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The aluminum chloride~catalyzed reaction of benzoyl chloride with benzene in nitrobenzene solution exhibits complex
kinetics. For any given concentration of the three reactants, the reaction appears to follow a third order rate expression:
rate = k;3[CyHe] [CeHCOCI] [AICL]. However, with increasing aluminum chloride concentrations, the rate constants de-
crease in magnitude. The data for the corresponding reaction with toluene appear to follow a seven-halves order rate expres-
sion. Comparison of the half-lives of the two reactions leads to a toluene/benzene rate ratio of 149. Comparison of the seven-
halves order rate constants for benzene and toluene (with all reactants at equal concentrations) leads to the kr/ks value
of 153. These values are in excellent agreement with the value of kr/kz of 149 predicted from the observed isomer distribu-
tion in the benzoylation of toluene (ortho, 7.2%; meta, 1.1%; para, 91.7%). Partial rate factors are calculated for the benzoyla-

tion reaction.

The isomer distribution in the aluminum chlo-
ride-catalyzed reaction of benzoyl chloride with
toluene in nitrobenzene solution at 25° was estab-
lished to be: ortho, 7.2; meta, 1.1; para, 91.7%,.3
These results indicate that benzoylation is a highly
selective reaction.® In order to test whether this re-
action obeys the quantitative treatment which has
been proposed for aromatic substitution,”® it was
necessary to have the relative rate of benzoylation
of toluene to benzene (k;/kz) under conditions iden-
tical with those used for establishing the isomer dis-
tribution.®

Attempts were made to establish the relative
reactivities by competition experiments. However,
it soon became apparent that the difference in re-
activities of benzene and toluene was too great for
such methods. Accordingly, we undertook a kinetic
study of the benzoylation of benzene and toluene
in the hope that the rate ratio might be accurately
determined by a direct comparison of the two
rate constants.

Kinetic studies have been made of the benzoyla-
tion reaction, using excess aromatic hydrocarbon as
the reaction medium.?~13 More recently, a kinetic
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study has been made of the benzoylation of benzene
and toluene in bromobenzene solution.® However,
our isomer distribution study had utilized nitro-
benzene as a reaction medium,’ so that a kinetic
study of the reaction was undertaken with this ma-
terial as solvent.

RESULTS

The reaction components are highly sensitive to
moisture and consistent results could be realized
only after considerable experimentation and the
development of special apparatus and techniques
for handling the reagents and solutions under
strictly anhydrous conditions.'* Largely because of
the special sensitivity of the reaction to trace quan-
tities of water or other basic impurities, it proved
desirable to operate at somewhat higher concentra-
tions (0.2-0.4M) than are customary in kinetic
work. Although we encountered difficulties with the
kinetics, as far as we could ascertain these dif-
ficulties were not attributable to the high concen-
trations used or to the experimental procedure.

Standard solutions of aluminum chloride in ni-
trobenzene were prepared and stored in special
flasks which permitted the measurement of aliquots
without exposure to moisture. A known amount of
benzoyl chloride was added to these aliquots, and
they were diluted to the desired concentration with
nitrobenzene. The reaction was initiated by addi-
tion of the aromatic. Aliquots were removed at
suitable intervals and the reaction was followed by
the change in concentration of benzoyl chloride.
By this procedure the rate constants were reprodu-
cible to +3-5%.
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At any given concentration of aluminum chloride,
the reaction with benzene appears to follow a simple
third order rate expression (1) out to 70-80%, reac-
tion:

rate = k;[CsHe] [CeH:COC1][AICL;] (1)

While maintaining the benzoyl chloride and alu-
minum chloride concentrations essentially constant
at 0.4M, the benzene concentration was varied from
0.2M to 0.8} without variation in the value of ks
(Table I). Similarly, with the benzene and alumi-
num chloride concentrations fixed at 0.4M, a
change in the benzoyl chloride concentration from
0.2 to 0.6M results in no important change in ;.
(The observed decrease from 3.8 to 3.4 may be sig-
nificant, or it may be due to a minor solvent effect
arising from the high concentrations of benzoyl
chloride.)

With the acid chloride and benzene concentra-
tions maintained constant, the aluminum chloride
concentration was varied. An increase in the alumi-
num chloride concentration led to a decrease in the
value of k; (Fig. 1). The effect is quite large. Thus,
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Fig. 1. THirD ORDER RATE CONSTANTS FOR THE BENZO-
yLATION OF BENZENE (25°) witH (CeH:;COCl) = (Ce¢Hs) =
0.4 MoLe/LiTeER AND VARIABLE ALUMINUM CHLORIDE
CONCENTHATION

with the acid chloride and benzene concentrations
maintained at 0.4M, k; varies with [AICl,] as indi-
cated: 0.2M,5.0; 0.4M, 3.4; 0.8M, 2.1.

A reaction mixture was permitted to go essen-
tially to completion and the product was isolated.
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A 929, yield of spectroscopically pure benzophe-
none was isolated. Consequently, the reaction with
benzene does not appear to involve any important
side reaction.

The results are summarized in Table I.

TABLE I
RATE CONSTANTS FOR THE ALUMINUM CHLORIDE~CATALYZED
REeacTioN ofF BENzovL CHLORIDE WITH BENZENE IN
NITROBENZENE SOLUTION AT 25°

10%k,®
Reactants, M liter2  Extent of
Benzoyl Mole~? Reaction,
Benzene  Chloride AlCl Min."! P
0.199 0.398 0.397 3.26
0.409 0.402 0.401 3.40° 58
0.398 0.400 0.401 3.38¢ 64
0.795 0.403 0.402 3.33 75
0.406 0.203 0.402 3.83 78
0.392 0.204 0.397 3.77 72
0.394 0.594 0.397 3.56 69
0.376 0.567 0.376 3.21 64
0.397 0.399 0.200 5.02 68
0.395 0.401 0.198 5.22 81
0.392 0.395 0.198 4,74 72
0.387 0.388 0.779 2.14 65
0.400 0.401 0.800 2.10 67
0.397 0.397 0.756 2.07 60
1.162 0.395 0.777 2.06 80
0.608 0.208 0.403 3.91 81
0.598 0.600 0.598 2.48° 65

% In cases where two or more concentrations are almost
equal, mean concentrations were used in the calculations.

The extent of the reaction for which the third order plot
was linear. See Fig. 1. The value in 9%, is based upon the
component present in limiting amount. © ks 6.25. ¢ ks
6.05. ¢ ka5 3.90.

A new complication made its appearance in the
corresponding kinetic study with toluene. Here the
third order treatment, which had been satisfactory
for benzene (Fig. 1), failed to give a linear relation-
ship (Fig. 2). The curvature, although real, was not
great and the data were approximately linear in the
region between 30-409, to 70-809,. We therefore
adopted this treatment to obtain an approximate
value for the rate constant (k;). The value of the
rate constant obtained in this way was reasonably
reproducible (%5%,) and we utilized it to explore
the effect of changes in the initial concentrations of
the three components.

The results were similar to those described for
benzene. The rate constant was essentially inde-
pendent of the initial concentration of the aromatic,
decreased moderately with an increase in concen-
tration of benzoyl chloride, and decreased markedly
with an increase in the concentration of aluminum
chloride.

Typical results are summarized in Table II.

It was then noted that those experiments in
which the three reactants were present in essen-
tially equimolar concentrations (0.2M or 0.4M)
gave good linear plots up to 70-809, reaction when
the data were treated as a reaction of order seven-
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Fic. 2. Tuirp OrpER RATE CONSTANTS FOR THE BENZO-
YLATION OF ToLUENE (25°) with (CeHsCOCI) = (C¢H;CHa,)
= (0.4 MoLE/LiTER

TABLE II
RATE CONSTANTS FOR THE ALUMINUM CHLORIDE~CATALYZED
REactioNn or BENzoYL CHLORIDE WITH TOLUENE IN
NITROBENZENE SOLUTION AT 25°

kaa ]Ca.ﬁ
Reactants, M Liter? Liter?
Benzoyl Mole=?  Mole~25
Toluene Chloride AlCl; Min. ! Min. ™!
0.404 0.203 0.398 0.495
0.404 0.199 0.398 0.488
0.610 0.204 0.399 0.470
0.603 0.206 0.401 0.474
0.400 0.402 0.401 0.356 0.80
0.400 0.401 0.401 0.385 1.01
0.400 0.401 0.400 0.353 0.93
0.397 0.400 0.797 0.285
0.398 0.400 0.801 0.298
1.213 0.406 0.810 0.288
1.221 0.412 0.807 0.339
0.200 0.200 0.198 0.525 1.86
0.205 0.201 0.201 0.610 2.00

% In cases where two or more concentrations are almost
equal, mean concentrations were used.

halves. Thus, in Fig. 3, a significant upward devia-
tion is evident only after the reaction is 859, com-
plete.

This encouraged us to examine a seven-halves
plot for benzene. Such a plot exhibited satisfactory
linearity up to 40-509, reaction, but deviated up-
ward beyond this point (Fig. 4). Thus in the case
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of benzene such a treatment is less satisfactory than
the third order analysis previously utilized. The
values of ks.s (Tables I and II) appear to vary in-
versely with the first power of the initial concen-
tration of aluminum chloride. Unfortunately, the
treatment of seven-halves order kinetics for cases
other than equal concentration of reactants is too
cumbersome to be practical. Consequently, we were
able to explore the change in rate constant only for
the runs in which all reactants had been maintained
essentially constant.

Efforts were made to determine the possible exist-
ence of any simple rate law by calculating the order
of the reaction using means other than application
of the integrated forms of various rate expressions.
Thus, if all reactants have equal concentrations,
any simple rate expression reduces to the form

—-i(i=kc"

dé

and

og(—%) =logk + nloge

The rates of reaction —%> were determined by

constructing tangents with the aid of a small mirror
at several points on the curve obtained by plotting
the concentration of benzoyl chloride vs. timne. The

logarithm of the rate[log( —%) :lwas plotted vs. the

logarithm of the concentration (log ¢) and the slope
(n) determined. With all reactants at a concentra-
tion of 0.4 mole/liter, the over-all order (n) was 2.9
for benzene and 3.4 for toluene. This agrees with
previous results that individual benzene experi-
ments follow third order kinetics, while those of
toluene are closer to seven-halves order.

DISCUSSION

Kinetics. Although a general rate expression was
not obtained, several conclusions concerning the
kinetics can be drawn. Thus, individual benzene
runs are third order, while those of toluene are
closer to seven-halves order. The reaction appears
to be cleanly first order with respect to the aromatic
component, indicating that the latter is involved in
a rate-determining stage. The order with respect to
the benzoyl chloride is only approximately unity,
since the rate constants exhibit minor changes with
change in the initial concentration of thiscomponent.

The order with respect to aluminum chloride is
ill-defined. Individual experiments with benzene
appear to be first order, and those with toluene
three-halves order in this component. Moreover,
the rate constants decrease markedly with an in-
crease in the initial concentration of the metal hai-
ide. The over-all data clearly establish that the rate

PARTIAL RATE FACTORS FOR THE BENZOYLATION REACTION
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is not a simple function of some power, integral or
not, of the aluminum chloride concentration.

The question necessarily arises as to whether the
complicated kinetics are a consequence of the acyla-
tion reaction itself, or are to be attributed to some
peculiarity of the aluminum chloride-nitrobenzene
system.

Rothstein and Saville previously examined the
behavior of aluminum chloride in nitrobenzene
solution on the reaction of pivaloyl chloride with a
number of aromatic components.'® The kinetics
were complex. However, the reaction itself is not
simple since it involves both acylation and alkyla-
tion (with loss of carbon monoxide). Consequently,
no definite conclusion can be drawn from the com-
plexity of the kinetics.

Recently we examined the kinetics of the alu-
minum chloride—catalyzed reactions of arylsul-
fonyl chlorides with aromatics.’® Similar complex
kinetics were observed. In a recent study of the alu-
minum chloride~catalyzed reaction of cyclohexyl!
chloride with benzene, Lebedev noted that the or-
der with respect to aluminum chloride varied from
0.35 for 859, nitrobenzene-12.57, benzene to 1.5
for 22.59, nitrobenzene-75%, benzene.”” He con-
cludes that the order approximates 0.5 for pure ni-
trobenzene and is near 2 for pure benzene, with rap-~
idly changing intermediate values for mixtures of
the two solvents.

On the other hand, there is evidence that the
acylation reaction itself can be kinetically simple.
Thus, Smeets and Verhulst report clean second or-
der kinetics for the reaction of the benzoyl chloride-
aluminum chloride complex with aromatics in bro-
mobenzene solution.? Likewise in benzoyl chloride
as solvent we have found the acylation reaction to
be cleanly first order in aluminum chloride and first
order in aromatic.®

Therefore, it appears that the complex kinetics
are not the result of any peculiarity of the acylation
reaction, but must be attributed instead to the pe-
culiarities of the aluminum chloride-nitrobenzene
system.'® It is probable that the unraveling of the
kinetics must await a better understanding of the
molecular and ionic species present in a solution of
aluminum chloride in nitrobenzene.

We explored a number of possible explanations
for the observed kinetics. Since we were unable to
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TABLE III
Havr-Lives AND RELATIVE RATES
Reactants Reactants
Benzoyl Benzoyl
Benzene Chloride AlCL to.s (Min.) Toluene Chloride AlCL to.5 (Min.) kr/kg
0.413 0.210 0.399 1600 0.409 0.208 0.400 10.5
0.406 0.203 0.402 1650 0.404 0.203 0.398 10.5
0.392 0.204 0.397 1750 0.404 0.199 0.398 10.4
0.399 0.202 0.400 1580
Mean 1640 =% 55 Mean 10.5+0.03 156
0.409 0.402 0.401 2700 0.400 0.401 0.402 21.0
0.398 0.400 0.401 2700 0.401 0.400 0.401 19.1
0.400 0.401 0.400 20.4
Mean 2735+ 35 Mean 20.2-£0.7 136
0.397 0.399 0.200 1170 0.399 0.400 0.200 7.9
0.395 0.401 0.198 1140 0.397 0.398 0.199 8.1
0.392 0.395 0.198 1180
Mean 1160 = 17 Mean 8.0+0.1 145
0.387 0.388 0.779 1710 0.397 0.400 0.787 11.0
0.400 0.401 0.800 1910 0.398 0.400 0.801 11.0
0.397 0.397 0.756 1910
Mean 1840 <+ 90 Mean 11.0=£0.0 167
0.795 0.403 0.402 1130 0.791 0.397 0.397 8.1 140

Mean 149 =+ 10

arrive at a satisfactory interpretation, we shall not
attempt to discuss these here.'®

Relative rate. The question remains whether the
data can be used to answer the primary objective of
this investigation, the relative rate of benzoylation
of toluene and benzene.

The halogenation of aromatics exhibits certain
complexities in the kinetics. In these cases the rela-
tive reactivities have been established with consid-
erable reproducibility and consistency by compar-
ing the 109, and 209, reaction times.?:2! We there-
fore examined this approach. Since the speed of the
toluene reaction is so great, we compared the half-
lives (fo.5) instead of the fp1 and £y values used in
the halogenation studies. In all cases the rates were
compared under closely comparable concentrations
of reactants.

The results are summarized in Table III.

The relative rate is 149 = 10 and appears to be
essentially independent of the concentrations of the
reagents, within the relatively large experimental
uncertainty.

As was pointed out, the reaction of toluene exhib-
its a good fit with the seven-halves order treat-
ment, whereas the corresponding treatment of ben-
zene exhibits satisfactory linearity over the first
509 of reaction. Accordingly, we compared the two
values of the rate constants calculated in this way
for all concentrations essentially 0.4M (Tables I
and II). The relative rate k,, k; calculated from the

(19) For a fuller discussion of the kinetic investigation
together with additional kinetic data obtained in our efforts
to understand the reaction, the original theses should be
consulted (refs. 3 and 16).

(20) P. W, Robertson, P. B. D. de la Mare and W. T. G.
Johnston, J. Chem. Soc., 276 (1943); P. B. D. de la Mare
and P. W. Robertson, J. Chem. Soc., 279 (1943).

(21) H. C. Brown and L. M. Stock, J. Am. Chem. Soc.,
79, 1421 (1957).

mean value of three toluene runs (0.943 = 0.045
liter?® mole—2% min.~!) and the mean value of two
benzene runs (0.00615 + 0.00010 liter®# mole—28
min. ) is 153.

The determination of relative rates by such a
comparison of rate constants involves two assump-
tions: (a) the rate determining step consists, in the
case under discussion, of the reaction of the aro-
matic component with the substituting species, and
(b) the rate expressions for the reactions with ben-
zene and toluene are the same. Since the kinetics of
the benzoylation reaction in nitrobenzene solution
are not understood, neither of these conditions can
be explicitly assumed to apply in this case.

Arguments can be advanced to support the posi-
tion that both assumptions are approximately ful-
filled in this reaction. Thus, the essentially clean
first order dependence on the concentration of both
benzene and toluene and the large difference in ob-
served rate points to the aromatic being involved in
a rate-determining reaction of the hydrocarbon
with the substituting species, whatever that may be.

Second, the ratio of kr/kz as measured by the
half-lives exhibits a remarkable constancy over
large changes in the concentrations of the compo-
nents. This also argues that the actual substitution
step is the major controlling factor in the rates.

Finally, the agreement realized between the kr/
ks value from the half-lives (149) and the k;/ks
value from the ratio of the seven-halves rate con-
stants (153) also supports the same conclusions. It
would appear that the complex kinetics arise from
those reactions which produce the molecular or
ionic intermediate which reacts with the aromatic
and that this complication is effectively eliminated
by comparing the half-lives or seven-halves order
rate constants under essentially identical condi-
tions.
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In the absence of contrary evidence, the average
value, kr/ks = 151, may be adopted for the rela-
tive rate of benzoylation of the two hydrocarbons.

Partial rate factors. Utilizing the k. /k; rate ratio
of 151 and the observed isomer distribution® of 7.29,
ortho, 1.19%, meta, and 91.7%, para, the partial rate
factors may be caleulated. These are listed in Table
IV.

TABLE 1V
OBSERVED AND CALCULATED VALUES OF THE PARTIAL RATE
Facrors For THE BeNzoyrLaTioN REeactioN IN NITRO-
BENZENE AT 25°

Relative
Partial Rate Factors Rate,
or mpy Pr kr/ks
Obsd.® 32.6 5.0 831 151
Caled.? 32.0 4.9 817 149

@ This study. ® Ref. 5.

Recently a procedure was poposed for the calcu-
lation of the partial rate factors for toluene substi-
tution and the relative rates of reaction solely from
the observed isomer distribution.® The values cal-
culated in this way® are also listed in Table IV. The
agreement is excellent, well within the probable un-
certainty in the experimental k,/kp value. The
correlation of the benzoylation reaction with other
substitution reactions of toluene is indicated by
Fig. 5. The excellent agreement realized lends sup-

Bromination (Br, , 25°)

32k Chiorination ( 24°)
\
Benzoylation (Nitrobenzene, 25°)
Chioromethylation (60°)
R Basicity (HF)
- icit HF - BF
by Basicity ( BF;)
o> Brominolysis of o
S ArB(OH), (26) Bromination { Br*, 25°)
Nitration ( 45°) 7
1.6
Mercuration { 25°)
Detrimethyisilylation
Methylation ( GoBr, , 25°%)
Sulfonylation
08~ °
Ethylation (GaBry, 25)
1 i [l L
(o] 0.6 1.2 1.8 24

Selectivity Factor, Sf

F1c. 5. BENZOYLATION oF TOLUENE IN THE SELECTIVITY
RevATIONSHIP
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port to the conclusion that the reaction of the aro-
matic with the substituting species must be rate-
controlling in the benzoylation reaction.

It is concluded that benzoylation, specifically,
and presumably acylation, generally, obeys the
Selectivity Relationship.

EXPERIMENTAL

Materials. The purification and properties of the various
compounds used in this study are described in an earlier
paper.t

The benzoyl chloride and nitrobenzene were distilled
directly into special storage and dispensing flask equipped
with a buret side arm. The solution of aluminum chloride in
nitrobenzene was also prepared and stored in and dispensed
from a special flask of this kind. All flasks were maintained
under pressure of dry nitrogen (~1.3 atmos.).

Kinetic Procedure. The reaction flasks consisted of cali-
brated Pyrex graduated cylinders equipped with a side arm
for dry nitrogen. The reagents were infroduced into the
reaction flask from the special dispensing flasks in a stream of
dry nitrogen. With the reaction mixture (aluminum chloride
and benzoyl chloride in nitrobenzene) at bath temperature
(25.0 = 0.03°), the reaction was initiated by the introduction
of the aromatic by means of a syringe. Samples were re-
moved at appropriate time intervals and the course of the
reaction was followed by determining the concentration of
unreacted benzoyl chloride.

Two analytical procedures were employed. In the first of
these, 5-ml. aliquots of the reaction mixture were run into

TaBLe V

Typicar KiNETIC DATA FOR THE BENZOYLATION OF
BeNzENE AHD TOLUENE IN NITROBENZENE SOLUTION

AT 25°
Reagents, M
Benzoyl Time,
Benzene Toluene chloride AlCl; Min. z?
0.397 0.399 0.200 320 0.043
664 0.070
1060 0.093
1395 0.108
2400 0.136
2855 0.150
3845 0.166
0.398 0.400 0.401 310 0.056
750 0.103
1175 0.134
1525 0.151
2350 0.187
2830 0.205
4165 0.225
6065 0.254
8220 0.277
0.400 0.401 0.800 275 0.058
600 0.110
960 0.143
1265 0.161
2320 0.222
3751 0.269
0.400 0.401 0.402 5.8 0.118
12.1 0.167
17.5 0.190
27.4 0.218
40.2 0.242
70.2 0.272
127.8 0.300

¢ Benzoyl chloride reacted, moles per liter.
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20 ml. of 2M sodium hydroxide solution and the mixtures
heated under reflux for 1-2 hr. The nitrobenzene phase was
separated, washed with 10 ml. of water, which was joined
with the aqueous phase. This was then acidified with 10 ml.
of 6N hydrochloric acid and extracted with 25 ml. portions
of ether. Each ether portion was washed with 10 ml. of water,
which was added to the aqueous phase for the next extrac-
tion. The combined ether extracts were evaporated under
reduced pressure at room temperature and the residue taken
up in 50 ml. of 959, ethanol. This was then titrated with
standard base. Blank determinations revealed that this
procedure accounted for 98-99+4-9 of the benzoyl chloride
present in typical reaction mixtures.

A more convenient analytical procedure was developed

PARHAM AND TWELVES
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subsequently.®® This procedure involved the neutralization
of the aluminum chloride and hydrogen chloride in the re-
action mixture, followed by a direct titration of the benzoic
acid and hydrochloric acid produced by the hydrolysis of
the benzoyl chloride present. A detailed description of this
procedure will be published shortly.2?

Both procedures gave identical results.

Typical kinetic studies are reported in Table V.
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(22) H. C. Brown, F. R. Jensen, and B. A. Bolto, paper
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Formation of Naphthalenes from Indenes. III.! Substituted Methanes as
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Seven substituted methanes have been examined as possible carbene precursors in reactions with potassium ¢-butoxide
and indene. Dichlorobromomethane (III) gives principally the adduct of dichlorocarbene, and the apparent tendency for
bromide ion to be eliminated from the anion of I1I is at least six times greater than for chloride ion. The thermally unstable
adduct obtained from reactions employing dibromochloromethane (IV) was converted in high over-all yield to an approxi-
mately equimolar mixture of 2-chloro and 2-bromonaphthalene. Thus, there appears to be far less apparent selectivity of
the halogen eliminated from the cyclopropane intermediates, than from the anions of the haloforms. Data obtained from
reactions with dichlorofluoromethane (V) furnish direct evidence for the existence of chlorofluorocarbene, and indirect
evidence to support the conclusion that the cyclopropane derived from this carbene and indene is more stable than other
analogs studied. Jf carbene intermediates are involved in reactions of the substituted methanes VI-IX, they do not add

appreciably to indene.

We have previously described a synthesis of 2-
halonaphthalene’* which involves the reaction of
indene, or a substituted indene, with chloroform or
bromoform and base.

CHX; + B-— CX, + X "+ HB

X X
©©>< —>+HX
X
JI

The principal product of this reaction is a dihalo-
cyclopropyl compound (II), which loses hydrogen
halide quantitatively, by a unimolecular process in
polar solvents, to give 2-halonaphthalene. It is
apparentl# that dihalocarbenes (I) are intermedi-
ates in these reactions, and the existence of such in-
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termediates has been more conclusively established
by the work of Hine,® Doering,® Skell,” and their
coworkers. The purpose of this study was to evalu-
ate the substituted methanes III-IX as carbene
precursors in the reaction of indene, substituted
methane, and base.

CHCLBr CHCIBr, CHCLF CHCIF,
111 v \Y VI
CHCLCO:C.H; CHCIL:COC(CHjy)s
VII VIII

p-Br_—CGHAﬁJ‘_C HBI‘z
1X
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