Ortho Bromination of Substituted Benzenes

Preparation of the Allyl Alcohol (24b). Treatment of Fp(anti-
3-phenylallene) tetrafluoroborate (0.76 g, 2 mmol) as above with 21
mL of 0.1 N NaOH in acetone gave 0.10 g (16%) of the allyl alcchol
(24b): IR (CH,Cly) 3590, 2030, 1960 cm~1; NMR (CS;) 6 7.1-7.4 (m,
5, Ph), 5.94 (s, 1,=CH), 5.1 (s, 2, CHy), 4.4 (s, 5,Cp). 1.65(d, 1, J =
4 Hz, OH).
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The use of solid acid catalyst for the gas-phase dealkylation of a tert-butyl group from 4-¢-Bu-2-BrCe¢H3X was
studied. Reactions were carried out in a flow system in the temperature range of 250400 °C at atmospheric pres-
sure. The tendency of the bromine atom to cleave under the experimental conditions was followed. The lifetime of
the catalyst was limited, but it could be reactivated easily. The advantages and limitations of the process are dis-

cussed.

Introduction

Electrophilic aromatic substitution has been and still is
being investigated, offering a large body of data including
information on isomer distribution in the electrophilic sub-
stitution of substituted benzenes.? However, only a limited
number of procedures for the selective introduction of a
functional group into a substituted benzene using bulky
positional protecting groups have been described earlier.13-12
One of the bulk groups more frequently used as a positional
protecting group is the tert-butyl group. In order to recover
the final product, i.e., the 1,2-disubstituted aromatic cora-
pound, the tert-butyl group is usually removed by transfering
it to another aromatic nucleus via a Friedel-Crafts type
transalkylation reaction.!-3-512 Catalysts for this reaction are
generally based on aluminum chloride and related Lewis acid
halides. However, this procedure requires an extensive sepa-
ration technique due to the formation of a complex between
the reactants and products with the catalyst as well as the
formation of by-products.?

We now wish to report the easy and fast dealkylation of the
tert-butyl group from 4-¢t-Bu-2-BrC¢H3X over an acidic solid
catalyst in a continuous process.

0022-3263/78/1943-3493%01.00/0

Results and Discussion

In the course of our studies on the specific ortho bromina-
tion of substituted benzenes,!?* we found that the removal
of the tert-butyl group from 4-t-Bu-2-BrC¢H3X to yield 2-
BrCgHsX is achieved in the liquid phase by transalkylation
reaction (eq 1), using AlCl3 as catalyst, and excess benzene as

X X
Br Br
+ @ + @ n
t-Bu t-Bu

X = CH,, C,H,, Cl, Br

AICH,

solvent to shift the equilibrium composition to the right-hand
side of eq 1.

Although resulting in high yields and high isomer purity,
the batch reaction is not convenient for preparation on a large
scale. Since it is known that the tert -butyl group attached to
an aromatic ring has a great tendency to cleave over solid
acidic catalysts at elevated temperatures,!? we investigated
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Figure 1. Composition of the reaction mixture after passing 1a over
Si03-Al;03 at T = 350 °C at various feed rates (Ng flow rate = 50
mL/min.): @, o-bromotoluene; A, la; O, byproducts.

the cleavage of the tert-butyl group from 4-t-Bu-2-BrCgHsX
in the gas phase over solid acid catalyst (eq 2).

X
Y Br Y r
" 250-400°C /CH,;
catalyst + CH:=C\CH
t-Bu 2

1 (2)
a, X=CH,;Y=H
b,X=Cl;Y=H
c, X=Br;Y=H
d,X=CH,;Y=H

e, X = CH,: Y = CH,

This process has the advantage of a flow system in which
the used catalyst can be regenerated and no byproducts, ex-
cept for isobutylene, are formed in the process. Thus, sepa-
ration of the product from the unreacted precursor is very
simple since the difference in boiling points of ArH and ¢-
BuAr is in the range of 80 °C at atmospheric pressure. The
recovered precursor can be recycled. Further, in liquid-phase
transalkylation reactions, the Lewis acid catalyst must be
quenched prior to distillation. The present process does not
require any washing of the products, and the product mixture
can be directly distilled.

As expected,!4 no dealkylation reactions took place when
silica or alumina were used as the catalysts even at 450 °C. We
did not use graphite-intercalated metal halides, which are
known to rapidly decrease their activity during the process
since active Lewis acid is leached out from the graphite.15 On
the other hand, an acid washed silica—alumina (7:1) catalyzed
the gas-phase de-tert-butylation of la to give 2a in good
conversions and excellent yields. The degree of conversion is
dependent upon both the reaction time (Figure 1) and the
temperature (Figure 2). Increasing both the temperature and
the reaction time increases the degree of conversion.

Olah and Meyer investigated the effect of AICI3 on the
isomerization of halotoluenes.'® They found that fluoro-
toluenes and chlorotoluenes isomerize predominantly through
intramolecular 1,2 shift. The observation of rearranged
products containing as much as 20% chlorobenzene formed
by disproportionation points to the methyl group as the mi-
grating entity. In general, the isomerization rate was low at
100 °C, and increased in the order F > Cl. However, isomer-
ization of bromotoluene was completed in ca. 30 min at am-
bient temperatures, giving the equilibrium isomers mixture.
However, based on the data presented,8 it could not be con-
cluded whether the isomerization of o-, m-, and p-bromoto-
luenes proceeds through an intermolecular or an intramo-
lecular mechanism.

Although silica—alumina is a much weaker acid than AICl;,
we used elevated temperatures in which cleavage of the C-Br

Meidar, Halpern, and Sheradsky

T

100

n ~J w
(@] (@] o
T

(o8]
o

Composition (%)

s}

(@]

300 350 400 TCC)

Figure 2. Composition of the reaction mixture after passing la over
Si09-Aly03 at various temperatures (contact time = 1s): @, o-bro-
motoluene; A, 1a; W, byproducts.

bond may occur even by the catalysis of an acid as weak as
silica—alumina. Indeed, C-Br cleavage was observed yielding
dibromotoluenes and toluene (eq 3) as well as m- and p-bro-
motoluene (eq 4).

CH; CH, CH,
Br
—_— + (3)
Br,
CH, CH,
T
— Br )

While the intermolecular isomerization (eq 3) results in
easily separated products, the intramolecular isomerization
yields isomers which are difficult to separate. It has been ob-
served that the extent of isomerization reactions increases
when both the reaction time and temperature are increased.
Table I summarizes selected de-tert-butylation data of la to
give 2a. The data suggest that while the conversion and
isomerization have the same qualitative dependence upon the
temperature and the reaction time, the yield is scarcely af-
fected by these parameters,

When transalkylation reactions were carried out in the
liquid phase, and catalyzed by water-promoted Lewis acids,
it was shown!” that the reaction rate was dependent upon the
basicity of 1. The more basic 1 is, the higher the reaction rate.
Moreover, measurement of AH¥ revealed that the more basic
1is, the lower AH¥, i.e., the less temperature dependent is the
reaction rate.

Since both the liquid-phase transalkylation and the gas-
phase dealkylation are catalyzed by the same species, i.e., the
proton, the behavior of 1 over silica—alumina was expected to
be similar to that of 1 in a liquid-phase system containing
water-promoted Lewis acids. Figure 3 shows good agreement
with this expectation. The most basic, le, gives the highest
conversion with the least dependence upon temperature while
the least basic, le, gives the lowest conversion with the highest
temperature dependence.

Alkenes are well known poisons for many solid catalysts as
they tend to polymerize on the catalyst surface. In the present
experiments, measurements show a gradual decrease of the
conversion as the onstream time increased (Figure 4). This
decrease in the catalyst activity is attributed to polymerization
of the isobutylene formed in the process. The extent of de-
crease in activity varies, depending upon the temperature and
the reaction time. However, the catalyst can be regenerated
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Table I. Yields and Purities of o-Bromotoluene Obtained by the Dealkylation of 1a over Si02-Al>03 at Various Reaction

Conditions
T, contact time, feed rate, % recovery % purity of
°C s h-1 % conversion of precursor ortho isomer
350 0.2¢ 60 45 53 >99.5
300 1.0 1.1 51 48 99.5
325 1.0° 1.1 60 35 99.0
350 0.4¢ 30 48 50 99.0
350 0.84 15 53 43 98.7
400 0.29 60 51 46 98.5
350 1.2¢ 10 56 40 98.2
400 0.4¢ 30 54 42 98.2
350 1.0 1.1 65 28 98.0
350 2.5¢ 5 60 35 97.5
375 1.06 1.1 73 17 97.0
400 1.0° 1.1 80 5 96.5
@ Nitrogen flow rate = 50 mL/min. ® Nitrogen flow rate = 400 mL/min.
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Figure 3. Percent conversion of ortho bromo-substituted benzenes
on passing la-le over SiOs-Al0; at various temperatures (contact
time = 0.2s): @, 1a; A, 1b; W, 1¢; O, 1d; v, le.

to ca. 80% of its original reactivity by heating it to 500 °C in
an air stream.

Conclusion

The present process provides a simple method for the re-
moval of the blocking group, namely, the tert-butyl group.
Yield is excellent in this process with ca. 50% conversion.
Workup requires only separation by distillation after which
the unreacted precursor can be recycled.

Experimental Section

Reagents. All starting materials were prepared as described pre-
viously.?

Experimental Procedure. Gas-phase reactions over SiOg-Al:O3
(7:1) were carried out in a 210 X 11.3 mm glass tube reactor in which
the catalyst was supported by glass wool. The reactor was charged with
8.6 g (15 mL) of the solid catalyst, while dry Ny was passed through
at rates of 50 and 400 mL/min. The reactor was electrically heated to
a predetermined temperature (temperature deviation was +2 °C).
Products emerging from the catalytic reactor were condensed and
analyzed by gas-liquid chromatography. Under the experimental
conditions used, the space velocity was in the range of 9.2 X 10~£ to
1.7 X 1078 mol/s g of catalyst, and the contact time over the catalyst
was 0.2-2.5s.

Analysis of Products. Products were analyzed by gas-liquid
chromatography using a Varian gas chromatograph Model 2800
equipped with thermal conductivity detector. A 3 ft X Vg in. 10% SE-30
on gas Chromosorb P column was used to analyze reaction mixtures.
For isomer analysis a 10 ft X 15 in. 3% XE-60 on gas Chromosorhb P
column separated ortho isomer from meta and para isomers. Peak

0 2 4 6 8 i0

Onstream time, h
Figure 4. Catalytic activity (% conversion) of Si0s-Aly03 as a function
of the onstream time. T = 350 °C; contact time = 0.2 s: A, over fresh
catalyst; W, over reactivated catalyst.

areas were integrated using an Autolab digital integrator Model
6300.
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