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ABSTRACT

The racemizations and solvolyses of substituted benzylethyl-
methylsulfonium salts were investigated. The five perchlorate salts
studied carried the following substituents: m-nitro(IX), 3-methyl-
4-methoxy (X), 3,5-dimethyl-4-methoxy (XI), P-chloro(XII) and p-methyl
(XIII). The racemization of‘Rfchlorobenzylethylmethylsulfonium bromide
(XIV) was also studied. |

The relative racemization rate constants, krac.= ka - kt’
for compounds IX to XIIT compared to benzylethylmethylsulfonium
perchlorate(V), in methanol at 50.00° are IX ¢+ X ¢ XT : XII : XIII :V
© 0.96 : 48.2 : 1.79 : 0.95 : 0.99 : 1, The relative solvolysis rate
constants, kt’ under the same conditions are IX ; X s XI ¢ XIT : XIII : V
: 0.36 : 3840 : 63.5 : 0.75 : 3.25 : 1.

The racemization rate constants for compounds IX, XII and
XIII are very close to that for V. The electronic effect of the
substituents did not influence the racemization rate significantly.
This is consistent with a pyrami&al inversion about the sulfur atom
serving as the major pathway for racemization of_compounds IX, XII and
XIII. This mechanism also.explains the excess of polarimetric rate
constants, kd’ over the titrimetric rate constants, kt' For example,
compound IX was found to have a ratio of ka/kt = 90.

Previous studies on the racemization of benzylethylmethyl-
sulfonium perchlorate(V) and p-nitrobenzylethylmethylsulfonium perchlorate
(V1) showed that their relative rate constants are 1 : 0.99. However,

Bjmethoxybenzylethylmethylsulfonium perchlorate(VIII) was found to



racemize 15 times faster than benzylethylmethylsulfonium perchlorate(V)
in methanol at}S0.00o. To distinguish between racemization by pyramidal
inversion and a process involving carbon-sulfur bond heterolysis, m-
nitro-p-methoxybenzylethylmethylsulfonium perchlorate(VII) was studied.
This compound was found to racemize and solvolyze with rate constants
comparable to those of benzylethylmethylsulfonium perchlorate(V). In
this work, it has been shown that a m-nitro group, like a Pp-nitro group,
has no significant effect upon racemization by pyramidal inversion.

This observation confirms the suggestion that p-methoxybenzylethylmethyl-
sulfonium perchlorate(VIII) racemizes predominantly by a process other
than pyramidal inversion. The racemization of VIII is best accounted
for by a process involving carbon-sulfur bond heterolysis to yield an
ion-neutral molecule pair which can return to give racemic salt or

react with the solvent to yield solvolysis products. The 4-methoxy

and 3—methy1lgroups in 3-methyl-4-methoxybenzylethylmethylsulfonium
perchlorate(X) also exert an accelerative effect on the racemization
process. Hence, compouﬁd X must also racemize by way of an ion-neutral
molecule species.

The racemization and solvolysis of 3,5-dimethyl-4-methoxy-
benzylethylmethylsulfonium perchlorate(XI) are slower than VIII and X.
The decrease in rates are accounted for by steric inhibition of resonance
by the two methyl groups which prevent the methoxy group in becoming
planar with the aromatic ring.

Changing the anion from perchlorate to bromide did not affect
the racemization rate significantly. p-Chlorobenzylethylmethylsulfonium

bromide(XIV) racemizes 1.18 times faster than the corresponding perchlorate



salt. The racemization rate constant of XIV is comparable to that of
benzylethylmethylsulfonium perchlorate(V). The relative rate constants
for racemization at 50.00° in anhydrous methanol are V : XIV : 1 : 1.12.
Under the ‘'same conditions, XIV has a decomposition rate constant, kdec.’
15 times larger than the solvolysis rate constant, kt’ for V. The

major pathway for the racemiéation of p-chlorobenzylethylmethylsulfonium
bromide involves pyramidal inversion about the sulfur atom.

Racemization by nucleophilic displacement on the primary
benzylic carbon by the ethyl methyl sulfide was shown to be of minor
importance.

Nmr studies on various sulfonium and ammonium salts gave
evidence of ion pairs formation. No evidence was found which requires

the formation of tetravalent sulfur species for sulfonium halides in

solution,
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INTRODUCTION

The application of basic theories and methods of physical
chemistry has helped tremendously in the understanding of mechanisms .of
organic reactions.

The two well—knéwn mechanisms fof nucleophilic substitutioﬁ
reactions were postulated by Ingold and co-workers(l). Naﬁely:

i). SNl or unimolecular nucleophiiic substitution mechanism.
(ii). SNZ or bimolecular nucleophilic substitution mechanism,

. The former mechanism involves two steps: a slow heterolysis
of the substrate to form a carbonium ion and a rapid coordination
between the carbonium ion and the substituting agent, The first step
is the rate determining step in the process. The mechanism is

illustrated by the following equations:

R X slow - R+ X
_ o~ S.1
v R* ‘ fast - Y-R N

The latter mechanism contains only one stage. It involves
an electron transfer from the substituting agent to the seat of
substitution and from the latter to the displaced group., This can be

expressed by the equation:

- -~ -
Y™ RIYX—————= Y-R + X 5,2
The choice of SNl or SNZ mechanism depends not only on the

structure of Y, R and X, but also on the solvent molecules surrounding

these reactants. These solvent molecules can have profound effects on
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the free energy of the reactants, intermediates and transition states.
In some cases, it is possible to observe a changeover in mechanism, a
given reaction proceedings by the SNl path in some solvents and by the

SNZ path in other solvents.

By studying the effect of small changes in substrate structure
on the products and rates of reactions, one can obtain valuable infor-
mation of the mechanism involvgd. For example, electrical effects can
be investigated in the absence of steric effects by inserting a rigid
structure between the reacting center and the point where the structure
is changed. The effect of p-alkyl substituents in a benzyl compound on
the rates of various bimolecular and one unimolecular substitution re-
action has been investigated by Bevan, Hughes and Ingold(2) who have
presented a sumﬁary of a variety of substitution reactions on benzylic
system. Their relative rates are récorded in Table I. The data for
the reaction of benzyl bromides with pyridine(top line of Table I) are
by J. W. Baker and W. S. Nathan(3). They found that reactions which
require electron supply are accelerated by alkyl groups and reactions
which require electron withdrawal are decelerated by alkyl groups.

The 'mass law depression' as evidence for a unimolecular SNl
reaction was also postulated by Hughes, Ingold and co-workers(4).
Winstein and co-workers(5) in the early 1950's in their studies of the
acetolysis of o ,a~ dimethylallyl chloride suggested return of an ionized
but undissociated intermediate back to the allylic halide or a similar
species. This was termed 'internal return' distinct from 'mass law'

or external ion return(6).




TABLE I

RELATIVE RATES OF SOME NUCLEOPHILIC SUBSTITUTION OF ARALKYL AND ARYL

COMPOUNDS AND OF THEIR p-METHYL AND p-t-BUTYL DERIVATIVES(BEVAN AND

HUGHES) (2).
Relativé Rates

Reactants Solvent. %‘gxg;)) Molecularity p-H P_—-Me ) ~;9_-£—.-Bu
fch Br + CHN (CHg)pC=0 20 2 1 1.66  1.35
PCH,Br + I~ (CH3)2C=O .0 2 1 1.5 1.35
@CH,Br + Et0” EtOH 25 2 1 1.8 1.36
§CH,Br + £-Bu0~ t-BuOH 60 2 1 .32 1.18
fCH,CL + Et0™ EtOH 25 2 1 1.58  1.h7
PCHyBr + H,0 HCOH 25 1 1 571.9 28.0
pCENCSH + EL0” ExoH 20 2 1 0.507 0.629
PCOEt + OH™  85% aq. EtOH 25 2 1 0.486 0.616
$COCL + EtOH EtOH 0 2 1 0.53L  0.667
<{:§§§2 + Et0™ EtOH 50 2 1 0.173 0.310

2
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s Cld - ————.—ﬂ =
(CH3)2C + 'CH2 CH3)2C CHC.H2
c1” Cl

(CH3)28?CH=CH2

AcOH

(CH3)2?—CH=CH2 (CH3)2C=C CH2
OAc OAc

The possibility that ions of opposite charge could co-exist in
solution as ion pairs, held together by electrostatic attraction, had
long been recognized as a consequence of the Debye-Huckel and Onsager
theories on strong electrolytes. Mathematical methods for estimation
of the importance of ion pairs from conductivity data had already been

\
elaborafed(7—10). IHowever, it was the work .of Winsﬁein and his co-workers
which provided fhe kinetic and stereochemical evidences for the formation
of ion pairs as intermediate in solvolytic reactions.

In the study of the optically active nofbornyl or threo-3-p-
anisyl-2~butyl systems, Winstein et al.(11) found that racemization
rates were faster than the solvolysis rates, For example, the
racemization of optically active threo-3-p-anisyl-2-butyl-p-bromo-~
benzenesulfonate in acetic acid at 25° was four times faster than its

solvolysis. This was again attributed to ion pair return which

produces racemic starting material.

OCH3
0" 9
\ H Heal £ . -1H
' ‘ — G=¢
}yc—-----—c\‘CHS — N e » so0lvolysis
0Ts CH3 0Ts Cg3 products

CH3
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Extensive.studies.on.sqlvolyses of sulfonium salts weré done by
Ingold and co-workers(12-19). They studied the température and solvent
effects on the rate of solvolysis qf primary, éecondary and tertiary subs-
tituted sulfonium salts. Swain, Kaiser and Knee(20) found that the
decomposition of trimethyl- and tribenzylsulfonium halides in 90% acetone-
10% water solution at 50-100°.in the absence of strong bases involves
neither carbonium ion formation nor solvolysis in the rate determining
step, but instead a reaction with the anion. The kinetics appear first-
order only because of exactly compensating salt effects. No reaction
‘occurs under the same conditions, when a relatively non-nucleophilic
anion such as perchlorate is used. They suggested that in 90% acetone-
10% water, the reactants are dissociated ions. In solvents like pure
acetone, tetrachloroethane, etc., they are probably mostly ion pairs
or even larger aggregates. Reactions involving dissociated ions and
ion pairs are illustrated respectively in Equations 1 and 2.

- +
o+ (CH3)3S —— XCH3 + (CH3)2S Eq. 1

}("((:}'{3)33+ —————> XCH, Eq. 2

Hyne and co-workers have published a series of papers on the
solvolysis of sulfonium salts(21-27). They have studied the effect of
concentration, anion type, solvent variation, added salts and alkyl

group variation on the rates of solvolysis of sulfonium salts. The

results were interpreted in terms of an increasing importance of an
ion pair mechanism as the composition of the medium became less polar.

Just as kinetic and stereochemical evidence was used to
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provide evidence for the importance of ion pairs as intermediates in
solvolytic reactions of the norbornyl and threo-3-p-anisyl-2-butyl systems,
the elucidation of the mechanisms of the reactions of sulfonium salts
can also be greatly aided by sterochemical as well as kinetic studies.

The stereochemical studies can be accomplished using optically active
sulfonium salts and determining their rates of racemization,

Balfe, Kenyon and Phillips(28) studied the racemization of
phenacylethylmethylsulfonium iodide. They concluded that racemization
involved a nucleophilic displacement on carbon by halide ion to produce

inactive phenacyl iodide and ethyl methyl sulfide followed by formation

of the racemic salt.
? + - 2.
@—é-CH -Se I ———— @- “CH,-I + EtSMe
2 N - 2 .
Me
- N
-
@— ~CH,-§=" 1
Two other mechanisms which could account for racemization are:
(i). Inversion about the central sulfur atom without cleavage of any of
the carbon;sulfur bond analogous to the inversion of an ammonia molecule
and (ii). For systems which can yield a stable carbonium ion, carbon-
sulfur bond cleavage to yield cation and ethyl methyl sulfide ion-
neutral molecule pair which would return to starting material or react

with solvent to form products.

The first evidence for the inversion of sulfur in sulfonium
ions was reported by Darwish and Tourigny(29). They found that t-butyl-

ethylmethylsulfonium salts racemized more rapidly than they decomposed.
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At 500, in anhydrous ethanol, the polarimetric rate constant, ka’ is
about 10 times larger than the titrimetric rate constant, kt' A
similar behavior was found in other solvents.
In . order to determine the.mechanism which could account for
the major path of récemization, a hydrogen in the t-butyl moiety was
substituted by electron withdrawing or electron donating group. The

four compounds studied denoted by I, II, III and IV have the following

structures: I, X=H
H,+ _
CH3- -iﬁCHZCH3 Y ’II, X.-‘-OCH3
3 -
x/ H2 III, X—-CH3
IV, X=CGH5

The relative rates of etﬁanolysis at 50o of compounds I : II :
IIT : IV were 1 : 0.06 : 6.3 : 1.1, while the relative rates of
racemization in ethanol at 50° of I : IT : IIT : IVwere 1 : 1.7 : 3.8 :
4.7,

Electron donating substituents accelerated the rate of solvo-
lysis and electron withdrawing group sléw down the solvolysis rate. This
is consistent with a mechanism involving heterolytic cleavage of the
carbon-sulfur bond. On the other hand, the replacement of a hydrogen
of the t-butyl group by a substituent accelerates the rate of racemi-
tion whether the substituent is électron withdrawing or electron
donating. This result indicates that racemization of £fbutylethyl—
methylsulfonium cation involves a pyramidal inversion mechanism which

was not influenced by the electronic effect of the substituents but
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was influenced by the steric effect. If a hydrogen was replaced by some
other bulkier group, either electron withdrawing or electron donating,
the inversion mechanism will be accelerated by a steric effect since any
group will increase the non-bonded interactions in the ground state which
can be relieved at the transition state. Equation 3 illustrates the

pyramidal inversion mechanism.

AN e

',f S+ - Baad S\~R Eq . 3
Rzl AR
) R3

The racemizafion and solvolysis of phenacylethylmethylsulfoﬁium
perchlorate and of ethylméthylsulfonium phenacylide were investigated by
Darwish and Tomilson (30). |

Mislow and Scartazzini(31) have also shown thét this mechanism
accounts for the racemization of the l-adamantylethylmethylsulfonium
system,

A study was made on the benzylethylmethylsulfonium system by
Darwish and Hui(32). By introducing substituents into the P~ and m-
positions of the aromatic ring and studying their effects on the rates
of solvolysis and racemization, they suggested two mechanisms to
account for the behavior of the sulfonium salts on racemization. The

compounds studied were V, VI, VII and VIII.
V, X=H, Y=H
X~ + _
Y _@.cnz?cnzcn3 €10, VI, X=H, Y=NO,
CH '
3 VII, X=NO,, Y=OCH,
VIII, X=H, Y=OCH3
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They showed that the major portion of the racemization for
compounds V, VI and VII was accounted for by a pyramidal inversion
about the central sulfur atom. Electron withdrawing or electron
donating groups were found not to affect the rate of racemization
significantly. At 500, in anhydrous methanol, all threé compounds
, raeemized with a rate constant(krac.=ka - kt') of about 6 x 10"6 sec.'l.
Under the same condition, the relative rates of solvolysis of V : VI
were 1 : 0.2, At 900, the relative rates of methanolysis of V : VII
were 1 : 0.65.

Compound VIII was founa to exhibit markedly differént
behavior from compounds V to VII. This compound undergoes solvolysis
6ver three powers of 10 faster than V, in solvent methanol at 500,
the rate constant for racemization of VIII, ka - kt; is larger'than
that for V by a factor of about 15. Since racemization by inversion
was found not to be influenced by electron withdrawing or electron
donating substituent, the accelerative effect of the p-methoxy group
can not be explained by this mechanism.

Two other processes might have accounted for fhe racemization
of VIII. These are: (i). nucleophilic displacement on the primary

benzylic carbon by the methyl ethyl sulfide, produced on the solvolysis

of the sulfonium salt as shown in Equation k.

377273 2773

CH3 CH3

k +
2
RCH2§CH20H3 + CH,SCH,.CH ________7RCH2TCH2CH3 + CH3SCH CH. Eq. L

and (ii). carbon-sulfur heterolysis to yield ion-neutral molecule pair
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which could react to give solvolysis product or return.to racemic

sulfonium salt as shown in Equation 5.

k . k.o ' .
R ;’ 3 = Rt g7 3 L R-:;:’CQH5
BN — N . —— \
0 K C.H X CH
oll5 -1 oHs 1 3
Eg. 5
. ]

solvolysis product

To investigate'the first process, ethyl methyl sulfide was
added. .The addition of ethyl methyl sulfide was found to speed up the
rate of loss of optical activity. The second-order rate constant, k2,
for the reaction shown in Equation 4 was found to be 7.4 x lO'hlngIe—lseC-_
at 500. For the racemization which accompanies solvolysis, it'was shown
that after 50% loss of optical activity, 36.6% of the sulfonium salt
was found to have undergone solvblysis and 21% of the unreacted salt.was
"racemic. Only sbout 1.3% of the unreacted salt could have been
racemized by nucleophilic displacement reaction. Since this procéss
accounted only for a very small portion ¢f racemization. The carbon-
sulfur bond heterolytic cleavage mechanism was suggested to be a major
pathway for racemization. This scheme accounted for the acceleration of
both the solvolysis and racemization reactions by the p-methoxy group.
This was also suggested to be a reasonable process, since the highly
stabilized p-methoxybenzyl cation would be formed on bond heterolysis.

This thesis will present further studies on both possible
types of mechanism for racemization of sulfonium salts. Chapter I will

present the results of further studies on ion-neutral molecule pair



reaction. Chapter II will be concerned with a more detailed description
of the pyramidal inversion mechanism.

In Chapter III, the nuclear magnetic resonance spectra of a
number of sulfonium sélts will be presented and discussed. Recently,‘
G. K. Helmkamp et al.(33) and C. R. Johnson et al.(34) proposed on the
basis of nmr studies that tetracovalent sulfur species exist as interme-
diates in some reactions of episulfonium and alkoxysulfonium salts. We
present nmr data to show that the chemical shift of substituents in
sulfonium salts are influenced by the anions. These results a:.d the

work of Helmkamp et al. (33) and Johnson et al.(34) will be discussed in

Chapter III.
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CHAPTER I

THE ION-NEUTRAL MOLECULE PAIR MECHANISM

In this chapter, the syntheses and resolutions of m-nitro-
benzylethylmethylsulfonium perchlorate(IX), 3-methyl-4-methoxybenzylethyl-
methylsulfonium perchlorate(X) and 3,5-dimethyl-4-methoxybenzylethylmethyl-
sulfonium perchlorate(XI) are described. The kinetics of their racemiza-
tion and solvolysis are presented. Results of product analyses are also
given. The results. obtained will be discussed with reference to the
following topics: the ratio of racemization to solvolysis, temperature
effects and solvent effects. The mechanisms of racemization of IX, X

and XI are deduced from the results.
CH

3
cH 3
010 c10,” + a0,
$CH CH CH CH, CHZZCH cH,

IX X XI
SYNTHESIS AND RESOLUTION

m-Nitrobenzylethylmethylsulfonium salt

The. route followed for the synthesis of m-nitrobenzylethyl-
methyiéulfonium salts is outlined in Figure I.

m-Nitrobenzaldehyde was reduced to m-nitrobenzyl alcdhol with
sodium borohydride. The m-nitrobenzyl bromide was obtained by bubbling
hydrogen bromide through a benzene solution of m-nitrobenzyl alcohol.

m-Nitrobenzylethylmethylsulfonium bromide was obtained by treating

~m-nitrobenzyl bromide with ethyl methyl sulfide. m-Nitrobenzylethyl-
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methylsulfonium bromide was an oil. It could not be crystallized despite
numerous attempts.,

Exchange of the anion of the sulfonium salt was accomplished
by conversion to the hydroxide using a Dowex 1-x8 anion exchange resin
in its hyﬂroxide form followed by neutralization of the basic eluent
with the appropriate écid. Resolution was accomplished by recrystalli-
zing the d(+)-dibenzoylhydrogentartrate salt several times from a
methanol-ether mixture. The less soluble dibenzoylhydrogentartrate salt
gave the (+)-perchlorate salt. The (-)-perchlorate salt was obtained

from the mother liquor,

3-Methyl-4-methoxybenzylethylmethylsulfonium salts

o-Methylanisole was obtained by treating o-cresol with a

basic solution of dimethyl sulfate. The preparation of 3-methyl-4-
methoxybenzyl bromide was based on a procedure described by R. Quelet
ggggl.(BS) for the synthesis of 3-methyl-4-methoxybenzyl chloride. The
conditions had to be carefully controlled to insure formation of the
desired product and to avoid formation of polymers. From this point on,
-the synthesis of 3-methyl-4-methoxybenzylethylmethylsulfonium salt was
conducted in the same manner as described for m-nitrobenzylethylmethyl-
sulfonium salt outlined in Figure I.

Figure II summarizes the route used for the synthesis of 3-methyl-

4-methoxybenzylethylmethylsulfonium salt.

3,5-Dimethyl—4—methoxybenzylethylmethylsulfoniqm salts

2,6-Dimethylphenol was converted to 3,5—dimethy1—4;hydroxy—
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benzyl alcohol by reaction with a basic solution of formaldehyde, 3,5-
dimethyl-4-methoxybenzyl alcohol was obtained by treating 3,5-dimethyl-
4-hydroxybenzyl alcohol with a basic solution of dimethyl sulfate., From
this point on, the synthesis of 3,5-dimethyl-4-methoxybenzylethylmethyl-
sulfonium salt was conducted in the same manner as deécribed for m-nitro-
benzylethylmethylgulfonium salt outlined in Figure I.

Table II summarizes the properties of some m-nitro-, 3-methyl-
4-methoxy- and 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium salts,

The nmr and ir spectra of the optical isomers were superimposable

upon those of the corresponding racemic salts. All compounds gave

satisfactory analyses.

KINETIC RESULTS:

The kinetics of the solvolysés of the different sulfonium salts
were studied by measuring the rate of appearance of acid., One mole of

acid was produced for every mole of sulfonium salt solvolyzed as shown

in Equation 6.

R} *  som R! +
R@T—CHiSEt————— R@—cuzos + EtSMe + H' Eq. 6
R' Me R'

Unlike the t-butylethylmethylsulfonium salts, the substituted
benzylethylmethylsulfonium salts gave no elimination product.
The reactions follow first-order kinetics. The titrimetric

rate constants, kt’ was calculated from the relationship:
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log Vo ™ Vo
t t vV, - Vt

where Vt= the titer at time t, V = infinity titer, V°=the titer at
time O,

Reactions were usually followed to about 85% completion.,
Good first-order rate.constants were obtained. A straight line was
obtained when logarithm of (V_ - Vt) was plotted vs, time, A typical
titrimetric rate analysis is shown in Table III(Run II-220), Figure
III illlustrates the correspdnding plot of log(Vw - Vt) vs, time for
Run II-220. '

The rate of loss of optical activity was studied by following
the change of optical rotation vs, time, A Perkin-Elmer Model 141
Polarimeter using incident light beams of 436 mp and 365 mp was
employed. At these wavelengths the optical rotations'are larger than
‘at the sodium D line, thus permitting a greater precision in rate
determinations., A sealed ampoule method was used(Method I). Occassion-
ally reactions were run in a thermostated polarimetric tube(Method II).
These two methods are described in detail in the experimental section,

The first-order rate constants were calculated from the relationship:

2.303 a - a

t o
where-ao, a., o, are the optical rotations at time 0, time t and
time », respectively., Reactions were usually followed to about 85

per cent completion and a good straight line was obtained when
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TABLE IIT

SOLVOLYSIS OF m-NITROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE(0.02286 M)
WITH ADDED 2,6-LUTIDINE(0.04835 M) IN ANHYDROUS METHANOL AT 90.oo°.

RUN II-220.

Aliquot:5.00 ml. Titrant:NaOCH3, 0.03186 M. Indicator :Phenolphthalein.

Theoretical infinity titer:3.6 ml.

Time Titer log(V_ - V) 1065,
(sec.) (m1.) (sec.-1)
0 0.07 0.522k
8160 0.22 0.502k4 5.62
13560 0.29 0.4928 5.06
24360 0.47 | 0.1669 5.27
47100 0.79 0.4166 5.18
67140 1.04 0.3729 5.13
82860 1.28 0.3263 5.45
100380 1.43 0.2945 5.23
123480 1.66 ' 0.2405 ' 5.26
184500 2.16 0.093L ©5.35
2LL140 2.51 T.9lok 5.1
512160 3.2 © T.3010 5.49
12803L0 3.h Average 5.31+0.1k

v, =3.4 ml., 94% of the theoretical infinity.
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log(a°° - at) was plotted vs, time. Typical examples of Methods I and II
for measuring polarimetric rate constants of 3-methyl~4-methoxybenzyl-
ethylmethylsulfonium perchlorate are shown in Table IV(Run III-75) and
Table V(Run III-5), respectively, The corresponding piots of log(o - at)
vs, time are illustrated in Figures IV and V. Tables VI and VII show
typical examples of rate runs for solvolysis and racemization of 3,5-
dimethy1-4-methoxybenzylethylmethylsulfonium perchlorate, Thé corres=-
ponding plots of log(V_ - Vt) and log(a_ -at) vs, time are shown in Figures
VI and VII, respectively.

Tables VIII, IX, X and XI summarize the titrimetric rate

constants, k polarimetric rate constants, ka’ and racemization

t?
rate constants, krac.’ found for Efnitrobenzylethylmethylsulfonium
perchlorate(IX), 3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate
(X) and 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate (XI),
The addition of ethyl methyl sulfide increases the rate of
racemization of X and XI as shown in Tables IX and X, Plots of concen-
tration of ethyl methyl sulfide vs, thé rate constant of loss of optical

éctivity, k are shown in Figures VIII and IX,

aobs,’
Product analyses of methanolyses of IX, X and XI at 90° were

performed using the procedure as described in detail in the experimental

section, The results are shown in Table XII, 1In each case, the

corresponding methyl ether and acid were recovered in 94-102% of the

theoretical yields.
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- TABLE IV

RACEMIZATION OF (-)-3-METHYL-L-METHOXYBENZYLETHYLMETHYLSULFONIUM

PERCHLORATE(0.03285 M) IN ANHYDROUS METHANOL AT 25°. RUN III-T5.

Fine “ggsmr log( % = %) 10°ka
(sec.) (sec.-1)
0 -0.523 1.7185

3600 -0.47h 1.6758 2.73

5100 -0.457 1.6599 2.65

7560 -0.428 1.631k 2.65
11100 -0.388. 1.5888 2.69
14700 -0.352 1.5k465 2,69
18300 -0.323 11,5092 2.63
54900 -0.116 1.0645 2.7h
57900 -0.108 1.0334 2.73
62700 -0.09k 2.9731 2.74
67200 -0.085 2.9294 2.70
84300 -0.05k4 2.732h 2.69

326100 0 Average 2.69+0.03
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TABLE V

RACEMIZATION OF (+)-3-METHYL-l4-METHOXYBENZYLETHYLMETHYLSULFONIUM

PERCHLORATE(0.03523 M) WITH ADDED 2,6-LUTIDINE(0.0T468 M) IN ANHYDROUS

METHANOL AT 50.00°. RUN III-S5.

EAE tete
0 0.468 1.6702
120 0.41k 1.6170 10.21
300 0.3k2 1.534 10.46
480 0.278 1.k4ko 10.85
600 0.250 1.3979 10.45
720 0.210 . I1.3222 ' 11.13
1080 0.147 1.1673 10.72
1260 0.116 1.0645 11.07
1hko 0.095 2.9717 11.08
2700 0.026 2,4150 10.71

6600 0 ~ Average 10.96%0.32
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TABLE VI

SOLVOLYSIS OF (+)-3,5~-DIMETHYL~k4-METHOXYBENZYLETHYLMETHYLSULFONIUM
PERCHLORATE(0.03104 M) WITH ADDED 2,6-~LUTIDINE(0.08898 M) IN ANHYDROUS

METHANOL AT 50.00°. RUN II-262.

Aliquot:5.00 ml. Titrant:NaOCH3, 0.03186 M. 1Indicator:Phenolphthalein

Theoretical infinity titer:4.88 ml.

Time Titer log(v,, - V) 106k,
(sec.) (mL.) e "f“,“f(sgc‘—l)” .
0 0.48 0.6405

7200 0.85 0.6021 1.23°
10800 1.06 0.5786 1.31
akk60 1.2 0.5623 1.2k
18060 1.36 0.5429 1.2h
31920 1.91 0.4683 1.2k
39240 2.23 0.4183 1.30
'h9020 2.525 0.366L 1.29
81720 3.35 0.1761 1.31
95880 3.51 0.1271 1.23
8274 0% 4.85 Average 1.27+0.03

V, = L4.85ml., 99% of the theoretical infinity.

o0

* at 90°.
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TABLE VII

RACEMIZATION OF (+)-3,5-DIMETHYL-4~METHOXYBENZYLETHYLMETHYLSULFONIUM
PERCHLORATE(0.03104 M) WITH ADDED 2,6-LUTIDINE(0.08898 M) IN ANHYDROUS

METHANOL AT 50.00°." RUN II-26h.

Time e log(ag- ay) 10k,
(sec.) (sec.-1)
0 0.556 1.7404
4260 0.499 1.6928 2.57
7560 0.464 1.6609 2.k2
11160 0.h21 - T1.6180 2.53
14760 0.382 1.5821 2.47
18360 0.361 T.5514 2.37
22020 0.330 T.5105 2,10
25620 0.301 1.4698 2,143
29280 0.266 1.h150 2.56
39480 0.208 T1.305k 2.5h
46800 0.17h 1.2253 2.53
56580 0.14%0 T.1271 2.5
103500 0.045 2,5911 2.56

277200 0.006 Average 2.49+0.06
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TABLE VIII

SOLVOLYSIS OF m~NITROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE IN

ANHYDROUS METHANOL,

6, a 6, b 6 c

Run Temp. Isomer [Salt] [2,6-Lutidine] 10 k 10k 10k
(°c) M) M) (sec.gl)(sec.gl) (sec.*2§"

11-220 90 dl 0.02286  0.04835 5.31+0.14

I1-221 70 dl 0.02286 0,04835 0.666+0,02

IT1-205 70 + 0.01963 0.05167 93.2+#1.6 92,5

I1I-223 50 dl 0,02286 0.04835 0.0725

11-222 50 + 0.03020 0.05608 6.56x0.16 6.5

a)., Titrimetric rate constant,

runs were done by method I using A= 436 my .

d). extrapolated value,

b). polarimetric rate constant, both

C)u krac'= ka - kto
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TABLE IX

SOLVOLYSIS OF 3-METHYL—4-METHOXYBENZYLETHYLMETHYLSULFONIUM PERCHLORATE

IN ANHYDROUS METHANOL;

Run  Temp. Isomer [Salt] [2,6-Lutidine] [EtsMe] 10% 2 10% P 10% ©

°c) M) (M) M)  (sec.tl)(sec%-1) (sect2E)
III-3 50 +  0.03523  0.07468 0 768+ 16
III-5 50 +  0.03523  0.07468 0 1096:32 328
IIT-6 50 dl 0.02830 0.06 0 774221
III-43 50 dl  0.02839  0.05687 0 781£47
III-20 50 +  0.03009 0O 0 1250450
I11-21 50 +  0.03009 0 0 77213 478
ITI-48 25 41 0.03188  0.0560L 0 16.3:0.6
IIT-75 25 - 0.03285 0 0 26.9£0.3
III-103 25 -  0.03209 0 0 16.5:1 10.4

II1-16 50 dl  0.0236 0.07618 0.05325 731+26

III-17 50 + 0.02995 0 0.066 119155
I1I-22 50 + .0.02995 0 0.066 711+29 480
I1I-24 50 + 0.03006 0 0.1329 1278439
I11-25 50 + 0.03006 0 0.1329 738+9 540

ITI-40 50 dl  0.02877 0.09771 0.1336 67315
III-41 50 .- 0.02902 0.09587 0.1307 1151£112
III-42 50 - 0.02902 0.09587 0.1307 723+37 428

III-49 25 dl  0,03206 0.06918 0.1165 14.6x0.3
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Run Temp, Isomer [Salt] [2,6-Lutidine] [EtSMe] 106k a 106k b 106k ¢
°c) () (M) (M) (sec.kl)(sec’-1)(sef21)

I1I-46 25  dl 0.03187 0.07776 0.05812 15.6:0.5

mmr-04f 25 - g.02862 o 0.1224  30,420.9

1I1-98° 25 - 0,02842 o0 0.1224 15,5%0,7 15

mm1-95% 25 - 0.02862 0 0.1224 31,5410

m1-96f 25 - o0.02852 o 0.06661 27,2+1.8

m1-97 25 - o0.02852 o 0.06661 31,6%0.5

II1I-99 25 - 0.02852 0 0.06661 17,2+1.9 14,4

IT1-100-A° 25  dl 0.02902 0 0.1383 14,1:0.6

III-100-B 25. &l 0,02902 O | 0.1383 17:0.2

III-101-A° 25  d1 0.02845 0 0.06261 14,9+0,7

'III-101-B 25  d1 0.02845 O 0.06261 16.6%0.5

. a). Titrimetric rate constant, b). polarimetric rate constant using

Method I with A= 365 my unless otherwise specified, c). krac = ka - kt'

d). polarimetric rate constant using Method II. e), theoretical infinity
used for calculating titrimetric rate constant, f). From these runs,

k was plotted against [EtSMe], from the slope of the straight line

oobs,

drawn, k =2,03 x 10_5 1, mole_lsec.“l was obtained.
exchange
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TABLE X
SOLVOLYSIS OF 3,5-DIMETHYL-4-~-METHOXYBENZYLETHYLMETHYLSULFONIUM PERCHLORATE

 IN ANHYDROUS METHANOL,

Run  Temp. Isomer [Salt] [2,6-Lutidine] [EtSie] 1o6kta 106kab 1o6kra°
°c) ™) S M) (sec.-l)(sec._l)(sec.- 5

III-27 50 dl1  0.03016 O 0 14,620.3

III-69 50 -  0.0307%4 0 0 | 22,110 7.5

II-262 50 +  0.03104  0,08898 0 12,740.3

11-264%%50 © +  0,03104  0.08898 0 24,9:0,6 12,2

I1-278 50 dl  0.02948  0.07047 O 12,9£0,09

m-108 50+ 0.03047 0 0.05292 28,9+0.3

III-13 50 +  0.03047 0 0,05292 15.3+0.6 13.6

III-11 50 +  0,03058 0 0,1023 32,10.8

III-14 50 +  0.03058 0 0.1023 15.0%0.4 17.1

111-19° 50 - 0.03061  0.08876  0.1016 - 31.41,1

III-72 50 -  0.03061  0,08876  0.1016 12.,50.3 18.9

111-18° 50 - 0.03249  0.08968  0.05429 27.1%0,3

ITI-73 50 - 0.03249  0.08968  0.05429 11.9%0.5 15.2

III—206j70 +  0.03194  0.04921 0 36911

I11-207 70+  0.03194  0.04921 0 |  2u4ss 125

I11-208 70 dl  0.03237  0.06039 O 240£3

a). Titrimetric rate constant. b)., polarimetric rate constant using

‘Method I with A=365mu, c). kra =k, k.. d). From these rums, k

d t aobs,

was plotted against[EtSMe], from the slope of the strgight line kexchange
=J.25x10#sl, mole"-lsec."1 was obtained. e). From these runs, k . - was

plotted agéinst IEtSMe], from the slope of the straighF line, kexchange

=6.47x10—5 1. mole-l sec.—l was obtained.
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TABLE XI

RACEMIZATION OF 3,5-DIMETHYL-L4-METHOXYBENZYLETHYLMETHYLSULFONIUM PERCHLORATE

IN A VARIETY OF SOLVENTS.

Run Temp. Solvent [Salt] Isomer [2,6-Lutidine] 10% 2
(%) a (1) (sec.-l)

III-7 50 CH,Cl, 0.03611  + 0.08435 48.941.3
I1I-68 ' 50 CH,Cl, 0.03579 - 0.08001 h8.li3;7
III-T1 50 CH,Cl, 0.03603 - 0.0k022 43.42.0
T11-288-AP 70 CH,CN  0.03200  + 0.1076 47410

I11-288-B¢ T0 CH,CN  0.03290  + 0;1076 bs2:11

IIIf206 70  MeOH 0.03194 + o;oh921 369+11

III-289-AP 50 CH(N  0.03290 .+ 0.1076 28.4+0.7
II1-289-B€ 50  CH,CN  0.03290  + 0.1076 28.740.8
II-264 50 MeOH 0.0310k  + 0.08898 24.9%0.6

a). Polarimetric rate constant using Method I unless otherwise specified.
b). Method II was used for these runs,A = 436my . c¢). Method

II was used for these runs,\ =365mu .
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DISCUSSION:

In the studies of the solvolysis and racemization of
sulfonium salts, rate constants corresponding to the reactions shown
in Equations 6, 7, 8 and 3 are encountered very often and are summarized

at this point for convenience in the future discussion.

R1\S+ SOH . ROS +H + EtSMe Eq. 6
k 7

R';] t

~N + k, . optically inactive material Eq. 7

»
{l
R

R3
optically active

R
1\\s+ k. . racemic RIE—RZ Eq. 8
aC 7T
/ 3

/
R

R3
optically active .' R

R, 1
N+ ky + /
\\‘
\
R
R

oW

Eq. 3

5 I

Rq S

Ry

LW N

where kt=titrimetric rate constant,

ka=p01arimetric rate constant or rate constant for loss of
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optical activity, This rate constant includes both
decomposition and racemization of the active sulfonium salt,
k = k -k, =2k,=racemization rate constant,
rac. a t 1

k1=(ka-kt)/2=rate constant for pyramidal inversion about the sulfur atom,

Comparison of racemization and solvolysis rates:

Two mechanisms which could explain the racemization of
sulfonium salts are:
i). Heterolytic carbon-sulfur bond cleavage to form an ion-neuiral
molecule.pair which can either return to sulfonium salt or react
- with the solvent to yield substitution and/or elimination products,
(Eq. 5, Introduction),
ii) Pyramidal inversion about the sulfur atom,(Eq. 3).
The racemization of t-butylethylmethylsulfonium salts and
a number of substituted systemsin which a hydrogen of the t-butyl
group was replaced by a substituent have been interpreted as proceeding
via the second mechanism. This mechanism was also used to account for
the racemization of benzylethylmethylsulfonium perchlorate(V) and
Bfnitr§benzylethylmethylsulfonium’perchlorate(VI). The racemization
rate constants,%aéfor V and VI were 6.3 x 10-6sec.—l and6.61x lo_ﬁsec."1
respectively,in solvent methanol at 50.000. The electronic effects
of substituents which are directly attached to the ceﬁt;al sulfur atom
appeaé to be very small,
Markedly different behavior was found(32) for p-methoxy-
benzylethylmethylsulfonium perchlorate(VIII). For VIII, the rate

6

constants for methanolysis, kt’ were 3,94 x 10“6 sec.—1 and 203 x 10
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sec._1 at 25° and 500, respectively. At the same temperatures in
solvent methénol, the racemization rate constants, krac.’ were 2.65
'2x 10“6sec.—1 andiOS X 10-6 sec._l, respectively, The ratio of ka/kt'
was 1,5 at 50°, In methanol at 500, VIII underwent solvolysis three
powers of ten faster and racemized 15 times faster than benzylethyl-
methylsulfonium perchlorate(V).

To distinguish between racemization by pyramidal inversion
and by the heterolytic'carbon—suifur cleévage to form an ion-neutral
molecule pair, Bfﬁethoxyﬁg-nitrobenzylethylmethylsulfonium perchlorate
(VII) was prepared(32). If the racemization of p-methoxybenzylethylmethyl-
sulfonium perchlorate(VIII) involved pyramidal inversion then there
should be no significant difference in the values of krac. for compounds
VII and VIII since the electron withdrawing p-nitro group was shown
to have no significant effect upon pyramidal inversion rates., The
sélvolysis of VIII should be ca. 103 times faster than the solvolysis
of VII, In cohtraét, if the C-S bond heterolytic cleavage mechaniém
best described the principal pathﬁay for both solvolysis and racemization
of VIII then both reactions by this pathway should be very much slower
for VII than for VIII, The latter type of behavior was observed
experimentally, The rate constant for racemization krac.’ for VII
at 50° in solvent methanol was 6.87x 10"6 sec.—1 which was very close
to the kr» 'values of 6.3x 10—6 sec.-1 andb.61x 10_6 sec.-1 for V
and VI, respectively, under the same conditions. At 900, the rate
constant for methanolysis of VII was fbund to be 1.6 x 10—'S sec.—l,

comparable to the value of 2.45 x 10-5 sec."1 for methanolysis of

0 . ,
V at 90 obtained by extrapolation from data at lower temperatures.
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While these data were taken as strong support for an ion-

neutral molecule pair reaction, there remained the possibility that a
m- and p-nitro substituent would not have the samé type of electronic
effects. For this reason, m-nitrobenzylethylmethylsulfonium perchlorate
(IX) was synthesized and its racemization rate was studied. The rate
constant for racemization, krac.’ for IX is 6.5::10--6sec.-1 while kr '
for VI was found to be 6.6ix10"6$ec.—l at 50° in methanol(32). This

result shows that the m-nitro group exerts the same electronic effect as

a p-nitro group. Heﬁce, the conclusion that the acceleration of
racemization rate of Pp-methoxybenzylethylmethylsulfonium perchlorate was
caused by a mechanism other than inversion is further confirmed, The
predominant.pathway for racemization of p-methoxybenzylethylmethylsulfonium
perchlorate involves the carbon-sulfur bond heterolysis mechanism,

The relative racemization rate constants, k s of m-nitro-

rac,
benzylethylmethylsulfonium perchlorate(IX) and 3-methyl-4-methoxybenzyl-
ethylmethylsulfonium perchlorate(X) in solvent methanol, at 500,

compared to that of benzylethylmethylsulfonium perchlorate(V) are 0.96:
48:1(Table XIII). The rate of racemization of IX is comparable to that

of V which suggests that IX also facemizes predominantly by the pyramidal
inversion mechanism, Compound X racemizes very much faster. In anhydrous
methanol at SOO, the racemization of X is (328i48)x10“6sec.-1 as compared
to a value of 105 x 10_6 sec._1 for p-methoxybenzylethylmethylsulfonium
perchlorate(VIII), The ratio of polarimetric rate constant to titrimetric

rate constant, ka/kt for X is 1.4 comparable to that for VIII which is

1.5. Therefore X and VIII undergo racemization by similar mechanisms and
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rule out pyramidal inversion as the principal pathway for racemizatiﬁn.
One other process which might account for the racemization
of 3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate(X) would
involve nucieophilic displacement on the primary benzylic carbon by the
ethyl methyl sulfide produced in the solvolytic reaction of compound

X as shown in Equations 6 and 9:

R
N + kg ROS + EtSMe + H' Eq. 6

Msi
Et

optically active

A 4

R
L\ K
EtSMe + :S+ exchange > R—E;Me Eq. 9
' ]
Me racemic
Et

optiéally active

Run III-82 shows that under the conditions of solvolysis
and racemization, i.e., in anhydrous methanol at 50.000, 3-methyl-
4—methoxybenzylethylmethylsulfonium perchlorate reacts with the added
dimethyl’sulfide to yield 3-methyl—4;methoxybenzyldimethylsulfonium
perchlorate. This result indicates that the reaction sequence shown
in Equations 6 and 9 could bring about racemization of the active
sulfonium salt. In Run III-82, there was a large excess of added
sulfide. The importance of such a sequence where the ethyl methyl
sulfide is present in low concentration and is formed only on solvolysis
of the sulfonium salt can be gauged by a kinetic analysis.

The average concentration of ethyl methyl sulfide at 50%

loss of optical activity, [EtSMe]avg was calculated using Equation



-
10 while the per cent racemization caused by exchange of ethyl methyl

sulfide with starting material was calculated using Equation 11. Equations
10 and 11 are analogous to the equations used by Goering and Levy(36) in

their studies of the mechanism of solvolysis of benzhydryl p-nitrobenzoate.

[Beste], =[salt)f1 + 1/ksF(e_kst - 1)] + [EtsMe]_ Eq. 10
where: .
[EtSMe]avg.= average concentration of ethyl methyl sulfide from 0 to

507 loss of opticai gctivity.
[EtSMe]o= concentration of ethyl methyl sulfide at the start of the
reaction. This is equal to 0, since no ethyl methyl sulfide
was pfesent initially.

[Salt]°= molar concentration of the sulfonium salt at t=0,

ks = solvolysis rate constant.
t = time at 50% loss of optical activity.

7 racemization by exchange=100[l—e-kexchange(EtSMe)avg.t] Eq. 11
where:

% racemization by exchangé=% racemization caused by nucleophilic
displacement of ethyl methyl sulfide formed
on solvolysis on the primary benzilic carbon
of the sulfonium salt.

second order rate constant obtained from the slope of the

kexchange=

straight line drawn when k was plotted against the con-

aobs,

centration of ethyl methyl sulfide,

t = time at 507 loss of optical activity.,
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The second-~order rate constant %xcha%%g the nucleophilic
displacement on the primary benzylic carbon by ethyl methyl sulfide was
obtained from the slopé of the straight line shown in Figure VIiI. This
was calculated to be 2,03 x 10“5 mol;_l sec._l for 3-methyl-4-methoxy-
benzylethylmethylsulfonium perchlorate.

The resu;ts calculated using Equatioﬁs 10 and 11 are
presented in Table XIV., At 50% loss of opitcal activity, the average
concentration of eth&l methyl sulfide [EtSMe]avg. for the solvolysis
of a 0.03 M solution of 3-methyl—4-methoxybenzylethylmethyléulfonium
perchlorate(X) in methanol at 25° was found to be 0.0056 M. After 50%
loss of optical activity, 25.5% of the sulfonium salt has undergone
solvolysis, Of the unsolvolyzed salt, 31.6% must be racemic. Only
about 0.4% of the unsolvolyzed salt could have racemized by the scheme
shown in Equation 9. Therefore nucleophilic displacement on the primary
benzylic carbon by ethyl methyl sulfide as shown in Equation 9 plays
a very minor role on the racemization of 3-methyl-4-methoxybenzylethyl-
methylsulfonium perchlorate(X). The predominant pathway for the race-
mization of X involves carbon-sulfur bond heterolysis to yield én ion-
neutral molecule pair which could either react to give solvolysis
products or return to racemic sulfonium salts as shown in Eq. 5
(Introéuction).

The replacement of a hydrogen ortho to the methoxy group
in p-methoxybenzylethylmethylsulfonium perchlorate(VIII) by a methyl
group accelerates the rates of solvolysis and racemization. At 50.000,
in solvent methanol, X solvolyzes 3.8 times faster and racemizes 3.6

times faster than VIII. These substituent effects are consistent with
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TABLE XIV

# RACEMIZATION CAUSED BY EXCHANGE OF ETHYL METHYL SULFIDE IN THE

SOLVOLYSIS OF SUBSTITUTED BENZYLETHYLMETHYLSULFONIUM SALTS IN METHANOL.

q%>CH CH,CH. X°)
DO

R X~ Temp. [salt] [EtSMelgyg k . 4 % racemization
(°c) (M) (M) ' (mg{?-iggg.-l) by exchange
'p-CHz €10~ 50 0.027 0.00086  6.03x10~> 0.5
3,5-d1CH5~ .
4-0CH; “C10y” 50 . 0.03  0.0043 7.25x1072 0.9
3-CHy-b-
OCH;”  ©€10” 25 0.03  0.0056  2.21x107 0.k

p-C1 Br- 50 . 0.032 0.0022 2.7x10-5 0.3




47~ '
a reaction involving a carbonium ion intermediate and provide further

confirmation that both racemization and solvolysis are proceeding via
similar reaction processes. It should be noted that pyrmidal inversion
can still occur with these systems. Using the assumption that the rate
constant for inversion of these salts are the same as the rate constants:
for inversion of benzylethylmethylsulfonium perchlorate; then less than
2% of the racemization of X occurs by way of pyramidal inversion.

By substituting both hydrogens ortho to the methoxy group of VIII
by methyl groups, one might have expected a greater acceleration of both
the solvolysis and racemization rates due to electronic effect. However,
sterically, these two methyl suBstituents can hinder the p-methoxy group
from becoming planar with the ring and prevent resonance stabilization of
.the,carbonium ion, Thé study of the kinetics of solvolysis aﬁd racemiza-
tion of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate(XI)
shows that the steric effect is more important than the electronic effect.
Both the racemization and solvolysis rates of this compound ére slower
than those of p-methoxybenzylethylmethylsulfonium perchlorate(VIII) and
3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate(X). At 50.000,
in solvent methanol, 3,5-dimethyl—4-methoxybenzylethylmethylsulfoﬁiﬁm
perchlorate(XI) solvolyzes with a rate constant, kt’ equals to (12,7:0,3)

-1 . .
x 10 ~ sec, ~ while the rate constant for racemization, k is

rac,’
(12.210.9)x10—6sec.-1(see Table XIII). The relative rate constants of
solvolysis of X ¢ VIII : XI are 1 : 0.26 : 0,017 and their relative rate
constants of racemization are 1 : 0,32 : 0,037,

Nucleophilic displacement by ethyl methyl sulfide on the
primary benzylic carbon as shown in Equation 9 and Table XIV serves as
a minor pathway of racemization for XI. At 50.000, in solvent methanol,

after 50% loss of optical activity, 33% of the sulfonium salt has
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undergone solvolysis, Of the unsolvolyzed salt, 25,4% must be racemic,
Only about 0.9% of the unsolvolyzed salt could have been racemized by the
scheme shown in Equation 9.

These results obtained for the study of the racemization and
solvolysis of 3,5¥dimethyl-4—methoxybenzylethylmethylsulfonium perchlorate
(XI) provide unequivocal confirmation for the mechaﬁism of racemization
of P-methoxybenzylethylmethylsulfonium perchlorate(X), The only way in
which the addition of the second methyl group could effect a lowering of
the racemization and solvolysis rate constants would be by steric inhibi-
tion of resonance of the methoxy group with the aromatic ring. Hence,

- for VIII and X, a carbonium ion species must be formed,

This still leaves open the mechanism of récemization of XI. The
racemization rate constant, krac.’ of XI in solvent methanol at 50,00°
is 1.79 times larger than that of benzylethylmethylsulfonium perchlorate
(V). If one assumes that fhe rate constant for inversion kl, 1s the same
for V and XI, then one must invoke an addi;ional pathway to account for
about 45% of the racemization of XI, Conceivably, ion-neutral molecule
pair formation andbreturn accounts for the enhanced rate of racemization.
However, one can not rule out a small substituent effect on facemization
by inversion., At this stage, a final decision can not be made on the

mechanism of racemization of 3,S-dimethy1—4—methoxybenzylethylmethylsulfo-

nium perchlorate(XI),

Solvent Effect

Table XI shows the rate constants for loss of optical activity,
ka’ for 3,S—dimethyl—4—methoxybenzylethylmethylsulfonium perchlorate

in a variety of solvents. The relative racemization rate
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constants are as follows: anhydrous methanol(525=32.63) : acetonitrile
(e25=36.2) : methylene chloride(ezo=9.08) are 1 : 1,1 : 2, The numbers
in parentheses are the dielectric conetahts at the corresponding tem-
peratures, The small increase in the racemization rates in less polar
solvents like methylene chloriae shows that the effect of dielectric

constant of the solvent on the racemization rate is very small,

Temperature Effect

To determine the effect of temperature on the rate of

solvolysis and racemization, the Arrhenius equation was employed(37):

k = Ae Ta/RT Eq, 12
For reactions in solution, the heat of activation(37) is given by Eq. 13:

*
AB=E_ - RT = (E_ - 0.59) kcal./mole at 25°,  Eq. 13
The entropy of activation, AS*, is derived from the equation 14(37):

* *
k = ky(t/h) * e /R . AB*/RT Eq. 14

where kB is Boltzman's constant and h is Plank's constant,

Thus at 250,

X =
As 4,576(log k250

For racemization, the polarimetric rate constants were corrected to
account for solvolysis occurring at the same time,

rac, B k(l - kt

where k is the specific first-order rate constant for the

racemization,
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The values calculated for the enthalpy and entropy of

activation for the racemization and solvolysis of the different salts
in various solvents are presented in Table XV.

Table XV shows the activation parameters calculated for
solvolysis of gfnitrobenzyleth§1methylsuflonium perchlorafe(IX),
3-methy1—4-methoxybenZylethylmethylsulfonium perchlorate(X) and
3,5~dimethyl4-methoxybenzylethylmethylsuflonium perchlorate(XI) at
25°,  The energies of activation (Ea) and enthalpies(AH*) for solvolyéis,
loss of optical activity and racemization of all three compounds are
similar to each other..

One feature worth noting is that the solvolysis of
m-nitrobenzylethylmethylsulfonium perchlorate(IX) in methanol gave
a negatlve entropy value while a positive entropy value was calculated
for 3-methyl-4-methoxybenzylethylmethylsuflonium perchlorate(X) and
3,5-dimethyl-4-methoxybenzylethylmethylsuflonium perchlorafe(XI). For
solvolysis oﬁ the sulfonium salts in methanol, there are three
resonance structures that must be considered in representing the

transition state., This is illustratedin Equation 15,

- R R R
R\Q €10, — > —
+ ROH + (Et g Yt
HziEt RQ CH, SC.- RO cuzigt Rg CH, Sy
e

H
Al B' c'
IX, Rem-Yo,
X , R=3-methyl-4-methoxy
Eq., 15
XI, R=3,5-dimethyl-4-methoxy
XII, R=p-Cl #\15:] + EtSMe
ROCH2

XII1I, R=p-CH

3
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TABLE XV

ACTIVATION PARAMETERS FOR THE SOLVOLYSIS AND RACEMIZATION OF m~-NITRO-,

3-METHYL-4-METHOXY- AND 3,S-DIMETHYL-h-METHOXYBENZYLETHYLMETHYLSULFONIUM

PERCHLORATES ({_ cH, 5t CH ) AT 25,00°.
2] 27’3 -
i 10y
CH,
R | Reaction Solvent Eg AH¥ As¥
n-NO, - solvolysis  methanol 25.6:0.7 25.0:0.7 1847
loss of optical ) :
activity . methanol 29.1:0.5 28.5:0.5 611
racemization methanol 29.1:0.5 28.6+0.5 6+1
3=-CHqy- solvolysis methanol 29.3x0.7 28.7+0.7 1842
L-oC 3
loss of optical
activity methanol 29.3+0.4 28.7+0.7 17+1
racemization methanol 29.2+1.2 28.6+1.2 15+
3,5-diCH4- solvolysis methanol 32.3x0.4 31.7:0.k 17+1
h-00H3
loss of optical
activity methanol 29.6:0.5 29 +0.5 10+1
racemization methanol 25.9+2.0 25.3+2.0 -3+6

loss of optical

activity acetonitrile 30.8:0.6 30.2:0.6 2
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For compounds X and XI, the resonance structure A' is important since the
.benzylic carbonium ion is stabilized'by electron donating substituents
on the aromatic ring, the methyl groups and the methoxy group., On
solvolysis, compounds X and XI will attain a transition state
resembling A'. This is a limiting case in Winstein's términology(38) and
represents a system where a discrete carbonium ion is formed as an
intermediate in the reaction. A greater degree of freedom is attained
in the transition state than in the ground state, This accounts
for the positive entropies of activation for X and XI.

For compound IX, the electron withdrawing nitro group
will render structure A' less important. The transition state for
solvolysis of this compound in methanol would best be described by
structure D', which is the combined form of resonance structures
A', B' and C'. This reaction would be classed as a 'nucleophilic'
process in Winstein's terminology and there would be considerable nucleo-
philic character to the solvent assistance at the transition state., A
decrease in the degrees of freedom at the transition state compared to

the ground state could give rise to the observed negative entropy

value,
+ IX, RﬁngOZ
XII, R=p-Cl
~Et
RO-~-CH+~-S .
1 2 Me XIII,. R=27CH3

Dl
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CHAPTER II

THE PYRAMIDAL INVERSION MECHANISM

A more detailed description of racemization of sulfonium
salts by the pyramidal inversion mechanism about the sulfur atom is
presented in this chapter. The following sulfonium salts were synthesiéed
and resolved into their optical isomers: p-chlorobenzylethylmethyl-
sulfonium perchlorate(XII), p-methylbenzylethylmethylsulfonium
perchlorate(XIII) and p-chlorobenzylethylmethylsulfonium bromide (XIV).

The kinetics of racemization and solvolysis of XII and
XIII as well as the results of product analyses are given and compared

with the kinetics of racemization and solvolysis of XIV,

SYNTHESIS AND RESOLUTION

P~Chlorobenzylethylmethylsulfonium perchlorate(XIV) andlgfmethylbenzyl-

ethylmethylsulfonium perchlorate (XV).

" The route followed for the syntheses of compounds XII and
XIII is illustrated in Figure I(Chapter I) where R is p-chloro- or p-
methyl-for XIT and XIII, respectively, P-Chlorobenzaldehyde and p-
methylbenzaldehyde were reduced to the corresponding alcohols with
sodium borohydride, BfChlorAbenzyl bromide and p-methylbenzyl bromide
were obtained by bubbling hydrogen bromide gas through benzene solutions
of the corresponding alcohols. BfChlorbbenzylethylmethylsulfonium
bromide and p-methylbenzylethylmethylsulfonium bromide were obtained

by treating p-chlorobenzyl bromide.and p-methylbenzyl bromide, respectively,
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with ethyl methyl sulfide. Other salts were obtained by the conversion

of the sulfonium bromide into the hydroxide using a Dowex 1-x8 anion
exchange resin in its hydroxide form, followed by neutralization of
the basic eluent with the appropriate acid. The optically active
perchlorates were obtained by resolution of the 2R, 3R-dibenzoylhydrogen-
tartrates followed by replacement of the dibenzoylhydrogentartrate anion
by perchlorate, Details of the procedure are presented in the Experi-
mental section and some of the properties of the sulfonium salts are

listed in Table XVI.

RESULTS

The rates of racemization and solvolysis of Rfchlorobenzy;-
ethylmethylsulfonium perchlorate(XII), p-methylbenzylethylmethylsulfo-
nium perchlorate (XIII) and p-chlorobenzylethylmethylsulfonium bromide
(XIV) were measured in a variety of solvents in the same manner as was
employed for m-nitrobenzylethylmethylsulfonium perchlorate(IX),
described in Chapter I, All rates were followed to ca. 85% completion.
Good straight lines were obtained when log(V°° - Vt) or log( a_ - at)
were plotted against time. Typical examples of rate runs for solvolysis
and racemization reactions are presented in Tables XVII, XVIII, XIX
and XX, The corresponding plots of log(V_ - Vt) and log(a - at)
against time are shown clearly in Figures X, XI, XII and XIII.

Tables XXI, XXIT and XXIII summarize the titrimetric rate
constants, kt' polarimetric rate constants, ka’ and inversion rate

constants, kl, found for p-chlorobenzylethylmethylsulfonium perchlorate
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TABLE XVII

SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE (0.03476 M)
WITH ADDED 2,6-LUTIDINE (0.04335 M) IN ANHYDROUS METHANOL AT 90.00°.

RUN III-1T71.

Aliquot:4.93 ml. Titrant:NaOCH3, 0.03186 M. Indicator:Phenophthalein.

Theoretical infinity titer:5.38 ml.

Time Titer log(V_- v.) 1ol‘kt
(sec.) (mL.) (sec.”l)
0 0.61 0.6902
8ko 1.21 0.6335 1.55
1560 1.73 0.5775 1.66
2460 2.25 0.5132 1.66
3720 2.89 0.4183 1.68
5280 3.69 0.2601 1.88
7080 k.13 0.1399 1.79
12000 b.92 1.7709 1.76
97860 5.51 Average 1.71£0.08

Ve =5.51 ml., 102% of the theoretical infinity.
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TABLE XVIII

RACEMIZATION OF (+)-p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE

(0.03282 M) WITH ADDED 2,6-LUTIDINE(0.04241 M) IN ANHYDROUS METHANOL

AT 50.00°. RUN IV-66.

Time

25 2
%}, 36 a325mulog( a_- Oy

)log(a - at) 10k

10° d§§5mu

(sec.) (sec. sec.=-
0 0.224 0.%05 T.3502 T.6075

7200 0.205 0.368 T.3118 T.5658 1.23 1.33
15660 0.183 0.331 I1.2625 T1.5198 1.29 1.29
26460 0.163 0.292 T.2122 T.465h4 1.20 1.24
35220 0.1k0 0.252 I.1461  T.koik 1.33 1.3
- 64800 0.092 0.169 Z:9690 T.2279 1.35 1.35
85980 0.068 0.123 72.8325 T.0899 1.39 1.39
540000 0 Average 1.30%0,06 1.32+0.0k
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TABLE XIX

SOLVOLYSIS OF 27CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE
(0.02202 M) WITH ADDED 2,6-LUTIDINE(0.03088 M) IN ANHYDROUS METHANOL

AT 70.00°. RUN II-280.

Aiquot:5 mi. Titrant:NaOCH 0.03186 M. Indicstor:Phenolphthalein.

3’
Theoretical infinity titer:5.38 ml.

Time ‘ Titer " log(V, - V) 106k,
(sec.) (ml.) (sec.=1)
0 0.08

79500 0.545 0.0622 1.80
190560 1.125 o.isso . 1.87
268200 1.475 ' 6.2225 1.91
Lhokoo - 2.03 0.3570 1.87
529800 2.25 0.h2k2 ' 1.8k
687600 2.585 0.5525 | 1.85
855360 2.85 0.6965 1.88
6047362 3.56° Average 1.86+0.03

a). At 90.00°. b). V_ = 3.56 ml., 103% of the theoretical infinity.
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TABLE XX

RACEMIZATION OF (-)-p-~CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE
(0.04369 M) WITH ADDED 2,6-LUTIDINE (0.0693 M) IN ANHYDROUS METHANOL

AT 50.00°., RUN II-266.

Time aggsmu ' log(a,~ o) 106k,
(sec.) _ o (-sgc."l)
0 -0.710 T.8513

6000 -0.683 1.83Lk 6.49

9600 -0.667 1.8241 6.53
13200 -0.650 1.8129 6.7
16920 -0.636 1.8035 6.51
24660 -0.603 1.7803 6.63
28140 -0.589 1.7701 6.65
35340 -0.557 1.7459 6.87
40680 -0.541 1.7332 6.69
45780 -0.526 1.7210 6.55
80220 -0.423 1.6263 6.146
91860 -0.391 1. 5§22 6.5
105000 -0.350 1.54k1 . 6.7k
115320 ~0.33Y4 1.5237 6.5k
168300 -0.236 1.3729 6.55
86!;00b 0 Average 6.60+0.09

a). Polarimetric rate comstant. b). at 90.000.
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TABLE XXIII

SOLVOLYSIS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN METHANOL WITH

ADDED 2,6-LUTIDINE AT VARIOUS TEMPERATURES,

Run Temp. Isomer [Salt] [2,6-Lutidine] 106k a 106k b 106(k ~k )/;
°c ™ M) (sec.t1) (sec.®1) (sec.2l)t

III-168 90  + 0.02698  0.06042 192410

III-171 90  + 0.03476  0.04335 17148

III-170 50  * 0.03476  0.04335 2,9140,08

III-107 50  + 0,03286  0.04451 2,770.23

1r-172-A% 50+ 0.02519  0.08221 13,1:1.3 5,1:0.7

I11-172-8° 50  + 0.02519  0.08221 12,9+0,54 5.0:0,3

I11-105-A% 50 4 0,02616  0.08277 13,4:1,1 5.320.6

111-105-8° 50 + 0,02616  0.08277 13.6%0.2 5.4%0,1

a). Titrimetric rate constant. b). polarimetric rate constant., c).
This term is not equal to the inversion rate constant,kl. d). polarime-
tric rate constant obtained using A=365 mu . e) polarimetric rate

constant obtained using A=436 my,
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(XII), p-methylbenzylethylmethylsulfonium perchlorate(XIII) and p-chlo-

robenzylethylmethylsulfonium bromide(XIV) in methanol. Compounds XII
and XIIT racemizé with rates comparable to each other while XIV récemizes
1.18 times faster than XII aﬂd 1.24 timeé than XIII.

For compounds XIV, the bromide ion concentration was determined
by the Volhard method described in detail in the experimental sectionm.
Table XXIV shows tﬁe result obtained when bromide ion conCentrétion in
the”solvblYSis of 27chlorobenzylethylmethylsulfonium bromide in methanpl
at.:425o was determined by the Volhard method. There is first a very
sliéht decrease in the aﬁount of bromide ion in the solution and then an
increase in bromide ion céncentration until the titer is equivalent to
that used for fhe first point. This result can be explained by the scheme

shown in Equation 16:

+ Br
CL<::>'CH ICHZCHB .5 CF Mcupr + mesve K <::>rCH 0cH,
1

3 Eq. 16
6ptically active : k (EtSHe) kd ec. HBr
Cl@—CHZ i CH Br
racemic

The sol&olysis of p-chlorobenzylethylmethylsulfonium bromide
(XIV) results in the formation'of R}Chlorobenzyl bromide which can react
with the solvént methanol, to give p-chlorobenzyl methyl ether and
hydrobromic acid. The p~chlorobenzyl bromide may also react with the
ethyl methyl sulfidehformed in the reaction to give starting material
which is raceﬁic with a rate constant k2.

The pseudo-first-order rate constant observed for the solvolysis

of p-chlorobenzyl bromide with various concentration of ethyl methyl sulfide,



~68-

TABLE XXIV

SOLVOLYSIS OF RfCHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN ANHYDROUS

METHANOL (DETERMINATION OF BROMIDE ION CONCENTRATION BY VOLHARD METHOD)

AT 50,00°, RUN IV-11.

Aliquot:4,93 ml, 0.03024 M,

Titrant: AgNO3,
Indicator: Ferric Alum.

calculated in terms of ml, of KSCN.

KSCN,

0.03074 M.

Theoretical Infinity Titer: 4.96‘m1. of AgNO3

Time Volume of Volume of AgNO, caled. KSCN  Net ml., of AgNO, calcd.
AgNO3 in terms of KSéN in terms of KSCﬁ
(sec.) (ml7) (ml,) (ml,) (ml.)

0 10 9,84 5.04 4,80
5.00 4,84
600 10 9.84 - 4,89 4,95
2580 10 9,84 5.10 4,74
6060 5 4,92 0.23 4,69
9300 5 4,92 0,22 4,70
19560 ' 5 4,92 0.46 4,46
25980 5 4,92 0.54 4,38
35640 10 9.84 5.7 4,14
63120 5 4,92 . 0.75 4,17
0.75 4,17
84180 5 4,92 0.7 4,22
188460 5 4,92 0.52 4,40
341640 5 4,92 0,28 4,64
446520 5 4,92 0,24 4,68
451020 5 4,92 0.15 4,77
517860 5 4,92 0.2 4,72
0.17 4,75%

* Vo = 967 of the theoretical infinity titer.
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TABLE XXV

SOLVOLYSIS OF p-CHLOROBENZYL BROMIDE IN METHANOL AT 50.000.

Run [p—C1¢CH2Br] [2,6-Lutidine] [EtSMe] ko x102
= (M) (M) () (sees+l)

1V-13 0.0359 0.05297 0 1.87+0.19
IV-18-  0.03577 0.03380 0 1.74+0.06
IV-12 0.03575 0.0408Y4 £ 0.008211 2.85£0.22
Iv-16 0.03576 0.0L4838 0.01757  3.38t0.3hk
IV-17 0.03576 0.04802 0.02880 L4.60:0.23
V-6 0.036k2 0.0511 0.03659 4.6k 0.19
iv-9 0.0357L o.05088 0.04943  7.10:0.4k
IV-19 0.0359 0.0k4067 0.06366  9.55:0.20
IV-10 6.03595 ' 0.05476 0.07668 12.2+0.k4

IV-15 0.03578 0.04470 0.07680 10.6:0.5

IV-20 0.03578 | 0.04128 0.04013 5.970.32
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k was determined by the Volhard method. The results obtained are

obs,’
tabulated in Table XXV, The corresponding plot of kobs. vs, concentra-
tion of the ethyl methyl sulfide is‘shown in Figure XIV. The second-
order rate constant k2’ Was obtained from the slope of the straight line
shown in Figure XiV and was found to be 1,08 x 10-3 1. mole-lsec.-l. The
intercept corresponds to the rate of solvolysis of p-chlorobenzyl bromide
in the absence of ethyl methyl sulfide. A typical rate run for the
solvolysis of chhlorobenzyl bromlde in methanol at 50.00° is 1llustrated
in Table XXXI. The corresponding plot of log(V_-V ) vs, time is shown

in Figure XVII.

The observed rate constants for loss of optical activity, kaobs.’
of p-chlorobenzylethylmethylsulfonium bromide(XIV) and p-methylbenzyl-
ethylmethylsulfonium perchlorate(XIII) increase with increasing conéen-
trations of added ethyl methyl sulfide as shown in Tables XXII and XXVI.
The corresponding plots of kaob vs, concentration of ethyl methyl sulfide

are shown in Figures XV and XVI. The second-order rate constants kexchange
for the nucleophilic displacement by éthyl methyl sulfide on the primary
benzylic carbon of XIII and XIV as shown in Equﬁtion 9 in Chapter I were
obtained from the slope of the straight line and were found to be 6.03

X 10-5 1. mole-'lsec.—1 for XIII and 2.7 x 10_5 1. m.ole--lsec.—l for X1V,

In acetonitrile, the rate constant for decomposition of p-chlo-
robenzylethylmethylsulfonium bromide(XIV) was determined by the Volhard
method, The results are tabulated in Table XXVII. The first three runs
show that the decomposition of XIV in acetonitrile is comparable to its
rate constant for loss of optical activity. The average decomposition

rate constant for the first three runs is 4.47 x 10-.5 1.'mole—lsec._l.

The last three runs listed in Table XXVII were the first experiments
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TABLE XXVI

RATE OF LOSS OF OPTICAL ACTIVITY OF prCHLOROBENZYLETHYLMETHYLSULFONIUM

(o]
BROMIDE IN PRESENCE OF ETHYL METHYL SULFIDE AT 50.00 IN ANHYDROUS METHANOL.

Run [?fﬁt] [2,?I;II)..utidine] [*r(:;cSMe] 1({‘;‘22?:1%05
IV-66 0.03282  0.04241 0 1.32+0.0k
IV-23 0.03302  0.04696 0.06945 1.51 0.0k
Iv-24 0.03289  0.04290 0.09439 1.53t0.08
IV-69 0.03285 0.05553 0.194 1.85:0.05

TABLE XXVII

DECOMPOSITION RATE CONSTANTS AND RACEMIZATION RATE CONSTANTS OF p-

CHLOROBENZYLETHYLMETHYLSULFONIUM BROMIDE IN ACETONITRILE AT 25.000.

‘Run  Isomer [Salt] [2,6-Lutidine] 10%k® 105k °
(M) (M) (sec.-1) (sec.”1)
Iv-7 + 0.01522 0.05613 h.2%0.12
Iv-22 + 0.0152k4 0.05773 k,95:0.27
IV-65 + 0,01525 0.05465 4h.67+0.h (h.OT* 0'19)h36m
(4.09:0.16) o2 H
ITI-278 + 0.02288  0.06081 5.42:0.20 omy
ITI-292 + 0.01501  0.05516 (3.50:0.13) 365,
II1I-294 + 0.02996 0. 05367 5.50:0.17
a). Titrimetric rate constant. b). polarimetric rate constant.
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carried out in this solvent. It is not possible for the decomposition
of p-chlorobenzylethylmethylsulfonium bromide(XIV) to be faster than its
loss of optical activity. The results probably reflect large experimental
errors when first developing the technique for halide analysis. While
the data are not of high precision, it appears that the decoﬁposition
and racemization rates are identical for the reaction.

Tables XXVIII and XIX summarize the racemization rate constants
for reaction of p-chlorobenzylethylmethylsulfonium perchlorate in 80%
water-acetone at 50° in the presence of sodium fluoride and sodium
perchlorate, respectively., The results given in Table XXVIII show that
the presence of fluoride ioms in the solution does not affect the rate
of racemization of'Efchlorobenzylethylmethylsulfonium perchlorate. The
data in Table XXIX show that increasing the ionic strength by adding an
inert salt such as sodium perchlorate has a small effect on the rate of
racemization of p-chlorobenzylethylmethylsulfonium perchlorate. The rate
constant for racemization in the presence of 0,1271 M of sodium perchlorate
is (5.78’_r0.36)x10-5 sec.-1 compared to (6.69t0.06)x10"6 sec.—l in the
absence of sodium perchlorate. »

The analyses of the products of methanolysis of chhlofobenzyl-
ethylmethylsulofnium perchlorate (XII) and p-methylbenzylethylmethylsul-
fonium perchlorate(XIII) were carried out using gas chromatography, The
Tesults are ﬁabulated in Table XXX, The calculated mole per cent of

each product is 98 to 102 per cent of the theoretical value,
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TABLE XXVIII

RACEMIZATION RATE CONSTANTS OF p-CHLOROBENZYLETHYIMETHYLSULFONIUM

) o
PERCHLORATE IN 80% WATER-ACETONE AT 50,00 IN PRESENCE OF SODIUM

FLUORIDE.

rn  Isomer [Salt] [NaF] [2,6-Lutidine]  10%kc®

(M) (M) (M) (sec.Tl)
III-176 -  0.02613 0.02877 0.04885 6.4640.16
III-177 -  0.02736 0.05158 0.05452 5.,92+0,20
IIT-11k - 0.02626 0.102 0.0Thk 6.4610,4L
III-178 - 0.02587 0.1284 0.1232 6.64%0.08

a). Polarimetric rate constant.

TABLE XXIX

RACEMIZATION RATE CONSTANTS OF p-CHLOROBENZYLETHYLMETHYLSULFONIUM
PERCHLORATE IN 80% WATER-ACETONE AT 50.00o IN PRESENCE OF SODIUM

PERCHLORATE.,

Run Isomer [Salt] [NaCl0)] [2,6-Lutidine] 106ka

(M) (M) (M) (sec.w1)
I1I-181 - 0.02679 0.02891  0.05794 6.660.50
III-179 - 0.02735 0.05105 0.05389 6.3#:0.15
. III-180 - 0.02716 0.1040 6.05h39 6.63%0.19
III-182 - 0.02676 0.1271 0.05279 5.78+0.36

a). Polarimetric rate constant.
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TABLE XXX1

SOLVOLYSIS OF p-CHLOROBENZYL BROMIDE IN ANHYDROUS METHANOL AT 50.,00°
(USING THE VOLHARD METHOD FOR DETERMINING BROMIDE ION CONCENTRATION) IN
THE PRESENCE OF ETHYL METHYL SULFIDE(0.0768 M) AND 2,6-LUTIDINE(O,04470 M).

RUN IV-15,

Aliquot: 4,93 ml., Titrant: AgNO3, 0.05195 M; KSCN, 0.03020 M

Indicator: Ferric alum Theoretical titer: 3,15 ml. of AgNO3.

Time AgNO KSCN KSCN calcd. in Net AgNO3 log(Vm-Vt) kgx 104
(ml. (nl) terms of AgNO3 (ul.) (sec._l)
_ (ml.)
0 5 7,78 4,52 0,48 0.4265
600 5 7.8 4,53 0.47 0.4298
1200 5 7.42 4.31 0.69 0.3909 0,683
2100 5 6.92 4.02 0.98 0.3365 0.987
3000 5 6.56 3.81 1.19 . 0.2923 1.03
5280 5 5.84 3.40 1,60 0.1903 | 1,03
7680 5 5.17 3.01 1,99 0.0645 1.09
10080 5 4,76 2.77 2,23 1.9638 1.06
13320 5 4,23 2.46 2,54 1.7853 1,11
17280 5 3.92 2,28 2,72 1.6335 1,06
24360 5 3.47 2.02 2,98 1.2304 1.13
.29280 5 3.40 1.98 3.02 1.1139 1.03
87300 5 3.19 1.85 3.15°
Averageb 1.06+0,05

a), Vw = 93% of the theoretical infinity titer. b). the first rate

constant(O.683x10—4sec._1) was discarded in calculating the average rate

constant.
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DISCUSSION

Comparison of racemization and solvolysis rates

It was shown in Chapter I that two mechanisms which can account
for the racemization of sulfonium salts are:

i). A heterolytic carbon-sulfur cleavage to form an ion-neutral molecule
pair which cén either return to sulfonium salt or react with solvent
to yield substitution and/or elimination products.

ii). A pyrémidal inversion about the sulfur atom analogous to the
inversion of the aﬁmonia molecule,

By studying the substituent effect, one can distinguish
between the two mechaﬁisms. In methanol at 500, the relative rate
constants of racemization of p-nitrobenzylethylmethylsulfonium perchlorate
(VI) (32), P-methoxy-m-nitrobenzylethylmethylsulfonium perchlorate (VII)
(32) and m-nitrobenzylethylmethylsulfonium perchlorate(IX) compared to
benzylethylmethylsulfonium perchlorate (V) are 0.98 : 1,05 : 0.99 : 1.

The second mechanism was suggested to explain the results obtained.

In methanol at 509, the relative rate constants of racemiza-
tion of p-chlorobenzylethylmethylsulfonium perchlorate(XII) and P-
methylbenzylethylmethylsulfonium perchlorate (XIII) compared to benzyl-
ethylmethylsulfonium perchlorate(V) are 0.95 : 0.99 : 1(Table XXXII).
Compounds XII and XIII racemize with rates comparable to V. Since V
was found to racemize by the pyramidal inversion about the sulfur atom,
it follows that XII and XIII also racemize by the same mechanism.

Nucleophilic displacement of ethyl methyl sulfide produced
in solvolysis on the primary benzylic carbon as shown in Equation 9

and Table XVI(Chapter I), accounts for only a small amount of
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racemization of p-methylbenzylethylmethylsulfonium perchlorate (XIII).

Using the value of k the titrimetric and polarimetric rate

exchange’
constants, the following conclusions can be reached. After 50% loss
of optical activity, 4.4% of XIII has undergone solvolysis, of the
unsolvolyzed salt, 47.7% must be racemic. Only ca. 0.5% of the

unsolvolyzed salt could have been racemized by the scheme shown in

Equation 9.

An alternative pathway for racemization

The kinetic résults obtained from studies of the solvolysis
and racemization of P-chlorobenzylethylmethylsulfonium perchlorate (XII)
and p-methylbenzylethylmethylsulfonium pefchlorate(XIII) clearly indicate
that racemization takes place without cleavage of any of the carbon~
sulfur bonds. The major pathway for racemization of XII and XIII was
suggested to be the pyramidal inversion mechanism in analogy to the well-
known inversion of ammonia and amines. However, an alternative pathway
for.racemization of sulfonium salts involving pseudorotation must be
considered. This alternative mechanism will be discussed in detail in
the following section.

Pseudorotation(39) of compounds in which the central atom is
pentacovalently bonded is defined as the intramolecular process where a
trigonal bipyramidal molgcule is transformed by deforming bond angles in
such a way that it appears to have been rotated by 90° about one of the
interatomic bonds. Thus, as shown in Equation 17, the substituent that
is toward the viewer remains fixed, while the vertical (apical)substituents
are pushed backward and the horizontal (equatorial)substituents are pulled

forward so as to produce a tetragonal pyramid where the fixed substituent
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is at the apex. A continuation of the process leads to the second

trigonal bipyramid, which appears to have been produced by rotating the

first about the bond from the fixed substituent(the 'pivot') to the

___, —, Eq.17

central atom,

Tetravalent sulfur species may be considered to be approxi-
mately tfigonal bipyramidal in geometry with the electron pair on sulfur
occupying one of the equatorial positions. A minimum of five pseudo-
rotations of an optically active tetracovalent sulfur species are
required to convert it to its mirror image. It is conceivable that
racemization of sulfonium salts without breaking any C-S bond could
occur by addition of a nucleophile to the central sulfur atom to form
a tetravalent sulfur species. After the appropriate pseudorotations and
loss of the nucleophile, the mirror image of the original sulfonium
salt would be formed. If this alternative process were to account for
the racemization of sulfonium salts, then the presence of nucleophiles
which could add to the sulfur should greatly accelerate the process,
Therefore, optically active p-chlorobenzylethylmethylsulfonium bromide
was synthesized and the kinetics of its racemization and solvolysis
were studied. Attempts to isolate p-chlorobenzylethylmethylsulfonium
fluoride failed.

Compounds containing quadrivalent sulfur atoms are not unknown
in the literature of organosulfur chemistry(40-43), Some examples of

known compounds include SF4 and alkyl- and arylsulfur trichlorides and
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trifluorides. Tetravalent sulfur intermediates have also been proposed
in the chlorinolysis of both thioethers and arenesulfenyl chlorides
(44-45).
| As shown in Tables XXI and XXIII, chhlorobeﬁzylethylmethyl-
sulfonium bromide losses optical activity about twice as fast as p- |
chlorobenzylethylmethflsulfoniﬁm perchlorate in solvent methanol at
50.00°, To compare the racemiéation of the bromide and perchlorate
salts, the poiarimetric réte constants must be corrected for solvolysis
of the sulfonium salts. In methanol at 50.000, the rate constant for
the solvolysis of Eﬁchlorobenzylethylmethylsulfonium bromide (XIV) and
Pp-chlorobenzylethylmethylsulfonium perchlorate(XII) are (2.911'0.08)x10'_6
sec._l(Table XXIII, Run III-170) and (l.48i0.l4)x10'-7 sec._l(Table XXI,
Run II-279), respectively. Compound XIV solvolyzes about 20 times
faster than XII. Using these values, the apparent rate constants for

racemization ka-kt’ of XII and XIV are 6.45 x lOnGSec._1 and 10.2x10'-6

sec. s respectively. The apparent rate constant for racemization of
XIV is 607% lafger that for_XII. This'result indicates that there is not
a large differenée in racemization rates for the two salts. The nucleo-
philic bromide ion does not have a profound influence on the racemization
process,

The estimate of the relative rates of racemization is subject
to further correction. The rate constant kt for p-chlorobenzylethylmethyl-~
sulfonium bromide XIV, does not measure the rate of decomposition of the
optically acitve salt. The solvolysis of XIV involves the sequence of

reaction shown in Equation 16. The rate constant kt measures the rate of

- formation of solvolysis products, p-chlorobenzyl methyl ether, ethyl
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sulfide and hydrobromic acid. It was shown that during the course of the

reaction, a finite amount of p-chlorobenzyl bromide is formed. There-

fore, the rate constants, ks'and k2(EtSMe) are not very much larger

than kdec .

As far as we are aware, an exact mathematical solution for the
evaluation of kdec. for a reaction of fhis type has never been obtained.If
the steady state approximation could be applied to this reacﬁion, thén
an exact solution would be obtained, The application of the steady
state approximation would require taking the rate of change of concentra-
tion of p-chlorobenzyl bromide with changes in time, d[C]<:>CHZBr]/dt,
to be equal to zero. This is not a valid assumption in our case. It
was shown thét during the course of solvolysis of p-chlorobenzylethylmethyl-
sulfonium bromide, a small but finite amount of p-chlorobenzyl bromide
is formed. The maximum amount of this present in the solution corres-
ponds to ca. 15% of the initial concentration of the sulfonium bromide.

For Equation 16, the kinetic expression shown by Equation 18

which gives the rate of change of concentration of the p-chlorobenzyl

bromide with changes in time can be written.

dlC{ Ycu, Br]
R = kg, [4-Br] + kg [41-Br] - k, [Etste] (1 cH,Br]

_ Eq. 18
- k(e Nen, r]
= k. [salt] - kZ[EtSMe][Cl-OCHZBr] - k_[c1{cH,Br]

where d-Br represents the optically active sulfonium bromide and d1-Br

represents the racemic sulfonium bromide,

From the data in Table XXIV, a plot of the concentration of
p-chlorobenzyl bromide vs, time can be made. Such a plot is shown in

Figure XVIII. d[C1{ MCH, Br]/dt is the slope of the tangent to this
8 2
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curve at any point. For the specific case of the point corresponding to

maximum on the curve, the slope d[Cl H, Br]/dt is by definition equal
2 q

= . -/". .
Fo zero. Hence, kdec. {?Z[EtSMe][Cl<:>»H2Br] + ks[Cl<:>CH2Br31[Sa1t].

From a visual inspection of the data, two limiting curves
as shown in Figure XVIII can be drawn, each of which would give rise
to a different point as the maximum. With the data from these curves,

rate constant k.d which were of similar values were obtained. From

curve I, k =5,05 x 10_6sec.—1 and from curve II, k =5,58 x 10-'6
dec, dec.

sec.—l. These numbers vary by only 10% from one another and set reason-

able limits on the value of kdec . To check these two values, tangents

]

to the curve at other points were drawn. The slope of the tangents gave

the values of d[BfClQCHZBr]/dt and the values of kdec were obtained

using Equation 18 where kdec_={d[01-©cazBr]/dt + kZ[EtSMe][Cl@CHZBr]

+ kS[Cl@CHZBr]} / [Salt].

Using curve I, tangents at points 0 and A were drawn and the

values of kdec obtained were 6.lelO—esec.-‘l and 5.65x10-65ec.—1,

respectively. Using curve II, tangents at points B and C were drawn,

the respective values of kdec obtained were 6.03}{10_6sec._1 and 5.08

x10_6sec._l. The average of the rate constants, kdec , obtained'

from curve I was 5.60x10_63ec.—1, whereas from curve II, an average
of 5.56:{10"6sec._l for kdec was obtained. The two sets of rate constants

gave values which are very close to each other. It is clear from these

. -6 -1 . .
calculations that a value close to 5.6x10 sec. is a good estimation

of kdec and will not be significantly altered using a best fit curve
of the data,
The racemization rate constants, k_ =5k -k of p-chlo-
rac o dec,

robenzylethylmethylsulfonium bromide are (l.31x10-5) - (5.60x10_6) = 7,5

:{10'_6sec.“l and (1.3lx10—5) - (5.56x10“6) = 7.6){10_6sec.—1 using the



-88-
two values of k y The inversion rate constants, k =k -k /2,
dec 1 "a “dec

are 3.75 x 10—6 sec.—1 and 3.77 x 10_6 sec._l,reSpectively. These
numbers may both be represented as 3.8 x 10—6 sec.'-1 within the
experiméntal errors.

Under the same conditions, the rate constant for inversion kl,
was found to be (3.23 + 0.05) x 10-6 sec.-l for p-chlorobenzylethylmethyl~
.sulfonium perchlorate(XII). The relative rates of racemization of p-chlo-
robenzylethylmethylsulfonium bromide compared to the corresponding
perchlorate salt are 1.18 : 1 using leIV equal to 3.8 x 10—6 sec.—l.

The results show that changing the anion from a non-nucleophilic perchlo-
rate to a nucleophilic bromide did not markedly influence the rate of
racemization. In fact, considering the inherent errors in the caléulation,
the rate constant of'inVersion,kl, for the sulfonium bromide may be the
same as for the corresponding perchlorate salt.

It should be noted that p-chlorobenzylethylmethylsulfonium
bromide can also undergo racemization by a process involving nucleophilic
displacement by eth&l methyl sulfide produced in the solvolysis on the
primary benzylic carbon as shbwn in .Equation 9 in Chapter I, The second-

order rate constant k for nucleophilic displacement by ethyl

exchange’
methyl sulfide on the primary benzylic carbon of XIV was obtained from
the slope of the straight line shown in Figure XV. This figure was
obtained by plotting the data shown in Table XXVI. Using kexchange’ kt
and ka’ the following conclusion was derived., After 50% loss of optical
activity, 21.1%Z of XIV has undergone solvolysis, of the.unsolvolyzed
salt, 36.6% must be racemic, Only ca. 0.3% of the unsolvolyzed salt

could have been racemized by the scheme shown in Equation 9, Therefore,

a negligible amount of racemization of p-chlorobenzylethylmethylsulfonium
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bromide(XIV) is caused by this process and it has not been accounted for
in calculating the polarimetric rate constants.

.The predominant pathway for racemization of p-chlorobenzylethyl-
méthylsulfonium bromide and perchlorate must be the same. While
it i1s not possible to unequivocally rule out a small amount of racemiza-
tion via an addition, pseudorotation, elimination process in the case
of the sulfonium bromide, we have not found any evidence.that such a
process is a major pathway for the racemization of sulfonium salts. The

major pathway for racemization of these sulfonium salts must involve

pyramidal inversion.

Solvent Effect

For the solvolysis of E;chlorobenzyléthylmethylsulfonium
pgrchlorate(XII), increasing the ionic strength by adding inert salt
has a very small éffect on-the rate constants for racemization.
Table XXIX shéws that in the presence of 0,1271 M of sodium peréhlorate
the rate constant for racemization of XII is (5.7810.36)x10-ssec.-
compared to (6.69%0,06) x 10--6sec.—1 in the absence of sodium perchlorate.
In non-hydroxylic solvents like methylene chloride, acetonitrile and
acetone, the production of acid is so slow that the solvolysis rates
could not be determined by titration with standard sodium methoxide
solution,

Table XXI shows that in acetone, 525=20.7, the rate of loss of
optical activity for p-chlorobenzylethylmethylsulfonium perchlorate

25

(XI1) is very similar to the rate in anhydrous methanol, ¢ =32,63,

Racemization rates in methylene chloride, 820=9.08 and in acetonitrile
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625=36.2, are faster than the rates in anhydrous methanol, Relative

rate constants of loss of optical activity for p-chlorobenzylethylmethyl-
sulfonium perchlorate(XiI) are 1,36 : 1,30 : 1,00 : 1,00 in methylene
chloride, acetonitrile, acetone and methanol, respectively, The small
increase in the racemization rates in less polar solvénts like methylene
chloride and acetonitrile shows that the effect of dielectric constant

of the solvent on the racemization rate is very small,

Temperature Effect

The activation parameters for the solvolysis, racemization
and loss of optical activity of compounds XII, XIII and XIV are
tabulated in Table XXXIIT Ea’ AH*, AS* were calculated using Equations 12,
13 and 14 presented ip Chapter I, For the solvolysis reactions of
p-chlorobenzylethylmethylsulfonium perchlorate(XII), p-methylbenzyl-
ethylmethylsulfonium perchlorate(XIII) and p-chlorobenzylethylmethyl~
sulfonium bromide (XIV) negative entropies of activation were obtained and
the values are similar to the value for the solvolysis of m-nitrobenzyl-
ethylmethylsulfonium perchlorate. Again, structure D'(see page 52)
would best described the transition state of solvolysis of compounds
XII, XIII and XIV, The decrease in the degree of freedom in the

transition state ccmpared to the ground state can account for the observed

negative entropies.
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TABLE XXXIII

ACTIVATION PARAMETERS FOR THE SOLVOLYSIS AND RACEMIZATION OF p-METHYL-
prCHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE AND p-CHLOROBENZYLETHYL-

— o
METHYLSULFONIUM BROMIDE( HZTCH20H3 X") AT 25.00 .

CH
3
R X~  Reaction Solvent B AH¥ AS*
ErCH3 C10), solvolysis methanol 25.940.1 24.840.1 -10#h
loss of optical
activity methanol 30.00+0.4 29.440.4 941
racemization methanol 30.13+0.6 29.5+0.6 942
loss of optical . 28.82+0.8 28.2+0.8 6+2
activity acetonitrile
p-Cl 10,  solvolysis methanol 26.9+1.0 26.3+1.0 ~9+3
loss of optical
activity methanol 29.4+0.2 28.9+0.2 T+1
racemization methanol 29.5+0.2 29 + 0.2 T+1
loss of optical 29.5£0.4 28.9+0.4 8%1
activity acetonitrile

p-C1  Br  solvolysis methanol 23.6+0.4 23.1+0.4 -13+1
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Effect of the presence of fluoride ions in the solvolysis of p-chloro-

benzylethylmethylsulfonium perchlorate

Racemization rate constants of p-chlorobenzylethylmethyl-
sulfonium perchlorate in 807 water-acetone at 50.00° in presence of
sodium fluoride were measured and summarized in Table XXVIII, The
rate constants observed for loss of optical activity, kdobs.’ remained
essentially the same with change in concentration of sodium fluoride.
Since the presence of the fluoride ions does not affect the rate of
racemization of'Rfcﬁlorobenzylethylmethylsulfonium perchlorate, the
suggestion that racemization by way of the formation of a tetracovalent
intermediate which may undergo pseudorotation may be discarded in this
case aé well as for Ehé reaction in the presence of bromide ion, The
racemization of p-chlorobenzylethylmethylsulfonium salts are not
affected by the nature or nucleophilicity of the associated anion.

Racemization is predominantly by the inversion mechanism,
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CHAPTER III
NMR STUDIES ON SOME SULFONIUM AND AMMONIUM COMPOUNDS

Two recent papers have suggested the intermediacy of tetra-
covalent sulfur species based on nmr studies.

Helmkamp, Owsley and Rettig(33) étudied thé reaction of
cyclooctene-S-methylepisulfonium 2,4,6-trinitrobenzenesulfonate(XV)
with a yariety of nucleophilic reagents. The reaction of XV with chloride
ion in the presence of cyclohexene gave a quantitative yield of cyclooctene
and l-chloro-2(methylthio)cyclohexene. When equivalent amounts of 0.25 M
solutions of XV and tetraphenylarsonium chloride in deuterated nitromethane
were mixed at room temperature in an nmr tube, the 60-MHz nmr spectrum ’
which was immediately recorded at 370, showed two clearly defined‘singlets
at 122 and 128 Hz downfield from TMS. The upfield singlet was the stronger
in intensity immediately after mixing. Seven minutes after mixing, the
intensities of the two signals were approximately equal. After 15 minutes,
the signal at 122 Hz had disappeared and the resulting spectrum was super-
imposable on that of l-chloro-2{methylthio)cyclooctane(XVI). During the
reaction period, signals at 158 Hz corresponding to the methyl group of
XV and at 171 Hz for methanesulfenyl chloride could not be detected.
Furthermore, no signal could be detected in the olefinic region of the
spectrum, a fact which indicates the absence of cyclooctene. When the
solution was kept at —50, the signal at 122 Hz remained for at least 30
minutes. However, the signal disappeared when more chloride ion was
added to the solution at -5° or when the solution was warmed to room

temperature. The signal at 122 Hz was attributed to the presence of the



-95-
intermediate, 9-chloro-9-methyl-9-thiabicyclo(6. 1. O)nonane, XVII,

ot

O Om O
TNBS™ /> 3

Xv | XVI XVII
C. R, Johnson and Juan J. Rigau(34) studied the t-butyl
hypochlorite oxidation of sulfides to sulfoxides. In the oxidation of
methyl phenyl sulfide with t-butyl hypochlorite, a product was obtained
whose nmr spectrum differs with the spectrum of methyphenyl-t-butoxy-
sulfonium fluoroborate, XVIII. They proposed structure XIX, a tetra-
valent sulfur species,rather than XX, an ionic species,for the product.,

The nmr data afe summarized in Table XXXIV,

0-t-C,H 0~t~-C, H

4Yg b, H 0-£-C,Hg
Cp His 2CH, Cglis§CH, CHlsSCH,
— ¢1 -
f c1
XVIIT X1X XX
TABLE XXXIV

NMR SPECTRA OF SOML ALKOXYSULFONIUM SALTS IN CDZClZ'

Temp, 7 § values, ppm -—_
Compound °c Aryl S-Methyl Alkoxy
OCH,  _ |
c6H5$CH3 B, 37 7.85 (m) 3.43 3.86
Iﬂ;%ﬂg—
CelsiCy B, 46 8.05(2H, m)  3.42 1.54
7.75(3H, m)
0-t-C,Hy
CoHSSCH, ~46 8.25(2H, m) 3.78 1.49
¢1 7.70(3H, m)
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The § values of the S-methyl groups of methylphenyl-t-butoxy-
sulfonium fluoroborate(XVIII) and the proposed intermediate(XIX) differ
by 0.36 ppm. Johnson et al.(34) suggested that the differences could
not be entirely accounted for by ion pairing phenomena and hence must
be due to the férmation of stable tetracovalent sulfur species, XIX,
rather than the ionic species, XX. However, no experimental justifi-
cation was given for their assumption that ion pairing phenomena would
not account for the difference in the chemical shifts,

Helmkamp et al.(33) concluded using simple Huckel calculations
that there is more electron density on the methyl group of the proposed
intérmediate, 9~chloro-9-methyl-9-thiabicyclo(6.1.0)nonane(XVII) than
on the methyl group of éyclooctene—S—methylepisulfonium 2,4,6-trinitro-
benzenesulfonate(XV). The S-methyl signal of XVII is 36 Hz(0.6 ppm)
upfield from the S-methyl signal of XV which appears at 158 Hz. In
contrast, Johnson's data summarized in Table XXXIV show a downfield
shift of 0.36 ppm of the S-methyl signal of the proposed intermediate
compared to that of methylphenylfgfbutoxysﬁlfonium fluoroborate (XVIII),

A naive approach would predict an upfield shift of the signals
if a tetracovalent sulfur species was formed. This prediction is based
on the fact that as the charge on the sulfur is changed from a positive
value to 0, there is an increase in the electron density around the
sulfur atom.

W. E. McEwen et al,(46) studied the reactions of tetraaryl-

" stibonium salts with sodium alkoxides. Treatment of tetraphenylstibonium
bromide with sodium methoxide in solvent methanol gives methoxytetra-
phenylantimony which was suggested to be in equilibrium with tetraphenyl-

stibonium methoxide. The equilibria are shown in Equation 19.
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o +. - .
(06H5)4Sb (0Me)' + MeOH ——» (C6H5)4Sb OMe +  (MeOH)
Eq. 19
1 1
(C6H5)4Sb(OMe) + MeOH ————> (C6H5)4SbOMe + (MeOH)

Methoxytetraphenylantimony was isolated as a crystalline
compound and had nmr signals associated with the aromatic protons centered
at 7.38 ppm and 7.60 ppm. These signals were shifted upfield by 0.57 ppm
and 0,35 ppm relative to tetraphénylantimony cation(7.95 ppm). McEwen's
data agree with the naive assumption that the signals will be shifted
upfield when the charge on the central atom is decreased. However,
Johnson's data shown in Table XXXIV are contrary to this assumption.
Although the result obtained for the pentavalent antimony compound may
not necessary apply to the sulfur compound, it is suggestive that the
interpretation advanced by Johnson et al. may not be completely valid,

Previous workers observed ion-pairing phenomena in the reactions
of sulfonium salts in solvents of dielectric constants lower than 25.
Swain and Kaiser(47) have suggested the participation of ion pairs in
the rate determining step in the solvolysis of dimethyl-t-butylsulfonium
halides in solvents of low dielectric constant. However, in solvents
of dielectric constant ® 25, ion-pairing phenomena become less important.
Conductimetric measurements on the sulfonium salts in 90% acetone-water
mixture(e=25) was carried out by Swain and Kaiser(51) in order to check
the possibility of such ion-pairing. They concluded that the agreement
between the measured equivalent conductances and those calculated by
Onsager equation for strong electrolytes were sufficiently close to
preclude the presence of a significant degree of ion-pairing. Jacobsen

and Hyne(21) have repeated the conductance study for trimethylsulfonium
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iodide in various ethanol-water mixtures using the modified Fuoss méthod
of analysis to determine the degree of ion pairing involved. They |
concluded that below a.dielectric constant of 30, ion pairing was
sufficiently significant to be observable as a kinetic effect if the

ion pairs participate in a rate-determining step.

Smith EE.il-(4® studied the nmr spectra of tetra-n-butyl-
ammonium chloride, bromide, iodide, perchlorate and picrate in nitro-
benzene over the salt concentration range, 0.005-0.25 M. The position
of the resonance of the o~methylene protons of the cation was found to
be sensitive to the concentration and the nature of the anion. They
interpreted the data in terms of ion association and estimated the ion
pair dissociation constants for the halide salts from their nmr data.
Hence, with these salts, ion pairs formation can cause shifts in the
position of the various groups. In solvent nitrobenzene, the positions
of resonance of the a-methylene absorption are different for tetra-n-
butylammonium bromide and tetrajgfbutylammonium perchloraté. Tetra=-
n-butylammonium bromide with a concentration of 0.23 M has its a-methylene
absorption at 220.5 cps(76.32) compared with 210.6 cps(16.49) of that of
a 0.168 M solution of tetra~n-butylammonium perchlorate. The difference
in the chemical shifts between the two salts is 0,17 ppm. This chemical
shift difference must be associated with ion pairing phenomena and cannot
be associated with the formation of neutral addition product since nitrogen
cannot expand its octet and become pentavalent.

In this chapter, the nmr spectra of several sulfonium and
ammonium éalts in a variety of solvents are presented. The effect of
changes of temperature, changes of the anion and concentratigns of the

solution on these nmr spectra are discussed.
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Our results will be discussed in the light of the suggestion

that tetracovalent sulfur species formed from sulfonium salts may be
relatively stable as well as in terms of ion pairing phenomena influen-

cing the nmr spectra of the salts.

RESULTS AND DISCUSSION

Effect of changes of anion in nmr spectra of sulfonium salts

Tables XXXV and XXXVI present the nmr data for p-chlorobenzyl~
ethylmethylsulfonium perchlerate and bromide, respectively, in various
solvents at the temperature of the probe. In Table XXXVII, a comparison
is made between the nmr data for chhlérobenzylethylmethylsulfonium
pefchlorate‘and p-chlorobenzylethylmethylsulfonium bromide., Table XXXVIII
shows the differences between the different groups of protons in 3,5-
dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate and bromide.

In Table XXXIX, the nmr data for p~chlorobenzylethylmethylsul-
fonium perchlorate, fluoroborate and bromide salts are presented. The
first two salts show novsignificant differences in their nmr spectra.
However, their nmr spectra are different from that of the sulfonium

bromide,

In CD2C12, the § values for the S-CH3 p?otons in the p-chloro-
benzylethylmethylsulfonium perchlorate differs by 0.38 ppm from that of
the S-CH3 protons in p-chlorobenzylethylmethylsulfonium bromide. For the
methylene protons of the ethyl groups, the difference is 0.44 ppm. The
greatest difference occurs in the methylene protons of the benzyl groups,

a difference of 0.83 ppm. The midpoint of the multiplet corresponding

to the aromatic protons of the bromide salt appears at 12.41 while the
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singlet for the aromatic protons of the perchlorate salt is at 12,54,

the difference is 0,13 ppm. The smallest difference is observed in the
methyl protons of the ethyl groups attached to the sulfur; they differ
by 0.06 ppm.

In CD3N02, the seme trend is observed, but the difference in
 chemical shifts are smaller: ArCH,(0.58)>> s—cnz-c(o.sl)>s-cn3(o.23)>
aromatic protons(b.lli:> S—CH3(0.01). The numbers in the parentheses
are the differences in ppm between the perchlorate and bromide salts.‘The
signals for the bromide salt. appear at . lower field. Hereafter, all
differences in ppm willhbe represented by numbers in parentheses, The
dielectric constant of niﬁromethane is 35.9 at 30° compared to 9.08 at
20° for methylene chloride. It is clear that increasing the dielectrie
constants which should increase the dissociation constants reduces the
chemical shift differences.

In CD3CN, the same trend of differences between the nmr spectra
of ehe perchlorate and bromide salts is again observed: ArCH2(0.57Z::>
S-CHZ-C(0.32):>’S—CH3(0.27Z:>>aromatic protons(0.23):=>S—CH3(0.01).

The chemical shifts differences between the signals for the perchlorate
and ehe bromide salts have almost the same values as in CD3N02. In
agreement with this observation, the dielectric constant of acetonitrile
is 36.2 at 25° compared to 35.9 at 30° for nitromethane.

In 90% CbBCOCD3—D20, the differences between the nmr spectra
of the perchlorate and the bromide salt are as follows:ArCH2(0.3l):=’
S—CH3(0.282:>'S-CHZ-C(O.ZX:=>aromatic protons(O.08):>‘S-C-CH3(0.02). In
this solvent, the difference is greater between the S—CH3 protons than
between the S—CHZ-C protons,

As the dielectric constant of the solvent becomes much larger,
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the differences of the chemical shifts of the signals corresponding to the

perchlorate and the bromide salts become very small, This can be seen in
the runs in DMSO—d6: III-252-Nmr-517 and II-260-A~Nmr-422 in Table XXXVII,
where the largest chemical shift difference is less than 0.1 Ppm.

The chemical shifts of the different groups of protons in
3,5-dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate also differ
from the 3,S;dimethyl—&-methoxybenzylethylmethylsulfonium bromide as
shown in Table XXXVIII. No significant differences are observed in the
grdups not attached directly to the sulfur atom. The two aromatic methyl
groups and the methoxy group in both salts show chemical shifts which are
the same within experimental errors, However, large chemical shifts

differences are observed in groups attached to the asymmetric center,

namely: ArCHZ—S, S-CHZ—C and S—CH3.

In CDC1 the greatest difference in chemical shifts between

3
3,S—éimethy1-4-methoxybenzylethylmethylsulfonium perchlorate and bromide

is again observed in the methylene protons of the benzyl groups, The
difference is 0.65 ppm. The methylene protons of the ethyl groups differ
by 0.42 ppm; The S-CH3 groups differ by 0,33 ppm. The midpoint of the
multiplet peak corrésponding to the aromatic protons of the bromide appears
at ¥2.67 while the singlet peak for the aromatic protons of the perchlorate
is at 12.8, the difference is 0.13 ppm.

In CD2C12, the differences in chemical shifts between the
3,STdimethyl—é—methoxybenzylethylmethylsq}fonium perchlorate and bromide
are as follows: ArCH2(0.62) > S-CH3(O.45) > S—CHZ—C(O.38) > aromatic
protoné(O.lO). In contrast to CDC13, the difference between the S—CH3
groups in this solvent is greater than the difference between the S-CHZ-C

groups.,

In DMSO—d6, small differences in the chemical shifts can
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still be observed: ArCH2(0.19) > S—CH3(0.09) > S—CHZ—C(O.OS) > aromatic

protons(0,05).

Once again, the differences in the chemical shifts was found
to become greater as the dielectric constant of the solvent decreases,
this is consistent with a greater degree of association of the ions,

Whenever there 1s a difference in the chemical'shift, the
signal for the pfotons in bromiﬂe salts always occur at a lower field than
those forthe perchlorate salts. It is clear from these data that the
Suifonium salts behave in a manner quite analogous to that observed
by Johnson et al.(34). |

Smith et al,(48) have studied the nmr spectra of various
tetra-n-butylammonium salts. They interpreted their results in terms of

ion association and estimated the ion pair dissociation constants for

the halide salts,

In the next section, results of studies of various quaternary

ammonium salts will be discusse&.

Effect of changes of anion on the nmr spectra of some_quaternary- ammonium

salts.

In Table XL, a summary of the nmr data for a number of tetra-
n-butylammonium salts in solvent methylene chloride is presented. The
differences in chemical shifts between the perchlorate and the trinitro-
benzenesulfonate salts are Qery small, the largest difference in the
chemical shifts is less than 0.1 ppm. However, the nmr spectra of these
two compounds differ from that of the bromide., The following differences
between the perchlorate and the bromide are observed: C-C—C-CHZ-N(O.lS)
> CH3CHZCH2—C-N(0.04); The differences are smaller than those for the

sulfonium salts. Under the same conditions, the chemical shift difference
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between the S-CHZ—C groups in p-chlorobenzylethylmethylsulfonium perchlo~

rate and bromide is 0.44 ppm which is about three times larger than the
chemical shift difference between the C—C-C-CHZ-N groups in tetra-n-
butylammonium perchlorate and bromide. One factor which will tend to
make the chemical shifts differences between the quaternary ammonium salts
smaller is that the negative ion is stericall& hinderéd from getting close
to the four bulky n-butyl groups. It cannot be in equidistant from all of
them at the same time. The values of the chemical shifts of the different
groﬁps of protons of tetra-n-butylammonium bromide are the average values
resulting from tumbling of the two ions with respect to one another.
Benzyltrimethylammonium halides also show differences in their
nmr spectra compared to benzyltrimethylammonium perchlorate. Table XLI
gives the comparisen between the nmr spectra of the benzyltrimethylammonium
salts in several solvents at the temperature of the probe, The § values

of the benzyl methylene protons of the chloride and the perchlorate salts

in CD3NO2

salts in 90% CDBCOCD3—D20, the difference is 0,15 ppm,

As with the bromide and perchlorate salts of the sulfonium

differ by 0.29 ppm whereas for the bromide and the perchlorate

compounds, differences in nmr spectra were found for the halide and
perchlorate salts of tetra-n-butylammonium and benzyltrimethylammonium
compounds. In the case of the quaternary ammonium salts, these differences
cannot be attributed to the formation of the covalent N-X bond, since
ammonilum compounds are not capable of forming pentacovalent intermediates,
However, the ammonium salts can exist as ion pairs in solution. Since

a quantitative but not a qualitative difference between the sulfonium

and ammonium salts was found, ion pairing phenomena cannot be ruled out

a priori in accounting for the nmr spectra of sulfonium salts.
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The question of whether sulfonium salts exist as tetracovalent

species or as ion pairs in solution was further investigated by studying .

the nmr spectra of mixtures of various sulfonium salts.

Nmr spectra-pf mixtures of the sulfonium salts

Mixtures of p-chlorobenzylethylmethylsulfonium perchlorate
and bromide and of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium
perchlorate and bromide were prepared. The nmr data obtained for tﬁese
mixtures are presented in Tables XLII and XLIII.

Each mixture gave only one set of signals corresponding to a
value intermediate between those of the two components. Each set of
signal was shifted upfield with respect to the signalé for the bromide
and downfield with respect to the signals for the perchlorate salt.
These results are consistent with rapid exchange between the ions resulting
in new resonance signals with the values of the chemical shifts intermediate
between those of the two components.

If the sulfonium bromide is best fepresented by the tetra-
valent sulfur speqies, XXI, then the downfield shift of the signals
for p-chlorobenzylethylmethylsulfonium perchlorate and the upfield shift
of the signals for p-chlorobenzylethylmethylsulfonium bromide can be
rationalizeq only if the tetracovalent intermediate, XXI, undergoes
exchange with the p-chlorobenzylethylmethylsulfonium perchlorate faster
than the time average of nuclear relaxation as illustrated in the scheme
shown in Equation-ZO. Alternatively, the tetravalent speéies must
undefgo rapid reversible ionization to yield ionic species which then

undergo exchange with the sulfonium perchlorate.
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g , €10, (s
| ———— a1 dcn J%CH CH
m—@-cn cﬁzcn3 + c1-@—c32 gHZCH34—————-—-—- (2:10 273
' 3 4
XXI Eq. 20

+

c1~ D-cu §CH CH,

The nmr studies of mixtures of benzylmethylethoxysulfonium
fluoroborate and p-chlorobenzylethylmethylsulfonium bromide showed that
they behave in the same manner as the mixture of p-chlorobenzylethylmethyl-
sulfonium perchlorate and bromide,

Table XLIV summarizes the nmr data of mixtures of benzylmethyl-
ethoxysulfonium fluoroborate and Efchlorobenzylethylmethylsulfoniﬁm
bromide in CD2C12 at -40°, For this mixture, the chemical shifts of
the different groups.of protons correspondiné to the p-chlorobenzylethyl-
methylsulfonium salts were compared with Run IV-81-A in Table XXXIX which
gives the nmr spectrum of pure p-chlorobenzylethylmethylsulfonium bromide
in the same solvent and at the same temperature, The nmr spectra of the
miktures had signals corresponding to the methylene groups and S—CH3
group of the sulfonium salt which were shifted upfield relative to the
nmr spectra of the pure p-chlorobenzylethylmethylsulfonium bromide.

The amount of upfield shift is inversely proportional to the mole per
cent of the B;chlorobenzylethylmetbylsulfonium bromide in the various
mixtures. The mole per cent of sulfonium bromide in the mixtures
recorded in Table XLIV are as follows: IV-82-A(36%) < IV-85-A(50%) <
1V-82-B(66%). The signals for the methylene protons of the benzyl group
in p-chlorobenzylethylmethylsulfonium bromide in the mixture is shifted
upfield as follows: IV-82-A(0.67) > IV-85-A(0.52) > IV-82-B(0.45). The

signals for the S-CH. protons in the mixture is also shifted as follows:

3
IV-82-A(0,37) > IV-85-A(0.26) > IV-82-B(0.17). The numbers in parentheses
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are the upfield shifts in ppm.

For benzylmethylethoxysulfonium salts in the mixtures, the
different groups of protons are shifted downfield as compared to Run IV-
80-B(Table XLV) which gives the nmr data for benzylmethylethoxysulfonium
fluoroborate in the same solvent at the same temperature., The amount of
the downfield shift is inversely proportional to the mole per.cenﬁ of
benzylmethylethoxysulfonium fluoroborate in the different mixtures, The
mole per cent of benzylmethylethoxysulfonium fluoroborate are as follows:
IV-82-B(34%) < IV-85-A(50%) < 1IV-82-A(647%). The signal for the S—CH3
protons is shifted downfield as follows: IV-82-B(0.37) > IV-85-A(0.29)
> IV—82—A(0.25). The doublets corresponding to the methylene protons
of the benzyl groups aré shifted downfield in a similar manner: IV-82-B
(0.14, ‘0.73) > IV-85-A(0.10, 0.58) > IV-82-A(0.10, 0.44).

The validity of the scheme represented by Equation 20 was
investigated by studying the nmr spectra of mixtures of quaternéry
ammonium and sulfonium salts, Since the quaternary ammonium salts
can not form pentacovalent intermediates, studying the nmr spectra of
a mixture of sulfonium bromide and quaternary ammonium perchlorate will
indicate whether Equation 20 holds or not. If the sulfonium bromide
forms a stable tetracovalent sulfur species which gives exchange only by
the type of process shown in Equation 20, then no exchange should be
observed when the sulfonium bromide and quaternary ammonium perchlorate
are mixed. Exéhange could occur on mixing sulfonium perchlorate and

quaternary ammonium bromide.

Nmr spectra of mixtures of quaternary ammonium salts with sulfonium salts

Table XLV shows a comparison of the nmr spectra for mixtures

of P-chlorobenzylethylmethylsulfonium salts and tetra-n-butylammonium
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salts. Runs IV-86-B and IV-88-A contain mixtures of p-chlorobenzylethyl-

methylsulfonium bromide with tetra-n-butylammonium perchlorate. The
signals corresponding to the sulfonium salts in the mixture were compared
with Run IV-81-A in Table XXXIX which gives the nmr spectrum of p-chloro-
benzylethylmethylsulfonium bromide in CD2C12 at -40°, Relative to Run
IV-81-A, the methylene protons of the benzyl groups are shifted upfield
by 0.23 ppm and 0,26 ppm in Runs IV-86-B and IV-88-A respectively. The
methylene protons of the ethyl groups were shifted upfield by 0.07 ppm
and 0.1 ppm, respectively. Run IV-86-A in Table XLV shows the nmr spectra
of a mixture of p-chlorobenzylethylmethylsulfonium perchlorate and tetra-
n-butylammonium bromide. The signals for the sulfonium salts in the
mixture were compared with Run IV-89-A in Table XXXIX which gives the nmr
spectrum of pure p-chlorobenzylethylmethylsulfonium perchlorate, A down-
field shift of 0,6lppm(using TMS as standard) or 0.65 ppm(using the solvent
_as sténdard) for the methylene protons of the benzyl group was observed.
The signals for the methylene protons of the ethyl group are also shifted
- downfield by 0.24 ppm(using TMS as standard) or 0,28 ppm(using the
solvent as standard). The C—C—C—CHZ—N signal for tetra-n-butylammonium
bromide which overlaps with S—CH3 signal for the sulfonium perchlorate
appears at 16.56-7,16. This is shifted upfield compared to Run IV-34-A~3
(Table XL) where C—C-C—CHZ—N signal appears at 16.35-6.9.

The ¢ values of the chemical shifts of ArCHz—S and S—CHZ—C
protons clearly show that in the mixture of p-chlorobenzylethylmethyl-
sulfonium bromide with tetra-n-butylammonium perchlorate, there is an
upfield shift of the set of signals relative to pure p-chlorobenzyl-
ethylmethylsulfonium bromide, This behavior is analogous to what was
observed for mixtures of sulfonium bromide and perchlorate and for

mixtures of sulfonium bromide and alkoxysulfonium fluoroborate, The nmr
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spectra of samples prepared from either p-chlorobenzylethylmethylsulfonium
bromide and tetra-n-butylammonium perchlorate or from p-chlorobenzyl-
ethylmethylsulfonium pefchlorate and tetra-n-butylammonium bromide are
identical within the accuracy of the measurements, An identical mixture
must‘be produced in the solution regardless of which pair of salts was
used to prepare the mixture, Exchange by the type of pfocess shown in
Equation 20 could be observed on mixing sulfonium perchlorate and quater-
nary ammonium bromide. Such an exchange process can not occur with fhe
quaternary ammonium perchlorate and sulfonium bromide. Since identical
behavior was observed with both mixtures, this rules out the scheme
where a tetravalent sulfur intermediate is formed and undergoes rapid
exchange with the perchlorate salt as shown in Equation 20,

The results are consistent with rapid exchange of ion pairs
formed in the solution. If a covalent intermediate is present in the
solution, it must be in rapid reversible equilibrium with the ion

pairs which can undergo exchange.

Effect of concentration on the nmr spectra of sulfonium salts

Table XLVI presents the nmr spectra of various sulfonium
perchlorates and bromides in a variety of solvents at the temperature
of the probe. For the perchlorate salts, over a ten-fold change in
concentration from 0.5 M to 0,05 M in solvents CDZCl2 and CD3CN, the
nmr spectra show no significant differences as can be seen by comparing
the first three runs in Table XLVII with Run IV-113-A-1 in Table XXXVIII,

Run IV-11l-A-1 in Table XXXV and Run IV-52-B-1 in Table XXXVI, respectively.
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For the bromide salts, a ten-fold decrease in concentration in solvent

CD,CN, shifted the signal corresponding to the methylene protons of the

3
benzyl group by 0,21 ppm upfield. The S—CHZ—C signal. was shifted

upfield by 0.16 ppm and the signal for the S--CH3 group was shifted upfield
by 0.09 ppm. The upfield shifts were calculated by comparing Runs IV-52-
A-1(Table XXXVI) and IV-38-B-3(Table XLVI), The concentrations of-p-chloro-
benzylethylmethylsulfonium bromide for these two runs were 0.5M and 0.05M,
respectively.

As shown in Runs IV-38-A-2 and IV-38-B~3 in Table XLVI, the
benzyl methylene.group in p-chlorobenzylethylmethylsulfonium bromide has
its chemical shift 0.43 ppm downfield from the corresponding group in
the perchlorate salt at 0,05 M concentration, whereas this difference
is 0.85 ppm at 0.5 M concentration (Runs IV-81-A and IV-89-A in Table
XXXIX). These data indicate that as the concentration of the salts is
lowered, the differences between the spectra of the sulfonium bromide

and perchlorate become smaller.

Effect of temperature on the nmr spectra of sulfonium salts

In Table XLVII are reported nmr data of banzylmethylethoxy-
sulfonium fluoroborate in CD2C12 at various temperatures, No significant
differences in the nmr spectra was observed with changes of temperature
from -80° to -40° to the temperature of the probe which is about 40°,
Similar behavior was found for p-chlorobenzylethylmethylsulfonium bromide
and perchlorate as can be seen by comparing the data summarized for Runs

IV-81-A and IV-89-A in Table XXXIX with Runs IV-110-A-2 and IV-111-A-1
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in Table XXXVII.

Nmr spectra of trimethylsulfonium salts

Attempts to investigaté the formation of tetracovalent sulfur
species,XXII, were made by studying the nmr spectra of trimethylsulfonium
bromide and perchlorate in a variety of solvents at 00, -40° and -80°C.

If a tetracovalent sulfur species were formed, two signalé in the nmr

' spectra corresponding to the apical and equatorial methyl gfoups should be
observed by freezing the salt in one conformation and stop pseudorotation,
This may be achieved by taking the nﬁr spectra at a low enough temperature.
Only one signal for the three methyl groups, a singlet at 17.5 was
observed at ambient temperature., For only one signal to be observed

means that either of three situations prevail: (i). Both equatorial and
apical groups show the same chemical shift. (ii). Pseudorotation is rapid
and equilibrates the éroups.. (iii). The salt is not best described as a
stable tetravalent sulfur species. The nmr spectra of the salt in liquid

. 80, at 00, -40° and -80°C showed only one signal for the methyl groups.

2

H

Chy
cH.— sl,/3
3 ' <>
X

XXII
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CONCLUSION

Quaternary ammonium salts have been shown to exhibit
specificities in their nmr spectra as‘the negative ion is changed in a
manner analogous to the specificities observed with sulfonium salts,
Since these changes must be associated with ion pair phenomena for the
quaternary ammoniﬁm salts, similar phenomena could account for the
behavior of sulfonium salts,

Formation of a tetracovalent sulfur intermediate, XXI, which
may then undergo rapid exchange with.the perchlorafe salt as éhowﬁ in
Eduation 20 was ruled out. The basis for ruling out the scheme shown
in Equation 20 was the analogous behavior exhibited by mixtureé of
tetra-n-butylammonium perchlorate and chhloroﬁenzylethylmethylsulfonium
bromide compared with mixtures of tetra-n-butylammonium bromide and p-
chldrobenzylethylmethylSulfonium perchlorate, Analogous behavior was
also exhibited by mixtures of sulfonium bromide - and perchlorate as well
as mixtures of alkoxysulfonium fluoroborate and sulfonium bromide.

Our results are consistent with the formation of ion pairs
in solution, which‘can then undergo rapid exchange. If a tetracovalent
intermediate were present in éolution, it must be in rapid reversible

equilibriﬁm with the ion pairs which can then undergo rapid exchange,

. ?r
c1-©-cu2?cnzcu3
CH,

XXI
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EXPERIMENTAL

Physical measurements;

All melting points were obtained using a.Hershberg type
melting point apparatus with a set of Anschutz thermometers, All values
are uncorrected,

Refractive indices were obtained on a Bausch and Lomb Abbe
3L Refractometer thermostated at 25°. |

Nuclear magnetic resonance spectra were recorded using
l.Varian Analytical Nmr Spectrophotometers,Model A-60 with a probe
temperature of 33° and A—$6—60—A with a probe temperature of 42°, The
latter model was also used for low temperature runs. A Varian Analytical
Spectrophotometer Médel HA-100 was used for recording nmr spectra of
solutions of low concentration,

Infrared spectra were recorded on a Perkin-Elmer Grating
Infrared Spectfophotometer Model 421, |

Ultravidlet spectra were recorded on a Perkin~Elmer Ultra-
violet-Visible Spectrophotometer.Model 202 and Cary Recording Spectro-
photometér Model 14 M,

Optical rotation measurements were obtaiﬁed using a ferkin—
Elmer Polarimeter, Model 141, Kinetic analyses were carried out
using incident light having wavelengths of 436 and 365 myu,

Gas chromatographic analyses were made using a Perkin-Elmer
Model 154D Vapor Fractometer modified with a high temperature filament
detector 154-~0370, an Aerograph A-90-P3 and a Honeywell Disc Chaft

Integrator Model 201 B,
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Elemental Analyses were performed by Mrs, D, Mahlow and

Mrs, A, Dunn,
Solvents:

Anhydrous methanol

Anhydrous methanol was prepared from commercially available

methyl hydrate by treatment with magnesium methoxide and distilled as

described by.Fieser(SZ).

Anbydrous acetone

Shawinigan reagent grade acetone was allowed to percolate
through a 60 cm, column packed with Linde type 4A molecular sieves, A
small amount of molecular sieves was added to the eluent before it was
distilled through a 70 cm, Vigreux column, The water content of the
acetone was determined by a Karl Fisher titration using anhydrous
pyridine as solvent as suggested by Smith, Fainberg aﬁd Winstein(53),
The purified acetone was not stored, but rather a fresh batéh was

prepared each time the solvent was required,

Methylene chloride

Methylene chloride was preparea using the prdcedure described

by R, Tomilson(54),

Acetonitrile(55)

‘Reagent grade acetonitrile(about 2 liters) was distilled
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from about 10 g, of phosphorous pentoxide, It was then refluxed oyer

30 g, of potassium carbonate for 5 hours and then again distilled from

10 g, of phosphorous pentoxide. B, p. }OGAmm 78,59,

Reagents and Materials:

2,6-Lutidine
This reagent was kindly supplied by M. A, Armour, It was

prepared as follows: Eastman practical grade 2,6-lutidine was dried

over potassium hydroxide for several days,‘ followed by refluxing and
distillation from barium oxide as described by Fieser for the preparation
of anhydrous pyridine(56). The center cut was treated with boron

trifluoride and distilled as described by Brown et al.(57).

Standard sodium methoxide

A solution of sodium methoxide in methanol was prepared by
the addition of a weighed amount of freshly cleaned sodium to one
gallon of Fisher certified anhydrous methanol. The resulting solution
was standardized with Fisher certified primary standard potassium
hydrogen phthalate in water using phenolphthalein as indicator, Restan-
dardization showed the solution to be stable for at least two years when

it is stored in a tightly stoppered dark bottle,

Ferric alum indicator

Ferric alum indicator was prepared by dissolving 10 g, of
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ferric ammonium sulfate in 3 beiling solution of 20.ml, of 6N HNO4 and

80.m1, of distilled water,

Standard silver nitrate solution

Standard sodium chloride solutions were prepared by dissolying.
accurately weighed sodium chloride crystals in fhe required volumes of
vater, Known aliquots of the sodium chloride solutions were transferred
to 50 ml, Erlemmayer flasksbusing a 5ml, pipette, Silver nitrate
solutions prepared by dissolving the approximately weighed crystals in
the required volume of water was then added in excess, The excess
silver nitrate solution was back titrated with standard potassium
thiorynate solution prepared as described in the next section. The net
ml. of silver nitrate solution can then be calculated and the solution
standardized by comparing with the known concentfations of the sodium

chiloride solutions.

Standard potassium thiocynate solution

Approximately weighed potassium thiocynate crystals were
dissolved in the required volume of water. This solution was then

standardized against silver nitrate solution,

(-)-2R, 3R-Dibenzoyltartaric acid monohydrate

(-)-2R, 3R-Dibenzoyltartaric acid monohydrate was prepared
from 200 g, (1.3 moles) of (4+)~2R, 3R<tartaric acid as described by

Butler(58), Yield;335 g.(72%), M.p, 88<89°(reported:88-89°(58),
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25
88-90°(59)1, Tod;? ~116,0°Ireported; Tol2’; ~116,0(58), 1a138; 115,78
(59, 112’ ~114,8G60)]. Nax(WCL)s 4,07(s, 2H), 12,8-2,4(n, 68),
12.2<1,8Gn, 4H), t1,17(s, 4H), TIr(GDCL,): 3600-2500, 1738, 1604,
1586, 1493, 1450, 1260, 1115, 880, 727 and 706 cm,”t
Anal. Calcd, for 018H1609: C, 57.45; H, 4,29,

Found: C, 57,80; H, 4.32,

m-Nitrobenzyl alcohol (61)

A 500 ml, three-necked flask, equipped with a mechanical
stirrer, a thermometer and a dropping funnel was placed in an ice bath.
A solution of 30.2 g. (0.2 mole) of m-nitrobenzaldehyde in 200 ml, of
methanol was poured into the flask and while stirring, a solution of
4 g. (0.1 mole) of sodium borohydride in 50 ml. of water was added
dropwise., The temperature of the reaction was kept at 18-25°, When
about 3/4 of the sodium borohydride solution had been added, there
was no further tendency for the temperature to rise and the addition
was stopped, A small portion of the reaction mixture was treated with
dilute sulfuric acid and hydrogen was evolved as bubbles,

Most of the methanol was removed by means of rotary evaporator
and the residue was diluted with 200 ml. of water, The mixture was
extracted with ether, the ether layer was washed with water and dried
with anhydrous magnesium sulfate, The etier was remove& using a rotary
evaporator, The residual pale yellow oil was distilled under reduced
pressure to yield 26 g.(BSZ) of m-nitrobenzyl alcohol , b, Prspn l60°
TreportedC 61); b,p, * 3, 175—180 LI 183—185°J Nmr(CDCl );

16,8(s, 1H), 15,2(s, 2H), 11,67-=2..75(1n, 4H),
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EﬁNitrobenzyl bromide

Hydrogen bromide was bubbled into a golution of 6,2 g, of
m-nitrobenzyl alcohol in 20 ml, of benzene for 30 minutes, The water
which formed was separated from the henzene solution, The benzene
solution was washed with a small amount of water and the benzene was
removed using a rotary evaporator. The residue was recrystallized from
95% ethanol to yield 7 g,(80%Z) of m~nitrobenzyl bromide, m.p, 54-55°

(reported(62): 58-59°), Mmr(CDC1,); 15.42(s, 2H), t1.62-2,.7(m, %4H).
3 ?

n-Nitrobenzyl ethyl sulfide(63)

A 24,8 g,(0,4 mole) quantity of ethyl mercaptan dissolved in
50 ml, of methanol was added to an ice cooled sodium methoxide solution
prepared by dissolving 9.2 g.(0,4 mole) of sodium in 400 cc, of methanol.
An 80 g.(0.37 mole) quantity of m-nitrobenzyl bromide in 200 ml. of
methanol was added. The mixture was refluxed on steam bath for 2 hours.
Tﬁe methanol was removed using a rotary evaporator. Ether was added and
the solution was washed once with 10% sodium hydroxide solution and then
twice with distilled water. The ether layer was dried with magnesium
sulfate and the ether was removed using a roﬁary evaporator. The
residue was distilled at reduced pressure, b.p.4mm'l49—150°, to yield
56 g.(77%) of m-nitrobenzyl ethyl sulfide, Nmr(CC14): 18.78(t, J=7.5cps,

3H), 17.58(q, J=7.5cps, 2H), 716,24(s, 2H), t1.75-2.75(m, 4H).

m-Nitrobenzylethylmethylsulfonium methylsulfate

To a solution of 25,4 g,(0,13 mole) of m-nitrobenzyl ethyl
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sulfide in 30 ml, acetonitrile was added excess dimethyl sulfate (18,9 g.,
0.15 mole), The mixture was allowed to stand at roaﬁ temperature over-
night, The salt solidified when ether was added. The solid was filtered
and recrystallized from a solution of methanol and ether to yield 32 g.
(76%) of m-nitrobenzylethylmethylsulfonium methylsulfate, m,p, 76<78°,
Nmr(DZO): 18,56(t, J=7.5cps, 3H), %7.17(5, 3H), 716,18(q, J=7.5cps,

2H), 16.31(s, 3H), 15,25(s, 2H), t11.5-2,5(n, &4H),

Racemic m-Nitrobenzylethylmethylsulfonium perchlorate

A7 g,.(0.022 mole) quantity of m-nitrobenzylethylmethylsulfonium
methylsulfate dissolved in 150 ml. of anhydrous methanol was passed
through a column containing Dowex 1-x8(50-100 mesh) anion exchange resin
in its hydroxide form, The basic eluent was neutralized with dilute
perchloric acid. The solvent was removed and the residue was recrys-—
tallized twice from methanol and had m.p. 720. The nmr(DMSO—D6) of this
material showed a signal at 76.65 which could not be attributed to the
sulfonium salt. This impurity was not eliminated by recrystallizing the
sulfonium perchlorate from acetone nor.by drying in an Aberhalden drying
apparatus heated by refluxing acetone, However, this impurity was
eliminated by drying the compound overnight in an Aberhalden drying
apparatus heated by refluxing ethanol, The compound was dried by putting
the drying boat away from the direct heat of the refluxing ethanol to
avoid melting the compound which had m.p, 76° and was obtained in 12%
yieldtD,8 g.). Ir(mwjol): 2920, 2850, 1535, 1460, 1430, 1354,

810, 700 cm.™t Nur (CD,COCD,): t8.44(t, J=7.5 cps, 3H), 16,9(s, 3M),

16,35(q, J=7.5cps, 2H), t4.92(s, 2H), t1.43-2,36(m, 4H),
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Anal, caled. for C),H,,SCIO.N : c, 38.53; H, 4.53; Cl, 11.37;
s, 10.29; N, 4.49.
Found: C, 38.28, 38.15; H, 4.53, 4.43; Cl, 11,54, 11.74;
s, 10.39, 10.20; N, 3.98, 4,04,

Optically activg;g:nitrobenzylethylmethylsulfonium perchlorate'

A 28 g.(0.087 mole) qﬁantity of gfnitrobehzylethylmethylsulfoniﬁm
methylsulfate dissolved in methanol was passed through a column contain-
ing Dowex 1-x8 (50-100 mesh) anion exchange resin in its hydroxide form.
The basic eluent was neutralized with 32,7 g. (0.087 mole) of d(+)-
dibenzoyltartaric acid. The solvent was removed using a rotary evaporator
and the solid was recrystallized from methanol four times to yield 19.2 g.
(38%) of grnitrobenzylethylmethylsulfonium dibenzoylhydrogentartrate,

m.p, 165°, The salt was only slightly soluble in methanol, acetone,
water, chloroform and in all solvents tested. It had a negative
rotation, but the exact rotation could not be determined because of
its slight éolubility in all solvents tested.

The dibenzoylhydrogentartrate salt dissolved in a large quantity
of methanol ( 4 g. in 3 liters of methanol), was passed through a
column containing Dowex 1-x8(50-100 mesh) anion exchange resin in its
hydroxide form. The basic eluent was neutralized with dilute perchloric
acid. The metﬁanol was removed using a rotary evaporator. The residue
was recrystallized twice from methanol and dried in an Aberhalden drying
apparatus to yield 1.9 g. (7%) of optically active m-nitrobenzylethyl-
methylsulfonium perchlorate, m.p.78-79°. [a]§5=13.9, [a]236=31'7(5 0.05046,

MeOH). The ir and nmr spectra were superimposable with those of the racemic
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compound,

Anal, Calcd, for ClOHl4SC104N:C, 38,53; H, 4,53; c1, 11,37; s, 10,29;
N, 4,49,
Found; ¢, 38,17, 38,27; H, 4,52, 4,54; C1, 11,31,  11.04;

s, 10,42, 10,07; N, 4.26, 4,42,

3,5-Dimethyl-4-hydroxybenzyl alcohol(61)

To 86,4 g, (0,71 mole) of 2,6-dimethylphenol iﬁ 700 cc, of 5%
sodium hydroxide sclution was added 46 cc. of 40% formaldehyde solution,
The mixture was stirred using a magnetic stirrer for &4 days at room
temperature. On acidification with acetic acid, an-oil was formed which
was extracted with ether. The ether was removed using a rotary evaporator.
The residue was recrystallized from benzene-methanol mixture to yield 41 g.
(38%) of 3,5-dimethyl-4-hydroxybenzyl alcohol, m.p. 103-104°(reported(6l):

104,5-105). Nmr(CD3COCD3): t7.8(s, 6H), 1t5.53(s, 2H), 13.06(s, 2H).

3,5-Dimethyl-4-methoxybenzyl alcohol(64)

To 29 g,(0.19 mole) of 3,5-dimethyl-4-hydroxybenzyl alcohol
contained in a three-necked flask‘equipped with a refluxing condenser, a
mechanical stirrer and a dropping funnel was added 8.3 g, (0.2 mole) of
- sodium hydroxide in 83 ml. of water, The warm mixture was stirred with a
magnetic stirrer and then cooled by immersing the reaction vessel in an
ice bath, A 23.9 g.(0,19 mole) quantity of dimethyl sulfate was added
dropuise while the mixture was being stirred, Tha:miiture was refluxed
for 2 more hours after all the methyl sulfate had been added to insure com-

plete reaction, The mixture was allowed to cool and water was added. The
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solution was. transferred to a separatory~funnel, ether was added and
the lower 1ayer was discarded, The upper layer which contalned the
desired compound and ether was washed successively with water, two
portions of sulfuric acid and again with water until the water washings
were neutral to litmus, Some sodium chloride was added to each washing
as this will facilitate the separation of the two layers, The ether
solution was dried with magnesium sulfate, the ether was removed using
a rotary evaporator and the residue was distilled at reduced pressure,
b.p.gmm.l39rl470, to yield 19,1 g,(60%) of 3,5-~dimethyl-4-methoxybenzyl
alcohol, Nmr(CDCL3): 17.,76(s, 6H), 16.32(s, 3H), 15.5(s, 2H),

13,04(s, 2H).

3,5-Dimethyl~4-methoxybenzyl bromide

Hydrogen bromide was bubbled through a solution of 11,9 g,
(0;07.mole) of 3,5-dimethyl-4-methoxybenzyl alcohol in 30 ml, benzene
for 10 minutes, The water formed was separated from the benzene solution.
The benzene solution was washed with a small amount of water and then
dried with potassium carbonate. The potassium carbonate was removed by
filtration and the benzene was removed using a rotary evaporator, The
residue was distilled at reduced pressure, b'p'9mm.l32—133'50’ b’p'6mm.
124~125°, to yield 13 g, (79%) of 3,5-dimethyl-4-methoxybenzyl bromide.
n2%: 1,563, Mar(Cl): 7,75(, 4H), 16,3(s, 3M), 15,59(s, 28),

22,95(s, 2H),

-5;S—Dimethy1ﬁ4fmethoxybenzylethylmethylsulfonium bromide

To 2 g,(Q.OOg.mole) of 3,Sedimethyl—4»methoxybenzy1 bromide
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in acetone was added excess ethyl methyl sulfide(0,8 g., 0,01 mole),
The mixture was allowed to stand at room temperature overnight, Ether
was added to induce precipitation, The solid which precipitated out was
filtered gnd recrystallized from-acetonesmethanol mixture to yield 0.75 g,
(28%),9f.3ISwdimethyle4ﬂmethoﬁybenzylethylmethylsulfonium bromide, m,p..
106-107°, The compound was soluble in water, methanol, moderately
soluble in acetone and insoluble in chloroform, carbon tetrachloride.
Nmr(DZO): 18.64(t, J=7.5 cps, 3H), 17.8(s, 6H), 17.3(s, 3H),

16.84(q, J=7,5cps, 2H), 16.32(s, 3H), 15.55(s, 2H), 12.88(s, 2H).

Racemic 3,5-Dimethyl-4-methoxybenzylethylmethylsulfonium perchlorate

A 3 g.(0,01 mole) quantity of 3,5-dimethyl-4-methoxybenzyl-
ethylmethylsulfénium bromide was dissolved in methanol and passed through
a Eolumn containing Dowex 1-x8 (50-100 mesh) anion exchange resin in its
hydroxide form, The basic eluent was carefully neutralized with dilute
perchloric acid. The solvent was removed using a rotary evaporator. The
residue was recrystallized twice from methanol and dried overnight in
an Aberhalden drying apparatus heated with refluxing ethanol to yield
1g,(317%) ofvracemic 3,5~dimethyl-4-methoxybenzylethylmethylsulfonium
pexrchlorate, m.p.llSo. The salt was soluble in acetone, chloroform,
moderately soluble in methanol gnd insoluble in ether, Nmr(CDCl3):
18.53(t, J=.5cps, 3H), 17.73(s, 6H);, t7.13(s, 3H), t6.6(q, J=
7.5 cps, 2H), 16,27(s, 3H), 15.4(s, 2H), t2.8(s, 2H).

Ir(Nujol); 1220, 886, 860 cm,™
“Anal, Caled, for G ,H, C10,S: C, 48,073 K, 6,52; CI, 10,91,

1321
Found; C, 48,04, 48,22; H, 6,73, 6,55; Cl, 11,05, 10.85.
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~Optically active 3,5-Dimethyl-4-methoxybenzylethylmethylsulfonium

~perchlorate

A 29,4 g,(0,096 mole) quantity of 3,5-dimethyl~4~methoxy-
benzylethylmethylsulfonium bromide was dissolved in methanol and passed
through a column containing Dowex 1-x8(50-100 mesh) anion exchange resin
in its hydroxide form. The basic eluent was neutralized with d(+)-
dibenzoyl tartaric acid., The methanol was removed using a rotary
evaporator. The residue was recrystallized twice from methanol to yield
2.2 g.(16%) of 3,5-dimethyl-4-methoxybenzylethylmethylsulfonium dibenzoyl
tartrate, m.p, 134f1350' [aJ§§9: ~-67.4; [aJ??S: ~71.9; Ia]§Z6:—81.2;
[a]ng: -162.4(c 0.257, methanoi). Nmr(DMSO—D6): 18,7(t, J=7,5 cps,
3H), t7.76(s, 6H), 17.3(s, 3H), 16.75(q, J=7.5 cps, 2H), 16,32
(s, 3H), 15.42(s, 2H), t4.31(s, 2H), 11.91-2,9(m, 12H),.

The dibenzoyl tartrate salt obtaiped was dissolved in methanol
aﬂd passed through the column containing Dowex 1-x8(50-100 mesh) anion
exchange resin in its hydroxide form, The basic eluent was carefully
neutralized with dilute perchloric acid, The solvent was removed using
a rotary evaporator, The residue was recrystallized from methanol-ether
.mixtuie and dried overnight in an Aberhalden drying apparatus heated with
refluxing ethanol to yield 3,3 g, (11% based on the bromide salt) of
optically active 3,5~dimethyl~4-methoxybenzylethylmethylsulfonium
perchlorate, m,p, 111-112°, 1q3§§9_; 14,1; alj2:32,1(c 0,6108, MeOH),
Nmr and ir of this compound were superimposable with those of the racemic
compound, |

Anal, Calcd. for C13H21C1058; ¢, 48.,07; H, 6,52; c1, 10,91,
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Foond; C, 48,09, 47,81; H, 6.68, 6,36; Cl, 11,58, 10,89,

The dibenzoyl tartrate salt which did not crystallized fram
methanol was changed to the perchlorafe salt qsing the procedure described
in the previous. section, After recrystallizing three times from methanol
and dried in an Aberhalden drying apparatus, the yield of the (=)-3,5-
dimethyle4ﬁmethoxybenzylethylmethylsulfonium perchlorate was 2,3 g, (8%),
m,p. 114.50, Id]ggs; -1.7(Cc 0.599, methanol). Nmr (CDClB) and ir
(Nujol) of this compound were superimposable with those of the racemic
compound.

Anal. Caled. for C..H..C10.S:.C, 48.07; H, 6,52; Cl, 10,91;

137217775

S’ 9'87'
Found: C, 47.98, 47.75; H, 6.49, 6.60; CIl, 11,01, 10.87;

S’ 10.02'

_p-Chlorobenzyl alcohol

A 150 g. (1,08 mole) quantity of_p-chlorobenzaldehyde was
treated with 10.8 g.(0.27 mole) of sodium borohydride using the procedure
described for the preparation of_m-nitrobenzyl alcohol. The solid
obtaiﬁed was recrystailized from ligroin-benzene mixture to yield 68 g.
(45%) of p-chlorobenzyl alcohol, m.p. 68e69°(reported(65): 75%), Mar

(pcl,):  17.68(s, 1H), 7t5,38(s, 2H), 12.68(s, 4H)

- p~Chlorobenzyl bromide

A 68 g.(0,33 mole) quantity of p=chlorobenzyl alcohol was
converted to p-chlorobenzyl bromide using the procedure described for

the conversion ofngenitroBenzyl alcohol to m-nitrobenzyl bromide, The
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solid was recrystallized from ligroin to yield 69 g,(70%) of p=chloro~

benzyl bromide, m,p. 48-49° (reported(66):51°), Mar (CDCL,):  15.57(s,

2m), 12,7(s, 4H),

' p~Chlorobenzylethylmethylsulfonium bromide

To 2,08 g.(0,012 mole) of R-.-chlopobenzyl bromide dissolved in
5 ml. acetone was added 1,23 g,(0.016 mole) of ethyl methyl sulfide.‘ The
solution was allowed to stand at room temperature overnight, Ether was
added and p-~chlorobenzylethylmethylsulfonium bromide oiled out which then
solidified after several washings with ether and cooling in dry ice-
acetone bath with scratching, The solid was reci:ystallized from methanol
<ether mixture and dried in an Aberhalden drying apparatus for 3 hours
at room temperature to yield 1.45 g, (43%) of p-chlorobenzylethylmethyl-
sulfonium bromide, m.p. 96-.-970. Uv(CHCl3): )'max.=242 mu(e=8677),
(CH30N?.: Amax'=223 mu (e=3332), Nmr(DZO): 18,62(t, J=7.5 cps, 3H),
17.26(s, 3H), 16,78(q, J=7,5 cps, 2H), 15.34(s, overlapping with
.D20 signal), 12,56(s, 4H),
#nal, Caled, for C i SBrCl: C, 42,65; H, 5.01; Bricl, 25,18
s, 11,38,
Found: C, 42,95, 42,75; H, 4.79, 4,95; Br+Cl, 25,51;

s, 11.46, 11.35,

P-Chlorobenzyl ethyl sulfide

A 67 g,(0.33 mole) quantity of p-chlorobenzyl bromide was
converted to p-~chlorobenzyl ethyl sulfide by treatment with 21,1 g.(0.34

mole),_of ethyl mercaptan and 7.8 g, (0,38 mole) of sodium using the
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procedure described for the preparation of m-nitrobenzyl ethyl sulfide,
The residue was distilled at reduced pressure; b.pfjmm'120~122°,
B.,p.l4 mm.1320 to yield 46.5 g, (J6%) of p~chlorobenzyl ethyl sulfide,
Nmr(,CDCl3)_-: '18.34(;, J=7,5 cps, 3H), rJ.Bl(_q,. J=7,5 eps, 2H),

16,35(s, 2H), 12,75(s, 4H),

_EvChlorobenzylethylmethylsulfonium.methylsulfate

To 2,86 g,(0,015 mole) of p-chlorobenzyl ethyl sulfide in 5 ml,
of acetonitrile was added excess dimethyl sulfate (2.44 g,, 0,019 mole),
The mixture was allowed td stand at room temperature for three hours,
Ether was added and P-chlorobenzylethylmethylsulfonium methylsulfate oiled
out, it did not solidified on cooling in dry ice-acetone bath, The
solvents were removed as much as possible using a rotary evaporator,
the residue was again cooled down to dry ice-acetone temperature, but
still.no solid precipitate was formed. Nmr of the glassy residue cor-
responds i to that of prchlorobenzylethylmethylsulfonium.methylsulfate.
Mor(ODCL,):  18,58(t, J=7.5 cps, 3H), t7,04(s, 3H), 16.48(q,

37,5 cps, 2mH), 76,27(s, 3H), 15,05(s, 2H), 12.47(m, 4H),

Racemic_g;chlorobenzylethylmethylSulfonium perchlorate

_EjChlorobenzylethylmethylsulfonium.me;hylsulfate was dissolved'
in methanol and passed through a column containing Dowex 1-x8(50~100
mesh) anion exchange resin in its hydroxide form, the basic eluent was
neutralized with dilute perchloric acid and the solvent was removed
using a rotary evaporator. The residue was recrystallized twice from

methanol and dried in an Aberhalden drying apparatus which was heated
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with refluxing ethanol to yield 0.5 g.(11%, based on the E;chlorobénzyl

ethyl sulfide), m.p. 88°, Uv(CHCL;): A =241 mu(e=3836), (CH,CN):
A =227 mu(e=13380). Ir(Nujol): 840, 803 I N (DMSO-Dg ) :
¥8.65(t, J=7.5 cps, 3H), t7.2(s, 3H), 16.72(q, J=7.5 cps, 3H),
05.3(s, " 2H), t2.42(s, L), |
~-Anal, Calcd, for ClOHl4C12048: c, 39.87; H, 4.69; Cl, 23.54,
Found: C, 39.89, 39.66; H, 4.31, 4,49; C1, 23.07,
23,06,

A better method for the preparation of p-chlorobenzylethyl-
methylsulfonium perchlorate was using p-chlorobenzylethylmethyl-
sulfonium bromide in place of p~chlorobenzylethylmethylsulfonium
methylsulfate, The rest of the procedure was the same as that described
above, The yield of the p-chlorobenzylethylmethylsulfonium perchlorate

using B;chlorobenzyléthylmethylsulfonium bromide as starting material

was 61%,

Optically active B:Chlorobenzylethylmethylsulfonium perchlorate

p-Chlorobenzylethylmethylsulfonium methylsulfate was
dissolved in mefhanol and passed through a column containing Dowex 1-x8
(50-100 mesh) anion exchangg resin in its hydroxide form. The basic
eluent was neutralized with d(+)-dibenzoyl tartaric acid. The solvent
was removed on a rotary evaporator. The residue was recrystallized twice
from methanol-acetone mixture to yield 8—g.(5% based on the B;Chloro—
benzyl ethyl sulfide) of p-chlorobenzylethylmethylsulfonium dibenzbyl
tartrate, m,p,131-132°, [qjgggz ~69.6; [al2og: -72.9; [a]§26: -84.8;
Jajzgg: <166(g_1.599, methanol),

The dibenzoyl tartrate salt was dissolved in methanol and -

passed through a column of Dowex 1-x8(50-100 mesh) anion exchange resin
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in its hydroxide form. The basic eluent was carefully neutralized with

dilute perchloric acid. The residue was recrystallized from methanol and
dried overnight in an Aberhalden drying apparatus which was heated with
refluxing ethanol to yield 8 g,(5% based on the p-chlorobenzyl ethyl
sulfide used to prepare p~chlorobenzylethylmethylsulfonium perchlorate)
of optically active Eﬁchlorobenzylethylmethylsulfonium perchlorate, m.p,

88°, Wor and ir were superimposable with those of the racemic compound,

525 25
.IQJ'Z’36'I "31.5'; Iq]365- "56|2!

Anal, Calcd, for ClOH14C1204S4 c, 39,87; H, 4,69; Cl, 23,54,

Found: C, 40.11, 40,31; H, 4.39, 4,63; c1, 23,38, 23,35,

p-Methylbenzyl alcohol

A 98 g.(0,82 mole) quantity of practical grade p-methylben-
zaldehyde(p-tolualdehyde) was treated with 8,4 g.(0,21 mole) of sodiumy
borohydride using the procedure described for the reduction of m-nitro-
benzaldehyde. The residue was recrystallized from heptane to yield 75 g.
(75%) of p-methylbenzyl alcohol, m.p.58.5(reported(66): 60°). MNaur
(CDCl3): 17.75 + 17.68(two overlapping singlets, &4H), T15.44(s, 2H),

12,92(m, 4H).

p-Methylbenzyl bromide

A 48,6 g,(0.398 mole) of p-methylbenzyl alcohol was converted
‘ to the p-methylbenzyl bromide using the procedure described for the
preparation of m-nitrobenzyl bromide, The solid obtained was recxrys—
tallized from ethanol to yield 54,8 g,(74%) of p=methylbenzyl bromide,

Py 35°(reported(66): 35°),
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p-Methylbenzyl ethyl sulfide

A 54.8 g.(0.296 mole) quantity of p-methylbenzyl bromide
was allowed to react with 19.2 g-(0.31 mole) of ethyl mercaptan and
7.13 g.(0.31 mole) of sodium using the procedure described for the
preparation of m-nitrobenzyl ethyl sulfide. The residue was distilled
at reduced pressure, b.p.13 mm.llO-llSO, to yield 31.5 g.(64%) of
p-methylbenzyl ethyl sulfide. Nmr(CDClB): r§.8(t, J=7.5 cps, 3H),

7.7 + 17.58(s + q(J=7.5 cps), 5H), 16.33(s, 2H), 12.85(m, 4H).

P-Methylbenzylethylmethylsulfonium methylsulfate

A 3,7 g.(0,029 mole) quantity of dimethyl sulfate was added
to 4.5 g.(0.027 mole) of p-methylbenzyl ethyl sulfide, The procedure
was the same as that described for the preparation of m-nitrobenzyl-
ethylmethylsulfonium methylsulfate. When.the residue was cooled down to
dry ice-acetone temperature, 7,2 g.(91%) of glassy material whose nmr
corresponds to that of Efmethylbenzylethylmethylsulfonium methylsulfate
wag obtained. Nmr(CDCl3): 18,62(t, J=7.5 cps, 3H), t7.67(s, 3H),
7.11(s, 3H), 16.55(a, J=7.5 cps, 2H), 16.3(s, 3H), 15.17(s, 2H),

12,7(m, 4H),

D-Methylbenzylethylmethylsulfonium bromide

To 3,6 g,(0.19 mole) of p-methylbenzyl bromide was added
excess ethyl methyl sulfide(16 g., 0,21 mole) and 50 ml. of acetone.
The procedure was the same as that described for the preparation of

R;chlorobenzylethylmethylsulfonium'bromide. Attempts to crystallize
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this salt failed, it was obtained as an oil.

Racemic p—Methylbenzylethylmethylsulfonium perchlorate

A 7.2 g. quantity of p-methylbenzylethylmethylsulfonium
methylsulfate dissolved in methanol was passed through a column
containing Dowex 1-x8(50-100 mesh) anion exchange resin in its hydroxide
form, the basic eluent was carefully neutralized with dilute perchloric
acid. The solvent was removed using a rotary evaporator. The residue
was recrystallized twice from methanol and dried in an Aberhalden drying
apparatus which was heated with fefluxing ethanol to yield 1.8 g.(25%)
of racemic p-methylbenzylethylmethylsulfonium perchlorate, m.p.lOO—lOlo.

Tr(Nujol): 1530, 1427, 822 cm. -

Nmr(CDC13): 18,58(t, J=7.5 cps,

34), «<7.67(s, 3H), t7.17(s, 3H), 16.64(q, J=7.5 cps, 2H), 75,32

(s, 2H), 712.68(m, 4H).

Anal, Calcd. for Cj H _0,ClS: C, 47.06; H, 6.1; Cl, 12.63; S, 1L.62.
Found: C, 46.79, 46.53; H, 6.09, 5.74; Cl, 12,75, 12,64;

s, 9.82, 10.29.

A better starting material was p-methylbenzylethylmethyl-
sulfonium bromide instead of p-methylbenzylethylmethylsulfonium methyl-

sulfate.

Optically active p-Methylbenzylethylmethylsulfonium perchlorate

The p-methylbenzylethylmethylsulfonium methylsulfate was
dissolved in methanol and passed through a cclumn containing Dowex 1-x8

(50-100 mesh) anion exchange resin in its hydroxide form, the basic
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eluent was neutralized with d(+)-dibenzoyl tartaric acid. The solvent
was removed using a rotary evaporator and the residue was recrystallized
from methanol to yield 3 g. (22%) of p-methylbenzylethylmethylsulfonium
dibenzoyl tartrate, m.p.135°, Iajggg: -77.3; [a]§§8: ~80.4; [a]§Z6:
-93; [al23: -182(c 0.489, methanol).

The 3 g. of dibenzoyl tartrate salt which was obtained was
dissolved in methanol and pa;sed through a column of Dowex 1-x8(50-100
mesh) anion exchange resin in its hydroxide form, the basic eluent was
carefully neutralized with dilute perchloric acid. The solvent was
removed using a rotary evaporator. The residue was recrystallized twice
from ether—methénol mixture to yield 0.95 g.(63%) of optically active
p-methylbenzylethylmethylsulfonium perchlorate, m.p. 1030. Nmr spectra

5

was superimposable with that of the racemic compound. Ia]§89: 13,63

Ialf5¢: 53.8( ¢ 0,7459, methanol).

Anal. Calcd. for 011H1704C1S: c, 47.06; H, .6.10; Cl, 12.63;

S, 11.42,
Found3 C, 47,04, 46,77; H, 5,98, 5,82; c1, 12,59, 12,62;
- §, 11,85, 11.54.

As in the preparétion of racemic Rfmethylbenzylethylmethyl—
gulfonium perchlorate, p-methylbenzylethylmethylsulfonium bromide was
found to be a better starting material for the preparation of o?tically
active p_—methylbenzylethylmethylsulfoniu;n perchlorate than the p-methyl-
benzylethylmethylsulfonium methylsulfate,

The p-methylbenzylethylmethylsulfonium benzoyl tartrate
which is more soluble in methanol gave the negative perchlorate salt,

(o} 25, _ , 25, _ .. 25, _ '
m.p. 101 . [0]589' 0.7; [a]436. 2; [a]365. 3.6 (¢ 1.224 , MeOH).
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Anal, Calcd, for CllH170401S: c, 47,065 H, 6,10; Cl1, 12,63,

Found: C, 47.12, 46,69; H, 6,18, 6.10; C1, 12,86, 12,99.

o-Methylanisole

To a three-necked flask equipped with a reflux condenser, a
mechanical étirrer and a dropping funnel was added 216 g.(2 mole) of
o-cresol and then 850 ml. of 10% sodium hydroxide solution (2.1 mole).
The mixture was cooled by immersing the reaction vessel in an ice bath,
A 252 g.( 2 mole) quantity of dimethyl sulfate was added dropwise with
stirring. The solution became warm duriﬁg the addition of dimethyl
sulfate, it was allowed to cool and water was then added, The solution
was transferred to a separatory funnel, ether was added and the lower
layer was discarded. The ether layer was washed once with water, twice
with dilute sulfuric acid and again with water until the water washings
were neutral to litmus., Some sodium chloride was added to each washing
as this will facilitate the separation of the two layers. The solution
was dried with magnesium sulfate., The ether was removed using a rotary

evaporator and.the residue was distilled at reduced pressure, b.p.30 mm

o 0
70-75", b.p.704mm'168-170 (reported(66); b.p.760mm.17l~172°), to
yield 194 g.(80%) of o-methylanisole, ngzz 1.5175(reported(66):

n2%: 1,5174), Mmr(CDCL): 17.81(s, 3W), 16.23(s, 3H), 12.36-3,42

(m, 4H).

3-Methyl-4-methoxybenzyl bromide(35)

Hydrogen bromide was bubbled through a well-cooled solution
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of 75 g.(0,61 mole) of 3-methyl-4-methoxybenzene (o-methylanisole) in 58 g.
(0.71 mole) of 37% formaldehyde solution until the solution was saturated
with hydrogen bromide, The reaction was carried out at low temperature
by immersing the reaction vessel in an ice bath, Ice was-added to the
solution and the reaction product was extracted with diethyl ether. The

| extract was washed with water, "dried over sodium sulfate and the ether
was removed using a rotary evaporator. The residue was distilled at
reduced pressure, b'p'9mm.133'50’ to yield 35.2 g.(27%) of 3-methyl-4-
methoxybenzyl bromide, n§5.5: 1.4742, Nmr(CDC13): 17.8(s, 3H),

16.21(s, 3H), 15.54(s, 2H), t3.0(m, 3H).

3-Methyl-4-methoxybenzylethylmethylsulfonium bromide

To 14.8(0.067 mole) of 3-methyl-4-methoxybenzyl bromide in
20 ml. acetone was added excess ethyl methyl sulfide(13.7 g., 0.16 mole).
Reaction occurred immediately as evidence by the evolution of heat. The
acetone and excess ethyl methyl sulfide was removed using a rotary
evgporator. Attempts to solidify the residue by repeated washing with

ether and cooling in dry ice-acetoﬁe bath failed.

Racemic 3-Methyl-4-methoxybenzylethylmethylsulfonium perchlorate

About 3 g. of 3-methyl-4-methoxybenzylethylmethylsulfonium
bromide was dissolved in methanol and passed through a column of Dowex
1-x8(50-100 mesh) anion exchange resin in its hydroxide form, the basic
eluent was carefully neutralized with dilute perchloric acid, The

solvent was removed using a rotary evaporator., The residue was recrys-

tallized twice from methanol-ether mixture and dried in an Aberhalden
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drying apparatus which was heated with refluxing ethanol to yield 1 g. -
(31%) of racemic 3-methyl-4-methoxybenzylethylmethylsulfonium perchlorate,
m.p. 91°, Ir(Nujol): 1605, 1504, 1253, 1220, 900, 870, 810 em, L
Mur(CDCL): t8.57(c, J<7.5 cps, 3W), 17.84(s, 3M, 17.19(s, 3H),
16.67(q, J=7.5 cps, 2H), 16.2(s, 3H), 715.28(s, 2H), 12.5-3,33(m,
31).
Anal, Caled, for C,H SC1Oc: C, 46.37; H, 6,165 Cl, 11,41,

Found: C, 46.22, 46.39; H, 6.19, 6.18; ¢1, 11,72, 11,66,

Optically active 3-Methyl-4-methoxybenzylethylmethylsulfonium perchlorate

About 9 g. of 3-methyl-4-methoxybenzylethylmethylsulfonium
bromide was dissolved in methanol and passed through a column containing
Dowex 1-x8(50-100 mesh) anion exchange resin in its hydroxide form, The
basic eluent was neutralized with 12 g. of d(+)-dibenzoyl tartaric acid.
The yolume of the solvent was reduced by evaporating off some of the
methanol using a rotary evaporator, the dibenzoyl tartrate salt which
precipitated oﬁ£ was washed with ether and dried, m.p. 1270. This

compound is insoluble in dimethyl sulfoxide, slightly soluble in

methanol. Ir(Nujol): 1713, 1664, 1268, 820, 715 cm.-1 [a]229:—69.5;

[1234: =75.9; [alzp,: -89.6; [a]23g: -172.8;  [M]2°:-392(c 0.10%,
methanol), |

The dibenzoyl tartrate salt prepared was changed to the
perchlorate salt by dissolving the dibenzoyl tartrate salt in methanol
and passing the solution through a column of Dowex 1-x8(50-100 mesh)

anion exchange resin in its hydroxide form, the basic eluent was

carefully neutralized with dilute perchloric acid, The solvent was



-146-

removed using a rotary evaporator, The residue was recrystallized twice

from methanol-ether mixture and dried for 2 hours in an Aberhalden drying
apparatus which was heated with refluxing ethanol to yield 1.8 g, (19%
based on the bromide salt) of (+)~3-methyl-4-methoxybenzylethylmethylsul-
fonium perchlorate, m.p. 81-82°, MNmr spectrum of this compound was
superimposable with that of the racemic compound. [alng: 26.5; I“]§25:

50(c 1.095, methanol).

12719
Found: C, 46.24, 46.18; H, 5.99, 6.02; Cl, 11.31, 11.43.

The dibenzoyl tartrate salt of 3-methyl-4-methoxybenzylethyl-
methylsulfonium compound which was very soluble in methanol was converted
to the (-)-perchlorate salt using the procedure described for the prepa-
ration of the (+)-pefchlorate salt. The salt was recrystallized twice
from methanol-ether mixture and dried in an Aberhalden drying apparatus
to yield 0.6 g.(6%) of (-)~3-methyl-4-methoxybenzylethylmethylsulfonium
perchlorate, m.p. 81-82°. Nmr spectrum of this compound was superimpo-
sable with that of the racemic compound. [a]gggz_—2.73; [a]§;8:-2.73;
1% s -3.165 [al23;: =617 [aloe: -1L.5.

Anal, Calcd., for C. ., H SC105: c, 46.37; H, 6.16; Cl1, 11.41,

12719
Found: C, 46,47, 46.11; H, 5.97, 6.15; cC1, 11,78, 11.76.

n-Nitrobenzyl methyl ether

A 5 g.(0.023 mole) quantity of m-nitrobenzyl bromide was
added to a solution of sodium methoxide prepared by addiig 0.5 g. (0.021

mole) of sodium to 20 ml, of methanol. The mixture was refluxed for
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16 hours. The solyent was remoyed using a rotary evaporator. Water was
added to the residue and the mixture was extracted with anhydrous diethyl
ether. The two extracts were combined and dried with potassiuﬁ carbonate.
The ether was evaporated off using a rotary.evaporator and the residue was
Qistilled under pressure, b’p'lzmm.l42—1430’ to yield 2.5 g.(657%) of
impurefgrnitrobenzyl:methyl ether, VPC showed the product to contain
impurities, these were removed by chroméfography on alumina, first
'using pentane as eluent and then benzene-pentane mixture(l:4). n§5: 1.5359.
Ir(CC14): 3070, 29%0, 2925, 2820, 1526, 1345, 1190, 1110, 923,
884, 805, 722 cm.”t Nmr(CCl,): 16.58(s, 3H), 15.48(s, 2H), tl.76-
2.67(m, 4H).
Anal, Caled. for C, HNO,: C, 57.48; H, 5.43; N, 8.38.

8 93
Found: C, 57.38, 57.36; H, 5.50, 5.49; N, 8.12, 7.88.

p-Chlorobenzyl methyl ether

A solution of sodium methoxide was prepared by adding 1 g.
of sodium to 30.ml. of methanol. A 5 g.'(0.024 mole) quantity of p-chloro-
benzyl bromide was added to the sodium methoxide solution. The rest of
the procedure was the same as that described for the preparation of m-
nitrobenzyl methyl ether. Impurities were removed by chromatography on
alumina using pentane-benzene mixture(2:1) as eluent. The eluent was

evaporated off using a rotary evaporator and the residue was distilled at

25,
13 D °
Ir(ccl,): 2928, 2821, 1596, 1488, 1097, 1085, 1012, 914, 833 cm.

reduced pressure, b.p. m 93-940, b.p. 46.5—470, n 1.5177.

lmm.
1

Nmr(CCl4): 16.73(s, 3H), 15.69(s, 2H), 12.82(s, 4H).
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e

Anal. Calcd. for CSH90C1; ¢, 61.35; H, 5.79; Cl, 22.64,

Found: C, 61.26, 61.17; H, 6.04, 5.88; Cl1, 23.06, 22.87.

p-Methylbenzyl methyl ether

To 6.3 g.(0.052 mole) of p-methylbenzyl alcohol was added 25
ml, methanol and 7 ml. concentrated hydrochloric acid. The mixture was
refluxed for a day. The methanol was removed using a rotary evaporator
and the residue was extracted with anhydrous diethyl ether. The extract
was washed with 107 sodium bicarbonate solution and then with water,
dried with potassium carbonate and the diethyl ether was removed using
a rotary evaporator. The residue was distilled at reduced pressure,
b'p']mm.69'5°’ b'p'3mm.52—570' VPC showed an extraneous peak with
retention time shortér than that corresponding to the p-methylbenzyl
methyl ether. Purification was done using a chromatography column
packed with aluminum oxide and using a 4:1 mixture of pentane:benzene
as eluent., The first three fractions o§ eluent, 100 ml. each, were
collected. Thg eluent was removed on a rotary evaporator and the resi-
due was distilled at reduced pressure, b'p'llmm.75°’ n§5°2: 1.4981,
Ir(ccl,): 2819, 1090, 832 em. T Mmr(CCL): 17.7(s, 3H), 16.75
(s, 3H), 15.69(s, 2H), 12.94(s, 4H).
Anal. Caled. for C,H,,0: C, 79.37; H, 8.88.

9712
Found: C, 78.43, 78.25; H, 8.94, 8.82,

3,5-Dimethyl-4-methoxybenzyl methyl ether

To 1 g. of 3,5-dimethyl-4-methoxybenzyl alcohol was added 10
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ml. of methanol and 1 ml. concentrated hydrochloric acid. The solution
was refluxed for a day. The rest of the procedure was the same as tﬁat
described for the preparation of p-methylbenzyl methyl ether. The
impurities in the product were removed by chromatography through an
alumina column using a 4:1 mixtures of pentane:benzene as eluent. The
.first.three fractions of eluent, 100 ml., each, were discarded, the
fourth to eighth fractions were collected and the solvent was removed
using a rbtary evaporator., The residue was distilled at reduced pressure,
b'p'lomm.lloo’ to yield 0.1 g.(9%) of 3,5-dimethyl-4-methoxybenzyl methyl
ether. Ir(CCl,): 2820, 1090, 860 em.”t Mar(CCL):  7.79(s, 6H),

16.77(s, 3H), 15.8(s, 2H), 13.19(s, 2H), 16.37(s, 3H).

-3=Methyl-4-methoxybenzyl methyl ether

A 10 g.(0.047 mole) quantity of 3-methyl-4-methoxybenzyl
bromide was added to a solution of sodium methoxide prepared by adding
2,5 g.(D.OSl:mqle) of sodium to 30 ml. methanol. The mixture was re-
fluxed overnight. The rest of the procedure was the same as that
described for the preparation of m-nitrobenzyl metﬁyl ether. The pro-
duct was distilled at reduced pressure, b'P'Bmm.93—94o’ b'p'14mm.118'50’
to yield 5 g.(647%) of 3-methyl-4-methoxybenzyl methyl ether. The impu-
rities in the product were not removed by chromatography using an
alumina column. These impurities were removed by gas chromatography
using a 2-meter column of silicon oil DC 200(dimethyl silaxane polymer)
on acid washed chromosorb W, with temperature=l74? current=200 milli-

amperes, flow rate of the helium gas=60 cc/min. Aliquots of 5pl were
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injected into the column and samples were collected when the peak corres-
ponding to 3-methyl-4-methoxybenzyl methyl ether appeared in the VPC
graph, Ir(CClA): 2920, 2833, 1607, 1502, 1460, 1243, ;124, 1087,
1034, 877 em.”" Mar(cCL): 17.83(s, 3H), T6.78(s, 3H), 16.23(s,
38), t5.75(s, 2H), 1t2.82-3.47(m, 3H).

Anal. Caled. for C,.H,.0,: C, 72.26; H, 8.49.

10712°2°
' Found: C, 71.88, 71.70; H, 8.53, 8.64.

~

Optically active p-chlorobenzylethylmethylsulfonium bromide

. A 40 g. quantity of racemic p-chlorobenzylethylmethylsulfonium
bromide was passed through a column containing Dowex 1-x8(50-100 mesh)
anion exchange resin in its hydroxide form and then neutralizing the
basic eluent with 29 g. of d(+)-dibenzoyl tartaric acid. Most of the '
methanol was removed using a rotary evaporator. Acetone was added to

the residue until the solution turned cloudy. The solution was

allowed to stand in the fridge overnight. A 14 g. quantity of the
p-chlorobenzylethylmethylsulfonium dibenzoyl tartrate precipitated

out. This was dissolved in methanol and passed through the column..
containing Dowex 1-x8 anion exchange resin(50-100 mesh) in its

hydroxide form. The basic eluent was neutralized with dilute hydrobromic
acid. The solvent was removed using a rotary evaporator. The residue
was washed several times with ether and then recrystallized twice from
methanol-ether mixture. The crystals were dried for 2 hours in an
Aberhalden drying apparatus at room temperature to yield 14.8 g.(37%) of

optically active p-chlorobenzylethylmethylsulfonium bromide, m.p. 79-82°.

Nmr and Ir were superimposéble with those of the racemic compound.
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25 : 24.2; [a]25 : 43.8(c 0.9244, methanol).

[od;36 365°

Anal. Calcd. for ClOHIASBrCl: C, 42.65; H, 5.01; Br+Cl, 25.18;
S, 11.38.

Found: €, 42.94, 42.66; H, 5.08, 5.,17; Br+Cl, 24,89,

24.74.

Tetra-n—butylammonium perchlorate

)

Tetra-n-butylammonium perchlorate prepared by L. Green(67)
was recrystallized from aqueous acetone and dried in an Aberhaldén
drying apparatus at room temperature for 2 days to give crystals
which melted at 210-211°(reported(48):213-213.5. The crystals were
30 CH2C12’ ethanol, nitrobenzene but insoluble
in water. Nar(DMSO-D,): t17.97(m, 7H), 16.56-7.15(m, 2H), t7.39-

soluble in DMSO, CHC1

7.6(m, DMSO—DG). Nmr(CDCl3): T 8.0-9.33(m, 7H), 16.5-7.02(m, 2H).

Nmr(CDBNOZ): 17.96-9.25(m, 7H), 16.52~7.0(m, 2H). Nmr(CD3CN): 17.83

-9.29(m, 7H), '16.69-7.09(m, 2H). Nmr(CDZClZ); See Table XXXIX

(Chapter III).

Anal. Caled. for Cl6H36NClO4: C, 56.20; H, 10.61; N, 4.1; cC1,
10.37.

Found: €, 55.83, 55.40; H, 10.46, 10.46; N, 4.10, 3,78;

¢1, 10.38, 10.03.

Tetra-n-butylammonium bromide

Tbtrafgfbutylammonium bromide prepared by L. Green(67)

was recrystallized from ethyl acetate to give crystals which melted
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at 102°(reported(48):118—1190). The crystals were soluble in ethanol,

nitrobenzene, CH3CN and CH3N02.

Amax =203 mp(e=21800). Nmr(CDClB): 18-9,28(m, 7H), T6.39-6.89

" (m, 2H). Nmr(CDBNOZ): 17.89-9.25(m, 7H), 16.42-6.92(m, 2H),

UV(CDBCN): Amax.=218 mp (€=21800) ;

15.63(s, CD3N02), Nmr(CDBCN): 17.92-9.26(m, 7H), <6.5~7.0(m, 2H).
Anal. Caled. for C16H36NBr: C, 59.61; H, 11.26; N, 4.34;
Br, 24.79.
Found: C, 59.84, 59.44; H, 11.30, 10.78; N, 4.22, 4.42;

Br, 25.07, 25.,30.

Tetra-n-butylammonium 2,4,6-trinitrobenzenesulfonate

A 2 g. quantity(0.006 mole) of tetra-n-butylammonium bromide
was dissolved in methanol and passed through a column packed with Dowex
1-x8(50-100 mesh) anion exchange resin in its hydroxide form. The
bése formed was neutralized with 1.05 g.(0.0036 mole) of 2,4,6-trinitro-
benzenesulfonic acid. The methanol was evaporated off using a rotary
evaporator. The residue was washed repeatedly with ethyl acetate and
thén recrystallized from methanol-ether mixture. The crystals were
dried for two days in an Aberhalden drying apparatus which was heated
with refluxing ethanol to yield 0.5 g.(16%) of tetra-n-butylammonium
2,4,6~trinitrobenzenesulfonate, m.p.153°. Satisfactory C, N, H
analysis could not be obtained. Nmr(CD3CN): 17.83-9.3(m, 28H),
16.68-7.17(m, 8H), 12.83(s, 2H). Nmr(CD3N02): 17.94-9.33(m, 28H),
16.5-7.0(m, 8H), 712.76(s, 2H). Nmr(CD2C12): See Table XXXIX

(Chapter III).
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Nﬁbenzyltrimethylammbnium'perchlorate

- A 3,63 g, quantity of N-benzyltrimethylammonium hydroxide
(40% in methanol, Aldrich Chemical Co. Inc. ngoz 1.4310) was
neutralized with dilute perchloric acid., The solid which precipitated
out was recrystallized from methanol and dried for 2 h&urs in an
Aberhaldeg drying apparatus which was heated with refluxing ethdnol to
yield 1,22 g.(78%) of N-benzyltrimethylammonium perchlorate, m.p.127°.
The compound was soluble in acetonitrile, acetone, DMSO—D6, slightly
soluble in 957 ethanol but insoluble in CH2012, CHClB, H20 and HCONHZ.
Nmr(CQ3CN): 16.98(s, 9H), 1t5.57(s, 2H), <t2.46(s, 5H), 17.83~
8.18(m, CD3CN)f UY(CH3CN): Amax'=207 mu (e=8535).
_éffil- Calcd: for C10H16NC104: C, 48.10; H, 6.46; N, 5,61;

| c1, 14.2,

Found; C, 47.96, 47.79; H, 6.18, 6.06; N, 5.05, 5.15;

cl, 14,60, 14,89,

~N-benzyltrimethylammonium bromide

A 3.64 g. quantity of N-benzyltrimethylammonium hydroxide
(40% in methanol, Aldrich Chemical Co. Inc. n§0: 1.4310) was
neutralized with dilute hydrobromic acid solution, No precipitate
was formed after addition of ether. The ether, methanol and water
were evaporated off using a rotary evaporator. The residue was
recrystallized twice from methanol-ether mixture to yield 0.86 g.(43%)
of N-benzyltrimethylammonium bromide, m.p. 235;236°(reported(68):

2350). The compound was insoluble in methylene chloride, acetonitrile

and acetone, slightly soluble in dimethylsulfoxide and 95% ethanol
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but soluble in chloroform, water and formamide. Uv(CH3CN): Amax.:

203 mu(e=17104). Nur (D,0): 6.97(s, O9H), 15.57(s, 2H), 12.48

(s, 5H), 15.37(s, 'D20).
_Anal., Calcd. for CloHl6NBr:C, 52,19; H, 7.01; N, 6.09; Br, 34.72,

Found: C, 52.01, 51.81; H, 7.08, 6.95; N, 5.41, 5.42;

Br, 34.72.

N-benzyltrimethylammonium chloride

A 4 g, quantity of N-benzyltrimethylammonium hydroxide
(40% in methanol, Aldrich Chemical Co, Inc. ngoz 1,4310) was
neutralized with concentrated hydroxhloric acid, Methanol was added and
the methanol-water mixture was removed using a rotary evaporator, The
residue was recrystallized from acetone-ether mixture and dried in an
Aberhalden drying apparatus to yield 1.8 g.(40%) of N-benzyltrimethyl-
ammonium chloride, m.p.235—236°. The compound was soluble in water
and methanol, slightly soluble in nitrobenzene, chloroform and nitro-
methane. No satisfactory C, N, H analysis could be obtained. Nmr(CDC13):
16.54(s, 6H), 14.87(s, 2H), 12.08-2,69(m, 5H), 16.95(s, 6H),

©5.5(s, 2H), 712.44(s, 5H), 15.34(s, DZO)'

Triethyloxonium fluoroborate(69)

A 200 ml. three-necked flask, a stirrer, a dropping funnel,
a condenser provided with a drying tube were dried in an oven at 1100,
assembled while hot and cooled in’a stream of dry nitrogen. A 50 ml.
quantity of sodium dried ether and 28.4 g.(25,2 ml.,, 0.2 mole) of

freshly distilled boron fluoride etherate were placed in the flask.
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Epichlorohydrin(1l4 g., 11.9 ml., 0.151 mole) was added dropwise to
the stirred solution at a rate sufficient to maintain vigorous boiling,
about one hour is needed. .The migture was refluxed an additional hour
and allowed to stand at room temperature overnight, The solution was
filtered and the crystalline mass of triethyloxonium fluoroborate was
washed several times with ether and kept under ether at 0°. The

triethyloxonium fluoroborate is colorless.( reported(69): m.p.91-92°,

Benzyl methyl sulfide(63)

To an ice cooled solution of sodium methoxide prepared by
dissolving 12 g. of sodium in 300 cc. of methanol was added 25 g. (0.5
moie) of methyl mercaptan and then 63 g, of benzyl chloride. The
mixture was refluxed for 2 hours on steam bath, the methanol was
removed using a rotary evaporator. The residue was mixed with water
and extracted three times with ether. The ether solution was dried
with calcium chloride and the ether was evaporated off using a rotary
evaporator. The residue was distilled at reduced pressure to yield

51 g. (74%) of benzyl methyl sulfide, b.p.3mm 60°. Nmr(CSz): 78,23

(s, 3H), 1t6.53(s, 2H), 12.93(s, 5H).

Benzyl methyl sulfoxide(70)

A 35.1 g.(0.25 mole) quantity of benzyl methyl sulfide in
102 ml. of acetone was cooled in ice and 25.8 ml. of 30% H202 was
added., the solution was stirred with a magnetic stirrer overnight.

The acetone was removed using a rotary evaporator. When pentane was
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added and the solution was cooled in dry ice-acetone bath, a solid was
formed., This solid was washed with pentane which yield 18 g, (457%) of
benzyl methyl sulfoxide, m.p.51—52°(reported(70): 540). Nmr(CCl4):
17.71(s, ), t6.13(s, 2), 12.74(s, SH). Ir(CCl): 1050,

1066 cm._l

Benzylmethylethoxysulfonium fluoroborate

A 6.65 g.(0.035 mole) quantity of triéthyloxonium fluoroborate
was added to an equimolér amount of benzyl methyl sulfoxide(5.4 g) in
methylene chloride, The solution was allowed to stand at room tempera-
ture for 5 hours. Ether was then added to induce precipitation. The
solid which precipitated out was recrystallized from methylene chloride-
ether mixture and dried overnight in.an Aberﬁalden drying apparatus
at room temperature to yield 8.8 g.(93%) of benzylmethylethoxysulfonium
fluoroborate, m.p.76—77°. Nmr(CDClB): 18.8(t, J=7 cps, 3H), 16.78
(s, 3H), 15.75(q, J=7 cps, 2H), t5.21(d, J=7 cps, 2H), 12.57(m,

5H).

10°15
Found: C, 44.47, 44.57; H, 5.88, 5.77.

Anal. Caled. for C,.H SOBF4: C, 44.47; H, 5.,60.

p-Chlorobenzylethylmethylsulfonium fluoroborate

A 2,5 g. quantity (0.009 mole) of p-chlorobenzylethylmethyl-
sulfonium bromide was disgolved in methanol and passed through a column
containing Dowex 1-x8(50-100 mesh) anion exchange resin in its hydroxide
form. The basic eluent was neutralized with fluoroboric acid prepared

(71) by adding 5 g. of boric acid in small proportions to 1.63 g. of
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hydrofluoric acid(40% HF) cooled in ice. Most of the methanol was
removed using a rotary evaporator. Ether was added until the solution
t;rned cloudy. The solution was then allowed to stand in the fridgé
overnight. The p-chlorobenzylethylmethylsulfonium fluoroboréte which
crystallized out was dried for an hour in the Aberhalden qrying ﬁpparatus'
vhich was heated with refluxing ethanol. The yield was 2.6 g. (100%),
m.p. 84-84.5°, Nar (CD,CL,): See Run IV-87-A in Table XKXVIII(Chapter

III).

Anal. Caled, for ClOHl4ClSBF4: Cc, 41.63; H, 4,89; cC1, 12,29;
s, 11.11.
.Found: C, 41.45, 41.98; H, 4.67, 4.93; Cl, 12.28, 12.30;

s, 11,28, 11,00,

Trimethylsulfonium iodide

A 14.2 g.(0.095 mole) of méthyl iodide was added to 4.5 g.
(0.073 mole) of dimethyl.sulfide in 10 ml. of acetone. The solution was
allowed to stand at rooﬁ temperature for 20 hours in an Erlenmayer flask
wrapped with aluminum foil. On mixing the two reagents, brownish.
precipitate was formed immediately., The precipitate formed was washed
thoroughly with ether until the color was pale yellow., After drying,
the yield was 6.6 g.(44%), m.p. 204°(reported(66): 203—2070). The

crystals turned yellowish on exposure to light.

Trimethylsulfonium perchlorate

Fresh silver oxide was prepared by adding 6.3 g.(0.033

mole) of silver nitrate to 1.9 g. (0.034 mole) of potassium hydroxide
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and then washed free from base, A 6.6 g. quantity of trimethylsulfonium
iodlde prepared as described in the preceeding section was dissolved in
604 ethanol-40% water and then added to this freshly prepared silver
oxide. The trimethylsulfonium hydroxide solution was divided into two
portions. One portion was neutralized with dilute perchlorie acid. The
trimethylsulfonium perchlorate crystallized out when most of the ethanol
was evaporated off using a rotary evaporator. The solid was recrystallized
from acetone-ether mixture and dried in an Aberhalden drying apparatus
heated with refluxing ethanol for two hours. Melting point of this
compound was pot taken because it was reported(66) that it may be
highly explosive on decomposition. The compound was soluble in aceto-
nitrile, dimethylsulfoxide, nitromethane, acetone, water, insolu-
ble in chloroform, methylene chloride and slightly soluble in methanol.
Nmr (90% CD3COCD3—1OZ DZO): 176.93(s), 17.9(m, CDBCOCD3), 16.3(s,
DZO).
_Anal, Caled. for C3H9C104 c, 20.40; H, 5.14; s, 18,15; C1, 20.07.
‘Found: C, 20.03, 20.10; H, 4,73, 4.52; 5, 17.87, 18.31;

c¢1, 20.00.

Trimethylsulfonium bromide

The second portion of trimethylsulfonium hydroxide solution
prepared in the preceeding section was n;utralized witﬁ dilute hydrobro-
mic acid. The solvent was evaporated off on a rotary evaporator, .
Methanol was added several times to facilitate the evaporation of

water, The residue was recrystallized from acetone-ether mixture and

dried for 2 hours in an Aberhalden drying apparatus which was heated
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with refluxing ethanol to yield 1 g. of trimethylsulfonium bromide,
m.p. 201-202°(reported(66): m.p. 201—2020, - decompose at 1720). Nmr (90%
CD3C0CD3

The compound was insoluble in acetonitrile, nitromethane, chloroform,

-10% DZO): 16.84(s), 17.93(m, CD3COCD3), 16.51(s, D20).

acetone, methylene chloride but soluble in water, dimethylsulfoxide

and methanol.
Anal. Caled. for CSHQSBr: C, 22.94; H, 5.78; s, 20.41; Br, 50.87,

Found: C, 23.17, 22.64; H, 5.47, 5.31; S, 20.63, 20.36;

Br, 50.98, 50.40.
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KINETICS:

Titrimetric rates:

The sulfonium salt was accurately weighed into a'tared flask.
Solvent was added to the mark. The flask was shaken until all the salt
was dissolved and a homogeneous solution was obtained. Aliquots of the
solution(ca. 5.5 ml.) were transferred to thoroughly cléaned, partially
drawn test tubes. These ampoules were then sealed and immeréed in the
appropriate constant temperature baths. These baths were ;hermostated
at 70.00£0.02°, 50.00:0.02%r 25,00£0.02°, At appropriate time
intervals, the ampoules were removed from the bath, placed in a dry
ice-acetone bath and shaken for 30 seconds in order to quench the
reaction. The first point was taken at least 4 minutes after the
ampoules were placed in the bath so as to insure temperature equilibra-
tion. Infinity measurements were taken at approximately ten and twenty
half-lives, Before theAampoules were opened, they were allowed to equi-
librate to 25o in a coﬁstant temperature bath for 5 minutes. A 5 ml.
aliquot was removed by means of a calibrated automatic pipette and
delivered into a 50 ml. Erlenmayer flask containing 25 ml. of
distilled water which had been boiled and cooled to room temperature
prior to being used. Before the 5 ml. aliquot was added to the 25 ml.
of water in the Erlenmayer flask, the water was first titrated with
the sodium methoxide solution until ;he end point was reached. Each
sample was titrated for acid with a standard solution of sodium metboxide
in methanol using phenolphthalein as indicator., For reactions at 250,

sealed ampoules were not used, the volumetric flask containing the
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solution was immersed in the 25°bath. At appropriate intervals, a
5 ml. aliquot was withdrawn from the volumetric flask and delivered

into a 50 ml. Erlemnmayer flask containing 25 ml. distilled water and

titrated as described above.

Polarimetric rates

Method I. Aliquots of a standard solution of the optically active
sulfonium salt were transferred to ampoules., The ampoules were sealed
and placed in a constaﬁt temperature bath as described for the
titrimetric rate analyses. Reactions measured at 70° and 50° were
quenched as described above., After equilibration to 250, the ampoules
were opened and an aliquot of the solution was transferred to a 1 dm.
polgrimeter tube. The optical rotation was obtained from the digital
readout of a Model 141 Perkin-Elmer Polarimeter. Measurements were
made using an incident light beam with wavelengths of 589 my, 436 my
and 365 mu. A 'zero' feading was obtained before each measurement.
Method II. For some of the polarimetric analyses,' the Model 141
Perkin-Elmer Polarimeter was equipped with a Honeywell recorder having
a chart speed of 4 inches per hour, Water from a constant temperature
bath, 49.99+0.02 or 25.01#0.02, was circulated through jacketed
polarimeter tubes. An aliquot of the solution of the optically acti&e
salt was placed in the polarimeter tube and for some of the experiments,
the optical rotation was continuously recorded, A 'zero' reading was
taken before and after each run. For ﬁost of the runs, the optical

rotation was taken from the digital readout at appropriate time
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intervals and recorded in the laboratory book. The rate constants
were calculated on the basis of the experimental infinity obtained

after 10 half-lives(zero).
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Analyses:

The product analyses for the solvolyses of the sulfonium
perchlorates were performed by injecting the reaction solution directly
into the gas chromatography apparatus.

The different columns and conditions of operation employed
for gas chromatographic analysis are listed in Table XLVIII. For each
determination, the analytical method was calibrated by control
analyses onvsolutions of known composition.

Details of the analysis of the product distribution from
the methanolysis of p-methylbenzylethylmethylsulfonium perchlorate
are presented as typical example to illustrate the method of product
analysis.

Two standard solutions were prepared. The first, III—lSZ-i,
contained p-methylbenzyl methyl ether (0.0725 M) and ethyl meihyl sulfide
(0.2032 M) in anhydrous methanol. The second, III-152-2, contained
naphthalene(0.1064 M). benzene(0.1426 M) and 2,6-1lutidine(0.08038 M)
in chloroform.

A series of standard solutions containing various concen-
traéions of p-methylbenzyl methyl ether were prepared by making a
series of dilutions of the stock solution(III-152-1) with methanol

as shown in Table XLIX.
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TABLE XLVIII

COLUMNS AND CONDITIONS OF OPERATION FOR GAS CHROMATOGRAPHIQ ANALYSES OF

SUBSTITUTED BENZYLETHYLMETHYLSULFONIUM PERCHLORATES(

RﬁCHZESHZCHB 0104 ;.

22
7

Solvent: Methanol; Column: Silicon oil DC 200(Dimethylsiloxane polymer)

on acid washed chromosorb W; Detector Current: 200 ma.

Products(retention time in
" minutes are in brackets). .

Temperature
R Co%umn Injgctor He Flow Rate
(c) oY) (cc./min.)
p-CH, 105 317 300
p-Cl 174 320 60
ngOz 174 320 60
3—CH3- 174 307 60
4-OCH3
3,S-diCH3- 169 323 120
4—OCH3

BfCH3¢CH20CH3(7.3); naphthalene
(internal standard, 12.8).

27C1¢CH20CH3(3.3); phenyl
ether(internal spandard, 7.5).

ng02¢CHZOCH3(6); naphthalene
(internal standard, 2.6).

3-CH -4-OCH3¢CH20CH3(6.6);

3
phenyl ether(internal standard,
801) .

3,5~diCH —4-OCH3¢CHZOCH3(6.1);

3

naphthalene(internal standard,

3.3).
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Product analysis: .

The solvolysis rates were determined by following the rates
of acid production. Each mole of the sulfonium salts solvﬁlyzed would
account for one‘mole of acid. The amount of acid produced was determined
by titration with standard solution of sodium methoxide using phenol-
phthalein as indicator as described in detail in the kinetics section,

The amounts of the other products were determined by gas
chromatography. The products were not isolated from the solvent but
the reaction solution.was injected directly into the Perkin-Elmer Model
154-D Vapor Fractometer.

An accurately known amount of internal standard was added
to each solution in order to ascertain the per cent recovery. The area
of each component peak relative to'the peak area of the internal
standard was calculated using a Honeywell Disc Chart Integrator.

A series of control solutions containing various ratios
of each product relative to the internal standard were prepared and
analyzed in exactly'the same manner as the product analysis in order
to calibrate the analytical method. Standardization curves were
constructed by plotting the weight ratios of each component and the
standard vs. the ratios of their peak areas. From the curve, the

yield of product was computed for each product analysis.
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TABLE XLIX

STANDARD SOLUTIONS FOR THE PRODUCT ANALYSIS OF Pp-METHYLBENZYL METHYL

ETHER

Solution Aliquots of stock solution Aliquots of solvent
IIT-152-1(ml) (ml)

I11-152-100 1x1.97 0

III-152-80 4 x 1,97 1x1.97

I1I-152-75 3 x1.97 " 1x1.97

II1-152-66 2/3 2 x 1,97 1x 1,97

I11-152-50 1x1.97 , , 1x1.97

1II-152-37 1/2 1 x 1.97 of III-152-75 1x 1,97

III-152-20 1x1.97 4 x 1.97

Control solutions were prepared by transferring 1.97 al.
aliquots of each of these solutions by means of calibrated automatic
pipette to 1.97 ml. aliquots of III-152-2. The weight of each
component in the control solutions are listed in Table L. The plot

of A ¢CH20CH3/Ahaphthalenevs' g¢CH20CH3/gnaphthalene is shown in

Figure XIX,
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TABLE L

CONTROL ANALYSES OF THE p~METHYLBENZYL METHYL ETHER FROM METHANOLYSIS

OF p-METHYLBENZYLETHYLMETHYLSULFONIUM PERCHLORATE. RUN III-152.

Control gRTCH3¢CH20CH3 gnaphthalene Zeight ratio Zrea ratio
2_—CH3¢CHZOCH3 27CH3¢CH20CH3
/gnaphthalene /Anaphthalene
I11-152-100 0,01946 0,02683 0.725 0,733
I111-152-80 0.01557 0.02683 0.580 _ 0.582
III-152-75 0.0146 0.02683 0.544 0.556
I11-152-66 2/3  0.01297 0.02683 0.483 0.478
I11-152-50 0.00973 0,02683 0.363 0.366
iI1-152-37 1/2  0.007298 0.02683 0.272 0.271
II1-152-20 0.00389 0.02683 0.145 0.163

Product analysis: Run III-152

A 0,2255 g. quantity of p-methylbenzylethylmethyl-
sulfonium perchlorate was added to a tared 25 ml, volumetric flask,
0.1749 g, of 2,6-lutidine was also added. After dilution to the mark
with anhydrous methanol and mixing by shaking the flask 100 times,

6 ml., aliquots were transferred to ampoules which were sealed and
put in the 90° path. After 30 half-lives, the ampoules were opened,
4,93 ml. aliquots were withdrawn from the ampoules and transferred to

Erlenmayer flasks. A 1.97 ml. quantity of control solution III-152-2
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was added to the Erlenmayer flask and 20 yl, aliquots were injected
into the VPC, The relative area of p-methylbenzyl methyl ether to
naphthalene were determined. From the plot in Figure XIX , the

weight of p-methylbenzyl methyl ether relative to the weight of
naphthalene was determined, The weight of the p-methylbenzyl methyl
ether in the 4,93 ml, aliquot was then determined by multiplying the re-

lative weight ratio by the weight of naphthalene in 1.97 ml. of control

solution, III-152-2,
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Volhard determination of Bromide ion(72)

A 4,93 ml, aliquot of solution containing the reaction
product was pipetted into 25 ml, of pentane in a 50 ml. separatory
funnel, The mixture was extracted with two successive 10 ml. portions
of boiled distilled water. The procedure was standardized at 40
\shakes! for the first extraction and 30 for the second. The aqueous
extracts were combined, acidified with 5 drops of 6N nitric acid,
using 20 drops of ferric alum as indicator, an excess of silver nitrate

solution was added and the excess back titrated with a standard solution

of potassium thiocynate until a brownish color was produced.

Preparation of mixtures for low temperature nmr runs

Benzylmethylethoxysulfonium fluoroBorate was allowed to
react with.B;chlorobehzyléthylmethylsulfonium bromide. When the
crystals were mixed, the mixtures turned yellowish. Therefore, the
two compounds were weighed accurately into two separate vials., One
compound was first put into the nmr tube, the nmr tube was then
immersed in the dry ice-acetone bath, about half of the required
amount of solvent was put into the tube using a hypodermic syringe.
The other compound was then added to the tube. Both vials were
washed with a small amount of the solvent and the solutions were
put into the nmr tube. More solvent was put into the ﬁmr tube
until the required amount had been added., The nmr tube was capped
and shaken at room temperature until the solids all dissolved. The tube
was repeatedly immersed in the dry ice-acetone bath in order to insure

that the temperature was kept low. The same procedure was used for
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Run 1v-88~A in Table XLV which contained a mixture of p-chlorobenzyl-

ethylmethylsulfonium bromide and tetrajgfbutyiammonium perchlorate. 1In
Run IV-86¥B(Table XLV), a slightly different procedure was used. The
two compounds were weighed in the same vial and the mixture of crystals

were put in CD2012 ccoled in dry ice-acetone bath. Both Runs IV-86-B-

and IV-88-A gave the same nmr spectra.
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Run IV-88-A in Table XLV which contained a mixture of p-chlorobenzyl-

ethylmethylsulfonium bromide and tetrafgfbutyiammonium perchlorate, 1In
Run IV-86-B(Table XLV), a slightly different procedure was used. The
two compounds were weighed in the same vial and the mixture of crystals

were put in CD2012 cooled in dry ice-acetone bath. Both Runs IV-86-B-

and IV-88~A gave the same nmr spectra.
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