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of o-vanillin, m.p. 141-142°. 3-Methoxy-6-nitrosalicylal-
dehyde13 was synthesized by nitration of the benzenesul-
fonate of o-vanillin and then basic hvdrolvsis of the ester, 
in.p. 103-104°. 4-Nitrosalicylaldehyde, 'm .p . 13:5-134°, 
and 3-bromo-5-nitrosalicylaldehyde, m.p. 149-150°, were 
prepared at Boston University under the direction of Pro
fessors J . P . Mason and W. J. Gensler. 

1,3,3-Trimethylindolinobenzopyrylospirans. General Di
rections.14—A mixture of equimolar amounts of the salicyl-
aldehyde and commercially available 2-methylene-l,3,3-tri-
methylindoline in absolute ethanol (25 ml./0.01 mole of al
dehyde) was refluxed on a steam-bath for two to five hours. 
The resultant highly colored mixture was cooled in an ice-
water-bath, filtered, washed with cold ethanol, and recrys-
tallized from ethanol or an ethanol-water mixture. The 
yields, melting points and elemental analyses for the com
pounds prepared are given in Table I I . 

Rate Measurements. Procedure.—The photochromic 
spiropyran was dissolved in absolute ethanol (U.S.I . Rea
gent Grade) and placed in a quartz, glass-stoppered spectro
photometer cell. The cell was placed in a cell holder 
equipped with a thermostat and allowed to come to thermal 

(13) W. Reid and H. Schiller, Ber., 85, 210 (1052). 
(14) C. F. Koelsch and W. R. Workman, Tins JOURNAL, 74, 0288 

(11(52). 

Different electrophilic substitution reactions 
result in major changes in the relative rates of 
reaction of the meta and para positions of toluene. 
The Selectivity Relationship (1) was proposed as 
a quantitative correlation of these data.6 

log p,M° = b log (pt
Ue/mtUB) (1) 

Data for some forty-seven electrophilic substi
tution reactions are now available. These data are 
correlated by the Selectivity Relationship with quite 
satisfactory precision.6 

It was suggested that the Selectivity Relation
ship might be applicable to benzene derivatives 
other than toluene.7 Unfortunately, with the 
exception of the detailed nitration data of Ingold 
and his co-workers,8 the available data were far 
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(4) Monsanto Chemical Co. Fellow, 1956-1957. 
(5) H. C. Brown and K. L. Nelson, T H I S JOURNAL, 75, 0292 (1953). 
(0) L, M. Stock and H. C. Brown, ibid., 81, 3323 (1959). 
(7) H. C. Brown and C. W. McGary, Jr., ibid., 77, 2300 (1955). 
(8) For a summary of the data and pertinent references, see C. K. 

Ingold, "Structure and Mechanism in Organic Chemistry," Cornell 
University Press, Ithaca, N. Y., 1953, Chapt. VI. 

equilibrium. After 30 minutes, the temperature was meas
ured by placing a thermocouple junction in the cell. The 
cell was then exposed to ultraviolet light from a four watt 
"Blak-Ray" (Ultra-violet Products Inc., San Gabriel, 
Calif.) or a 100 watt source (George VV. Gates and Co., Long 
Island, NT. Y.) for one to five minutes and immediately 
placed in either a Beckman DK-I recording spectrophotome
ter or a Beckman DU spectrophotometer. The disappear
ance of the colored form of the photochromic spiran was 
followed automatically or manually by recording the absorb
ance at the maximum visible peak. The reaction was fol
lowed to 95-100% of completion. Absorbance at infinite 
time (A co) was zero or was taken as the absorbance after 
several days. Figure 3 gives results typical of those ob
tained. 
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too sparse to permit a satisfactory test of this 
possibility.9 

Accordingly, it appeared desirable to undertake 
a determination of the relative rates and isomer 
distributions in the substitution of several typical 
aromatic derivatives. As representative substi
tution reactions, we selected uncatalyzed mercura-
tion,10 acylation11 and halogenation,12 and ap
plied them to i-butylbenzene and other selected 
aromatic compounds. 

The results of the mercuration study with t-
butylbenzene are presented in the present publi
cation. The acylation13 and halogenation14 studies 
are reported in the following papers. In the final 
paper of this group,16 the utility of the Selectivity 
Relationship in correlating all of the available 
substitution data for 2-butylbenzene is examined. 

(9) C. W. McGary, Jr., Y. Okamoto and H. C. Brown, Tins JOUR
NAL, 77, 3037 (1955). 

(10) H. C. Brown and C. W. McGary, Jr., ibid., 77, 2306, 2310 (1955). 
(11) F. R. Jensen, G. Marino and H. C. Brown, ibid., 81, 3303 
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/ . Chem. Sac, 270 (1943); P, B. D. de la Mare and P. W. Robertson, 
ibid., 279 (1943); H. C. Brown and L. M. Stock, T H I S JOURNAL, 79, 
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(13) H. C. Brown and G. Marino, ibid., 81, 5011 (1959). 
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The rate constants for the mercuration of z-butylbenzene with mercuric acetate in glacial acetic acid are (1. mole - 1 sec. - 1) 
8.40 X 10"6 at 90.0°, 1.52 X 1O-6 at 70.0° and 0,245 X 10"5 at 50.0°. Substitution occurs predominantly in the meta 
and para positions, with substitution in the ortho position amounting to less than 1% of the total. The isomer distribution 
observed is 34.9% m-, 65 .1% p- at 90.0°; 32.9% m-, 67 .1% p- at 70.0°; 31.0% m-, 69.0% p- at 50.0°. Utilizing previously 
available data on the mercuration of benzene under these conditions, the following partial rate factors at 25.0° are calculated 
mt 3.41, pt 17.2. Consequently, in this reaction substitution meta to a 2-butyl group occurs more readily than meta to a methyl 
group {mt 2.23), whereas substitution para to a (-butyl group occurs less readily than para to a methyl group (pt 23.0). 
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Results 
The rates of mercuration of 2-butylbenzene by 

mercuric acetate in glacial acetic acid were de
termined by following the decrease in mercuric 
acetate concentration titrimetrically with s tandard 
thiocyanate solution. A large excess of the aro
matic was used to avoid significant incursion of 
polymercuration. 

At 25° the rate of the reaction is too slow to be 
followed conveniently. Accordingly, the rates 
were measured a t 90.0, 70.0 and 50.0° and these 
data, together with the isomer distribution results, 
used to calculate the rate constant at 25.0°. 

These rate da ta are summarized in Table I . 

TABLE I 

RATES OP REACTION OF BENZENE AND J-BUTYLBENZENE 
WITH MERCURIC ACETATE IN GLACIAL ACETIC ACID 

Rate constant, ki (1. mole - 1 sec.-1) 
Temp., X 105 Relative 

0C. /-Butylbenzene Benzene* rate 

90.0 8.40 3.42 2.46 
70.0 1.52 0.565 2.69 
50.0 0.245 0.0750 3.27 
25.0 0.01656 0.00413* 4.00 

" Ref. 9. h Calculated from data at other temperatures. 

The isomer distribution studies on the mercura
tion of ^-butylbenzene were carried out on reaction 
mixtures tha t were similar in all respects to those 
employed in the kinetic measurements. The re
action mixtures were quenched at appropriate time 
intervals in equal volumes of water, the isomeric 
i-butylphenylmercuric acetates were precipitated 
quant i ta t ively as the insoluble bromides and these 
were converted into the corresponding isomeric 
bromo-i-butylbenzenes by t rea tment with bromine. 
The proportions of the isomeric bromo-i-butyl-
benzenes present in the reaction products were 
established by means of infrared analysis.7 

I t had been established previously tha t isomeri-
zation, which is important in the perchloric acid-
catalyzed mercuration of toluene, is not important 
in the uncatalyzed mercuration.10 Similarly, no 
evidence for such isomerization was observed in the 
present s tudy of ^-butylbenzene. 

Only trace amounts of the ortho isomer were ob
served, definitely less than 1%. Since an accurate 
estimate of the small quanti t ies of the ortho 
isomer was not of prime importance for our present 
objectives, we decided to ignore this minor com
ponent and to determine only the meta and para 
derivatives. 

The results of these isomer distribution studies 
are summarized in Table I I . 

TABLE II 

ISOMER DISTRIBUTIONS IN THE MERCURATION OP J-BUTYL-
BENZENB WITH MERCURIC ACETATE IN GLACIAL 

ACETIC ACID 
Temp., Isomer distribution, % 

0C. Mela Para 

90.0 34.9 65.1 
70.0 32.9 67.1 
50.0 31.0 69.0 
25.0 28.4" 71.6" 

° Calculated from rate constants and isomer distribution s 
at higher temperatures. 

Discussion 
The substi tution of a molecule such as toluene 

or /-butylbenzene to form isomeric products is a 
complex reaction, made up of three individual re
actions leading to the three isomeric reaction 
products. Each of these three reactions will have 
its own energy of activation. Consequently, the 
usual practice of using the observed gross rate 
constant at several temperatures to calculate the 
rate constant a t another temperature must be 
considered to be incorrect, suitable only in rough 
approximations, except in those cases where substi
tution occurs predominantly in one position. 

Accordingly, the observed rate da ta and isomer 
distributions at 90.0, 70.0 and 50.0° were utilized 
to calculate partial ra te constants a t each of these 
temperatures. These partial ra te constants were 
then utilized to calculate the energies, heats and 
entropies of activation, as well as the partial ra te 
constants and isomer distributions at 25.0°. These 
da ta are summarized in Table I I I . 

Part ial ra te factors for the mercuration of t-
butylbenzene and toluene are summarized in Table 
IV. 

I t was pointed out previously tha t the relative 
magnitudes of the ortho and para part ial ra te factors 
for toluene indicate the mercuration reaction to be 
one of relatively large steric requirements.10 The 
insignificant quant i ty of oriho substitution ob
served in the mercuration of ^-butylbenzene is in 
accord with this conclusion. 

From the relative magnitudes of the partial ra te 
factors, PfMe and p!t-Bu, it is apparent tha t substi
tut ion para to a methyl group occurs more readily 
than para to a ^-butyl group. Wi th the sole 
exception of one reaction, nitration,16 for which 
full experimental details are not yet available, the 
phenomenon appears to be general. Such higher 
reactivity para to a methyl group than to a t-
butyl group has been at t r ibuted to the greater 
hyperconjugative contributions of a-hydrogen-
carbon bonds in toluene as contrasted with those of 
a-carbon-carbon bonds in i-butylbenzene.17 '18 

However, alternative interpretations have been 
proposed.19 '20 

Substi tution meta to the <-butyl group is con
siderably faster than meta to the methyl group. 
From the dipole moments of ^-butylbenzene 
(0.70D.) and toluene (0.37D),21 it appears tha t the 
inductive effect of the £-butyl group is consider
ably greater than t ha t of the methyl group. I t 
therefore appears tha t the relative inductive effects 
of these two alkyl groups exert a dominant control 
on the relative rates of substitution in the meta 
position.22 

(16) H. Cohn, E. D. Hughes, M. N. Jones and M. A. Peeling, Nature, 
169, 291 (1932). 

(17) E. Berliner and F. Berliner, T H I S JOURNAL, 72, 222 (1950). 
(18) H. C. Brown, J. D. Brady, M. Grayson and W. H. Bonner, 

ibid., 79, 1897 (1957). 
(19) A. Burawoy and E. Spinner, J. Chem. Soc, 2085 (1955). 
(20) W. M. Schubert and W. A. Sweeney, J. Org. Chem., 21, 119 

(1956); W. M. Schubert, J. Robins and J. L. Haun, T H I S JOURNAL, 
79, 910 (1957). 

(21) J. W. Baker and L. G. Groves, / . Chem. Soc, 1144 (1939). 
(22) In 90% aqueous acetone, the m-methyl substituent increases 

the rate of solvolysis of /-cumyl chloride by a slightly greater factor 
than does the (-butyl substituent. However, in alcohol solvents the 
reverse is observed—the /-butyl substituent is slightly more effective 
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TABLE II I 

Compound 

Benzene" 
^-Butylbenzene 

-meta" 
-para 

Benzene 
<-Butylbenzenec 

" One position. 

S AND DEF 

25.0° 

0.00688 

. P234 

.118 

.0413 

. 165 

tivED K I N E T I C D A T A F O R 

M E R C U R I C ACETATE IN 
Partial rate constant 

fail, mole^' sec.-1) X 10» 
50.0° 70.0° 

0.125 

0.380 
1.69 
(>.750 
2.45 

0.942 

2.50 
10.2 
5.65 

15.2 

THE MERCURATION OF 

GLACIAL A 

90.0° 

5.70 

14.7 
54.7 
34.2 
84.0 

CETic A C I D 

kcal./mo 

22 2 

21.3 
20.3 
22.2 
2 ) . 6 

/-Bu 

Ie 

TYLBENZENE AND 

log A 

8.12 

7.98 
7.93 
8.91 
8.31 

i f f * , 
kcai./rru. 

21.6 

20.6 
19.6 
21.6 
19.9 

B 

,Ie 

ENZENE WIT 

A.S' * , 
eul./deg. 

- 2 3 . 6 

- 2 4 . 3 
- 2 4 . 5 
- 1 9 . 6 
— 22 8 

'' For all six positions. c Total rate constant. 

TABLE IV 

PARTIAL R A T E FACTORS FOR THE MERCURATION OF TOLUENE 

AND /-BUTYLBENZENE WITH MERCURIC ACETATE IN GLACIAL 

ACETIC ACID 
Temp., 

C. 

90.0 
70.0 
50.0 
25.0 
° Ref. 

„;M0 

3.51 
4.03 
4.60 
5.71 

10. 

-Toluene"-
JBfM= 

1.70 
1.83 
1.98 
2.23 

PfM' 

11.2 
13.5 
16.8 
23.0 

. f-B 

< 0 . 1 
< .1 
< .1 
< .1 

utylbenzene 

2.58 9.61 
2.66 10.8 
3.04 15.6 
3.41 17.2 

It is of interest to note the constancy in the en
tropies of activation for substitution meta ( — 24.3 
e.u.) and para ( — 24.5 e.u.) to the Moutyl group. 
These values are in good agreement with the cor
responding values for mercuration ortho ( — 25.4 
e.u.), meta ( — 24.9 e.u.) and para ( — 25.0 e.u.) to 
the methyl group in toluene.10 The essential 
constancy in the entropy of activation for substi
tution at the three isomeric ring positions in the 
nitration of ethyl benzoate also has been estab
lished in a recent detailed study by Ie Noble and 
Wheland.23 Consequently, the usual assumption 
of essential constancy of the entropy of activation 
in aromatic substitution24 is supported by these 
results. 

Discussion of the applicability of the Selectivity 
Relationship to the correlation of these data will be 
deferred to the final paper of this group.16 

Experimental Part 
Materials.—/-B utylbenzene (Phillips Petroleum Co., pure 

grade) was treated in a solution of acetic acid with mercuric 
acetate at 70° for 12 hours to remove minor amounts of any 
active impurities which might result in kinetic difficulties. 
The reaction mixture was diluted with water, the hydrocar
bon layer was separated, and the residual traces of mercury 
containing compounds removed from the i-butylbenzene by a 
rapid vacuum distillation. The distillate then was fraction
ated through a 50-plate column and the center cut, nwD 
1.4924, was retained for kinetic and isomer distribution 
measurements. 

The mercuric acetate (Mallinckrodt analytical reagent) 
was used as the mercurating agent without further purifica
tion. The glacial acetic acid (Baker and Adamson reagent 
grade) was approximately 0.1 M in water, as determined by 
Karl Fischer analysis. Experiments revealed that minor 
changes in the water content did not result in any significant 
variation in the rate data. 

than methyl; Y. Okamoto, T. Inukai and H, C. Brown, THIS JOUR
NAL, 80, 4972 (1958). Such inversion has not been observed in aro
matic substitution—substitution meta to r-butyl is invariably faster 
than substitution meta to methyl (ref. 15). 

(23) W. J. Ie Xoble and G. W. Wheland, T H I S JOURNAL, 80, 5397 
(1958). 

(24) L. P, Hammett, "Physical Organic Chemistry," McGraw-Hill 
Book Co., Inc., New York, N. Y1, 1940, p. 124. 

The three isomeric bromo-<-butylbenzenes were prepared 
for use as infrared standards. The ortho and meta isomers 
were prepared from a large, carefully purified sample of p-
nitro-/-butylbenzene, b .p . 135° at 10 mm., W20D 1.5337, ob
tained by nitration of i-butylbenzene.25 

o-Bromo-f-butylbenzene was prepared by the following 
procedure. £-Nitro-<-butylbenzene w a s brominated to form 
2-bromo-4-nitro-i-butylbenzene.26 The nitro group was 
reduced catalytically and the amine was deaminated with 
hypophosphorus acid.18 The product fractionated in a 
column under vacuum, b .p . 118° at 27 mm., »20D 1.5441, was 
obtained in an over-all yield of 40% based on the £-nitro 
derivative. 

m-Bromo-i-butylbenzene was obtained from the />-nitro 
derivative by transformation to the amine, acetylation, 
bromination, deacetylation and deamination.18 The frac
tionated product, b .p . 118° at 27 mm., re20D 1.5351, was ob
tained in an over-all yield of 40%. 

^-Bromo-Z-butylbenzene was prepared by a direct bromin
ation of /J-butylbenzene.14 One mole of i-butylbenzene was 
dissolved in 800 ml. of 92% aqueous acetic acid. One mole 
of bromine was added and the mixture was allowed to stand 
in the dark for 9 days. The mixture then was poured into 1 
1. of water and the crude heavy oil and the aqueous solution 
extracted with carbon disulfide. Bromine was removed 
from the extracts by washing with sodium bisulfite, and then 
by water. After drying, the carbon disulfide was removed 
by distillation, and the product was fractionated, b.p. 118° 
at 27 mm., W20D 1.5333. Traces of the o- and m-isomers were 
removed by cooling the product and decanting the mother 
liquor from the crystals. Infrared spectra indicated the 
absence of the o- and w-isomers. The yield of pure £-bromo-
/-butylbenzene was 4 5 % . 

Rate Measurements.—Stock solutions of mercuric ace
tate, 0.150 M, and 2-butylbenzene, 3.00 M, were prepared 
and utilized for the kinetic measurements. In preparing a 
reaction mixture for rate measurements 50.00 ml. of mercuric 
acetate and 25.00 ml. of /-butylbenzene solution were pipet
ted into a reaction flask and thoroughly mixed. This gave 
a resultant solution that was 0.100 M in mercuric acetate 
and 1.00 Mia the aromatic at 25.0°. Ten-ml. aliquots were 
introduced into thin walled glass bulbs which were sealed 
subsequently. These bulbs were placed in a constant tem
perature bath maintained at the appropriate temperature. 
Five minutes was allowed for the reaction solution in the 
bulbs to attain thermal equilibrium. A bulb then was re
moved, quickly crushed in ice-water, and the mercuric ion 
content was determined titrimetrically by means of standard 
potassium thiocyanate solution. This analysis was taken 
as the initial mercuric acetate concentration. The rate of 
reaction then was followed by removing the bulbs at appro
priate time intervals and measuring the decrease in concen
tration of mercuric ion. 

First-order rate constants were calculated on the basis of 
the disappearance of the mercuric acetate. Appropriate 
corrections were made for the minor losses of mercuric ace
tate through reaction with acetic acid.27'28 The second-

(25) K. L. Nelson and H. C. Brown, THIS JOURNAL, 73, 5R0.5 
(1951). 

(26) D. H. Derbyshire and W. A. Waters, J. Chem. Soc, 573 
(1950). 

(27) X. V. Subba Rao and T. R. Seshadri, Proc. Indian Acad. Sci., 
HA, 23 (1940); C. A., 34, 3077 (1940). 

(28) F. C. Whitmore, "Organic Compounds of Mercury," The 
Chemical Catalog Co., Inc. (Reinhold Publishing Corp.), New York, 
N. Y., 1921, p. 141. 
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order rate constant was obtained by dividing the corrected 
first-order rate by the average aromatic concentration 
followed by multiplication with a thermal factor consisting of 
the ratio of the density of acetic acid at 25° to that of the 
reaction temperature. 

Isomer Distribution Measurements.—The reaction mix
tures utilized for the isomer distributions were identical in 
all respects to those employed in the kinetic measurements. 
To minimize possible complications arising from polymer-
curation, the aromatic was used in a 10-fold excess over the 
mercuric acetate present and the reaction was quenched 
after it had proceeded to approximately 30% completion. 

In a typical experiment, 100 ml. of 3.00 M /-butylbenzene 
in glacial acetic acid and 200 ml. of 0.150 i f mercuric acetate 
in the same solvent were allowed to come to thermal equili
brium with the bath at the desired temperature and then 
were quickly mixed. When the reaction had reached ap
proximately 30% completion, calculated from the rate con
stants, the reaction mixture was quickly cooled and quenched 
in an equal volume of water. Excess unreacted J-butyl-
benzene was removed by aspiration under vacuum at room 
temperature and the soluble <-butylphenylmercuric acetates 
were converted into the insoluble bromide derivatives by 
addition of a 2- to 3-fold excess of bromide ion relative to 
the total mercuric concentration. The bromide derivatives 

The Selectivity Relationship3 correlates with 
excellent precision the available da ta on the substi
tut ion reactions of toluene.4 In order to test the 
applicability of this t rea tment to other aromatic 
derivatives, quant i ta t ive da t a on the rates and 
isomer distributions are required for a number of 
representative electrophilic substi tution reactions. 

We have adopted mercuration ( & T / £ B 6.4),5 

nitration (&T/&B 25),6 acylation {kr/ks, 12O)7 and 

(1) Directive Effects in Aromatic Substitution. XXXIX. 
(2) Post-doctorate research associate, 1957-1959. on project no. 

At(ll-1)-170 supported by the Atomic Energy Commission. 
(3) H. C. Brown and K. L. Nelson, T H I S JOURNAL, 75, 6292 (1953). 
(4) L. M. Stock and H. C. Brown, ibid., 81, 3323 (1959). 
(5) H. C. Brown and C. W. McGary, Jr., ibid., 77, 2306, 2310 

(1955). 
(6) Fortunately, a considerable quantity of satisfactory nitration 

data is available through the efforts of C. K. Ingold and his co-workers. 
For a summary of the data and pertinent references, see C. K. Ingold, 
"Structure and Mechanism in Organic Chemistry," Cornell Univer
sity Press, Ithaca, N. Y., 1953, Chapter VI. 

(7) F. R. Jensen, G. Marino and H. C. Brown, T H I S JOURNAL, 81, 
3303 (1959); H. C. Brown and G. Marino, ibid., 81, 3308 (1959); 
H. C. Brown, G. Marino and L. M. Stock, ibid., 81, 3310 (1959). 

were filtered, dried thoroughly under vacuum, and weighed. 
The yields of these derivatives were nearly quantitative. 

The isomeric /t-butylbenzenemercuric bromides were sus
pended in carbon disulfide and converted to the isomeric 
bromo-/-butylbenzenes by careful treatment with bromine. 
A slight excess of bromine was added, as evidenced by a 
slight red color in the carbon disulfide solution, and the mix
ture was then allowed to stand for several hours to ensure 
complete conversion of the mercuric derivatives. Excess 
bromine was removed by washing with sodium bisulfite 
solution followed by water. The carbon disulfide solution 
was thoroughly dried over calcium hydride and the propor
tions of the isomeric bromo-<-butylbenzenes were deter
mined by infrared analysis. The conversions to the isomeric 
bromo-/-buty!benzenes, as based on the infrared analysis, 
were essentially quantitative. 

Infrared analyses for the isomeric derivatives were gener
ally carried out on solutions that were about 0.3 JIf. The 
wave lengths utilized for the m- and £-bromo-2-butylben-
zenes were 12.8 and 12.2/*, respectively. o-Bromo-Z-butyl-
benzene possesses a characteristic absorption band at 13.3 ix. 
Absorbancies at each of the above wave lengths were deter
mined by means of the base line technique. 

LAFAYETTE, IXD. 

halogenation ( & T / £ B 344 for chlorination, 605 for 
bromination)8 as reactions of low, moderate 
and high selectivity to obtain the required da ta 
for this test. In the present s tudy we undertook 
to obtain the relative rates of reaction of benzoyl 
chloride and acetyl chloride in ethylene chloride 
solution, under the influence of aluminum chloride, 
with ethyl-, isopropyl- and ^-butylbenzene. The 
isomer distributions realized in the acylation re
actions were also determined to permit calculation 
of the partial ra te factors. 

Results 
Rates of Benzoylation.—A kinetic procedure had 

been developed previously to determine the 
second-order rate constants for the benzoylation 
of benzene and toluene.7 This procedure was ut i 
lized without change to determine the ra te con-

(8) P. W. Robertson, P. B. D. de la Mare and W. T. G. Johnston, 
J. Client. Soc, 276 (1943); P. B. D. de la Mare and P. W. Robertson, 
ibid., 279 (1943); H. C. Brown and L. M. Stock, THIS JOURNAL, 79, 
1421, 5175 (1957). 
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Rate constants have been determined for the reaction at 25° of benzoyl chloride-aluminum chloride in ethylene chloride 
solution with ethylbenzene, isopropylbenzene and ^-butylbenzene, yielding the relative rates: benzene, 1.00; toluene, 117; 
ethylbenzene, 101; isopropylbenzene, 93; /-butylbenzene, 70. In these reactions the isomer distributions are: ethyl-
benzene, 3.6% o-, 3AC/C m- and 93.0% p-\ isopropylbenzene, 3 .1% o-, 4.0% m- and 92.9% p-; f-butylbenzene, 0% o-, 
5.4% m- and 94.6% p-. In the series of four alkylbenzenes, the values of o; decrease from 29.5 for toluene, to 10.9 for ethyl-, 
to 8.6 for isopropyl-, to 0 for i-butylbenzene. Similarly, pt exhibits a decrease with increasing branching of the alkyl group: 
633, 563, 519 and 398, respectively. On the other hand, mt exhibits a marked increase from toluene to ethylbenzene, and 
then increases moderately: 4.9, 10.3, 11.1, 11.4. Under the same conditions, the relative rates of acetylation were deter
mined competitively: benzene, 1.00; toluene, 128; ethylbenzene, 129; isopropylbenzene, 128; <-butylbenzene, 114. 
The isomer distributions were determined to be: ethylbenzene, 0 .3% o-, 2.7% m- and 97.0% p-\ isopropylbenzene, 0% o-, 
3.0% m-, 97.0% p-; f-butylbenzene, 0% o-, 3.8% m- and 96.2% p-. The lack of significant substitution in the ortho position 
indicates a higher steric factor for the acetylation reaction than for the corresponding benzoylation reaction. The changes 
in TOf in the four alkylbenzenes, 4.8, 10.4, 11.5 and 13.0, respectively, paralleled these quantities in the benzoylation reaction. 
However, the values of pt, 749, 753, 745, 658, are surprisingly constant, in contrast to the consistent decrease in pt with 
branching of the alkyl group observed in the benzoylation and other substitution reactions. I t appears tha t hyperconjuga-
tive contributions of the alkyl substituent must be less important in the acetylation reaction than in the related benzoylation 
reaction. 


