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32. Ken’ichi Takeda¥, Saburo Nagakura**, and Keizo Kitahonoki*: Diels-Alder
: Reaction. II. Reaction of B-Naphthol and Maleic Anhydnde
Isolation of Another Isomeric Adduct?.

(Resém"ch, Laboratory, Shionogi & Co., Ltd.*, and Institute
-of Science and Technology, University of Tokyo*¥)

In the first paper of this series?, Takeda and thahonokl reported the reaction of j3-
naphthol and maleic anhydride by heating a mixture of these substances at 220~240° and
the addition product (A), m.p. 194~195°, thereby obtained was clarified as the 1,4-addition
of maleic anhydride on S-naphthol. Later, another substance (B), m.p. 193~194°, was se-
parated from this reaction product, besides the above (A) The analytical values of (B)
were the same as those of (A), corresponding to

the formula C;H0O, and (B) also possessed a 20k
carbonyl group, similar to (A), and gave a dime- 28l
thyl ester, m.p. 112~113.5°, and a p-nitrophenyl- ,
hydrazone, m.p. 185~186°, of the ester. It was w&g—
also found that the ultraviolet absorption spect- %24' v
rum of (B) showed similar absorption curve as ~z2r
that of (A) (Fig.,1). 20%

From these results, (A) and (B) were as- 18k
sumed to be steric isomers and, therefore, (B) L L 1 N N
was submitted to.Clemmensen “reduction, as in 30 0 0 260 A0 Zmu
the casé of (A)?, and derived to a desoxy com- Fig. 1 Ultraviolet Absorbtion Spectra
‘pound of ‘m.p. 207~208°. This substance was of p-Naphthol-Maleic Anhy-
‘found to be ideriti'cal with the reduction product, ?géiiménguigil (]BnU ggggiﬂ)
m.p. 207~208°, of an adduct of naphthalene and photometer)
maleic’ anhydride obtained by Kloetzel and —— m.p. 194~195° (A)
others®. This confirmed the fact that (B) is also —-= m.p. 193~194° (B)

a 1,4-adduct’of S-naphthol and maleic anhydride, same as (A). '
Since (A), (B), and the two kinds of ‘naphthalene-maleic 'anhydride adducts were as-
sumed to be exo and endo isomers, the dipole moments of these four kinds of adducts
were ‘determined and results as shown in Table I were obtained. As the moment of (A)
‘is extremely ‘smaller than that of (B), (A) is assumed to take a steric.-configuration by
“which the moments of the carbonyl group and the acid anhydride group cancel each other,
_and these moments act additively in (B) configuration. It is deduced, therefore, that (A)
takes ‘the exo form (I) and (B), the endo form (II). It is also possible to quantitatively
explain to some extent the results of dipole moment determmatmns by the assumptlon of
such configurations in (A) -and' (B) -coinpounds.
~ "The dipole moment of the acid anhydride group would probably be 4.32~4.05D, from
“the results ‘of the determination of the moments of naphthalene-maleic anhydride adducts:
-On the other hand, the moment of the carbonyl group is 2.5D so that when the two mo-
ments are completely in the same direction and calculated as the sum, the total moment
would be 6.8~6.6D. It follows, therefore, that the observed moment of 6.54D for (B) could
be explain_ed by assuming that the (B) configuration is in an endo form, with the moments
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of the acid anhydride and carbonyl groups fac-
ing in almost the Same direction. The ob-
“served value of 286D for (A) could also be
explained by assuming that (A) takes the exo

~ form in which these two moments are at an

angle of 136~141°. .

The comparison of the dxpole moments of
the two kinds of naphthalene-maleic anhyd-
ride adduct, of m.p. 139° and of .m.p. 161°,
shows that the moment of the former is slightly
larger than that of the latter. This is as-
sumed to be due to the fact that the adduct of
m.p. 139° takes such a steric configuration
that the effect of the benzene nucleus is ‘in-
ductively increased by the moment of the acid

 anhydride group, from - which it may be

induced that the acid anhydride group in the

~adduct of m.p. 139° is in a position nearer

to the benzene nucleus than that in the adduct
of m.p. 161°. Therefore, exo form (III)
could be assumed for the former, and the
endo form (IV) for the latter. :

These conclusions are in good agreement
with the chemical relatlonshlps of these com-
pounds shown in Fig. 2.

As described in the prev1ous report” the
purity of the mnaphthalene-maleic anhydride
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adduct of m.p. 139° was slightly doubtful and, therefore, its infrared spectrum was exa-
mined. The results showed that this compound showed absorptions at 11.98 g, 12.53 u,
and 13.15 u, whereas the substance of m.p. 161°

TAsLE I Dipole Moment showed ‘absorptions at 1248 4 and 13.02 &,

.(A) - (I) 2.86 Debye Unit from which it might be considered that this
®) (In 6.54 compound is approximately pure. The absorp-

m.p. 138~139° (I1I) 4.32 . . .
‘m.p. 161° (IV) 4.05 tion at 3~11 u is about the same in the two

compounds (Fig. 3). .
Chemical confirmation of these two isomers will' be made at a later date.

The authors take this opportunity to express their deep gratitude to Prof. Eiji Ochiai of the
Unpiversity of Tokyo for his kind and valuable advices during the course of this. study. The
authors’ thanks are due to Messrs. T. Iyeki and K. Miyahara for elemental analyses, to Mr. T.
Kubota of this Laboratory for the taking of ultraviolet spectra and for valuable assistances, and
to Mr. K. Kuratani of the Institute of Science and Technology, University of Tokyo, for taking the
infrared absorption spectra and its reading.

Experimental‘ii

Isolation of s-naphthol-maleic anhydride adduct of m.p. 193~194° (B) — An equimolar
mixture of g-naphthol and maleic anhydride was heated at 290~.240° for about 30 minutes. Addition
of ethyl acetate to the reaction mixture, when cool,  yielded some crystals of m.p. 155~-187°.
Recrystallization from ethyl acetate first gave colorless prisms (A), m.p. 194~195°, and the mother
liquor obtained by their separation, after careful condensation and cooling, yielded some square
plates. Recrystallization of the latter yielded the pure product (B) of m.p. 193~194°, whose yield
was extremely small compared to that of (A). The mixed melting point of (A) and (B) was 154~
162°. Anal. (of (B), m.p. 193~194°) Calcd. for C14H9O4: C, 69.40; H, 4.16. Found: C, 69.62; H, 4.21.

Dimethyl ester of the adduct (B)—The adduct of m.p. 193~194° was dissolved in cold 5%
NaOH solution, acidified with hydrochloric acid, and extracted with ether. To this was added an
ether solution of diazomethane by which the methylation was effected. Recrystallization from
methanol yielded colorless prisms, m.p. 112~113.5°. Anal. Caled. for CigHiOs: C, 66.66; H, 5.59.
Found: C, 66.23; H, 5.94. \

p-Nitrophenylhydrazone of the (B) dimethyl ester—The above dimethyl ester and p-nitro-
phenylhydrazine were reacted in methanol, and the precipitate obtained by the condensation of
methanol was recrystallized from the same solvent as yellow prisms, m.p. 185~186°. Anal. Calcd.
for CaeHsOgNz: C, 62.40; H, 5.005 N, 9.93. Found: C, 62.43; H, 5.10; N, 10.11." - o
. Clemmensen reduction of the adduct (B)— To l.4g. of the adduct (B) and 6g. of zinc
‘amalgam, 6 cc. of conc. HCl, 4.5cc. of water, and 9cc. of alcohol were added and the mixture was
boiled for 15 hours, during which 11 cc. of conc. HCl was added in four lots. The reaction mixture
was extracted with ether, and the pale yellow, oily residue from ether was stirred with 25cc. of
5% [NaOH, insoluble matter removed by extraction with ether, and- the alkaline - solution was
extracted with ether after acidification. The ether residue, when allowed to stand with the addition
of a small amount of ether, yielded some crystals of m.p. 190~.201°. The crystals were dehydrated
by boiling with acetic anhydride, and the residue obtained by the removal of acetic anhydride was
sublimed under a reduced pressure (bath temp. 140~160°). Two recrystallizations from ethyl
acetate gave colorless prisms of m.p. 207~208° which showed no depression of the melting point
on admixture with the reduction product, m.p. 208°, obtained from the adduct (IV) of m.p. 161°.
Anal. Caled. for CH203: C, 73.67; H, 5.30. Found: C, 73.30; H, 5.45.

Dipole moment measurement—The dipole moment was determined with a benzene solution of
the compounds at 25°. In order to obtain the value of molecular polarization, Pw, at infinite
dilution from the values of dielectric constant and specific volume at various concentrations, the
following formula of Halverstadt and Kumler was used. ’

where M denotes the molecular weight of the solute, @ and 8, the slope of the straight lines e-w
and v—w, and gp and vy, the respective points at which the straight line cuts the ordinate.

4) All m.p.s are uncorrected.
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(I) m.p. 194~195°

Weight Fraction Dielectric Constant Specific Volume
w . e v
(VA ‘ 2.274 : 1.14733 a=3.80
0.00155 . 2.279 1.14652 3 = —0.38
0.00229 . . 2.284 1.14636 ea=2.274
0.00345 2.287 1.14584 . vg=1.15
’ : PM=229 .
R 4 =2.86 D
(II) m.p. 193~194°
L@ o & o v _
0 2.273 1.14762 a=20.0
0.00072 - 2.289 1.14681 - B=—0.73
0.00143 2.300 1.14621 e9=2.273
0.00164 2.306 1.14634 ‘ vg=1.15
’ ' : ' ‘ PM =944
i i : : u=6.54D
(IIT) m.p. 138~139° x
w e X . v
0 2.273 1.14743 @=9.20
. 0.00276 . : 2,299 L . 1.14610 o B=—0.37
. 0.00424 ‘ '2.313 L 1.14579 £9=2.273
©0.00616 . 2.326 .0 1.14532 - yp=1.15
. N ’ Py =440
: . o »=4.32D
(IV). m.p. 161°
’ ’ w . ¥ S v
0 : 2,274 : 1.14733 . . a=8.12 .
0.00307 = ) : 2.299 . 1.14618 - - . B=-—0.38 .
- 0.00588 2.323 ' 1.14524 S gg=2.274
0.00812 . 2.344 . 1.14401 vg=1.15
: ' ‘ Pnm=398
“w=4.05D .
- Summary”

The reaction product of f-naphthol and maleic anhydride yielded, besides the adduct
of m.p. 194~195° reported in the previous paper, a new substance of m.p. 193~194° which
was- clarified ‘as having the same structure as the adduct of m.p. 194~195°. The steric
configurations of these two adducts and the two kinds of naphthalene-maleic anhydride ad-
duct of m.p. 138~139° and of m.p. 161° were proposed from their dipole moment measure-
ments. R oo : .

‘ (Received April 8, 1953)-
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