SEPTEMBER, 1964

and the resulting cloudy solution was extracted with four 100-ml.
portions of ether. The ether extracts were dried with sodium
sulfate and the solvent wag removed to yield a bright yellow, oily
solid. Crystallization from benzene-petroleum ether (b.p.
30-60°) gave 0.6 g. of a vellow solid, m.p. 97-101° (sintering).
Two recrystallizations from cyclohexane, followed by one from
ethanol-water (decolorized with Darco), gave an off-white solid
having m.p. 108-109° (sintering), m.m.p. 109.5-110.5° (sinter-
ing) with authentic X as prepared above, and an infrared spec-
trum identical with that of X.

3,6-Dimethylcatechol from IIb.—A mixture of 30.8 g. (0.1
mole) of 3,6-bis(morpholinomethyl)catechol (ITb), 10 g. of 10
palladium on charcoal, and 200 ml. of ethanol was hydrogenated
at 70° and 63 p.s.i. (initial pressure) in a Parr shaker. Reaction
was complete in 7 hr., as indicated by a pressure drop equivalent
to the consumption of 0.18 mole of hydrogen. Concentrated
hydrochloric acid (20 ml.) was added to the reaction mixture
which was then filtered. Removal of the solvent and addition
of 300 ml. of water to the resulting oil gave a solid. The mixture
was filtered and the solid washed with 100 ml. of water to yield,
after drying, 4.6 g. of product, m.p. 99-100°. The combined
filtrate and washings were extracted with three 100-ml. portions
of ether. The ether extract, after it had been washed with 10
ml. of 59 sodium bicarbonate solution, was dried with sodium
sulfate and stripped, to yield 7.4 g. (total yield 879) of product,
m.p. 95.5-99°. Recrystallization from benzene-ligroin (b.p.
66-75) gave pure material, m.p. 98.5-99.5° (lit.’7 m.p. 101°).

The dibenzoate was prepared and found to have m.p. 93-94.5°
(lit.'” m.p. 101°).

Anal. Caled. for CuH;sO4: C, 76.3; H, 5.2.
75.9; H, 5.3.

3-Methylcatechol from IVa.—A mixture of 133 g. (0.5 mole)
of 3-acetoxymethylcatechol diacetate, 10 g. of 109, palladium on

Found: C,

(17) W. Baker, H. F. Bondy, J. Gumb, and D, Miles, J. Chem. Soc., 1615
(1953).
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charcoal, and 100 ml. of ethanol was hydrogenated at 80° and
70 p.s.i. (initial pressure) in a Parr shaker for 5.5 hr. Filtration
and removal of the solvent gave a light yellow oil. This was
dissolved in 200 ml. of 59, methanolic hydrogen chloride which
was then removed on a steam bath under reduced pressure.
This was repeated using methanol and once again using methanol
at atmospheric pressure. The resulting dark oil was distilled to
give 43 g. of crude product, b.p. 120-134° (8 mm.). Seeding
with authentic 3-methylcatechol gave a pasty solid which was
recrystallized from benzene and then cyclohexane to give a white
solid, m.p. 63-64.5°, whose infrared spectrum was superimpos-
able on that of authentic 3-methyleatechol. The dibenzoate
was prepared (m.p. 119-120.5°) and its infrared spectrum was
found to be identical with that of an authentic sample (see
below).

3-Methylcatechol’® was purified by distillation, followed by
recrystallization from benzene, and had m.p. 65-66.5° (lit.1®
m.p. 58-62°). The dibenzoate was prepared and had m.p.
120-122° (1it.® m.p. 122°).

Anal. Caled. for CyHis04: C, 75.9; H, 4.8.
75.6; H, 5.0.

4-Methylcatechol'” (m.p. 63.5-67°) was converted to the
dibenzoate, m.p. 63-65°.

Anal. Caled. for CyH;04: C, 75.9; H, 4.8.
75.5; H,4.9.

Found: C,

Found: C,
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The rates of reaction of the nucleophiles I-, CéH,S—, and CH;O ~ with substituted benzyl chlorides have been
determined. Calculations of the magnitude of London forces operative in the transition state indicate that the
changes in rate ratios may be attributed to these forces for ortho substituents.

The effect of London forces on equilibria and re-
action rates has been recognized by a number of
authors. Pitzer and Donath? have refined the calcu-
lations of conformation and strain energy of hydro-
carbons by including interactions of nonbonded atoms.
Bunnett® suggested the operation of these forces in
nucleophilic substitution reactions in a theoretical
paper, and Reinheimer and Bunnett* and Lewis and
Suhr® invoked London forces to explain reaction rate
ratios and the order of halogen replacements in aromatic
nucleophilic substitutions, respectively. Quantitative
estimates of these forces in the transition states of
halogen-exchange reactions of methyl halides were
given by Spinner.® Bunnett and Reinheimer’ have
estimated these forces in the reactions of ortho-substi-
tuted benzyl chlorides with methoxide, thiophenoxide,

(1) Support of the National Science Foundation, Grant NSF-G3112, is
gratefully acknowledged.

(2) K. S. Pitzer and W. E. Donath, J. Am. Chem. Soc., 81, 3213 (1939).

(3) J. F. Bunnett, 7bid., 79, 5969 (1957).

(4) J. D. Reinheimer and J. F. Bunnett, ib7d., 81, 315 (1959).

(5) E. 8. Lewis and H. Suhr, ibid., 82, 862 (1960).

(6) E. Spinner, Australian J. Chem., 18, 218 (1960).

(7) J. F. Bunnett and J. D. Reinheimer, J. Am. Chem. Soc., 84, 3284
(1962).

and iodide ions. This paper reports the results of
studies of the reactions of these nucleophiles with the
isomeric meta- and para-substituted benzyl chlorides,
and, by a new method of comparing the rates, a better
correlation of theory and experiment is obtained.

Results

The reaction rate constants and thermodynamic
properties of the nucleophilic displacements of chlo-
ride from meta- and para-substituted benzyl chlorides
are given in Tables I and II. The results of duplicate
runs are given and indicate that the reproducibility
is about +£29,. Comparison of the results with the
literature shows moderate agreement. Extrapolated
results of Bennett and Jones® give ky, = 144 X 10—
1./mole sec. for the reaction of KI with p-bromobenzyl
chloride and 115 X 10— for the reaction with the m-
bromo compound at 25°. Our values of 108 X 103
and 98 X 10—21./mole sec. are somewhat lower. Charl-
ton and Hughes® give 5.1 X 10~% and 5.46 X 10~31./
mole sec. for the same reaction with the p-methyl

(8) G. M. Bennett and B. Jones, J. Chem. Soc., 1815 (1935).
(9) J. C. Charlton and E. D. Hughes, tbid., 855 (1956).
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Substitu ent

ﬂb—CHx

p-CH;

m-Br

p-Br

¢ First-order rate constant, &, X 108 in sec. ™1,

Reagent
LiOCH,
LiSC¢H;
KI
Nal
MeOHs=
LiOCH;
LiSC¢H;
Nal
MeOH:*

LiOCH;
LiSC¢H;
Nal

MeOHs

LiOCH;
LiSCH;
Nal

MeOH?=
LiOCH;,
LiSC¢H;
Nal

MeOHs®

TasLe I1

Rate ConsTANTS FOR REACTIONS OF SUBSTITUTED BEN2YL CHLORIDES

DsLrYMPLE, REINHEIMER, BARNES, AND BARER

TaBLE I

(k2 X 105 1./mole sec.)

Vor. 29

—_ Temp., °C.
0.0 25.00

2.47,2.42
2280, 2270
58.0, 58.7

55.1

0.0062

2.89, 2.86, 2.91
3730, 3700
49.9, 48.7
0.0032, 0.0037

0.077

272, 295

5.03,4.88, 4.78
4470, 4460
67.8, 65.5
0.0120, 0.0138

352, 338

2.29, 2.42
354 4850, 4960
97.8, 98.4
0.0017%
3.01,3.10
5640, 5440
108, 105, 110
0.0052¢

bk, estimated (see text).

402, 405

46.25

28.6, 27.7
14900, 15500

0.188, 0.175
0.188

49.35
52.1,52.7
550, 557

0.0658, 0.0650,
0.0665
76.9, 78.7

705, 722

44.0, 43.0

1050, 1040, 1041

0.021¢
62.3, 61.7

1190, 1240
0.065

accurate and the reagent concentrations correct.

Iso-

THERMODYNAMIC PROPERTIES OF REACTIONS OF SUBSTITUTED
BeNzyL CHLORIDES®

AF*, AH*, AS*,

Substituent Reagent kecal./mole keal./mole e.u.
H LiOCH, 23.74 21.18 —8.7
LiSCsH; 19.69 16.28 —11.4
KI 21.86 17.71 —14.0
m-CH; LiOCH, 23 .64 22.18 —4.9
LiSC¢Hs 19 .41 16.09 —11.1
KI 21.96 18.44 —-11.8
p-CH, LiOCH; 23.33 21.17 —-7.2
LiSC¢H; 19.28 16.13 —10.6
KI 21.78 18.05 —12.5
m-Br LiOCH;, 23.76 22.23 -5.1
LiSCeH; 19.24 16.42 —-9.5
KI 21.55 17.99 —-12.0
p-Br LiOCH, 23.61 22.92 -2.3
LiSCeH; 19.16 16.38 -9.3
KI 21.50 18.48 —10.1

s At 25°.,

Their variation is due to varying
Extrapolation of our results
3.3 X 107°

compound at 0°.
initial concentrations.
to this temperature gives a value of k; =
1./mole sec.

We have considerable confidence in our results since
the isomeric xylenes were carefully purified before
chlorination by a sulfonation procedure given in
Weissberger?® and gas chromatographic analysis of
the benzyl chlorides provided evidence that the ma-
terials were at least 999, pure. Before the kinetic
experiments with the substituted compounds were
performed, the reaction rate of the nucleophile with
benzyl chioride was measured. When the rate con-
stant was found to be in agreement with the literature
value, it was judged that the analytical methods were

(10) A. Weissberger, ‘‘Technique of Organic Chemistry,” Vol. VII,

Interscience Publishers, Inc., New York, N. Y., 1955, p. 321 ff.

lation of the expected products from the reaction mix-
tures is reported in detail in the Experimental section.

Discussion

Calculation of London Forces between Nucleophiles
and Substituents tn the Transition State.—London
forces were evaluated using the approximate eq. 1 given
by Pitzer!! and others.”

— 3aaab _IaIb
Wan = 5 (la T

I, and I, are the ionization potentials; «. and an
are the polarizabilities of the nucleophile and the sub-
stituent, respectively; and r is the distance between
the atomic centers. The values of I and « used in
the formula and the bond lengths used in the trigono-
metric calculation of r are given in Table 111,

) X 2.1 (D

TasLE I1I
Values of Constants Used in Eq. 1
Br CHs H 0-'2 §-'/2 I
a, }x.a/mole 3.34 219 0.42 144 3.36 6.34

I, kcal./mole 265 258 312 180 150 158
Bond Lengths Used in Calculation of  in Eq. 1

Length, Length,
Bond A. Bond
C—C (aromatic) 1.39 C-- 17 2.53
C—C (benzylic) 1.54 C....8"'/» 2.34
C—H 1.10 C---.0" 2 1.87
C—Br 1.89

The transition state that was assumed is given in
Fig. 1. The entering and leaving groups are on a
line through the benzylic carbon perpendicular to the

(11) K. S. Pitzer, ‘‘Quantum Chemistry,” Prentice Hall, Inc., New York,

N. Y., 1953, pp. 198-201; K. S. Pitzer, ‘'Advances in Chemical Physics.”
Vol. 11, Interscience Publishers, Inc., New York, N. Y., 1959, p. 59 fi.
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plane of the benzene ring. The bond lengths are
assumed to have their normal covalent values except
the N—:--.-C and C----Cl~=/: bonds. The N~V:----
C was taken to be the sum of the covalent radius of
carbon and the average of the covalent and ionic
radii of the O—, 8-, or I~ groups. The radii and the
polarizabilities were taken from Rice!? and Ingold.!?
The polarizability and ionization potential of the
N ~'2in the transition state were taken as the average
of those of the corresponding atom and ion.

The choice of an ionization potential for the methyl
substituent was difficult. The ionization potential
of the methyl radical has been given'* as 230 kecal./
mole, while those of the carbon and hydrogen atoms are
258 and 312 keal./mole, respectively. Since the sub-
stituent is not a methyl radical, the value of 258 keal./
mole, the smaller value of the methyl group constit-
uents, was used. Calculation of London forces with
both values indicates that the choice of a value is not
critical, for the above 119, change (from 230 to 258)
gives less than half that per cent change in London
forces. Other authors have made similar arbitrary
assumptions concerning the value of ionization poten-
tials. Brown! assigned a value of 100 to the factor
(Ily)/(I. + Iv), and Bunnett’ used a value of 225
keal./mole for the o-methyl substituent.

Derivation of a Quantitative Relationship between
London Forces and Rate Constants.—Applying the
theory of extrathermodynamic relationships as de-
scribed recently by Leffler and Grunwald®® to substi-
tuent effects may be (to a first approximation) consid-
ered a linear combination of independent effects.
Equation 2 may be assumed, where the total relative
activation energy is a sum of effects due to polar, steric,

AAF* = AAF*,, + AAF* + AAF*1on (2)

and London force interactions. The thermodynamic
theory of the transition state relates the ratio of rates
of reaction of a substituted and an unsubstituted
substrate to the relative free energy of activation by
eq. 3 where kyx/ku is the ratio of respective rates.

AAF* = AF*x — AF*g = —23RT log kx/kn 3

If we make the assumption that polar effects are
equal in the ortho and para positions, that is, that
AAF* q0-x) — AAF*, %) = 0, eq. 4 follows from
subtraction of the correspondingly defined forms of
eq. 2;

AAAF* = AAF*,_x — AAF*p_x

[AAF* o) — AAF*wp 3] +
[AAF*Lon(a—X) - AAF*Lon(p—X)]

AAAF*, + AAAF*Loy (4)

(12) O. K. Rice, “Electronic Structure and Chemical Binding,” McGraw-
Hill Book Co., Inc., New York, N. Y., 1940, p. 178, 259.

(13) C. K. Ingold. “Structure and Mechanism in Organic Chemistry,”
Cornell University Press, Ithaca, N. Y., 1953, p. 121.

(14) F. P. Lossing, K. U. Ingold, and I. H. S. Henderson, J. Chem. Phys.,
23, 1490 (1954).

(15) T. L. Brown, J. Am. Chem. Soc., 81, 3229 (1959).

(16) J. E. Lefler and E. Grunwald, “Rates and Equilibria of Organic
Reactions,”” John Wiley and Sons, Inc., New York, N. Y., 1963, pp. 135-
147; see also R. E. Taft, “‘Steric Effects in Organic Chemistry,” M. 8.
Newman, Ed., John Wiley and Sons, Inc., New York, N. Y., 1956, pp. 559—
659.

(17) R. W. Taft, “‘Steric Effects in Organic Chemistry,”” M. S. Newman,
Ed., John Wiley and Sons, Inc., New York, N. Y., 1858, p. 566.
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Figure 1.

Similarly, from eq. 3 follows eq. 5.

AAAF* = —23RT [log (kox/kr) — log (kp_x/k=u)]
= —2.3RT log (ko—x/kp-x) (5)

Partial justification of the assumption that AAAF*,,
= 0 has been given by Taft!® in his derivation of polar
substituent constants for ortho substituents, and numer-
ous examples of limited demonstrations!® and appli-
cations® of this principle exist.

To eliminate steric effects on the rate ratios and
further limit the London-forece interactions included
in the total free-energy difference, a final comparison
is made, that of values of AAAF* for various nucleo-
philes (eq. 6 and 7).

—23RT log (]Co/kp)N”,X/(kO/kp)N ,7X =
AAAF*N” — AAAF*N’ = AAAAF* (6)

Also
AAAAF* = (AAAF*Lon N —~ AAAF*La N') +
(AAAF* x" — AAAF*, x')
= AAAAF*1on (7)
if AAAAF*, =

This assumption is similar to that made by Taft!®
in his evaluation of polar substituent constants if
one assumes that the steric interaction is between
the ortho substituent and the nearest benzylic hy-
drogen in the transition state, a distance of approxi-
mately 2.5 A. (Fig. 1b).

A further important result of this last comparison is
the elimination (assumed) of London force effects due
to interaction between the substituent and the leaving
chloride, as well as ground-state interactions of this
type. Thus, comparison need only be made of London
forces between the nucleophile and the substituent in
the transition state to evaluate AAAAF*;,, in eq. 7.
Values of Fr,q, from eq. 1 are given in Table IV. Values
of AAAAF*y,, calculated as defined in equations
above are given in Table V along with the correspond-
ing values of AAAAF* calculated by eq. 6 and Table
VI. N'istaken as CH;0~ and N’ as I~ and CeHsS—.

As seen in Table VI and in Fig. 2, which is a graph
of Table VI, there is a linear relationship between
AAAAF* and AAAAF* ., although the two ortho
substituents give different slopes to the lines through
the three nucleophiles. This is not unexpected as eq.

(18) R. W, Taft, J. Am. Chem. Soc., T8, 4231 (1953), and references
therein.

(19) See for examples (a) H. C. Brown and X. R. Mihm, ¢bid., 77, 1724
(1955); (b) C. Eaborn and R. Taylor, J. Chem. Soc., 247 (1861).

(20) See for examples (a) K. U. Ingold, Can. J. Chem., 40, 111 (1962);
(b) K. Yates and B. F. Scott, ibid., 41, 2320 (1963).



2650

/000, A’

£ o0 /
K /
tk L / o~ &romo
> »/
q200 7
/
] { ! 1 1 1
300 600

AAAAF?® Lowvon (cal/mole)

Fig. 2.—Comparison of AAAAF* (from rates) and AAAAF*
London (calculated) for the reactions of substituted benzyl hal-
ides with OCH;~, PhS—, and I-.

TaBLe IV

ENERGY OF TrRANSITION-STATE LONDON FORCES BETWEEN
SUBSTITUENT AND NUCLEOPHILE®

Sub- e Nucleophile ———
stituent CH;0 - CeHsS — 1- Cl-
o-H 163 207 318
m-H 13 21 34
p-H 6 11 22
0-Me 598 801 1264
p-Me 22 35 63
o-Br 701 963 1565
m-Br 52 83 148
p-Br 22 40 72
@ Values in cal./mole.
TasLE V
EXPERIMENTAL AAAAF* AND CALCULATED LoNDON FoRCES
Sub- Nucleophile AAAAF¥, AAAAF*Lon,
stituent (N'") cal./mole cal./mole
o-Me CH:O_ 0 0
o-Me CeHsS— 354 151
0-Me I- 1025 ) 485
o-Br CH,O- 0 0
0-Br CeH; S~ 200 205
o-Br I- 634 675
TaBLE VI

RATE CoNsTANT RaTios FOR VaRIOUS COMBINATIONS OF
NUCLEOPHILE AND SUBSTITUENT AND CORRESPONDING
AAAF* Vavwes IN EqQ. 5

DavrymMPLE, REINHEIMER, BARNES, AND BAKER

Sub- ALAFH,
stituent Nucleophile ko/kp cal.
H All 1.00 0
CH;0~ 1.43 —212
CH; CsHsS— 2.61 — 566
I- 8.16 —1267
CH;0 - 0.84 4103
Br CsHsS~ 1.18 —-97
I- 2.45 —531

1 is only approximate and errors resulting from its use

have been noted before.!' As an example, a factor of

2.1 has been introduced as a correction. 17

Another possible cause of these deviations from
equality lies in the assumptions made in calculating
the values of constants given in Table I1I and used in

VoL. 29

eq. 1. Frep* is particularly dependent upon values of
r assumed.

The only previous analysis of this system? was based
on the assumption of equal values of p for the reactions
of benzyl chlorides with various nucleophiles. As has
been demonstrated by Klopman and Hudson,?! this is
almost certainly not the case; in fact, in most cases
a value of p cannot be determined owing to a pronounced
curvature in the Hammett plot. The present deriva-
tion assumes either the equivalence of ¢, and o*
or p and p*, properties which have been substantiated
by Taft.16b

That the observed trend is not due to a steric effect
is supported by the fact that the substituents used are
of nearly equal size.?? Further, it has been shown?
that the reaction studied is retarded by the steric
effects of ortho substituents.

One problem with this analysis is the omission of the
London forces of solvation. These forces are not
negligible in either the ground state or in the transition
state. Sinece the I~ rates were determined in acetone
and those for PhS— and ~OCH; in MeOH, gross dif-
ferences in London forces of solvation are expected.
These forces must be eliminated, otherwise those
points in Fig. 2 for the I~ rates should deviate greatly
from the linear relationship. A tentative explanation
of this cancellation lies in the process of taking ratios
for a given nucleophile. This process eliminates the
London forces of solvation due to the nucleophile.
If we write AAAL solvation = (Lianss — Lground-o) —
(Lirans-p Lground-p), then AAAL solvation will be
zero if (a) Lo, Lgp, etc. are each equal to zero; or
(b) if the first term equals the second; or (¢} if L., =
Ly, and Ly, = Ly, Of these possibilities, (a) is
trivial and unreasonable in that it denies the existence
of solvation; (c¢) seems unlikely, for the number of
molecules of solvation should not be the same for both
ortho and para isomers; (b) is the most reasonable of
the three. It states that the change in solvation for
the ortho isomer is the same as the change in solvation
for the para isomer for these reactions.

The results of this study have also an advantage
over the previous analysis® that London-force inter-
actions are not required in the para and meta positions.
In fact, it is shown that they are so small in these posi-
tions (5-109, of the ortho effect) as to be nearly negli-
gible.

Since the final plot of experimental vs. theoretical
relative free energies shows reasonable correlation,
it seems reasonable that London forces may be operable
as a significant effect for ortho substituents.

Experimental

Preparation and Purification of Materials.—The m- and p-
methylbenzyl chlorides were prepared by the method of Kharasch
and Brown,?? and were purified by fractionation through a spin-
ning-band column: m-methylbenzyl chloride, b.p. 67.0-67.5° (5.5
mm.), n®p 1.5320 [lit.2* b.p. 79.5° (11 mm.), n%¥p 1.5333]; p-

(21) G. Klopman and R. F. Hudson, Helv. Chim. Acta, 44, 1914 (1961).

(22) L. Pauling, ‘“The Nature of the Chemical Bond,” 3rd Ed., Cornell
University Press, Ithaca, N, Y., 1960, p. 189.

(23) M. S. Kharasch and H. C. Brown, J. Am. Chem. Soc., 61, 2142
(1939).

(24) P. Bivort and P. J. C. Fierene, Bull. soc. chim. Belges, 68, 994
(1956); Chem. Absir., 88, 7060g (1959).
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methylbenzyl chloride, b.p. 68.5~69° (6 mm.), n%p 1,5311 [lit.®
b.p. 76° (9.5 mm.), n#D 1.5320].

The p-bromobenzy! chloride was prepared by the method of
Goerner and Nametz.?* The melting point of the white crystals
obtained after repeated recrystallizations from petroleum ether
was 38-39°, 1it.26 m.p. 40-41°.

The m-bromobenzyl chloride was prepared by the method
given by Swain.?” The product was vacuum distilled as above:
b.p. 95.9-96.5° (7 mm.), n»p —1.5815; lit.?® b.p. 111-120° (15
mm.). Each of the benzyl chlorides was tested for purity by
vapor phase chromatography. No impurities were detected in
either of the methyl benzyl chlorides or in the m-bromobenzyl
chloride. Approximately 19, impurity was noted in the p-bromo-
benzyl chloride. The thiophenol, reagent grade, was distilled
through a 24-in. packed, silvered, vacuum-jacketed column: b.p.
168-169°, lit.2* b.p. 169.5°. The solvents, methanol and ace-
tone, were dried over Drierite for at least 24 hr. and distilled
from fresh Drierite. Lithium methoxide was prepared in solu-
tion by adding clean lithium metal to methanol.

Rate Measurements. With Sodium Iodide.—Runs at 25°
were carried out in glass-stoppered volumetric flasks in a water
bath regulated to +0.1°. The benzyl chloride was weighed into
the flask and dissolved in acetone. Ten millilters of a standardized
solution of sodium iodide in acetone was added, and the mixture
was diluted to the mark. Ten-milliliter samples were taken at
intervals and released into beakers containing 10 ml. of water and
15 ml. of ethyl ether. The aqueous layer was separated and
titrated potentiometrically for iodide ion content with AgNOs.
Runs at 50° were carried out in sealed Pyrex test tubes each con-
taining 10 ml. of reaction mixture. The concentrations of the
reactants were equal and this concentration was 0.035 to 0.040 M
for most experiments.

With Lithium Methoxide.—All runs were carried out in glass-
stoppered volumetric flasks in a constant-temperature water
bath. The benzyl chloride was weighed into the volumetric
flask and dissolved in methanol. Ten milliliters of a standardized
concentrated lithium methoxide solution was added and the mix-
ture was diluted to the mark. Ten-milliliter samples were taken
and released into beakers containing 10 ml. of 0.1 N HNO; and
15 ml. of ether. The aqueous layer was separated and titrated
potentiometrically for chloride ion content with AgNO;. The
concentrations of the reagents were equal and this concentration
was 0.033 to 0.039 M for most experiments.

With Lithium Thiophenoxide.—Runs at 25° were carried out in
100-ml. round-bottom flasks. Twenty milliliters of standardized
solution of lithium methoxide was added to a slight (109%,) excess
of thiophenol in the flagk, 25 ml. of methanol was added to dilute
the solution, and finally 5 ml. of a solution of the benzyl chloride
in methanol was added. Five-milliliter samples were taken with
a constant-delivery syringe and were discharged into beakers con-
taining 20 ml. of 1.0 ¥ H,80, and 15 ml. of ether. The aqueous
layer was separated and titrated potentiometrically for chloride
ion. Runs at 0° were carried out in glass-stoppered volumetric
flasks and sampling was done with a 5-ml. pipet. The concen-
trations of the reagents were equal and the concentration was
0.036 M for most experiments.

Evaluation of Rate Constants.—For reactions with sodium
iodide, the rate constants were determined from the slopes of
plots of 1/{I7] vs. time. Linear plots to 409, reaction were ob-
tained and precision in duplicate runs was 2-39%,. Beyond 40%
reaction the observed rate generally decreased, and infinity titra-
tions after 20 half-lives indicated the establishment of an equi-
librium; e.g., with p-methylbenzyl chloride at 50°, reaction gives
869, products. The corresponding equilibrium constant is 6.8
X 10-2. The solubility of NaCl in acetone was determined to
be 6.1 X 1075 ¥ at 50°, lit.® 6.4 X 107®* M. For the reactions

(25) R. A. Clement, et al., J. Am. Chem. Soc.. 82, 2449 (1960).

(26) G. L. Goerner and R. C. Nametz, ibid., T3, 2040 (1951).

(27) C. G. Swain and W. P, Langsdorf, ibid., 78, 2813 (1951).

(28) G. M. Bennett and B. Jones, J. Chem. Soc., 1815 (1935).

(29) N. A. Lange, ‘'Handbook of Chemistry,” 9th Ed., Handbook Pub-
lishers, Inec., Sandusky, Ohio, 1956, p. 693.

(30) A. Seidell, “Solubilities of Inorganic and Metal Organic Com-
pounds,” D. Van Nostrand Co., Inc., New York, N. Y., 1940, p. 1242.
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with lithium methoxide and thiophenoxide, the quantity ([RCl}c
— [C17]) 7! was plotted »s. time, the slope being equal to the rate
constant. For the solvolysis in methanol, rate constants were
either calculated from the slopes of plots of log ({RCl]y — [C17])
vs. time or estimated from corresponding data on these and simi-
lar compounds (see Table III). Rate constants observed for
lithium methoxide runs are composites of the methoxide and sol-
volysis reactions. To correct the observed rate constant for
solvolysis, the quantity k1/[RCl], is subtracted from each, where
k, is the pseudo-first-order rate constant for the solvolysis.?
Rate constants observed for sodium iodide runs at 50° were cor-
rected for solvent expansion and the resulting concentration de-
crease since the volumes were apportioned at room temperature.
This correction factor, 1.037, is the ratio of the densities of the
solvent at the two temperatures.® The concentration of the RCl
was varied so that ([RCl] = 0.5(I7]. The rate constants for
these experiments compared within experimental error with those
in which [RCl} = [I-]. A similar set of experiments with the
nucleophile LIOCH; gave a similar satisfactory result. Since the
PhS~ was made from the standard LiOCH; solution, no experi-
ments were made in which RCl was varied.

Isolation of Products. From Iodide Runs.—The products of
the reactions of the bromobenzyl chlorides with iodide ion in ace-
tone were isolated from the ether layer of the extraction of the
reaction mixture. The products were white crystals after re-
crystallization from ether: m-bromobenzyl iodide, m.p. 40-41°,
lit.32 m.p. 42°; p-bromobenzy!l iodide, m.p. 68-69°, lit.3 m.p.
73°.

From Methoxide Runs.—The products were isolated for each
benzyl halide reaction with methoxide ion in methanol: m-
methylbenzyl methyl ether, b.p. 190° (738 mm.), n%p 1.5042; »-
methylbenzyl methyl ether, b.p. 190-191° (738 mm.), n?D
1.5018 (lit.3 b.p. 196°, n%p 1.4990%%); m-bromobenzyl methyl
ether, b.p. 227° (738 mm.), n?D 1.5468 (no literature values at
atmospheric pressure); p-bromobenzyl methyl ether, b.p. 228°
(738 mm.), n%»Dp 1.5478 (lit.%* b.p. 235°).

From Thiophenoxide Runs.—The products of the reactions of
the para-substituted benzyl chlorides with thiophenoxide ion
were isolated directly from the reaction mixture as solids: p-
methylbenzyl phenyl sulfide, white crystals from methanol, m.p.
69-70°; p-bromobenzyl phenyl sulfide, shiny white flakes from
methanol, m.p. 78-79°. The m-methylbenzyl phenyl sulfide
was isolated as an impure liquid from an ether extract of its reac-
tion mixture. Approximately 1 g. of the p-bromobenzyl phenyl
sulfide and 0.7 gm. of each of the methylbenzyl phenyl sulfides
were treated with 5 ml. of 309, H:O; in 10 ml. of glacial acetic
acid at 100° for 1 hr. Solid products precipitated from each of
the oxidation reaction mixtures. The following products were
filtered out and recrystallized from ethanol.

p-Methylbenzyl phenyl sulfone had m.p. 151-152°; infrared
absorbtion at 1080 and 1140 cm. ! (1it.%% m.p. 145°; infrared
absorption® of benzyl phenyl sulfone at 1080, 1128, and 1155
cm. ™).

Anal. Caled. for C,H140.S: C, 68.26; H, 5.72; S, 13.02.
Found: C, 67.97; H, 5.62; S,12.95.

m-Methylbenzyl phenyl sulfone had m.p. 120-121°; infrared at
1080, 1130, and 1155 cm. ' (lit.*3% m.p. 104-105°; infrared
at 1080, 1128, and 1155 cm.™1).

Anal. Caled. for C H140.8: C, 68.26; H, 5.72, S, 13.02.
Found: C, 67.90; H, 5.82; S, 13.05.

p-Bromobenzyl phenyl sulfone had m.p. 191-193°.

Anal. Caled. for C;3HyBr80,: C, 50.17; H, 3.56; §, 10.30.
Found: C 50.16; H, 3.41; S, 10.42.

(31) “International Critical Tables,”” Vol. III, McGraw-Hill Boock Co.,
Inc., New York, N. Y., 1928, p. 128,

(32) J. D, Shoesmith and R. H. Slater, J. Chem. Soc., 219 (1926).

(33) D. G. Markees, J. Org. Chem., 28, 1490 (1958).

(34) C. D. Cutsche and H. E. Johnson, J. Am. Chem. Soc., 77, 109
(1955).

(35) N. C. Jain, R. Kauschal, and 8, S. Deshapande, J. Indian Chem. Soc.,
28, 49 (1951); Chem. Abstr., 46, 932b (1952).

(36) R. 8. Asthana and G. 8. Misra, J. Indian Chem. Soc., 81,7459 (1954);
Chem. Abstr., 49, 13,144b (1955).

(37) K. G. Schreiber, Anal. Chem., 21, 1168 (1949).



