CATALYTIC ALKYLATION OF BENZOFURANS
II.* KINETIC PRINCIPLES OF THE ALKYLATION OF BENZOFURAN
BY TERT-BUTYL CHLORIDE

-
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The kinetic characteristics of the alkylation of benzofuran by tert-butyl chloride in the pres-
ence of zinc chloride were determined. It is shown that the processes involved in the forma-
tion of 2- and 3-tert-butylbenzofurans are parallel and that the rate-limiting step of the re-
action is the formation of the polarized (CH;);C* . . . ZnCl; complex.

As previously reported in [1], 2- and 3-tert-butylbenzofurans were the reaction products in the alky-
lation of benzofuran by tert-butyl chloride in the presence of ZnCl,, Continuing our investigations ofthis re-
reaction under static conditions, we have determined some kinetic parameters of the reaction. The reac-
tion was carried out in the kinetic region, where its rate was independent of the rate of stirring.

To determine the reaction order in benzofuran, we studied the dependence of the reaction rate on the
benzofuran concentration (0.75-2.0 mole/liter) at 70 deg C in the presence of a tenfold excess of tert-butyl
chloride. The experimental results are presented in Table 1 and Fig. 1, from which it is apparent that the
reaction is zero order with respect to benzofuran.

The reaction rate as a function of the tert-butyl chloride concentration (0.5-1.75 mole/liter) was de-
termined for a tenfold excess of benzofuran at 60 deg. The experimental results (Table 1 and Fig. 2) demon-
strate that the reaction is first-order with respect to tert-butyl chloride, as is the reaction with respect to
the catalyst (Fig. 3). ‘
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Fig. 1. Determination of the reaction order of the alkylation
with respect to benzofuran (in toluene at 70 deg).

Fig. 2. Determination of the reaction order to the alkylation
with respect to tert-butyl chloride (in toluene at 60 deg).
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TABLE 1. Determination of the Reaction Order of the Alkylation
with Respect to Tert-Butyl Chloride and Benzofuran in Toluene

Temp:‘ Exptl. conditions Indexes
&

60 | Starting tert-butyl chloride conen., 0,5 10| 125) 15 175
mole/liter
Reaction rate in tert-butyl chloride, 3,33 6,7 8.3 10,0 | 11,7
mole/liter-min-10~*

70 | Starting benzofuran concn., mole/liter 075| 10§ 12) 15) 20
Reaction rate with rgspect to benzofuran, 10,8 11,1 | 10,1 99 ] 99

mole/liter~min.10
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Fig. 3. Dependence of the rate of alkylation on the amount of ZnCl, (in
toluene at 60 deg for a tert-butyl chloride concentration of 0.75 mole/liter).

Fig. 4. Dependence of the amount of alkylation products formed on the re-
action time: I) 2-tert-butylbenzofuran; II) 3-tert-butylbenzofuran (at 68 deg
with toluene as the solvent and a benzofuran concentration of 0.75 mole/liter).

TABLE 2. Dependence of the Rate of Alkylation on the Temperature for a Zero~Order Reaction in Toluene

Experimental conditions 50 ‘ 60 70 78

Starting benzofuran ¢ "
% n concn l 1,25! 15 20l 051 0,75 1,0] 1,25 1,5] 20

] !
mole/ Titer 05 [075]1,0 | 1250 1,75/ 20 |05 | 1,0 | 1,25 1,75] 20 | 03] 0,75| 1,0

Rate of formation of 2-tert-

butylfe[hzoﬁmn’ mole/ titor- 1,8611,9 |1,86] 1,9311,86] 1,93) 3,20/ 3,75 3,15| 3,15] 3,78 11,7]11,7 |11,5/11,7 |15,3)11,5,17,0 120,0 |17,0{26,0 |26,023,0
nmn

Rate of formation of 3-tert- 5 :
butyli,erkzofmn’ mole/ liter- 56 |58 |38 (38|38 |58 (126133 [11,6 {IL7 |115 1154]15,4 19,3t19,3 15,6(15,4145,0 [37,0 |23,063,0 [51,044,0
min

The dependence of the amount of 2- and 3-tert-butylbenzofurans formed on the reaction time is pre-
sented in Fig. 4. The trend of the curves indicates that the formation of both isomers proceeds in a paral-
lel manner; this is confirmed by the absence of mutual isomerization of 2- and 3-tert-butylbenzofurans
under the experimental conditions. The dependence of the rate of formation of 2- and 3-tert-butylbenzofur-
ans on the temperature (50-78 deg) as the starting benzofuran concentration changes from 0.5 to 2.0 mole/
liter in the presence of a tenfold excess of tert-butyl chloride in toluene is presented in Table 2.

On the basis of the results, we calculated the apparent energy of activation, which proved to be 8.7 and
8.5 keal/ mole for 2-tert-butylbenzofuran and 3-tert-butylbenzofuran, respectively. The equality of the ap-
parent energies of activation for the formation of the alkylbenzofuran indicates that the reaction to formboth
isomers proceed through a single rate-limiting step.

Since the reaction is first-order with respect to tert-butyl chloride and catalyst and zero-order with
respect to benzofuran, the rate-limiting step is the formation of a polarized complex:

CH, H,
- T
Hac-.-—.c~c1 + ZnCl, == H3C~(l1~---ln 1, (slow)
H CH,

3
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The subsequent course of the reaction can be represented as follows:

3
'i%s N CH,
I+ Hac~i«-~znc13 N + HC +ZnC), ( fast )
Y H, ~ ,CH,
¢—CH,
] Sen,

O

EXPERIMENTAL

The experiments were carried out at 50-78 deg in a flask thermostated at + 0.5 deg with constant stir-
ring under nitrogen. The stirring rate was 1000 rpm. The conditions invelved in the chromatographic ana-
lysis of the catalyst and the characteristics of the reagents used are presented in [1].
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