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REACTIONS OF UNSATURATED ACID
HALIDES—IV'
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Abotract—Aluminivm chioride-catalysed acylations and aikylations of monchalogenobenzenes with cineamoy!
chioride has been studied. Under strictly homogencous conditions, slkylation was increasingly favoured refative jo
acylation as the primary reaction along the senes: benzene < fluorobenzene < bromobenzene < chiorobenzene.
Chenging to heterogencous conditions {excess catalyst with CS$; as diluemt) preserved this order bul primary
alkylation was relatively enhanced. The addition of nitrobenzene to the homogeneous reaction restrained alkylation

more than scylation.

Primary acylstion may be foliowed by alkylation giving asymmetrical 1,33-triarvipropan-l-ones but the
possibility that these are formed by alkylation followed by acylation is ruled out. These ketones may subsequently

undergo a.8-ketonx fission.

Primary alkylation may be followed by cycliscylation producing J-arylindan. -ones with the halogeno substituent
at the side-chain aryl group and this observation rules out their alternative mode of formation, cyclialkyiation of

the primary acylation product.

An example of a parg - meta bromine shift is discuysed.

Aluminium chioride-catalysed reactions of cinnamoyl
chioride with benzene were discussed in Part 11" This
communication contains studies of reactions of the ackd
chioride with bromo-, fluoro- and chioro-benzenes. In
view of the interest in cinnamoyl chloride as both an
acylating and alkylating species, it is surpnising that no
previous reports hive been written on its behaviour with
fluoro- or chioro-benzenes. Very little is known about
reactions which occur with bromobenzene.

Kohler & al. reported that reactions between
cinnamoyl chloride, bromobenzene and aluminium
chioride in carbon disulphide gave up to 25% of 4
bromochalcone, 1a, and 30-35% of an isomer, m.p. 60-1°,
which they formulated as S-bromo-3-phenylindan-l-one,
2.7 Later, Allen and Gates reported that they were unable
to obtain the cyclic ketone in this manner but, neverthe-
fess, corrected its structure to 3-<(p-bromophenyl)-indan.
1-one, 38> A specimen of this compound, m.p. 607,
which oxilised to the known 2-(p-bromobenzoyl)benzoic
acid, 4a, thereby fixing the position of the Br atom, was
obtained by means of a separate, aluminium chioride-
catalysed cyclisation of 3 - {p - bromophenyl) - 3 -
phenyipropionyl chioride, 8a, which they had isolated
{rom the products of the aforementioned reaction as 8
free carboxylic acid (Scheme 1)

The position of the Br atom in the indan-1-one is of
crucial importance in establishing whether primary acyl-
stion or the alternative, primary alkylation, is the process
responsible for the [ormation of the intermediate which
subsequently cyclises. § - Bromo - 3 - phenylindan - 1 -
one, 2. would arise by cyclialkylation of 4-bromochal-
cone, Is, the primary acylation produkt, whereas 3 - {p -
bromophenyl)indan - 1 - one, 3a, would be formed by the
cychiacylation at the undeactivated nucleus of 3 - (p -
bromophenyl) - 3 - phenylpropionyl chioride, Sa. the
primary alkyiation product.
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We now report that although only 5% of 4'-bromo-
chalcone, 1s, was isolated after cinnamoyl chioride and
bromobenzene had been heated with a small excess of
aluminium chioride in carbon disulphide, an experiment
in which the acid chioride was heated at 95° with large
excesses of both catalyst and bromobenzene but without
diluent gave a substance of constant m.p. 108°, shown to
be mixed crystals of 3 - (p - bromophenyllindan - 1 - one,
3¢, and 3 - {m - bromophenyllindan - | - one, 3b, (3%).
The formation of the meta isomer by 2 para —meta
bromine shift is in accord with the known isomerisations
of 0-, m- and p-bromotoluenes to identical equilibrium
mixtures with a preponderance of the meta isomer.* De
Valois ¢t al. have shown also that parg - meta broming
shifts occur as 2 result of an intramolecular mechanism
but that parg —ortho shifts are intermolecuiar.® The
probable reason then that the ortho isomer was missing
from the aforementioned reaction products was that any
bromine migrating intermolecularly would be trapped out
by the solvent. Indeed, there was isolated in the same
experiment some p-dibromobenzene the formation of
which may be accounted for partly by this process and
the remainder by the Dumrekcher disprefoﬁiona&cs of
bromobenzene which gives also benzene.

It became evident during the performance of these
experiments that good reproducibility was difficult to
attain and that some other compounds were formed
which were not easily separated by the usual organic
techaniques. Olah and Qlah improved the reproducibility
in some otherwise unrelated Friedel-Crafts alkylations
by the addition of small, measured amounts of water in
order to swamp variabe traces of co-catalytic water al-
ready present in the reactants.” We sttempted to solve
both problems in some later experiments by strict ad-
herence to a procedure for producing homogencous
reaction conditions and by utilising preparative scale
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Scheme 1. Friedel-Crafts reactions of cinnamoy! chloride with halogenobenzenes.

GLC for product analysis. In such experiments exactly
one molecular proportion of the catalyst was mechani-
cally shaken with a solution of the acid chloride in a
large excess of halogenobenzene until only a thin film of
solid (probably aluminium hydroxide) remained. The
solution was then decanted and heated to the desired
reaction temperature. In the case of bromobenzene, the
reaction was performed at 70° for 6 hr and preparative
scale GLC treatment of the products afforded 4"-bromo-
chalcone {5.5%), 1a. 3 - (p - bromophenylindan - | - one
(8.2%), da, and 3 - {m - bromophenylindan - | - one
{3.4%), 3b, the formation of which compounds has been
discussed above but in addition there was obtained 3-
phenylindan-i-one (5.29%), 3¢, chaicone (1.2%). 1b, and
p-bromoacetophenone (209%) as well as recovered
cinnamic acid (2992). The two bromine-free ketones may
have arisen by the loss of bromine to the substrate which
is probably the case with 3-phenylindan-i-one and/or by
the reaction of cinnamoyl chloride with benzene, the
aforementioned disproportionation product. The second
of these alternatives seems more likely to account for the
formation of chalcone.

The major and perhaps the most interesting reaction
was the formation of p-bromoacetophenone which could
have arisen only in the manner which we have described
in a previous communication and that is by the alu.
minium chioride-catalysed a,8-ketonic cleavage of a 8.8-
diarylpropionphenone® which in this case would be the
unisolated 1.3 - bis - (¢ - bromophenyl) - 3 - phenyl-
propan - | - one, 6a, the product formed by both acyl-
ation and alkylation of two molecules of bromobenzene
{see below for the successful isolation of the chloro
analogue). In two supplementary experiments, it was
shown that the closely related 1,3.3-triphenyipropan-1-
one. 7. was cleaved in benzene but not at all in carbon
disulphide by heating under reflux for 4 hr and gave in
the case of benzene, acetophenone (31%%) and products

characteristically arising from the diphenyimethyl cation
(30%) namely diphenylmethane, triphenyimethane and
triphenylcarbinol {Scheme 2). The necessary aromatic
environment for cleavage to occur in the above experi-
ment is evidently provided by the excess of bromoben-
zene.

Ph\ wcr wmae PICH, 2
/CH‘CNz'CO’Ph +Ph,CH { + CHy, CO-Ph.
Ph + PhyCON

7
Scheme 2. Cleavage of 1. 3-triphenylpropan-1-one.

1t is clear from the previous work of Shotter and
Johnston® that 1,3 - bis - (p - bromophenyl) - 3 - phenyl-
propan - | - one, 6a, must be formed by primary acyl
ation followed by alkylation. If alkylation had occurred
first, the product. a 3.3-diarvipropiony! chloride is expec-
ted to cyclise so readily that no intermolecular acylation
can take place. It was shown that 3.3-diphenylpropiony!
chloride does not acylate even toluene” which is consi-
dered to be more reactive towards electrophilic substitu-
tion than bromobenzene,

Analysis by means of GLC enabled 75% of the
cinnamoy! chloride to be accounted for this probably
cannot be improved much since most of the remainder
formed an intractable tar. However, it is considered high
enough for placing some confidence in estimating the
tatio of vields of products formed by primary acylation
and by primary alkylation {the ¢/k ratio}. In the present
case, c/h. expressed in actual percentages, is 25.5/11.6.
This value is obtained by placing the yield of the ketone,
6a. in the numerator only and by ignoring the yields of
the bromine-free ketones.

The reaction of cinnamoyl chioride with fluorobenzene
in the presence of a small excess of aluminium chloride



Reactions of unsaturated acid halides—IV

under refluxing carbon disulphide was found to give a
trace of 3 - (p - fluorophenyllindan - | - one, 3d. By
omitting the carbon disulphide and using, as a solvent, an
excess of refluxing fluorobenzene there was obtained
after 2 hr, 3 - (p - flvorophenyllindan - 1 - one, 3, 33%).
1.3 - bis - (p - Auorophenyl) - 3 - phenylpropan - 1 - one,
6b, (34%) and 3 - (p - fluorophenyl) - 3 - phenylpropionic
acid, b, (11%), probably contaminated with 3.3 - bis - (p
- fluorophenylipropionic acid formed by B-aryl ex-
change.” The yield of hydrogen chloride was found to
be 85%. Under the same conditions. benzene gave less
cyclic ketone, 3-phenylindan-1-one (8%), less primary
alkylation product, 3.3-diphenylpropionic acid (5%) but
more product formed by primary acylation followed by
alkylation, 13,3 - triphenylpropan - 1 - one, 7. (T7%).'
Fluorobenzene is the most reactive of the mono-
halogenobenzenes towards Friedel-Crafts acetylation''
and benzoylation.'> Although fluorobenzene compared
with benzene shows a greater tendency to be alkylated
and a lesser tendency to be acylated in the reactions
under discussion. it is clear that the behaviour of fluoro-
benzene is fairly close to that of the parent hydrocarbon:
indeed all the products are considered as arising by the
same pathways as the analogous products from benzene.

In a third experiment the aforementioned procedure
for producing homogeneous conditions were employed
and the solution was heated at 80° for 3.3 hr. This gave
4-flucrochalcone (60%) as the only compound that
could be isolated from the neutral products and recov-
ered cinnamic acid (15%). Johnston and Jones found
that the treatment of benzene under the same conditions,
except that the period of heating was reduced to 2 hr,
gave chalcone (70%) and cinnamic acid (14%).' Apart
from demonstrating that homogencous conditions favour
acylation, these reactions again emphasise the similarity
of the two aromatic substrates. The ¢/k ratio is thus
60/0—very close to that found for benzene, 70/0 where
the zeros in the denominators signify that no more than a
trace of primary alkylation occurred.

In order to complete our investigations, the behaviour
of chlorobenzene was studied. When equimolar propor-
tions of cinnamoyl chloride and chlorobenzene were
heated for 4 hr with a shight excess of aluminium chioride
in boiling carbon disulphide of sufficient volume to pro-
vide a S-fold dilution, there was obtained a 365 yield of
3 - (p - chlorophenyl)indan - 1 - one, 3e, but there was a
quantitative yield of hydrogen chioride. In another
experiment the carbon disulphide was omitted and an
excess of chlorobenzene was used as solvent which was
heated at 90° for 2 hr. Besides hydrogen chioride (67%)
and cinnamic acid (14%). there was obtained a viscous
oil which could not be induced to crystallize. In an
attempt to separate the mixture into its pure components
or their derivatives, the oil was brominated and the
products distilled in vacuo and this afforded 2 - bromo -
3 -{p - chlorophenyl)ind - | - one. 8, (16%) and hydrogen
bromide. The a-bromo-indone is much more stable than
a-halogen-free indones some of which decompose in

Scheme 3. Bromination-dehydrobromination of 3 - (p -
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boiling ethanol, and it is crystallised with exceptional
ease. [t is formed by the bromination-dehydrobromination
of3-(p- chlorogheny!)indan - 1 - one {Scheme 3) in the
known manner.” However, neither of these Friedel-
Crafts experiments was particularly informative except
that primary alkylation secemed to be the preferred
course of the reaction. When the reaction was conducted
under the aforementioned homogeneous conditions with
the temperature held at 89° for 6hr and the products
analysed by means of GLC there was obtained the
primary alkylation products 3 - {p - chlorophenyl)indan -
1 - one, e, (26%). and 3 - (p - chiorophenyl) - 3 -
phenylpropionic acid, 8. (27%). and the primary acyl-
ation products 4'-chlorochalcone, 1d, {5%), and 1.3 - bis -
{p - chiorophenyl) - 3 - phenylpropan - | - one. 6¢, (5%).
Cinnamic acid was shown 10 be absent. The c/k ratio for
chlorobenzene is thus 10/53 and is, unlike the other
halogenobenzenes, very much in favour of primary alk-
ylation compared with primary acylation.

In a supplementary experiment, the reaction was
conducted under the homogeneous conditions with the
temperature held at 70° for 6 hr but with the addition of
an excess of nitrobenzene to ensure the complete ab-
sence of uncombined aluminium chloride. As expected
the extent of the reaction was considerably reduced but
with primary alkylation diminished more than primary
acylation. The products were 3 - {p - chlorophenyllindan
- | - one, 3e. {1592}, 4'-chlorochakone, td, (6%), and
recovered cinnamic acid (37%) and the c/k ratio 6/15.

It is concluded from the above experimentation that
the order of diminishing c/k values for the halogenoben-
zenes under homogencous conditions is benzene >
fluorobenzene > bromobenzene > chiorobenzene  which
is the same as the order of diminishing activity in
Friedel-Crafts benzoylations.'’ Stated in another way,
alkylation by cinnamoy! chioride is of more account than
acylation with the less active halogenobenzenes. Alkyl-
ation is also favoured in all cases by the employment of
heterogeneous (excess catalyst) conditions. Further dis-
cussion of the mechanisms of these reactions is reserved
awaiting the results of studies of similar reactions of
nuclearly substituted cinnamoyl! chlorides.

Synthesis and identification of products. The structure
of 1.3 - bis - {p - fluorophenyl) - 3 - phenylpropan - 1 - one
was confirmed by a synthesis from fluorobenzene and
4'-fluorochalcone in the presence of 1.lmole of alu-
minium chloride and a stream of hydrogen chloride. No
alkylation occurred without the hydrogen chloride which
behaves as a co-catalyst. In an atiempt 1o prepare the
ketone by the alternative route, the alkylation of benzene
by 4.4'-difluorochalcone. there was obtained 1 - (p -
fluorophenyl) - 3.3 - diphenylpropan - | - one because of
the intervention of B-aryl exchange'*'* and a pure spe-
cimen of the exchange product was also obtained by the
alkylation of benzene by 4'-fluorochalcone. 1.3 - Bis - (p -
chiorophenyl) - 3 - phenylpropan - 1 - one was identified
by oxidation to p - chlorobenzophenone and p-chloro-
benzoic acid.

chiorophenyljindan - | - one.
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3 - (p - Fluorophenyl)Yindan - | - one was prepared by
the following independent route: p-fluorobenzophenone
was converted via a Reformatskii reaction with ethyl
bromacetate and zinc into ethyl 3 - (p - fluorophenyl} -3 -
hydroxy - 3 - phenylpropionate which was hydrolysed to
the acid and then dehydrated to 3-(p-fluoro-
phenylicinnamic acid. This was hydrogenated with
sodium amalgam in aqueous alkali to the corresponding
propionic acid which, on conversion to the acid chlonde,
was cyclised by means of aluminium chloride to the
required ketone. The propionic acid derivative could not
be prepared in a pure state by the alkylation of fluoro-
benzene by cinnamic acid. The indentity of the ketone
was further established by its absorption in the IR at
170 cm™', characteristic of a S-ring ketone and by its
NMR spectrum which gave an AMX pattern for the
alicyclic protons. The position of the fluorine atom was
fixed by oxidation to the known o-(p-fluoroben-
zoyl)benzoic acid, 4b, which was shown to be identical
with material prepared by the aluminium chloride-
catalysed reaction of fluorobenzene and phthalic anhy-
dride.

An attempt to prepare 3 - (p - bromophenyl} - 3 -
phenylpropionic acid by the alkylation of bromobenzene
with cinnamic acid as described by Dippy and Young'’
gave instead 3,3 - bis - (p - bromophenyDpropionic acid
due to B-aryl exchange'® and the same phenomenon
occurred with chlorobenzene.” However, the correct
monobromo acid was secured by employing Allen and
Gates' modification of the procedure.’” When this was
converted to the acid chloride and cyclised with alu-
minium chioride in the way described by Allen and
Gates® there was obtained mixed crystals of 3 - (m -
bromophenyl) - and 3 - (p - bromopheny!) - indan - 1 -
one almost identical in composition to the aforemen-
tioned product from the Friedel-Crafts reaction of
cinnamoyl chloride and bromobenzene. We believe these
isomerisations which did not occur in the earlier
workers' experiments are due to the enhanced catalytic
activity of present day commercial aluminium chioride.
Pure specimens of 3 - (m - bromophenyl) -, 3 - (p -
bromophenyl) -, and 3 - (p - chlorophenyl) - indan - 1 -
ones were therefore synthesised by a method shown to
be free from halogen migration, the polyphosphoric acid-
catalysed cyclialkylation of 3-bromo-, 4-bromo- and 4
chloro-chalcones respectively.'® Although we were unable
to repeat Dippy and Young's aforementioned alkylation
of chiorobenzene by cinnamic acid due to B-aryl ex-
change,' the reverse synthesis, namely the alkylation of
benzene by p-chlorocinnamic acid was successful in
producing 3 - (p - chlotophenyl) - 3 - phenylpropionic
acid.

EXPERIMENTAL

IR spectra were recorded on a Perkin Elmer 137 Infracord
spectrophotometer and the NMR spectrum was measured in CClL
with TMS as standard on a 220 Mz instrument at UKAEA,
Harwell, England.t Liquid chromatography was conducted on
alumina (Brockman activity No. 1). GLC was conducted on
either a Perkin Eimer F11 apparatus with a silicone gum rubber
stationary phase or, for preparative scale work. on a Wilkins
Aerograph Autoprep 705 apparatus containing silicone gum SE
30

Preperation and purification of reagents and reference
compounds. Cinnamoyl chloride was purified by recrystallisation

tThe authors wish to thank the Science Research Council of
Great Britain for a grant covering the cost of this spectroscopy.
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{rom tight petroleum to which a few drops of SOCI; were added.
Fluorobenzene was washed free of phenol by dilute alkali before
fractional distifation, the portion b.p. 84.5-85° being collected.
The other aromatic substrates were also purified by fractional
distillation. All derivatives of chakcone were prepared by Claisen-
Schmidt condensations and had satisfactory m.ps.

3{p-Fluorophenyllindan-1-one. The literature method was
used for the preparation of ethyl 3 - (p - fvoropheayl) - 3 -
hydroxy - 3 - phenylpropionate'® which was then beated under
reflux for 2.5 hr with 10% NaOHaq to give, after acidification, 3 -
(p - fuorophenyl) - 3 - kydroxy - 3 - phenyipropionic acid, m.p.
182-2.5" (dec). (Found: C, 69.0; H, 5.05; F, 7.2%. C,.H\,/FO,
requires: C, 69.25; H. 5.05; F, 7.3%). The acid (2.0g) was dehy-
drated by heating with Ac,O (1.2 cm’) and fused NaOAc (0.52g)
for Jhr under reflux. The products were diluted with water
(100 cm') and extracted with ether. The cthereal layer was ex-
tracted with sat Na;COyaq (3x20¢m’) and the combined
aqueous layer was acidified which gave a Pl of 3{(p-fluoro-
phenyixinnamic acid (0.3 g), m.p. 149-50" (1it."” 151-2%). This acid
was reduced by heating with sodium amalgam (4g) mn 40%
NaOHaq (SOml) at 90* unti] the evolution of H; ceased.
Acidification of the products, then recrystallisation of the ppt
(0.2g) (light petroleum) afforded 3 - (p - fluoropheayl) - 3 -
phenylpropionic acid m.p. 116.5-7 (lit."” 118%). This material was
considered 1o be very pure, but s larger batch, sufficiently pure
for the next stage, was prepared by Dippy and Young's method
by the alkylation of fluorobenzene with cinnamic acid'® and had
m.p. 95-98° but its IR spectrum was almost identical with that of
the pure material. The acid (1.5 g, 0.006 mole} was converted into
the acid chloride with SOCI; and the crude product was stirred
with AKCH (1.0, 0.007 mole) and CS; (25cm’) at room temp. for
1 hr and then at reflux temperature for 2 hr. The products were
poured into ice/HC! and extracted with ether (10cm’). The ether
{ayer was washed with Na,COwq then with water, and dried
{(MgS0,). Distillation under reduced pressure gave 3 - (p -
fluorophenyl)indan - | - one (0.65g. 48%). b.p. 220-30°/20 mm,
m.p. 119-20° (benzene/light petroleum), vy, 1709 cm™' (CxO in
S-ring ketone). '"H NMR: r 7.4, t1H (d of . H-2); r 68, 1H (d of
d, H-2 [cis to H-3]); 7 5.4, 1K (d of d, H-3) (AMX system); r 2.2,
IH(appd. H-7); r 245, 1H& 26, IHQ app ts. H-5 & 6); 7 2.75,
TH (app d. H4); v 2.9-3.1, 4H (m, p-FCJH,-): For AMX system:
Jenves BHZ Juwm v 4 HZ, Jpom, ~19Hz. (Found: C, 79.60; H,
4.90; F, 8.60%. C,;H,,FO requires: C, 79.65. H, 4.90; F, 8.40%).
Oxidation with chromic oxide in AcOH gave o{p-fluoroben-
zoyhbenzoic acid. m.p. 136-7.5° (lir."* 137-7.5%) undepressed on
sdmixture with an authentic specimen synthesised by the
Friedle.t-Craf!s reaction of phthalic anhydride with fuoroben-
zene.

3 -(p - Bromophenyl) -, 3 - (p - chlororophenyl) - and 3 - (m -
bromophenyl) - indan - 1 - ones. These were available from
previous work'® and were made by the PPA-catalysed cyclialk-
ylat;on of 4-bromo-, 4chloro- and 3-bromo-chalcones respec-
tively.

| - (p - Fluorophenvi) - 3,3 - diphenylpropan - | - one. Dry HCI
was passed into a mixture of 4-fluorochakone (0.8g.
0.0035 mole}. AKCH; (0.8g, 0.006 mole) and benzene (25cm ') at
25°. After 1w the passage of the gas was stopped and the
mixture was heated gently on a water bath for 2 hr. After the
usual treatment, chromatography of the products gave 4'-fuoro-
chalcone (0.023g)and | - (p - fluorophenyl) - 3.3 - diphenylpropan
-1 - one (0.4g, 38%). m.p. 119-20°, v, 1692cm™" (aryl alkyl
C=0). {Found: C, 82.4; H, 56, F, 6.4. C,,H,sFO requires: C,
82.95; H. 5.65: F. 6.25%).

1,3 - Bis - (p - fluorophenyl) - 3 - phenylpropan - | - one. Dry
HCl was passed into a mixture of 4-fluorochakcone (2032,
0.009 mole). AICY; (1.3g, 0.01 moie) and fluorobenzene (10ml)
heated at 60-70° for 2 hr during which time the quickly formed
ppt partly redissolved. (In an otherwise identical experiment the
HCl was omitted and the ppt did not partly redissolve and the
starting ketone was recovered almost quantitatively.) After the
usual treatment, chromatography of the products gave 4'-fluoro-
chakone (0.72g} and 1.3 - bis - (p - fluorophenyl) - 3 - phenyl-
propan - | - one (0.3g 10%). mp. 889 @it 80-1%
(EtOH/water), 1686 cm ' (aryl akyl C=0) (133

¥man
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triphenylpropan - 1 - 0ne has veu, 1686cm ). (Found: C, 78.15;
H, 490; F, 12.20. Cakc. for CyyHWF:O: C, 78.28; H, 495; F,
11.80%). Oxidation with chromic oxide in AcOH gave p-fluoro-
benzoic scd, m.p. and mump. 181-2%

The of this ketone was altempted as described by
Joshi and Jauhas. ™ 44" Diftuorochalcone (1.0 g, 0.0041 mole) was
stirred with AIKCY (1.0g, 0.0075 mole) and benzene (30cm™") at
room temperature for 3 hr. The initiadly formed yellow ppt siowly
dissolved, but impure 1 - (p - fluoropbeayl) - 3,3 - diphenyipropan
- 1. one, (0.958), m.p. 116-T", raised to | 18-9" on admixture with
pure material {sce above), was oblaied from the dark red
products.

3 - {p - Bromophenyl) - 3 - phenyipropionic acid. Ao stempt to
pnmmuwdbyﬁwm;axabwdﬂkyimdbmmben
2ene by cinpamic acid as described by Dippy and Young™ gave
instead 3.3 - bis - (p - bromophenylipropionic scid, m.p. 199-201°
(lit.”! 201-2%). The required acid was obtained by following Allen
and Gates' modtﬁcﬁm’o!ﬁ:mvmamhm procedure and
had m.p. 110" it” 107-8%.

Reactions of cimnomoyl chloride catalysed by excesses of alu-
minium chioride

(a} With bromobenzene under carbon disulphide. The acid
chloride (5.0g. 0.030mole) was stirred with bromobenzene
{18.0g, 0.115 mole), CS; {100 mi) and ANCY (4.4 g, 0.033 moie) for
0.5 hr and then the mixture was heated under reftux {or 2 hr. The
products were poured into ice/HCI and the organic layer was
extracted with Na; OO (3 x 25 ml). Acidification of the alkaline
extract afforded cinnamic acid, m.p. and mum.p. 132° (0.8 g, 18%).
After the neutral portion had been steam distilied, trituration of
the residue with a litle EtOH gave 4-bromochalcooe (0.4 g, 5%)
mp. and mamp. 102-3°, (EtOH), but chromatography of the
mother liguor yiekded no other crystalline products.

(b} With bromobenzene and a large excess of aluminium
chioride. A mixture of acid chloride (10.03, 0.060 mole}, AICY,
{35.6 3. 0.267 mole) and bromobeazene (157 g, 1.0 mole) was kept
at 40° for 0.5 hr then at 95° for lShrmlhoccumu!mm
The products were worked up as in (a). Crystalline p-dibromo-
benzene collected in the condenser (4.0g) and chromatography
of the residue gave mixed crystals of 3 - (p - bromophenyl) - and
3 - {m - bromopbenyl) - indan - 1 - ones (0.9g, combined yield
$%) mp. 108° undepressed on admixture with material
synthesised from the compoonents. No separation of the isomers
could be achieved by repeated recrystallisation from EtOH or
benzeneflight petroleum but the IR spectrum showed that the
mixture contained mainly the meta tsomer.

(c) With chiorobenzene umder carbon disulphide. The acid
chioride (10.0g, 0.060 mole) was stirred with chiorobenzene
{7.05. 0.060 mole), AICH (10.0g. 0.075 mole) and CS, (100cm”)
for 1 hr and then hested under reftux for &£hr. By titration a
quantitative yield of HCl was shown to be evolved and the other
products were worked up as in (a) omitting the steam distillation.
Chromatography of the residue obtained after the removal of
ether used to extract the neutral products, yielded 3 - (p -
chlorophenyl)ndan - | - one (5.2, 36%) m.p. and mm.p. 78",

(4} With o large excess of chiorobenzene. The acid chioride
{10.5 g. 0.063 mole} was stirred with AICH (9.26 ¢, 0.069 mole) and
chiorobenzene (453, 0.4 mole) at 26° for 1 hr and then the mix-
ture was hested at 90° for 2he. The yield of HCl was 67% of
theory. After working-up in the usual way, the organic layer was
distilled in steam in the presence of NayCOumq. Acidification of
the residual aqueous layer gave cinnamic acid (1.3 g, 149). The
residual organic layer was dried and distilled under reduced
pressure and the fraction b.p. 160-220°/0.8 mm, 2 pale yellow ol
(4.6 ). which failed to crystallise from a variety of solvents was
treated portionwise with a shight excess of bromine in CCl,. The
products were distilled under reduced pressure and the fraction
b.p. 180-220°/0.6 mm was accompanried by the copious evolution
of HBr. This fraction completely sohdified and was 2 - bromo - 3
< {p » chlorophenyl)ind - | - one m.p. 180-1* (1.2, 16%), orange
needles (CCL), NMR spectrum was free from alicyclic proton
signals, v, 1735cm™" (S-ring ketone with a-halogen). (Found:
C. 5635 H, 3.00: Br. 24.15; CL, 11.45; M (Rast), 307. C,.H,BrCIO

743

requires: C, $6.35: H, 2.50; Br, 25.08; CI, 11.10%:; M, 319.5).
Oxidation with chromic oxide in acetic acid gave p-chioroben-
20i¢ acid .p. 80d 0.0.p. 247° (partially sublimes). Otime m.p.
39 (slow dec), & fae yellow powder (toluene). (Found: C, 54.05;
H, 2.80; N, 4.20; Br, 23.58; C1, 10.50. C,sH,BrCINO requires: C,
$3.85: H, 2.70; N, 4.20; Br, 23.90; C1, 10.60%). The ketone closely
resembied in alf respects the recently doscribed™ 2 - chloro - 3 - (p
- chioropbenyllind - 1 - ome m.p. 172 1t was also very similar to
2-bromo -3 - (p - bromophenyl)ind - 1 - one m.p. 186° prepared
for comparison by the bromination-debydrobromination of 3 - (p
- bromopbenyllindan - 1 - one. This formed goiden yellow
needies (EtOH/CHCH), NMR spectrum showed no alicyclic pro-
008, Fu. 1732cm’ (a-halogeao S-ring ketone), oxidation with
chromic oxide in AcOH (1 hr at 100") gave p-bromobenzoie acid
m.p. and m.m.p. 252, (Foend: C, 50.10; H, 2.20; Br, 44.30: M
(Rast), 290. C,,H,BryO requires: C, 49.45; H, 2.10; Br, 43.65%;
M, 364). The oxime had m.p. 252-4" (dec), lemon yellow powder
(EtOH/CHCY,). (Found: C, 47.45; H, 2.65; N, 3.55; Br, 41.50. M
(Rast), 348. C,.HBr,NO requires: C, 42.50; H. 2.40; N, 1.70; Br,
2.0%. M, 1%).

Attempts to hydrogenate 2 - brome - 3 - {p - chiorophenylind -
1 - one (in order to regenerate the indan-1-0ne) over Raney Ni st
room temperature were unsuccessful. Although the soln in EtOH
became colouriess when | molecutar propostion of Hy had been
absorbed, attempis to remove the solvent after fitration even at
the temperature of solid CO; in an stmosphere of N, resulted in
the reappearance of the colour and the recovery of the ketone.

{¢) With fxorobenzent under carbon disulphide. After 2 mix-
ture of the acid chlonde (9.0 g, 0.054 mole), fluorobenzene (6.0 ¢,
0.0612 mole). AKCH (7.9, 0.059 mole) and CS; (56 ml) was stirred
at room temp. for 1.5 br, then heated under reflux for 3hr, 3. (p -
Buorophenyliindan - 1 - one m.p. and mmp. 119-120° (001,
0.08%) was obtained when the products were worked up as in (c).

() Witk o large excess of fluorobenzene. A mixture of acud
chloride (9.0 ¢, 0.054 mole) was stirred with fluorobenzene {4.1¢.
0.43 mole) and AKCH (7.4 3, 0.060 mole) for 1 hr and then ket &t
75* for 2hr. The yield of HCI was 85% and the other products
were wocked up as in (c). Acidtfication of the Na,COy-extracts
gave an oily solid (1.5 g, 11%) with an IR spectrum closely similar
10 that of 3 - (p - fluorophenyl) - 3 - phenylpropionic acid, and
fractional distillation of the neutral products gave 3 - {p - fluoro-
phenyllindan - 1 - one (4.05 5. 33%). b.p. 215-30°120 mm, m p. and
mmp. 1120, and 1.3 - bis - {p - Ruorophenyl} - 3 - phenyl
g.ema - § - one (5.9¢, 34%), b.p. 260-60/20 mm, m.p. and m.m.p.

Reactions of cinmamoy! chlonde catalysed by one mole of alx-
minium chionde

(g} Witk fuorobenzene. The acid chionide {(1.30 3, 0.0078 mole)
and fluorobenzene (31g. 0.32mole) were shaken with AKCH
(1.05 g, 0.0078 mole) for | hr. After the addition of more fluoro-
benzene {36 g, 0.38 mole) the red soln was decanted from 2 trace
of solid and then heated at 8 for 3.30r. The products were
worked up in the usual manner and acidification of the Na;COy-
extracts gave cinnamic acid (0.17 g, 15%). After the removal of
ether and fluorobenzene from the neutral products by distillation,
the residue (1.05 g, 60%), m.p. 70-6", after one recrystallisation,
gave 4-fuorochalcone, m.p. and m.m.p. 80.5°

thy Witk chiorobemzene. After the acid chloride {403,
0.024 mole) had been shaken with chlorobenzene {112.5¢, 1 moke)
and AICH (3.21 g, 0.024 mole} for | br, the red soln was decanted
from a lithe solid, diluted with more chlorobenzene (112.5g,
| mole) and thea kept at 89" for 6 hr. The products were worked
up as in (8) including steam distillation. The acidic portion was 3 -
{p - chioropbenyl) - 3 - phenylpropionic aid :.p. and mm.p.
{with 2 specimen obtained by the alkylation of benzene with
p<hlorocinnamoy! chioride) 99-100° (li."* 95, prisms
{CCljtight petroleum) {1.7g, 27%). The neutral portion was dis-
tiled and the fraction b.p. 194-260°/1 mm (2.2g) was shown by
peep. scale GLC to contain (in order of elution): (i} 3 - (p -
chlorophemyllindan - | - one mp. and mmp. 98 (0.77g,
(1.51 g, 26%); (i) 4'-chlorochalcone m.p. and mm.p. %" (0.3,
S%): (1) 1.3 - bis - (p - chiorophenyl) - 3 - phenyl - propan - 1 -
ore mp. 105-8" (0.42g. 5%). rosettes of fine necdles (hight
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petroleum), ra., 1679 cm™' {(ary! alkyl C=0). (Found: C, 70.60; H,
4.54; Cl, 20.10: M (Raat), 332, Cp:H,,CHO requires: C, 71.00; H,
4.50; CI, 20.00%: M, 355). Oxidation with chromic oxide in AcOH
{1hr at 100°) gave p-chlorobenzok acid m.p. and m.m.p. 244°
{partial sublimstion) and p-chiorobenzophenone m.p. and m.m.p.
76* together with some CO; (lime-water test).

(5} With chiorobenzene in nitrobenzene. After the acid chioride
(2.0 2. 0.012 mole) and AICl; (1.6 g, 0.012 mole) were shaken with
nitrobenzene (50cm’) for | br, chiorobenzene (112.53, | moke)
was added. The orange soln was decanted from » trace of solid
and kept at 60-70" for 6 hr. The products were worked up a3 in
(s} inchoding steam distiliation. The alkali extract afforded
cinnamic acid m.p. and mm.p. 132° {0.65g, 37%) and dis.
tillation of the neutral products gave an oil (0.6} bp. 170~
190°/1.5 mm, which on trituration with light petroleum gave 4
chiorochalcone (0.18 g, 6%), m.p. and m.m.p. 98-9°, The mother
liquor on evaporstion gave almost pure 3 - {p - chiorophenyllin.
dan - § - one {0.42 ¢, 15%), m.p. and m.um.p. 78* {cyclobexane].

(k) With bromobenzene. Cinnamoy! chloride (8 g, 0.0482 mole)
snd  AKCH, (6.42g 0.0482mole) in bromobenzene (2703,
1.72 molke) were shaken by hand until nearly all the catalyst had
dissolved (1 kr). The soln was decanted and more bromobenzene
added (2705, 1.72 mole} and the mixture was stirred at 70* for
6br. After the products were worked up as in (a) including the
steam distillation, the alkaline extract afforded cinmamic wcid
mp. and mmp. 132 21y 29%). The neutral residue was
distilied and the yellow oily fraction b.p. 162-180°/2 mm (S g) was
dissolved in cther and crystallised at ~80°. This gave a poly-
morph of &-bromochakone m.p. 101°, mm.p. with the normal
form 101-2*. The polymorph formed long colourless needies
{cyclohexane): by crystallising from EtOH the normal form was
obtained as pale yellow plates (0.7g). The combined mother
liquors were analysed by prep. scale GLC at 300" and the
following were obtained (in order of elution): (i) p-bromaceto-
phenone m.p. and mmp. 51° {1.79g. 20%). (i) d-phenylin-
dan-l-one mp. and mump. 78 (E1OH) (0.518g $.2%). (i)
chaicone m.p. and m.mp. 56-T (EOH) (0.147g. 1L5%), (iv}
&bromochalcone mp. and mmp.  101-2° (cyclohexane)
{combined yieki with material from above, 0.752g, 5.5%), (v} 3 -
{m - bromophenyllindan - 1 - one m.p. and mm.p. 115-6
(cyciobexaneflight petroleum) (0.463g. J4%), (vi) 3 - (p -
bromopbenyindan - | - one mp. and mump. $S-60° (L1443,
8.2%) and {vii) an unidentified compound m.p. T8-81° (0.189 ).
The IR spectra of compounds {i)-{vi) were identical with those of
authentic specimens,

Cyclisations

3-{p - Bromophenyl) - 3 - phenylpropionic acid. The acid was
converted into the acid chioride, bp. 200°/6 mm, by treatment
with SOCl,. The distilled acid chlonide {10, 0.0309 mole) was
treated, as described by Allen and Gates.” in CS; (100 cm’) with
AICH (8. 0.06 mole) with the temperature kept at 10-15" whilst
the catalyst was added. The mixture was then stirred at 20° for
3hr and then worked up in the usual way. The product crystal-
lised in stout needies or prisms (beraene/light petroleum) and
was mixed crystals of mainly 3 - (m - bromophenyllndan - | -
one and some 3 - {p - bromophenylindan - | - one mp. and
m.m.p. 108" (see (b} above), (423, 47% ).

3 - {p - Fluorphenyl) - 3 - hydroxy - 3 - phenylpropionic acid.
The acid {2, 6.0078 mole) was stirred with H,S0, for 0.5 and
then poured into ice/water and extracted with ether. The ether
layer was extracted with Na;COwq and acidification of the
alkaline extract gave 8-(p-fuorophenylicinnamic acid m.p. and
m.m.p, 145-9° {0.02 g, 1.15%). needles (EtOH/water). Evaponation
of the neutral fraction gave 3 - (p - fluorophenyllind - 1 - one

m.p. 117-9.5° as yellow needles (EtOH) (1.2g, 69%). It was
unstable in boiling EtOH (giving a green soln) and was recrystal-
lised by dissolving in EtOH at 30-40" and then chiliing to 10"
Recrystallisation at ~80° from ether gave material with an un-
satisfactory mp. It formed a dark green soln i H,SO ran
1718cm ' (S-ring ketone) and 833cm™' {3 (2 adjacent aromatic
H). (Found: C, 80.60; H, £.20; F, 8.85; M (Rast), 216. C,;HWFO
requires: C, 80.3%; H. 4.00; F, 835%; M, 224). The oxime had
mp.  129-30", lemon-yellow prisms  (cyclohexane/light
petroleum), stable in hot EtOH, blood-red in H,S0,. {Found: N,
5.65%: M (Rast), 203, C,(HwFNO requires: N, 5.85%: M, 239

Cleavages of ketones

1.3.3- Triphenylpropan-i-one in benzeme. A mixture ol the
ketooe (0.6, 0.0021 mole), benzene (20mi) and AICH (0.563,
0.0042 mole) was heated under reftux for 4 hr. After the usual
workiog-up procedure and the removal of benzene, the residue
0.6 was analysed by prep. scale GLC and was shown
contain (in order of elution): (i) acetophenone (0.078 g, 319%), (i)
diphenylmethane {0.028g, 8%), (iii) triphenyimethane (0.0473.
9%) m.p. and m.m.p. 95, {iv) triphenylcarbinol (0.072g, 13%)
mp and mmp. 162° and {v} recovered starting
(0.375g, 63%). The identities of compunds (i}-{v) were
established by the comparison of their retention times and IR
spectra with those of authentic specimens.

1.33-Triphenylpropan-i-one in carbon  disulphide. This
experiment was conducted in exactly the same way as the
previous experiment excep! that benzene was replaced by CS;
(20mi). The ketone was recovered quantitatively and its punity
established by GLC.
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