 
rected to the carbon atoms in the 3 and 5 positions of the a - p y r e n e  ring, as in the case of the electrophil ic r e -  
actions of 6-phenyl -2-pyrone  (XIV). Thus we obtained 1 ,4 -b i s (3 -bromo-2-pyron-6-y l )benzene  (XV) in the b ro -  
ruination of X. However, the brominat ion of X proceeds  cons iderably  more  slowly than the brominat ion of XIV. 

Interesting resul ts  were  obtained in the react ion of ni tr ic  acid with di- ahd t r ipyronyl  compounds X, XL 
and XIII. It is known [4] that the only product  in the react ion of nitric acid (sp.gr. 1.40) with XIV is 3 -n i t ro -6 -  
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pheny l -2 -py rone .  We found that te rephthal ic  acid is f o rmed  as a side produc t  along with dinitro compound XVI 
in the case  of ni t ra t ion of  X under  the s a m e  conditions: 

Br Br ~ X ~ NO 2 NO 2 + p-CGH4(COOH)2 

XV XVI 

Only oxidation occu r s  in the ease  of reac t ions  with ni t r ic  acid (sp. g r .  1.35) in g lac ia l  acet ic  acid so lu-  
t ions,  during which te rephtha l ic  acid is f o rm ed  in quanti tat ive yield.  S imi la r ly ,  t r i m e s i c  acid is fo rmed  in 
80% yield  by the act ion of HNO 3 in g lac ia l  ace t ic  acid  on t r ipyronyl  compound XIII. 

Compound XI r eac t s  with ni t r ic  acid in g lac ia l  acet ic  acid and in its absence  to give dinitro der iva t ives  
XVII and d ipheny l -4 ,4 ' -d ica rboxy l i c  acid: 

XVll 

This fac i le  oxidation of polypyronyl  compounds with ni t r ic  acid in g lac ia l  ace t ic  acid  was a su rp r i s e .  We 
the re fo re  c a r r i e d  out the s a m e  reac t ion  for  XIV. In this case  a lso  the only reac t ion  product  was benzoic acid. 
In con t r a s t  to XIV, the reac t ion  of 6 - (p -n i t ropheny l ) -2 -pyrone  (XVIID p roceeds  in two di rec t ions  to give 3 - n i t r o -  
6 - (p -n i t ropheny l ) -2 -py rone  (XIX) and 4-n i t robenzoic  acid. The oxidation of XIX with po t a s s ium d ichromate  in 
sul fur ic  acid  leads to 4-n i t robenzoic  acid in 84% yield.  

Rep lacemen t  of the oxygen a t o m s  of the pyrone  r ings of X, XI, and XIII by n i t rogen takes place  only under 
s e v e r e  conditions {prolonged refluxing with excess  ammonium ace ta t e  in propionic  acid) and leads to di-  and 
t r i ( 2 - p y r i d o n - 6 - y l ) a r e n e s  (XX-XXII). Dithione XXIII is f o rmed  in the reac t ion  of X with phosphorus  pentasulf ide  

XX n ~ l ;  ~ ~ ~ H~N~ ~] XXIII 

v -f XXI n - 2  
O 

XXII 

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

1 ,4 -B i s (5 ,5 -d i ch lo ro - l -oxo-2 ,4 -pen tad ieny l )benzene  {VI) and 1 - A c e t y l - 4 - ( 5 , 5 - d i c h l o r o - l - o x o - 2 , 4 - p e n t a -  
dienyl)benzene (IV). A) A solution of 15 g (60 mmole)  of t e t rach loroe thoxypropane  [5] in 10 ml  of g lac ia l  ace t ic  
acid was added with s t i r r ing  to 4.86 g (30 mmole)  of p -d iace ty lbenzene  I in 10 ml  of g lac ia l  ace t ic  acid, and the 
mix tu re  was al lowed to stand a t  r oom t e m p e r a t u r e  fo r  2 days.  The resul t ing prec ip i ta te  was removed  by f i l -  
t ra t ion  to give 10.95 g (93%) of yellow c r y s t a l s  of VI, which were  c rys t a l l i zed  f r o m  ch loroform.  

B) A solution of 6.3 g (26 mmole)  of te t rachlorobutoxypropane  [5] in 10 ml of glacia l  ace t ic  acid was 
added with s t i r r i ng  to a solution of 2 g {12 mmole)  of I in 20 ml  of g lac ia l  ace t ic  acid,  and the mix ture  was 
al lowed to stand a t  r oom t e m p e r a t u r e  fo r  7 days.  Workup gave 4.06 g (87%) of VI. 

C) A solution of 1.5 g (9.5 mmole)  of I in 5 ml  of methylene  chlor ide was cooled to +5 ~ and a solution of 
3.:I g (19 mmole)  of d ieh loroacro le in  [5] in 5 ml  of methylene chlor ide was added with s t i r r ing .  Dry hydrogen 
chlor ide  was bubbled through the mix tu re  fo r  2 h. Af ter  15 h, the p rec ip i t a ted  c r y s t a l s  w e r e  r emoved  by f i l -  
t ra t ion  and washed with cold methylene  chlor ide to give 1.9 g (53%) of VI. The f i l t r a te  was vacuum evaporated,  
and the res idue  was pur i f ied by ch roma tog raphy  on act ivi ty  II a luminum oxide (elution with benzene) to give 
0.8 g (22%) of yel low c r y s t a l s  of ketene IV. 

D) A solution of 2.85 g {12 mmole)  of the bisulf i te  de r iva t ive  of  d ich loroacro le in  in 20 ml  of glacia l  
ace t ic  acid was added to a solution of 1 g (6 mmole)  of I in 20 ml  of g lac ia l  ace t ic  acid, and dry  hydrogen chlo-  
r ide  was bubbled through the mix ture  fo r  8 h. After  20 h, the p rec ip i t a ted  c r y s t a l s  were  r emoved  by f i l t rat ion,  
and the reac t ion  products  we re  s epa ra t ed  by ch romatography  a s  indicated in method C to give 1.1 g (48%) of 
VI and 0.3 g (18%) of IV: 

E) A solution of 0.5 g (2.3 mmole)  of t e t rach loroe thoxypropane  in 5 ml  of g lac ia l  ace t ic  acid was added to 
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TABLE 2, Action of Nitric Acid on 2 -Pyrones  
i 

Cb~gt 
Re, actlon 

pymne, g HNO~, ml CH3COOH, time, h 
(mnmle) ml ' 

x, 1,45 (5) 
x, 1,45 (5) 
xI, 0.68 (2) 
xt, 0,68 (2) 
xiIi, 0,9 (2,5) 
XlV, 1,5 (8,8) 
XVIIL 1,8 (8,8) 

35 
25 
15 
15 
25 
15 
20 

15 

I0 
lO 
1o 
15 

6 
0,5 
8 

10 
20 
6 
6 

nt~o com- 
pound 

XVI, 60 

XViI-, 42 
XVII, 37 

XIX-~-IO 

~lcarboxy- 
ltc acir 

13 
97 
21 
56 
8O 
87 
62 

a solution of 0.5 g (1.9 mmole)  of IV in 10 ml  of g lac ia l  ace t ic  acid,  and the mix tu re  was allowed to stand a t  35-  
40 ~ fo r  40 h. The p rec ip i t a ted  c r y s t a l s  w e r e  r emoved  by f i l t ra t ion  to give 0.66 g (94%) of VI, which was c r y s -  
ta l l ized f r o m  ch loroform.  

4 ,4 ' -B i s  (5 ,5 -d ich loro- l -oxo-2 ,4-pen tad ieny l )  diphenyl (VII) and 4 - A c e t y l - 4 ' -  ( 5 ,5 -d i ch lo ro - l -oxo -2 ,4 -  
pentadienyl)diphenyl (V). A) A solution of 4.76 g (20 mmole)  of 4 ,4 , -diacetyldiphenyl  lI in 20 ml  of ch lo ro fo rm 
was  added with s t i r r ing  to a solution of 13.5 g (60 mmole)  of t e t rach loroe thoxypropane  in 10 ml  of g lac ia l  
ace t ic  acid, and the mix tu re  was heated a t  80 ~ fo r  60 h. The p rec ip i t a ted  c ry s t a l s  we re  r emoved  by f i l t ra t ion 
to give 4.86 g (61%) of yellow c r y s t a l s  of VII, which were  c rys t a l l i zed  f r o m  ch loroform.  The f i l t ra te  was 
vacuum evaporated,  and the res idue  was pa s sed  through a column fil led with act ivi ty  II a luminum oxide [elution 
with b e n z e n e - c h l o r o f o r m  0 : 1 ) ] .  The solvent  was r emoved  f r o m  the eluate by dis t i l la t ion to give 2.25 g 
(32%) of v .  

B) A solution of 1.23 g (9.8 mmole)  of d ich loroacro le in  in 10 ml  of g lac ia l  ace t ic  acid was added to a r e -  
fluxing solution of 1 g (4.2 mmole)  of II in 15 ml  of ch loroform,  a f t e r  which dry hydrogen chlor ide  was bubbled 
through the mix tu re  a t  60 ~ f o r  6 h, and the mix tu re  was al lowed to stand a t  the s a m e  t e m p e r a t u r e  fo r  30 h. The 
resul t ing p rec ip i t a te  was s epa ra t ed  to give 0.6 g (31.6%) of VII, which was c rys t a l l i zed  f rom ch loroform.  Work-  
up of the f i l t ra te  gave 0.8 g (56%) of V. 

l~3 ,5-Tr i s (5 ,5 -d ich loro- l -oxo-2 ,4-pen tad ieny l )be_nzene  (XII). A solution of 4.1 g (20 mmole)  of s y m - t r i -  
ace ty ibenzene  in 60 ml  of g lac ia l  ace t ic  acid was sa tu ra ted  with dry hydrogen chloride a t  45 ~ a f t e r  which 8 g 
(64 mmole)  of d ieh loroacro le in  was added, and dry  hydrogen  chloride was bubbled through the m i x t u r e  for  13 h. 
After  15 h, the p rec ip i t a t e  (6.1 g) was r emoved  by f i l t ra t ion and c rys t a l l i zed  f r o m  carbon  te t rach lor ide .  

1 - A c e t y l - 4 - ( 2 - p y r o n - 6 - y l ) b e a z e n e  (Vffl). A solution of 1 g (3.5 mmole)  of IV in 15 ml  of g lac ia l  ace t ic  
ac id  and 0.5 ml  of phosphor ic  acid  was ref luxed fo r  17 h, a f t e r  which it was  poured  into ice water ,  and the p r e -  
c ipi ta ted c r y s t a l s  we re  r emoved  by f i l t ra t ion  to give 0.4 g (51%) of VIII, which was c rys t a l l i zed  f r o m  ch loroform.  

4 -Ace ty l -4 , - (2 -pyron-6 -y l )d ipheny l  (IX). This compound was s i m i l a r l y  obtained and was c rys t a l l i zed  
f r o m  b e n z e n e -  pe t ro l eum e ther .  

1 ,4 -Di (2-pyron-6-y l )benzene  (X). A solution of 4.5 g (17 mmole)  of VI in 125 ml  of g lac ia l  ace t ic  acid 
and 1 ~nl of or thophosphor ic  ac id  was  ref luxed f o r  6 h, and the resul t ing p rec ip i t a te  was s epa ra t ed  and c r y s -  
ta l l ized f r o m  d ime thy l fo rmamide  (DMF). 

4 ,4 ' -Di (2-pyron-6-y l )d iphenyl  (XI). A solution of 0.5 g (1.1 mmole)  of VII in 30 ml  of g lac ia l  ace t ic  acid 
and 0.5 ml  of or thophosphor ic  acid was ref luxed fo r  22 h, a f t e r  which it was worked up to give 0.32 g of yellow 
a c i c u l a r  c r y s t a l s  of XI, which were  c rys t a l l i zed  f r o m  glac ia l  ace t ic  acid.  

! , 3 ,5 -Tr i (2 -py ron-6 -y l )benzene  (XIII). A solution of 3.3 g (6.3 mmole)  of XII in 70 ml  of g lac ia l  ace t ic  
acid  and 1 ml  of or thophosphor ic  acid was ref luxed fo r  20.5 h, a f t e r  which it was worked up to give 2 g of 
g ray i sh -ye l low c r y s t a l s  of XIII, which were  c rys t a l l i zed  f r o m  DMF. 

1 , 4 - B i s ( 3 - b r o m o - 2 - p y r o n - 6 - y l ) b e n z e n e  (XV). A solution of 1.6 g (10 mmole)  of b romine  in 5 ml  of 
c h l o r o f o r m  was  added with s t i r r ing  to a solution of 1.3 g (5 mmole)  of X in 20 ml  of ch loroform,  and the mix -  
tu re  was aIIowed to stand a t  60 ~ fo r  30 h. The resul t ing p rec ip i t a t e  was r emoved  by f i l t ra t ion and washed with 
ch lo ro fo rm to give 1 g (48%) of shiny yellow pla tes  of XV with mp 360-362 ~ (dec., DMF). Found: C 45.3; H 2.0; 
B r  37.9~. CI6HsBr204. Calculated:  C 45.5; H 1.9; B r 3 9 . 7 ~ .  

Action of Nitr ic  Acid on 2 - P y r o n e s .  Compound X o r  XI was heated in ni t r ic  acid  (sp. gr .  1.35) a t  60-70 ~ 
and the resul t ing p rec ip i t a te  was s epa ra t ed  and washed repea ted ly  with sa tu ra ted  aqueous sodium carbonate  
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solution. Nitro compounds XVI and XVII were  pur i f ied  by r ec rys t a l l i za t ion  f r o m  DMF. Acidif icat ion of the 
sodium carbona te  f i l t r a t e  gave  a ry lca rboxy l i c  ac ids .  

B) C o m p o u n d X ,  XI, XIII, XIV, o r  XVIII was heated in g lac ia l  acet ic  acid  with ni t r ic  acid  (sp. gr .  1.35) 
a t  85-90 ~ and the resul t ing  ni t ro  compound (XVI, XVII, o r  XIX) and a ry lca rboxy l i c  acids  were  isolated as  in 
method A. The e x p e r i m e n t a l  r e su l t s  a r e  p r e s e n t e d  in Table  2. The a ry lca rboxy l i c  acids  w e r e  identified f r o m  
the i r  meI t ing  points  o r  the  mel t ing points  of the i r  methyl  e s t e r s .  1 , 4 -B i s (3 -n i t r o -2 -py ron -6 -y l )benzene  (XVI) 
had mp  2030 and vNO 2 1540 and 1340 cm -1. Found: N 7.4%. CI~HsN208. Calculated:  N 7.9%. 4 ,4 , -Bis (3-  
n i t ro -2 -py ron-6 -y l )d ipheny l  (XVII) had mp 220" (dec.) and uNO 2 1530 and 1345 cm -1. Found: N 6.3%. C22H12- 
N208. Calculated:  N 6.5%. 3 - N i t r o - 6 - ( p - n i t r o p h e n y l ) - 2 - p y r o n e  (XIX)had mp 173.5-175 ~ Found: N 10.3%. 
CllH6N206. Calculated:  N 10.7%. 

1 ,4 -Di (2-pyr idon-6-y l )benzene  (XX). A mix tu re  of 2.66 g (10 mmole)  of X, 10.4 g (135 mmole)  of a m m o -  
nium aceta te ,  and 20 ml  of propionic  acid was ref luxed fo r  60 h, and the p rec ip i t a ted  X (0.5 g) was separa ted .  
The f i l t r a t e  was poured  into water ,  and the resul t ing p rec ip i t a te  was removed  by f i I t ra t ion  and pur i f ied  by sub-  
l imat ion to give 1.1 g (55%) of light l emon-co lo red  c r y s t a l s  of XX with mp 386.5-388" (dec.). IR spec t rum:  
3145, 3056, and 2950 (NH); 1650 cm -I  (C-~-O). Found: C 72.2; H 4.6; N 10.1%. CI6H12N202. Calculated:  C 72.5; 
H 4.6; N 10.5%. 

4 ,4 ' -Di (2-pyr idon-6-y l )d iphenyl  (XXI). This compound was s imi l a r ly  obtained in 42% yield and had mp 
381-382 ~ (dec., sublimation).  IR spec t rum:  3136, 3060 (NH); 1655 cm -1 (C-~--O). Found: N 8.4%. C22H16N202. 
Calculated:  N 8.2%. 

1 ,3 ,5 -Tr i (2 -py r idon-6 -y l )benzene  (XXII). The method used to p r e p a r e  XX gave this compound, with mp 
500 ~ (dec.), in 22% yield.  IR spec t rum:  3140, 3050 (NH); 1665 cm -1 (C~--~O). Found: N 8.4%. C21HI~N203. Cal -  
culated: N 8.6%. 

1 ,4 -Di (2- th iopyron-6-y l )benzene  (XXII I ) . .4  mix tu re  of 1.33 g (5 mmole)  of X, 2.3 g (10 mmole)  of phos -  
phorus  pentasulf ide,  and 75 ml of n i t romethane  was ref luxed fo r  15 h, a f t e r  which the hot solution was decanted, 
and the res idua l  solid was washed with two 25 -ml  por t ions  of hot n i t romethane.  The n i t romethane  solutions 
w e r e  combined,  and the solvent  was r em oved  by vacuum dis t i l la t ion to give 1.1 g (74%) of red ac i cu l a r  c ry s t a l s  
of XXIII, which were  c rys t a l l i zed  f r o m  DMF to give a p roduc t  with rap 270 ~ (dec.). Found: C 63.9; H 3.6; 
S 2].3%. Ct~H1002S 2. Calculated:  C 64.0; H 3.3; S 21.3%. 

The IR spec t r a  of K B r  pe l le t s  of the compounds were  r eco rded  with a UR-10 s p e c t r o m e t e r .  

1. 
2. 
3. 
4. 
5. 
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