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Ab&ract-Pdyphosphoric acid-catalysed cyclisation of derivatives of crotonophenone and chakone is shown IO be 
a general reaction which occurs without migration of aryl substituents evident wilb other Friedcl-Ctaf~s catalysts. 
Two other reactions. however, may in~erveoe: hydrogenation and o-carbonyl cleavage. Thus Cbromochakonc 
sves 3. @ _ hromopbenyl) - I . phenytpropan - I - one. 3. @ . bromophenyl)indan - I . one and some tcnzok acid. 
A mcchaniim for the cyclisattin is discussed in comparison with those reported for cyclisatiom of a&unsammted 
esters and divinyl ketones. Tbc formation of intermediate Wklard complexes is predicted IO be conrota~ory. 

Intramolecular alkylation of a&unsaturated carbonyl 

compounds catalysed by polyphosphoric acid (PPA) has 
been much kss utilised and studied than the cor- 
responding intramolecular acylation. although both pro- 

cesses can constitute alternative procedures for obtain- 
ing the same cyclic ketones. 

Cyclisations of various divinyl or vinyl ally1 ketones 

by means of PPA and related catalysts such as phos- 

phoric and formic acid mixtures. to give cyclopentenone 

derivatives have been reported by several groups of 
workcrs.2 Braude and COICS~~ formulated a mechanism 

for these reactions in which the PPA behaved as a 
protonating agent towards 

atom in the first step: 

the unsaturated o-carbon 

Dev’ extended the scope and utility of the reaction 

such that, in a one-pot synthesis, PPA was caused to 

catalyse both intermolecular acylation of cyclohexene by 
various a&unsaturated acids and the cyclisation of the 
resulting a&unsaturated ketones to form derivatives of 

tctrahydroindan-l-one. For instance crotonic acid and 

cyclohexene gave a 56% yield of 3 - methyl - 45.6.7 - 
tetrahydroindan - I - one. I: 

Cyclopentene reacted similarly. In these reactions Dev 
tacitly assumed that the overall process was one of 
intermbkcular acylation followed by intramolecular alk- 
ylation. However, an alternative process is one of in- 
termolecular alkylation followed by intramolecular acyl- 
ation and this cannot be overlooked. In the aforemen- 

tioned experiment the product is the same and hence the 

pathways indistinguishabk by product analysis: 

Another possibility is that the reaction is a concerted 

cycloaddition but the extreme polarity of the reagents 
renders this less likely. Dev pointed out that in cy- 

clisations of divinyl ketones, the far more basic carbonyl 

oxygen atom is likely to be protonated in PPA and the 

mechanism (slightly modified) was formulated: 

It was also stated that free phosphorus pentoxide, 
believed to be contained in PPA. could be envisaged as 

the active cyclising agent presumably by behaving as a 

Lewis acid towards the carbonyl 0 atom. 
Conia and Leriverend reported extensive studies of 

the cyclisation of a&unsaturated esters in PPA to 

derivatives of cyclopentcnone.’ These reactions were 
remarkabk because the alcohol-derived alkyl chain mi- 

grated, sometimes with rearrangement. to the carbonyl C 
atom prior to cyclisation. Loss of water lead to a divinyl 
ketone which then cyclised normally (Scheme Il. They 
first proposed that a molecule of PPA behaves in the 
Lewis sense and forms a compkx with the carbonyl 0 
atom which persists until it is hydrolysed during workup. 

All the above reactions were those where both j&C 
atoms forming the new covalent bond were oletinic. 
Shorter, Williams and Johnson’ described a short series 
of PPAcatalysed uosaturated ketone cyclialkylations in 
which one of the &3-C atoms was aromatic. However. all 
the aryl groups were polynuclear and their studies were 
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concerned with the competition between S-ring and & 0 
ring ketone formation. To our knowledge there is one 
record in ti literature of the use of PPA IO cafalyse the 
cyclialkylation of an unsaturated ketone at a phenyl &c 
atom and that is the conversion of I-bcn- 
zoylcyclohexene. 2. IO 12.3,4,4a,9a - hexahydrofluoren - 
9 - one, 3. in a 65% yield.’ 2 3 

Table I. Reactions of o&unsaturated ketones in PPA at 136” for 0 
(il Derivatives of I.Miphenylpropcn-l.one (chakoms) 

hr 

Products, yield 4E anal. of new compound or lit. m.p. 
Substituents (ind = in&n-I-one) m.p. C H X MW 

(RaGI 
- 

3’methyl 

K-methyl 

3’chloro 

Qmcthyl 

4-chloro 

3.bromo 

4-bromo 

l-chloro 

Z’.l’dimethyl 

Y.Ydimethyl 
3’.5’drmcthyl 

Bphnyl 
@methyl 

3-phenylind. 3 1-w 
&methyl-3-phenylind. 3i 
4methyl-3phcnylind. ti 

S-methyl-3-phcnylind. 65’ 

bchloro-3.phenylind. s” 
4-chlor*3-phcnylind. 3’ 

startmg compoumi. 8 
3-@tolylhnd. I? 

~tig~pi.20 

5.chJoro-Fpbenylind. W 
p-chlorcbcnzolc acid. 26 

3-tm-bromophcnyl)ind. Ii* 
3_(m-bromophcnyl)-l-phcnyl- 

propan I one. f 

3-@-bromophenylJtnd. IO 
3-@bromophcnylJ-l-phcnyl- 

propan-l-one. 35’ 

bcluotc acid, 6 
3-tp-chlorophcnylJind. 23’ 
bcnzoic acid, 7 

startmg cpd.. IO 
5.7dimcthyL3phcnylind. 73 

starting cpd.. 2 
4.7~dirncthyl-3-phenylind. 87 
4.6dimethyh3~phcnylind. 67 

DO reaction 

78” lit.’ 78 
92-3 lit.’ 93-l 
62-t” 86.a 6.30 - 
u9-90” 85.90 6.30 - 

p4’ - - 14.90 
oil b.p. l4&159’0”!0.5 mm. new cpd. 

82” 86.30 6.15 - 

l27% 73.80 4.95 13.50 
242” 

I l&T 62.90 3.60 28.20 

82-3” 62.40 4.5s 28.00 
59-&J+ lit.” 61” 

69-Y ht.” 6Y 

7F 74.00 4.95 14.60 

IO&P lit” 101’ 

91-r lit.” 9&Y 
767’ lit0 n.s= 

208 
Is6 

252 

212 

I91 

2% 

245 

3-methyl-?.phenylind. otl bp. 15&l64Vl mm. lit.” l97-9”/16mm 
starting cpd.. combined yield. 32 oil. forms inseparable mixture 

(ii) Dcrivatrves of I-phcnyllnrt-2tnc-lone (crotonophenones) 

Imu 3-methylind. 48 oil b.p. IOO-I IV13 mm. lit.” I@!%-I lOY4 mm 
hutgrophenonc. 3 oil Identihcd by IR spectrum 

pmcthyl 3.5.dimcthylind. 62’ oil b.p. 8MVO.3 mm, lit.” II)-Y/3 mm 
pmethylhutyrophcrmnc, I Oil ldentitkd by IR spectrum 
starting cpd.. 2 

o-methyl 3.7dimcthylind. 24’ oil b.p. 7ST10.3 mm. C. 82.65; H. 7.4% 

&methyl 3.3dimcthylind. 65 oil b.p. 69-78VO.4 mm. lit.‘* 1 IS-70118 mm 

pmcthony S-methoxy~3methylind. 45 .%I’ lit.“ s&l’ 

‘Mixed m.p. with authentic compound undcpresscd. 
‘Assigned by diHerencc and by IR spectrum: K-0). 17l?cm- (S-ring ketone); Y (3 adj. arom. H). 804cm ‘. 

Rccrystahiscd from ethanol/water and is the more solubk isomer. 
’ Needles (mrthanol). Chromic acid pve 2bcnzoyl4mcthylknzoic acid m.p. 1474’ (lit.” ISelsCrJ. 
‘Fibrous needles (light pctrokum). JR spectrum: vtC=OJ. I722cm ’ Gnng ketone). Y (2adj. arom. H). 

828 cm-‘; Y (isolated arom. H). 9Mcm ‘. 
‘Insutiicicnt for analysis. JR spectrum: vtC-0). 1722 cm’ ’ (S-ring ketone); Y (3 ad]. arom. H). 806 cm ‘. 
‘Rccrystallised from methanol. IR spectrum. v(C430). 1713cm ’ (S-ring ketone). Chromic acid gave c+tp 

toluyl)bcnzoic acid m.p. and mixed m.p. 13%9. 
‘Needles (cyclohcxanc). Chromrc acrd gave !.bcnroyl-dchloroberic acid m.p. 181’ (lit.‘* 180.5). 
*Prisms (cycl&exanc). Chromic acid gave ohm-hn,moh~nsly/)brn.-olr urid m.p. 167’ (mcthanoliwaterj 

(Found: Br. 27.00%; M. 267. C,,H&~I rcqwcs: Ltr. 26.25%; M, 305). This was aJmost certainly the unpure 
uncharacteriscd did m.p. 1%’ obtained by the brommation of vbcnzoylbentic acid.” 

‘Inscparabk mixture (fractkmal distihation and prep. scak gk). Detected by IK spectroscopy whrh mdicated 
an approx. cquimdar mixture. 

‘LCDNP derivative m.p. 22&J’ (lit.“ 2267). 
‘?A-DNP dericarice m.p. 2.KM.5”. red (ethanol). (Found: N. 16.3% C,-H,&0, requires: N. 16.45%). 
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The experiments described in this publication show 
that this reaction is a general one for the formation of 
indan-lone derivatives and. ahhough other catalysts 
have been used for this purpose, PPA has the consider- 
abk advantage of not causing unwanted isomerisations 
such as nuclear Me’ or Br’ migration which has been 
observed wrth aluminium chloride. Furthermore, some 
cyclisations have been successful where other catalysts 
have failed. AU the reactions studied were of the type: 

~~c-R~~o 

R’ 

and are summa&d in Table I. Two new side reactions 
were observed: these were hydrogenation of the doubk 
bond in the starting compound by an unknown source 
and u-CO cleavage to form an aromatic acid. Both of 
these reactions were evident with nuckarly halogenated 
ketones (Tabk I). In some experiments the formation of 
water-soluble pyrylium salts was observed and this will 
form the subject of a future report. After separation. ah 
the cyclic ketones were readily recognised by their 
characteristif carbonyl absorption in the infrared at 
1710-22 cm and absorptions due to aromatic sub 
stitution patterns proved extremely useful. 

The following are supplementary observations to those 
recorded in Table I. 

Chulcone. Several runs were conducted on this ketone 
to establish the approximate optimum conditions. The 
highest yield of 3-phenylindan-lone was 50% obtained 
by heating 0.01 mole of chakone in SOcm’ of PPA at 
136’ for 0.5 hr. The same conditions were then employed 
in all the other experiments. Bruce, Sortie and Thom- 
pson*’ reported that a 60% yield of 3-phenylindan-l-one 
was obtained by heating chakone with a molten mixture 
of aluminium chloride and sodium chloride at 180”. AJ- 
though this experiment was repeated several times. a 
yield of no more than 20% was obtained in this labora- 
tory. 

3’-Merhylchalcone. Both ortho and para cyclisation 
occurred. The isomeric indan-l-ones were separated by 
fractional crystallisation from ethanol/water in which the 
&methyl isomer is less soluble and, in a second cx- 
periment, by preparative scale GLC. 

4’.Merhglchalcone. This gave a 65% yield of S-mcthyl- 
3-phcnylindan-I-one whereas the sodium chloride/aJu- 
minium chloride method gave only 20%. 

3’-Chlorocholcone. The isomeric i&n-l-ones obtained 
and some starring compound were readily separated by 
preparative scale GLC. 

CMethplchdcone. This cyclised with difficulty and a 
considerable quantity of a yellow water-soluble pyrylium 
derivative was formed. 

4’.Chlorochalcone. Cleavage to p-chlorobenzoic acid 
compctcd seriously with cyclisation. 

4-Rmmocholcone. This cyclised normally without any 
sign of bromine migration. The sodium chlorideMu- 
minium chloride method gave a mixture of 3-(m-bromo- 
phenyl)indan-l-one with very little of the p-bromo 
isomer. The m.p. of this mixture was about 110”. The 
table shows that two side reactions were evident in the 
PPA-catalyscd reaction. 

3-Rromocholcone. This also cyclised without bromine 
migration but a hydrogenation product. 3-(m-bromo- 

phenyl)-I-phcnylpropan-l-one. accompanied the main 
product. An authentic specimen of this new compound 
was prepared by hydrogenating 3-bromochalcone over 
Raney nickel. The source of hydrogen in the PPA- 
catalysed reaction has not been identified. In Part V we 
reported a PPA-catalysed dehydrogenation.’ 

CChlorochdcone. This ketone was partly cleaved to 
benzoic acid but a 23% yield of 3-fpchlorophenyl-indan- 
l-one was obtained. The latter was a new compound and 
its identity was checked by the method of mixed melting 
points with an authentic specimen prepared by a diff- 
erent method (Experimental). 

Dimefhylchalcones. The three isomers (Table I) 
cyclised normally in good yields. Auwers and Risse were 
unable to cyclise 2’,4’-dimethylchalcone by treatment 
with aluminium chloride in carbon disulphide or by the 
sodium chloride/aJuminium chloride method but prc- 
pared the expected indan-l-one by intramolecular acy- 
lation.” 

Croronophenone and p-merhylcroronophenone gave 
the expected indan-l-ones but hydrogenation was a 
minor side reaction. 

o-Mefhylcrofonophenone. This formed 3,7dimethy- 
m&n-I-one. Chio Jen er Q/.** claimed it was formed by 
the PPA-catalysed action of crotonic acid on toluenc. 
This structure was corrected to 3,5dimethylindan- lone 
by Kemp and Spanswick” who reratcd the previous 
workers’ experiment. Tada er al. prepared (SJ-3.7- 
dimcthylindan-l-one by the degradation of a natural 
product. The structure appears to have been proved 
beyond doubt by NMR evidence but no elemental 
analysis was given. Thus. our unambiguous synthesis 
constitutes the first method by means of which the 
racemic compound has been obtained. 

p-Mefhoxycroronophenone. A 45% yield of 5-me- 
thoxy-3-methylindan-l-one was obtained. De? in- 
directly reported that cyclisation did not occur in PPA, 
since when anisole was treated with crotonic acid in 
PPA. pmethoxycrotonophenone (80%) was the sole 
product. 

It is pertinent to recall Conia and Lerivercnd’s pro- 
posed mechanism for PPA-catalysed reactions of a,/.+- 
unsaturated esters’ before discussing that of a$-un- 
saturated ketones. This was formulated as a process 
occurring in two stages each consisting of a number of 
smaller steps (Scheme I). In the first stage the ester 
complex. 4. underwent alkyl oxygen fission in the highly 
polar medium to form the charged mixed anhydride. 5. 
together with a carbonium ion which may rcarrangc. 
Next the latter nuclcophihcahy attacked the carbonyl 
carbon atom by a complex mechanism to give the 
species, 6. which dehydrated to the ketone complex, 7. In 
the second stage this complex cyclised accompanied by 
a double-bond shift and gave, after hydrolysis accom- 
plished during work-up. the cyclopcntcnone. 8. 

In the present case of alkenyl aryl ketones the mc- 
chanism proposed corresponds closely IO Conia and 
Lerivcrend’s second stage. This is shown in Scheme 2 
and differs only in so far as aromatic substitution is 
depicted instead of vinylic substitution. However. it can 
equally be used to explain Braude and Coles’s cyclisation 
of divinyl ketones..“’ The step common to all these 
reactions is essentially the clectrocyclisation of a pen- 
tadienyl cation, a conrotatory process. In the present 
example the first postcyclisation species is a Wheland 
complex with the IWO protons at the ends of the newly 
formed bond probably existing in a trans configuration. 
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2nd stage 

7 8 

(9 represents a mokcuk of compkxcd PPA). 

Scheme 1. Cyclisation of a$-unsaturated esters (afler Conia ami Lcriverend> 

Scheme 2. Cyclisation of alkenyl aryl ketones in PPA 

With regard IO the role of PPA as a catalyst we recognise 
that proton and Lewis acid behaviour arc competing 
processes. Kurzanov et (11. showed that when vinyl ally1 
ketones are cyclised in deuterated PPA, deuterium is 
incorporated at C-3 in the ally1 ~hain.~ Although this 
shows that PPA is a good protonating agent, the situation 
is somewhat different here since the ally1 double bond is 
not conjugated and therefore not deactivated by the CO 
group. 

-AL 

GLC was ctlcc~cd on a Wilkins Aerograph Autoprep 705 

instrument fitted with a 30~ 318in. column packed with 
chromosorb W silicone gum SE 30 and used at 25&3OU’ for 
quantitative analyses and for Ibe preparation of specimens. The 
follow@ fechniquc for monitoring and rapidly identifying sub 
stances a rbcy were clutcd from the column was developed. A 

warmed rock sah plate was placed directly in the stream of hot 
gas emerging from the column. This produced an even coaring of 
cluenr on UIC plate and remained liquid in most cases for a melt 
IR spectrum to be dcterminod. A series of such plates were 
prepared so lhar mh component of a mixture could be im- 
pingemcnIcoaIcd separately. 

Prcpararion oj unsarurartd kcrones. These were prepared by 
Claiscn-Sctunidt reactions. except of lhox described bcbw. and 
had physical properties in accord with those described in the 
literature. 

f%Phenykhakoac was available from previous work.& 
oMethykrotonoghcmmc was prcparcd as follows. oBromo- 

tolwoc (34.2 g. 0.2 mol) was umvertcd into the Gtignard reagent 
by treating it in e&r wilh Mg (4.86 8.0.2 mol). Dry CdCll (18.3 g. 
0.1 mol) was added portionwise until Ihe soln no longer gave a 
positive I~SI with Michkr’s ketone. TIK e&r was evaporared in 
Na and benzene (25cm’) was added. To this a soln of crotonyl 
chloride (20.9 g, 0.2 mol) in bcnztne (25 cm’) was added drop 
wise. The soln was heated w&r r&x for I hr and then left 

overnight. II was poured in10 icedil. HCl mixture. and Ihe 
organic layer was scparatcd. washed with water. dried (M&XL) 
and distilkd in taco. The fracti b.p. Il&IW/3.Omm (2.5 g. 
8%) was usal in the cyclisation experiments. II appeared IO 

u~tain a small amwn~ of ethyl crtionate which. however. was 
no01 cxpcc~cd IO interfere. A small sampk was oxidiscd with 50% 
HNO, aq which aflorded ~~duic acid q .p. and mlxed m.p. IOP. 

Crotonophenonc. pmethykrotonophcn and @methyl- 
crotonophenonc were prepared by s&d FtiedelXrafts reac- 
tions between UK appropriate acid chlorides and aromauc 

hydrocarbms. 

gMethoxycroronophenoa was prepared by Ihe method of 
DcV.2’ 

PPA-cafalyscd cyclisarionr. PPA (SOcm’) was heated in a 
vapour bath at IM’ (ethylbenztne) and tie ketone (0.01 mol) was 
stirred in until the mixture appeared homogenour. Heaping was 

continued witlmut stirriq~ for a fur&r 0.5 hr. ‘Ihe products were 
poured in10 ice-water and IIK mixture was extr~tcd with ether. 
The largely lluoresccn~ aqueous layers were re)ecrcd bur the 
&CT extracts were washed with several portions of water. In 
some runs the ether layer was gven a prior wash WIIII dilute 
alkali IO CXVICI organic acids which were recovered by aci- 
dificamn. After dry& (M&O,) the solvent was removed and 
0~ residue distilled in cacao. Where organic a&s had not been 

previously removed lhcy appeared. when present. as sublimates 
in the condenser a1 this stage. AfIcr tic removal of any crysd- 
line material for wpara~e examination, the oily distillates were 

separated into their components by means of preparative scale 
GLC. .&lids thus obt&cd were further purifKd by recrystal- 

lisalion from an appropriate s&cat (Tabk IL 

Cyclisarionr in o mixiun of sodiwn chloride and alumtnrnm 

chloride 
Gcntral dinaionr. Mess otherwise stated &se were pcr- 

formed by UK method described by Bruce et al.” A mixIure of 
AKI, (log) amJ NaCl (2g) was healed to lw. The unsaturated 
ketone (2 g) was stirred into the melt at such a rate 1ha1 lc heat 
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of the rear&n raised Lhe Iemp. ho 180”. This ump. was held for a 

further 2min. After pouring iced& HCl the products were 
worked up in the usual way and separated from tar by dislillatioa 

in cacao. 

CBromochakonr. The pale yellow disIillaIe. b.p. 160”/1.5 mm, 

(0.9 k, crystalUsed on Irituralion. This was shown IO be a mixIure 
conlaining mainly 3 - (m . bromophenyl)indan . I - one and a 
Ii& 3 . (p - bromophenylfindan - I . one by comparison of its IR 
spccrrum with Ihe spectra of the pure components prepared by 
the PPA m&& Repealed recryslallisation gave mixed cryslals 
of consIan m.p. 107-P (ethanol/waIer). The combined yield was 
45%. 

3-Bromochalronr. The fracrion b.p. 12@/0.Smm solid&d IO 

needles of 3 . (m . bromophenyl)mdan - I - one m.p. and mixed 
m.p. I Ibf (cyclopcxanc/lighl pcIrokum) (0. I g. 5%). 

CChlomcholconr. CmdhpLhafconr. 3.mnhoxycholcoru and 

Cnilnx-halconr. No crysrallinc products were obraincd from 
Ihcsc reactions. ‘Ihe products were largely m boding ears. 

4-Niuochalconc gave a mass of expanded charcoal. The cx- 
pcrimcn1 with QmcIhykhakonc war repealed at a lower Iemp. 
(I I@) a11hou1 success. 

Chulconr. This reacIion was conducted under a variety of 
condirions including &XC used by Bru-cc (f a/. bu1 in no case did 
rhc yvld of 3 phenylindan . I . one approach the m yield 

reported by these workers.” Thc following procedure gave Ihc 
highest yield. An mtmaIe mixIurc of NaCl and AlClr (in the ralio 

l!Sw/w) was prepared by gcnlly fusing and Ihen allowing 

IO solidify. The powdered caIalys1 (24 g) was mixed with chal- 

cone (3 g, 0.014 mol) and Ihe Iemp. ratsed IO 136’ by means of an 
external vapour baIh (cthylbcnztne) and was held for IOmtn. 

AfIcr workmg up. the products were distilkd and IJK fracticm 
b.p. IS&m/Z mm (0.6g. 20%) formed a solid which on rccry- 
slalltsation was shown lo bc mainly 3 phenylindan - I . one m.p. 
and mixed m.p. 773 (EtOH). An IR spectrum of rhe mother 

liquors revealed the presence of a1 k=I three other carbonyl 
conldining compounds. 

I’-McIhylchafconr. The pale yellow fraclion b.p. IS& 

200?0.7 mm was IrrIuraIed with MeOH and gave 5 n&y1 . 3 - 
phcnylicdan . I . one m.p. and mrxcd m.p. 89-w (M&H). (0.4 g, 
20%). 

Hejerfnce compounds 

3 . @ - Chloruphmyl)indan I . one. This was prepared from 
~3 (p - chlorophcnyl) fi phcnylhydracrylic acid, tisclf pre- 
pared by a ReformaIsh rcacmn in a manner analogous IO that 
described” ar follows. The acid (2 g. 0.0072 mol) was stied with 

H:SO, for 0.5 hr and then poured into ice-waler and ex~ractcd 
wiIh ether. The clher layer was washed wilh several po&ns of 
NalCO, aq and lhcn lhc solvent was evaporated. The residue 
ylb( cryslallised from EIOH by dissolving a1 a Iemp. of no more 

Ihan w and then chilling IO -Iv. This gave yellow needles of 3 . 
(p ~hlorophen~llind-I-onr m.p. 143X (darkens). II was decom- 

posed in boiling alcti bur was sIablc m hor AcOH and gave a 
deep green sdn in HISO,. v(CQ. 1718cm-’ (S-ring kcIooe). 
(Found: C. 74.65; H. 4.10; Cl, 14.70; MW. 220. ?,,H,CIO 
requrres: C. 74.85: H. 3.75; Cl. 14.75%; MW. 240.5). The ox& 
for&d lemon-yellow crystals m.p. IucQ(p and gave.a red soln in 
H,SO,. (Found: hi. 6.10; MW. 248. C,,H&lNO requires: N, 

5.50%; MW. 2SS.S). The chloro derivatlvc was obtained by fun 
decolourising a soln of the indone in CCL by a s~rcam of Cl:. 

evaporaring the solven1 and the dehydrochbr&ing ~hc residue 

by bollmn with ErOHIAcOH. The cooled soln deposited oranne- 
y&low I&es of 2 - rh/om 3 (p chloroph&)ind - I - one 
m.p. 17” (EIOHIAcOH). v(C=O). 1733cm ’ (a-ha&no S-nng 
kclonc). (Found: C. 64.85; H. 3.10; Cl. 24.f~Q%; MW. 243. 
C,,HrCIP rcqmres: C. 65.45; H. 2.90; Cl, 2S.m; MW. 275). 
Hydrogenation of the parent indone over Raney nickel a1 at- 
mospheric pressure gave the required 3 @ - chlorophenyl)ir&n 
. I one m.p. 7k. 

When the above procedure was applied lo Ibc formation of Lhe 

bromo analoguc 0~ following were ob~aincd. 3 - @ - brumo- 

pJunyl)ind - I - one m.p. IS&l’ @kc). yellow needles (cyclo- 

hcxane) which formed a green soln in Hm,. v(C=O). 172Ocm-’ 

(S-ring kerooe). (Found: C. 63.15: H. 3.25; Br. 28.65; MW. 269. 

CI,HIIRrO requires: C. 63.15; H. 3.15; Br. 28.05%; MW. 285). 
The oxime formed greenish yellow fibrcs (cyclohexane) and had 
m.p. lw (Found: N. 4.5096; .MW. 294. C,,H,,,ErNO requires: 

N. 4.65%; MW. 300). Brominatindehydrobromination gave 2 - 
bromo - 3 . @ - bromophmyl)ind I one m.p. IEL!? as 
golden-yellow ncedks (EIOHICHCJ,). v(C-0). 1733cm ’ (a- 
halogeno S-ring kerone) (Found: C. 50.10: H. 2.20; Br. 44.70; 
MW. 2%. C&B& requires: C. 49.45; H. 2.20; Br. 43.65%; 

MW. M4). Chromic acid oxidation of this drbromide gave p 

bromcbcnzoic acid m.p. 2ST. The oxirne formed a lcmonycll~w 
crystalline powder m.p. 252-? fdec) (EIOHICHCI,~. (Found: N. 
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