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( CH30)2CsHd-) required longer periods of hydrolysis to  com- 
plete this reaction. Others ( V ,  Ar = 2,6-(CH3)2C6H3-; 
Xr' = either O-CH~OC~H~-;  p-CH30CeH4-; or 2,5-( CHSO)Z- 
C&-) were not hydrolyzed after 3.5 to 8 days of refluxing 
with alkali. Hydrolysis of the product in which 4 r '  of V 
is 2,6-dimethylphenyl gave y-(2,6-dimetliylphenylliydra- 
zono)-p-methylglutaconanilic acid, m.p. 142'. 

Anal. Calcd. for C20H21N303: N. 11.96. Found: N. 
11.77. 

(b) From Dimethyl y-p-Tolylhydrazono-p-methylgluta- 
conate (XI, Ar = p-CH3CpH,-).-A solution was obtained 
by refluxing 0.1 g. of the starting material with 5% aqueous 
sodium hydroxide for 15 minutes. The solution was cooled, 
extracted with ether and acidified to  precipitate the product 
in 65yc yield. Recrystallization gave a product with prop- 
erties identical with those previously recorded. 

(c) From the Pyridazone Ester (XII, Ar = p-CH3C&-). 
--Alkaline hydrolysis gave the same product, m.p. 142". 

1-( p-Chlorophenyl)-4-me thyl-6-pyridazonecarboxanilide 
(XVII, Ar = C6H5-; Ar' = p-CIC&-).-A slight excess 
(1.5 ml.) of thionyl chloride was added to 0.5 g. of the acid 
(XIII,  ilr = p-C1C8H4-). The acid chloride, prepared with 
excess thionyl chloride, was dissolved in dry benzene and 
treated with a solution of 0.37 g. of aniline in benzene. 
After gentle warming the reaction mixture was washed with 
water to remove the salt and with dilute acid to remove un- 
reacted base. Evaporation of the solvent deposited the 
crude product, which was recrystallized from methanol to  
give 0.55 g. (90%) of the product, m.p. 179". 

Anal. Calcd. for ClaHlnClN30y: N, 12.36. Found: N, 
12.45. 

4 '-Methyl-1-( p-chlorophenyl)-4-methyl-6-pyridazonecar- 
boxanilide (XVII, Ar = p-cH~c&-; Ar' = p-ClC6Ha-).- 
This was prepared from p-toluidine by the procedure given 
above for the anilide. Recrystallization from methanol gave 
85Yc of the product, m.p. 165". 

Anal. Calcd. for Cl&l&1NaOz: Tu', 11.87. Found: S, 
11.65. 

Dimethyl 7-(p-Chloropheny1hydrazono)-glutaconate .-Di- 
azotized p-chloroaniline was coupled with dimethyl gluta- 
conate in a 1/1 mole ratio following the procedure given 
above for the similar reaction of dimethyl P-methylgluta- 
conate. The solid precipitate which formed on standing 
mas disqolved in benzene, treated with alumina and evapo- 
rated to  deposit the crude product. Recrystallization from 
methanol gave 1.0 g. (187c) of yellow crystals, m.p. 101". 

Anal. Calcd. for C ~ ~ I I ~ ~ C I N Z O , :  N, 9.44. Found: N,  
9.27. 

Dimethyl a-(p-Ch1orophenylazo)-7-(p-chlorophenylhy- 
drazono)-g1utaconate.-This compound was obtained using 
two moles of diazonium salt per mole of ester. Recrystalli- 
zation from benzene-petroleum ether gave 1.5 g. (137,) of 
red-brown crystals which melted a t  135', resolidified and 
remelted a t  about 188". 

Anal. Calcd. for C l ~ H 1 6 C 1 ~ ~ ~ 0 ~ :  N, 12.87. Found: K, 
12.64. 

I-( p-Chlorophenyl)-3-cabomethoxy-5-(p-chlorophenyl- 
azo)-6-pyridazone.-The precipitate formed on warming a 
solution of 0.5 g. of the preceding compound in 50 ml. of 
methanol for 15 minutes was recrystallized from methanol 
to give 0.35 g. (75y0) of orange-brown crystals, m.p. 209". 

Anal. Calcd. for C18H1sClzh-403: N, 13.90. Found: 
N, 13.95. 

Infrared absorption data were obtained using a Baird 
double beam recording infrared spectrophotometer equipped 
with a beam condensing unit on samples prepared as potas- 
sium bromide pellets. All measurements were calibrated 
against the 3.419 p band in polystyrene. 
LOUISVILLE, KENTUCKY 
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Experiments with 2-Methyl-1 &a-naphthopyrone and Related Substances 
B Y  ALEXANDER SCHONBERG, ABD EL KADER FATEEN AND ABD EL MAGED AMINE SAMMOUR 

RECEIVED JANUARY 14, 1956 

2-Methyl-1,4-cu-naphthopyrone (I)  was condensed with various aromatic aldehydes. The 2-styryl derivatives IIf and IIg 
were allowed to react with maleic anhydride, yielding the Diels-Alder products I11 which are derivatives of xanthone. The 
action of hydroxylamine on I led to  (Va or Vb, R = VI);  with hydrazine hydrate and phenylhydrazine the pyrazole deriva- 
tives (VIIa or VIIb) and (VIIIa or VIIIb) were obtained. 2-Styryl-1,4-or-naphthopyrone was hydrolyzed ta  give cinnamic 
acid and 1-hydroxy-2-acetonaphthalene and allowed to  react with phenylhydrazine to give VIIIa or VIIIb (R = VI, R'  = 
C~H~CHZCH-).  

Schonberg, Mustafa and Azizl have found that 
some 2-styrylchromones which are easily obtainable 
by the condensation of 2-methylchromones with 
aromatic aldehydes may enter into the Diels-Alder 
reaction with maleic anhydride. 

We have condensed 2-methyl-l,4-a-naphthopy- 
rone (I) with o-chlorobenzaldehyde, p-nitrobenzal- 
dehyde, 3,4-diethoxybenzaldehyde, cinnamalde- 
hyde and piperonal and obtained the correspond- 
ing new 2-styryl derivatives (IIa-e), IIf and IIg, 
two known substances, have been tested toward 
maleic anhydride. 
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2-Styryl-l,4-a-naphthopyrone (IIf) * reacts easily 
with maleic anhydride in boiling xylene, yielding 

(2) UjagerSinghChemma, Khushhal Chand Gulati and Krishnusami 
Venkataraman, J .  Chem. Soc., 925 (1932). 

( 1 )  A Schonberg, A. Mustafa and G. Aziz, THIS JOURNAL, 76, 
4576 (195i). 



I11 (K = C6H5). Succinic anhydride, however, 
does not add to 2-styryl-1,4-a-naphthopyrone. 

\Then IIg was allowed to react with maleic anhy- 
dride, the expected addition product I11 (R = ani- 
syl), insoluble in cold alkali, was obtained but not 
in an analytically pure state, probably due to a 
small amount of the corresponding dicarboxylic 
acid. The anhydride 111 (R = anisyl) was trans- 
formed to the corresponding dimethyl ester IIIb, 
which was obtained in a pure state. 

When 2-styryl-1,4-cu-naphthopyrone (IIf) was 
hydrolyzed with aqueous alkali, 1-hydroxy-2-ace- 
tonaphthalene and cinnamic acid were obtained on 
acidification. 

4-Thiochromones.-\Vheri I was treated with 
phosphorus pentasulfide IVa was obtained. 

IVa Condensed in the presence of piperidine3 
with benzaldehyde or anisaldehyde giving IVb or 
IVc which are violet in color. 

Action of Hydroxylamine Hydrochloride, Hy- 
drazine Hydrate and Phenylhydrazine Hydrochlo- 
ride on Z-Methyl-l,4-a-naphthopyrone.-Recently 
Schonberg and Sidky4 have shown that the 2- 
methylchromone derivative visnagin reacts with 
hydroxylamine hydrochloride in pyridine a t  the 
boiling point of the mixture to give an isoxazole de- 
rivative, we have found that the 2-methyl-1,4-a- 
naphthopyrone (I) reacts similarly leading to the 
isoxazole derivative Va or b (R = VI). The prod- 
uct gives a color reaction with ferric chloride (violet) 
indicating a free phenolic hydroxyl. I t  yields a 
monobenzoyl derivative (Schotten-Baumann 
method). 
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The action of hydrazine hydrate on 2-methyl-l,1- 

a-naphthopyrone (I) in alcohol leads to a pyrazole 
derivative6 VIIa or VIIb (R = VI). The product 
is soluble in aqueous alkali and gives a color reac- 
tion with ferric chloride (deep-green). The sub- 
stance yielded a dibenzoyl derivative (Schotten- 
Bauniann method). 

(3) For similar reactions d 2-rnrttiyl--l-thi[,chrornones see A .  

(4) A Schijnherg and 11. Sidky, ib id . ,  76,  5128 (1953). 
( 5 )  A pyrazole derivative was also obtained when hydrazinc hydrate 

Schdnherg, M. RI Sidky and Aziz, THIS JOURNAL. 76, 5115 (1954). 
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The action of phenylhydrazine hydrochloride in 
pyridine on I leads to the pyrazole derivative VIIIa 
or VIIIb (R = VI, R' = CH3), giving a color reac- 
tion with ferric chloride (violet). 
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The product obtained from phenylhydrazine hydro- 
chloride and 2-styryl-l,4-a-naphthopyrone (IIf) (in 
the presence of pyridine) has the constitution VIIIa 
or VIIIb (R = VI, R' = CcH5-CH=CH-) ; it also 
gives a color reaction with ferric chloride (violet). 
The fact that these compounds give a ferric chloride 
reaction is indicative that they contain a free 
phenolic hydroxyl group. If the reactions be- 
tween phenylhydrazine hydrochloride and I or 
IIf had led to their respective phenylhydrazones, 
the ferric chloride reaction would have been nega- 
tive. 

Experimental 
Condensation of Z-Methyl-l,4-~~-naphthopyrone ( I  j with 

Aromatic Aldehydes.-The 2-styrylchromone derivatives 
were obtained by the following general method. 2-Methyl- 
1,4-a-naphthopyrone ( I ) 6  (one mole) was dissolved in a 
small quantity of absolute ethyl alcohol and treated a t  room 
temperature with an alcoholic solution of sodium ethoxide 
(one mole). The necessary aldehyde (one mole) was then 
added to the solution which was kept for 24 hr. a t  ordinary 
temperature. The yellow condensation product which 
usually separated out (compare IIa ,  I Ib  and IIe  of Table I )  
was filtered off and purified by crystallization; in most cases 
a further amount of the condensation product was precipi- 
tated on dilution of the mother liquor with water. In 
some cases (IIc and IId)  the condensation product was only 
precipitated on dilution of the reaction mixture with water. 

Hydrolysis of Z-Styryl-l,4-a-naphthopyrone (IIf) (a) .- 
IIf (2 9.) in aqueous sodium hydroxide (20%, 40 ml.) was 
refluxed for 20 hr. and allowed to cool; the filtrate was acidi- 
fied (H2SOa) and the precipitate filtered off, washed with 
water and shaken with sodium carbonate solution. The 
residue (0.6 9.) was filtered off (giving filtrate A), crystallized 
from ethyl alcohol and proved by melting point and mixed 
melting point (103") and the green color reaction with aque- 
ous ferric chloride solution to be 1-hydroxy-2-acetonaph- 
thalene. Filtrate A was acidified (HzSOa) and the deposit 
(0.4 g:), crystallized from ethyl alcohol, was proved (m.p. 
and mixed m.p. 133") to be cinnamic acid. 

(b).-Cinnamic acid (0.6 g.) and 1-hydroxy-2-acetonaph- 
thalene (0.8 9.) were also obtained by refluxing IIf (2 9.) 
with sodium ethoxide solution (obtained by dissolving 5 g. 
of sodium in 30 ml. of absolute ethyl alcohol) for 30 hr. After 
acidification the deposit formed was worked up as described 
previously. 

Maleic Anhydride and (a )  Z-Styryl-l,4-~~naphthopyrone 
(IIf).-IIf (1 g . ,  1 mole) and maleic anhydride (10 moles) 
in 30 ml. of dry xylene were refluxed for 15 hr. dfter con- 
centration and cooling 111 (R == CsHb) separated out; it  
mas washed with hot ethyl alcohol and crystallized from 
xylene as almost colorless crystals, m.p. 279"; it dissolved 
in concentrated sulfuric acid with a pale yellow color and was 
iiisoluble in cold alkali; yield 70%. 

A n d .  Calcd. for C?jHicOj: C, 75.8; H,  4.0. Found: 
C, 76.1; H, 4.0. 
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TABLE I 
COSDENSATION OF 2-METHYL-1,4-NAPHTHOPYRONE WITH AROMATIC ALDEHYDES 

Con- Wt. of Wt. of 

tion mone,b hyde.b Solvent of and color react. Solubilities a t  
densa- chro- alde- M.p.,  "C. Yield, g., 

producta g. g. crystaln. color. with HnSOd room temp. Formula Bnalyses, 

IIa 1(A) 0.7(B) Ethylalc. or 228 0 . 7  Difficulty sol. in C?lHlaC102 Calcd.: C, 75.8; H, 3.9 
xylene light yellow benzene or ben- Found: C, 75.4; H, 3.9 

yellow zine (b.p. 100-120°) 
IIb 1 (A)  6(C) Dioxaneor 274-275 0 9 Difficulty sol. in CzlH132;04 Calcd.: X, 4.1 

xylene deep 
yellow 

100-1200) yellow 

yellow 
orange 

100-120°) or ethyl alc. yellow 

IIc 1(A) .9(D) Benzine (b.p. 168 

IId 1(A) .6(E) Dil. ethyl alc. 169 

IIe 1(A) .7(F) Benzine (b.p. 232 

orange 

0 . 5  

0 . 4  
orange 

deep 
orange 

orange 
0 . 6  

benzene, benzine 
(b.p. 100-120') or ethyl alc. 

Easily sol. in ethyl C~~H2104 
alc. or benzene 

Easily sol. in ben- C2;Hlo02 
zene or ethyl alc. 
difficultly sol. in benzine (b.p. 

Sol. in benzene CZZH1404 

Found: N,4.0 

Calcd.: C, 77.7; H, 5.7 
Found: C, 77.8; H, 6.0 
Calcd.: C, 85.2; H, 4.9 
Found: C, 85.0; H, 5.2 

Calcd.: C, 77.2; H, 4.1 
Found: C, 77.1; H, 1.2 

100-1 200) 

IIa, 2-( l'-chloro-styryl)-l,4-a-naphthopyrone; IIb, 2-(4'-nitro-styryl)-1,4-a-naphthopyrone; IIc, 2-(3',4'-diethoxy- 
s tyryl)-1,4-a-naphthopyrone; IId, 2-cinnamylidenemethylene-1,4-a-naphthopyrone; IIe, 2-(3',4'-methy!enedioxystyryl- 
1,4-a-naphthopyrone. A, 2-Methyl-1,4-a-naphthopyrone; B, o-chlorobenzaldehyde; C, p-nitrobenzaldehyde; D ,  
3,i-diethoxybenzaldehyde; E, cinnamaldehyde; F, piperonal. 

(b) Z-(p'-Methoxystyryl)-1,4-a-naphthopyrone (IIg.).- 
IIg (1 g., 1 mole) and maleic anhydride (10 moles) in 30 
ml. of dry xylene were refluxed for 15 hr. After concen- 
tration and cooling, the yellow reaction product was filtered 
off, washed with hot ethyl alcohol and crystallized from xy- 
lene; m.p. 286O, yield 70%; The addition product dis- 
solved in concentrated sulfuric acid giving a yellow solution 
and was insoluble in cold alkali. 111, R = P-CeH40CH8, 
(0.5 g.) was refluxed (50 minutes) with methanolic sodium 
hydroxide solution (1.5 g. in 18 ml. of methyl alcohol), 
filtered and the residue decomposed with hydrochloric acid. 
IIIa was soluble in sodium bicarbonate solution and was 
transformed into (IIIb) by dissolving in absolute methyl 
alcohol and passing a stream of dry hydrogen chloride 
through the solution for 2 hr. The mixture was then al- 
lowed to stand overnight. After concentration IIIb was 
obtained, by crystallization from methyl alcohol, as color- 
less crystals, m.p. 199", insoluble in aqueous alkali and 
soluble in concentrated sulfuric acid with a yellow color. 

Anal. Calcd. for C~sH2407: C, 71.2; H, 5.1. Found: 
C, 71.1; H,  5.2. 

Succinic Anhydride and Z-Styryl-l,4-a-naphthopyrone.- 
2-Styryl-l,4-a-naphthopyrone (1 g.) and succinic anhydride 
(4 8.) in 30 ml. of dry xylene were refluxed for 15 hr. After 
concentration and cooling the colorless crystals which sepa- 
rated were filtered (3.5 9.) and proved to be succinic anhy- 
dride by m.p. and mixed m.p.; on concentrating the mother 
liquor, the yellow solid which separated (0.8 9.) was proved 
to be Z-styryl-l,4-a-naphthopyrone by m.p. and mixed 
m.p. 

2-Methyl-4-thio-a-naphthopyrone (IVa).-2-Methyl-4- 
a-naphthopyrone (1 8.) was refluxed with 1 g. of purified 
phosphorus pentasulfide? in 30 ml. of dry benzene on a steam- 
bath for 2 hours. The hot deep red solution was filtered 
and the residue repeatedly extracted with boiling benzene. 
The combined extracts were evaporated to dryness. 2- 
Methyl-4-thio-a-naphthopyrone was crystallized from ethyl 
alcohol as violet red needles, m.p. 162", which dissolved in 
concentrated sulfuric acid giving a yellow solution with 
green fluorescence; yield 80%. 

Anal. Calcd. for C14H1002S: C, 74.3; H, 4.4; S, 14.1. 
Found: C, 74.5; H,  4.4; S, 14.3. 

Z-Styryl-4-thio-0-naphthopyrone ( IVb) .-2-Methyl-4- 
thio-a-naphthopyrone (1 g.) and benzaldehyde (0.5 9.) in 
20 ml. of absolute ethyl alcohol containing 4 drops of piperi- 
dine were refluxed for 6 hr. The violet crystals that sepa- 
rated while refluxing were filtered and crystallized from ben- 
zene; m.p. 197". They dissolved in concentrated sulfuric 
acid with an orange color; yield 0.8 g. 

Anal. Calcd. for CZ~H~,OS: C, 80.3; H, 4.4; S, 10.2. 
Found: C,80.7; H,4.5; S, 9.7. 

(7) W. Baker, J B. Harborne and W. D. Ollis, J. Chem. Soc., 130 
I 1933). 

2-(4'-Methoxystyryl)-4-thio-a-naphthopyrone (IVc).- 
From 2-methyl-4-thio-a-naphthopyrone (1 g.) and anisalde- 
hyde (0.6 g.), as above, the violet solid that separated while 
refluxing was filtered and crystallized from benzene; m.p. 
208". I t  dissolved in concentrated sulfuric acid giving an 
orange solution; yield 0.9 g. 

Anal. Calcd. for C~~HMOZS:  C, 76.8; H, 4.6; S, 9.3. 
Found: C, 77.3; H,  4.7; S, 9.0. 

2-Methyl-I ,4-&naphthopyrone and Hydroxylamine Hydro- 
chloride.-A mixture of 0.12 g. of hydroxylamine hydrochlo- 
ride in 0.5 ml. of water and 0.1 g. of 2-methyl-l,4-a-naph- 
thopyrone in 1 ml. of pyridine was refluxed for 4 hr. The 
cooled mixture was acidified with dilute acetic acid, the de- 
posit formed was filtered and crystallized from benzene as 
yellowish crystals, m.p. 181 '. 2- [5(or 3)-Methyl-3(or 5 ) -  
isoxazolyl]-1-naphthol (Va or b, R = VI) is insoluble in 
water. The alcoholic solution gives a violet color with al- 
coholic ferric chloride solution and no color with concen- 
trated sulfuric acid; yield 85%. It was recovered un- 
changed when its solution in aqueous 10% sodium hydrox- 
ide was refluxed for 1 hr. followed by cooling and acidifica- 
tion with dilute hydrochloric acid. 

Anal. Calcd. for C14H11NOz: C, 74.7; H,  4.9; N, 6,3. 
Found: C, 74.7; H ,  5.1; N, 6.2. 

Benzoy1ation.-To a solution of 0.5 g. of Va or b (R = 
VI) in 10 ml. of 10% sodium hydroxide (0.5 g.) of benzoyl 
chloride was added. The mixture was vigorously shaken 
for 15 minutes; the colorless solid (0.6 g.) that separated 
was fi1ter:d and crystallized from dilute ethyl alcohol; 
m.p. 126 . I t  is insoluble in aqueous sodium hydroxide 
( lo%) ,  gives no color with concentrated sulfuric acid, and 
its alcoholic solution gives no color with alcoholic ferric 
chloride solution. 

Anal. Calcd. for C21HljN03: C, 76.6; H,  4.6; N, 4.2. 
Found: C,76.4; H,4 .8 ;  hT,4.3.  
Z-Methyl-l,4-a-naphthopyrone and Hydrazine Hydrate .- 

Hydrazine hydrate (50%) (5 g.) in IO ml. of warm ethyl 
alcohol was added to a solution of 1 g. of 2-methyl-1,4-0- 
naphthopyrone in 10 ml. of ethyl alcohol and the mixture 
warmed for 15 minutes. The cooled mixture was diluted 
with water and the deposit formed was filtered and crystal- 
lized from benzene as colorless leaflets, m.p. 171°, yield 
85%. 2 - [5( or 3)- Methyl-3( or 5 )  -pyrazolyl] - 1 -naphthol 
(VIIa or VIIb, R = VI) gives a deep green color with al- 
coholic ferric chloride solution and no color with concen- 
trated sulfuric acid. I t  dissolved in aqueous 10% sodium 
hydroxide solution. 

4naZ. Calcd. for ClaH120Nn: C, 75.0; H, 5.4; N, 12.5. 
Found: C.75.3; H, . i .3 ;  N, 12.ri. 

Benzoy1ation.-The general procedure for carrying out a 
Schotten-Baumann reaction was followed. The dibenzoyl 
derivative crystallized slowly from dilute :Llcohol as colorless 
crystals, m.p. 144-145". I t  was insoluble in aqucous 10% 
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sodium hydroxide, dissolved in concentrated sulfuric acid 
giving a yellow solution and gave no color with alcoholic 
ferric chloride solution. 

Anal. Calcd. for C~8H2oh-203: C, 77.8; H ,  4.6; S, 6.5. 
Found: C, 77.6; H,4.9; N,6.5. 

2-Methyl-l,4-~~-naphthopyrone and Phenylhydrazine Hy- 
drochloride.-A mixture of 0.7 g. of phenylhydrazine hy- 
drochloride in 3 ml. of water and 1 g. of 2-methyl-l,4-a- 
naphthopyrone in 10 ml. of pyridine was refluxed for 4 hr. 
The cooled mixture was acidified with dilute acetic acid. 
The deposit was filtered and crystallized from benzine (b.p. 
100-120°) as almost colorless crystals, m.p. 143". 2-[l- 
Phenpl-5( or 3)-methyl-3(or 5)-pyrazolyl]-l-naphthol (VIIIa 
or VIIIb, R = \-I, R '  = CH3) was insoluble in water and 
its alcoholic solution gave a violet color with alcoholic ferric 
chloride solution; yield 85%. 

Anal. Calcd. for C20HleN20: C, 80.0; H,  5.3; S ,  9.3. 
Found: C, 80.3; H, 5.5; N, 9.1. 

2-Styryl-l,4-a-naphthopyrone and Phenylhydrazine Hy- 
drochloride .-The same procedure was followed with 2- 
styryl-l,4-o-naphthopyrone and the obtained 2- [l-phenyl- 
5(or 3)-styr> 1-3(or 5)-pyrazolyl]-l-naphthol (VIIIa or VIIIb 
R = VI, R '  = CH=CHC6H5) was crystallized from beii- 
ziiie (b.p. 100-120°), as almost colorless needles, m.p. 
223' with decomposition. Its alcoholic solution gave a 
violet color with alcoholic ferric chloride solution; yield 
80%. 

Anal. Calcd. for C ~ , H ~ O S ~ O :  C, 83.5; 13, 5.2; S, 7.2.  
Found: C,83.1; H ,  5 . 2 ;  A-, 7.4. 

CAIRO, GIZA, EGYPT 
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4-Styrylcoumarins in Diene Syntheses. 11' 
BY AHMED MUSTAFA, MOHAMED KAMEL AXD MOHAMED ALY ALLAM 

RECEIVED MARCH 19, 1956 

Derivatives of 6H-dibenzo[b,d]pyran (IV, VI, I X  and X), 5(6H)-oxachrysene (VI11 and XI) may be obtained from 4- 
styrylcoumarins (111, V and VII) in the Diels-Alder reactions. An improved method for the preparation of 6-methyl- 
coumarin-4-acetic acid, in satisfactory yield, is described. The new styryl derivatives of 4-coumarinacetic acid, used in 
this investigation, now have been prepared by condensation of the appropriate acid and aldehyde in the presence of pyridine 
and piperidine. 

In Part 1,' i t  has been shown that 4-styrylcouma- 
rins can function as diene components in the Diels- 
Alder reaction, leading to easy formation of the 6H- 
dibenzo [b,d] pyran derivatives, e.g., 6a,7,8,9-tetra- 
hydro - 6 -oxo - 9 - (4' - methoxyphenyl) - 5(6H) - oxa- 
chrysene-7,8-dicarboxylic anhydride (11) is ob- 
tained when p-methoxybenzylidene-4-(7,8-benzo)- 
coumarin (I) is allowed to react with maleic anhy- 
dride in boiling xylene. 

II 

I R = p-CaH40CH3 I1 
0 

IVe now have extended our study and have found 
that similar reactions can be effected when 6- 

CH3 K" 
maleic 

RCH=CH anhydride 

\C/ 0:c 

(1) A. Mustafa and ?.I. Kamel, THIS JOURNAL. 77, 1828 (1965). 

methyl-4-styrylcoumarins (IIIa-c) and 7-methyl-4- 
styrylcoumarins (Va-b) are allowed to react with 
maleic anhydride in boiling xylene, leading by 
analogy to derivatives of 6H-dibenzo[ b,d] pyran, 
IV and VI, respectively. 

A /' -CH3 

RCH=CH 

\C/ 0: 
/I 
0 \o/c:o 

Similarly, the action of maleic anhydride on 4- 
styryl- (7,g-benzo) -coumarin derivatives (VIIb-c) 
leads to the formation of the adducts VIIIa-b, re- 
sp ectively . 

A+ 

/I 
0 

VIIa, R = CsHj YIIIa, R = o - C ~ H ~ O C H ~  
b, R = O-CeHdOCHs b, R O-CgH4C1 
C,  R = O-CeH4C1 

The dienophilic reactivity of N-arylmaleimidcs 
now has been investigated.' Thus, when IIIa-c, 
and/or Va-b are allowed to react with the N-aryl- 
maleimides used in this investigation, the adducts 


