[FroM THE DEPARTMENT OF ORGANIC CHEMISTRY, HEBREW UNIVERSITY]

Fulvenes and Thermochromic Ethylenes. Part 30.*

Experiments in the 2,3-Diarylindone Series

ERNST D. BERGMANN

Received January 9, 1956

By the reaction of arylmethylene-phthalides (I) with aromatic Grignard compounds, twelve 2,3-diarylindones, nine of

them new compounds, have been prepared. In three cases,

compounds of the type II have been isolated as intermediary

products of the synthesis. The infrared, ultraviolet, and visible spectra of the diaryl-indones have been measured. It is not

possible to assign the two longest absorption bands of the diarylindones to specific “‘absorption paths,”

as it has been done

in the case of the analogously built tetraaryleyclopentadienones.

The synthesis of 2,3-diarylindones (III) from
_arylmethylenephthalides (I) and aromatic Grig-
nard compounds!—* has been formulated as follows:

The Grignard compound opens the heterocyclie
ring®—1 (along the dotted line) in I'; the enol formed
(after hydrolysis) isomerizes to the o-arylacetyl-
benzophenone (II) and the latter loses water to
yield III. The last reaction often can be observed
qualitatively, when the reaction product is worked
up with acid; a sudden change in color takes place,
indicating the formation of the 2,3-diarylindone
(I1D).

During a study of the properties of 2,3-diarylin-
dones, intermediates of type IT have been isolated in
a number of cases; it has been shown that their
transformation into III ecan be effected by heating
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to temperatures of about 180°.
The arylmethylenephthalides (I) are obtained by
the condensation of phthalic anhydride with aryl-

* Part 29: E. Bergmann and Z. Pelchovitz, Bull. soc.
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acetic acids in the presence of sodium acetate as
catalyst;!! their absorption spectra and some other
properties are listed in Table I.

The spectrum of benzy hdenephthahde should re-
semble that of stilbene® (main maximum 2970 A
less pronounced maximum 3140 A), but be shifted
towards the visible under the influence of the auxo-
chromic enol ester system present. This expectation
is borne out by the experiment. Also, the influence
of substituents in the arylmethylene group on the
absorption is normal. While 1t appears impossible to
decide whether the configuration of the compounds
I8 cis- or trans, it is reasonable to deduce from the
experimental data that all compounds described
have the same configuration, with the exception of
B-naphthylmethylenephthalide which absorbs at a
much lower wave length than the corresponding
a-compound, whilst the reverse should be true if
the two substances had the same configuration
(larger steric hindrance in the a-naphthyl com-
pound). If the g-naphthyl compound is, then, as-
sumed to have the cis-configuration, all the other
derivatives would be the trans-forms.

In three cases, colorless intermediates (II) have
been isolated from the reaction of arylmethylene-
phthalides (I) with aromatic Grignard compounds;
as already pointed out, they are converted into the
corresponding 2,3-diarylindones (III) by heating.
An analogous reaction has been observed in the
transformation of 2-benzoyl-w-bromoacetophenone
to 2-bromo-3-phenyl-indone by A. F. Harms and
W. Th. Nauta.'® For the case of the product from
g-naphthylmethylenephthalide and phenyimag-
nesium bromide, formula (II, Ar! = g3-naphthyl,
Ar? = phenyl) is supported by the infrared spec-

(11) Org. Syntheses, Coll. Vol. IT, 61 (1941).

(12) Cf. D. 8. Pratt, Philitppine J. Science, 8a, 309 (1914)
(Chem. Centralbl., 11, 473 (1914)).
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65, 419 (1943)] give m.p. 154-155°.

(14) O. Blank [Ber., 29, 2373 (1896)] gives m.p. 170-
171°,

(15) K. W. Hausser, R. Kuhn, and A. Smakula, Zischr.
phystkal. Chem., B, 29, 384 (1935); E. A. Braude, J. Chem.
Soe., 1902 (1949).

(16) A. ¥. Harms and W, Th. Nauta, Ree. trav. chim., 73,
892 (1954).
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trum; the band at 1686 em—! corresponds to that
expected for an alkyl aryl ketone.?” The band
characteristic of the diaryl ketone grouping (at
1663 em~?) has not been found; it may have been
obscured by the strong 1686 em~! band, or its fre-
quency may have been raised by the neighboring
second carbonyl group.

The properties of the 2,3-diarylindones (1II) pre-
pared, including their absorption spectra, are sum-
marized in Table II. A preliminary communication
on some of the spectra has been published else-
where. 8

The spectra showed two main bands, which, in
the case of the parent substance (I, Ar! = Ar? =
phenyl), lie at 2560 and 4400 A, respectively.
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TABLE 1

PROPERTIES OF ARYLMETHYLENEPHTHALIDES

Analysis
Yield, Crystallized M.p,, C H Ultraviolet spectra®
Arn % from °C Cale’d  Found Cale’d Found Amax [A] (log €)
CeHs 2280 (4.18); 2520 (4.02);
2950 (4.30); 3080 (4.28);
3380 (4.30)°
p-BrCqH, 46 Isobutyl 162¢ 2330 (4.18); 2540 (4.08);
alcohol 2970 (4.38); 3100 (4.36);
3410 (4.44)
p-CH;0CH, 54 n-Butanol 145 76.2 76.5 4.8 4.8 2350 (4.26); 3250 (4.22);
3540 (4.34)
o-Cl-CeH, 67 n-Butanol 163 70.3 70.0 3.5 3.8 2450 (3.97); 2950 (4.10);
3350 (4.15)
a-CyHsy 80 Acetic acid; 179%¢  83.8 83.6 4.4 4.6 2610 (4.19); 3645 (4.27)
ethyl
acetate
B-CyH; 51 n-Butanol 1717 83.8 83.5 4.4 4.4 2780 (4.36); 2875 (4.45);

3540 (4.51)

@ All spectra have been determined in 969, ethyl alcohol. ? Ref. 12. ¢ Ref. 13. ¢ The substance has a slight green fluores-
cence; it dissolves in concentrated sulfuric acid with a yellow color and an intense green fluorescence. ¢ In one experiment,
a second compound was isolated, from glacial acetic acid in golden-yellow leaflets, m.p. 157-158°. U. V. spectrum: 2600
(4.30); 3620 (4.26). It has not been decided whether this was an isomer or a polymorphic modification of the substance of
m.p. 179°; the identity of the spectra rather points to the second alternative. Anal. Cale’d for CioHy:0y: C, 83.8; H, 4.4.

Found: C, 83.6; H, 4.6. 7 Ref. 14.

Becker and co-workers!®—?! have interpreted the
two main bands in the spectra of the analogously
censtituted tetraaryleyclopentadienones (IV) as rep-~
resenting the “absorption paths” IVa and IVb,
respectively. The same possibility would, a priori,
exist for ITI, »iz. in the modifications IIla and
IITh; this would imply that substitution in the 3-
phenyl group of 2,3-diphenylindone

(17) N. Fuson, M.-1.. Josien, and E. M. Shelton, J. 4Am.
Chem. Soc., 76, 2526 (1954).

(18) E. Bergmann, Bull. Res. Council Israel, 3, 429
(1954).

(19) S. B. Coan, D. E. Trucker, and E. 1. Becker, J. Am.
Chem. Soc., 75, 900 (1953).

(20) E. L. Shapiro and E. 1. Becker, JJ. Am. Chem. Soc.,
75, 4769 (1953).

(21) 8. B. Coan, D. ¥. Trucker, and I.. 1. Beeker, J. Am.
Chem. Soc., 77, 60 (1955).

would mainly affect the 2560 f&o band, substitution
in the 2-phenyl group the 4400 A band.

The data of Table II indicate that at best the
general trend is in accord with the predictions;
however, the deviations are so numerous that one
cannot describe the absorption of the diarylindones
by simple formulae of the type (I1IIa, IIIb). There
is also no influence of the aryl groups in the 2- and 3-
positions on the stretching frequency of the car-
bonyl group.

EXPERIMENTAL

p-Bromophenylacetic acid was prepared according to
Dippy  and Willlams?2 from  p-bromobenzyl chlor-

(22) J. F. J. Dippy and F. R. Williams, .J. Chem. Soc.,
161 (1934),
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ide®*; it was recrystallized from 509 alcohol and melted at
114°,

Analogously, «-naphthylacetic acid was obtained from
1-chloromethylnaphthalene.?% Recrystallized from water
it had m.p. 132°, For the preparation of g-naphthylacetic
acid, the Willgerodi-Kindler rearrangement of 2-acetyl-
naphthalene?” was preferred; recrystallization from benzene
gave m.p. 137°.

p-Methoxyphenylacetic acid, m.p. 85-86° was ob-
tained?:® from 2-phenyl-4-(p-methoxybenzylidene)oxazol-
one by alkaline hydrolysis and oxidation with hydrogen
peroxide; purification by distillation in vacuo: b.p. 160-
170°/26 mm.

For the synthesis of o-chlorophenylacetic acid, o-chloro-
toluene was chlorinated with sulfuryl chloride and benzoyl
peroxide??,2¢ and the o-chlorobenzyl chloride so obtained was
treated successively with potassium cyanide in dilute alcohol
(o~chlorobenzyl cyanide, b.p. 141°/12 mm.)® and dilute
alkali.®!

The 3-arylmethylenephthalides (I) were obtained by the
method described for benzylidenephthalide.?* The prepara-
tion of the 2,3-diarylindones (III) may be illustrated by
the following representative examples.

2-(p-Bromophenyt)-3-phenylindone. To a Grignard solu-
tion, prepared from 2 g. of magnesium and 8.6 ml. of bromo-
benzene, 5 g. of powdered p-bromobenzylidenephthalide was
added and the reaction mixture was refluxed for 4 hours and
decomposed with ice and ammonium echloride. The residue
of the ethereal solution was distilled with steam and the non-
distillable product was taken up in ether again. After wash-
ing and drying, a red resin remained which did not crystal-
lize and was, therefore, subjected to evaporative distillation
at 2 mm. pressure. The distillate was triturated with ethyl
acetate, whereupon it crystallized completely. From iso-
propyl aleohol, it formed beautiful, orange-red crystals,
m.p. 145°, Yield, 5 g. (83%,).

2-Phenyl-3-(o-chlorophenyl)indone. The reaction product
from 2 g. of magnesium, 17.9 g. of o-chloroiodobenzene (b.p.
110°/16 mm.), and 5 g. of benzylidenephthalide was de-
composed with dilute sulfuric acid and ice and the ether
residue was distilled in vacuo; b.p. 260-270°/5 mm. The
resinous distillate was triturated with a mixture of acetone
and alcohol at 0° and the solid product was recrystallized
from butyl alcohol; orange-yellow leaflets, m.p. 183-184°,
Yield, 4.5 g. (63%,).

2-(8-Naphthyl)-3-phenylindone. A suspension of 6.1 g. of
g-naphthylmethylenephthalide in benzene was added to the
Grignard solution, prepared from 2 g. of magnesium and
8.6 ml. of bromobenzene. The mixture was refluxed for 4
hours and the resulting clear solution was poured onto ice.
The mixture was black and turned suddenly orange-red.
Dilute sulfuric acid was added in a slight excess, whereupon
an almost colorless product began to crystallize. It was col-
lected (4.6 g.; 60%) and recrystallized from toluene to give
slightly yellowish prisms, which melt at 172° to a deep-red
liquid, but redden somewhat below this temperature. The
analysis and the infrared spectrum (mull in paraffin oil;
vide supra) pointed to the formula of 2-(8-naphthylacetyl)
benzophenone (as II).

(23) M. 8. Kharasch and H. C. Brown, J. 4m. Chem.
Soe., 61, 2142 (1939).

(24) F. L. M. Pattison and B. C. Saunders, J. Chem. Soc.,
2745 (1949).

(25) D. A. Shirley, Preparation of Organic Iniermediates,
John Wiley and Sons, New York, 1951, p. 210.

(26) Org. Syntheses, Coll. Vol. III, 195 (1955).

(27) D. Libermann, J. Himbert, and L. Hengl, Bull. Soc.
chim. France, 486 (1950).

(28) L. Erlenmeyer and ¥. Wittenberg, Ann., 337, 294
(104).

(29) ¥. Mauthner, Ann., 370, 374 (1909).

(30) M. R. Zimmermann, J. prakt. Chem., (2], 66, 353
(1902).
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Anal. Cale’d for C:HiO.: C, 85.7; H, 5.1. Found: C,
85.6; H, 5.2.

The original benzene-ether solution was dried and evapo-
rated, and the residue was distilled in vacuo. At 260~270°/2
mm., a red resin was obtained which solidified upon tritura-
tion with acetone and was recrystallized from nitromethane.
The indone formed dark red, brilliant prisms, m.p. 159-160°.

Anal. Cale’d for CpHiO: C, 90.4; H, 4.8. Found: C,
90.7; H, 48.

From the nitromethane mother liquor, upon evaporation,
a mixture of the indone with the diketone was obtained,
which could easily be separated mechanically.

The same indone was obtained when the substance of
m.p. 172° was heated for one hour at 200-210°.

2-Phenyl-3-(o-tolyl)indone. The product obtained from 2
g. of magnesium, 9.2 ml. of s-bromotoluene, and a benzene
suspension of 5 g. of benzylidenephthalide (refluxing for 6
hours) was decomposed with ice-cold dilute sulfuric acid.
When the orange ether layer was dried and evaporated, a
partly solid residue was obtained. This was subjected to
distillation under 0.7 mm. pressure. At 200-220° a dark red
oil was obtained which ecrystallized when kept at 0° with
methanol and a little acetone. From cyelohexane it gave
orange-yellow needles of m.p. 125° (literature®: m.p. 123-
125°). Yield, 4 g. (60%).

When the reaction was carried out without benzene, the
same procedure gave a colorless compound which crystal-
lized spontaneously from the ethereal solution after decom-
position, More of the same product was obtained when the
ethereal mother liquor was evaporated and the resulting
reddish ecrystalline mass was triturated with methanol.
The methanol solution left, upon evaporation, a little of
the above indone, m.p. and mixture m.p. 123-124°. The
colorless product was recrystallized from butanol and had
m.p. 176° (dec.; orange-red melt). Its analysis and proper-
ties proved that it is 2-(o-tolylacetyl)benzophenone.

Anal. Cale’d for CpHis0p: C, 84.1; H, 5.7. Found: C,
84.0; H, 5.6.

When this compound was heated for 1 hour at 190°, a red
melt was obtained which crystallized upon trituration with
hot methanol. From isopropyl alcohol or ligroin, m.p. 125°.

2-Phenyl-8-(8-naphthyl)indone. The crude product ob-
tained from 1.4 g. of magnesium, 10.3 g. of S-bromonaph-
thalene, and 3.4 g. of benzylidenephthalide (refluxing for 4
hours; decomposition with ice and dilute sulfuric acid;
filtration of 0.5 g. of 8,8’-dinaphthyl, from isopropyl alcohol,
m.p. and mixture m.p. 181°) was subjected to evaporative
distillation in a vacuum (0.7 mm.). The dark-red distillate
crystallized upon trituration with glacial acetic acid and
was recrystallized from the same solvent. Thus, a mixbure
of dark-red and of yellowish prisms was obtained; they were
separated mechanically and again were recrystallized from
glacial acetic acid. The yellowish prisms melted at 184~
185° (dark red melt) and were according to the analysis 2-
(phenylacetylphenyl) S-naphthy! ketone; their solutions in
butyl alcohol showed an intense fluorescence.

Anal. Cale’d for CpHis0p: C, 85.7; H, 5.1. Found: C,
85.8; H, 4.8.

The orange-red prisms of the described indone melted at
99°, Dalev? recently reported m.p. 132°.

Anal. Cale'd for CgHiO: C, 90.4; H, 4.8. Found: C,
90.5; H, 4.9.
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