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Abstract: 1,3-Diphenylproean-2-one undergoes dehydration 
over alumina at around 400 C to form 1,3-dlphenylallene 
which cyclizes to 2-phenyllndene. Since the parent keto- 
ne can be obtained under the reaction conditions from 
phenylacetlc acid, the present reaction forms a one step 
syntheses of 2-phenvlindene from phenvlacetlc acid. 3- 
;iz,-n?t.h lphenylacetic acids also give the corresponding 

Y ,3-Dlphenylpropan-l-ones also give phenylindenes, 
presumably by a direct cyclcdehydratlon reaction. 

The conversion of 1,3-dlphenylpropan-2-one (2) or its precursor, phenyl- 

acetic acid (1) to lH,2-phenylindene (6) over alumina at 420°C was recently 

reported1 from this laboratory. The present communication describes the 

extension of this reaction to substituted phenylacetic acids and to 1,3-di- 

phenylpropan-l-ones (_7). 

Scheme I 

w 
CH2- C-O-H 

2 ~+COZ+H$ s 

In the preliminary communication it was proposed that the cyclization of 

(2) took place via 1,3-diphenylallene (3). This was confirmed by the isola- 

tion of the allene (2) from the reaction mixture and by the ready cycliration 

of (3) to (6) under the reaction conditions. 

The initial product of the acid-catalyzed cyclisatlon2 of diphenylallene 

is expected ‘to be lH,l-phenyllndene (3). This product was not detected in any 

of the experimsnts. The final product (&> could arise from (2) by a l iquence 

of s-try allcmed 1,5-hydrogen and phenyl shift or from the initial carboca- 

tion by 1,2-phenyl shift. However, in the present study there Is evidence to 

shaw that (&) Is also formed from (2) via the intermediate (51, as shown In 

Scheme I. The product distribution in table 1 supports the Intermediacy of (5)~ 

formed from (A)by two 1,5-hydrogen shifts. The intermediate (2) was prepared3 
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Independently from 1-indanone by Crignard reaction with phenylmagnesium bromide 
follouued by dehydration. It readily lsomerfted to (&) when paesed over alumina 
at 40C°C, but did not undergo any change when paesed over glass beads in the ab- 
sence of the catalyst at that temperature. Hence the isomeriration is believ- 
ed to be an acid-catalyzed phenyl shift. 3-Phenylindene (2,) has been reported4 
to give an isomer of melting point 167’C when distilled through a porcelain 
tube. The isomer was not characterized at that time. but was later5 identified 

as (fi). Porcelain is known to exhibit catalytic activity Similar to that of 

alumina. 

TABLE 1. Reaction of Dibenzyl Ketone a 

Sl.No. Temp. 
cot, 

Total 
conversion 

Mb 

Products, yield tic 

(3) (6) (5) 

1 350 30 20 0 5 
2 380 45 15 20 2 
3 420 80 5 60 0 

a - Passed neat over lg of alumina at 6 ml/hr ; no carrier 
gas 

b - Based on dibenzyl ketone recovered, 
c - Based on Oc analysis 

The formation of diphenylallene by the dehydration of the ketone is expe- 

cted to involve the cooperative action of the exposed oxide ions (basic sites) 
and alu~num ions (acidic sites) of the alumina surface as shown in Scheme 11. 

Scheme 11 

H H H H H H 
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The a-hydrogen of ketones and other carbonyl compounds are readily exchanged 
for deuterium when contacted with alumina which has been pretreated with D20 6. 
This observation is in support of the enolization step shown in Scheme II. 
While enolisation is facile for all ketones , the further decomposition to form 

allene is observed only for dibenzyl ketone.and its derivatives. l-Phenyl- 

propan-2-one and l-phenylbutan-2-one did not yield lndenea under the experi- 
mental conditions. While the former was recovered unchanged, the latter under- 
went disproportionation as shown below: 

2PtlCH2CCCH2CH3 -> PhCF12CCX%CH2 + PhCHacFBX2C~ + H20 

This Is a reaction characteristic of ketones containing both a and fl hydroqens’. 

4-Methyl and 3-methylphenylacetic acids gave the corresponding substituted 
indenee (a) and (2) when passed over alumina at 420’ (Table 2). In these 
products the position of the methyl group on the indene ring could not be esta- 
blished. 

It was felt that 1,3_diphenylpropan-l-ones (dlhydrochalcones) (2) should 
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be better precur8ors for phenyllndenes since they can undergo direct cyclo- 
dehydration (Scheme III). It was found that (2) did undergo cyclodehydration, 
but in poorer yield than (2) because of the facile disproportionation reaction 

(vide supra) to yield (p) and (2). Nevertheless, since the dlhydrochalcones 
are readily prepared from the corresponding chalconer, their cyclodehydration 

(3, (73) R= H 

Rl R2 
H Me 
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H 41-McC6H4 

H 4;- Me C6H4 
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is a convenient method for the preparation of several substituted indenes 

as seen from Table 2. Even though yields are poor and the product mixture 

contains the disproportionation products , the indenes are readily Isolated by 
column chromatography. With the various rubstituted dihydrochalcones listed 
in Table 2 products were generally as expected. In the case of 1.3,~triphenyl- 
propan-l-one (Ser.No.6) the Initially formed 1,3-dlphenyl-lH-indene (2) had 

undergone isomerlzation to (16) and (18) (cf. isornsrization of (2) to (fi)). 
Similarly the observed products under serial nos.7 and 8 are also products of 
phenyl migration. ((2) -> (20) In ser.No.7 and (2l) -> (22) in ser.no.8)). 
The structures (2G) and (31) are in agreement with the absence in their NMR 
spectra of signals for the C2 proton which should appear around b 6, by analogy 

with the spectrum of (2). 

The derivatives of 1,3-diphenylpropan-l-one with a methoxy group on either 

of the rings failed to give identifiable products. It is a general observation’ 
that methoxyaryl substrates readily decompose over alumina at high temperatures 

to give phenols which carbonize and deactivate the catalyst. 

1,3-Diphenylprop-1-en-3-one (chalcone) itseif (lo) underwent reaction 
(Scheme IV) over alumina to give a complex mixture of products from which (2) 

and (5) could be isolated in low yield. The expected reaction of (l_@ Is the 
cycliration to the indanone (21, which was not detected. It could have under- 

gone disproportionation7 to (3) and (12). The latter, being an a,6-unsaturated 
ketone could have further reacted to give intractable propcts. The instability 

of a,P-unsaturated ketones over alumina has been reported . In fact the bulk of 

the starting material (10) also seems to have undergone a Similar fate. 

Scheme IV 

The catalyst used for these studies was an alumina prepared by the contro- 
lled hydrolysis of alumlnlum isopropoxide by atmospheric moistureS. Catalysts 

prepared by other methods gave poorer yields. 

Experimental 

Alumina catalyst w2s prepared by the controlled hydrolysis of alumlniumg 
isoorovoxlde bv the moisture present in the atmosphere as reported elsewhere . 
The’caialytic flow reactor and the generallexperlmental techniques have been 
described in the preliminary cosxnunication . All the reactions were carried 
out at atmospheric pressure without carrier gas, Products were analysed by 
gas chromatography using an SE-30 (5% on 60-80 mesh chromosorb-G acid-washed, 
white, l/Dn dia. 6’ length) column and FI-detector. Identification and quan- 
titative estimations were made by comparison of retention times and peak 
areas calibrated with the help of authentic samples. Further the structures 
were confirmed by analysing and comparing spectral data of pure compounds 
isolated from the reaction mixture with th;? of authentic onesa 

1,3-Dlphenylpropan-2-one was prepared by hea ng phenylacetic acid with 
iron powder. 1,3-DiphenylpropanG-one was prepared M by the condensation of 
benzaldehyde with acetophenone. 

1,3-Diphenylallene was prepared 
17.18 by the modification of a general 

procedure for allenes by the dehydration of a,@-unsaturated alcohols. Instead 
of the dehydration of the alcohol , the substituted ally1 alcohol was converted 
to the acetate and pyrolyzed. 
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1,3-Diphenyl-3-hydroxypropene, 3% (b-p. 130°C/S mn) was prepFardf:;,t; 
sodium borohydride reduction of 41.69 1,3-diphenylpropen-3-one. 
compound was acetylated In the presence of dry Hcl 
diphenylpropene. A benzene solution of this 
oassino throuuh nvrex alass beads keDt at 
After the usus w&k up, the residue’ (209) was chromatographed over 1009 of 
silica qel. About 1Oq of a hydrocarbon fraction was eluted firrt with, hexane. 
GC analysis, showed the preseixze of three compounds. This fraction was care- 
fully rechromatographed over 8% silica gel. About 5g of 1,3-dlphenylallene 
was eltjted in )be first few,cuts. 
m.p.48 C (lit. 

On cooling it solidified to a solid, 
q .p. 49-51 c. MR: CDC13-TMS b 3.25 (d,2H), 6.9 (m,lOH). 

3-Methvlphenvlacetic acid: m-Xylene was brominated by N-bromosucclnlmide and 
the resulting 3-methylbenzyl bromide was converted Into 3-methylbenzyl cyanide 

~~p~tga~~~lprtl)q~~u~~p~gn~o~;S 
hydrolysed to 3-msthylphenylacetic acid, 

4-Methvlphenvlacetic acid: 4-Uethylacetophenone was prepared by the acetylation 

Ilfnd’l”~~‘KZa,“ZoZ 
converted to 4-methylphenylacetic acid by the Willgerodt- 

, m.p. 92’~ (lit.20, 94’~). 

1,3-Diphenvlpropan-l-one : 1,3-Dlphenylpropen-3-one was prepared by the conden- 
sation of acetophenone with benzaldehyde using sodium hydroxide. This was 
hydr alcohol to 1,3-diphenylpropan-l-one 
m.p. 32.5 c (1it.92, 73 c). 

ena&ed usin Ranex Nickel in absolute 

l-Phenyl-3-(4’~meth lphenyl)propen-l-on8 m.p.97’C (1i&.23, 96’C), 1-Phenyl- 
3-(4’~methoxyphenyl propan-l-oae m.p.65 C (l&t.24, 64 C), r 
3-phenylpropan-l-ong m.p.69-70 C 
propan-l-one m.p.99 C (lit.24 

(lit. 25* 
1-(4’~methyl henyl)- 

69 C) and l-(4-methoxyphenyl 3-phenyl- 7 
37’C) were prepared by condensing appropriately 

substituted acetophenones with’suitably substituted benzaldehyde and then 
hydrogenating the unsaturated compounds. 

l.3-Dlphenvl-2-methylpropan-l-one: 1,3-Diphenyl-2-methylpropen-3-one was pre- 
pared bs6the condensation of propiophenone with benzaldehyde in the presence of 

$~p~~l-one liquid b.p. 148 C/6 pm (lit 
and was hydrogenatgd using Ran 53 nickel to 1,3-diphenyl-2-methyl- 

, 148-150°C/6 nan). 

b.p. 170 C/60 nnn (lit28, 183-1134~~/13 mm). 
1,3-Biphenyl-2-eth lpropan-l-one was prepared by a similar procedure liquid 

2-Methyl-1,3,3-triphenylprogan-l-one m.p.lCM°C (lit29, 105’C) and 1,3,3-tri- 
phenylpropan-l-one (m*P* 96 CC lit*29, %‘C) were prepared by the Michael 
addition of phenylmagneslum bromide to 1,3-diphenyl-2-methylpropgn_3-one 
1,3-diphenylpropen-3-one. 1,2,3-Triphenylpropan-l-one, m.p. 
12O’C) was prepared by the benzylation of desoxybenroin. 

120 c (1it.3$Yd 

General Drocedure for the reaction on alumina: A solution of O.C23 mole of the 
substrate in 20 ml f benzene was passed over 5g of alumina at 420 C at a flow 
rate of 20 ml/hr. ;he products were collected in a water cooled receiver. 
The solvent was evaporated and the residue obtained was chromatoqraphed over 
silica gel using hexane as eluent. 
indenes are given in Table 2. 

Yields and othr physical data of the 

Details of the reaction of 1,3-diphenylpropan-l-one alone are given below. 

Reaction of 1,3-diDhenYlDroDan-l-one: A solution of 5.2s (0.025 mole) of 1,3- 
diphenylpropan-l-one was passed over 5g of alumina at 420°C at a flow rate of 
20 ml/hr. Products were collected In a water-cooled receiver. Gc analvsls 
of the crude product shcwed the presence of 1,3_diphenylpropene (cls and trans 
mixture) 35%. 3-phenylindene (lw), 2-phenylindene (3w) and chalcone (2w). 
The residue on chromatoqraphv over silica se1 usina hexane as eluent aave 
initially l.Sg of a liquid-consisting of 1;3-dlphenylpropenes and 3-phgnyl- 
indeBe foliwed by lg of 2-phenylindene as a colorless solid (m.p. 164 .C, 
lit. , 165 C), 0.29 of a red gummy solid and 0.80 of 1,3-dephenylpropen-3-one. 
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