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METHOD AND RESULTS 

out in 

1 :loO :200. Moist as carefully exclude. 
Samples were taken periodically and quenched in 5~ 5% NaOH solution. With 
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Exptxinxntd). The results of typical r=xptxkmnts an given in Tables 1, 2 and 3. 

Sample; 
Reaction time 

inmin 
yQ orthQ !%h- 

1. 10 866 % 51. % 83% 801 
2. 28 ~~~~ 7‘2% 12.7% 126V 
3.. 30 73.5% tt*1 % IS*4% 154-2 
4. 4Q 70-7 % 11,8% 17.4% 168U 
5. 50 68-2 % 12-8 % 19.0% 1800 

1. 5 8.5 % 4.9% 86.6% 649 
z 10 16-S % 68% 76.7 % 124~2 
3: 15 239 “r, iO*f “J, ~~~ l-74.6 

4, 25 28-2 % 14.2 % 57.6 % x97*r. 
5, 30 33.5 % 18V~ 48-s % 231.6 

1. 10 2*3 % 94*2 % 35% 9.4 

2 20 3-5 % 914% 49% 18-2 

3. 30 5-3 % ~8~ % -1% 34-8 
4. 45 7.4 % 85.2 % 7~~ e3 
5. 6131 9.3 % 82.6 “/, 8-t% 53-G 
6, 90 137% 75-6 % 1@7% 846 
3, 180 24.0 % 63.1% 12.7% 146.2 
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From these data and the composition of the equilibrium mixture : 37 % ortho, 46 % 

meta and 17% par-a, the following set of relative rate constants can be obtained: 
k 1 mo = k, = 1.5 k, = 6.2 
k, = 1.24 kpm= 40 kpo= 13-O 

These constants are in very good agreement with those found by Crump and 
Gorn~win.~ 

With the data of the Tables 1 and 2 and the results of activity measurements of 
“enriched” xylene mixtures (see Experimental) the Tables 4 and 5 are obtained. 

Sample 
Reaction time Ortho act Para act Act.o+m Act.p+m 

inmin in cts/mmol.s in cts/mmols.s in cts/mmol.s in ct.qmm0l.s 

1. 10 50 390? 48 260 
2. 20 85 420 83 280 
3. 30 110 400 100 260 
4. 40 125 390 115 290 
5. 50 140 370 135 270 

TAB= 5. CALCULATED Acnvn-ms TV THE wxazruz,vnoN CR para-BROMOTOLIJtlhE CONDIITO~ AS MTALBU 2. 

Sample 
Reaction time Or& act. Para act Act.o+m Act.p+m 

inmin in cts/mmol.s in cts/mmol.s in cts/mmol.s in ctsJmmol.s 

1. 5 440 32 240 30 
2. 10 425 65 310 65 
3. 15 405 108 300 102 
4. 25 410 137 276 114 
5. 30 360 181 265 163 

DISCUSSION 

The starting activity of the toluene used was 448 cts/mmol.s Extrapolating the 
ortbo activities of Table 4 to t = 0 (neglecting the first value), shows that the isomeri- 
&ion of or& to pura-bromotoluene is completely intermolecular. The activity of the 
or-rho isomer indicates an intermolecular reaction ortho -b ortho. 

The activity of the meta isomer doe-s not exceed that of the ortho isomer, hence the 
formation of m&a from ortho is intramolecular in character. Comparison of the 
activation of the ortho and the para isomer yields 

y. ortho x act. ortho 

y0 para x act. para 
= 1.32 as mean value from Tables 1 and 4 

Similarly, it can be concluded from Table 5 that the ortho isomer is formed from 
the para isomer by an intermolecular reaction. The reaction pura + meta is completely 
inrramolecular. Also an activation of the para isomer occurs. 
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Comparison of the activation of the ortho isomer and the para isomer is as 
follows : 

‘4 ortho x act. ortho 

% para x act. para 
= l-38 as mean value from tables 2 and 5 

From the experiments on catalytic bromination of alkylbenzenes,* under circum- 
stances where no isomerization is possible, it can be extrapolated that for concentra- 
tions as low as used in experiments described in this paper, the ortho/para-ratio is 
about 1.3. This striking correspondence is in agreement with a complete intra- 
molecular ortho -+ meta and para + meta conversion. 

Combination of this ratio with the relative reaction rates results in : 

k, = 8 and k, = 10 

From Table 3 it follows that in the meta isomerization the ortho and para isomers 
areformedinaratio: 

k 0 = O.&j 
k, 

This means that the meta isomerizations do not take place via the same intermediate 
as the isomerizations of ortho and para-bromotoluene. If the radioactivity of the 
bromotoluene mixture from the isomerization of meta-bromotoluene is estimated 
for 100% infermolecular reaction, (the percentage of the ortho and the para component 
is simply multiplied by the activity of the toluene over the isometition trajectory) 
and compared with the experimental data the following Table is obtained : 

hDlOM!TlVITY W TW BROMOTOLU@t@ MIXTURE FROM meta- 

BROMOTOLUENR 

Reaction time 
in min 

Estimated for 100% 
intermolecular reaction 

cts/mmol.s 
Found 

CtS/IMlOl.S 

10 25.8 9.6 
20 36.8 18.2 
30 51.1 34.8 
45 63.2 46.3 
60 73.0 53.6 

From these data it is clear that the isomerization meta + para and meta + ortho 
is certainly not completely intermolecular. In comparable experiments samples 
were taken after 45 minutes at which time enough of the ortho component was 
present for separation and specif$z radioactive assay. The specifx activity was found 
to be 94.5 resp. 101 cts/mmol.s As only a small amount of the active or&o component 
was separated from a large amount of the nearly inactive meta component, these 
activities may well be higher. The activity of the ortho component should be at least 
about 100 cts/mmol.s. for a complete intramolecular isomerization (side reactions 
are neglected). In the case of a complete intermolecular reaction the activity should 
be 430 cts/mmol.s. Therefore it seems reasonable to assume a complete intra- 
molecular reaction meta + ortho and meta + pura. 
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In the isomerization of paru- and o&o-bromotoluene, the ortho and paru isomers 
are formed in the same ratio independent of the starting isomer (1.3). In view of the 
agreement with Olah’s experiments on catalytic bromination* it seems reasonable to 
assume that in the intermolecular isomerization a Br+ is abstracted by the toluene 
in association with the catalyst, and then a new molecule of bromotoluene is formed. 
Therefore this transbromination probably takes place via the same intermediate as 
in the catalytic bromination. The ortho * puru isomerizations arc completely 
intermolecular and the meta * paru and metu * ortbo isomerizations proce4 via 
1,2-shifts. The mechanisms should be different. 

meta-Isomerization proceeds presumably via a-complexes, while ortho @ puru 
isomerization proceeds via a non-localized n-complex. (Olah assumed n-complexes 
for the catalytic bromination). The following scheme illustrates these conclusions: 

artho meta para 
RG. 1. Schematic representation of the isomerization of the bromotoluenes. 
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EXPERIMENTAL 

Freshly sublimated AlsBr, and freshly prepared HBr wm used. Tk bromotoluenes were Fluk A.G. 
“isomerenfrei”, the ortho and pum isomer containing 34% mete isomer. Anahu toluek was dried with 
C&I, and this toluek was activated with toluencl-l’C (PhilipttDuphar), to an activity d448 cts/mmoLs. 

For tk isomerization ca 750 mg (OW3 mole) Al,Br, was sublimated in the reaction vessd and ca 
06 mole of radioactive toluene added After saturation with HBr ca 03 molt bromotoluent was added. 
Samples of 10 ml wem taken and all manipulations carried out under strictly anhydrous conditions 

Samples were quenched with NaOHaq, neutrali.zed and washed with water. Tk organic layer was 
separated in toluenc and bromotoluenes by preparative GLC (30% silicons oil on “Kieselguhr” column; 
length 2.4 m inner diam 6 mm, tcmp lW, flow 150 ml H&tin). The bromotoluenes were stripped with 
inactive toluenc 

GLC analysis was performed in a two-stage-operation; ortho-analysis on a column of 20% dinonyl- 
phthalate on “Chromosorb”, length 6 m, inna diam 6mm, temp 1lOq flow 1OOml H&in, retention 
tinns about 2hr; pare-analysis on a column of 33% tetrachlorodibutylphthake on “Chromceorb”, 
length 10 m, inner diam 45 mm, temp 1 lo”, flow 120 ml H&nin, retention time about 7 hr. 

Radioactive assay of toluene-l-l% and xyknes (see klow) was carried out with a Packard 314 ES Tri 
Garb-liquid-scintillation spectrometer, quench corrections being applied for the bromotoluenes 

For the determination of the specific activity of each of tk bromotoluenes it was nm to convert 
these compounds into the corresponding xylenes (the Grignard reaction was used for this conversion). 
The preparative GLC separation was also carried out in a two-stagtoperation; ortho-separation on a 
column of 30% silicone oil on “Kieselguhr”, length 2.5 m, inner diam 6 mm, temp 100”, flow 60 ml H&in, 
separation of tk para component on a Bentone 34 column (20% Bentok 34 + 25% silicone oil GE SF 80 
on “Chromosorb”), length 4 m, inner diam 45 mm, temp W, flow 60 ml H&in. 

Tk preparative GLC separation of xylenes was not complete. Therefore samples were enriched in the 
predominant isomer. The composition and tk activity of tk samples obtained was determined. By 
comparison with tk composition and activity d tk original xylene mixtures the activity d tk orrho and 
para isomer was calculated. 

A typical calculation example is given for the isomerixation of para-bromotoluene, Table 2 No. 3. 
Composition found 23.9% ortho, 101% mete and 66Q% pare-bromotoluene, activity 1746 cts/mmol.s. 
This mixture was converted into xylenes; composition 23a% or&. 103% mete and 66.7% para-xylene, 

activity 171.9 cts/mmoLs. 
Preparative GLC separation on tk kntok column gave a mixture of SeO% guru-xylene and la% 

orthe + meta-xylene, activity 1 IO cts/mmol.s. In the preparative GLC separation on the kntone column, 
the ratio ortho/meta remained practically unchanged. 

Tk original mixture contained 33.3% (ortho + meta) and 66-7% para with an activity d 171.9 cts/ 
mmol.s, the enriched mixture contained 1.0% (ortho + meta) and 99a% paru, with a total activity of 
1 IO cts/mmol.s. 

From the data, the following equations were derived : 
Q333 (act. 0 + M) + 067 (act. P) = 171.9 
001 (act.O+M)+O99(act.P)=110 

Hence act. 0 + M = 300 cts/mmol.s. and act P = 108 cts/mmol.s. 
In the preparative GLC separation on tk silicone oil column tk ratio meta/pum remained practically 

unchanged. 
The original mixture contained 770% (meta + pera) and 230% ortho with an activity d 1719cts/ 

mmol.s., tk enriched mixture contained 98.8% (m&a + pura) and 1.2% orthe, with a total activity of 
106 cts/mmol.s Tbis resulted in the following equations: 

@77 (act. M + P) + @23 (act. 0) = 171.9 
0988 (act. M + P) + OQ12 (act. 0) = 106 

Hence act. M + P = 102 cts/mmol.s. and act. 0 = 405 cts/mmol.s. 
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