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a-Benzylidene-y-phenyl-A8.7-butenolide (I) reacted with phenylmagnesium bromide to give the 1,4-addition products,
a-benzhydryl-y-phenyl-Af"-butenolide (II) and its A*A-tautomer (III). The relative amounts of these isomers could be
varied because of the ready tautomerization of II to III. The structure of II was confirmed by its reactions with alkali and
hydrogen. In contrast to the behavior with the Grignard reagent, the reaction of I with phenyllithium gave the ring opened
product, 1,1-diphenyl-2-phenacyleinnamyl alechol (IV), which readily cyclized to 2,2,5-triphenyl-3-benzylidene-2,3-di-

hydrofuran (XII).

In a previous paper! our studies on the ring
opening reactions of a-benzylidene-y-phenyl-A®7-
butenolide (I) with some common strong nucleo-
philes were reported. Besides the 8,y-unsaturated-
v-lactone structure, I possesses the added feature
of an «,@-unsaturated carbonyl system due to the
benzylidene group exocyclic to the lactone ring.
In a continuation of our research on highly con-
jugated lactone systems, the reactions of I with
phenylmagnesium bromide and phenyllithium are
described.

The lactone, I, reacted with excess phenylmag-
nesium bromide by 1,4-addition to the a,8-un-
saturated carbonyl moiety to give as the main
products a mixture of a-benzhydryl-y-phenyl-
Af7butenolide (II) and its tautomer, a-benzhy-
dryl-y-phenyl-A®f-butenolide (III), the lactone
ring remaining intact. In addition to II and III,
a residue was obtained from which no pure sub-
stance could be isolated. The infrared spectrum of
this material indicated the presence of both a
carbonyl and a hydroxyl group, which might be
attributed to the ring opened product (IV). At-
tempted formation of a 2,4-dinitrophenylhydrazone
failed as did attempted ring closure with acetic
anhydride,

The formation of IT and III is in marked con-
trast with the results obtained by the reaction of
this Grignard reagent with the structurally related
2-phenyl-4-benzylidene-5(4H)oxazolone (V), which
is isoelectronic with I. It has been shown? that V
reacts with phenylmagnesium bromide to give the
ring opened 1,1-diphenyl-2-benzamidocinnamyl al-
cohol (VI) and the oxazoline (VII).

The structural assignments for IT and IIT were
confirmed by elemental analyses, spectral data,
and by chemical evidence to be presented later.
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Tautomer II exihibits an intense band at 1783
em, !, characteristic of the carbonyl stretehing
frequency in §,v-unsaturated-vy-lactones,® whereas
the strong absorption of IIT at 1750 cm. 1 is typical
of a,B-unsaturated-v-lactones. IT possesses a maxi-
mum at 262 mu which is probably due to the sty-
rene chromophore while TII shows only end absorp-
tion. These results are consistent with the struc-
tures proposed and correspond very closely to
those observed by Ramirez and Rubint with the
a-methyl analogs of IT and II1.

(3) J. F. Grove and H. A. Willis, J. Chem. Soc., 877
(1951).
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Compound JI was converted to its tautomer
(I1IT) by acetic anhydride, triethylamine or benzyl-
amine.® The tautomerization was also effected by
heating II in the solid state. The course of this
change was followed spectrophotometrically by
the appearance and increase in intensity of the
carbonyl absorption band at 1750 cm. !, Similarly,
this conversion occurred in the isolation of the
product from the reaction mixture when the ether
solution was evaporated to dryness on a steam
bath. Yields of 39, and 209, of II and III respec-
tively, were obtained. This differs from the yields
of 429, and 49 of II and III respectively, obtained
when the solvent was evaporated at room tem-
perature. Thus, II is the product of kinetic control
and III the thermodynamically more stable isomer,
The tautomerization may be attributed to the
increased stability imparted by the conjugation of
the butenolide double bond with the carbonyl
group in IIT. Ramirez* has similarly observed that
with the a-methyl analogs that the «,8-unsaturated
compound is more stable than the 8,y-tautomer
and is readily formed from it. Similar observations
have been made regarding the relative stability of
other a,8-unsaturated butenolides.’—8

An attempt to synthesize II by an alternate
method failed,? but the reactions of 1[I, summarized
in the following chart, offer decisive chemical
evidence for the structure proposed. In contrast,
IIT did not undergo these reactions, probably due in
large measure to its insolubility in most organic
solvents.

Alkaline hydrolysis of II gave 2-phenacyl-3,3-
diphenylpropionic acid (VIII) in 849, yield. Ring
closure of VIII to III was effected by sodium ace-
tate in acetic anhydride, presumably through II,
whith tautomerized to III in this medium. The
course of reaction of IT with hydrogen using a
palladium on charcoal catalyst was found to depend
on the solvent employed. In ethanol or methanol,
hydrogenation and hydrogenolysis occurred to
give the saturated acid (IX) in 419, yield. The
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structure of IX was confirmed by its preparation
from VIII by Clemmensen reduction. In acetic
acid, only hydrogenation of II occurred to give the
substituted butyrolactone (X) in 45%, yield. The
structure of X is supported by analytical and spec-
tral data and by its alkaline hydrolysis to the
y-hydroxy acid (XI), which is reconverted to X on
treatment with acetic anhydride. In methanol, X
reacted with hydrogen to yield IX. Thus, it seems
probable that II is hydrogenated to give the in-
termediate butyrolactone (X) which then under-
goes hydrogenolysis to IX.

The reaction of I with phenyllithium did not
follow the course observed with phenylmagnesium
bromide. Instead, the sole product, isolated in 499
yield, was the ring opened compound, 1,1-diphenyl-
2-phenacylcinnamyl alcohol (IV). Compound IV
is highly unstable and develops a yellow-green color
on standing, as well as by heating. This lability
may be attributed to the facile ring closure of
IV to form the yellow-green substituted dihydro-
furan (XII). The latter was readily obtained while
attempting to prepare the 2 4-dinitrophenylhydra-
zone, oxime or semicarbazone of IV, as well as
by heating with acetic anhydride.
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a-Benzylidene-v-phenyl-A8-Y-butenolide (I). This com-
pound was prepared by the method of Schueler and Hanna.1!

(10) All melting points are corrected.
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Reaction of 1 with phenylmagnesium bromide. To 3.65 g.
(0.15 g.-atom) of magnesium ribbon in 130 ml. of anhydrous
ether was added dropwise 15.7 ml. (0.15 mole) of bromoben-
zene. After the reaction had subsided, the mixture was
heated under reflux for 0.5 hr. and 12.4 g. (0.05 mole) of I,
suspended in 500 ml. of ether, was added in portions over a
2-hr. period. The mixture was heated under reflux for an
additional 2 hr. and then decomposed with an 89, solution
of sulfuric acid. The ether layer was washed with water and
dried over anhydrous magnesium sulfate. Evaporation of the
ether solution by air blowing yielded a yellow solid. The
crude product was crystallized from ethanol to give 6.8 g.
(42%) of a-benzhydryl-y-phenyl-Af:7-butenolide (II), m.p.
156~158°. A ©530% 262 myu (e 8500). Infrared absorption at
1783 cm. ™1 (8).

Anal. Caled. for CxH,0,: C, 84.64; H, 5.56. Found: C,
84.73; H, 5.77.

Air evaporation of the ether filtrate recovered from II
gave an oily residue. The residue was dissolved in a mini-
mum amount of dioxane and placed in a refrigerator for
several days. A white solid separated and was crystallized
from 300 ml. of dioxane to yield 0.64 g. (4%) of a-benz-
hydryl-y-phenyl-A®A-butenolide (II1), m.p. 281-282°.

Anal. Caled. for CyH 40,0 C, 84.64; H, 5.56. Found: C,
84.60; H, 5.38.

ASHOE Bnd absorption. Infrared absorption at 1750 cm.™!
(s).

When the ether solution was evaporated to dryness on a
steam bath, rather than by air evaporation, an oil containing
a suspended solid was obtained. This mixture was treated
with a large quantity of petroleum ether (b.p. 60-80°).

Evaporation of the solvent gave 0.48 g. (3%) of II and
an oily residue which was worked up in dioxane as described
previously to yield 3.2 g. (20%,) of III.

Evaporation of the dioxane filtrate from III gave a residue
which had infrared absorption bands at 1750 cm.~%, 1680
em. %, and 3350 cm.~! The residue was treated with acetic
anhydride and heated on a steam bath overnight. Only a
small amount of III was obtained (less than 0.5%). At-
tempts to prepare a 2,4-dinitrophenylhydrazone of the resi-
due were unsuccessful.

Tautomerization of I1. II (0.8 g., 0.002 mole), dissolved in
37 ml. of benzere, was heated under reflux with 15 ml.
(0.11 mole) of triethylamine for 18 hr. and 0.3 g. (38%) of a
white solid was obtained, m.p. 279-282°. There was no melt-
ing point depression on admixture of this solid with an au-
thentic sample of III.

Compound IT was heated under reflux with a 109, solu-
tion of benzylamine in benzene for 2 hr. to give a 339, yield
of II1.

II (1.0 g., 0.0025 mole) dissolved in 25 ml. of acetic anhy-
dride, was heated on a steam bath for 12 hr. to give 0.5 g.
(50%) of III, m.p. 280-282°,

II (500 mg.) was heated for 3 hr. in an oven at 100°. The
solid had a m.p. of 137-152°, infrared absorption (chloro-
form), 1783 em.™! (A#:r-butenolide). Further heating over-
night yielded a solid, m.p. 140-250°, infrared chloroform,
1783 em.™? and 1750 cm.™! (A*B-butenolide). When the
heating was extended to 60 hr., an amorphous residue was
obtained; infrared absorption at 1750 em.~! with no A#7-
butenolide band at 1783 cm.—?

Alkaline hydrolysis of 1I. To 500 mg. of II was added 20
ml. of 6N sodium hydroxide and the mixture was heated
under reflux for 3 hr. The reaction mixture was neutralized
with 209, hydrochloric acid and the solid was collected.
Crystallization from ethyl acetate gave 444 mg. (84%) of
2-phenacyl-3,3-diphenylpropionic acid (VIII), m.p. 185-
186°. Infrared absorption at 1705 e¢m.~! and 1680 cm. ™!

Anal. Caled. for C;Hz0,: C, 80.21; H, 5.85. Found: C,
80.09; H, 6.01. Mol. wt. caled. 344. Found: 342 (meut.
cquiv.).

(11) F. W. Schueler and C. Hanna, J. Am. Chem. Soc.,
73, 3528 (1951).
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‘When VIII was heated under reflux with acetic anhydride
(saturated with sodium acetate) for 3 hr., a solid melting at
280° was obtained, which showed no depression when mixed
with an authentic sample of III.

Reaction of I1 with hydrogen. In ethanol. Five hundred milli-
grams of II, dissolved in 250 ml. of ethanol, was treated with
hydrogen under 40 p.s.i. for 3 hr. using 5%, palladium on
charcoal catalyst. When the solvent was removed by air
blowing, a residue was obtained which was taken up in a
mixture of petroleum ether and ethyl acetate (10:1) and
placed in a refrigerator for several days. There was ob-
tained 208 mg. (41%,) of 2-benzhydryl-4-phenylbutyric acid
(IX), m.p. 135-136°. Infrared absorption at 1700 c¢m.™!

Anal. Caled. for C»H0,:: C, 83.60; H, 6.71. Found: C,
83.42; H, 6.63. Mol. wt. caled. 330. Found: 327 (neut.
equiv.).

When methanol was used as a solvent, IX was obtained
in 409, yield.

Clemmensen reduction!? (zinc amalgam and concentrated
hydrochloric acid) of VIII yielded a substance, m.p. 135°,
which gave no melting point depression with an authentic
sample of IX.

In acetic acid. Five hundred milligrams of II, dissolved in
150 ml. of glacial acetic acid, was hydrogenated for 3 hr.
under 40 p.s.i. using 5% palladium on charcoal catalyst.
Evaporation of the solvent by air blowing yielded a residue
which was dissolved in methanol and refrigerated for several
days to give 226 mg. (45%) of a-benzhydryl-y-phenyl-~-
butyrolactone (X), m.p. 125-127°. Infrared absorption at
1758 cm. ™!

Anal. Caled. for Cy3HzO,: C, 84.14; H, 6.14. Found: C,
83.94; H, 6.04.

Compound X reacted with hydrogen in methanol to give a
substance melting at 135° which showed no melting point
depression when mixed with an authentic sample of IX.

Alkaline hydrolysis of X. To 180 mg. of X was added 20
ml. of 6N sodium hydroxide and the mixture was heated
under reflux for 3 hr. The reaction mixture was worked up
in the usual manner to yield 130 mg. (68%) of 2-benzhydryl-
4-hydroxy-4-phenylbutyric acid (XI), m.p. 145-148°, Re-
crystallization from chloroform yielded a white solid, m.p.
147-149°.

Anal. Caled. for CuH2O,: C, 79.74; H, 6.40. Found: C,
79.43; H, 6.09. Infrared absorption at 1700 cm.=? and 3500~
3200 cm. ™t

When heated with acetic anhydride, XI gave a solid,
melting at 125°, which did not depress the melting point of
an authentic sample of X.

Reaction of 1 with phenyllithium. To 1.05 g. (0.15 g.-
atom) of lithium, suspended in 50 ml. of dry ether, was
added several milliliters of a bromobenzene-ether solution
(7.9 ml,, 0.075 mole bromobenzene in 25 ml. of ether).

The mixture was heated under reflux until reaction began
and then the remainder of the bromobenzene solution was
added at intervals so as to insure gentle reflux.

1(6.2 g.,0.025 mole), in 225 ml. of ether, was added in por-
tions during a 15-min. period and then the mixture was
heated under reflux for 0.5 hr. The reaction mixture was
hydrolyzed with 8%, sulfuric acid solution, the ether layer
was separated, washed with water and dried over anhydrous
magnesium sulfate. Evaporation of the ether solution by
air blowing yielded an oil, which was dissolved in acetone
and evaporated by air blowing until a substantial amount of
white solid separated. Recrystallization from acetone yielded
5 g. (49%) of 1,1-diphenyl-2-phenacyleinnamyl alcohol
(IV), m.p. 127-130°. Infrared absorption at 3460 cm.=! and
1695 cm. !

Anal. Caled. for CyHsOs: C, 86.11; H, 5.98. Found: C,
85.21; H, 6.59.

A narrow melting point range could not be duplicated in
subsequent crystallizations. Attempted purification of IV
by elution chromatography on alumina, failed. IV was un-

(12) Org. Reactions, I, 168 (1042).
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stable at room temperature on prolonged standing or on
heating, turning green in color. The attempted preparation
of the 2,4-dinitrophenylhydrazone, oxime and semicarbazone
of 1V yielded only the dihydrofuran XII.

2,2,5-Triphenyl-3-benzylidene-2,3-dthydrofuran (XII). To
1 g. (0.0025 mole) of IV was added 30 ml. of a saturated
solution of sodium acetate in acetic anhydride. The solution
was heated on a steam bath for 5 hr., then extracted with
ether. The ether extract was washed seversl times with
water, dried over magnesium sulfate and evaporated to yield
a yellow-green solid.
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The crude product was crystallized from ethanol to yield
0.6 g (62%) of dihydrofuran as fluorescent yellow-green
needles, m.p. 150-151.5°.

Anal. Caled. for Cy3H»O: C, 90.14; H, 5.74. Found: C,
90.20; H, 5.87.
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2-Phenylphenanthrene and 2-(4-biphenylyl)phenanthrene, synthesized via the corresponding 2-aryl-3,4-dihydrophen-
anthrenes, were converted to the related 2,2'-bis(hydroxymethyl)- and 2,2’-bis(methoxymethyl)-p-terphenyls and p-
quaterphenyls as well as the 3-aryl-5,7-dihydrodibenz|c,e}oxepins and 2-aryl-9,10-dihydrophenanthrenes. Analogous
27,3'-disubstituted p-quaterphenyls, 5,7-dihydro-3,9-diphenyldibenz[e,ejoxepin, 9,10-dihydro-2,7-diphenylphenanthrene,
and 2,7-diphenylphenanthrene were prepared starting with p-quaterphenyl-2”,3’-dicarboxylic acid. Evaluation of these

compounds as liquid seintillation sclutes is reported in Paper X of this series.

In Paper VI of this series,* the synthesis of some
aryl-substituted fluorenes was reported along with
the evaluation of these compounds as liquid scintil-
lators. We are herewith deseribing the synthesis of
some related phenanthrene derivatives. The com-
pounds of initial interest in this study were 2-
phenylphenanthrene (Ia), 2-(4-biphenylyl)phenan-
threne (Ib), and 2,7-diphenylphenanthrene (Ic)
as well as their 9,10-dihydro derivatives (IIla,
IITb, and IIlc). The 3,4-dihydrophenanthrenes,
ITIa and IIb, were also prepared for evaluation as
liquid scintillator solutes.
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a. R = H, R = CgH;
b. R" = H, R = 4-CH.CeH,

c. R=R" = CH,
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In the course of preparing the 9,10-dihydro de-
rivatives, a number of interesting p-terphenyls
(IVa, Va, and VIa) and p-quaterphenyls (IVb,
IVe, Vb, Ve, VIb, and VIc) were synthesized from
available intermediates.

XH,C l R I R
R CH,X R g
IVa, b, c. X = OH Vla, b, ¢

Va b, c. X = OCH;

2-Phenylphenanthrene (Ia) was prepared by the
method described by Newman® and the 2-(4-
biphenylyl) derivative Ib was obtained by a
similar procedure, starting with phenylacetonitrile
(series a) and 4-biphenylylacetonitrile (series b),
respeciively. The latter starting material was
prepared in four steps from 4-biphenylcarboxylic
acid which was reduced to 4-phenylbenzyl alcohol.
This alcohol was converted to 4-phenylbenzyl
bromide which, upon treatment with potassium
cyanide, afforded 4-biphenylylacetonitrile. The
alkylation of these arylacetonitriles was accom-
plished with 2-(1-naphthyl)ethyl bromide to give
the corresponding 2-aryi-4-(1-naphthyl)butyroni-
triles, which were hydrolyzed to the substituted
butyric acids. These were cyclized, via the acid
chlorides, to the respective 2-aryl-l-oxo-1,2,3,4-
tetrahydrophenanthrenes. Reduction of the ketones

(5) M. S. Newman, J. Org. Chem., 9, 518 (1944).



