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2-Styrylchromones, having conjugated double bonds, one of which is part of the heterocyclic ring, take part in the Diels- 
Alder reaction. Thus, an easy formation of xanthone derivatives, namely, 1, 2,3,9a-tetrahydro-9-0~0-3-aryl-l,2-~anthonedi- 
carboximides, is available. Similarly, 2-styry1-7,8-benzochromones lead to the corresponding 7,8-benzoxanthonedicarboximide 
derivatives 

Recently, it has been shown‘ that, in the hetero- 
cyclic series, the oxygen-containing 2-styrylchro- 
mones having conjugated double bonds, one of 
which is part of the heterocyclic ring, take part in 
the Diels-Alder reaction. Thus, an easy formation 
of xanthone derivatives is available, e.g., 1,2,3,9a- 
tetrahydro - 9 - oxo - 3 - phenyl - 1,2 - xanthonedi- 
carboxylic anhydride (11) is obtained when 2- 
styrylchromone (I) is allowed to react with maleic 
anhydride in boiling xylene 
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We now have investigated the dienophilic reac- 
tivity of N-arylmaleimides2 toward 2-styrylchro- 
mones. Thus. when I was allowed to  react with N- 
phenylmaleimide in boiling xylene, 1,2,3,9a-tetra- 

0 
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hydro - 9 - oxo - 3 - phenyl - (N - phenyl) - 1,2- 
xanthonedicarboximide (IVa) was obtained. Simi- 
lar results were also obtained by the reaction of 
N-arylmaleimides on 2-styrylchromones (IIIa-e) , 
leading to  the adducts IVa-o. 

We hare also found that 2-styryl-7,s-benzo- 
chromones (Va,b) react with E-phenylmaleimides. 
Thus, 1,2,3,9a - tetrahydro - 9 - oxo - 3 - phenyl- 
(N - phenyl) - 1,2 - (7,s - benzo)xanthonedicarbox- 
imide (TIa) is obtained when 2-styryl-7,8-benzo- 
chromone (T‘a) is allowed to react with N-phenyl- 
maleimide in boiling phenetole. 

The reactions were primarily carried out in dry 
xylene, but in some cases, higher boiling solvents, 
e.g.. phenetole or nitrobenzene had to be used. 

The adducts obtained by these Diels-Alder 
syntheses are practically colorless and are insoluble 
in alkali. Treatment of the adduct ITn with alco- 
holic sodium hydroxide and subsequent acidifica- 
tion, yielded the corresponding alkali-soluble acid 
YII, n-hich vias proved to be identical with the 

co - N- Ar’ 
,-.HI I 

” .  
i: R = Ch,;  Ar = C;H;OCH,Zp; Ar’ = CsH, 
j, R = CHs; Ar = Ar‘ = CsH40CH3-p 
k, R = CH,; Ar = C6H40CH3--p; Ar’ = C&0C2H5---p 
1, R = CH,; .4r = CGH4OCZHj-0; ilr‘ = C& 

m. R = CH,: Ar = CnHdOCeHr--o: Ar’ = CRHdOC~Hi-~  

product obtained by the action of maleic acid on 
(1) Gchonberg, Mustafa, and Aziz, J .  Am. Chem. Soe., IIIe in boiling phenetole. 

76,4576 (1954). 2-(p-Nitrostyryl)chromone (111, R = H; Ar 
(2) For the dienophilic reactivity of N-phenylmaleimide = C,H,h-O,-p) failed to  function as diene corn- 

and its para-substituted derivatives toward 6,6-diphenyl- ponent when allowed to react with ~ - ~ - ~ ~ ~ h ~ ~ ~ -  
fulvene, compare Barnstoff and Meek, Abstracts of papers 
presented at the American Chemical Society Meeting, Kansas phenylmaleimide in boiling Phenetole or nitro- 
City, Mo., March 23 to April 1 ,  1964, p. 29N. benzene. 
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2-Styryl- 11, [I. , a 

chromone “C 
______ 

I I Ib  209-210 
IlIc 162-163 
IlId 125-126 
I1 le  1 94- 1 9.5 
Vb 270-23 1 

Color A h i l y &  
Tvith Calc’d rollllrl 

H!SO, Formula C H C H 

Solvent 

Crvst ’ for I-icld, 
C’ 

~~ ~~~ 

1 80 Deepred C,,H,20r 73 97 4 11 i1 06 4 08 

-4 76 Change C?flHIIOU 78 43 5 88 7s 23 5 i 6  
B 8 .i Deep red CIqHla04 7 1  50 1 58 74 6 1  4 72 
B 72 Dee,)reti CJT140~ 77 20 4 09 77 00 4 06 

-4 84 Red CIyH1603 78 07 5 48 7’3 05 5 48 

T;\BLE I1 
.\DDT-CTS WITH 2-STYRTLC HROMOSES 

Medium 
of Solvent Color ilnalJ-sis 

2-Styryl- Ad- Reac- for ilI.p.,b Yield, nith Calc’d Found 
chromone duct tion‘ Cryst.‘ “C. % I tSO,  Formula C I I  K C H S 

I IVa .$ .-1 
I IVb .I n 
I IT’c A A 
I IT’d A C 

II Ia  IVe A D 

II Ia  1T-f .4 A 
II Ib  IVg B B 

I I Ib  IT% B 13 

262-2511 
264-266 
271-273 
241-242 
240-241 

2 14-2 15 
above 

300 
296-298 

c- 
10 

68 
72 
60 
74 

65 
68 

65 

Orange C?;HIgXOa 76 95 4 51 3 33 76 48 4 77 3 60 
Orange CZiHz1KO5 74 49 4 66 3 10 74 69 3 16 2 98 
Orange C ~ Y H ? ~ X O ~ ,  74 81 4 95 3 01 74 47 5 14 3 10 
Yellow C?QH~~PYTO~ 77 52 5 12 3 12 77 31 5 03  3 I1 
Orange- C P H ~ ~ S O ;  74 49 4 66 3 10 7 3  85 1 49 3 16 

Orange C70H25K06 72 7 3  5 05 2 P3 7 2  ;t) 5 17 2 78 
Red CsH1&06 72 26 4 09 3 01 71  (32 4 29 3 05 

Bronn- C 2 ~ H 2 1 S 0 7  70 31 4 24 2 83 70 26 3 69 3.04 

yellow 

red 

a A, xylene; B, nitrobenzene; C, ethyl alcohol; D, dioxane-petroleum ether (b.p. 60-80”) mixture. ’ hItalting points ciie 
uncorrected. 

COOH 
O H 1  

IVn (1)- Ale. NaOT CH3 ~ H o o ~ M & i c  acid 111~ 
( Z J -  HCI \ 

Ar 
VI1 fAr=CRH3:O2CH2-3’,4’) 

EXPERIMEKTAL * 
Preparation of new 2-styrylchromones. General procedure. 

To a solution of the 2-methylchromone3 (0.02 mole) and the 
aromatic aldehyde (0.02 mole) in 40 ml. of absolute ethyl 
alcohol was added an aldoholic sodium ethoxide solution 
from 0.02 g.-atom of sodium in 20 ml. of absolute ethyl 

* Analyses were done by Drs. Weiler and Strauss Micro- 
analytical Laboratories, Oxford, England. 

(3) For the preparation of 2-methylchromone and 2- 
methyl-7,8-benzochromone, see Wittig, Bangert and Richter, 
Ann., 446, 155 (1926); and for the preparation of 2,6-di- 
methylchromone, see Baker, J. Chem. Soc., 1381 (1933). 

alcohol, and the mixture wa8 left for 24 hoiirs at 25’. The 
solid that separated was filtered, washed with small amounts 
of cold ethyl alcohol, and crystallized from a suitable 
solvent ( c j .  Table I). 

For the preparation of the knorn  2-styrylchromones, used 
in this investigation, see Cheema, et aZ.4 

For the preparation of N-(p-methoxyphenyl)maleimide, 
see Searle,b and for K-(p-ethoxyphenyl)-, and K-( 2,4- 
dimethylphenyl)maleimide, see Piutti6 and llustafa, et al.’ 

Action of N-arylmaleimides on I-styrylchromones. General 
procedure. The 2-styrylchromone (0.7 g.) and the appro- 
priate S-arylmaleimide (1 g , )  were dissolved in 25 ml. of 
the freshly distilled solvent (c f .  Tables 11, 111, and IV).  
The reaction mixture was refluxed for a period ranging from 
10 to 15 hours. The crystalline solid so obtained was filtered 

(4) Cheema, Gulati and Venkataraman, J .  Chem. Soc., 925 

( 5 )  Searle, LT. S. Patent 2,444,536; Chem. Abstr.,  42, 7340 

(6) Piutti, Ber., 39,2767 (1906). 
(7) Mustafa, Zayed, and Khattah. J .  .-In, Chem Sor . .  78, 

(1932). 

(1948). 
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TABLE 111 
ADDrCTS TVITH 6-METHYL-2-STYRYLCHROMOSES 

Medium 
of Solvent Color Xnalvsis 

2-Styryl- iid- Reac- for M.p.,* Tield, 111th Calc'd Found 
chromone duct tiona Cryst.. "C. 70 HsrSOa Formula C H S C' H S 

~~ ~~ __ ~-~ 

IIIc IVi 4 A 242-243 78 Tellow C1&3NOj 74 84 4 95 3 01 7 5  02 5 05 2 88 
I I Ic  IT'j x -4 266-268 75 Orange C30H20K06 72 73  5 05 2 8?1 7 2  01 4 96 2 63 
IIIc IVk A A 257-259 84 Orange C3,H2,l;06 73 08 5 31 2 75 72 95 5 41 2 68 
I I Id  IVI A A 233-235 74 Yellow CaoH2,N06 75 16 5 22 2 92 74 87 5 32 2 58 
I I Id  IVm A A 225-226 63 Orange C32H2.&Os 73 41 5 55 2 68 73 16 5 85 2 18 
I I Ie  K n  B C 215 54 Brown- C2sHzlr\'O~ 72 66 4 38 2 92 7 2  88 4 65 2 0 4  

1 ed 
IIIe  IVo B B 315 57 Brown- CdOH&Oi 70 73 4 52 2 i 5  70 89 3.98 2 52 

red 

a -1, phenetole; B, nitrobenzene; C, acetic anhydride. Nelting points are uncorrected. 

TABLE IV 
ADDUCTS WITH 2-STYRYL-7,8-BENZOCHROhIOXE 

Solvent Color Analyei? 
2-Styryl- Ad- Medium of for M.p.,* Yield, n i th  Calc'd Found 
chromone duct reactiona cryst.a ' C. % H2SOa Formula C €I ?j C H Fi 

~ ~~~ 

Va VIa A C 305-308 64 Oraiige C31E21304 i 8  98 -I 41 2 97 78 00 4 83 2 6 i  
Va F'Ib B D 267-269 58 Orange C3?HZ3S05 i 6  65 4 59 2 80 75 87 4 24 2 S i  
Vb T'Ic €3 A 288-289 72 Bromn-red C3?H21SOs 74 5'7 4 08 2 i 2  74 i C :  -I .1:3 2 5 ;  

B 21g219 75 Brown-red C,3H?1TO; 7 2  6(i -I 22 2 57 71 79 ti 85 2 8? Vh \-Id B 

Melting points are uncorrected. 

_____ ~ ~ 

a A, phenetole: B, nitrobenzene; C, acetic anhydride; D, anisole. 

off, washed with benzene (ca. 20 ml.), and recrystallized 
form a suitable solvent. 

Action of maleic acid on IIIe. A mixture of 0.5 g. of IIIe, 
1 g. of maleic acid, and 25 ml. of freshly distilled phenetole 
was refluxed for 15 hours. The almost colorless crystals that  
separated on cooling n-ere filtered, washed with ether, and 
recrystallized from glacial acetic acid, m.p. 255" deconip. 
Yield is ca. i5yp. 

Anal. Calc'd for C23H180a: C, 65.40; H, 4.27. Found: C, 
64.95; H, 4.08. 

The acid IT1 dissolves in aqueous sodium hydi oxide solu- 
tion and is regenerated on acidification. 

Opening of the imide ring (IVn). Compound IVn (0.8 g.) 
was dissolved in 50 ml. of methyl alcohol containing 1 g. 

of sodium hydroxide and the reaction nii\tiu e as iefluwd 
for 2 hours, then filtered while hot. The filtrate was acidi- 
fied -4th ice-cold dilute hydrochloric acid and the precipi- 
tate which formed was collected and xmshed thoroughly 
with cold mater. The mid VI1 was crystallized from glacial 
acetic acid, m.p. 250" decomp.; i t  is soluhle in aqueous 
sodium hydroxide solution, and is identical m-ith the product 
obtained by the action of maleic acid on IIIe. Yield is ca. 
0.35 g. 

Anal. Calc'd for C23H1608: C, 65.40; H. 4 27.  Found: C, 
63.36; H, 4.49. 

CAIRO, EGYPT 


