
Q-AROYL-a- AND -Q-ARYLPROPIONIC ACIDS 
P A R T  I. T H E I R  P R E P A R A T I O N  A N D  L A C T O N I Z A T I O N 1  

ABSTRACT 

Bromobenzene reacts with phenyl- and p-methosyphenyl-succinic anhydride in the presence 
of anhydrous aluminum chloride to  give a mixture of 0-p-bromobenzoyl-a- and -0-phenyl- 
propionic acid, and a mixture of p-p-bromobenzoyl-a- and -8-p-hydroxyphenylpropionic acid, 
respectively. 

Similarly, iodoberlzene reacts with the sarne anhl.drides to  give a mixture of p-p-iodobenzoyl- 
a -  and -8-phenylpropionic acid and p-benzoyl-a- and -8-phenylpropionic acid, and a ~llixture 
of p-benzoyl- and p-p-iodobenzoyl-a-p-methoxyphenylpropionic acid, respectively. 

Phenyl- and diphenyl-succinic anhydride are cyclized by aluminum chloride to  l-ketoindane- 
and 1-keto-2-phenylindane-3-carboxylic acid, respectively. 

The above keto acids are converted by boiling acetic anhydride into p,y-unsaturated 
r-lactones. 

Condensation of phenylsuccinic anhydride with bromobenzene in the presence of 
anhydrous aluminum chloride gave rise to  a mixture of P-p-bromobenzoyl-a- and 
-p-phenylpropionic acid (Ia and IIa, respectively) in which the latter was predominant. 
The structure of the a-phenyl isomer was established by comparison with an authentic 
specimen prepared after Allen, Normington, and Wilso~i (1). The structure of the P-plienyl 
isomer was established by elemental analysis and by the production of p-bromobenzoic 
acid on oxidation with alkaline potassium permanganate. The reaction mixture contained 
a neutral product which was proved to be p-dibromobenzene, probably produced by the 
action of aluminum chloride on bromobenzene. 

COOH 
I 

( a )  R = Br; R 1 =  H ; A r  = CaHj 
(b)  R = Br;  R' = H ;  Ar = p-HOC6H.I 
( 6 )  R = 1; R'  = i\r = C6H5 
( d )  R = R ' =  t1 ;Ar  = C G H ~  
( e )  R = R' = H ; Ar = p-CHaOCsHI 
(I) R = I ;  R' = M ;  Ar = p-CH30CGH4 
(g) R = R' = C1; Ar = CGHS 
(8) R = R ' =  Cl ; i \ r  = M 

COOH 
I 

( a )  R = Br; R' = H ;  .-\r = CGII:, 
(O) R = Br; R'  = H ;  Ar = ~-I-IOCGH, 
(c) R = 1; I<' = H ;  Ar = CGHj 
( d )  R = R' = 1-1; Ar = CeIHj 

When plie~iylsuccinic an1iyd1-ide was replaced by p-methoxyphenyls~~ccinic anhydride, 
a mixture of p-p-bromobenzo>~I-a- and -p-p-liydroxypl~enylpropionic acid (Ib and IIb, 
respectively) was produced in which the latter was predominant. The structure of tlie 
a-p-hydroxyphenyl isomer was established by its identity with an autlie~xtic speci~iien 
prepared from p-bromoplienyl 4-methoxystyryl Iretone. The presence of tlie hydroxyl 
group was established by its infrared spectrum (see Experimental). The structure of the 
~-p-bromobe1~zoyl-~-p-1iydroxyphenylpropio1ic acid was established by elemental aiialysis 
and by oxidation to p-bromobenzoic acid. 

1A6anuscript received Jz4?1e I S ,  1961. 
Contribution frofrz the National Research Centre, Dokki, Cairo, Egypt ,  U.A.R.  

Can. J. Chem. Vol. 39 (1961) 

2563 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
W

at
er

lo
o 

on
 0

6/
12

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



2564 CANADIAN JOURNAL O F  CHEMISTRY. VOL. 39. 1961 

The condensation of phenylsuccinic anhydride with iodobenzene under the same 
conditions gave a mixture of p-p-iodobenzoyl-a- arid -6-phenylpropionic acid (Ic and 
IIc, respectively) and P-benzoyl-a- and P-phenylpropionic acid (Id and IId, respectively). 
The structure of the first acid was established by comparison with an authentic specimen 
prepared from p-iodophenyl styryl ketone. The structure of the second acid was inferred 
from its elenle~ltal analysis, and from the fact that it gave, 011 oxidation with a l ld ine  
potassium pennanganate, p-iodobenzoic acid. The structure of the halogen-free acids 
was established by comparison with authentic specimens (2). The for~nation of the 
halogen-free acids is due to the partial dehalogenation of iodobenzene to benzene, under 
the experimental conditions, and not to the partial dehalogenation of the P-aroylpropionic 
acids for the following reasons: (i)  o- and p-diiodobenzene were isolated from the reaction 
mixture, and from a mixture of aluminum chloride and iodobenzene treated under the 
same conditiolls, and (ii) p-p-iodobenzoyl-a-phenylpropionic acid was recovered un- 
changed, when heated with aluminum chloride in toluene a t  100' for 3 hours. 

p-Methoxypl~enylsucci~~ic anhydride reacted with iodobenzene i11 the presence of 
alurninurn chloride to give a mixture of acids, which, after methylatio~l and hydrolysis, 
was separated into ~-benzoyl-a-p-~~~et11ox~~~~l1e11ylpropio1ic acid and P-p-iodobenzoyl-a- 
p-methoxyphenylpropionic acid (Ie and If, respectively) ; the former acid predominated. 
The structure of both acids was established by comparison with authentic specimens. 
P-3,4-Dicl~lorobenzoyl-a-phenylpropioic acicl (Ig) was prepared by the addition of 

hydrogen cyanide to 3,4-dichlorophenyl styryl ketone and subsequent alcoholysis and 
hydrolysis of the corresponding nitrile. 

I n  the presence of aluminum chloride, succinic anhydride condensed with o-dichloro- 
benzene to  give P-3,4-dicl~lorobenzoylpropionic acid (Ilz), the structure of which was 
established by oxidation with a l ld ine  potassium pernlanganate to 3,4-dichlorobenzoic 
acid. I-Iowever, uncler the salne experimental conclitions, phenylsuccillic anhydride failed 
to condense with o-dichlorobenzene, and instead it cyclized intmmolecularly, giving 
1-1;etoindane-3-carbosylic acid (IIIa) ; this on decarboxylation gave a-hydri~ldo~le. Under 
the same conditions, a ,P-c l ip l~e~~ylsu~~in ic  anhydride cyclized illtra~nolecularly to give 
1-lceto-2-p11enylilIdane-3-carboxylic acid (IIIb), the structure of which was established 
by comparison with an authentic specime11 (3). 

COO 1-1 
I P 11 

$::;'I. .Ar  
r \ r - C = ~ ~ - ~ ~ -  1.1 

I \==/-- Br<>F=GFHI  I 
/ 

o---- (-0 0--CO 

C  
0 

( a )  Ar = 1-1 
(b) Ar = CGHs 

When the P-aroyl-a- and -P-arylpropio~lic acids were boiled with acetic anhydride, 
they were converted to  the correspo~lding 6,y-unsaturated y-lactones (4, 5) (IV and V, 
respectively). The lactone structure was established by the appearance of its characteristic 
stretching frequency (6, p. 153) in the infrared spectra of these compounds (see Experi- 
mental). 

The results of the present investigation agree with those of Bdddar and Sherif (4). 
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EXPERIMENTAL 

Melting points are uncorrected. Infrared spectra were measured with a Perliin-Elmer 
Infracord spectrophoto~lleter Model 137, using the potassium bromide wafer technique. 

P-9-Bromobenzoyl-a-phenylpropionic Acid 
A mixture of P-p-bromobenzoyl-a-phenylpropionitrile (7) (20 g), ethanol (150 ml), 

and concentrated sulphuric acid (30 ml) was refluxed for 6 hours on a steam bath. The 
ester (22 g), which solidified on being cooled, was filtered off and crystallized from light 
petroleuln (b.p. 50-70") to  give ethyl P-p-brornobenzoyl-a-pl~enylpropionate in colorless 
crystals, 111.p. 70-71". Calc. for ClaHl7BrO3: C, 59.85; H ,  4.74; Br, 22.13. Found: C, 
59.83; H, 4.61; Br, 22.00. 

The ester (20 g) was hydrolyzed with 10% aqueous potassiunl hydroxide (200 ml) 
(1 hour reflux) to  give p-p-bromobenzoyl-a-phenylpropionic acid (17 g) (from benzene), 
111.p. 160-161"; Allen and co-worlrers (1) give the same melting point. Calc. for 
C16H13Br03: C, 57.69; I-I, 3.93; Br, 24.00. Found: C, 57.85; H ,  4.00; Br, 23.73. 

Mihen the acid was treated with 2,4-dinitrophenyll~ydrazine in a warm mixture of 
ethanol and concentratecl sulphuric acid, it gave the 2,4-dinitrophenyll~ydrazone of the 
ethyl ester in orange-yellow crystals (Iron dilute acetic acid), 111.p. 161-162". Calc. for 
C24H21BrN406: C, 53.24; I-I, 3.91; N, 10.35. Found: C, 53.22; I-I, 3.75; N,  10.15. 

Condensation of Bromobenzene with Phenylsz~ccinic Anhydride 
A solution of phenylsuccinic anhydride (17.6 g, 0.1 mole) in bro~nobenzelle (20 ml) 

was added gradually to  a well-cooled and stirred mixture of anhydrous aluminum chloride 
(26.7 g, 0.2 mole) and brornobenzene (30 ml). The reaction mixture was heated a t  100' 
for 3 hours, decon~posed with ice-cold dilute l~ydrocl~loric acid, and the solvent was 
steam-distilled. The product (20 g, 60% yield), m.p. 85-100°, was crystallized from the 
least amount of glacial acetic acid, then from ether, to  give p-p-bromobenzoyl-P-pl~enyl- 
propionic acid (16 g, 48% yield) in colorless crystals, n1.p. 156-157', depressed to  130- 
140" when admixed with the a-phenyl isomer. Calc. for C16H13Br03: C,  57.69; I-I, 3.93; 
Br, 24.00. Found: C, 57.90; I-I, 3.83; Br, 24.00. 

On oxidation with alltaline potassiu~n permanganate (1 hour a t  100°), it gave 
p-bromobenzoic acid, m.p. and mixed m.p. 250'. 

The acetic acid mother liquor was diluted with water, and the precipitated solid was 
crystallized from benzene to give p-9-bromobenzoyl-a-phenylpropionic acid (2 g, 6% 
yield), n1.p. and mixed n1.p. 160-161". 

The steam-distillable fraction was dried (Na2S04) and fractionally distilled to  give 
mainly bronlobeilzene and 9-dibromobenzene, m.p. and inixed m.p. 89". 

Action of Alz~minum Chloride on Bromobenzene 
Alu~ninum chloride was added to  cold brornobenzene. The  reaction mixture was kept 

a t  25-30" for 3 days and then decolnposecl and worlted up as usual to  give bromobenzene 
and p-dibromobenzene. 

P-p-Bromobenzoyl-a-9-methoxyphenylpropiitrile 
To  a solution of p-bromobenzoyl 4-methoxystyryl ketone (8) (5 g) in ethanol (150 ml), 

glacial acetic acid (2.3 1111) and aqueous potassiu~n cyanide (3.5 g in 9 ml water) were 
added. The reaction mixture was lrept a t  60-65' for 5 hours, then left overnight. The 
nitrile (4 g) had m.p. 132-133" (from ethanol), depressed to 115-120' on admixing with 
the above chalcone. Calc. for C17H14BrN02: C, 59.31; H ,  4.10; Br, 23.21; N, 4.07. Found: 
C, 59.20; 11, 4.16; Br, 22.86; N,  4.00. 
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P-P-Bromobenzoyl-a-p-methoxyphenylpropionic Acid 
A mixture of the above nitrile (4 g),  methanol (50 ml), and concentrated sulphuric 

acid (7 ml) was refluxed for 8 hours and the product (4 g) crystallized from methanol to 
give methyl P-p-bromobenzoyl-a-pPi11ethoxypheny1propionate in colorless crystals, 111.p. 
79-80'. Calc. for C181-117Br04: C ,  57.31; M, 4.55; Br, 21.18. Found: C,  57.11; 13, 4.42; 
Br, 21.10. 

The ester was hydrolyzed by refluxing for 2.5 hours with 5% aqueous potassiuill 
hydroxide (100 1111). The reaction mixture was cooled, acidified, and the precipitated acid 
was crystallized from ethanol to give ~-p-bromobei~zoyl-a-~-i~~ethoxypl~ei~ylpropioi~ic 
acid (3.5 g) in colorless crystals, m.p. 134-135'. Calc. for C ~ ~ I - I ~ S B ~ O , :  C,  56.22; I-I, 4.17; 
Br, 22.02. Found: C,  56.00; I-I, 4.20; Br, 22.00. 

\Vhen the acid was warmed with 2,4-dinitrophenylhydrazine in ethanol and concen- 
trated sulphuric acid, and the product was crystallized from acetic acid, the 2,4-dinitro- 
pl~enylhydrazone of the ethyl ester was obtained, in yellow crystals, 111.p. 188-189'. 
Calc. for C251-133BrN407: C, 52.55; I-I, 4.06; Br, 14.00; X, 9.81. Found: C, 52.41; H ,  3.01; 
Br, 14.20; N,  10.08. 

p-p-Bromobenzoyl-a-p-hydroxyphenylpropionic Acid 
A mixture of P-p-bromobenzoyl-a-p-inethoxyphei~ylpropioiic acid (2.5 g),  aluminum 

chloride (5 g) ,  and bronlobellzene (20 ml) was stirred a t  100' for 2 hours, then worked 
up as usual. The product (2 g) was crystallized from ether to  give P-p-bromobe~~zoyl- 
a-p-hydroxyphenylpropionic acid, in colorless crystals, 1n.p. 171-172'. I t  gave a deep 
blue color with warm concentrated sulphuric acid. Calc. for C1,j1313Br04: C, 55.05; 
14, 3.75; Br, 22.90. Found: C, 55.16; H ,  3.75; Br, 22.90. Its infrared spectrum showed 
two bands a t  3450 and 1670 cm-I characteristic of a bonded 01-1 group (6, p. 84) and 
the CO group of the aroyl group (6, p. 114), respectively. 

p-MethoxyphenylsucciniG 217zhydride 
I t  was prepared froin the acid (9) by refluxing with :3 times its weight of acetyl chloride 

for 6 hours. The excess of acetyl chloride was distilled off, and the residue fractionated, 
b.p. 205-208' a t  5 nlm (80yo yield). 

Condensation of Bromobenzene with p-Methoxypkenylsucci~zic Anhydride 
A solution of p-methoxyphenylsuccinic anhydride (20.6 g, 0.1 mole) in bromobenzene 

(40 1111) was gradually added to  a well-cooled and stirred nlixture of alu~llinuin chloride 
(26.7 g, 0.2 mole) and bro~nobenzene (50 ml). The reaction mixture was left overnight, 
heated a t  100' for 3 hours, then worked up as i~sual. The product (20 g, 57% yield) was 
crystallized from ether to  give p-p-bromobenzoyl-p-P-hydroxyphenylpropio~ic acid, in 
colorless crystals, 111.p. 198-199' (12 g, 34y0 yield), depressed to  150-155" when admixed 
with ~ - p - b r o m o b e n z o y l - a - p - 1 1 y d i - o x y ~ ~ r o p i 0 1 i c  acid. Calc. for C16H13Br04: C, 
55.05; 13, 3.75; Br, 22.90. Found: C, 53.32; I-I, 3.90; Br, 22.45. I t  gave a yellowish-green 
color with conceiltrated sulphuric acid. On oxidation with alkaline potassium per- 
manganate, it gave p-bromobenzoic acid. 

Co~lcelltration of the ether nlother liquor gave P-p-bromobenzoyl-a$-hydroxypl~enyl- 
propionic acid (6 g, 17y0 yield), m.p. and mixed m.p. 171-172'. 

P-p-Iodobenzoyl-a-phenylpropion,itrile 
To  a solution of p-iodophenyl styryl ketone (10) (3 g) in ethanol (75 ml), glacial acetic 

acid (2.3 ml) and aqueous potassium cyanide (3.5 g in 10 1111 water) were added. The 
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SHHRIF: 8-AROYL-a- .AND -8-AKYLPROPIONIC ACIDS 2567 

reaction mixture was kept a t  70-75' for 4 hours, then left overnight. P-p-Iodobenzoyl- 
a-phenylpropionitrile (3 g) was crystallized froill ethanol in colorless crystals, n1.p. 
148-149'. Calc. for Cl&412INO: C, 53.21; 14, 3.35; I ,  35.15; N, 3.88. Found: C, 53.11; 
H, 3.45; I, 34.76; N, 3.80. 

P-p-Iodobenzoyl-a-phenylpropionic Acid  
A mixture of the above nitrile (2 g), methanol (25 ml), and concentrated sulphuric 

acid (5 ml) was refluxed on a steam bath for 8 hours. The reaction mixture was diluted 
with water and the precipitated methyl P-9-iodobenzoyl-a-pllenylpropionate (2 g) was 
crystallized from methanol, in colorless crystals, 111.p. 132-133', depressed to 115-120' 
when admixed with the corresponding nitrile. Calc. for C17H16103: C,  51.79; H, 3.84; 
I ,  32.20. Found: C, 51.70; H, 3.77; I ,  32.00. 

The preceding ester was hydrolyzed by reflusing for 1.5 hours with 5y0 aqueous 
potassium hydroxide (100 ml) to give P-p-iodobenzoyl-a-pl~enylpropionic acid (1.7 g), 
which was crystallized from ether i11 colorless crystals, m.p. 155-156". Calc. for C161-113103: 
C, 50.55; H ,  3.45; I ,  33.40. Found: C,  50.37; 14, 3.60; I ,  33.15. Oxidation of the a-phenyl- 
propionic acid with aqueous alkaline potassium permangallate gave 9-iodobenzoic acid, 
1n.p. and mixed m.p. 270' (11). 

Co~zdensation of Iodobenzene wi th  Phenylsa~ccinic Anhydr ide  
The pl-oduct from iodobenzene (60 ml), pl~enylsucci~~ic anhydride (17.6 g, 0.1 mole), 

and aluminum chloride (26.7 g, 0.2 mole) (3 hours a t  100') was extracted with boiling 
aqueous sodium carbonate solution. The extract, 011 being cooled and acidified, gave a 
semisolid residue (15 g). This was extracted several times with light petroleun~ (b.p. 
50-70°), and the i~lsoluble portion was crystallized from benzene to  give p-benzoyl-p- 
phenylpl-opionic acid (2 g), 111.p. and mixed m.p. 16s' (2). Concentration of the benzene 
mother liquor gave P-benzoyl-a-phenylpropionic acid (3 g),  m.p. and  nixed (2) m.p. 
154". Evaporation of the benzene layer gave a semisolid residue which was crystallized 
several times from light petroleunl (b.p. 70-90') to  give P-p-iodobenzoyl-P-phenyl- 
propionic acid (2 g, 5.3y0 yield) in colorless crystals, n1.p. 160-161°, depressed to  1.10-135' 
w l ~ e i ~  admixed with its a-phenyl isomer. Calc. for C161-113103: C,  50.55; I-I, 3.45; I ,  33.40. 
Found: C, 50.82; I-I, 3.60; I ,  32.47. Oxidation of the P-phenylpropio~lic acid with alkaline 
potassium permanganate gave p-iodobenzoic acicl. 

The light petroleum mother liquor was evaporated and the residue left was crystallized 
from ether to give p-9-iodobe~lzoyl-a-phenylpropionic acid (1.5 g, 4y0 yield), m.p. and 
mixed m.p. 15G0. 

The residue insoluble in sodium carbonate solution was dissolved in hot ethanol, and 
the oil and crystals, which were precipitated when the solution was cooled, were mech- 
anically separated. The crystals, after crystallization from light petroleum (b.p. 50-70°), 
~nelted a t  128', not clepressed when adnlised with an authentic specimen of p-diiodo- 
benzene. The oil was distilled under vacuum, b.p. 153-155' a t  15 mm, and the solidified 
product was crystallized from light petroleum (b.p. below 40") to give o-diiodobenzene 
in plates, m.p. and mixed n1.p. 27' (12). 

Action of A l ~ ~ m i n z ~ r n  Claloride o n  p-p- Iodobenzoyl-a-$laenylpropionic -4 cid 
The acid (2 g) was dissolved in toluene (15 1111) and the cooled misture was treated with 

aluminum chloride (5 g) ;  the reaction nlixture was stirred a t  100' for 3 hours, then 
decomposed as usual. P-9-Iodobe~lzoyl-a-p1lenylp1-opionic acid was recovered unchanged, 
m . p  and illixed m.p. 156'. 
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Action of Abumin~cm Chloride on Iodobelzzene 
Iodobenzelle was cooled to 0-5' and treated gradually with alu~ninum chloride. The 

reaction mixture was kept a t  rooin temperature (25-30') for 3 days, then decomposed in 
the usual manner. p-Diiodobenzene and o-diiodobenzene were isolated froin the reaction 
nlixture as already inentioned. 

p-Iodophenyl 4-lldethoxystyryl Ketone 
A mixture of p-iodoacetophenone (13) (18.4 g),  ethanol (175 ml), water (60 ml), 

sodium hydroxide (7.5 g), and anisaldehyde (10.2 g) was stirred a t  20-25' for 1.5 hours. 
p-Iodophenyl 4-methoxystyryl ketoile (27 g) was obtained from ethanol in pale yellow 
crystals, 111.p. 172-173'. Calc. for C161-I13102: C, 52.77; H, 3.60; I ,  34.86. Found: C, 52.55; 
H ,  3.51; I ,  34.52. 

p-p-Iodobenzoyl-a-p-methoxypl~enylpropionitrile 
To  a solution of the above cllalcone (3 g) in ethanol (175 ml), acetic acid (2.3 1111) and 

aqueous potassiu~n cyanide (3.5 g in 10 1111 water) were added. The reaction mixture was 
kept a t  70-75' for 4 hours, then left overnight. The crystalline precipitate (3 g) was 
collected and crystallized fi-om ethanol to  give P-fi-iodobenzoyl-a-l)-metl~oxypl~enyl- 
propionitrile in colorless crystals, i11.p. 164-165'. Calc. for C171-1141~02: C, 52.21; I-I, 3.60; 
N ,  3.58. Found: C, 52.10; I-I, 3.70; N,  3.41. 

p-p-Iodobenzoyl-a-p-nzethoxyphe~zylpropio~zic Acid 
A inixture of the preceding nitrile (2 g), inethanol (25 ml), and coilcentrated sulphuric 

acid (4 1111) was i-efluxed for 10 hours. The reaction misture was poured onto ice water 
and the crude methyl ester was directly hydrolyzed with 10% aqueous potassium hydrox- 
ide (100 1111) (I-hour reflux) to P-p-iodobenzoyl-a-~ethoxyp1~ei~ylpropioiic acid ( I  g) 
froin ether, 111.p. 156-157'. Calc. for C171-11510,,: C ,  40.75; I-I, 3.69; I ,  30.05. Found: 
C, 50.00; I-I, 3.60; I ,  30.84. 

Condensation of Iodobelzzene with 9-Methoxyphenylsz~cciwic Anhydride 
The product from iodobenzene (60 ~ n l ) ,  P-methoxyphenylsucci~~ic anhydride (20.6 g, 

0.1 mole), and aluminum chloride (26.7 g, 0.2 mole) (3 hours a t  100') was steam-distilled 
and the residue extracted with boiling 10% aqueous sodium carbonate solution. The  
extract, on ariclification, gave a semisolid residue (10 g), which was methylated with 
nlethyl iodide, potassiuill carbonate, and acetone. I-Iydrolysis of the esters (5% aqueous 
potassium hydroxide) gave a seinisolid illass which, after crystallization froill benzene, 
gave p-benzoyl-a-p-methox~~pl~ei~ylpropionic acid (6 g), 111.p. and mixed (9) m.p. 158'. 
Evaporation of the benzene mother liquor gave a gummy acid which, on crystallization 
froin ether, gave P-p-iodobenzoyl-a-p-inethoxypl~enylpropionic acid (2 g),  1n.p. and 
mixed n1.p. 156-157'. 

The steam-distillable fraction was dried (Na2S04) and fractionally distilled to give 
iodobenzene and o- and p-diiodobenzene. 

P-3,A-Dichlorobenzoyl~ropionic Acid 
A stirred mixture of aluminun~ chloride (53.4 g, 0.4 mole) and o-dicl~lorobenzene 

(75 1111) was treated portionwise with a solution of succinic anhydride (20 g, 0.2 inole in 
25 in1 of o-dichloi-obenzene). The reaction mixture was heated a t  100' for 3 hours, then 
worlied up as usual. P-3,4-Dicl1lorobenzoylpropio1~ic acid (30 g, 61% yield) came down 
from ethanol in colorless crystals, 111.p. 167-168'. Calc. for C10H8C1303: C,  48.61; I-I, 3.26; 
C1, 28.70. Found: C, 48.57; H ,  3.11; C1, 28.61. Oxidation of this acid with allialine 
potassium permanganate gave 3,4-dichlorobenzoic acid, m.p. and inixed (14) i11.p. 
208-209". 
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3,J-Dichlorophenyl Styryl Iietone 
A mixture of 3,4-dichloroacetophenone (15) (9.5 g),  ethanol (100 ml), water (40 ml), 

sodiuill hydroxide (5 g) ,  and benzaldehyde (5.3 g) was stirred a t  50-55' for 1 hour, then 
allowed to cool. 3,4-Dicl~lorophenyl styryl ketoile (10 g) was obtained in pale yellow 
crystals, 1n.p. 116-117" (from ethanol). Bradsher and co-workers (16) and Lutz and 
co-worliers (17) gave 1n.p. 112-113' and 110-112', respectively. Calc. for C1~I-IlOCl20: 
C,  65.03; I-I, 3.63; CI, 25.60. Found: C, 64.73; H, 3.60; C1, 25.00. 

P-3,d-Dichlorobenzoyl-a-p1je~zylpropionitriLe 
To  a solutioil of the above chalcone (2 g) in ethailol (50 ml), acetic acid (2 1111) and 

aqueous potassium cyailide (2 g in 5 1111 water) were added. The 1-eactioil mixture was 
heated to the boiling point, then left overnight. The nitrile (2 g) was crystallized from 
ethanol in colorless crystals, m.p. 110-120°, depi-essed to 105-110' when admixed with 
the corresponding cl-ialcone. Calc. for C16HllC12NO: C, 63.19: I-I, 3.65; C1, 23.31; N ,  4.60. 
Found: C, 63.00; 13, 3.60; C1, 23.11; N ,  4.45. 

0-3,d-Dichlorobenzoyl-a-plzenylProPionic Acid 
A mixture of the above nitrile (2 g), methanol (25 ml), and coilceiltrated sulphuric 

acicl (5 1111) was heated on a steal11 bath for 10 hours. The ester that precipitated on 
cooling was hydrolyzed with 5y0 aqueous potassium hydroxide (100 1111) (1.5 hours 
reflux) to give ~-3,4-dicI~lorobenzoyl-a-pl~ei~ylpropioi1ic acid (1.5 g) as colorless crystals 
from inethanol, 1n.p. 170-171'. Calc. for C16H12C1203: C, 59.47; I-I, 3.74; Cl, 21.95. 
Found: C, 39.21; I-I, 3.75; C1, 21.46. 

I-Iietoi7zdane-3-carboxylic Acid 
Pl~enylsuccinic ailhydride (17.6 g) i l l  o-dichlorobenzene (20 lnl) was added gradually 

to a well-cooled and stirred mixture of a l ~ ~ m i n ~ ~ i l l  chloride (26.7 g) and o-dichloi-obenzene 
(30 1111). The 1-eactioil i-ilixture was heated a t  100" for 2 hours, then worlied up as usual. 
T h e  colorless crystalline acid, 111.p. 85' (from water), was dried in vacuum to give 
1-ketoindane-3-carboxylic acid (12.3 g ,  71% yield), m.p. and mixed (IS) 1n.p. 120'. 

a-Hydrindone 
A mixture of 1-lietoinclane-3-carboxylic acid (2 g),  q~~inoline (13 ml), and copper 

brouze (0.5 g) was refluxed for 1 hour, cooled, and deco~nposed as usual. The reaction 
mixtui-e was extracted with benzene. The reilloval of the solvel~t left an oil (ca. 1.5 g) 
which, on trituration with light petroleunl (b.p. below 40°), gave colorless crystals, 
lll.p. 42"; it was coilverted into a-hyclrinclone 2,4-dinitropl~ei~ylhydmzone, m.p .  and 
itlixed 111.p. 260" (decoinp.). 

1 -Keto-2-phenylindane-S-carboxylic i l  cid 
A mixture of diphenylsuccinic ailhydride (8.5 g) and aluminum chloride (10 g) in 

o-dichlorobenzene (30 1111) was heated a t  100" for 2 hours, decomposed, and the solveilt 
was steam-distilled. l-I<eto-2-pl1ei1yli1~dai~e-3-carboxylic acid moi~ohydrate (ca. 8 g) was 
crystallized from dilute ethanol in colorless crystals, 111.p. and inixecl (3) i11.p. 116-117' 
(decamp.). 

Lactonization of p-Aroyl-a- and -P-arylpropio7zic Acids 
The solutioi~ of the acid (1 g) in acetic ailhydride (10 ml) was refluxed for 2 hours and, 

after cooling, poured into water. The solid was filtered off and washed with dilute sodiuill 
carboilate solution. The lactoile (ca. 100yo yield) was then crystallized from a suitable 
solvent (see Table I ) .  
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I wish  to  e x p r e s s  ITIY t h a n k s  to  D r .  F. G. B a d d a r ,  P ro fesso r  of O r g a n i c  C h e m i s t r y ,  fo r  

h i s  i n t e r e s t  in  the w o r k ,  a n d  f o r  r u n n i n g  the in f ra red  spectra. 
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