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ABSTRACT 

The  alurninun~ chloride catalyzed reaction between P-L.'C-etl~yl iodide and benzene in 
1,2,4-trichlorobenzene as  solvent was studied under different conditions of temperature ancl 
reaction time. Yields of ethylbenzene were estimated by isotopic dilution. Up to  20% re- 
arranged product, a-'"C-ethylbenzene, \\,as fou11d. The  trend illdicatecl that  yield of ethyl- 
benzene was lower and side chain rearrangement greater when the reaction mixture was 
heated a t  higher teinperature for longer time. The rearrangement apparently occurred after 
the initial formation of P-'"C-ethylbenzene. After a reaction time of 5 mi11 a t  154 "C, only 
0.1-0.370 unreacted and unrearranged p-l.lC-ethyl iodide was recovered while the ethylbenzene 
obtained from the reaction showed about 2% rearrangement. \\Then 6-'.'C-ethylbenzene \\-as 
heated ~vi th  aluminum chloride in 1,2,4-trichlorobe~~zene for 2 or 24 h ,  rearrangement to 
a-'"C-ethylbenzene ~ v a s  observed. I n  some experiments, a fragmentation product, toluene, 
was isolated. I ts  specific activity suggested that 1 mole of active ethylbenzene gave 2 moles of 
toluene only one of which was active. The mechanistic implications of these hndings are 
discussed. 

INTIIODGCTION 

The  Friedel-Crafts reaction of 0-14C-ethyl chloride (1) or P-14C-eth~il iodide (2) with 
excess benzene gave p-14C-ethylbenze~le with no isotope positioil rearrangement in the 
side chain. This observation is consistent with the proposed mecllanism of Brown and 
co-worlxrs (3) that Friedel-Crafts allq~lations may be analogous to  other substitutions 
011 saturated carbon, with primary allryl halides reacting by a direct displacement process. 
Since the Friedel-Crafts catalyst can, by itself, induce rearrangements in allq.1 halides, it 
has been suggested (4, 5) that rearranged products could have arisen fro111 reactions with 
alliylating agents that have undergone rearrangement prior to the a1l;ylation step. 
Treatinent of P-I4C-ethyl chloride or 0-14C-ethyl iodide with aluminum chloride (1, 2), or 
of p-14C-etllyl bromide with aluminum bromide ((i), has been shown to cause extensive 
rearrangement of the 13C-label. I-Iowever, consideration of reaction rates indicated that 110 

rearrangeme~lt of the ethylating agent could talrc place prior to alkylation \vIlen the 
Friedel-Crafts reaction was effected in excess benzene ( 2 ) .  111 the present \vork, the 
aluminum cllloride catalyzed all<ylation of benzene with P-I4C-ethyl iodide was carried 
out in 1,2,4-trichlorobenzene under various conditions. I t  might then be ascertained i f  the 
use of an inert solvent would decrease the alkylatio~z rate sufficiently to  allow the alumi- 
nuin chloride induced rearrangement of the p-IT-ethyl iodide to take place, so that 
isotopically rearranged ethylbenzene would result. Significant extents of rearrangement 
were observed only in reactions effected a t  relatively high temperatures. Expcriillents 
were then carried out to  show that these rearrangements occurred subsequent to the 
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formation of ethylbenzene. I n  addition, a fragmentation product, toluene, was isolated 
in certain cases and its 14C-contents determined. 

IiESULTS HXD DISCUSSION 

The molar ratio of the reactants was 1.0:3.0:3.2 for AICln:CcI-IG:CoI-151. The  solvent, 
1,2,4-tricl1lorobe17zene, has previously been used by Brown and co-rvor1;ers (3). The 
reaction mixture nras heated a t  different temperatures for various lengths of tirne. A 
knolvn amount of ordinary ethylbenzene was then added as carrier, and the crude product 
was isolated by distillation. Pure ethylbenzene was finally separated by preparative 
vapor-phase cl~romatography (v.p.c.). T h e  ethylbenzene recovered was oxidized to  
benzoic acid, whose activity, relative to tha t  of ethylbenzene, m e a s ~ ~ r e d  the extent of 
rearrangement of the 14C-label from the P- to the or-positions in the  ethyl side chain. T h e  
results are su~nnlarized in Table I. 

In most of the experiments, the specific activity of the original P-14C-ethyl iodide was 
also deter~nincd. Since the amount of added ethylbenzene carrier and the specific activity 
of the c l i l~~ted product were l<nown, the yields of ethylbenzene for various runs were 
estimated by isotope dilution calculations. The  basis of these calculations is as  follolvs. 

For every experiment, the theoretical yield of ethylbenzene was 3.18 g and the amount 
o f  carrier added was 1.73 g (2.0 1111). 

Let x = g of ethylbenzene formed; if 110 carrier had been used, the  specific activitlr of 
t h e  ethylbenzene \vould have been the same as  tha t  of the p-'"-ethyl iodide. 

(Specific activity of (2.71-151)s = (observed specific activity of CGI-IjC&Ij)(1.73 + s ) .  
Solving for x, yo yield = (~ /3 .18)  X 100. T h e  yields calculated in this way are also 
included in Table I. 

The  data  in Table I show tha t  both yield of ethylbenzene and I4C-rearrangement in the  
side chain are dependent on reaction temperature and reaction time. Under the relatively 
milder conditions of lower temperature and shorter rcaction time, reproducibilities in 
yields and extents of rearrangement were fair. When the reaction mixtures were heated a t  
higher temperatures for 21  11, results with much greater deviations were obtained. T h e  
general trend indicated by the data  of Table I is that  higher temperature and longer 
reaction time could cause greater amounts of rearrangement and lower yields of ethy-I- 
benzene. These observations strongly suggest the occurrence of processes which destroyed 
part  of the ethylbenzene subsequent to its formation, and gave rise to side chain rearrange- 
~ n e n t s  in the eth\;lbenzene that  remained. 

T o  sho~v  more definitely tha t  rearrangement did occur after ethylbenzene formation, 
first of all it was demonstrated that  rearrangement dicl not arise prior to  allq.lation. I11 
expt. 7 and 8 (Table I ) ,  which iilvolved heating the rcaction mixture a t  151 OC for 5 min, 
besides the  ~lsual inactive eth\.lbenzene carrier, 2.0 ml of inactive etl1j.l iodide carrier was 
also added. The  ethyl iodide fraction obtained by distillation would then contain unreacted 
p-14C-et11j.l iodide. This fraction was used for a Friedel-Crafts all;)~lation of an excess of 
benzene to give ethl-lbenzene, a process \vl~ich does not cause appreciable rearrangement 
(2). From the activities of the ethylbenzene so obtained, calculations based on isotope 
dilution showed that  only 0.1% and 0.3% of unreacted p-l,'C-etl~yl iodiclc were recovered 
in expt. '7 and 8. hIoreover, oxidation of the eth1,lbenzene derived from the recoverecl 
ethyl ioclicle gave inactive benzoic acid, indicating no rearrangement of the P-'C-ethyl 
ioclide~during the course of expt. '7 ancl 8. Thus the possibility of slowing down the al1;yla- 
tion by inert solvent to allow P-l"C-etl~gil iodide to rearrange before al1;ylation was not 
realized. 

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
N

IV
 W

IN
D

SO
R

 o
n 

11
/1

5/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



TABLE I 

YicIds of cthylbenzene and rearrangements to  a-'C-ethyIbenzene from aluminum chloride catalyzed reaction of benzenc with 0-14C-ethyl iodide 

Specific activities (c.p.m./mmole) 
Reaction Reaction Yield of Rearrangerncnt 

Espt.  temp. (OC)" t i ~ u e  (h) C&I51t C,II,C?H,t C,jH5COOI-I$ C C , I I ~ C ~ I - I ~ ( % ) ~ ~  (%I 

':'Temperatures o l  50. 110, 15-1. 1!l0, and 208 "C \\.ere ~naintnitlell by the vapor o l  reflosillp hel~zene,  toluelle, bromohellzene, benzoniirilc, and  1,2;1-tricl1Iorol)e11ze11e, resl~ccti\,cly. 
tOrigill;ll reactallt helore dilutiot~. 
~ D i l u t c d  \\.it11 carrier. 
$ l i ron~  diluled e t l ~ y l b ~ ~ ~ s e n e .  
jllisti~lr;~tctl by  isotope ~ l ~ l u l i o t l  calculntions. 
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LVhen the Friedel-Crafts alkylation was carried out  a t  154O for 2 or 24 11 with ordinary 
ethyl iodide, but  with some p-14C-ethylbenzene added a t  the beginning of each trial, the 
ethylbenzene f i~ la l l j~  recovered gave, on oxidation, radioactive benzoic acid, indicating 
rearrangement of the added active ethylbenzene. lIoreover, when /3-14C-eth~~lbenzene in 
tricl~lorobenzene containing aluininum chloride was heated a t  154 "C for 2 or 24 11, the 
ethylbenzene re-isolated with the aid of carrier also showed side chain 14C-rearrangement. 
The  results are summarized in Table 11. The  extents of rearrangement obtained in these 

TABLE I1 

Data from heating fi-l.lC-ethylbenzelie a t  154 "C in allcylation reaction mixture or in 1,2,4-trichlorobenzene 
containing aluminum chloride 

- - - 

Specific activities (c.p.m./mluole) 

Reaction Initial I<ecovered CGHjC2H~ Iiearrangemen t 
Espt.  time (h) C611,jCrH5 CGH,~C?H;, CGI-I,COOH* recovery (Ojb)t 
- -- 

(%I 

*From reco\.e:ed etllylbenzene. 
tEstimated by  Isotope dilution calculations. I11 espt. 24 and  20, B-','C-etllylbe~izen mas hratecl mliik an inactive alkylation \\,as 

carried out. Besides tlie inactive ethylbenzene c n ~ r i e r  added, an u n k ~ i o w n  amount  of inactive ethylbenzene derived iron1 tlie alkyla- 
tion reaction \\.as also present; hence no isotope dilution calculations could be made. 

trials are of about the same magnitude as  those observed in the corresponding experiments 
9-10 and 11-14 (Table I ) .  These findings, therefore, support the conclusio~l that  the side 
chain 14C-rearrangement recorded in Table I arose after the initial formation of unre- 
arranged all;).lation product, p-l'lC-etllylbenzene. 

I n  the course of the v.p.c. separation of ethylbenzene from various experiments, 
peaks corresponding to benzene and toluene were observed (no at tempt  was made to 
identify or separate diethylbenzenes). Probably, benzene resulted froin deal1;ylation and 
toluene from fragmentation. I n  some of the experiments wit11 a reaction time of 24 11, 
sufficient amounts of toluene were present to allow its collection and determination of its 
specific activity. The results are shown in Table 111. As expected, the yield of this frag- 
nlentatio~l product was higher when the reaction mixture was heated a t  higher tempera- 
ture. I t  ma>7 be of interest to note that  under the most drastic conditions employed (expt. 
22 and 23), the yields of toluene were coillparable to the yields of surviving ethylbenzene. 

I n  these experiments, the toluene was obtained without the addition of any carrier. 
When the specific activity of the tolue~le is compared with that  of the corresponding 
ethylbenzene before any dilution of the latter by inactive carrier, the specific activity 
ratio is about 0.5 in all cases. This is an interesting observation, as it suggests tha t  each 
mole of active ethylbenzene gave rise to 2 moles of toluene, one of which is active and the 
other is not. Such a situation would result if  the toluene arose from 1,2-dipllenyl-l-14C- 
ethane, which could be derived from either P-14C-etl~ylbenzene or a-14C-ethgrlbenze~le. In 
their studies on dealkylation and fragmentation of allrylbenzencs, Roberts, Baylis, and 
Fon1;en (7) reported the isolation of nleso-2,3-diphenj~lbutane as a minor product after 
treatment of sec-butylbenzene with water-promoted aluminum chloride. A mechanism 
for fragnlentation involving diphenylalkane as intermediate was suggested (7). Such a 
mechanism applied to ethylbenzene would involve 1,8-diphenylethane as  intermediate, 
which is consistent with the observed specific activity ratio for toluene to ethylbenzene of 
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about 0.5. The  activity data  of Table I11 may, therefore, be regarded as cviclence in sup- 
port of the fragnlentation mechanism of Roberts, Baylis, and Fonken. 

The  disproportionation of ethylbenzene under conditions less severe than those used in 
the present experimellts has been extensively invcstigatecl. The  pertinent literature has 
been summarized in a recent paper by unseren ancl Wolf (8). The possibility of side chain 
rearrangements proceeding through a-complexes has been disc~~ssed by Roberts and 
co-worl<ers (9, 10). I t  is noteworthy that  in the present \vorl<, more rearrangement as well 
as  more fragmentation were observed under conditions of higher temperature and longer 
reaction time. Both of these processes could result fro111 the same intermediate. I,?-Di- 
phenyl-l-l,'C-etl~ane might rcvert t o  equal amounts of cu-'4C-et1~j~lbenze~le and P-I"C- 
ethylbenzene, giving rise t o  the side chain rearrangements obscrved in the surviving 
ethylbenzene (Tables I and 11). The  1,2-diphenylethane could arise either dirertl!. from 
ethylbenzene or via 1,l-diplienylethane, an intermediate postulated by Streitwieser and 
Reif (11) for cthylbenzene disproportionation. Isotopicalljr rearranged ethylbenzene via 
1,2-diphenylethalle would also be consistent with the conclusions of unseren and M701f (8) 
and of Streitmieser and Reif (11) that  disproportionation of ethjrlbcnzene involves con- 
siderable extents of intermolecular trans-al1;ylation. 

EXPERIMENTAL 

The P-L,iC-ethyl iodide \\.as obtair~ed from Xew England Suclear Corp. Thc p-'"C-ethylbcnzene was pre- 
pared by a Friedcl-Crafts reaction bctnreen 0-'"C-ethyl ioclide and an excess of benzene, the product she\\-ing 
less than 0.3% "C rearrangement in the side chain (2). Degradation of ethylbe~izeiie from various esperi- 
ments to benzoic acid \\-as effectcd by oxidation with all;aline potassi~im permangallate (12). 

Friedel-Crajls Reactions (Erpt .  1-23, Tables I a?zd I I I )  
All reactions were carried out in a pyres vessel fitted with mechanical stirrer, reflux conclenser, and 

Drierite tube. Tlie vessel was er~closed in a pyrex jacket \vhich was also litted \\-ith a rcflus contlcnser and 
conncctcd to  a pot of boiling liquid. The \.apor froin the rcfli~sing liq~iid heated the rcactioii mixture and 
maintaincd a constant temperat~ire. 

A mixture of 2.34 g (30 mmoles) of anhydrous henzcne, 1.33 g (10 mmoles) of sublimecl, anhytlrous 
a lu rn i~ l~~rn  chloride, and 50 n ~ l  of rctlistilled 1,2,4-tricl1lorobe11zene \\-as placed in the rcaction vcsscl and 
brought to the desirecl tempel-ature. A solution of 5.0 g ('32 mmoles) of P-l-lC-ethyl iodide in a small amount 
of 1,2,4-trichlorobenzcne was then added through the top of the reflus conderiscr. Heating \\-as coutinucd 
for the desired length of time ancl Lhen the reaction stopped by the acldition of 50 rnl of ice lvatcr. Two ml 
(1.73 g) of inacti\.e cthylbcrizcne was introduced as carrier. The organic laycr \\.as separated ancl \\-asllcd 
successively with 50-nil portions of 5% hydrochloric acid, 255 s o c l i ~ ~ n ~  hj.droxidc solution containing 5 g of 
sodium thiosulphate, and watcr. Tlie n~ashings \\.ere cstracted with ethcr ancl thc cxtract combined \vitIi the 
original organic l a ~ ~ r .  After the solutiorl \\,as dried over anhydro~is unagnesilrnl sulphate, it was fractionated. 
The major portion of the product distilled a t  130-135 "C, but the fraction boiling over the range 100-160 OC 
was collected. Recoveries wcre of the ortler of 3-3 g. Final purification \\-as eficcted by passage through a 
preparative column packed with Apiezon L on lirebriclc in a Beclcn~ai~ GC-2rl gas chromatograph. Ethl-I- 
benzene was reco\-crcd i n  all csperiments, \vhile in some cases, tolueiie, in addition to ethylber~zcne, \\-as 
also collectcd. The identities of these products \rere co~ilirmetl by n.m.r. spectroscopy. The spectra of the 
recoverecl cthylbe~~zcue and toluene were the sanle as those of corresponcling a~cthentic samplcs. 'The typical 
triplct-q~~artct  splitting was shown by the ethyl protons of ethylbenzcl~e and a singlet was obscrvetl for the 
inethyl protons of toluene. 'I'he 7-values also agrce with thosc give11 bl-Tiers (13) for cthylbenzenc a ~ ~ d  tolirene. 

In espt. 7 and S, a.hicli involvcd stopping the reaction after hcating a t  154 "C for 5 min, 3.0 ml of innctivc 
ethyl iodide, in addition to the inacti\.e ethylbenzcne carrier, \verc also adtlecl beforc the mixtlirc \\-as \\-orlcecl 
up as descl-ibcd above. Two fractions \yere collectcd, one contained the etliylbcnzene and thc other, boiling 
over thc range of 40-80 "C, containcd unreacted P-'.'C-ctl~g~l iodicie diluted by carrier. 'The etliyl iodide 
fractiorl \\.as ~lsecl for a I7riedel-Crafts rcaction with cscess benzene. The ethylbcnzenc obtained \\;as pur-ihed 
by  v.p.c. Its activity meas~~red the amount oi unreacted P-'"C-ethyl iodide rccovered and its oxidation to 
inactive bcnzoic acid indicated no rearrangement in the unreactcd P-xC.ethl.l ioditle. 

Treatltle~~t of P-1°C-Et1z.ylbeneene with Al l l~ i7 i~z1 i~ t~  Cl~loride ( E r p t .  24-27, Tables I I  tafzd I I I )  
Two procedures \\-ere usccl. 111 espt. 24 and 26, a mixture of 1.70 g (22 lunlolcs) of anhytlrous benzene, 

1.33 g (10 lumoles) of sublimccl, a~lhydroi~s  alurninunl chloride, ant1 50 ml of redistilletl I,?,-1-tl-icIi101.0- 
benzene was heated to 1.54 "C. Inactive ethyl iodide (3.6-lg, 23 nlmolcs) and ,8-NC-ethylbeilzene (0.SG g, 
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8 mmoles) \\>ere introduced and the reaction mixture heated for 2 or 24 h. The reaction \vas stopped by addi- 
tion of ice lvater. After the introduction of 1.0 ml of inactive ethylbenzene as  carrier, thc resulting ~natcrial  
\\,as \\~orkctl up as in the Frieclel-Crafts reactions to give pure ethylbenzene. 

In cspt. 25 and 27, 1.33 g (10 n~moles) of sublimed, anhydrous a luminua~ chloride and 50 ml of 1,2,4-tri- 
chlor-obenzene \\.ere heated to 154 OC and then 2.60 g (24 mmoles) of p-l.lC-ethylbenze~~e was introcluced. 
I-Ieacing \\.as continucd for 2 or 24 h. Ice water was added followed by 1.0 ml of inactive ethylbcnzene as  
carrier. Thc resulting material was \vorl;ed up the usual way to  give pure ethylbcnzene. In expt. 27, \vhich 
in\:ol\;ecl 24 h of heating, both ethylbenzene and toluene wcre recovered in the final purification by v.p.c. 

R(crlioactii!ity De ter~~z in~c l i~ t z  
XI1 activities were measured by a liquid scintillation countcr. Active ethyl ioclitlc, ethylbenzenc, toluene, 

and bcnzoic ncitl were counted in toluene solution containing PPO and POPOP. Sample concentrations 
were about 15 mg/20 ml. Ethyl iodide showetl appreciable cluenching and correction factors were determined 
by usc of a I;no\vn amount of l.lC-tolu~ene as internal standar.cl. 

Financial support from the National Research Council of Canada and frorrl the 
President's Fund awarded by President J. W. T. Spinl<s of this university are gratefully 
acI<no\\-leclgecl. 
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