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Alkylation of benzene with the title compounds gave similar product mixtures containing isomeric 1,2-diphenyl-
2-methylpropane (93, 1,1-diphenyl-2-methylpropane (10) and &!- and meso-23-diphenylbutance (11) in alkylations
catalysed by appreciable amounts of AICh or Al-HClg, and of 9 and [0 only in alkylations catalysed by
the milder catalysts AICH-CH:NOj, ZrCli and TiCle In almost all cases, 9 and 10 were always produced
In an apparent equilibrium ratio of approximately 2 ¢ 1. These new results disproved numerous earlier reports
claiming the products from these reactions to coatain only 9 and meso-11 depending on catalyst and conditions.
Mechanistic interpretations sre given to sccount for the resulis

in previous publications, Khalaf and Robers™
found that alkylation of benzene with systems
1-5 (Scheme 1) gave similar product mixtures
consisting of 1,2-diphenyl-2-methylpropane (9), 1,1-
diphenyl-2-methylpropane (10) and di- and meso-
23-diphenylbutane (11) in alkylations catalysed
by large amounts of AlCl; and of the first two
isomers (9 and 10) only in alkylations catalysed
by just trace amounts of AICl; or by weaker
catalysts such as AICH-CH3;NO; or FeCly. Fur-
thermoere, in all cases, isomers 9 and 10 were
invariably produced in an equilibrium ratio ap-
proximating 2 : | Khalaf and Robers®™
rationalised their findings in terms of the car-
bocation transformations summed up in Scheme
| wherein 6 presents a transient highly energetic
species and 7 and 8 constitute a rapidly equi-
librating cationic pair of which 7 is more stable.

In view of the sound assumption that other
benzene alkylations anticipated to involve carboca-
tions 6, 7 andlor 8 as reaction intermediates

should show similar behaviour’™, 'numerous “old

literature reports appear to be quite anomalous.
Examples of these are to be found in the reports
that benzene alkylations with 1,2-dichloro- or 1,2
dibromo-2-methylpropane’, t-chloro-2-methyl-2-
phenylpropane®, 3-chloro-2-methyl-1-propene’™ and
1-broma-2-methyl-1-propene’ in the presence of
AlCh, AIL-HCl;, and/or ZrCl; catalysts gave
product mixtures. in which diphenylated butane
isomers 9 and mese-11 could only be recognised.
The presence of either one or both of 1somers
10 and &f-11 passed totally unnoticed.
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TABLE 1-PRODUCTS FROM ALKYLATION

OF BENZENE WITH COMPOUNDS 12495

S, Merhod Reactants  (mol) Caralyst Tume Temp Product congesition (%"
. Tyl v K7 el b |, PR Viomery ;. Owher products
agent Yot Vod SN .-'_“'~' SR o 7 = -
T P AP ! R Awiey. DOARY., %
i ;'(»WJ-‘SW&WG:)"(] T e O s
1 D i 0% . - ALHCY, T200% 24 25 2% 10, o a6 oz
. A ! 05 - -l fiAICH-CR0d)T J] 24 TR M s T 112 (54) -8
3 A | oS - Alcly  on 0§ &0 45 T T - - 12033 05
4 B 1 o3 03 alchy o, .05 S0 %8, -io3 - = 3204 15
s, 8 1 [ 0 ACy ot s, 28 SRS - - 12(87) 13
CHZNO; 600
3 A ! 10 - TiCh 0 48 25 a8 - - LX=Re20 2%
) A 1 10 > ZCla 043 2 25 - - - - 1289 1
A A 1 10 - ZeCha 0.4) o1 55 z 2% - 1202) o
gh B \ 19 10 ZCu pay M L o5 03 - - 2XaBc37 IS5
1837 ‘
() Alkylstions with eophyl - chloride ay
10 H 05 w01 . ACHh 022 o F7 R ¥ SO - - 1302001623 03
R SO O i 1 i e e 0 ek X=CHOS) -
i C ot e MO ISONY
1 B | as 03 AlCly. 022 o 25 38 . AWy - X096t 12
CHiNO; | 600 17, 18 (traces
12, A 1 o8 - ZeCl [:81] 0 25 3% 2. - AR (6I6(06) 1S
15 8 1 a5 - ZiCle- 02 i) 25 a3 " - 13020, 36 (12) 08
CHNO; 600 ' et
4. B 1 o 10 ZeCla 041 o1 s » 13 - 13 (2516 (07) 19
18 8 1 03 10 ZCla o0 o  Reflox B U = 130016000 22
y 17Q7), 18 (08}
6. € 1 - 1o Z:Cla ol 0z % - - = - BEsaeoy 3
. RX=C(IN
1702
" [+ A - 10 ZCu o 06 Refix  ~ = - - 13 (01 0
16203, 17 106)'
18 C 1 - 03 AlChH on ol 28 - - - - 13 6505, ¢
AL X=Ci
16083 37 404)
(11} Alkylitions with methaiyl ehloride (14)
W A | 10 ~ AlGy o 08 28 & 26 o (£ 1603 o
w. P ' o - AVHClg) 200% 24 25 LU o (0] 16 (187 2
riN A 1 10 - AICH (Y ) Qs 28 & 23 - - 18009 . o3
2 8 1 10 o) AICH ol 0 2.4 5 M - - 13 (a6 (1) 4
17 @y 1son'
1 B ' 10 - AlCH 01l 0s 28 a0 - 16 (12) iz
2 8 ! 0 w 7t 022 Q1 Rebux 35 08 - 16 (11 35
. 17 0oY. 1 02y
(V) Alkylatons with 1 bromo-2-methyl 1-peogene (15)
w A \ 19 - AICY 022 08 28 Mo 20 14 9 - 06
26. A 1 10 - Al 03 0s 25 & W - - - o4
27, 8 | 10 AlCp- 022 05 25 a2 - - 16114) 12
- CHING: 600
“Percentage composition of products as desermined by gle INgechyleyciohexane (MCH). ‘Relative amounts of diphénylated
butanes. “Most Friedel-Crafts ions are complex and the p of unidentifiable components is always expected, the aumber
of unidentifiable 4 froem 1 in some cases (¢.g. sl no. 2) (0 15 in some otber cases (c.g. sl no. 24). “Duplicate

and correct ol work by Doglov
of tert-BuPh tould be dected.
as alkylating agent: apart from relatiy P
ide (cf, sb. no. 7). *Mainly ihe para-tettiary cycloalky] deriyative, /Duplicates an unpublished

to enhance

chservation by Roberts and
by Schmerling e/ al. (Ref . 8). MPuplicates

¥

e Lartn (Ref, 7) to-check validity, In contrast with Doglov snd Laria
Igimulates and corrects old work
e teactivity, beth dihalides

Khalaf (Rel. 13). *Includes minor, amounts of sec- ard tea-BuPh. 'Duplicates

3 (Ref. 7) only trace amounts
used the dichloride

by Schemesling ! al. (Ref. 6) in which they
rature was esseniial

should give similas product igher

and correets old work
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This work is aimed essentially at a modem
reinvestigation of these early studies to find out
any anomaly in the results. Ia doing so, we
zdded more experimental support to our curmment
views on this subject,

Results and Discassion

The conditions and results of benzene alkyla-
tions with 1.2-dibromo-2-methylpropane (isobuty-
lene dibromide, 12). l1-chloro-2-methyl-2-phenyl-
propane {neophy! chioride, 13), 3-chloro-2-methyl-
1-propene (methallyl chioride, 14) and I-bromo-
2.methyl-1-propene (15) are all compiled in Table
|. These resulis were obtzined through combined
glc, nmr and ir spectal analysis of the product
mixtures, Meanwhile, the experiments —were
designed to serve one or more of the following
purposes : (i} to fumnish reference samples neces-
sary for characterisation, (ii) to check questionable
carlier results, and (iii) to shed more light on
some aspects of the reuactions,

General remarks ' Careful examination of the
results (Table 1) reveals considerable similarities
between the alkylation hehaviours of compounds
12-15. Op the basis of these similarities the
following generalisations can be drawn, (1) all
alkylations  showed obvious dependence on reac-
lion variables such as time, temperature, catalyst
type, reactants ratio and nature of solvent, (11)
Alkylations catalysed by the strong AICI; catalyst
(added directly or generated in sir'® from Al
ond HCly,) gave diphenylbutane fractions. <on-
sisting  essentially of isomers 9 and 10 mixed
with diasetereomers 11 in  varying proportions
depending on catalyst mario, temperature and tinw
“Table 1. sl nos. 1, 19-22, 25 and 26). As
evident, the relative amounts of both forms of
11 were increased by increasing time, temperature
and catalyst ratio. (i) Alkylations catalysed by
weak catalysts such as CH3NO;- and  methyl-
cvelohexane-moderated  AICH, Z:Cly and TiCls
pave diphenylbutane fractions consisting of isomers
9 aad 10 only with none of the diastercomers
11 (Table 1, sl nos, 2-9, 10-18, 23, 24, 27).
(iv) Regardless of alkylating agent, catalyst type

and reaction conditions, most alkylations produced
isomers 9 and 10 in a ratio approximating 21
respectively, While most alkylations gave isobutyl-
benzene (16) as a hydride-transfer product, alkyla-
tions conducted in the presence of methyl-
cyclohexane (MCH) gave ~also varying amounts
of (methylcyclohexylbenzene (17, mainly the ter-
tiary alkylate) and {methylcyciohexyljisobutylben-
zene (18, mainly the para-tentiary alkylate) (Table
1. sl nos. 10, 1§, 15-18, 22, 24). A sound
explanation for the formation of these hydride-
wansfer products was offered by earlier workers®,

It is to be emphasised that the above remarks
are all in conformity with our previous findings'™*
for which the results of Table 1 offer further
experimental  support, :
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with isobutylene dihalides’ {e.g. 12) and. neophyl
halides (e.g. 13) was presented in the previous
publications’?, Accordingly, we shall limit our
pesent discussion to alkylations with the allylic
methaltyl chioride (14) and the vinylic I-bromo-
2-methyl-1-propene (15). The steps believed to
be involved in thesé alkylations are presented
in Scheme 2 with AICl; as a representative catalyst,
As evident from Scheme 2, the first step in
both the alkylaiions is suggested to involve reaction
at the halide site. Although this suggestion is
augmented by others™''. it does not justify the
climination of the aliermate possibility of attack
at the upsaturation site for which practical evidence
is. found in the detection of neophyl chioride
(13) undér certain conditions (Table 1, sl. no,
22). The formation of isomers 9 and 10 in ail
reactions regardless of catalyst type andfor reaction
conditions is expected'™ and is explicable in terms
of the equilibration established between carboca-
tions 7 and 8 prior 10 the alkylation step. The
formation of diastereomers. 11 is a post atkylation
process involving isomerisation of 9 and/or 10
and reqruires a catalyst that is strong enough
1o abstract hydride ions'"®'2.  Accordingly,
diastersomers 11 are produced in alkylation
catalysed by AICIy or ALHCly, but not by AICH;-
CH)NO;. ZtCh, TiCl; or F¢C|3

‘Speaking of mechanisms, three reievant ob-
servations: deserve special comments, Firstly, the
production of isobutylbenzene (16) from reactions
of neophyl chloride with methylcyclohexane and
AlICly or ZrCly (Table i, sl. nos. 15, 16, 17,
18) even in. the absence of benzene disproves
the claim® that rowte @ — 7 — 16 (ie. dealkyla-
ton of 9) constitutes the only (or even the main)
source for iscbutylbenzene production. Instead
hydride cransfer to equilibrating carbocations 7
and 8 (resulting from routes 14 = 7+==8 —
16 and 15 — 8 =7 — 16) is beheved to
be a,;{n_orc sound source. Secondly. the production
of 2-chloro-2-methyl-l-phenylpropane (3; X = CB
from .chloridé - 13 with methylcvclohexane and
AlCi; or ZrCly in the presence or absence of
benzene. (Table 1, sl nos. 10, 16, 18) adds
0 {

.

more experimental support 1o the view that removal
of CI" ion from 13 is assisted by phenyl par-
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ticipation and that phenonium ion 19 is involved
as intermediate’™®, Nucleophilic auwack on 19 by
CI" ion (in the form of AICH or ZrCI)
the more stable tertiary site gives 3 (X = Cl).
Thirdly, the indentification of neophyl bromide
(2: X = Br) among the products of alkylation
of isobutylene dibromide (12) supports the ‘view
that the fiest step involves attack by “benzene
at the tettary site as shown in* Scheme I.

Comparison of the results of this work (Table
1) with those reported for alkylations of compounds
1287, 335 1478 and 15° reveals shamp contradic-
tions. All carlier workers apparently believed that
the diphenylbitane fractions from their reactions
consisted just of the direct -alkylate 9 mixed,
in some cases, with little of the rearranged solid
alkylate meso-117, Accordingly and without ex-
ception, they all overlooked the presence of 10
in all cases and the probable presence of di-11
in some others. The presemt results revealed that
benzene alkylations with compounds 1215 yielded
diphenylbutane fractions consisting of isomers 9
and 10 with the weak catalysts AICIH-CHINO;,
AICH-MCH, ZrCly and TiCly and of 9, 10 and
di- and mese-11 with the swong AICHL and Al
HCl) catalysts. As such the old literature results
are proved to be incorrect

Experimental

The instruments and technigues emploved were
similar o those repored earlier'd.

Starting matericls and reference samples
Methallyl  chloride  (14),  1-bromo-2-methyl-1-
propene  (15) and  isobutylbenzene (16) were

*Detection of this product Is undoobledly duc to the
foruitous circumstances of s lhigh mup. and ity low
solubility in the medium
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availabale commercially (Aldrich). Isobutylene
dibromide (12), neophyi chieride (13), 1,2-diphenyl-
2.methylpropane (9), 1,1-diphenyi-2-methylpropane
(10) and di- and meso-2,3-diphenylbutane (11)
were obtained as described earlier’?, Compounds
17 (mainly the tertiary cycloalkyl isomer) and
18 (mainly the para-iertiary cycloalkyl isomer)
were obtained through the respective AICH-
CH;NO; catalysed alkylations of benzene and
isobutylbenzene with 1-methyl-1-cyclohexanol fol-
jowing standard procedures’ ; 17 nmr & (CDCly)
112 (3H, s, CHs), 131-1.84 (I0H, m, CHy)
and 7.08-7.38 (SH, m, ArH), 18 nmr § (CDCly)
0.83 (6H, d, J 7 Hz, 2 x CHy, LI5S (BH,
s, CHa), 1.32-1.77 (10H. m, CHp), 1.88 (1H,
m, CH), 2,50 (2H, d, J 7 Hz, CH;) and 7.03-7.35
{4H, m, ArH),

Gerneral alkylation procedures : Four general
metheds  were used, resulting in the data sum-
marised in Table 1.

Method A : A solution of the alkylating agent
in about one-third of the total amount of benzene
was  gradually added over a period of 0.5 h
to a stimed mixture of the caialyst and the
remainder of benzene. Stiming was continued at
the desired temperature for the desired time. The
reaction mixture was then hydrolysed by pouring
into a stirred ice-cold 10% HCL The hydrolysed
mixture was extracted with ecther, washed with
ditute NaHCO; solution and dried over anhydrous
N2,S0;. After distilling the ether under atmospheric
pressure, the residue was subjected to gle, nmr
and ir -analysis,

Method B : The procedure was the same

as intmethod A with the exception that the
required amount of CH3NO; andfor miethyl-
cyclohexane (MCH) was added to the catalyst
prior to the addition of the alkylating agent,

Method € : Similar to method A with the
exception that no reactant benzene was vsed. The
amount of reactant MCH was divided between
the catalyst and the alkylating agent.

Method D : The procedure applied previously
by Doglov and Larin’ was essentially used.
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