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di-functional alkylating agents, mostly
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K10-mentmonltonite has been tested as Friedel-Crafts
catalyst in the alkylution of benzene, toluene and anisole
with one or more of the alkyating agents 1-10, The reaction
products consisted essentmally of 1,1- and 1.2-diaryl-2-
methylpropane derivatives (e.g. 11 and 12 respectively)
together with ade products resulting from transalkylation,
monoasikvlation, hvdride teansfer and elimination. K 10~
montmontonite has also been used to catalyse the
abkytation of naphthulene with benzyl alcohol whereby a
mixture of 3- and f-benzyinaphthalene 1 obtained. The
eesults, explained in terms of carbocation transformations,
show K 10-montmoniionite 1o be a mild catalyst with no
subsequent sidechain isomertsing ability just like FeCl,,
AICH-CH,NO;, TiCl, and ZrCl,.

Over the years, ¢lay minerals have atiracted much
attention of both catalyst and organic chemists' ~*%.
However, their application to  Friedel-Crafts
reaction is still very limited as only a few scattered
reports can be traced in the literature? “ 19, Inspired by
the theoretical and industrial impertance of the
Friedel-Cralis reactions as well as by the economical,
environmental and practical (set-up and work-up)
advantages of the heterogeneous solid clay catalysts,
we examined the application of K 10-montmonllo-
nite as Friedel-Crafts catalyst in the reaction of
benzene, toulene and aniwle with some mono- and
difunctional alkylating agens especially thoss
derived from ssobutane and isob (+10). In
doing this, our primary aim has been to compare the
behaviour of this catalyst with other conventional
Lewis and Bronsted Friedel-Crafts catalysts such as
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AlCly, AICH-CH,NO;, FeCly, TiCls, ZrCly, BF;,
H,80,, H,PO,, erc,

Results and Discussion

The conditions and results of arene alkylation with
1 to 10 are compiled in Tables I and II. The
identification of products was established by TLC,
IR, "H NMR, GC and in some cases also by GC-MS
analyses.
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Careful examination of the results of Table |
reveals considerable. similanties between  the
alkylation behaviour of compounds 1-4 and 6-9. For
example: (1) all alkylations showed obvious
dependence on reaction variables such as catalyst
ratio (¢f. S Nos. 4 and 5), ime (compare ¢f. SI Nos, 5
and 6; 12and 13; 18 and 19), temperature {cf. S1 Nos, |
and 6; 7and 9; 10and 13; 22 and 23} and (ij) apart from
other compounds, all effective reactions gave
diphenylisobutane fractions consisting of isomers 11
and 12 in an apparent equilibrium ratio
approximating 2:1 (¢f. SI Nos. 3-6, 9, 11-13, 15-19,
23.26){Eqn 1),

Comparison of the present results with those of
similar alkylations induced earlier’” by other
catalysts reveals that Ki0-montmonllonite is a
catalyst with no side-chain isomerising ability just
like the mild FeCl,, AICH-CH;NO;, TiCl and ZrCly
catalysis. Thus, it did not cause any! isomerisation of
11 or 12to di and meso-2,3-diphenylbutane as did the
streng AICHy catalyst.

Refering back to Table I, several interesting
observations are worthy of emphasis and special
comments; (i) ¢xcept for methallyl alcohol (5) which
did not alkylate {¢/.'SI Nos 20 and 21), all other
alkylations of benzene took effect only at reflux
temperature, (i) most alkylations were suppressed
by added pet. ether (b.p. 40-60°C), (¢f- SI Nos. 2,3, 8,
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Table I--Condinons and results of aikylation of by with compounds 1-9 in the p of K10 1 taly
5 Method  Time Temp, Prodict Composition (%)
No (he) 'Cy
Ph.CiH, tsomers” Onber products
11 2 Ident Unident.
Compd No (%) Compd No.(%5)
1. Alkylations with sobutylene dibrosude (1)
' A % 25 — - %8 02
2 8 09 Reflux - - 1805 3085, 14(02), 18(01), 7103) 06
3 B 48 Reflux " a8 174), 303) "
& A ¥ Reflux L] U8 1(54), M3 1K0S) 01
5 A 4 Reflux % 12 129) MI2), 1404), 1508), T(04) o
L] A 56 Reflux 46 26 113} X05), 7104) %
1L Alkylations with peophyl chionide (2)
7 A ¥ 2 - -— 293 o7
8 B 3 Reflux - - AY2) 1X03) 05
4 A 0 Reflux 9 12 239), LX04), 1508}, T06) 0
11 Atkyl, with seophyl de {34
i0 A 48 25 - — M98y 0
"n ] X Reflux i0 ) X3 a3
12 A 10 Reflux k2 1 330, 1N13), T02) n
13 A 30 Refluy o3 2 X014 06
IV. Alkylations with methally} chloride (4)
1 A H 2 - — 497 iz}
s 8 48 Reflu 12 06 «73) ic
16* A 24 Reflux 19 10 H29), L) 23040 1K02), Tens 21
17! A 24 Reftux ) a? 0L, 2200, 13(06), 1804), 7(22) A
8 A 24 Reflux 3 1 423), 2(08), 13(03), 1503)
1y A n Reflux = a3 +03) 14
V. Alkylatons with methallyt alooho! (8)
X A 05 Reflux — - 509 9
b L A 24 Reflux — - - 100
VI Alkylations with 1-btomor2umethyl-1-propene (6)
R A |28 — — &9 10
= | A 40 Refux 7 19 L0 18107, 15(04) or
VI Alkylatiors with 2-methyi-1-phenyll-propene (7)
» A ¥ Reflux 57 2] - 25
VHL Alkylation with 2-methyb1-phens|-2-propanol {8)
2 A 30 Reflux 33 1% - L
IX. Atkslaton with 2.methyi-1-phensd-1.propasol (9)
2% A ¥ Reflux 2 16 - 2
"1.;;:';“ otherwise specified. rescrants were as follows: adkylating agens (0.02 muole), beazene (0 2 mole) and K10-monimontionite
2
" e R wposi ious products us determined by combaned GLC nnd NMR dats,
* Maost Friedel-Crafts are complex and the presence of unidentifiable comp is expected,

“ The amount of the Ki0clay was 0.5 g instead of20g
" Alkylating agent (0.02 mole), betizene (0 1 mole) und Ki<clay (4 g).
1o these eeactions: alkylating agent (0.02 mole}. benzene (0.2 mole), and the Ki0clay (4 g).
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Table 1--Additional alkylations and transalkyl: of b | and anisole
sl Method Reactamis* Reaction conditions Product composition®
0o, Compd No (%)
Alkyl. ArH Time Temp.
agent (hr) ('C)
1 Al PhCH, 0 Reflux  1(08). 16010}, 17%(54), 15(20), umiden. compds, (¥).
2 A 10 Ph-CH, 0 Reflux  1T(72), 18922), uniden. compds. (06),
2] A 19 PhH 20 Reflux 110210, 12(9), 19°(41), 20°C10), 21(6), uniden, <compds (135,
4 A 2 PH.CH, 20 Reflux  17{16), 18(7), 19°(43), 20°(18), 21°(16), uniden. compds. (10).
5. At Ph-OCH, 12 Reflux  22°(48), 23(31), uniden. compds. (21)
L] C 11+12 Ph<CH, 20 Reflux  195(19), 20°(13). 20512), 17°(i8), 18°(12), uniden.
compds. (26)
7 C 17+18 PH 0 Reflux  12(14), 11(06), 19°(30), 2010, 215(04), uniden.
compds, (26).

* Reactants were us follows: alkylating agent (0.02 mole), benzene (0.2 mote) and KiOclay (20 2)

* Product were d d from u combinat

P

of GC, IR, NMR and (a some cases GC-MS analvses.

* Mixed with lesser amounts of the meta- and,or artho- counterparts

PR 414 uc-sm,gznp+m,?%m+mmm cea )
Ratlux 5% A

11 and 15), whether this was due to deactivation of the
catalyst by the solvent and/or the lower reflux
temperature is not yet clear, (i) besides dialkylation
products 11 and 12, most alkylations gave side
products resulting from rearranged and nonre-
arranged processes including monoalkyiation [c.g. 3
and 14 from 1 (¢f. SI No. 4); 2and 13 from 4 (/. SI

Na. 163 and 14 from 6 (¢f. Si ‘No. 23), elimination
le.g Tfrom 1. 2, 3and 4 (¢f. SI Nos. 9, [2and 17)],
hydride transfer [e.g. 1Sfrom 1, 2, 3and 4(¢f. SI Nos

3.9, 12and 17)] and isomerisation of alkylating agents
2:0 I3(¢f S| No.9). In fiaet, when the alkylaung agent
neophyl chlonde (2) was refluxed with K10 clay in pet.
cther (40-60°C), it resulted in an isomerisation
mixture composed of 2 and 13 in a percent ratio of
80:20. Mechanistic interpretations of the formation
of products 11-15 in terms of intermediate
carbocation transformations can be found in
previous studies!”.

In connection with this work, we also investigated
(¢f- Sl No. 3 of toluene with 1, 2and 10{cf. S Nos 1, 4
and 2) and of anisole with 1 (/. SI No. 5), The
conditions and results of these alkylations are
compiled in Table Il and the structures of their
products are formulated in Scheme 1.

I

br 3 g} 1 b+
%, XeBr

Parallel to the reactions of Table I, the reactions of
Table 11 yielded products consisting essentially of
para-oniented ). 1- and 1,2-diarylisobutane isomers
{Scheme 1) mixed with a varying amount of their
meta- and/or ortho- oriented counterparts (¢f. Sl
Nos. 1,2, 3and 4). Of these reactions, 1 and 10 gave
similiar product mixtures consisting essentially of
I.1- and 1.2-di{p-tolyljisobutanes (17) and (18)
suggesting a comwon reaction intermediate (cf. SI
Nos 1 and 2) as in Egn 2,

Likewise, cach of reactions 3a and3d of Table 11 (of.
SI Nos. 3and 4) gave five products of which 19, 20 and
21 were common resulting from straight atkylations
(Eqn 3). Besides, reaction 3a gave 11 and 12 (¢f. SI
No. 3) and reaction 3b 2ave 17 and 18(/. $1 No. 4) asa
result of subsequent transatkylations (¢f. SI Nos 6
and 7) (Eqn 4) (Scheme I1).

Experimental support for these transalkylation
pathways has been found in the finding thata product

-0y ORe g
B fos
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cowprising 19, 20 snd 21 resulied upon refluxing
samples of 11 + 12 with toluenc (¢f. S| No.6) or of
17+ 18 with benzene (cf. SI No.7) in the presence of
KI0 clay catalyst as in the applied alkylation
conditions (Eqn 4). In comparing these transalkyla-
tion experiments, however, one has to notice that the
more nucleophilic 1oluene was transalkylated much
faster than benzene as indicated by the disappearance
of 11 and 12 but not of 17 and 18.

Finally, the expenienced failure in alkylating
benzene with methallyl akcohol (5) prompted us to try
another alkylation using the more active benzyl
alcohol and benzyl chloride as alkylating agent with
benzene® and naphthalene as the aromatic substrate.
In this case, successful alkylation was achieved
leading to 2 mixturc of - and f- benzylnaphthalene
(Eqn §).

L (8]

- (80
A-(20%)

AT

In conclusion, we point out that K 10-montmoril-
lonite is a highly promising Friedel-Crafis catalyst
with versatile potentialities. In our hands. it catalysed
the alkylation of b toluene, anisole and
aaphthalene with a number of secondary, tertiary
and allylic carbocation precursors. It also induced
some transalkylations but failed to alkylate benzene
with an ailylic aiconol under the employed
onditions. As to activity, it resembled the mild
catalysts FeCly, AIC1-CH3NO; and ZrCly in that it
did not induce subsequent isomerisations resulting
from hydride abstractionssuch as that of 11 or 12 to
dl- and meso-24 or of 25 to 26 (Eqs 6 and 7.

Experimental
The instruments and techniques emploved here are
simifar to those reported earlier!”,
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Starting materials and reference samples

3-Chloro-2-methyl-1-propene(methallyl chlon-
de, 4), methaliyl alcohol ($), 1-bromo-2-methyl-1-
propene (6), isobutylbenzene (15), 1-chloro-1-phe-
nylmethane {benzyl chloride) and benzyl alcohol
were available commercially (Aldnch). 1,2-Dibromo
2-methylpropane (isobutyvlene dibromide, 1)!7
I-chloro-2-methyl-2-phenylpropane (2)'™, l-bro
mo-2-methyl-2-phenylpropane (3)'"®, 2-chloro-2-
methyl-1-phenyl propane (13), 2-bromo-2-methyl-
I-phenylpropane (14), 2-methyl-l-phenyl-l-pro-
pene (7), 2-methyl-1-phenyl-2-propanol (8). 2-me
thyl-1-phenyl-1-propanol (9) and [-chloro-2-met
hyl-2-(3-tolyl)propane (10) were obtained as descri
bed eachier'”,

YH NMR data of new alkylation products

The 'H NMR of the alkylation from toluene and
Isobutylene dibromide in the preseace of cither
AICL CH;NO: or K10 clay catalyst showed a mixture
of two isomers 17 and 18.

Isomer 17: (CCls) 1.27 [s, 6H, C(CH3),), 2.25 (5,
6H. 2CH;), 2.76 (5, 2H, CH,), 6.66-7,22 (m, 8H,
Ar-H),

Isomer 18: 5(CCl:) 0.88 (d, 6H, J=7 Hz, 2CH;),
2:30(s, 6H, 2CH,), 2.49 (m, IH, CH), 3.34(d. IH, J=7
Hz, CH), and 6,54-7.38 (m, 8H, Ar-H),

The 'H NMR ot the alkylation from anisole and
isobutylene dibromide In the presence of either
AICT CH;:NO; or K 10 clay catalyst showed a mix-
1ure of 1wo isomers 22 und 23.

Isomer 22: (CCls) 127 (two overlapping s, 6H,
2CH;), 2.70and 2.83 (twooverlappings, 2H. (CHy)
3.60 (two overlappings, 6H, 20CH,), 6.57-7.30 (two
overlapping m, 8H, Ar-H).

Isomer 23: 8 (CCL)0.84 (two overlapping d, 6H,
J=T7Hz, 2CH,), 2.34 (two overlapping m, I H, 2CH),
3.66 (two overlapping s, 6H, 20CH;), 387 (two
overlapping d, 1H, /=7 Hz, CH), 6.57-7.30 (two
overlapping m, SH, Ar-H).

Alkylation and transalkylation methods: General
procedure

Unless otherwise specified in the footnotes of
Tables I and I1, the following general methods were
assentially followed.

Method A—In a flask equipped with a magnetic
stirrer, a pressure-equalising dropping funael and a
reflux condenser protected by a calcium chloride tube
was placed K1C-montrmorillonite (2 g) and the arene
0.1 mole). A solution of the alkylating agent (0.02
mole)in the arene (0.1 mole) was introduced through
the dropping funnel over a period of 10 min and the
reaction mixture stirred at the desired temperature
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for the desired time. After removing the héterogeous
catalyst by filtration and the solvent by evaporation,
the residue was analysed by TLC, GLC, IR and
NMR, The results obtained are summarised in Tables
I and 1L

Method B— The procedure was essentially the
same as in method A with the exception that the
reaction mixture was also furnished by pet. ether (b.p.
40-60°C, 20 mL}) as 3 co-solvent.

Method C — A solution of a mixture of 11 and 12
(0.02 mole) in toluene (0,2 mele) or a mixture of 17 and
18 (0.02 mole) in benzene (0.2 mole) ws added to
Ki0-montmorillonite (2.0 g) taken in the reaction
flask and the resulting mixture was heated under
reflux for 20 hr. After the standard work-up, the
residue was subjected 10*TLC, GC, NMR and IR
analyses. The results are included in Table II.

Isomerisation of neophyl chloride (2) with K10-
monimorilionite

A mixture of neophyl chlonide (2. 0.02 mole),
Ki0-montmorilionite (2.0 g), and pet. ether (b.p.
40-60°C, 20 mL) was heated under reflux for 18 hr,
The heterogeneous catalyst was then removed by
filtration, Evaporation of pet. ether left a residue
which was shown by GC and NMR to be a mixture of
2,7,13and 15 in 2 percent ratio of 60:15:14:9 with 2%
of unidentified material. When the above reaction
was performed in the absence of K10-montmorillo-
nite catalyst, the starting neophyl chloride (2) was
recovered unchanged.

Alkylation of benzene and naphihalene with benzyl
alcokol and benzyl chloride in the presence of
Ki0-monimorillonite

The procedure was essentially similar to method A
above with the exception that CH>Cly was used as
solvent in the ¢case of naphthalene. Both alkylating
ugents gave diphenylmethane (ca, 90% yield) with
benzene and a mixture of x- and J-benzyinaphthalens
(74% yield) m a ratio of 4:1 with naphthalene.
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