
2366 YEH AND GORHAM The Journal of Organic Chemistrg 

Preparation and Reactions of Some [2.2]Paracyclophane Derivatives' 

YING L. YEH AND WILLIAM F. GORHAM 
Union Carbide Corporation, Technical Center, Bound Brook, New Jersey 08806 

Received May 9.9, 1968 

[2.2]Paracyclophane undergoes both normal and abnormal substitution reactions. Direct alkylation of 
[2.2]paracyclophane at low temperatures results in exclusive monoalkylation instead of the expected polyalkyla- 
tion. Halogenation of [2.2]paracyclophane gives rise to normal halogenated products with good selectivity. 
Mono- and dibromo [2.2]paracyclophanes form the corresponding mono- and dilithio[2.2] paracyclophanes upon 
treatment with butyllithium at elevated temperatures. Treatment of the lithio derivatives with numerous elec- 
trophiles results in the formation of substituted paracyclophanes in high yields. Cyanation of 4,lGdibromo 12.21- 
paracyclophane produces two isomers of dicyano [2.2]paracyclophanes, namely, 4,16 and 8,16-dicyano 12.21- 
paracyclophanes. 

[2.2]Paracyclophane (1) is the smallest member of the 
paracyclophanes known to exist. It exists in a definite 
geometry with hindered rotation of the benzene rings, 
and possesses severely deformed and strained bond 
angles and bond  length^.^^^ As the result of the strain 

4 6  

1 

existing in the molecule, [2.2]paracyclophane can be 
quantitatively pyrolyzed at  600" and less than 1-mm 
pressure to form two molecules of p-xylylene (2). 
These reactive intermediates polymerize on condensa- 
tion to form poly(p-xylylene) (3) as shown.4 
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In  spite of the numerous monosubstituted deriva- 
tives of [2.2]paracyclophane known to date,8+Q 
di- and polysubstituted [2.2]paracyclophanes, which 
possess one or more substituents on each benzene ring, 
were not readily available prior to this work. Cram 
and coworkers reported the preparation of dinitro- 
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(7) D. J. Cram, Ree. Chem. Progr.. 40 (a), 71 (1959). 
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[2.2]paracy~lophanes,~~ but the yields were poor and 
the reaction conditions ill-defined." Cram and co- 
workers have shown that the main difficulty in effecting 
di- or polysubstitution on both benzene rings is due to 
the transannular interaction of the two benzene rings 
functioning as one single n u ~ l e o p h i l e . ~ - ~ ~ ~ ~ ~ * ~ ~ ~ ~  

i+ part of our effort to prepare various di- and poly- 
substituted [2.2]paracyclophanes as novel precursors to 
different poly (p-xylylenes), and also to understand the 
chemistry of [2.2]paracyclophane in more detail, an 
investigation of methods for the preparation of di- and 
polysubstituted [2.2]paracyclophanes was undertaken. 

Results and Discussion 

Halogenation of [2.2]Paracyclophane.- [2.2 ]Para- 
cyclophane undergoes bromination and chlorination 
reactions readily at  room temperature in the presence 
of a catalytic amount of iron powder or other Lewis 
acids to give brominated and chlorinated [2.2]para- 
cyclophanes 4 in quantitative yield.14 The products 
are cleanly ring-brominated and ring-chlorinated 
[2.2]paracyclophanes containing up to two bromines or 
three chlorines on each ring. The amount of side-chain 
halogenation is minimal (< 1%). The halogenation 
reactions are very selective with respect to the number 
of halogens introduced on each ring. For example, it 
is possible to obtain dihalogenated [2.2]paracyclophanes 
(m = 1, n = 1) with one halogen on each benzene ring 
in nearly 95% purity as isolated. The impurities con- 
sist mainly of lower and/or higher halogenated homo- 
logs. Repeated crystallization of the dichlorinated 
product yields a pure isomer, 4,16-dichloro [2.2]para- 
cyclophane (S), mp 212-213", while the dibrominated 
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product yields a pure isomer, 4,16-dibromo [2.2]paracy- 
clophane (6), mp 245-246'. Both possess a point of 

ci 
5 
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symmetry within the molecule. The structure for 6 
was elucidated by Reich and Cram15 using nmr. Our 
own studies of 5 and 6 using mass spectroscopy, gas 
phase chromatography, and polymerization experi- 
m e n t ~ ~  confirm that each benzene ring contains one 
halogen. The dipole moment data are not conclusive 
owing to the very limited solubility of 5 and 6 in com- 
mon solvents. 

Halogen-Lithium Exchange Reaction.-Halogen- 
lithium exchange between brominated [2.2]paracyclo- 
phane and n-butyllithium proceeds in the presence of a 
catalytic amount of copper powder to form lithioI2.21- 
paracyclophanes, a useful reactive intermediate which 
leads to various substituted [2,2]paracyclophane deriva- 
tives.lo-ls For example, treatment of 4,16-dibromo- 
[2.2]paracyclophane (6) with n-butyllithium in refluxing 
benzene gives, in quantitative yield, 4,lBdilithio [2.2 I- 
paracyclophane (7) which reacts, in situ, with various 
reagents to form substituted [2.2]paracyclophanes 8, 
9, 10 (Scheme I). These are just a few examples of the 
numerous transformations possible from the versatile 
lithio intermediate. The transformations to the final 
products from 6 proceed without any isomerization as 
evidenced by the quantitative recovery of 6 from 7 
upon addition of bromine to 7. 

If, however, boiling diethyl ether was used instead of 
boiling benzene in the exchange reaction of 6 with n- 
butyllithium, only one bromine is replaced by lithium 
and monolithiomonobromo [2.2]paracyclophane 12 re- 
sults. 
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Cyanation Reactions of Brominated [2.2]Paracyclo- 
phanes.-Cyanation of 4,16-dibromo [2.2 Jparacyclo- 
phane (6) with cuprous cyanidelQ proceeds smoothly 
a t  the temperature range of 230-240" with or without 
a solvent, although use of a solvent is preferred. A 
proper reaction temperature is the key to the success of 

(15) H. J. Reich and D. J. Cram, J .  Amar. Chsm. Soc., 01, 1386 (1988). 
(18) Y. L. Ysh (Union Carbide Corp.), U. 8. Patent 3,349,142 (1987). 

For halogen-lithium interchange reactions involving normal aromatic BYE- 
tems, me H. Gilman and J. Morton, Ow. Rsactiona, 8 ,  Chapter 8 (1964). 

(17) Y. L. Yeh (Union Carbide Corp.), Canadian Patent 706,467 (1986). 
(18) Y. L. Yeh (Union Carbide Corp.), Canadian Patent 772,189 (1987). 
(19) Y. L. Yeh (Union Carbide Corp.), U. 8. Patent 3,165,712 (1964). 
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this reaction. This can be shown from the fact that a t  
a temperature lower than 200" or at normal cyanation 
conditions, e.g., 150" in dimethylformamide, the cyana- 
tion reaction of 6 fails to take place. Cyanation of 6 
leads to approximately equal amounts (by gas phase 
chromatography) of two distinct isomers of dicyanated 
[2.2]paracyclophanes. One of the isomers was shown 
to be 14, which possesses the same isomeric structure as 

CN CN / / 
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6, by its conversion to the same dicarbomethoxy deriva- 
tive 8a. Subsequent elegant studies made by Cram 
and coworkers on this reaction and other related reac- 
tions culminated in the findingm that the other isomer 
is 15, formed by a mechanism of "ring opening" in 
which either 6 or 14 splits open at  one of the cyclophane 
bridges followed by rotation of one of the benzene rings 
and subsequent closure of the bridge. 

Alkylation Reactions of [2.2 1Paracyclophane.-Treat- 
ment of [2.2]paracyclophane with alkyl halides in the 
presence of aluminum chloride at  a temperature lower 
than -10" results in the formation of monoalkyl[2.2]- 
paracyclophane upon hydrolysis. 21 For example, 
monoethyl [2,2]paracyclophane (16) is obtained ex- 
clusively when [2.2]paracyclophane is treated with 
ethyl chloride (or bromide) and aluminum chloride in 
tetrachloroethane a t  -10". Even with a large excess 

/ CH2CH3 

1. C&CH&l(Br), AlC13, -10' 

2&+0 

16 

of alkyl halides and aluminum chloride, only monoal- 
kylated products result. Monoalkylated [2.2]para- 
cyclophanes can be alkylated further to give dialky- 
lated [2.2]paracyclophanes. The structures of the 
dialkylated [2.2]paracyclophanes have not yet been 

1. C&CH2Cl(Br), A1C13, -10' 
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elucidated. However, based on a finding that no de- 
tectable amount of the unsubstituted poly(p-xylylene) 
(3) was isolated upon polymerization of the diethylated 
[2.2]paracyclophane1 it is probable that the diethy- 
lated product consists mainly of 18 and not the ex- 
pected 17 (see Scheme 11) ; this is possible only through 
close transannular interaction between the two benzene 
rings. 

SCHEME I1 

(20) H. J. Reich and D. J. Cram, J .  Amer. O h m .  Soc., 89, 3078 (1967). 
(21) W. F. Gorham (Union Carbide Corp.). U. 9. Patent 3,117,168 (1964). 

In  order to account for this interesting stepwise al- 
kylation, the formation of a stable carbonium ion com- 
plex 19 as an intermediate is postulated (Scheme 111). 
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The inital carbonium ion formed by the attack of the 
alkyl cation is stabilized, v i a  transannular interaction, 
by both benzene rings, thus inhibiting further attack by 
available alkyl cations. Hydrolysis of 19 leads to 
monoalkyl[2.2]paracyclophane. 

Experimental Section 
General Procedure for Halogenation of [2.2]Paracyclophane.- 

Ring chlorination and bromination of [2.2]paracyclophane were 
carried out in a three-necked flask equipped with a gas inlet tube 
(for chlorination) or an additional funnel (for bromination), a 
mechanical stirrer, a reflux condenser, a thermometer, and a 
drying tube connecting to a gas trap. [2.2]Paracyclophane, a 
solvent (carbon tetrachloride or methylene chloride), and a small 
amount of catalyst (iron powder or Lewis acid) were placed in 
the flask and the mixture wss heated to the reaction temperature 
of 25-50' with vigorous stirring. A stoichiometric amount of 
chlorine (or bromine) was added slowly to the reaction mixture. 
The addition should be completed in 1-3 hr depending on the 
amount of the halogen to be introduced. The mixture was di- 
gested for additional 15 min after the completion of the halogen 
addition. The catalyst waa removed either by activated char- 
coal or by hydrolysis with water. The organic solution was 
filtered and the filtrate was concentrated to dryness. The crude 
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solid thus obtained was bulk distilled a t  200-250" (0.5 mm) to 
yield a halogenated product in nearly quantitative yield. 

4,lB-Dichloro [2.2]paracyclophane (S).-Dichlorination of 
12.21 paracyclophane was carried out according to the general 
procedure. [2.2]Paracyclophane (200 g), chlorine gas (140 g), 
iron powder (1 g), and methylene chloride (400 ml) were used in 
the chlorination. The dichlorinated product (255 g, 96%) was 
subjected to repeated recrystallization from hot ethanol to yield 
56 g (21% of the dichlorinated product) of 5, mp 212-213'. 

Anal. Calcd for C&1&12: C, 69.31; H, 5.05. Found: 
C, 69.10; H, 5.06. 

4,16-Dibromo [2.2] paracyclophane (6) .-Dibromination of 
[2.2]paracyclophane was carried out according to the general 
procedure. [2.2]Paracyclophane (5 g), bromine (10 g), iron 
powder (0.1 g), and carbon tetrachloride (400 ml) were used in 
the bromination. The reaction was carried out a t  40-50'. The 
dibrominated product (8 g, 91%) was subjected to repeated re- 
crystallization from hot ethanol to yield 2.2 g (20% of the di- 
brominated product) of 6, mp 245-246". 

Anal. Calcd for ClsHI4Brz: C, 52.44; H, 3.82. Found: 
C, 52.60; H, 3.85. 

4,16-Dilithio[2.2] paracyclophane (7).-A mixture of 4,16- 
dibromo[2.2]paracyclophane (20 g) and dry benzene (1000 ml) 
was placed in a dry, three-necked flask equipped with a condenser 
(protected from moisture with a drying tube), a magnetic stirrer, 
a nitrogen (dry) gas inlet, and a serum cap injection port. The 
mixture was heated until a complete solution was obtained. A 
small quantity (0.05 g) of copper powder was added to the solu- 
tion. n-Butyllithium (75 ml, 14-15y0 in n-hexane) was added 
through the serum cap injection port with a syringe. The re- 
sulting mixture was heated to reflux for 1 hr under a dry inert 
atmosphere and with good stirring. After the period, the milky 
mixture was allowed to cool to room temperature. The product 
in situ was used immediately for further reactions. 

4,16-Dicarboxyl[2.2] paracyclophane (8).-The above reaction 
mixture containing 4,16-dilithio[2.2] paracyclophane (7) was 
poured into a beaker containing powdered Dry Ice (about 
500 g). After being allowed to warm to room temperature, 
the mixture was extracted repeatedly with water until the organic 
layer became clear. The aqueous extracts were combined, 
filtered, and acidified with hydrochloric acid. The product 
which precipitated out as a white solid was collected, washed 
successively with water and ether, and then dried to yield 15.4 
g (95% based on 6) of the acid, mp >310'. The acid was only 
sparingly soluble in all the common solvents tested. The crude 
acid was not purified. 

Anal. Calcd for C18H1604: C, 72.97; H, 5.40; neut equiv, 
148. Found: C, 72.70; H,  5.11; neut equiv, 153. 

4,16-Dicarbomethoxy [2.2] paracyclophane (Sa).-The diacid 
8 (2 g)  was refluxed in dry methanol (100 ml) in the presence of a 
few drops of concentrated sulfuric acid. After 1 hr, the mixture 
was concentrated to dryness under reduced pressure. The whole 
process was reported until all the starting diacid became soluble 
in boiling methanol. The crude diester obtained after concentra- 
tion was washed with aqueous sodium bicarbonate and water, and 
dried. Sublimation followed by recrystallization from boiling 
methanol provided 2 g (91yo based on 8) of pure product, mp 
200-201 '. 

Anal. Calcd for CZOHZOO,: C, 74.07; H, 6.17. Found: 
C, 73.79; H,  6.25. 

4,16-Dimethy1[2.2] paracyclophane (9).-To the previous re- 
action mixture containing 4,16-dilithio [2.2]paracyclophane (7) 
was added dry dimethyl sulfate (300 ml) slowly with a syringe 
through the serum cap. Instant generation of heat was observed 
and the temperature of the mixture rose to about 75'. The 
mixture was stirred for an extra 30 min. Water (500 ml) was 
added to the mixture with stirring. The benzene layer was 
separated from the aqueous layer, washed with another 250 ml 
of water, filtered, and concentrated to dryness. Excess dimethyl 
sulfate was removed from the residual solid by drying the solid 
under vacuum (0.05 mm) a t  room temperature. Recrystalliza- 
tion of the residual solid from ethanol gave 11.5 g (90% based on 
6) of pure compound, mp 182-183'. 

Anal. Calcd for C18H20: C, 91.52; H, 8.48. Found: C, 
91.37; H,  8.50. 
4,16-Diiodo[2.2]paracyclophane (lo).-Iodine (55.6 g) was 

added all a t  once to the reaction mixture containing 4,16-dilithio- 
[2,2]paracyclophane (7) with vigorous stirring. The resulting 
mixture was digested for 20 min. Excess iodine was removed by 
extracting the reaction mixture successively with 10% aqueous 

sodium thiosulfate solution (100 ml) and water. The organic 
layer was separated, filtered, dried (NaaS04), and concentrated. 
Recrystallization of the residual solid from hot benzene gave 15 
g (60% based on 6) of pure 10, mp 272-273'. 

Anal. Calcd. for ClsHt41z: C, 41.75; H, 3.04. Found: 
C, 41.89; H, 3.24. 

4-Bromo-16-carboxy [2.2] paracyclophane (13).-To a mixture 
of 4,16-dibrom0[2.2]paracyclophane (6 1 g) in dry ether (100 ml) 
was added n-butyllithium solution (4 ml, 14-15y0 in n-hexane) 
and a catalytic amount (0.05 g) of copper powder under anhy- 
drous and inert atmosphere. The mixture was stirred at  room 
temperature for 30 min. The mixture was then poured into 
powdered Dry Ice (10 g) and allowed to warm to room tempera- 
ture. Water (25 ml) was added, and the organic layer was ex- 
tracted a few times more with water. The aqueous extracts were 
combined, filtered, washed with ether, and then acidified with 
dilute hydrochloric acid. The precipitate was collected and 
washed with water and ether to yield 0.48 g (50%) of crude 13, 
mp 285-287'. Attempts to recrystallize 13 produced only non- 
crystalline white powders. 

Anal. Calcd for C1,H1602Br: C, 61.60; H,  4.52; Br, 24.15; 
neut equiv, 331. Found: C, 61.21; H,  4.30; Br, 24.09; neut 
equiv, 355. 

13 was converted into the methyl ester, mp 151-153', by direct 
esterification with methanol. 

4,16- and 8,16-Dicyano[2.2]paracyclophanes (14 and 15).-A 
mixture of 4,16-dibromo[2.2]paracyclophane (6) (7.32 g), dry 
cuprous cyanide (4.5 g), and freshly distilled dry quinoline (20 
ml) was heated to 230-240' under a dry and inert atmosphere 
with good stirring for 20 hr. After the reaction period, the 
mixture was cooled to 100" and poured into a mixture of 10% 
aqueous ammonium hydroxide (100 ml) and benzene (100 ml). 
The resulting mixture was shaken well in a separatory funnel 
until all the lumps disintegrated. The benzene layer was sepa- 
rated, washed successively with two 100-ml portions of 10% 
aqueous ammonium hydroxide and water, filtered, and concen- 
trated. The residual product was sublimed (180', 0.05-0.10 
mm) and recrystallized from ethanol to yield 4.15 g (81%) of a 
white crystalline product: mp 165-167"; ir (Nujol) 2225 (S, 
CEN); vpc (silica gel) indicated the presence of two isomers in 
equal amount. Repeated recrystallization of the isomer mixture 
from ethanol-benzene (50/50) yielded a small amount (5 1Y0) 
of the less soluble isomer 14, mp 233-235". 

Anal. Calcd for ClaH1,N2: C, 83.72; H, 5.43; N,  10.85. 
Found: 

4-Ethyl [2.2] paracyclophane (16).-A mixture of aluminum 
chloride (3.4 g), sym-tetrachloroethane (50 ml), and ethyl bro- 
mide (8.5 ml) was cooled to - 15" under anhydrous atmosphere 
with stirring. To the cooled mixture was added pulverized 
[2.2]paracyclophane (2.6 g). The deep purple-red mixture was 
stirred at  -10 to -15" for 1 hr. After the period, the mixture 
was cooled to -30'. Dilute hydrochloric acid (1 N ,  15 ml) was 
added dropwise to the mixture with vigorous stirring. The 
mixture was allowed to warm to room temperature while stirring. 
The organic layer was separated, washed successively with aque- 
ous sodium bicarbonate and water, and dried (NazS04). Evapo- 
ration of the clear organic solution yielded a crude product which 
contained a small amount of the unreacted starting material. 
The crude product was dissolved in n-heptane (10 ml) and the 
insoluble [2.2] paracyclophane was removed by filtration. After 
removing n-heptane, the crude product was purified by sublimina- 
tion followed by recrystallization from ethanol to give 2.5 g 
(85%) of 16, mp 110-111". A small portion of the product was 
recrystallized from ethanol to give an analytically pure sample, 
mp 111-112'. 

Anal. Calcd for ClsH20: C, 91.53; H,  8.47. Found: C, 
91.51; H, 8.54. 

Diethyl [2.2] paracyclophanes (17 and/or 18).-The procedure 
used in this preparation starting with 4-ethyl [2.2] paracyclophane 
(16,2.5 g) together with aluminum chloride (3.4 g), ethyl bromide 
(8.5 ml), and sym-tetrachloroethane (50 ml) was identical with 
the procedure used for the preparation of 16 except for the pur- 
ification step. After the removal of sym-tetrachloroethane, the 
residual product was distilled under reduced pressure. The 
distillate, a colorless viscous oil weighing 2.8 g (850/,), was ana- 
lyzed by vpc. It was composed of 68% 17 and/or 18 (broad 
peak) and 29% starting 16. A small sample of pure product 
was isolated from vpc for elemental analysis. Attempts to 
crystallize the product were not successful. 

C, 83.45; H ,  5.70; N, 10.54. 
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Anal. Calcd for CZOHZ~: C, 90.90; H, 9.09. Found: C, Registry No.-+ 10366-05-9; 6, 5628-17-1; 7, 
90.72; H, 9.30. 19978-44-0; 8, 19978-03-1; 8a, 19978-04-2; 9, R-CH3, 

10366-08-2; 10, 19978-46-2; 13, 19978-47-3; 13 me- Diethyl [2.2] paracyclophane was pyrolytically polymerized to 
give poly(ethy1-p-xylylene) by the general procedure described 
by Gorham.* thy1 ester, 19978-48-4; 14,19978-49-5; 16,16070-18-1. 

Bromination Reactions on Adsorbent Surfaces' 

STEPHEN H. STOLDT AND AMOS TURK 
Department of Chaistry, The City College of the City University of New York, New York, New York lOOS1 

Received August $6, 1968 

Bromination of cyclohexene and cis- and trans-2-butenes on activated carbon is exclusively a trans addition. 
Experimental conditions and results imply that the bromination is a surface reaction. It is suggested that the 
exclusive trans product results from mobility of Br ions on the carbon surface or from the steric constraint im- 
posed by the pores of the adsorbent. Bromination of aromatic hydrocarbons by surface reactions gives ring 
substitution with a distribution of isomers that depends on the polarity, but not the pore sizes, of the adsorbent. 
Results are interpreted in the light of steric factors governing accessibility of adsorbed bromine to the aromatic 
ring 

Brominated activated carbon (BAC) is known to be 
effective in removing ethylene from air;2 the action is 
addition followed by adsorption of the adduct by the 
carbon.3 BAC has been used in air purification systems 
to protect fruit2 and flowers4 against the deleterious 
effects of small concentrations of atmospheric ethylene. 
These circumstances and the thought that the reaction 
environment of an adsorbent surface might produce 
some results different from those occuring in solution 
led us to the present study of bromination reactions on 
activated carbon and other adsorbents. 

Addition.-The products, kinetics, and stereochem- 
istry of the reaction of bromine with olefins have been 
extensively ~ t u d i e d , ~  and the two-step trans-l,2 addition 
in liquid phase is well known. There are reported 
examples of cis chlorination,* but they all involve inter- 
mediates capable of existing as stable classical carbo- 
nium ions, and probably do not involve broadside ap- 
proach of the C12 molecule to the double bond. More- 
over, since the ability of C1 to bridge two adjacent car- 
bon atoms is markedly less than that of Br, a chloron- 
ium ion intermediate and its stereochemical conse- 
quences ought to be less important in chlorination than 
the bromonium ion in bromination. If cis bromination 
were to be successful, a process involving a broadside 
approach of Brz might be promising. 

We studied the stereochemical course of addition of 
bromine to cyclohexene and to cis- and trans-2-butenes 
when the reactions occurred at  the surfaces of activated 
carbon or silica gel. For each of these olefins, cis and 
trans addition mould give different products. 

Substitution.-The reaction of bromine with alkyl- 
benzenes uncatalyzed by Lewis acids shows a high 
intermolecular and intramolecular selectivity (Table I). 
In  all cases shown, the rate of bromination of alkyl- 
benzene is high, and ortholpara substitution is observed 

(1) Abstracted from the Ph.D. Thesis of S. H. S., The City University of 

(2) R. M. Smock, Proc. Am. SOC. Hort. Sci., 44, 134 (1944). 
(3) A. Turk, J. I. Morrow, P. F. Levy, and P. Weissman, Int. J .  Air  

(4) C. W. Fischer, Proc. Am. SOC. Hart. Sci. 66, 447 (1950). 
(5) P. B. D. de la Mare and R. Bolton. "Electrophilic Additions to Un- 

saturated Systems," American Elsevier Publishing Co., New York, N. Y., 
1966, Chapter 7. 
(6) R. C. Fahey and C. Schubert, J .  Amer. Chem. SOC., 87, 5172 (1965); 

P. B. D. de la Mare, N. V. Klassen, and R. Koenigaberger, J .  Chem. SOC., 
5327 (1964). 

New York, 1968. 

Water PoZEzUion, 6 ,  14 (1961). 

almost exclusively. Where different relative rates 
are shown for a particular alkylbenxene they may be 
attributed to different methods of measurement. 
Differences in product distributions may be due to 
different methods of analysis and/or different reaction 
conditions. I n  all cases, the attacking reagent is most 
likely molecular bromine and not an ionic species. 

The results of studies of bromination of toluene 
catalyzed by Lewis acids under nonisomerizing condi- 
tions appear in Table 11. Zinc chloride in acetic acid 
gives high intermolecular selectivity as a bromination 
catalyst, but isomer distribution was not reported.' 
Ferric chloride in nitromethane gives bromination with 
a low substrate but high positional selectivity.8 Olah 
concluded that the substrate-determining step involves 
a transition state similar to a 7r complex, but the prod- 
uct-determining step involves a-complex-type transi- 
tion states with corresponding high ortholpara selec- 
tivity. The higher proportions of ortho substitution 
than those found for molecular  bromination^'-^ were 
explained as the result of attack by the incipient bro- 
monium ion, a group with small steric requirements 
compared with molecular bromine. 

The increase in substrate selectivity and decrease in 
the ortholpara ratio with increasing dilution indicate 
that increasing solvation makes the electrophile weaker 
and bulkier.s 

Complexing of either aromatic hydrocarbong halo- 
gen8v"J or attacking with the solvent decreases the 
ortholpara ratio. Adsorption of the halogen on a sur- 
face should increase its effective bulk and therefore also 
decrease the ortho/para ratio. Adsorption of the 
aromatic hydrocarbon, on the other hand, can either 
increase or decrease this ratio depending on the relative 
geometry between the hydrocarbon and the surface. 

We studied the bromination of toluene, cumene, and 
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activated carbon, to determine the resulting isomer 
distributions and to evaluate them in terms of steric 
and/or electronic factors. 

Indication of Reaction at the Surface.-To support 

(7) L. J. Andremand R. M. Keefer, J .  Amer. Chem. Soc., 78,4549 (1956). 
(8) G. A. Olah, 8. J. Kuhn, 8. H. Flood, and B. A. Hardie, ibid., 86,  1039 

(9) A. Campbell and D. J. Shields, Tetrahedron, 41, 211 (1965). 
(10) L. M. Stock and A. Himoe, Tetrahedron Lett., 9 (1960). 

(1964). 


