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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. Caled. for CosHyoNyO0s:
Found: C,77.6; H,4.9; N, 6.5.

2-Methyl-1,4-o-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-1,4-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-[1-
Plienyl-5(or 3)-methyl-3(or 5)-pyrazolyl]-1-naphthol (VIIIa
or VIIIb, R = VI, R’ = CH;) was insoluble in water and
its alcoholic solution gave a violet color with alcoholic ferric
cltloride solution; vield 85%,.

C,77.8; H, 4.6; N, 6.5.
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Anal. Caled. for CxH1eN,O: C, 80.0; H, 5.3; N, 9.3.
Found: C, 80.3; H, 5.5; N, 9.1.

2-Styryl-1,4-o-naphthopyrone and Phenylhydrazine Hy-
drochloride.—The same procedure was followed with 2-
styryl-1,4-a-naphthopyrone and the obtained 2-[l-phenyl-
5(or 3)-styryl-3(or 5)-pyrazolyl]-1-naphthol (VIIIa or VIIIb
R = VI, R’ = CH=CHC¢H;) was crystallized from beit-

zine (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. Caled. for C27Hno\~0 C, 83.5; H, N, 7.2,
Found: C, 83.1; H, 5.2; 7.4

Cairo, Giza, EcypT
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4-Styrylcoumarins in Diene Syntheses.
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Derivatives of 6H-dibenzo[b,d]pyran ¢IV, VI, IX and X), 5(6H)-oxachrysene (VIII and XI) may be obtained from 4-

styrylcoumarins (III, 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 I,! it 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-o0x0 -9 - (4’ - methoxyphenyl) - 5(6H) - oxa-
chrysene-7,8-dicarboxylic anhydride (II) is ob-
tained when p-methoxybenzylidene-4-(7,8-benzo)-
coumarin (I) 1s allowed to react with maleic anhy-

dride in boiling xylene. m

/ﬁ maleic R\/\ N\ /
RCH=CH anhydride
\1 G H‘\/l\C/
R / ‘\H I
(74 .C O

I R = poC5H40CH3 II
We now have extended our study and have found
that similar reactions can be effected when 6-

CH,
T
7 maleic R
| hydrid BN
RCH=CH \ anhydride 5
N ‘ H e
H o ’ HJ
\C/ 0:C HO
{ \ C:0
o’
IIIa, R = CGI‘I:, I\"a, R = CeHa
b, R = P’C&HgOCHg b, R = P-CeH.gOCHg
c, R = 0-C5H4OCH3 c, R = 0'C5H4OCH3
d, R =0 C5H4C1

e, R = 4',3/-CoH;(OH)OCH,
f, R = 3/,4/-C5H3202CH2

(1) A. Mustafa and M. Kamel, THis Jour~NaL, 77, 1828 (1955).

methyl-4-styrylecoumarins (IIla-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.

—CH;
7 N\—CH
L ’ s ! H\/\/
— j maleic
RCH CH\ v
! anhy drlde / \C/
f H H
¢
I :
(@] O/
Va, R = CeH;, \'Ia, R = C5H5
b, R = 0-C5H5OCH3 b, R = 0'C5H4OCH3
c, R = 0-C5H4C1

Similarly, the action of maleic anhydride on 4-
styryl-(7,8-benzo)-coumarin derivatives (VIIb-c)
leads to the formation of the adducts VIIIa-b, re-
spectively.

7 [/} maleic \ PR AN
—_—
RCH=CH._ 7 anhvdri ’
Y\ anhydride H 10)

Lo e

H i
Ned 0:C HO
I N
O O/
Vila, R = CgH; VIIla, R = 0-CsH,OCH;
b, R = 0-C¢H,OCH; b, R = 0-CsH4Cl
¢, R = 0-CsH,Cl

The dienophilic reactivity of N-arylmaleimides
now has been investigated.! Thus, when IIla-c,
and/or Va-b are allowed to react with the N-aryl-
maleimides used in this investigation, the adducts
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TaBLE I
NEW 4-STYRYLCOUMARINS
Solvent Analyses, %
4-Styryl- M.p.,®# Vield, for Carbon Hydrogen Chlorine
coumarin °C. »  coryst.b  Color with HsSO4 Formula Caled. Found Caled, Found Caled. Found
IIla 133 40 A Yellow Ci1sH1402 82.42 82.29 5 38 5.19
IIIb 164 45 B Or.-red C19H1603 78.08 77.89 5.48 5.32
I1Ic 194 60 C Or.-red C19H1603 78.08 77.75 5.48 5.28
IT1d 210 50 C Yellow CisH13ClO, 72.85 72.76 4.38 4.11 11.97 11.58
IIIe 150 30 A Or.-red C1sH1604 74.04 73.94 5.19 4.95
IIIf 218 20 D Or.-red chang- Ci19H1404 74.45 74.41 4.60 4.46
ing to brown
Vb 145 60 E Orange C1sH1603 78.08 77.83 5.48 5.35
Ve 168 35 F Yellow CisH13ClO, 72.85 72.42 4.38 4.16 11.97 11.46
VIIb 178 65 C Orange CreH1603 80.48 80.18 4.87 4.75
VIiic 210 50 C Orange Ca1H13C10; 75.78 75.62 3.91 3.75 10.67 10.48

o Melting points are uncorrected.

b A, petroleum ether (b.p. 80-100°); B, petroleum ether (b.p. 100-120°); C, acetic

acid; D, benzene; E, a mixture of benzene and light petroleum (b.p. 40-60°); F, ethyl alcohol.

TaBLE II
ApDpUCTS FROM MALEIC ANHYDRIDE

Heating Solvent Analyses, %

4-Styryl- time, for M.p.,b Vield, Color with Carbon Hydrogen

coumarin  Adduct hr. cryst.s °C. % 2804 Formula Calced. Found Caled. Found
IITa IVa 5 A 194 50 None C22Hy605 73.32 73.11 4.48 4.35
IIIb IVb 4 A 238 78 None Ca3H150s 70.76 70.54 4.65 4.61
IIIc IVe 6 B 249 85 Yellow C23H150s 70.76 70.61 4.65 4.48
Va Via 4 A 250 70 Pale-yell. C92H1605 73.32 73.18 4.48 4.39
Vb VIb 7 A 244 90 Yell.-brown C2Hi50s 70.76 70.57 4.65 4.47
VIIb VIIla 6 A 321 80 VYellow® C2eH150s 73.23 73.14 4.26 4.12
VIiic VIIIb 8 C 300 75 Yellow® CysH15C105? 69.69 69.51 3.48 3.32
% A, acetic anhydride; B, xylene; C, nitrobenzene. & All melting points are uncorrected. ¢ The yellow solution in

sulfuric acid acquires deep green fluorescence.

IX and X are obtained. Similarly, VIIa-b form
the adducts XIa-c when treated with N-arylmalei-
mides.

&
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IXa, Ar = R = C¢H;
b, R = p-C¢H,OCH;,

Xa, R = Ar = C¢H;
b, R = o-C5H40CH3,

Ar = CsHs Ar = CgHs
c, R = O-CeHgocHa, c, R = CsHﬁ,

Ar = C5H5 Ar = p-CeH4CH3
d, R = C5H5, d, R = o-C5H40CH3,

Ar = p-C5H4CH3 Ar = P-CSHACH:!

€, R = P-C5H4OCH3, Ar = P-CsH.gCHg

f, R = 0-C5H4OCH3, Ar = P-CeHgCH;

g R = Cell; Ar = 27,4"-CeH3(CHy),

hL R = p-CgI-LOCH;, Ar = 2’,4’-C5H3(CH3)2

}
O XIL{, R = O'CGI’I.Q()CH'@,
‘\C/ Ar = CeHs

R C
\
H\—/\/
H

HO b, R = o-CsH40CH3,
OZC H Ar = P-CQH‘CHa
:0 ¢, R =CH

AN Ar = 274/-CoHy(CHy),

The adducts obtained by these Diels—Alder syn-

4 Caled.: Cl, 8.24. Found: Cl, 8.10.

theses are practically colorless and are insoluble in
alkali.

Methods of Preparation—The 6-methylcou-
marin-4-acetic acid needed in this investigation now
has been prepared in 659, yield by adopting the
procedure of Dey and Row? for the preparation of
coumarin-4-acetic acid.

The new styryl derivatives, listed in Table I, have
been prepared by allowing the 4-coumarinacetic
acid derivatives to condense with the appropriate
aldehyde in the presence of pyridine and a few drops
of piperidine.!

Experimental

Preparation of 4-Styrylcoumarins. General Procedure.—
To a mixture of the corresponding coumarin-4-acetic acid
(0.02 mole) and the appropriate aldehyde (0.03 mole) in 30
ml. of dry freshly distilled pyridine was added 10 drops of
freshly distilled piperidine. The reaction mixture was
heated gradually to 125-130° (bath temp.) and kept at that
temperature for six hours. After it was cooled, water was
added dropwise until the solution became slightly turbid.
The reaction mixture was then cooled (ice-chest) for half an
hour and the yellow styryl derivative was filtered off,
washed with cold ethyl alcohol (ca. 30 ml.) and crystallized
from a suitable solvent.

The 4-styryl-6-methyl-(IIIa-f), 4-styryl-7-methyl-(Vb-c)
and 4-styryl-7,8-benzocoumarins (VIIb-c) are listed in
Table I. In general, they are soluble in chloroform, hot
benzene and xylene, but are sparingly soluble in light petro-
leum ether (b.p. 50-60°). Their yellow solutions in carbon
tetrachloride decolorize readily bromine in the same solvent.

Action of Maleic Anhydride on 4-Styrylcoumarins.—A
solution of 0.5 g. of the styryl derivative and 1 g. of maleic
anhydride in 20 ml. of dry xylene was refluxed for the num-
ber of hours indicated in Table II. The crystalline colorless
solid, so obtained, was filtered off, washed with cold dry
benzene (ca. 20 ml.) and crystallized from a suitable solvent.

The adducts of 4-styrylcoumarins and maleic anhydride

(2) B. B. Dey and K. K. Row, J. Indian Chem. Soc., 1, 107 (1927).
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Tapre 111
ADDUCTS FROM N-PHENYLMALEIMIDE
Heat- Sol-
ing vent Color Analyses, /¢
{-Styryl Ad- time, for M.p.,  Yield, witl Carbon Hydrogen Nitrogen
conmarin  duct hr.  cryst.® °C.b % Hs804 Pormula Caled. Found Caled. Found Caled. Found
11la IXa 4 A 274 90 Pale-yell. CsHau NOy 7722 T0.89 4. 84 1.71 3,22 3.12
111b IXD 5 B 296 92 Notte CisHNO; 74.82 74.73 +.08 4.82 3.01 297
I1le I1Xe¢ 6 C 215 95  Green CyHuNO; 7482 7465 4,98 4.81 3.01 2.78
Va Na ] D 282 85 None CasHy NO, TV.22 7718 -+ 81 4.81 3.22 3.06
\'h Xb 10 E 186 10 Yellow CuHa3NO; 74.82 74.73 4.98 +.79 3.01 2,86
\'1lb Xla & F 215 70 Yellow Cy:HyNO; 76,63 7648 1. 62 451 2. 81 2.57

A, dioxane; B, nitrobenzene; C, phenetole; D, benzene; E, a mixture of benzene and cther;
¢ The yellow solution in sulfuric acid acquires green fluorescence.

poits are uncorrected.

F, xylere. ¢ All melting

TaBLE 1V

ADDUCTS FROM N-p-TOLYLMALEIMIDE

Heat-  Sol-
ing vent Color
4-Styryl- time, for M.p..b Yield, with
conmarins  Adduect Iir cryst.* °C. Yo H2504
1lla INd 5 A 214 80  Noue
111h IXc¢ 4 A 276 90 None
111c IXf 12 B 198 10 Normne
Va Xc¢ 3 C 286 82  None
Vilb A5 6 C 234-235 60  Orange’

A, nitrobenzene; B, benzene; C, phenetole.
with green fluorescernce after some time.

> All melting points are uncorrected.

Aualyses, Yo

Carbon Hydrogen Nitrogen
Yormula Caled. Pound Caled. Found Caled, Found
CooHuNOy 7748 77 26 516 507 312 2.98
CyHuNO; 7514 74.98 5.26 5.11 2. 92 2.79
C2H2:NO; 75.14 7479 5.26 5. 09 2.92 2.81
CisHysNO, 7748 T7.358 5.18 5.13 3.12 3.05
CuH:sNO; 76.88 76.87 +.89 4.87 272 301

¢ Tlie orange color turns vellow

TasBLE V'

Appucers FROM N-2,4-DIMETHYLPHENYLMALEIMIDE"

Heat- Sol-
ing  vent Color
4-Styryl- time, for M., Yield, with
conmarins Adduct hr. cryst.b °C. %% H.S0:
1Ila IXg 3 A 2064 90  Pale-yvell.
1Ilb IXD 6 B 296 95  Brown
Vla NXle 4 C 330 93 Yellow

@ The preparation of A. Mustafa, S. M. A. D. Zayed and S. A. Khattab, TuIs JoURNAL, 78, 145 (1956), was used.
a mixture of chloroform and light petroleum ether (b.p. 40-60°), B, dioxane; C, chloroform.

corrected.

are listed in Table II. In general, they are sparingly soluble
in benzene and petroleumn ether (b.p. 60~80°).

Action of N-Arylmaleimides on 4-Styrylcoumarins.—The
satne procedure described in the case of maleic anhydride
has been followed. A solution of 0.5 g. of the styryvl de-
rivative and 0.8 g. of the N-arylmalehmide in 20 nil. of dry
xvlene was refluxed for the time period (¢f. Tables III, TV

Analyses,

Carbon Hydrogen Nitrogen
Formula Caled. Found Caled. Found Caled. Found
CypHsNOy 7773 77.58 544 5.32  3.02  2.901
CyHua NGy 77,97 77.68  5.70  5.56 283 276
CyuH,NO;  79.34 79.14 504 +.91 2.8 2.66

b A,
¢ All melting points are un-

aud V'), during which the vellow color of tlie solution was

almost discharged and the separation of the adduct took

place. ]
The adducts witlt N-plienvl-, N-p-tolyl- and N-2,4-di-

ntethylphenylmaleimide are listed i1 Tables III, 1V and V',

respectively.

Giza, Cairo (EcypT)



