
AlUrni~Urn ~~e~~y~d reactions of cirmamoyf 
chloride with benzene were discussed in Part XII.’ This 
communkat~n contains studies of reactlanr of the acid 
chloride with bromu-, fluoro- and chforo-bcnzencs. In 
vicrw of the interest in cinnamoyl chloride as both a~ 
acyiating and afkylating specks. it is surprising that 110 
previous reports hnvc been written on its khaviour with 
ffuoro- or chkrro-bcntenes~ Very little is known about 
reactions which occur with brom~~~ne* 

Kohkr et &. reported that reactions between 
cinuamoyS chkrride, bromoberzene and aluminium 
chloride in carbon disulphidc gave up to 25% of d’* 
bro~~c~~ la, and w)-35% of an isomer, m.p. 60-l”, 
which they formulated as ~-~o~3-p~uy~i~~-}~e~ 
2,’ Later, A&n and Gates reported that they were u&h? 
to obtain the cyclic kttom in this ember but, neverthe- 
less, comcti its structure to 3~-bro~~heny~~~. 
i-one, k.’ A specimen of this compound. m.p. SQ”, 
which oxidised to the known 2-@-bromobcozoyllbcnzoic 
acid, Ir, thereby fixing the position of the Br atom, was 
obtained by means of a separate, eluminimn chioride- 
catalysed cycfisatioa of 3 - (p + brem~henyl~ - 3 - 
~~~yf~r~~ny~ c&ride, 5r, which they had iidated 
from the products of the ~~erncN~n~ reaction as a 
free carboxylic acid (Scheme ff. 

“&e position of the Br atom in the indan-l-one is of 
crucial importance in esteblirhii whether primary acyle 
ation or the alternative. primary alkylafion, is the process 
responsible for the ~~~~~ of the intermdiate which 
subxquer&y cycli~s. 5 - Bromo - 3 - phenyfindau - f - 
one, 2. w&l a&t by ~~~f~ky&~~n of I’-bromoch*t- 
cone, fa. the primary ocyiation product, whereas 3 - tp _ 
bromophenyl}in~ - 1 - one. h, would k farnd by the 
cycliacy&tion at the undcactivated nucleus of 3 - @ * 
bro~p~nyl) - 3 . phenytpropionyi chloride. Sm. the 
primary atkylation prodtrcl. 

We now report that although ordy 5% of 4’.bromo- 
chakone, Ir, was i&Fed after cinnamoyf chloride and 
brom&nu;m had been heated with a sina excess of 
~~~~~ chloride in carbon d~s~l~~~e, an experiment 
in which the acid chloride was heated a! 95’ with large 
rxccsscs of both catalyst aud bromobcnzenc but without 
diluent gave a substance of constant map. 108”. shown to 
be mixed crystals of 3 - tj~ - br~h~~y~~~~ - 1- oltt, 
3r, and 3 - (m - brom~~nyi~~ - 1 - ose, 3&, fE%t 
The fo~at~u of the mere isontcr by a p&-Cl -*me& 
bromine shift is in accord with the known isomerisatiuns 
of o-, m- and ~-bFomo~f~nes to identical tqu~~b~urn 
mixtures with a preponderance of tk mcru isomer.’ at 
Vaiais cr of. have shown also that par0 -, m~fa bromine 
shifts occur as a result of an intramolecular mechanism 
but that puta +~&9 shifts arc interrn~c~.~ Ih! 
probabk reason then that the ortho isomer was missing 
from the aforemeu~~~d reaction products was that any 
bromine migrating intcrrnokcubrfy would be trapped out 
by the sotvcnt. Indeed. there was isolated in the same 
experiment some piiibromobcnxene the formation of 
which may be accounted for pa&y by this process and 
the r~rn~~~r by the Dumreicher djs~ro~~~~~~ of 
brom~n~e~ which gives atso benzene. 

It became evident during the performance of these 
experiments th& good rcp~~~~~y was di~c~t to 
attain find that some other compounds were formed 
which were not easily separated by the usual organic 
teckuiques. Qkh and OM impraved the r~r~~~~t~ 
in some otherwise uurefated Fricd&-Oafts nfkylations 
by the addition of smaff, measured amounts of water in 
order to swamp variabk traces of co-catalytic water af- 
ready present in the rcactnnts.’ We attempted to solve 
both probkms in some later experiments by strict ad- 
hereace to a procedure for producing homogeneous 
reaction co~~tious and by utjfjsiu~ preparative scale 
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GLC for product analysis. In such experiments exactly 
one molecufar protein of the catalyst was mcchani- 
tally shaken with a solution of the acid chloride in a 
large excess of halogcnobcnzcne 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 product-s afforded 4’-bromo- 
chalconc fS.S%I, it, 3 - @ - bro~phcnyl~~ndan - t - one 
@.tc7r), 3a. and 3 - im - bromophenyi)indan - i * one 
f3.498. sb. the formation of which compounds has been 
discussed above but in addition there was obtained 3. 
phenytindan~i-onc (5.2%). 3~. chatcone (1.2%). Ib. and 
~-bromo~Etophenone (ZQ%) as well as recovered 
cinnamic acid f29%). The two bromine-free ketones may 
have arisen by the loss of bromine to the subsIrate which 
is probably the case with 3-phcnylindan-l-one and/or by 
the reaction of ~inn~oyl chloride with benzene, the 
afor~mentioncd disproportionation product. T?X second 
of these aitemadves seems more fikcly to account for the 
formation of chalcone. 

The major and perhaps the most interesting reaction 
was the formation of p-bromoacetophcnonc which could 
have arisen only in the manner which we have described 
in a previous communication and that is by the alue 
minium chlo~d~~atalys~d up-krtonic cleavage of a &/3- 
diaryipropionphenonc’ which in this cast would be Ott 
unisolated 1.3 - bis - (F - bromophcnyl) - 3 - phcnyl- 
ptopan - I - ORC, +%a, the product formed by both acyl- 
ation and alkylation of two mokcuks of brom~n~en~ 
lsec below for the successful isolation of the chloro 
analogucf. fn two suppkmentary cxpcrimcnts, it was 
shown that the closely related 13.3~triphcnylpropan-1~ 
one. 7, was cleaved in benzene but not at all in carbon 
disufphidt by heating under reflux for 4 hr and gave in 
the case of benzene, acetophcnonc I31551 and products 

characteristically arising from the diphtnylmtthyl cation 
(3FZi namtty diph~nylmet~ne. t~p~nyimct~e and 
t~p~ny~ea~inol 6chtme 2). Tht necessary aromatic 
environment for cleavage to oceut in the above expcri- 
ment is evidently provided by the excess of bromobcn- 
zenc. 

? 

It is clear from the previous work of Shotter and 
Johnston’ that f $ - bis - @ - bromoph~nyl~ - 3 - phenyt- 
propan - 1 - one, 6a. must be formed by primary acyl- 
ation followed by alkylation. If alkylation had occurred 
first, the product, a 3,3~~~~o~jonyl chtoridc is expcc- 
ted to cyclise so readily ‘that no intermolecular acylation 
can take place. It was shown that 3~diphenylpr~~nyl 
chloride does not asylatt even toluencP which is conri- 
dered to be more reactive towards ekctrophiiic substitu- 
tion fhan bromo~n~~ne. 

Analysis by means of GLC enabled 75% of the 
cinnamoyl chloride to be accounted for this probably 
cannot be improved much since most of the remainder 
formed an intmctabk tar. However, it is considered high 
enough for placing some confidence in estimating the 
ratio of yiefds of products formed by primary acylation 
and by primary alkyIation (the f/ii ratioi. In the present 
case, c/i. expressed in actual percentages, is XVI 1.6. 
This vatuc is obtained by placing the yield of the ketone, 
68. in the numerator only and by ignoring the yields of 
the bromine-free ketones. 

Tbc reaction of cinnamoyl chloride with ~uoro~n~~n~ 
in tbc presence of a smafl excess of aiuminium chloride 
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under refluxing carbon disulphide was found to give a 
trace or 3 - @ - fIuorophcnylNtdan - I - one, &I. By 
omitting the carbon dbulphidc and using. as a rolvet~!, an 
excess of reffuxing Ruorobcntene there was obtained 
after 2 hr, 3 - @ - fl~~henyI)in~n - I - ant. 3d. (33%). 
I.3 - bis - @ - Ruorophenyl) - 3 - phenylpropan - 1 - one, 
(b, (34%) and 3 - @ - fluorophenyl) - 3 - phenylpropionic 
acid, sb. (11%:). probably contaminated with 3.3 - bis - @ 
- fl~ro~hcnyl)pr~ionic acid formed by 8-aryl ex- 
change.’ The yield of hydrogen chloride was found to 
be 8S%. Under the same conditions. benzene gave less 
cyclic ketone, 3-phcnylindan-l-one (8%), less primary 
aikylation product. 3.3~iphenylpropion~ acid (5%) but 
more product formed by primary acylation followed by 
alkylation. 1.3.3 - triphenylpropan - 1 - one, 7. (77951.’ 
Fluorobenzene is the most reactive of the mono- 
halogcnobcnzencs towards Fried&Crafts acetylation” 
and bcnzoylation.” Although ffuorobcnzene compared 
with benzene shows a greater tendency to be alkylated 
and a lesser tendency IO be acyiatcd in the reactions 
under discussion. it is ckar that the bchaviour 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’-t?uorochaJcone (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 chalcont (70%) and cinnamic acid (Id%).’ Apart 
from dcmonstratin~ that homogeneous conditions favour 
acylation. these reactions attain cmphasisc the similarity 
of the two aromatic substrates. The clli ratio is thus 
tXi&vcry close to that found for benzene, 7010 where 
the zeros in the denominators signify that no more than a 
trace of primary alkylation occurred. 

fn order to complete our investigations. the bchaviour 
of chlorobcnzcne was studied. When equimolar propor- 
tions of cinnamoyl chloride and chlorobcnrene were 
heated for 4 hr with a slight cxccss of aluminium chloride 
in boiling carbon disulphide of sufficient volume to pro- 
vide a 5-fold dilution. there was obtained a 36% yield of 
3 . @ . chlorophenyl)indan . 1 - one. 3~. but there was a 
quantitative yield of hydrogen chloride. in another 
experiment the carbon disutphide was omitted and an 
excess of chlorobcnzenc was used as solvent which was 
heated at 90” for 2 hr. Besides hydrogen chloride (67%) 
and cinnamic acid (14%). there was obtained a viscous 
oil which could no: 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 facuo and this afforded 2 - bromo - 
3 - (p - chlorophcnyi~ind - 1 - one, 8, (16%) and hydrogen 
bromide. The a-bromo-indonc is much more stable than 
a-halogen-free indones some of which decompose in 

boihng ethanol. and it is crystal&cd with exceptional 
case. It is formed by the bromination-dchydrobrommation 
of 3 - @ - chl~~~hcnyl)i~an - I - one (Scheme 3) in the 
known manner. However, neither of these Fricdcl- 
Crafts experiments was particularly informative except 
that primary alkylation seemed 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 6 hr and the products 
analyscd by means of GLC there was obtained the 
primary alkylation products 3 - @ - chlorophcnyl)indan - 
1 - one, 3~. (26%). and 3 - @ - chiorophenyl) - 3 - 
p~nylpropion~ acid, k, (27%), and the primary a~yl- 
ation products a’-chlorochalconc, Id, (5%), and 1.3 - bis - 
(p _ chlorophenyl) - 3 - phenylpropan - I - one. 6~. (5%). 
Cinnamic acid was shown to be absent. The c/k ratio for 
chlorobcnzcne is thus IO/53 and is. unhke the other 
halogencbenzenes. very much in favour of primary alk- 
ylation compared with primary acylation. 

in a supplementary experiment, tb reaction was 
conducted under the homogeneous conditions with the 
temperature held at 70” for 6 hr but with the addition of 
an excess of nitrobenzcnc 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 - chlorophcnyl~i~an 
. I - one, k, (15%). 4’-chlorochakonc. td, (691, and 
recovered cinnamic acid (37%) and the c/k ratio 6/l 5. 

It is concluded from the above experimentation that 
the order of diminishing c/k values for the halogcnobcn- 
zenes under homogeneous conditions is benzene > 
tluorobcnzenc > bromobcnztne > chlorobcnzent which 
is the same as the order of diminjshing activity in 
Fricdtl-Crafts bcnzoylations.” Stated in another way, 
alkylation by cinnamoyl chtoride is of more account than 
acylation with the less active haiogenobcntcnes. 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 
nuckarly substituted cinnamoyl chlorides. 

Synthesis and idcntificorion of prvduc~s. The structure 
of 1.3 - bis - (p - fluorophenyl) - 3 - phenylpropan - I - one 
was confirmed by a synthesis from fluorobcnzene and 
4’.fluorochalcone in the presence of t. I mole of alu- 
minium chloride and a stream of hydrogen chloride. No 
afkylation occurred without the hydrogen chloride which 
behaves as a co-catalyst. In an attempt to prepare the 
ketone by the alternative route, the alkylation of benzene 
by 4.4’difluorochalconc. there was obtained 1 - (p . 
fluorophcnyl) - 3.3 . diphenylpropan - I . one because of 
the intervention of &aryl exchange”.” and a pure spe- 
cimen of the exchange product was also obtained by the 
alkylation of benzene by r’-fluorochakone. 13 - Bis - (p - 
chioro~cnyl) - 3 - phcnylpropan - I - one was idcnt~~ 
by oxidation to p - chlorobcnzophenone and p-chloro- 
bcnzoic acid. 

S&me 3. BrominatiMldehydrobromiMtion of 3 . tp chlorophtnyttindnn I . one 
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3 - @ - FluoropknyRindan - I - one was prepared by 
tk following independent route: p-lluorobenzopknom 
was converted via a Reformat&ii reaction with ethyl 
bromacetate and zinc into ethyl 3 - @ - Ouoropknyl) - 3 - 
hydroxy - 3 - pknylpropionate which was hydrolysed to 
the acid and then dehydrated to 3+fluoro- 
pknyl)&mamic acid. This was hydrogenated with 
sodium amalgam in aqueous alkali to tk corresponding 
propionic acid which, on conversion to tk acid chloride, 
was cycked by means of ahtminium chloride to tk 
required ketone. Tk propionic acid derivative co&i not 
be prepared in a pure state by the alkylation of fluoro- 
benzene by cinnamic acid. The i&entity of tk ketone 
was furtkr established by its absorption in the IR at 
1709cm-‘, characteristic of a S-ring ketone and by its 
NMR spectrum which gave an AMX pattern for tk 
alicyclic protons. Tk position of the fluorine atom was 
Rxed by oxidation to tk known ofp-lluorokn- 
zoyl)knzoic acid. 4b. which was shown to k identical 
with material prepared by the ~umin~rn chloride- 
catalyxd reaction of fluorobenrcne and phthalic anhy- 
dride. 

An attempt to prepare 3 - @ - ~omo~nyi) - 3 - 
phenylpropionic acid by tk alkylation of bromoknzene 
with cinnamic acid as described by Dippy and Yot~ng’~ 
gave instead 3.3 - his - @ - bromopknyllpropionic acid 
due to &aryl exchange” and tk same pknomenon 
occurred with chloroknzene.* However, tk correct 
monobromo acid was secured by employing Allen and 
Gates’ modification of tk procedure.’ When this was 
converted to tk acid chloride and cyclised with alu- 
minium chloride in tk way described by Alkn and 
Gates’ there was obtained mixed crystals of 3 - (m - 
komopknyl) - and 3 - @ - bromopknyl) - indan - 1 - 
one almost identical in composition to tk aforemtn- 
tioned product from the Fried&Crafts reaction of 
cinnamoyl chloride and bromotxnzcne. We klievt these 
isomerisations which did not occur in tk earlier 
workers’ experiments are due to tk enhanced catalytic 
activity of present day commercial aluminium chloride. 
Pure specimens of 3 - (m - bromopknyll -, 3 - @ - 
bro~phenyl) -. and 3 - @ - chlor~knyl) - indan - 1 - 
ones were therefore syntksiscd by a method shown to 
k free from halogen migration. tk polyphosphoric acid- 
catalysed cycl~kylation of Ibromo-, Cbromo- and 4 
chlorochafconcs respectively.” Ahhough we were unabk 
to repeat Dippy and Young’s aforementioned alkylation 
of chlorobenzene by cinnamic acid due to &aryl ex- 
chan~e,‘” tk reverse synthesis, namely the alkylation of 
benzene by ~~~or~in~ic acid was successful in 
producing 3 - (p - c~~opknyl) - 3 - phenylpropionic 
acid. 

EDEmmurrAL 
fR spectra were tecmicd on a Perkin Elmer 137 lnfracord 

spcctrophotometcr and the NMR spccmun wns measuredinCCL 
wtth TMS u standud on a 22OMt inst~mcnt rt URAEA, 
HanvelJ. England.* Liquid chrcmatqprphy was cooductcd on 
Jumina (Rrockman activity No. 1). GLC was conducted on 
crrher a Pcrkm Elmer Fl I apparatus with a s&one gum rubber 
stationary phase or. for preparative scale work. on a Wilkins 
Aerograph Autoprcp 705 apparatus containing silicone gum SE 
3O. 

Prrparorion and purificofion of rcagtntntr and rrf~rrur 
compounds. Cinnamoyl chloride was purified by rccrystrlliutson 

‘The authors wish to thank the S&W Research Council of 
Great Britain for a grant covering the cost d this spectroscopy. 

from ii&t pctrdeun~ to whi& a few dropr of SOCfr were added. 
Fhmrobcnzeae was washed free of phenol by dilute a&ah bcfoce 
fractional distiflatiw, tbt portion b.p. &.UW be+ cdkctcd. 
The other aromatic substrates were also puriRed by fractional 
di.stiRation. All derivatives of chakonc were prepared by Ctaiscn- 
Schmidt CorlduWMn and had satisfrtory m.pJ. 

3~~~~~yf~n-1~. The literature n&rod wu 
used for the preparation of ethyl 3 - (p - ft~yf) - 3 . 
hydroxy .3 - ptknytpropioarte” whicb~wrc then &It&l u&r 
r&x for 2.f hr with 10% NaOHun to pive, nfter acidi0cation. 3 _ 
@ - ~Tnom@r~~yI) - 3 . h$mxy - j - ~hmyfpmpioaic acid, m.p. 
W-2.5 fdec). (Found: C, 69.0; H. 5.05; F. 7.2%. C,,H,,PO, 
requires: C, 69.25~; H. SOS; F, 7.3%). Thc acid (2.00) was dcby- 
drntal by hentin0 with AC& (1.2 cm’) and fused NaOAc (0.52 OJ 
for 3hr under r&x. The producU were diJuted with water 
f WJcm’l nnd cxtractfd with CtJur. The CtJrKal llycr was tx- 
tmcted with sat Na$XJ,aq (3x 20cm’) and the comb&d 
aqueous layer was acidifmd which pvc a p of 3-@.fhbnr~ 
~nyik~~ acid (0.3 0). mp. 149-w (ht.’ 151-r). This acid 
was reduced by heatiog with sodium nn&m f4~J in 40% 
NnOHaq (SOml) at W until the cvdution of HI ceased. 
Acidifkation of the products, then rccrystdlidon d the ppt 
io.20, tl&ht ptrokumt rdordcd 3 * sp . tIuori+eeyl) * 3 _ 
phcaylpmg&nic acid m.p. I16.52 flit.’ 1183. This aukrid was 
cur&red to be very pure, but 8 Lrpr batch. s4dRckntty pure 
for the next stage, was prrpued by Dippy nerd Your&s method 
by the alkylatioo of flWo&WnewfthfimumKackf’“andhkd 
m.p. 9>W but its IR spectrum was akost identical with thnt of 
tk pure material. Tk rid (I.5 & 0.006 In&l was onlvctted into 
theuidchk&kwithSOCl:andthcuudeproductnistirrtd 
with AK& 11 .O g.O.007 m&f and CSr (2.9 cm f at room temp. for 
I hr and then at reflux tempcntun for 2hr. Ihc products were 
porm?d into icc/HQ and extracted with ether f IOcm’J. The ether 
tnyer was washed with NarCO*q tfmn with water, and dried 
f&SO& Distitlation under redwcd p+usure gave 3 - @ - 
fluorophenyf)indaa . I . OIV (0.63~. 48%). b.p. 22030VOmm. 
m.p. 119W fbcrurnc~t pcbokumf, v,. t-?09cm-( (Go in 
5-r&t ketone). ‘H NMR: r 7.4, tH td of d, H-2); r 6.8. iH td of 

d. H-j ick to H-31); I S.4. IH fd of d, H-3) (AMX system); r 2.2. 
1H frpp d, H-7); I 2.45. 1H & 2.6, 1H (2 rpp ts. H-j 8 6): r 2.7s. 
IH ium d. H-41; t 2.93.1.4H On. D-FC&-f: For AMX svsfem: 

*-8Hx. J -iPHi (Four& C 79-W H 
?&=F. ~.~~~;~~,:~~~s: C, 79.65; H, 4.9O:‘F. &&3k,: 
Oxidation with chromic oxide in AcOH gave o+&roroben- 
z.oyfRxnzoic acid. m.p. 1367.f flit.” 137-7.m UDdepmsed on 
admixture with an autheatic specimen synthesised by ~hc 
Fri&t-Crafts reaction of phthalic anhydrick with tkroroben- 
xen.” 

3 . tp . Rrornophrnnj) a. 3 . @ - cMomrophcny\o - and 3. (m - 
$~rnoph~ny~~ - indan - 1 - OR& These were rvaiiab4c from 
previous work” and were made by rhc PPA-cuaJyscd cyclidk- 
ytation d cbromo-. 4chloro~ and 3-bromothnkws respcc. 
tively. 

I . @ - Fiwmpknj) .3.3 - diphnylppropan . I . oat. Dry HCf 
was passed rnto a mixture of 4’4wrochakooc (0.8~. 
0003S mokt, AtCl, 10.8 8, 0.006 mok) and benzene (25 cm ‘1 l t 
2s”. After I hr the pas~lgc of the gas was stop@ and the 
mixture was heated pendy on a water bnth for 2 hr. After the 
usual trcntmcnt. Cathy d the products pave 4‘.fbmo- 
chdcoae to.023 0) and I - @. juoruplunyi) _ 3.3 - dipknylpmpun 
- 1 . one (0.4 8, 38%). m.p. 1 19-W. Y- 1692 cm-’ faryl nJkyt 
C5). (Found. C, 82.4: H. 5.6; F, 6.4. C:,H,,FO requires: C. 
82.93; H. 5.65; F. 6.25%). 

I,3 - Bts . (p - puoro~myl) . 3 - phea.yfPropan - I - one. Dry 
HCI was passed into a mixture of 4’.tluorochkkonc (2.00, 
OO03mok). AlCt, (1.30, O.Olmok) and tluoro&uene tl0ml) 
heated PI 6&7(P for 2 hr during which time rhc quickly formal 
ppf parsly redissdvcd (In an otherwise identical experiment ~hc 
HCI was omitted and the ppt did not putty redissolve and the 
starting ketw was. recovered almost quantitatively.~ After the 
usual treatment. chromotogrnphy of the products have I’-fhmro- 
chakom (0.72 gi and I .3 --his -- @ - ftu&ophcnyl) - 3 . phcnyl- 

propan 1 f one (0.30, 10%). mp. 08-P tlit.‘o 8017 
tEtOH/watcrL v,, 1686cm ’ (nryl Jkyl C5J fl.33 . 
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m bu I- 1686aa”). (Fouud: c. 78.1% 
idc. for Q,H&O: C. 78.25: H. 4.95: F. _, ._- _ 
wilt& ckromk oxide irl &OH prve~pmwwo- 

bcnzoic rid. 0l.p. 8nd m.aw. tll-T. 

(cl Wtih chfnmhen~nv ma&r ca&m dk*lphkie. The pci;l 
cblof& (10.0& 0360mok~ was ttimd with ctlk%o4eiuenc 

It.Og. 0.06Omokf. AICI, (tOROB 0075mokl and Cs, ffOOcmft 
forIhrudtbtaberteduadcrre~xfor4hr.Ey~~tiona 
quaattiive yield of HCI wu xb~wn to be evolved mad tk otbcr 
producrs wen worbcd up as in fr) or&t% tbc u~un dbtillation. 
CbromatoOrapby of tbc residue obmiacd after tbc remuvxl of 
ether used to txuacl the aeutral products. yklded 3 - @ * 
cbloropbeayldadan - I * one 621, 36%) m.p, and m.m.p. m. 

fdl IKrh o hr~c excess of rhfomhrarrae. The acid chloride 
(IO.5 g, O.S3 mokl wan stti with AKIt 6.26~. 0.069mok) aad 
cblor&cnxenc (43 q. 0.4 mokf at 26’ for I br and tbea tbc mix- 
turrw~bettedu~fiKTht.fbryidddHCIwu6736d 
tbcory. After worbingup in tbc usual wry. tbc organic layer was 
distilled ia steam in tbc prescuce of N&Olrq. Acid&&n of 
tbc residual ~ucour layer qavc cinaamic acid (I.3 g. 14%). The 
re&uil or&c layer ~8s dried amI d&lkd u&r mduccd 
pressure and rbc fractioa hp. lSZ2OVO.8 mm, a psk yellow oil 
14.6 gl. wbicb faikd to cryttdir from t variety of solvrmts was 
treated portionwise with a rfi&f CXces8 of bromiae in CC&. Tbc 
pmductr were &ii ul&cf redkWd pmwe rad tbt fraction 
b.p. lflM2OVO.6 mm wu wcompaakd~by t& copious evolution 
of HBr. Tbi$ fraction compklcl~ didikd and wu 2 _ bmmo - 3 
- fp . chlott#ea#d . t- CM; m.p. 180-t’ (3.22. 16%). oran@ 
acodkr (CCbl. NMR ywctrtrm was free from plicyclii moron 
+Mit. v, t735 cm-’ tzl-riaq betone with a-hkycnt. (Found: 
C, 56.35: H, 3.00: Br. Zl.lS; Cl, 11.45; M tRustI, 307. C~,H&ClO 

rcprirsr: C, M.35: Ii, 250: Br, U.OS; Cl, 11.10%; M, 319.5). 
oxid&n witb clnwmic oxide ia uuk a&l pvc pcbkrobJan- 
xoic rid mp arid mm.p. q fputia@ lublim@ ox&e al.@. 
239’ @Jaw heI. a tw yeSow powdur frohwsaef. (Fatadz C. ~4.0s; 
H, L@ N, 424, Br. 23.Sk Cl. 10.50. C,,H,BrClNO rcqti: C, 
53% H, 2.70; H, 42& Br, 23.30; Cl, lO.fiO%l. fk ketoae clwely 
~~~D~r~tt~bClLlOtllfY~2-cbkXO.3.tp 
. chbmpbcrryl)iod - I * ou a.p. IM. 11 w;I abo very tiiiu to 
Z.bmmo-J-Op.bromrrpk*)lllld.I-oJum.p.lW’pnpurd 
fos compuha by the broatiauka&ydtdmwaiolrio* of 3 - @ 
-~n~~*l-~.~f~~n~w 
aacdk, EtOHICHCf,l, NNR spe&n~~ s&wed no alicycbc pro. 
toas, r, I732cm” i bbakOcao II-fir@ lmtorm), oxidation with 
cluomk oxuk in A&H (i k at IOQ) gave p&romoben?oic acid 
m.p. and amp. 2S2’. fFouml: C. 50.10; H, 220; Br. 44.30: M 
(RUIN, Sl. C&Br# squires: C. 49.45; If, 2.10; Br. 43.65%: 
hf. 3641. Tbc orimr &d mp. 25&P Okc), lemon yellow powder 
EtOHICHCI& Pound: C, 47.45; H, 2.65; N, 3-S; Br, 41.50; M 
(RutI, 348. C,,H&r,NU rquira: C, 4?S& H. 2.40; N, 3.70; Br. 
42.2Q%; M, 3?9& 

iitumptx to 6ydrgtlwe 2 - tsom * 3 * (p - ~~~~~1~~ - 
l-onefiacnJer~o~tbc~l~)ova~yNiat 
room temperSure were unmuc&ul. ARbou#t tbc rdn in EtOH 
kcrwC&urklSWbCCi1dCCdU mofH,b.adbcen 
&orbed, rttempm to remove the sotvent after Bltrutioa even at 
tbc tempmtun of solid C& in an rtmospbcre of Nr resulted ia 
rbe fta&umaw of tbc cdour ud tbc recovery of the ketow. 

fc) Wti #momfmwae u&r carbo* aXtdp&ide. After x mix. 
ture of the acid c&ride i9.0 & O.OH mok), lluor~nc (6.0 n* 
06612 mokt. &Cl, (7.Q. O.t?Smokt wl C$ (50 mt) WM stM 
Urooatemp.fbtI.5br,tbea~lad~nduxfor3hr.3-@” 
fbtoropbcayl)indan . I . one m.p. and m.m.p. I l9-l2@ (0 010, 
0.08%) was obtain& wbca tbc produe@ wcra wo*ul up as in (c). 

ffl WTrh 0 laa* OCCJI of &ionrbaruru A mixture of usid 
chlor&k (9.0 & o.OS mole) was uimd with flwrobcaxeac (4. I f* 
0.43 mokj and AKIt rt.4 8* 0.060 mole) for f hr utd fbcn kept It 
7rfoc2hr.Tbc~ofHffwu85’16udtkotbtrproBucts 
were we&d up as in (cl. Acidifk&a of tbc NaxCO,.cxtracts 
gveuroiEydid~1.5g,l1%lwithmIRywtc~mcloKlyrimitu 
IO rbu of 3 ” (p . dluorop&nyl) * 3 - p&aylfmpioaic acid. arKI 
fractional dkGll&on of the acuti praducts pve 3 - fp - Bwo- 
~nyl~~-1~~~4.03~.33%l.b.p.2t5-~~~mm,m.p.~ 
m.m.p. 11%i#7, mnd I3 - his - @ - ~~~uyl~ - 3 . pbeayt- 
pmpan _ I . mt fS.Qg, 36). b.p. 2~mm. m.p. uad m.m.p. 
fl@. 

Reactions of clrucmoyf chloonilr! car&& by one mole oi o/u. 
mtim Akwidr 

(tf Wub&wbewte. ~~~~1.~8.O.~rnokl 
aad ffwrobtnznt (310. OJtmokl were tbrttn with AKIt 
(I.05 0.00978 mole) for 1 br. After tbc addition of mwc Ilwo- 

bnutaef#~,O.U3ardc)tbtndtdawudcuatadffomrmcc 
of solid uad tbca lxamd If 84 for 3.3&r. Tlw producu were 
w~upiatbrpfUJ~rUdr~OitbCNa2CO,- 
txaacts pvt cmnamic acid (0.178. 15%). After the removal of 
ctbcr aml Ruorobenzeae from 0~ twttml products by distill&on, 
the residue t I.05 1. #lb), m-p. 70-V. after on rccrystaJlk&oa, 
pvc +-hwnockakm, m.p. aud m.m.p. 805’. 

Ibt W&h chkrohearur+z Aftrr t&c rid cblorwk t4.0~ 
0.024 makl bad baen sbalma with cblorobcaxen~ fi 12.5 0.1 m&f 
ad MCI, (3.210.0.024 mokl for I br, tlm red soln was docrated 
from a littk solid, diluted witb atorvr cblorokazeae (I I2.S 8. 
I mok) xnd tbca kspt u 8P for 6 hr. 7%~ products were worked 
upuiab)iocIudirOrramdntillrtion.l&~iEponioawls3- 
* - chlaogbrnyt~ f 3 . phyrpopwrk rid mp. und m.m.p. 
@itIt a xpecimca obtain& by tbc alkyktkr~ of benrcnt witb 

eyl &Kkkl 99-100, tlit.i* Itrl, prisms 
$CLfRRbt ptrdtum) t I .7 1. 27%). Ibe neutral porikn was dir- 
tilkd aad tbc ffactioa bp. 194-2~#/1 mm (2.2ul was rbowa by 
prap. scak GIX to contain (in order of tiutiua): fit 3 . (p . 
cbkr+caylliadun . I - oue m.p. and m.m.p. 9g, fO.nu, 
ft.31 n. 26%); Oil *&orocbalcoae m.p. tad aimp. !#P t0.27u. 
f36l;~iii~f3.~-~p-c~~~l-3-p~lf-pro~~r.t- 
oar run. IO%* fO.420, 5%). rosett~r of An accdks fiigbt 



pc~kum), @k# 1679 cm-’ &yl xikyl C-0). (Found: C. 70.64: H, 
49; Ct. 20,tOz M (Rwt. .332. C,,H,,Ct,O req16m: C, 71.00; H. 
4.SO; ct. 2o.a@95; M, 355). bribtion wilb chromic oxide in AtOH 
(I hr tt tm pve pcbbrobearoic rid m.p. ud m.m.p. 241” 
@rtixt ~~~~ xnd p-chbrobenzopbenonc a+. xnd a.m.p. 
75” rag&X with same c#$ (lintc-wlrsr rextr 

tj, W& &br&tnM iir rirroimurt. After the uid cbbiide 
(2.0~ 0.012 mate) rnd AU, (1.6~,0.012mokf were &ken wkh 
niuobcnucne ESOcm’) for i hr. chlomkiw nc tti2.51, imok) 
wudbcd.TkonnteJoiawu~~todhomxtmofIolid 
udk~rt~~for6br.?brpr~uasmn~upuin 
(I) inch&~ stum dirtitta&on. Tbc && extmcf slforded 
cin& rid m.p. xnd m.m.p. 132’ 10.6J&. 37%) mnd dis+ 
titlatiorr of rlw ncutnt productl pve 111 oit iO.6& b.p. I?@- 
lWll.Smm. which on trifudon vi& Ii& pctrokum pvt Y- 
chbrochxkonc (O.t8g, 6961, m.p. and m.n.p. 9&#. Ttic mot&r 
t&or on svyronrrioa gxvt almast pwc 3 - @ - ct&orophenyt)ia~ 
dan + I - one 10.12g. IS%!, m.p. xnd m.m.p. 7k fcyclbwxxet. 

(k) Wuis &~rna~~*, Cinnuuoyl cbkkk (II & 0.m mdct 
ud At& (6.42t. B.tM2 mcde) in broraokatenc 07Or. 
f.72mok) were &ken by kxnd until narty & tie cat&g &d 
dii¶olvui (i kr). rbc sola wu decanted xnd more bfomokattne 
ddcd (27Of. i.72mokt mnd the mixture wit stirred It ftr fof 
6br. Alter the producu were worked up u in (a) inciudbsl tbc 
ttw d&ittxtioo, tbc &&ii extmct &o&cd ciaaUaic rid 
mg. and m.m.p. t3r fZ.f$. 29%). 5& nwml r&due wu; 
diiilkd and the v&low oily frxcrion b.p. 162-I%412 mm tS 11 was 
disgotvcd in c&r md &&iiscd r; -tKF. 7bb pw a-#@- 
morph of 4‘-bromocbxkonc m.p. toI*, m*m.p. wirb tbt nonnrl 
form lot-T. T&e polymorpb formed lon(: cdwrktr neadkr 
(cyctohcxxnc): by cryrtxtlhiq from &OH tbc normal fofm vu 
obUillcd u pxk y&tow p&s (O.?gf. Tbc combined mother 
lipuon were utplyscd by prep. utk GLC xt 3@’ Mb tbc 
fottowing WCI( obtained (in order of eiu~~nt: (i) p-broauctlo- 
*none- m.p. OMf m.m.p. 51’ tf.fpg. 20%). (iit 3#bcnyiin~ 
dxn-ton m.a. mnd m.m.o. ?8’ lEtOH> fOJt3r. S.29cL (iii) 
eh&one m.pI d m.m.p: S&P tEtOH1 @.i47i. 1.5%). (iv! 
C&omoch&om m.p. ud m.m.p. 101-r tcyctohcunet 
(comb&d yield with mattrixt from above, 0.7S2~. S.S%). (VI 3 . 
(n - bramorihcaytlindan - 1 - ofbc m.p. and m.m.p. iiS-6’ 
icyctotbcxxne&hrt petrokomf fO.463& 3.4%). (vi) 3 - @ f 
&omgrknyt&d8n - I - one m.p. and m.m.p. SW ft.lU& 
8.2%) and (vii) M unidentified compound m.p. ?&81’ tO.ttBg)~ 
T&c IR tgcctn of compounds (i&&if were idcnticrl with rbolt of 
authentic rp+Fimenr 

R~~~~~ it -lW from ether mve m&&t *nh M un- 
SxtbfXrary m.p. it formed 8 dark @Ben MIU in &SO‘, vru 
f?i8~rn-~ (3&q k&me) pbd 833na-’ Isl ft &cent e 
Hf. (Fouad: C, 80.60: H. 4.ao; F, 8.85; M @as@, 216. Cr,&FO 
requires: C, 80.3S; ii. 4.oD; F, 8.3596; M, 224). ‘Ibe axirm had 

129-30’. kmon-ycibw &ms (cyclist 
z!&umt. slrblt in hot &OH. blood-red in H#&. <Found: N. 
56596: M fRz&}, 203. &Ht$NU ruquims: N. SBf4t: M, 2391. 
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