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ABSTRACT.

-This thesis describes a kinetic study of the hydrolysis
of alkyl and aralkyl esters of toluenesulphonic acid in aqueous
acetone. The information available at the beginning of the
present work suggested that these reactions can be regarded as
nucleophilic substitution reactions but there was no certainty

about the unimolecular mechanism, Syl.

The determingtion of the activation parameters for
the hydrolysis of compounds which can be expected to react
either by mechanism Syl or by mechanism Sy2 showed that mechanistic
tests based on the ratio of the heat capacity of activation to the
entropy of activation (Bensley and Kohnstam, J.C.S. 1957, 4947 .)
could be epplied to sulphonates as well as to halides. The
application of this test to the hydrolysis of p-substituted

benZ&l toluenesulphonates showed that only p-substituents which
were better electron-doners than thé methyl group gave reaction
entirely by mechanism Syl. Anions which are more powerful

nucleophiles than water gave some bimolecular reaction with
the substrate even when hydrolysis occurred unimolegularly and
bimolecular. - reaction was observed between hydroxide ions and
benzyl toluenesulphonate, in contradiction to some earlier
reports. |

Changes in the composition of the solvent only have
small effect on the reaction mechanism, though the hydrolysis
of i-propyl toluenesulphonate was found to occur entirely by

mechanism Syl in "50%" aqueous acetone, but not in the "85%" solvent.




T R 1)

Comparison of the activation parameters for the
hydrolysis of tolﬁenesulphonates and the corresponding halides
shows that a significant part of the greater reactivity of the
sulphonates results from the more favourable entropy of
activation. It is considered that this arises from the fact
that sulphonates require less additional solvation by water on

activation than the halides.




T

SECTION.

CHAPTER I.
I.1.
I.1.i.
I.2.

I.3.
I.3.1.
I.4.

I.5.

I.e.
I.6.i.
I.7.

Io7oio
1080

CONTENTS

INTRODUCTION cvvoeeccvcccscocsccscscncsccnsss
Nucleophilic Substitution (Sglececcecceccss
Mechanisms of Sy Reactions e.ccececccccces
Ion-PairszIntermediates in Solvolysis ceees
Recognition of Mechanism ceccceececscacncs
Recognition of the Mechanism of Solvolysis
Méchapism in the Borderline Region .cvecse
Recognition of Mechanism in the Borderline
Region seeeccceccescsssescscossonscccsces
Mechanism of Reactions of Toluenesulphonic
ESterS cccecscccccssccsccsccssvscscssnes
Bond Fission in the Reactions of
Sulphonic ESters .ceccceecesccscccsccccssce
Effect of the Leaving Group, X, on Rate
and MechanisSm .ccccscecceccsscccscancsccs
Mechanism of Solvolysis of Sulphonates ...

The Present Study ....0..‘.......'.........

CHAPTER II. THE TEMPERATURE DEPENDENCE OF ACTIVATION

II.1.
IT.1l.i.
II.1l.ii.
IT.1l.iii.

PARAMETERS cecccccecacaccssesscsoscscssscss
Causes of Change in Heat Capacity ......;.
Electrostatic ApProach cceececccveccccccnas
The Solvation Model ccecececccecaccocscass
Sy Reactions in Water seecceccccccccccncss

CHAPTER III.ACTIVATION PARAMETERS AND MECHANISM OF

ITI.1.
III.l.i.

' IIIoloiio

ITI.1l.iii.
III.1l.iv.

SOLVOLYSIS OF p-TOLUENESULPHONIC ESTERS.
The AC*/ AS® Ratio coececesssscssssscsccns

MechaniSmSNl e 0 9 0 50 0600000080068 0009000 s0OO

MeChanismSNZ 6 0 0000008 00090000008t 0 0000 o
i—PrOpyl T01uenesulphonate ee00vssvccssse
Benzyl Toluenesulphonates seesseesccessoss

PAGE.

(CYIRN B Vo

1
18
19
20
26
27
30
32
34

37
42

47
48

49
51
51



T T ey,

SECTION
III.Z2.
III.2.1.
ITT1.53.
CHAPTER IV.

Iv.1.
Iv.l.i.

S IV.1l.ii.

Iv.2.
CHAPTER V.
V.1l.

v.2.

V.3.
CHAPTER VI.
VI.1.
VI.l.i.
VI.l.ii.
VI.2.

VI.3
Vi.4

VI.S5.

N P
Variations of AS* in the Benzyl Series..-
The Mechanistic Transition cceceecccsccccs
SUBSTITUENT EFFECTS ON THE SOLVOLYSIS

OF BENZIL TOLUENESULPHONATES secevecece
Quantitative Treatment .cccccececcecccanne
Mechanistic Interpretations of Linear

Free Energy EQUations e..cccecececccacss

Criticism of the oo and o~ + Relationships

Qualitative Treatment .ccccccecccsccaccsee
THE EFFECT OF CHANGING THE LEAVING GROUP.

Relative Reactivity of Chlorides, Bromides

and Sulphonates ceccceccccccsccaccccccnse
Entropy Difference in the Solvolysis of.
Chlorides and Sulphonates cecceccescscss
Mechanistic Changes Due to Changing X ...
THE EFFECT OF ADDED NUCLEOPHILES .ccccaee
Effect of Electrolytes in Sy Reactions ..
SN1 ReaCtiOns eeccecescecccccecccssnsccans
Sy2 REBCEIONS seveeeerscnvcnsoscccccssans
Salt Effects in the Solvolysis of
Sulphonates ccececccesscccccsscccscccnna
Solvolysis in the Presence of Base eceesee
Hydroxide Ions in the SN1 Solvolysis of
CBLOTAidES eeveececccasscssscsossnsnnsas
Theoretical Treatment of Specific Salt
Effects ccececcosccecscscossccsccsscnee

CHA.PTE:R VIII.EEERIENTAL ® 9 00 006 00008000 CsOLOSBNEGESNSEOCES

VII.1.

VII.Z2.
VII.3.

Identification and Estimation of Purities

of Halidés and Sulphonates cesecsccccscs
Preparation anfl Purification of Materials.
Starting Materials sececcessccsccecsccces

PAGE,

23
56
59

65
65

67
69
70
76

77

80
83
87
88
89
91

.92
98

2

102
110

110
111
116



SECTION.
VII.4.
VII.5.
VII.6.
VIiIi.7.
VI1I.8.

VII.8.1i.
VII.8.ii.
ViI.8.iii.

SO0lvents cccevocecssscsssoscsnccnncs
ThermoStats esececsssccccccscsscsccsce
Methods of Rate Measurement cecesecee
Methods of Calculation and Errors ..
Hydrolysis in the Presence of
Hydroxide Ions .cccsccsecssccoccocsce
Diphenylmethyl Chloride .ueeeessssss
p-Methoxybenzyl Chloride scecececcces
Benzyl Toluenesulphonate ccecececcss

APPENDIX VII.l.Comparison with Previous Results ..
APPENDIX VII.2.The Intervention of Chloride Ions

in the Syl Hydrolysis of a
Toluenesulphonate ..ceccceccsccces

APPENDIX VII.3.Rates, E,AS*, AC* andac*/as*

for the Solvolyses of Sulphonates

APPENDIX VII.4.Details of Individual Runs esececeee

REFERENCES

e 060680000 S ta s OO0 P ODNOESIOE OSSOSO ES PSS

PAGE.
119
120
120
123

126
126
129
130
132

135

137

153
254



1.
'CHAPTER I,

INTRODUCTION
: 1
I.1l. Nucleophilic Substitution (SH)

Heterolytic processes in ﬁhich a deficiency of electrons
at the reaétion centre is satisfied by co-ordination with the re-

actant, are termed nucleophilic substitution reaktions (Sg).

Y: + R ..X —_—y IR+ :X . (8y)

In these reactions the electrons binding the group to be displaced

(X) to the reaction centre are retained by X. The new bond is
formed from a lone pair of eleectrons from the group Y.

Y thus becomes one unit of charge more positive and X one unit
more negative. This type of reaction, which is observed among
halides, and sulphonium and ammonium compounds, is not restricte?
by the initial charges on Y and RX. It will be demonstrated latér
(see Sect. I. 6.) that the solvolytic reactions of éulphqnates

also fall into the Sy category.

I.1l.i. Mechanisms of Sy Beactions

Two mechanisms are recognised for nucleophilic
substitution reaction?.
(a) The products are formed in a single, rate determining step
in which the substrate, RX, and the reagent, Y, undergo
simultaneous covalency change. The reaction is bimolecular

and is labelled SNE.

W UNIV,
“‘“‘suliluf ER f’
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~3 ndd \ T A
Y+ RX —|Y == R —— X : YR + X (8x2)

ransition State
The hydrolysis of methyl bromide in aqueous ethanol is an

example of this mechanismz.

(b) The rate of reaction is determined by a preliminary slow
lonisation of the sﬁhstrate, RX, to give a highly reactive
carbonium ion which theh rapidly co-ordinates with the reagent,

Y. Since only 6ne molecule undergoes covalency change in the rate
determining step, the process is unimolecular and is labelled
syl.lr 2

) ":S-b 8{} R -
RY —>] R X -2 R 4+ X (slow)
Transition State

R'+Y ___y: BY' (fast) (84D

The large activation energy required for the iomisation of the

C - X bond in the gaseous phase is reduced to an accessible value
iﬁ solution by the solvation of the polar transition state.2
Tert. - butyl chloride in aqueous acetone is hydrolysed by this
mechanism.3

I.2. Ion - Pair Intermediates in Solvolysis

The nature of the Syl mechanism has been subjected to
detailed scrutiny. Since the ionisation step leads to a planar
carbonium ion, an optically active substrate should give a racemic

substitution product. Shielding of the carbonium ion by the

/3.-.
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' leaving srbup:was-susgested to account for the partiai inversion
accompahying the Syl solvolysis of‘drphenylethyi chloride.”
Winstein} howevéi, held the view that if ionisation was complete
enough to Jjustify being labeiled Syl, then the ion, R+, should be
free from shieldins.E' As an alternative Hammett first suggested
the formatiom of:an ion-pair intermediate prior to the formation
of the fully'separated iohs.s The reaction of this intermediate
with the solvent would lead fo inversion of configuration and
the relative rated of reaction of the ion-pair and the carbonium
ion would then control the extent to which suéh inversion occurred.

' The original ion-pair poéitulate has since been modified
by Winstein and his co—workers7 to explain the behaviour of some
optically active sulphonates in acetic acid where mechanism Syl
was thought to operate. They found that solvolysis occurred much
more slowly than facemisation and proposed the ion-pair niechanism

Ed

shown below,.

B — || =r|r= & + r

Internal External Dissociated ions
ion-pair ion-pair
\ Products

The reactivity of the first, the internal ion pairwas much
less than the external ion-pair or the fully developed ions;

racemisation occurred in both ion-pairs. Two types of ion-pairs

[heoo
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were reqnifed to account for the observed salt effects.

The-evidence for ion-pair formation seems to be
satisfactory for acetolyslis and racemisation has been seen to
occur more rapidly than hydrolysis in aqueous éystems.8
However, since the reactions of ionppéirs with nucleophiles in
the latter solvents has not beem unambiguously demonstrated,
the simpler, Syl reaction scheme will be accepted in the present
discussion. This simplification appears to be Justified since
it has been concluded that in thg reactions of dichlorodiphenyl-
methane with mixed chlorideé and bromides in aqueous acetone,
the reactions of ion-pairs are not significant compared to the
reactions of the fully developed carbonium ions.9

I.3 Reco tion of Mechanism

The kinetic criterion can be used as a method of
determining reaction mechanism as long as all reacting spgcies
are in small and controllable concentratiofss. Under these
conditions the bimolecular process leads to second-order kinetics
and the unimolecular process in its simplest form (see

Section I, 3.i.b) requires first-order kinetics.

Rate = kp [BX] [1] Sy2

Rate = k3 Eﬂﬂ ' Syl

/500.
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I.5.1. Recognition of the Mechanism of Solvolysis.

In solvolytic reactions, with which the present
investigations are mainly concerned, the substituting agent is
a major_component.of the solvent and is, therefore, in virtually
constant excess. The rate equation then reduces to the
first-order irrespective of mechanism and the kinetic criterion
cannot be used.,

Several further criteria were reviewed in detail by

‘Hughes.l® Each has a limited renge of utility snd it is a

general rule to apply them in conjunction with each other in
the solutiorn of a particular problem. Some of these criteria
are discussed below and others will be discussed in théir context
as they arise.
(a) Optical Methoall
The transition state, I, of a bimolecular reactioﬁ
will have a lower energy than the transition state, II, since the

repilsive

gll gl gl

\/ [

gplll R

interaction between X and Y is least when Y - C - X is linear.

/6ece
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Substitution via this symmetrical transition state will lead
to optical inversion at the central carbon atom. Unimolecular
substitution occurs via a carbonium jon intermediate which
has a plane'of symmetry and is, therefofe, expected to give

a racemic product. If the intermediate is very short-lived,
the carbonium ion may not become completely free from the
shielding of the leaving group, and then racemisation mdy

be accompanied by inversion. (See, however, section I.2 for

alternative explanatien.)

(b) Electrolyte Effects.4b

The transition states of SNE and SNI

~ T+ n3-

solvolyses are more polar than the uncharged initial states.

By analogy with ion-atmosphere stabilisation of fully developed
iong, it is expected that these charged transition states will
be stabilised by the addition of electrolytes. On this

viewgb' an increase in rate with increasing ionic sfrength is to
be expected but this increase will be greater in Syl than Sy2
processes since charge density is greater in the transition
states of the former process. The ionic strength effect,

however, is not highly diagnostic of mechanism.

[7eee
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7.

A further_diagnostic salt effect occurs in SNl processes.
The slow ionisation of RX may be reversed by the anions produced
in the course of solvolysis or by added common ions, X~, The
reversal of thé rate controlling step, known as the mass law
effect, may result in a depression of the rate of destruction
of RX.4b The mass law effect, which is specific to Syl
processes, and the ionic strength effect are discussed more.
fully in Appendix VII., £ and Section VI 1.
(c) Effeet of Solvent Changes.

The charged tramnsition states of Sy solvolyses
(see P.5) are stabilised by solvation by the polar solvent.
Any change of solvent which facilitates solvation will incrgase
the solvent stabilisation of the transition state with respect
"to the initial state and give rise to an increase of reaction
rate. As charge density in Sy2 transition states is less then
in S5l; changes in solvating power of the medium will be less
effective in the former reactions.lz'

More recen,t.workl3 has confirmed the earlier view
regarding the effect of changes of solvating power on the
stability of the transition states of Syl and Sy2 processes.
It has also shown that the stability of the initial state makes
a significant contribution to changes in the rate arising

from changes of solvent.

/8ees
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(d) Changes in the structure of R

In Sy reactions X, carries the pair of bonding
electrons away from the reaction centre, C. The resulting
electron deficiency is made up by co-ordinétion with Y
simultaneously (Sg2) or at a Iatei stage (Sgl).

If the nature of R is varied to allow an increased.
degree of electfen release to the reaction centre, the bond
breaking process will be facilitated with consequent unambiguous
acceleration of Syl reactions. Electron release to the reaction
centre in SN2 processes facilitates bond fission but may
simul taneously inhibit the approach of the mucleophilic group Y.
The effect of varying R-in-bimolecula: processes will be less
than in SNi processes and depending on whether bond formation
oT bond fission predominates, the rate may be decreased or
increased. A negativé charge on Y will accentuate the importance

'of the inhibition to bond formation. (See P.10)

It follows that increasing electron release to the
central c;rbon atom of R will give increasing facility for
reactibn by mechanism SNl. The expected transition from
mechanism Sy2 to Syl has been observed in the series of alkyl

. 14.
i halidesa’ 5

/9ees
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CHsX,  CH3CHpX, (CH3)pCHX; (CH3)xCX,

where increasing electron release is by an inductive process.
The rates of solvolysis of the bromides in aqueous ethanol

are in the order Me) B > i-Pr {t-Bu. The rate sequence of the

first three compounds may be due to the polar effects in SN2

reactions already discussed. Since such effects are likely to
be small for attack by neutral reagents, a more probable
explanation may lie in the steric requirements of Sy2
reactions. Increasing steric hindrance to SN2 reaction, with
increasing complexity of R, has been demonstratéd'frequently.lt_i'c
The high rate of solvolysis of the tertiary halideclearly
démonstrates that mechénism‘snl occurs here. Added hydroxide

ions yield an additional second order reaction whose rate
decreases in the order Me) Et) i~Pr while the solvolysis

of t-butyl bromide is not accelerated. It appears that mechanism -

Syl occurs for the latter compound even in the presence of

base while the others react bimolecularly with the hydroxide ions.
Bimolecular attack by hydroxide iohs on the i-propyl bromide

does not mean that the mechanism of solvolysis, i.e. reaction
with the weaker nucleophile, water, is also bimolecular15 and

no definite conclusions about the mechanism of soivolysis of
this compound can be made. It is, however, likely that the
hydrolysis occurs in the borderline region which marks the
transition from mechanism Sg2 to Syl (see Section I.4).

/10...
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10.
Similarly the corresponding phenyl substituted series,

CH;X, PhCHoX, PhoCHX, PhsCX,

where electron release is by a conjugative process, again
represents a series with increasing electron release to the
reaction centre and hence a series with increasing facility
to react by mechanism Syl. Rates in this series increase
throughout and it is believed that mechanism Syl occurs in

the solvolysis of the secondary and tertiary halides,les 17, 18.

The mechanism of solvolysis of benzyl halides is not so clearly
19

defined. The acceleration produced by hydroxide ions

indicates an Sy2 reaction with base but does not exclude Syl
hydrolysis. On the other hand, the small retardation by
chloride ionszo is suggestive of a mass law effect (see P.g)
diagnostic of mechanism SE1° The retardation may, however,

be due to a negetive salt effect on an Sy2 substitution.21

It has been concluded from consideration of the available
information that the mechanism of hydrolysis of benzyl chloride

in 50% aqueous acetone is Sy2 in the main.22

Variation of electron release to the reaction centre

of aralkyl compounds can be realised by the intreduction of

. polar substituents into the aromatic ring. lMeta and para

substituents in phenylmethyl compounds will alter the reaction

rate by virtue of these polar effects without additional steric

/1l...
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" completely by this mechanlsm

11.
¢omplications which could result from substitution at or near

the reaction centre. A series of para substituents

NO,, H, Me, p-MeOCgH,, PhO, MeO,

represents a graded,series with incfeasing facility for
electron release towards the reaction centre and hence increasihg
tendency to react by mechanism SNl. It has beeﬁ shown that

only the p-phenoxy2? and p-methoxy=+

substituents induce
mechanism SN1 among. the p-substituted benzyl'chlofides'in

agueous acetone while the solvolyses of the others- do not occur
24, 25,

In bimolecular processes the effect -of such substitution
is ambiguous (see P.6). If the nueleophilic reagent carries
no formal charge, one would ex@ect the effect .of, say an
electron-donating substituent in R on the bond forming process
to be of minor impbrtance.' The effect of such a substituent
would be mainly in the ease of C - X fission and one.
would,'therefore expect an incrgase in the rate of reaction,

as in Syl processes but to a smaller extent since the influence

of bond forming is not entirely negligible and is in the
opposite direction (TABLE I.l.).

/12...
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TABLE I. 1,

Substituent Effects, ky/kg, for p-X-Benzyl Chloride and
p-X-Benzhydryl Chloride |

kx/kg
X = NOp H Me - Mechanism
p-X-CeHaCHxC1® 9,36 x 1070 1 . 813 8y2
p-X-CH4CHC1.Ph® 1 o5 'y 10-4 1 21.2 81

'a At 50°C in 50% aqueous acetone ref 24
b At_25§0 in_70% aqueous acetone ref 23

When Y carries a negative charge, the effect of polar substituents
on the bond forming process is important, as is observed in

the bimolecular reactions of radio-bromide ions with p-substituted
benzyl bromides in ethylene diace.i;a.te26 and in the Finkelstein
reaction of benzyl chloridesa7 ( TABLE I.2) It is notewnmthy

that the rates have a minimnm'value for the parent compound.

Electron aftnacting substituénts presumably increase

/13¢..
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TABLE I. 2.

Substituent Effects kx/kfof p-X-Benzyl Halides (RX) in

Ethylene Diacetate (4)2® and Acetone (B)27

X = NOp» CN Cl H Me t-Bu OMe
B. RCl+I™ 6.19 - 2.12 1l 1.17 1.35 -

the rate because they facilitate the approach of the negatively
charged, Y-, to the reaction centre. Electron releasing groups
also accelerate the reaction, presumably because of the greater
ease of bond fissionm. '

I.4. Mechanism in the Borderlime Region

A great deal of interest has centred on the mechanism
of By reactions in the region which marks the transitiom from
mechanism Sy2 to Sgl, the mechanistic borderling regionm.
It is helpful to regard the transition sfate of an Sy

28
reaction as a resonance hybrid of the three canonical forms:-

I _ II III

The transition state for SNI reactions will have no covalent

attachment of Y and therefore no contribution from structure 1I.

/14..0
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If structure II contributes to a transition state, then the .
mechanism must be regarded as SNZ since covalent participation
qf Y is an essential feature of the activation process.
On this basis, mechanism in the borderline region
may be regarded i# oné of two ways:-zab’ 50, 31.
All individual steps may proceed via the saﬁe transition
state which can be regarded as a resonance hybrid of structures I,
IT and III. The more the conditions favour SN1 reaction, the
greater will be the contributions from IIT and the smailer the
contribution from II. It must be emphasised that this mechanism
must be regafded as Sy2 in this region since covalent attachment
of Y is a feature of the transition state.
Alternatively, individual molecular acts may occur
via any one of a number of tramsition states. If structures
I, II and III contribute to the transitioﬁ state the mechanism
is essentially bimolecular, while if there are contributions
from I and III only, the mechanism is unimolecular. Thus
concurrence of Syl and Sy2 processes is postulated. Reaction
by one SHL and one .SNZ process 1s a simplification of this
scheme, |

The problem of whether reaction occurs via a

single transition state of whether concurrence of mechanisms Syl

and Sy2 best describes Sy processes in the borderline region
has arouéed considerable interest. Winstein, Grunwald and Jones28b
studied the relationship between solvolytic rates and solvent
composition on the basis that the relevant solvent properties,

/15...




15,
ie., nucleophilic power and ionising power, vary independently.
They suggested that the rate ofsolvolysis, k, can be compared
to the rate in a standard solvent, k°, by the linear free

energy relationship
log(k/k°) =mY o I.1l.

where Y is a measure of the iomising power of the solvent

and m is a constant, independent of the substrate, with one
value for Syl and one for Sy2 reactions. They concluded that
the solvolysis of i-propyl bromide in aqueous alcbhol was
consistent with reaction via a single transition state_rather _
than a concurrence of mechanisms. Bird, Hughes and Ingold,3°
however, pointed out that the requirements of Egn.I.l were

not obeyed by the reaction from whiéh the value of m for

SN2 solvolysis was obtained. . Gold32a suggested that the value
of m for Sy2 processes must vary with chénges in the relative

contributions of structures II and III to the tramnsition state.‘

Other limitations of Eqn.I.l have also been discussed.>!
Cruden and Hudson33 agssumed that the solvolysis of

benzoyl chloride in formic acid occurred by méchanism Sxl

and concluded that the greater rate of reaction in agueous

organic solvents of the same Y value as formic acid arose from

concurrence of Syl and Syx2 hydrolysis. The results of isotopic

studies on the hydrolysis of acid chlorides, however, make it

/16...
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. appear doubtful if these reactions occur purely by Sy
oy .

mechanisms.
The kinetics of the reactions of m-chlorobenzhydryl
30

halides with various reactants in sulphui dioxide are not
consistent with SN1, SN2 or concurrent mechanisms. The
discrepancy may be due to medium effects (see Section VI.1l) which
were ignored or to the formation of ion-pairs in this solvent.
Recently Pocker35 studied th§ reactions of bromide, chloride

and azide ions and triethylamine, aﬁiline and pyridine with
benzhydryl bromide in nitromethane. The results suggest

concurrence of mechanisms Syl and Sy2 but since the rates

of racemisation of aralphyl halides in nitromethane are
greater than the fates_of substitution and elimination, an
intermediate state of heterolysis has been susgested.56 This
may be the ion-pair intermediate of Winstein (see P.3) which
was also postulated for reactions in a medium of low dielectric
. congtant. Direct attack on this iﬁtermediate by the reagent
may account for the second order reaction.

Concurrence of Syl and Sy2 processes was thoughf to
occur in the isotopic exchange between»bromide ions and
t-butyl bromide in acetone’! but later work does not support
this conclusion.38 Recently evidence has been produced of the
concurrence of mechanisms in the reacfions of benzhydryl chloride

and chloride ions in dimethyl formamide.39°

/170,
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Kohnstem and his co-workérsmo have showrn that concurrent
Syl and Sy2 reactions occur between azide, chloride, bromide
and nitrate ions and p-phenoxy- and p-methoxy-benzyl chlorides
in 70% aqueous acetone, where hydrolysis is unimolecular.
The relative bimolecular rates of the two organic chlorides
with the various ions and the relative rates of Syl hydrolysis
led the authors to suggest that some heterolysis of the C-Cl
bond, occurs prior to nucleophilic attack. This was most
noticeable in the cases of the weaker nncleophiles.'.Not all
the results could be explained assuming that the reaction
occuired via ion-pair and carbonium ion intermediates omnly.

The hydrolysis of 2-octyl p—broﬁobenzenesnlphonate in
7% aqueous dioxah’ gave the alcohol with 77% inversion of
configuration whereas hydrolysis in the presence of azide ions
gave complete inversion.41 Concurrence of Sy2 displacement
with a reaction via an intermediate was proposed, the intermediate,
in turn, giving a product with racemisation or retention of
configuration. The azide ions, in reacting preferentially with
the intermediate, were thought to prevent its conversion to
the alcohol, which was thus all produéed by mechanism Sy2.
This result is rather unexpected since azide ions generally
show a greater tendency to compete with water for the uncharged

substrate (Sg2) than for a charged intermediate, be it an ion-

pair or a fully developed carbonium ion.
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| Analysis of the activation parsmeters for the
hydrolysis of 5enzy122 and p-methylbenzyl chloride24_in aqueous
acetone suggests that the results are consistent with a single
mechanism or with concurrence of 8yl and S§2 processes. The
authors favour concurrencé of mechanisms but the operation of
mechanism Syl in conjunction with the extreme form of the Sy2
process seems unlikely.

It would appear that Sy reactions in thé borderline
region probably occur by concurrence of mechanisms Syl gnd'SN2.
The evidence does not discriminate between one. reaction path
for each process or a larger number of reaction. paths for each

process. It does meem, however, that concurrence of mechanism

Syl with the extreme forms of mechanism Sy2 is unlikely.

I.5. Recognition of Mechanism in the Borderline Region

The criteria of mechanism listed earlier (Sectiom I.3.)
are of limited value in the borderline region. The charge
density in the group R of RX in Sy2 transition states in this
reéion may well be large and these reactions may then acquire
appreciable Syl character with.respect to solvent changes, ionic
strength effects and substituent effects, since these properties
are dependent on the charge density in R in the tramsition state
(I.3.i,b.c. and d.). Furthermore Syl solvolysis close to the

borderline region may not necessarily show an appreciable mass
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law effect since the carbonium ion may be destroyed papidly
by the collapse of the solvation shell. Partial inversion
of configuration in Syl reactions, which produce unstable
carbonium ions, is likely to occur since shielding by the
leaving group or ion-pair formation is more likely under these
conditions. This makes stereochemical evidence unsatisfactory
(see P.5).

Bensley and Kohnstam22 proposed a further test of

mechanism based on the observation that AC*/ag* (where
§C‘md AS* are the increases in heat capacity and entropy

' respectively associated with the activation process) was
independent of the substrate in SN1 processes and that the
value of this ratio was less if the mechanism was not SNI.
This test, which shows greater sensitivity to changes of
mechanism than the classical tests, will be discussed in
CHAPTER II.

I.6. Mechanism of Reactions of Toluenesulphonie Esters

The presént thesis is concerned with the reactions
of p-toluenesulphonic esters, mainly with their hydrolyses.
These reactions can be consldered to occur in one of two
general ways:-

either via carbon - oxygen (C - 0) fission
R &+ O -
: 1 : 1 +
R = 0 - SO0 +H20—-)R0H+0802R + H

42
analogous to BaT, solvolysis of carboxylic e~.=.;1s-ers,l+

080.21
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or via sulphur - oxygen (8-0) fission

R - + S0Rl + Y" — RO™ + RIs0.Y

0
R - 0 4 SORl + H,0 —> ROH + 0SOR! + H*

analogous to Bjg solvolysis of carboxylic esters42.

I.6.i. Bond Fission in the Reactions of Sulphonic Esters
All the available evidence suggests that C - O

fission occuré in the reactions of alkyl and aralphyl sulphonates
and that S - O fission occurs more generally with aromatic
sulphonates. The basis of this yieﬁ will be considered under
three headings.
(a) Chemical Evidence

Fern and La.pworth.45 pointed out that alkyl sulphonates,
in contrast to carboxylic esters, are alkylating agents for

alcohols, amines, acids and Grignard reagents.

ArSOo0R + RYO™ ——3 Arsozo~ + RIOR
ATSO20R + RINH, —3 ArSOo0H + RINHR
 ArSO20R + B1C00- ——3 ArsS020~ + RICOOR

ArSOo0R + R1MgX —— 3 ArS0,0~ + MgXt + RRl

Aromatic sulphonates are less reactive but give amides with

amines and sulphones with Grignard compounds.
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ArS020Ar' + RNH» ————3 ArSOSNHR + ArlcH
ArS020Art + ArllMgX ——> arsopar!l + arlo Mgx

This suggests that aliphatic esters react with C - O fission
and aromatic esters with S - O fission. Similar conclusions
arise from the obser#ation that lithium aluminium hydride reduces
alkyl sulphonates to give hudrocarbons while the phenol is
obtained from the aromatic esters. Raney nickel, however
gives the alkyl alcohol or the aromatic hydrocarbon.45 The
contrast between the two reductions is thought to be due to
different reducing species. Raney nickel operates via a
hydrogen radical, H*, while lithium aluminium hydride is
regarded as a source of hydride ions, H", i.e., a nucleophilic
reagent.,

The production of alkyl chlorides dur;ng the solvolysis
of methyl46 and ethyl toluenesulphonate520 in the presence of
chloride ions suggests C - O fission for attack by chloride ions.
Although it has been inferred from this that C - O fission also

occurs in hydrolysis,55 this cannot be taken as conclusive evidence.
Formétion of olefin,47 which accompanies the.solvolysis of
some sulphonic esters requires that C - O fission occurs at

least in these reactions.
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(b) Optical Evidence
Reactions of optically active sulphonatesby

Rl | _ _ gl

/

o]
V)
Q
*
o
--l"

SOoR + HoO — 3 B2

8 -~ O figsion must give the product with retention of

configuration since the optically active centre (C*) is

undisturbed. As was seen earlier (Sectiom I.3.i.a.) for Sy

processes bond fission at the optically active éentre (c - O%

fission)may give inversion of configuration (Sy2) or racemisation,

with or without accompanying inversion (SNI). Retention of

configuration only occurs in specialised cases.48

Optically active & -phenylethyl toluenesulphonate
undergoes inversion of configuration accompanied by some
rgcemisation in acetolysis and ethanolysis.49 Further
studiesso of a number of optically active sec. - alkyl
toluenssulphonates in ethanol and in ethanol containing
lithium chloride or potassium acetate showed inversion of
configuration in conjunction with some racemisation in the

ether, chloride or acetate products. The absence of retention

of configuration in the products suggests that C - O fission is

/23...
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predominant. The concurrence of C = O and S - O fission, which
could give the observed optical results, cannot, however, be
excluded. The proposed Syl mechanism for the solvolysis of
d. - phenylethyl chloride via a comparatively unstable carbonium
ion, is consistent with the observed optical results.’®

Solvolysis of optically active @ - denterobenzyl
toluenesulphonate in ethanol and 80% aqueous ethanol gives,
within experimental error, complete inversion of configuration
in the ether and alcohol produced.’2 Complete C - O fission
is indicated in this case. ' ‘ |
(¢) Evidence From Tracer Experiments

Hydrolysis of sulphonates, by a mechanism involving
S - 0 fission, in water enriched in 018 will give the alcohol

whose 018 content is normal.
B - 0 + 508 + Hp0'8 RO + HO'E s0.R!

If C - O fission occurs the o18 content of the alcohol produced

is expected to be the same as in the enriched water.

R ¢ O - SOoRY + Ho018 ) ROYH + H-0-SOoRL

L piald

The hydrolysis of methyl methanesulphonate in water enriched
with 018 ip alkal;ne and initially neutral conditions gave the
amount of label in the methanol produced, that was consistent
with C - O fission.”>

/24,
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Since the beginning of the present study further
evidence of C - O fission of sulphonateé from tracer studies
has been reported.54 Recovered substrate, from the formolysis of
&~ phenylethyl toluenesulphonate in the presence of sulphonate
ions lébelled with 855, contained some of the label, This is
consistent with reaction between the labelled sulphonate ions
and the carbonium ions or ion-pairs resulting from the ionisation
of the substrate.
Nucleophilic attack on sulphur, corresponding to
S-O fission is, however, observed in alkaline hydrolysis of
phenyl tolue,nesulphonad:e.5’5 The rate of bimolecular attack of
hydroxide ions on benzyl toluenesulphonate can be seen
'(TABLE I.3.) to be much larger than on phenyl toluenesulphonate

where tracer evidence indicates S - O fission. Assuming that

TABLE I.3.
The Rates of Bimolecular Attack (k2) of Hydroxide Ions on Sulphur

and Carbon Atoms of Sulphonates at 20°C.

k, in (Jn/l)-1 sec T
Substrate - 10%k; Bond Fission
CeH5CH20S02C6HACHS™ 479.1 C-0
CeH5080C6H4CHZP 0.3673 S-0

a In 70% aqueous acetone from present work.

b In 70% aqueous dioxan ref. 55
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the rates of mucleophic attack on the sulphur atoms, which are
rather remote from the region of structural difference in the
two substrates are of the same order in the benzyl and phenyl
compounds, no S - O fission is to be expected in the alkaline
hydrolysis of the former. In neutral solution no solvolysis of
phenyl toluenesulphonate was observed alter 3 weeks atJEOfG.
It would, therefore, appear that S - O fission is negligible
in the solvolysié of benzyl toluenesulphonate in alkaline and
neutral conditions.

The-solvquses of alkyl and aralpyl sulphonates, must
on the bulk of the evidence, be accepted as occurring by C - O

fission. C - O fission of sulphonates

o-sozal____)m++5-soenl

-1.—-

Y+R

closely resembles the SN reaction scheme (see R1l)

Y + BX ———— YR+ + X

where X~ now corresponds to 5-80231, the stable sulphonate ion.
The electrons of the breaking bond are retained by the sulphonate
ion and the reagent Y.supplies the electrons of the new-bond.

The reactions of sulphonates considered in this thesis, will,

therefore, be discussed in terms of the Sy reaction mechanisms.
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I.7. Effect of the lLeaving Group, X, on Rate and Mechamism
Replacing halogen by sulphonate as the leaving group,

X, in substitution reactions, results in a considerable increase

in the reaction rates of Syl and Sy2 solvolysis in aqueous organic

solvents.

TABLE I. 4.
The Relative Rates of ROTs amnd RC1l at 50°C
R, . KROTs/KRC1 ~ Mechsnism
CoHg 2 1.1 x 10° Sg2
p-NOoCgH4CHp P 4.8 x 102 Sy2
p-NO2CH4CH.Ph © 3.0 x 10% Syl
p-MeOCgH,CHo © 1.6 x 10% Syl

a. Aqueous Dioxan ref. 20
b. 50% Acetone.Chloride result ref.24
c. 85% Acetone.p-NOCgH4CHCL.PY.D p-MeOCgH4CHoC12%

It is of interest to see whether this increased reactivity arises
mainly from changes in E or AS*or from both for Syl and Sy2
processes. Unfortunately the rate data have not‘always been

of sufficient accuracy te allow much reliance being put on

sctivation parameters.

Also these parameters were often obtained at different

temperatures because of the widely different reactivities of

/27.-0
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the various compounds, and since it has now been recognised that
activation parameters for reactions which produce a polar
transition state can be expected to be temperature dependent
(details in CHAPTERII), striet comparison of these quantities
often cannot be made. Although activation parameters and
their temperature coefficients are now known for a number
of halides, the corresponding information for sulphonates was
not available. One of the aims of the present work was to
obtain such information.

I.7.i. Mechanism of Solvolysis of Sulphonates

The greater ease of iomisation of the sulphonate
leaving group has usually been expecfed to facilitate mechanism
Sxyl, resulting in this mechanism occurring at an earlier stage in
a series of electron-releasing compounds.56 Little difference
of mechanism is observed between the reactions of chlorides
and bromide357 but this may be due to the importance of bond
breaking in mechanisms Syl and Sy2 for halides.

Solvolytic sbtudies of aikyl sulphonates in aqueous
and anhydrous methanol indicated that a transition of mechanism
occurred in the region of the primary and secondary compounds,

the secondary éulphonate reacting by mechanism SNI?B The

- evidence of the effect of added hydroxide ions supported this

view?9’ 60 Other workers have suggested that the secondary
sulphonates react by mechanism Syl generally but acquired

bimolecular character in solvents of low aqueous content.Gl

28.0.
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The unimolecular character of the solvolysis of secondary
sulphonates is in contrast to the corresponding chlorides where
mechanism Syl first occurs with the tertiary compounds.
Mechanism Syl has, however, been proposed for the hydrolysis of
methyl methanesulphonate in water on the evidence of an apparent
mass law effect.53 'Apart from this latter conclusion most workers
agree that the mechanism of solvolysis of alkyl sulphonates
in aqueous organic solvents seems to be generally established.

Mechanism SNI is observed for the éolvolysis of secondary
compounds, at least in the more aqueous solvents. Thus
compared with halides (see P.9 ) mechanism Syl appears to
occur somewhat more easily.for sulphonates.

The picture, with regard to the solvolysis of
substituted benzyl sulphonates, is not as.clear. Brown62a’b
suggested a change of mechanism in the region of the m - or p -

methyl derivative. His arguments are based on the linear free

energy relationship (see Section IV.1l).

10g(kX/xH) = p -
where kX and kH are the rate coefficents of the substituted and
unsubstituted compoungds, P is a measure of the sensitivit{y of
the reaction to substitution and o~ + iss@asubstituent constant
obtained from other systems where mechanism Syl operates.
This relation accounts reasonably successfully for kX/kH in a
number of Syl reactions.®2 When applied to the benzyl

toluenesulphonates, it was claimed that the plot defined two
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distinet lines of different slopes suggesting the change of

-.s....m*'uﬁl—oli"ﬂm.»‘}

mechanism mentioned. A detailed inspection of the log kx _gt
plot by Hammond®3® ghowed that the data was best fitted to a
smooth curve and he concluded that all the behzyl sulphonates
react by mechanism Syl but that most or all of them may not be
limiting in the Winstein sense. Substituent effects of p-X-benzyl
toluenesulphonates are re-examined in Chapter IV.

The lack df catalysis of the hydrolysis of benzyl

63b

sulphonates by hydroxide ions, suggests mechanism SN1

for reaction with this ion and, by inference, with the weaker

nucleophile, water. Hammond63b’8-

studied the hydrolysis of
benzyl and m~halogenobenzyl tolueneésulphonate, ROTs, in agueous
acetone in the presence of added ioms, Y-, which could form

a stable product, RY. If the reaction of I~ with ROTs ié

~unimolecular, then the reaction scheme ig:-

kq + =
ROTs —_—3 R+ OTs 1.
R* + H0 ZBOE__, gpom + B* 2.
R* + Y- XRY 3 mY 3.

If bimolecular attack of Y~ on ROTs is also possible then

reaction 4 must be included.
k2
ROTs + Y~ ——3 RY + OTs 4,
If reaction of Y~ with ROTs is unimolecular, the rate of

destruction of ROTs (kpopg) depends solely on the rate of
/30..0
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5 ionigsation of ROPs (k;). Thus kpoTs will be uneffected by Y-, |
except through medium effects, but kROH will be reduced by the
competition from reaction 3. If bimolecular reaction between Y
and ROTs occurs, then kpomg will be increased (=kj+ ko[y-])
while kpog wiil be unaltered. Hammond, in fact found that
the added anions, Y~ = NOz~ or C1~, reduced kpoy but did not
alter kpomg, consistent with an Sylreaction in the presence of
these ions. Other aspects of this work were, however,
ineconsistent with thg mechanistic interpretations and these
will be discussed in CHAPTER VI where the effects of elgctrolyte
| additions are examinéd.
On the other hand the solvolysis of optically active
oK~ deuterobenzyl toluenesulphonﬁte in ethanol and80% aqueous
ethanol occurs with complete inversion of configuration with

respect to ethanolysis and hydrolysis?2 Complétely bimolecular

reaction is, therefore, strongly indicated. (see Section I.3.i.a.)
I.8. The Present Study

Because of the widely differing views regarding the
mechanism of solvolysis of benzyl sulphonates, it was decided
to investigate the problem further. As some of the reactions
can be expected to occur in the mechanistic borderline region
where the classical tests of mechanism are unsatisfactory
(see section I.5), the ACY.AS* test (see P¥9&Section II1.1)

was employed. In order to determine the mechanism of solvolysis

/3lees
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of suiphonates using this test, it was first essential teo
establish that it could be used for these compounds. Once this
was done (Sections III.l.i. and ii.), the test was applied to

a series a p-x-benzjl toluenesulphonates and the mechanism
throughout the series established (Section III.i.iwv.). Since
activation parameters and their temperature dependence became
available from the present work, a comparison of rates and
these parameters for chlorides and sulphonates can be made at
the same temperature, in order to undefstand more fully the
effect of changing the leaving group on the rate and mechanism
(CHAPTER V). The results did not support Hammond's conclusions
(see P.30) and additional experiments on the effect of added
snions on the solvolysis of beﬁzyllsulphonates.were, therefore,

carried out to resolve the discrepancies (CHAPTER VI).

P L.
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CHAPPTER IT

THE TEMPERATURE DEPENDENCE OF ACTIVATION PARAMETERS.

The rates of chemical reactions are often expressed

by the empirical Arrhenius equation.:§4

where E is the activation energy and B the non-exponential term.

Alternatively, transition state theory yields the rate equation

in the form:&°

in k = 1n(XT/h) + A4S*/R - AH*/RT II.2
where K is the Boltzmann constant

h is the Plank constant
AS* and AH* are the entropy and enthalpy of activation
and represent the increases in these quantities in the

activation process. Activation parameters are of interest since

B -

rate data at any temperature and information about the transition

state can be obtained from them.

Strictly E is defined by

E = RT2,4(lnk)/aT : II.3

Eqn. II.1 is obtained from II.3, assuming that E is independent

of temperature.

/33000
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" If this assumption is not made Egqns.Il1.2 and II.3 yield

E =AH* + RT II.4
whence dE/4T =AC* + R | I1.5

without this assumption, where A}G* is the difference of heat

capacity between the initial (Ci) and transition (Ct) states,
Aac* - .6y - Ci,

Combination of II.2 and I1.4 gives the conventional form (II.6)

of the absolute rate equation for reactionms in solution.
lnk = 1n(ET/n) + 1 +4S*/R - E/RT II.6

This equation will be used in this thesis to obtain values of
E, AS* and k.

Althoughmeny previous authors have pointed out that,
on purely theoretical graunds?e activation parameters can be
expected to be temperature dependent (i.e. AC*£ O, see
Egn.II.5.), most workers have assumed these parameters to be
constant and have cited experimental evidence (e.g. good
linear Arrhmius plots) in support of the assumption . It
does, however, seem likely that these observations arise,
at least partly, from the use of rate data which were not
sufficiently accurate to allow the variation of E and AS*
with temperature to be observed. In the last few years,

| however, temperature dependent activation parameters have been

reported§7 usually for solvolytic reactions. In these systems
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an increase in pola:ity of the substrate occurs in the activation
process and in all cases AC* has been negative, generally
in the range - 10 to - 100 cals. and constant over the
experimental range. Valués of AC* for various reactions have

been reviewed on a number of occasions.28? 71, 79-

II. 1 Causes of Change in Heat Capacity
For the Syl solvolysis of a number of structurally
different organic halides®? and one nonphalid969 in aqueous acetone,

the value of the ratio AC*/AS* is found to depend only on the

.8olvent composition and the temperature, and to be independent of

the nature of the substrate. For Sy2 processes under the same
conditions the value of this ratio is always lower than the Syl
value.7o These observations have been used to form the basis

of a mechanistic test (see P,19) which has been useé to elucidate
the mechanism of solvolysis of substituted benzyl chlorides.'71
It appears, then, that the factors which controlAC* in Syl
solvolysis, also control AS* and any exPlanafioﬁ of the negative
AC* values must take into account the constancy of theAC*/AS*

ratio. Possible explanations are discussed below.

IT.l.i. Electrostatiu Approach

If the solvent is regarded as a'éontinuous dielectric,
there will be electrostatic contributions to the free energies
of a dipolar initiai state and of the more polar transitien.state.
These contributions will depend on the dielectric constant, D,
of the solveny and can be obtained from the Kirkwood equation.72
The usual differentiation of this equation?o with iespect to

temperature yields the electrostatie contributions, ACB_ and
/35.0. "
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andAs§ , toAC* and AS*
Asp = ’Lt-z- ’ff 3D d 1nD II.7.
l2e3 =43 (2p+1)2 T
~AC} ={11t2- ny2 3D0F(2D - 1) ( d1nD )2
rta rii (2p+1)3 a7

where ﬁ is the dipole moment, r, the radius of the molecule
contairing the dipole, and the subgscripts t and i refer to the
transition and initial statés respéctively. This apbroach predicts
negative values of botbudcn andasy (4 1nD/AT 1s negative) and a
4&05AAS§ ratio which is independent of p and r and therefore
indepgndent of the substrate. The caleulated values of

ACH% ASD from this simple electrostatic model are often
considerably differgn#'from the observed figufés but it must

be pointed out that the calculation ofASH andlﬁcs.depend on
agssumed values of transition state radii and dipoles which

may change with solvent variations. These quantities should,
however, be a:fected igimﬁlariyw irrespective of the

2
value of the Py - Py tern.

g o

In fact increases_oles* are aceompanied by decreases of AC*

for the solvolys@s of benzilidene chloride and benzo-trichloride
when the solvent is changed from 50% acetone to 50% ethano17°

(solvents of the same dielectric constant).
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A comparison’” of the observed and calculated values

of AC*/Ag* 1is given below (TABLE II.1).

TABLE II.1
Electrostatic and observed values of AC*/AS* for syl
solvolysis at 50°C.
[ ‘ Ac*t/as*

Aqueous Solvent D ~ calc., obs.
50% EtOH 46,2 .71 6.42
50% Acetone 46.0 1.56 2.89
70% Acetone 34,2 1.55 3.68
80% Acetone 28.0 1.54 2.75
80% EtOH 27.8 1.90 3.86
85%% Acetone 24,3 1.53% 2.77

EtOH 20.3 . 2.37 . 5.45

This comparison is more reliable than one based on AC* or As*
separately, since in this case nb assumptions regarding the
structure of the transition state are necessary. It does mhow
that the approach is quantititively inadequate. Observed values
are invariably much larger than those calculated and widely

different values are observed for different solvents of similar
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dielectric constant. It must, therefore, be concluded that

electrostatic contributions do not account fér the values of
j AC*/AS*  and at most represent a small contribution to this
ratio. The failure of the electrostatic approach has been noted
before for Sy reactions in which an increase iﬁ polarity occurs
on activation.73 It is accepted that polar species in solution
are solvate& and the Born charging process, implicit in the
Kirkwood equation, must apply to the solvated species’. The
results suggest that, under these conditions, eiectrostatic
contributions to AC* and AS* may well be negligibly small.71
II.1,ii The solvation Model |

SNI and SN2 reactions involve an increase in polarity

in the passage to the transition state (see P6).. It is an

essential feature of the Syl mechanism that the activation energy

of ionisation is reduced to an accessible value by solvation

of the transition state§74 solvation of the less polasr tramsition
state of an S;2 process is also expected to occur. It is
accepted that solvation requires a definite orientation of solvent
molecules round the incipient ions and thaf the smaller charge
density in Sy2 reactions would be associated with less "freezing
out" of solvent molecules in the neighbourhood of the developing
dipole than in the Syl reaction. These orientated molecules are
less free to move than those iﬁ the bulk of the solvent but still

' retain some lateral translational and librational freedom. They

can, therefore, be expected to héve a reduced capacity for taking
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i up heat, i.e. AcC* will be‘négative. At the same time the
entropy of the system will -also be reduced. Solvation has been
stated to account fof'the negative pértial molar heat capacities
of electrolytes75 and negative heat capacities of ionisation of
weak acids.’®

a. Syl Reactioms 22» 71

In Syl oreactions the small degree of bond stretching
in the transition state is unlikely to make a significant
contribution to AC* and AS* and the electrostatic comtribution
arising from Born charging of the solvated transition state will
probably also be small. It, therefore, seems reasonable to

assume that, as a close approximation, the magnitude of AC* and

As* are governed by the differences of the solvént = initial
state and the solvent - transition state intefactions resulbing
from increased solvation of the activated complex by the polar
component of the solvent, in this case by water. If this applies

then

AS*

n[(8s- 8) - (s1- s%))
| _ II 8
act

n[Cog-08) - (o~ ¢9)

" where n is the effective increase in solvation number associated with
' the activation process, Sg and Cg are the molar contributions of

a solvating water molecule to the entropy and heatcapacity of the
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activated complex, S and Cl, the partial molar entropy and
heat capacity of water in the solvent and the superscript, o,

refers to pure water.

TABLE II.2
Observed and Calculated Values of AC*/AS* of Syl
Solvolysis at 25°C

% 50.
Acetone o 20 70 80 . 85
C, - Cl 1.75 3.31 5.53 3.32
AC*/AS* obs . 3.77 5.24 3.53 3.58
- cale.? 3.03 5.39 4.09 3.62
a From Eqn.IL8 with Cg - C-IOL = -2.65 cals._"K'l moles ™t
° | op-1 -1
. and Sg - 53 = =1.79 cals °K~* moles

Equation I1.8 predicts values of A-C"*./AS\'" independent of n

and hence independent_ of the nature of the substrate, as
observed. Also, the observed and calculated values of AC*/AS*
in the various aqueous acetone mixtures agree reasomably well
with each other if Sg - 83 = -1.79 cals. and Cg - C] = -2.65 cals.
(see TABLE II.2). The values of Sg - S;_ and Cg - C;_ employed are

approximately one third of the value for the change

H>0 (liquid) —> H0 (ice)
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This seems reasomable since the less of freedom by water im
solvating the transition étate is not expected to be as gréat
as in the freezing of water. It appears that the solvation model
is applicable to aqﬁeoustprganic systems.

The simple solvation model and the use of Equation II.8
assume that the increase of solvation associated with the
activation process involves only the more polar component of the
solvent. It has been shown, howevep, that in aqueous organic
solvents, solvation of electrolytes by both components.occurs.76
Solvation of the trandtion state by acetone to the same eitent
as in the initial stateld® will .mot invalidate the simple solvation
model. Since this model describes the behaviour of Sy reactions
in aqueous organic solvents reasonably well, it will be accepted
in the present discussion.

b. Sg2 Reactions 22 71-

_ The ratio of AC/AS* for Sy2 reactions is less than
the corresponding Syl figure under the same conditions. This lower
value may be explained tentatively in terms of the partial covalent
attachment of one water molecule in the transition state. Such
covalent attachment requireé a less random arrangement of this
water molecule and hence a greater loss of entropy and heat
capacity. AC* is, however, less neéative in Sy2 reactions. This
presumably arises because these processes.are associated with a
smaller increase in solvation in the activation step, which

at the same time should léad to a more positive AS*, In fact
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Sy2 reactions are as'sociateél with less negative AC* and
more negative AS* than Syl reacfions, suggesting that awater
molecule :}oses a greater proportion of its entropy than of its
heat capacity when it becomes covalently attached in the |
transition state. This argument agrees qualitatively with the
predictions of AC*/ AS* and may arise from the fact that the loss
of libratiqnal heat capacity is, perhapm, partly compensated by
contributions from new modes of vibration in the activated
complex. Quantitative interpretation, however, leads to
inconsistencies and further work on this problem is needed.
It must, however, be stressed that, empirically the ratio
AC*/ AS* has provided a delicate test of mechanism for the
solvents and conipounds which have been studied.

The mechanistic test based on the ratio AC*/AS*
has been criticised on the grounds that, as the temperature is.
reduced, AS* increases and may become po.-.‘.aiti.ve.'?.8 Hence

.AC"'/ AS* will be a discontinuous function with either a

positive or negative value. It has been pointed out’’ that
this is not a valid criticism provided AC*/AsS* for Syl
reactions is independent of the nature of the substrate at a
given temperature, irrespective of whetherAsS* 1is positive or
negative. If AS* is negative the original form of the

mechanistic tes"l:22

Aact/as® (s g1 ) ) ac*/as® (52 )

is applicable. In any other case the value of AS* for an Sy2
[42.0.
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process will be more negative than the value calculated from
the observed AC* and AC*/AS* (Syl), this ratio having been
obtained from compounds known to undergo SN1 reaction under the
experimental conditions. The experimental results lead to the

equation
As® = A +AC* 1nT

where A is a constant, strictly applicable only over the
experimental range since it is only in this range that the
constancy of AC* has been demonstrated. AS* changes sign at
Ta such that

1n Ta = - A/AC*

But for systems where AC*/AS* for Syl hydrolysis is
independent of the nature of the substrate, the calculated value
of Ta is well outside the experimental range. There is no
reason to assume that AC* is independent of temperature over
such wide temperature ranges, and, therefore, even the change:
of sign of AS* in these reactions is still to be established.

II.1.148 Sy Reactions in Water’2» 80» 71

It must be stressed at this stage that this test of
mechanism does not appear to be applicable to hydrolysis in water,
although the relevent data are only available for a limited number

of Syl reactiomns in this solvent (TABLE II.3.)
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TABLE II.3.

. b '
AC*/As* ‘ of Syl Hydrolyses in Water at 50°C

Substrate a c*/As*
1-Bu0zSPh 4,548
i—PrO5SPh 10.7
i-Pr0zSle 7.72
t-BuCHp03S8Fh - 10.7
t-BuCHpO0zSMe 6.77
t-BuCHpBr -5.262
£-BuCl -5.442

a. Using estimated value of AC*

b. Data from Ref. 79

The positive value of &S* for the hydrolysis of t-butyl

80, 81, 82

chloride in water suggests that the simple solvation

model (see Section II.l.ii.) does not apply in this solvent.

Strictly &S* and AC* are given by

Ag* = S¢ = S4

and AC* =Cg - C4i
Where the subscripts t and i refer to the transition and initial

79, 80

states respectively. Robertson 'conside_red thatSand@ in water

- /44, ..
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were dependent on contributions from solvent - solvent and
solute-solvent interactions induced by the presence of the
substrate. A neutral molecule was thought to increase
solvent ~ solvent interactions in its vicinity resulting in
a negative Si and a positive Ci (the interaction is less at
higher temperatures). This effect will be larger for large
solute molecules. The transition state was discussed by analogy
with ions. With increasing size Ct becomes more negative and
St more positive.8ince Si gives rise to a positive contribution
to AS*, with increasing size one might expect a value of St
(8¢ Y -81) that would give rise to a positive AS*. Thus AS*
is expected to increase and AC® to decrease with increasing
size of the substrate, makingAC*/AsS+ dependent on the structure of
RY. The work of Robertson is open to the criticism that

the distinction between mechanisms Syl and Sy2, which may cause

considerable variations ofAC* andAS* for structurally
similar compounds (see Section III.2), has been largely ignored.
Qualifatative agreement with this approach is, however, obtained
“in the positive AS*™ and highly negative AC* for the

80, 81, 82, 13b. . .

hydrolysis of t-butyl chloride.
qﬁantitative treatment on these lines, allowance for solvent -
solvent interaction, characteristic of the initiél state,
persisting to some extent in the transition state may be necessary.
Both the simple solvation model and the Robertson approach

may well be applicable in the systems for which theywere developed.
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In water, for example reactants with polar or polarisable groups,
or groups which can form hydrogen-bonds with water will increase
solute-solvent and decrease solvent - solvent interactions in
the initial state giving rise to a more negative AS*, Thus
in water, As* for benzyl chlorides is more negative than for
n-alkyl halides’’» 79 and also more negaitive for sulphonates that
for the corresponding halides.79’ 13b. This is in contrast to
agqueous organic solvents where ZSS* is virtually the same for
the hydrolysis of benzyl and n-alkyl halides and reactions of
sulphonates have a more positive AS* than those of halides.
This type of presblvation has also been proposed to account for
the increase of AS* in Syl hydrolysis of alkyl halides on
introduction of an d - carboxylate - ion substi tuent.5?

It has been suggested that the difference between
hydrolysis in water and in a aqueous organic solvent may be due
to the solvation of the substrate-in the initial state by the
organic species, with a reduction of those solvent - solvent
interactions induced by the substrate.7l The sharp fall of
AS* for the hydrolysis of t-butyl chloride on addition of
small amounts of acetone or dioxan: to the solvent, water,82
suggests that this might be the case. The solvent - solvent
interactions in the initial state may be so reduced by the
presence of the organic component that they are not further

reduced by the increased solvation associated with the activation

| process.71 The simple solvatien model would then be valid.
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Confirmation of the difference between water and aqueous
organic solvents seems to be afforded by the ionisation of water
and formic, acetic, propionic and butyric acids in aqueous

dioxan solvents.84 The ionisation equilibria of these acids

HA -> Ht + A

may be regarded as analogous to the activation process in Syl

reactions since both involve the creation of electric cﬁarges.so

The value of AC°/AS° at 25°C depends only on the nature
of the solvent in 45%, 20% Qnd-82% solvent. This is no longer
true in 20% dioxan and pure water.

In the solvents employed in the present work (i.e. _50%,
70% snd 85% aqueous acetone), the solvation model appears to
be satisfaétory. It will, therefore, be employed in the further

discussions of solvolytic reactions in these solvents.

A, . %
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CHAPTER IIT.

Activation Parameters and Mechanism of Solvolysis of
p-Toluenesulphonic Esters

" The main part of this thesis is concerned with the
mechanistic conculsions that can be drawn from the activation
parameters in the solvolysis of p-toluenesulphonic esters. These
results will be discussed mainly in this chapter.

In the present work activation parameters have been
obtained for the compounds given below.

p-Nitrobenzhydryl Toluenesulphonate
As the corresponding halides

57 are solvolysed by mechanism

Syl and sulphonates are more likely to be hydrolysed by mechanism
SN1:than chlorides”® (I.7.i.), it seemed certain that this
sulphonate would follow this mechanism. Furthermore benzhydryl
compounds are sterically unfavourable to reaction by mechanism

SN2.

i-Propyl Toluenesulphonate

| The corresponding chloride hydrolyses by a mechanism

in the borderline region (see P. 9 ) and it was hoped that the
results from the hydrolysis of thé sulphonate would give useful
information about the effect of the leaving group on the mechanism.

n-Propyl Toluenesulphonate

Previous evidence suggests that primary sulphonates
hydrolyse by mechanism Sy2. This compound was studied to
demonstrate that AC*/AS* for the S§2 solvolysis of sulphonat?s
is less than the AC*/AS* wvalue in Syl processes.

C/48...
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Benzzl Toluenesulphonate and its p-nitro, p-phenyl, p-methyl,
p-anisyl, p-phenoxy and p-methoxy derivatives represent a graded
series with increasing electron release from the substituents
and hence an increasing facility to react by mechanism SN1
(see P.10 ), The study of this seriés was expected to yield
information about the change of mechanism in the series.

The solyolysis of these compdunds were carried out in
50%, 70% and 85% aqueous acetone. All compounds, however, were
not studied in all three solvent mixtures. Some of the compounds
have been investigated previously, in similar solvents. The
present results can be seen to agreg'ﬂirly well with these earlier
results (Appendix V.II:,1.).

In this chaﬁter the conclusions based on activation
parameters are given. The differences between halides and
sulphonates as leaving groups are discussed in CHAPTERV; relative
rates of the substituted benzyl compounds are considered in
CHAPTER IV. Only the main results are used in the text but details
'of individual runs can be found in Appendix VII 4 and derived values
of k, E,AS*andAC* in Appendix VII.3.

III.1. The AC*/Aas*Ratio

Itwas first necessary to establish that the AC*/as*
ratio (see P.19 ) can be used as a test of mechanism in the

solvolysis of sulphonates.
IITI.l.i. Mechanism Syl

Mechanism Syl is expected to be facilitated by the change

56

of leaving group from halide to sulphonate. p—Nitrobenzhydry157

and p-phenoxy-—23 and p-methoxy - benzyl24 chlorides are hydrolysed
/49.'0.
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by mechanism Sjyl. The corresponding sulphonates are, therefore,

T A €T eI,

algo expected to follow this mechanism.
TABLE III.1l
AC*/AS* for the Syl Solvolysis of ROTs in 85% Acetone at 50°C

R AcC*/As*
PPOCgHyCH 2.81 £ 0.30
pMeOCgH,CH 2.88 ¥ 0.28
pNOoCgH,CH. Ph 3.03 £ 0.29
Mean Syl Valuea 2.77

a.Mean Sy1 AC*/AS* values in 85% Acetone.p-XCgHyCHPhC1 (X = 84

Ph84 - pub4, MeB4) and NOp CeHa < ooy 23
| PhO CgHy <~

Quite clearly the value of AC*/AS* for the Syl hydrolysis of
toluenesulphonates is the same as the accepted mean value obtained
from the Syl hydrolysis of a number of halides (TABLE III.1).
IIT.1.ii. Mechanism Sg2

Previous work has indicated that n-propyl toluenssulphonate
hydrolyses by mechanism Sx2. This compound was studied in 50%
acetone because of its rather unreative nature. In this solvent
the AC*/AS* ratio for Syl reactions had been obtained for only
a limited number of structurally different compounds. For this
reason the Syl hydrolysis of p-phenoxybenzyl chloride23 was now
studied in this solvent.

/50¢¢.
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AC*/AS*in 50% acetone at 50° C

PPhOCEHECH2C1 2.54 & 0,41
nPrOTs 2.06 * 0.27
Mean Syl Value® 2.89

Clearly the Syl value of AC*/AS" in 50% acetone is confirmed,
The value of AC*/AS* for the solvolysis of n-propyl
toluenesulphonate is, equally, clearly, lower than the mean
Syl figure and hence it may be concluded that the solvolyses
of toluenesulphonates by mechanism Sx2 yield values of
AC*/AS* which are lower than the ratio for mechanism Syl.
Thus the mechanistic test based on this ratio is applicable to
sulphonates. The value of AC*/A S is larger for +the
n-propyl toluensulphonate than the wvalues obtained for the
benzyl and p-nitrobenzyl compounds. This may arise from

the fact that this ratio is not necessarily constant for SN2

processes, in contrast to SNl. Since this mechanistie test
applies in the solvolysis of sulphonates, it will now be

employed in cases where the mechanism is in doubt.

a. Mean AC*/AS* value from PhC Clg,7C CHzCgH4CHC1p,2®

CgHsCHC1p, 70 PNOCEH4CH.PhC1%® ang t-Bue¥®® in -50%-acetone

« emtam
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IIT.1.iii i-Propyl Toluenesulphonate

In 8% acgtone. the AC*/AS* ratio suggests that this compound

hydrolyses Wamechanism which is not completely Syl. In
TABLE III. 2.

AC*/A8*  for the Hydrolms of iPrOTs in X% Acetone at 50°C.

X = 50 85
iProTs 3,21 £ 0.27 2.17 ¥ 0.27
Mean Syl Value 2.89% 2.7'7b

a. Seefatnote P.50.
b. See Table III.1l

50% aqueous acetone, a solvent which is more favourable to the

ionisation process ( see P.7 ), complete Syl hydrolysis is
indicated (TABLEIII.2). Previous conclusions that the
hydrolysis of this compound occurs by a mechanism close to

the point of mechanistiec change, are confirmed by the present

results.

III.l.iv. Benzyl Toluenesulphonates
The values of AC*/AS* for the solvolysis of benzyl

sulphonates are reported in TABLE III.3.

/52000
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TABLE III.3
ACY As* for the Hydrolyéis of p-X-Benzyl Toluenesulphonate

in x% Aqueous Acetone at 50°C.

X x = 50 70 85

NO, . © 0.97%0.20 1.55%0.14 -

H 1.45%0.16 1.68%0.17 1.35%0.15

Ph - 2.53%0.28 -

Me - 2.40%0.50  --

An - - 2.70%0.25
PhO | - - 2.81%0.30
MeO — - 2.88%0.28

Mean Syl Value 2.89% 3.68b 2.'77c |

a. See footnote P. 50

b. Mean AC*/ AS* value from t-BuBr

t-BuCl,88p-X06H4CH.ClPh (x = 587> 01 7, Br87, 197, N0.8%) ana

88 88

s PNO2CgH4CH.BrPh

pX-CHACHACL (X = Ph0?3, Me0?*) in 70% Acetone
c. See Table III.1

The AC*/AS* ratio indicates that the three most
reactive p-substituted benzyl sulphonates hydrolyse by mechanism
SNl. Since the p-methoxy - and p-phenoxy - benzyl chlorides
undergo Syl reaction in aqueous acetone, it is not surprising

to find that the hydrolysis of the corresponding sulphonates

/55...
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follow the same mechanism. The p-anisyl derivative is hydroiysed

by mechanism Syl in contrast to the chloride which did not
react completely by this mechanism. It, therefore, appears
that a sulphonate as leaving group favours the opgration of
mechanism Syl more than a chloride. The change of mechanism
due to this change of leaving group (discussed more fully in
CHAPTER V) is not as pronounced as was formerly suggested
(see Section I.7.i.). For example,.the AC*/AS* values
show quite clearly that p-methyibenzyl toluenesulphoﬁate and
- lessmactivey compounds do not undergo Syl hydrolysis. This
is contrary to the conclusions of Hammond and Brown whose
views are discussed in more detail later (see Section IV.1l and
CHAPTER VI).

IIT.2. as*

The varistion of AS* at the same temperature, among
a series of structurally similar compounds can lead to useful
mechanistic conclusions.

The simple solvation model (see P.37 ) would suggest
that in SN1 reactions of structurally similar compounds,
constant values of AS* are expected if charge development,
and hence solvation, in the transition states of all reactions
is thé same. If mechanism Sy2 1is operating then a more
negative value of AS* is to be expected as a result of the
covalent attachment of . water molecules., In a series of

[ ]
structurally similar compounds, a comparison ofAS values

/54
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may, therefore, yield mechanistic conclusions. For example,
a change of mechanism has been proposed for the acid catalysed
89

ring openingdfepoxides ’ and cyclic imines9o on the basis of
AS* values.‘ The generalisa'bion91 that bimolecular and
unimolecular processes can be distinguished from one another
by the magnitude of AS*, irrespective of the structure of
the substrate, is, however, of limited utility.

In TABLE III.4. are recorded the variations of AS*
for four series of compoﬁnds and it is important to note that
structural changes are common to all series. The values of AS*
for the two benzhydryl series, where mechanism Syl operates
throughout, are wirtually constaﬁt éxcept for the two alkoxy
substituents where AS* is more negative by ébout 4 -~ 5 eu.
This property of the p-alkoxy substituent cannot be related in
any way to the reaction rate since the rates of hydrolysis of
PhoCHC1 and p—PhO-CeH4CHCl.06H4f£NQ3a:e much the same. The
more negative value of AS* associated with the p-RO_- group

has been explained in terms of the contribution from the

structure - ' to the transition state.

+ TR
R-0=" >=c¢
N’
Solvation of the alkoxy group is expected to result in greater

overall solvation a.nd hence in more negative values of & S*

for the compounds.

/55444
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III.2.i. Variations of AS® in the Benzyl Series

Values of &S* for the hydrolysis of benzyl chlorides
and sulphonates and two series of benzhydryl chlorides are
recorded in TABLE III.5. The variation of As* for'the

hydrolysis of benzyl chlorides and sulphonates are quite

.different from the variation observed when the mechanism is SNl

throughout. AS* increases with increasing reactivity, giving

a congstant value for the p~-phenoxy -land p-methoxy - derivatives.

The value of AS* for the latter two derivatives is approximately
12 eu. more pesitive than for the p-nitro compounds. The i
change of AS* is clearly much larger and in the opposite direction
to the variation of AS® for the Syl hydrolysis of benzhydryl
cﬁlorides. These results suggest a change of mechénism from

Sy2 to SN; with increasing electron release to the reaction

centre. in the hydrolysis of substituted benzyl chlorides and
sulphonates. The similar values of AS* for the hydrolysis

of the p-phenoxy and p-methoxy compounds suggest that these
compounds react by mechanism Syl while the less reactive compounds
do not. Similar conclusions were reached from consideration of the -

ratio of AC*/AS* for the hydrolysis of these chlorides®'2*

and sulphénates (see P. 49).
AS® for the hydrolysis of the p-anisyl compounds
is only slightly more negative than the Syl values .and it is
suggested that the change of meéhanism occurs in this region in
the series. This conclusion is consistent with the values
AC*/AS* for the hydrolysis of these compounds. Since the
‘ /570
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mechanistic test based on AC*/ As* suggests that p-anisylbenzyl
toluenesulphonate hydrolysés by mechanism Syl, while the
chloride does not react completely by this mechanism, it is
concluded the ratio of AC*/ AS* forms a more sensitive
test of mechanism in the borderline region than the variation of
AS*, as* for the hydrolysis of the parent sulphonate is less
negative than that of the p-nitro derivative, suggesting that
the parent compound may.be closer to the borderline region of
mechanism than the corresponding chloride, which has a similar
value of AS* to its p-nitro derivative. .

The mechanism of hydrolysis of p-X-benzyl toluenesulphonates

and the slight shift of mechanism on replacing chloride by

sulphonate as leaving group was demonstrated by the &C*/ AS*

ratio. It is now confirmed by the variations of the values of
AS* of these compounds but it would seem that AC*/ AS*

is a more sensitive test of mechanism than the variations of
as*.

Hammond®3€:f+ found a similar variation of AS* in _
substituted benzjl toluenesulphonates (Appendix VII.1l), although
his results are not expected to be as accurate as those from
the present work. He suggested that the high negative entropy
of the p-nitro derivative was due to strong ordering of the
relatively few water molecules associated with the hydrolysis of

this compound. While this is to be expected for reactions by

/59.0.



e

. 59.
mechanism Sy2, the gradual change of &8* through the series
showed no division into two groups. He, therefore, concluded that
only one mechanism was 6perating throughout, i;éz mechanism Syl.
If, however, mechanism SNl operated throughout the series of
benzyl sulphonates, it would be difficult to explain why the
value of AS* for the hydrolysis of the p-nitro compound was so
much more negative than the value for Syl reaction of other
p-nitro compounds.

III.3. The Mechanistic Transition

In the series of p-substituted benzyl sulphonates the
mechanism changes frém SNa to SN1l. It is of interest to see
if the present results help to elucidate the nature of reactions
close %o fhe point of tramsition between these twé mechanisms.

The mechanistic borderline region has been described
(see Section I.4.) as either a region in which reaction occurs
via a single bimolecular transition state which requires some
covalent participation by the nucleophilic reagent or as a
region in which mechanisms Syl and Sy2 oberate concurrently.

If a concﬁrrence of mechanishs Syl and SNE occurs, the rates
of both types of reaction must be comparable. But it has,
however, been shown earlier (see P. 53) that &S* of Sy2
reactions will be different from that observed in Sylprocesses.
The activation energies of the two separate processes must,

therefore, also differ by roughly equivalent amounts. The
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fact that E is obtained experimentally from single rate
- coefficients representating two concurrent processes having
different activation energies will give rise to a positive
contribution to AC* which will be superimposed on the negative

22

AC* of the individual processes.““ The maximum value of

AC* of p-X-benzyl chlorides (TABLE III.6.) at the

TABLE III. 6.
- &C* for p-X-Benzyl Chloride and Tolueneéulphonate in
x% Aqueous Acetone at 50°C

RC1 ROTS
X X = 50 70 70 85
NO, 20.08 - 30.72 -
H | - 2190 27.98 26.55
Ph - - 29.90 = -
Me 2.028  20.8%  28.68 -
An . - 29.6P - 30.51
PhO 28.2  43.1b - 2940
MeO - 45,98 - 29.62

a. Ref. 24, ©b. Ref. 23, c. Ref. 88.

p—methjl derivative in 50% acetone strongly suggests a concurrence
of mechanisms for this compound. No such maximum was observed

in the corresponding series of toluenesulphonates (see TABLE III.6)

/6l...
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This would be consistent with the view that this system undergoes
hydrolysis by a single mechanism in the borderline region but
it seems very unlikely, however, that a change of leaving group
would effect the mechanism in this region drastically. Two
possible explanations may be advanced to account for the
differences in the two series. ZFirstly the substituents
and reaction conditions examined in the sulphonate series may
not have given the right proportion of Syl and SN2 processes
for the effect to be observable; it is noteworthy that the
maximum of AC* of the benzyl chlorides is practically absent

in 70% acetone. A second explanation of the difference may be

that the positive contribution to A&C* for the hydrolysis of
p-methylbenzyl chloride arises from reaction by a single
mechanism with a temperature dependent transition state.

A further anomaly is appareﬁt in the activation parameters
for the solvolysis of sulphonates. The solvatiqn model, which
has been accepted for these reactions (see P. 40 ) predicts that
AC* for Syl processes should be more negative than for SN2 .

It has been noted that the variafion of AC* of organic chlorides
is consistent with this model, as are the variations of AS*
for chlorides and sulphonates. The values of AC* for the
hydrolysis of p-X-benzyl toluenesulphonates (TABLE III.6.), however
show very little variation although & mechanistic change is
préposed. There are a number of alternatives that might give
rise to this anomaly.
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a. The solvolysis of the less reactive sulphonates occurs
by a mechanism which does not parallel the reactioms of hélides,
i.e. is not an Sy process. The most attractive alternative would
be a reaction with S - O fission but this seems unlikely on the
bulk of the earlier evidence (see Section I.6.).
b. It will be seen later (V.2.) that the sulphonate results
are consistent with initial state solvation by water (hydrogen
bonding to the oxygen atoms of the sulphonate group). The
geometry of the Sy2 transition state is such that a water molecule,

hydrogen bonded to the sulphonate, could act as'the nucleophilic
reagent (FIG.IV.1l.)

Qo . -] » o
1.04 . 1.84 /fk\ o 1l.8 1.54 FIGURE IV.l.

o
=~ 1.5A
"0
Water in such a transition state would not be able to librate
at all and will lose a great deal more heat capacity than if

hydrogen bonding were absent as in transition states of halides.

H,0 -- R -- 01
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This view is only tentativeiy proposed, but it might account
for the constant values of AC* of f;he benzyl sulphonates.
This cyclisation of structure might be expected to make a
negative contribution to AS*, but the change of AS* between
chlorides and sulphonates is approximately the same in Syl
and Sy2 processes (see TABLE V.4.). Thus any contribution to

AS* from the cyclic structure would have to be small. It is
difficult to see why this should be so, but if it were the
case, then the abnormally high values of AT* for Sy2
processes would lead to higher values of AC*/AS* for Sy2
solvolysis of sulphonates than of chlorides, as is in fact
observed.

c. The extensive. solvation of the incipient sulphonate ion
in Syl trandstion states may inhibit the solvation of the
incipient carbonium ion. Restriction of solvation of the
developing positive charge in SN2 tramsition states would be
less pronounced as the charge will be partially situated on the
covalently attached water molecule which is further removed
from the solvation shell of the sulphonate entity. qﬂn this
view, AC* and AS* values of Syl processes which are less
negative than expected, is proposed to expléin the invariant
nature of AC*, The proposal suffers from the same weakness as
alternative b.

It must be concluded that the interpretation of the

present data to obtain information about the nature of mechanism
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in the borderline region is not possible. More work on the
problems of solvolysis in this region is required. It is
worth noting that evidence of concurrent unimolecular and
bimolecular nucleophilic substitution has been obtained for
other substrates and it would also.seem reasonable to expect
Canurrence of mechanisms with sulphonates.

As far aé interpretation of mechanism in the series
of p- substituted benzyl sulphonates is concerned, the

information obtained from AS* is consistent with that from

-
AC*/ AS8 . These compounds which represent a series with

increasing facility to react by mechanism Syl with increasing

electron release from the p- substituents, follow the Syl
reaction path when X=anisyl, phenoxy and methoxy. The less
reactive compounds react by a mechanism which is not entirely

SNlo
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CHAPTER IV. 65.

Substituent Effects on the Solvolysis of Benzyl Toluenesulphonate

In this chapter the mechanistic information that can be
obtained from the effects of substituents in the aromatic ring
on side chain reactivity of sulphonates, is considered. The
introduction of electron releasing substituents will facilitate
the rupture of the R - X bond. The effect of such substituents
on the reaction rate can be explained in terms of the polar
properties of the substituents and a number of attempts
at a quantitative correlation have been published. |

IV.l. Quantitative Treatment
92

Hammett, in effect, assumed that electron demand

at the reaction centre was constant in the reactions of a series
of structurally similar compounds and that the response of
substituents depended on their intrimsic capacity for electron
release and the electron demand. If the response of substituents

is directly proportional to the electron demand, one obtains the

Hammett equation IV.1.

log (ky/kg) (2 F Iv.1l.

where ky and kg are the rate coefficients of the substituted
and unsubstituted compounds respectively, & is a substituent
constant independent of the nature of the reaction and P is the

reaction constant depending on the reaction and reaction
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conditions. Values of o were érbitarily obtained bj assuming
that p = 1 for a standard reaction; Hammett chose the
equilibrium constants of the ionisation of benzoic acids.

This ionisation process is not very sensitive to substituent
effects and Equation IV.1l was found vo be very useful in
predicting the rates of reactions which were also rather
insensitive to the polar effects of substituents. Despite the
success in reactions where polar effects were mainly inductive,
Equation IV.1l. was often found to give poor results in
reactions in which electron demand. at the reaction centre was
large. This.was especially true when the system favoured
conjﬁgative electron release.from the substituent.

Brown proposed a new»scale of substituent constants,
0‘+, which could apply to strongly electron—demandingireactions

in which the substituent was conjugated to the reaction centre.

Values of o+ were obtained from the results of the Syl
solvolysis of 4,4 -dimethylbenzyl chlorides by assuming that
the Hammett o value applied to the m—substituents, which
wére not expected to donate electrons conjugatively to the
reaction centre. The value of p could thus be obtained from

the results for the m-substituted derivatives and hence a scale

VA TEY
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of o % values for the p-substituents could be set up using Egn.IV.2.

IV.l.i. Mechanistic Interpretations of Linear Free Energy
&quations

Eqn. IV. 2. requires a linear relation between log
(kx / kg) and o~* but the present results yield a distinctly
curved plot (see FIG.IV.l.), similar to that obtained by
93

Hammond.6Be A curved plot was also obtained by Sweain”’“, using

o values, for fhe hydrolysis of substituted benzyl,chlorides, an

observation which has been confirmed by later results.24
The o + plot might conceivably be resolved into two

lines (representated by dotted lines in FIG. IV.l.) and it

could be argued that such a division indicated a change

from mechanism Sy2 for the less reactive compounds to Syl

for the more reactife members. The different slopes of the

two sections (different P ) would arise from the difference

of electron demand at the reaction centre in the two processes.

This is in fact the way in which Brown interpreted the data,

but even if the o * values apply to the Syl reactions of

benzyl sulphonates, there is little reason to assume that they

apply to SN2 reaction where the interpretation of kinetic

effects of polar substituents may be ambiguous (see P, 11)

and where conjugative effects are probably ndt important.

If ot values can be applied to SN2 and SNl reactions, with

different P values for the two processes, if is difficult to see

how to choose between the use of o and g% for SN2 reactions.
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Other works¥ have considered that.a curved log k — o+
plot does not necessarily imply a mechanistic change and Hammond
has suggested implicity that Eqn. IV.2. does not apply to the
solvolysis of benzyl sulphonates.

IV.l.ii. Criticism of the o= or o %+ Relationship

Egn. IV.2. is quite in&dequate in describing the behaviour
of benzyl sulphonates and although the plots obtained from the
results for the solvolysis of benzhydryl chlorides are more
successful, they are still not completely adequate.23 These
linear free energy relationships, in effect, assume that the
response of substituents is constant independent of the
electron demand. But it appears reasonable to expect that an
easily polarised group will respond more readily to moderate
electron demand at the reaction centre than one less easily
polarised. When the electron demand is much more powerful their
relative responses may be quite different. This would, of-
course invalidate Eqma IV.1l and IV.2 and evidgnce that this
does occur has been obtained in practice;23

The ambiguous nature of these equatioﬁs has been
recognised by o1:he1:'139.5 who tried, by the introduction of
additional disposable parameters, to allow for the overall
electron release by conjugative and inductive mechanisms.
These additional equations will not be discussed since it is

difficult to see how mechanistic information can be obtained
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from them. Discussion of their validity in Syl solvolysis is
also outside the scope of this thesis. It is noteworthy that
Wepster96 suggested that only a sliding scale of o~ values,
dépending on the electron demand at the reaction centre, will
be valid. This is, in fact, an alternative way of.expressing
the non-linear response to electron demmnd considered earlier
in this section.

IV. 2. Qualitative Treatment

In view of the unsatisfactory nature of the quantitative
correlations of kinetic substituent effects, it is.believed that
more useful mechanistic information can be obtained from
.qualitative considerations in terms of conjugative.and inductive
release by'substituents.97 Substitution alters the rates of
chemical reactions by affecting the stabilities of the transition
and initial states differently. It is reasonable to assume
that the stability of the highly polar transition state will
be much more seﬁsitive to the presence of electron attracting
or releasing substituents than the initial state.

Electromeric electron relase, which probably gives
rise to the larger substituent effects in the compounds studied
can be represented98 in valence bond terms by a contribution from

the canonical structure,(A).

cinuBarrn 4
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A is expected to have a much higher energy than the ground state
(B) but may well be of comparable energy to the main canonical
structure of the transition state (C), and will, therefore,

have a

X - CgH4CHo - OTS (B), X - Cei-BE, Om. (C) |

greater stabilising effect in the latter. Electromeric
electron release is probably a main cause of the accelerating
effects of p-Fh, p—Anisyl, p-PhO and p—MeO substituents.
Partial conjugation of the electrons constltuting the C -H
bonds of the p-methyl group with the aromatic system probably
accounts for the electrom releasing facility of this group.
Electron withdrawal by a anitro group is thought to occur

by two process; a strong'inductive-attracti&h of electrons by
the dipolar substituent operates in conJunction with a weaker
conjugative removal of electrons from the phenyl ring.

As mentioned above, the response of substituents will
be qualitatively larger when the charge development in the
group R in the transition state is larger. _Sinse a greater
concentration of charge is found at the reaction cemtre of Syl
than Sy2 proeesses, comparison of substituent: effeets_in the
present system with the effects-iﬁ eystems of known mechanism
can yield useful mechanistic information.

The effect of para-substitution on the rates for benzyl
toluenesulphonates are greater then for the correspending
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h¥drolysis of chlorides (see TABLE IV.1l.). This suggests a

greater tendency to react by mechanism Syl or, at least, that
charge development is greater, i.e, that bond-hreaking is more
important in the fbmmer reactions. ©Substituent effects in the
hydrolysis of benzhydryl chlorides, where the mechanism is Syl
throughout, are generally similar to the corresponding figures

4
of benzyl sulphonates (TABLE IV.l.), except for the p-PhO and

TABLE IV, 1
kyx/kg for p-X-Benzyl Toluenesulphonate (A), p-X-Benzyl Chloride (B)
and p-X-Benzbydryl Chloride (C) at 25° C '

X Series A Serieé,B Series C
NO5 3.633 x 102 ® 1,11 x 107% 2® 1,047 x 2072 &%
H 1 1 ' 1
Ph 3,012 b - 6.99 ¢» f-
Me 29,27 b 4,50 P € 21.2 ©» f.
An 68.29 © 12,8 Pr 2 59.0 €» 4.
PhO 963.3 © 144.9 Pr &+ 555 5 ¢y d
MeO 2.33 x 10% © 1.70 x 10* Pse+ 1,435 x 10%- ¢ 4
a. 50% Acetone d. Ref. 23 .
b. 70% Acetone e. Ref. 24
c. 8% Acetone f. Ref. 85

p-MeO substituents when the relative sulphonate figures are larger.
Electron demand at the reaction centre in benzyl compounds is only
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met from the substituted aromatic systems, whereas in the
benzhydryl chlorides it is partially satisfied by the
unsubstituted aromatic ring. The larger substituent effectf
of the p-methoxy and p-phenoxy groups in the benzyl compounds is,
therefore, expected if these compounds undergo Syl hydrolysis,
in agregment with the conclusions reached from consideration of
the activgtion parameters (see Sections III.l.iv. and III.2.i.).
The ky/kg ratio for the p-nitro derivative is considerably
less in the benzjl sulphonates than in the benzhydryl chlorides,
consiétent with the operation of the more extreme form of
mechanism Sy2 in the hydrolysis of the sulphonate; However
comparison of the rates with those of the parent compound are of
limited utility if the hydrolysis of the parent benzyl sulphonate
occurs predominently by mechanism: Sy2. This would lead to a
lower value of kyx/kg than would be obtained for this ratio if

the mechanism was Syl throughout since
kH = kH <SN2) + kg (SNl) > kg (SNl)

Mofe reliable information about mechanism can be obtained
by comparing the relative rates of peighbouring pairs of p-X-benzyl
sulphonates in the series X = NO,, H, Me, An, PhO, MeO with
corresponding relative rates of other systems. The similar change

of rate produced by'replacing a p-phenoxy by a p-methoxy group
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in benzyl chloride and benzyl toluenesulphonate éuggests the
same mechanism of hydrolysis (i.e. SN1) for the four compounds.
Examples have been cited to demonstrate that changes in'rafe
causeq by changes in R are fairly insensitive to changes of the
leaving group.99
It is élso of interest to compare the relative rates of
neighbouring pairs with the corresponding valuesfor the p-
substituted benzhydryl chloriles and p-substituted plnitro--and
plmethoxy—Benzhydryl chlorides (see TABLE IV. 2.). Although

mechanism Syl operates in all the hydrolyses in these three
benzhydryl sjsteﬁs, variation of the plgubstituent results
in the electron demand on the p-substituent decréasing in the
order p' = NOo, H,'MeO. Substitution in the benzyl sulphonates
resembles the pl nitrobenzhydryl chlorides for the most reactive
compdﬁnds. Intermediate compounds in the series have relative
rates which are rather similar to those in the plH-benzhydryl
system. The effect~p-nitro substitution is of the same |
magnitude as is found in the p'- methoxy-benzhydryl chlorides,
where electron demand on the substituent is at its lowest. This
variation suggests that electron demand at the reaction centre
in the solvolysis of p-X-bemzyl toluenesulphonates changes
considerably. Such a change is presumably due to a change
of mechanism, in qualitative confirmation of the more precise
mechanistic interpretation based on the values of A C¥*/Ag*

and A S®*,
/750-.
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TABLE IV. 2.

75.

Relative Rates of Neighbouring Pairs for the Series of

Substituents p-NOo, H, p-Me, p-An, p-PhO, p-MeO in 85% Acetone

PhCHoOTS  piNO2CEH4CHC1PhE PhoCHC1Y p!MeOCEH4CHC1PHC

at 25°C.

ky/kNoo 27.5 54608.
kne/kE  29.3 58.78
kKan/kwe  2.68 6.52°
kppo/®an 14 6.55
kyeo/¥pmo 77 71.2

70% Acetone

Assuing kye/ky (70%) /kMe/kH
Ref. 23

Refs. 23 and 85

Ref. 23

(85%)

/76..0
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21.2
2.8
6.2
40

= 1018

75.9
5.9
1.41
1.68
7.55
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CHAPTER V.

The Effect of Changing the Leaving Group

This chapter deals with the effect of changing the leaving
group, X, from halide to sulphonate in Sy sblvolysis. It has
been suggested that the operation of mechanism Syl is facilitated
by & change of X, that will facilitate the ionisation of the
R - X bond, P On the other hand, it has been observed that a

chenge of X may alter the rates of Syl and Sy2 solvolysis to

similar extents.100 3 survey of some of the available data

(TABLE 1.) suggests that a change of X in theseries Cl', Br' and I':

TABLE V.1.
The relative Rates of Sy Reactions of RCl, RBr and RI

R kpBr/¥kRC1 kRI/KRBr Mechanism
Alky12 25 -.60 1.5 - 4.5 Syl
Alkylb 30 - 40 2 - 2.5 Sy2
CeH5CH® 28 - Sy2
4NOpCeH4CH.Phd 20 - ' Syl

b. Refs. 101 and 102
Ce Méén of results in 50% and 70% aqueous acetone Refs. 57

d. 70% aqueous acetone Refs. 57
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will not cause a large change in the reaction mechanism.
Similarly mechanistic studies of the hydrolysis of benzyl chloride-‘
and bromide reveal little difference of mechanism.”?? 22,

These observations are, perhaps, not entirely unexpected
as the heterolysis of the R - X bond is importént in determining
the rates of both Syl and Sy2 processes. On the other hand

R - X fission is not compensated by any bond formation in Syl
processes and the rate of reaction by this mechanism might
be expected to be more strongly dependent on the nature of

X than Sy2 hydrolysis. Bromide is not a much better leaving

group than chloride and a clearer picture might be ohtained
of the effect of leaving group on mechanism by using a much -
better leaving group. Toluenesulphonate fulfills this
requirement. Relative rates of the ethyl compounds in
agueous dioxani®3 are EtOTS:. EtI: EtBr : EtCl = 5.5 :
l.0: 0.96: 0.048; benzyl toluenesulphonate reacts

approximately 107 times as fast as the chloride and the

p-methoxybenzyl figure is of the order of 104,

V. 1. Relative Reactivity of Chlorides, Bromides and Sulphonates
The effect of changing from chloride to sulphonate on the

rate and the energy and entropy of activation is given in

TABLE. V. 2. The relevant information for changing from bromide .

to sulphonate is given in TABLE V.3.
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TABLE V. 2.
Differences Between Rates and Activation Parameters in the
Hydrolysis of ROPS and rRC19 at 50° C by Mechanism Snl (4),
Sx2 (B) and Doubtful Mechanism (C).
Alog k = log (kRoTS/kRC1 ) AE = E ROTS -
Erc1;
AAS*  =As*porg - AS*gg,
R Alog k - AE/2.303RT AAS*/2,303R
A. pNO2CeH4CH.Ph? 4.4805 2.8062 1.6761
pMeOCgH4CHo &  4.2004 2.5947 1.6062
pPhOCeH4CHo &  4.3727 2.7543 1.6149
pAnCgHyCHy & 4,2952 2.6731 1.6215
B. PhCHp P 3.0707 1.4715 1.5996
PhCHo © 23,1762 1.6824 1.5537
pNO2CeH4CH2 ©  2.6829 1.6973 0.9856
C. pMeCgH4CH, P 3.8236 2.6150 - 1.2106

a. 8% aqueous acetone.

b. 70% aqueous acetone.

c. 50% aqueous acetone ot

d. RC1 = pNO,CgH4CHC1Ph?3  p-X-CeH4CHCL (X = NOp
Me24, An’23 Ph0,23, MeOZQ-)

g,22,88
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TABLE V. 3%

Difference Between Rates and Activation Parameters in the

Hydrolysis of RBr? and ROTS at 50°C by Mechanism Syl (A) and
syg2 (B) “

A log k = log (kpors/kRBr); AE = ERorS - ERBr
AAS* = AS*Rops - AS*Rpr

R Alog k - AE/2.303RT AAS*/2.30%R
A. pNOoCgH4CH.PR®  3.1821 .  1.8562 1.3265
B. PhCHp ° 1.5395 -0.0128 1.5370
PhCHp © 1.8308 0.6148 1.2128
nPr © 1.0315 " -0.0290 10642

a. 85 aqueous acetone
b. 70% aqueous acetone
¢. 50% aqueous acetone

d. RBr = pNO,CgH,CHEr.Ph 88

88 88

» FhCH,Br ', nPrBr
It can be seen that a change from halide to sulphonate

accelerates solvolysis considerablj though this acceleration

is greater in Syl hydrolysis (kpomg/kpppe n 103, kpoms/kpol v 104)
than when mechanism SN2 operates (kpomg/kppy Vv 102,

kpops/Erc1 v 103), in contrast to the observation®’ that
kpBpr/krcl is virtually independent of the mechanism of solvolysis.
The mean relative contribution of changes in E to the observed
rate changes are summarised below. It can be seen, that increased

rates arise to a considerable extent from changés in AS*, The
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Change of X~ Alog k % Change due toAE
Br~ ——— 0TS~ Syl 3.1821 58.3%
| Sy2 1.5339 12.4

Sy2  2.9767 54.3

significance of this observation is discussed in the next
section. For solvolysis by mechanism Syl it may be assumed
that the values of E reflect the ease of C - X fission and the
present results show that Epops - Erpr and Epops - Epgl are
quite large. It may be inferred that the greater rate of
solvolysis of sulphonates by mechanism Syl, therefore arises
partially from the greater ease of bond fission, i.e. from the
reduced energy of the reaction C = X —> ¢t + X~. Bond fissien
is still important in SN2 hydrolysis but there is some
compensation from covalent participation by the nucleophile.
The fact that Erors - Erpr<{ Erors - Ercl suggests, that in
bimolecular solvolysis once X is such that C - X fission is
reasonably easy, any further increase in the facility of © - X
fission has little effect on the rate. This point appears to
be reached in RBr.
V.2. Entropy Difference in the Solvolysis of Chlorides and
' Sulphonates

It has been noted that the entropy differences are
an important factor in determining the greater reactivity of
sulphonates and these differences will now be discussed. The

variation of AS* for the change RCl —ROTS are shown in
TABLE V.4, "The striking feature is that AA S* is. almost always

the same irrespective of mechanism. The selvation model suggests
that the negative values of AC* and AS* in Syl processes arise

mainly out of the increased solvation of the polar transition
state by water. The more pogitive AS* values observed for
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TABLE V. 4.

Entropy Difference in the Hydroljsis of RC1P and ROTS at 50°C

AAs* - As*rors ~B8py
R Mechanism Vol.% Acetone ANg*
pNOoCgH4CH.Ph Syl 85 7.36%
PMeOCgH4CHo Syl " . 7.198
pPhOCgH,4CHo Syl : " ‘ 7.008
PANCEH4CH) sgl n "~ 9.012
pMeCgHyCHp ? 70 | 554
PhCHo Sy2 : " 7.32
PhCH, Sy2 : 50 7.11
pNOSCEHLCH Sy2 n 4,58

a. Assumes AS®pyy (70%) ~AS%pgy (85%) = 5.49 cals °A.m~l. The
figure is based on PhyCHC1,.87,85. -

b. Source of chloride results :- RCl = pNO2CgH4CHC1.Phe?
p-X-CgH4CHoCL (X = NOp,2* H,%2) 88 yo 24 pp 23 ppg23
Me0,24) '

sulphonate substrates then indicate that passage to the
transition state for these compounds involves increased solvation
by a smaller number of water molecules than the hydrolysis of
chlorides. ' f

It is believed that the smaller increase of solvation in

" . the hydrolysis of sulphonates is due to solvation of the initial

state. The sulphonate molecule will have water molecules
hydrogen - bonded to the sulphonate -~ oxygen atoms in the
initial state and these molecules will be correctly orientated
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to solvate the incipient negative éharge in the transition state.
Increased solvation in this region of the substrate in the
activation process will not occur to any great extent and the
overall increase of solvation on activation will be less for
sulphonates than halides, giving rise to more positive values
of AS* for the former compounds. These considerations apply
to the A AS* values observed in solvolysis by both mechanisms
Syl and Sy2 -and this illustrates the importance of the solvation
of the leaving group irrespective of the mechanism which is
operating.

AS* for the hydrolysis of sulphonates in water is,
however, more negative than for chlorides,’? in contrast to the
results in aqueous acetone. Robertson's propbsals_(see P43 )
concerning the factors controlling AC* and AS* in water,
require that a substrate which interacts strongly with the
solvent will have a more negative AS* than one of the same
size in whiéh such initial state interactions are absent.

The hydrogen bonding that occurs in the initial state of
hydrolysis of sulphonates is expected, in this view, to give
rise to the observed results in water. In aqueous organic
solvents, the solvation model predicts the observed results.
The fact that the same explanation, pre-solvation, accounts for
the different observed results in the two different solvent
systems represents a part of the evidence for the belief that
different factors control the solvolytic process in water and
in aqueous acetone.

The solvation number,’n, associated with the passage to
- the polar transition states of halides and sulphonates can be
estimdted from the magnitude of AS* using Eqn.II.8. The
differences of n for chlorides and sulphonates 8n, gives an
indication of the number of water molecules associated with the
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initial states of the sulphonates. It appears that

approximately three water molecules are hydrogen bonded in the

TABLE V. 5.
Solvation Number, n, for RCl and ROTS in 85% Acetone at 50°C

§n = n(RC1) - n(ROTS)

R n(RC1) n(ROTS) Sn
pAnCgH4CHp 8.3 5.1 3.2
pPhOCGH,CH, 7.9 4.7 3.2
pMeOCGH4CH2 7.9 4.6 3.3
pNO2CEH4CH. Ph 6.9 3.6 3.3

initial.states of sulphonates. It is tempting to associate
these water molecules with. the three oiygen atoms in the
sulphonate molecule but, as all water molecules may not be
solvating equally strongly, Qn.only represents an effective
solvation number.

V.3. Mechanistic Changes Due to Changing X

The present mechanistic conclusions can be compared wo
the similar concluéions for the hydrolysis of halides in

similar solvents.

Mechanism Syl is thought to be facilitated by the better
leaving group, sulphonate, and this view is supported by work

with alkyl compounds. Secondary halides react by a mechanism
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which is not entirely Syl (see P. 9 ) while secondary sulphonates
react by mechanism SN1 in all but the least aqueous solvents
(see Section I,7.i.). Activation parameters suggest that
mechanism Syl 1s slightly more favoured by replacing halide by
sulphonate (see P.52) in benzyl derivatives, but that the
effect is not as large as had been thought previously.

As previously noted (see P. 80) differences of Ag*
for the hydrolysis of chlorides and sulphonates are practically

the same by mechanisms Syl and Sy2. Hence the greater dependence

of SNl processes on X arises mainly out of differences of E
and mechanistic changes which result from the fact that
sulphonates favour mechanism Syl more than chlorides may be
discussed in terms of AE or the relative rates kROTS/kRGl for
SNl and Sy2 reactions. The latter will be employed here.
Assuming that solvolysis in the borderline region can be
described as a concurrence of mechanisms Syl and SN2

(see Section I. 4.) and knowing the percentage Syl hydrolysis of
chlorides in this region ?2'71 it ought to be possible to
calculate the percentage contribution of mechanism Syl to the
total reaction of corresponding sulphonates. Assuming the
ratio kROTﬂ/kRCl for the Sy2 component to have the same Qalue
as for the p-nitro compounds and the Syl component the same

as for the p-phenoxy compounds,

/8540

.
s}

e



o AN T e

85.

. k(pNO2CEHACHROTS )

SN2 kROTS/kEOl = 1.83 X 102
k(pNOoCgH4CHoCL)
SNl  krors/krcli = k(pPhOCgH4CH20TS) - 2.36 x 10%

k(pPhOCEHLCHC1)

the percentage contribution of the Syl process to the total

reaction of sulphonates has been estimated and is given below.

% Syl (RC1). 1 10 20 40 75
% Syl (ROTS) 57 % 97 99 100

The figures for % SN1 (RCl) of 1, 40 and 75 approximate to the
parent,22 p-met:hyli71 and p—anisyl71 compounds respectively. The

changes of mechanism predicted for the change RC1l to ROTS are

quite considerable; on the basis of these calc¢ulations p-methyl--

benzyl toluenesulphonate should undergo almost complete SNl
hydrolysis, contrary to the conclusions given earlier. It
might be thought that this argues against the concurrence of
mechanism, but the present caltulations are based on a figure
for KRoTS/KRC]l in an SN2 reaction (the hydrolysis of the p-nitro
derivative) which is likely to occur by the extreme form of that
mechanism, However; if the two mechanisms operate concurrently

in the borderline region even the Sy2 process can be expected to

/86...

bt mEardatd



have an appreciable Syl character, i.e. a large part of the

positive charge in the transition state will be situated in the
group R. Under these conditions too small a value may have
been employed for kROTS/kR61 in the Sy2 component, thus
overestimating the proportion of the solvolysis of the
sulphonate which occurs by mechanism SNyl. It is, therefore,
not possible to draw any definite conclusions about the

mechanism in the borderline region from the present results.
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CHAPTER VI.
The Effect of Added Nucleophiles

The values of the activation parameters of the solvolysis
of p-X-benzyl toluenesulphonates suggest that they react by
mechanism Syl only slightly more readily than the corresponding

chlorides. This conclusion is contradicted by the electrolyte
effects published by Hammond and his co-workers.65’b'g'

These workers found that the results of the solvolyses of behzyl
and m-halogenobenzyl toluenesulphonates in the presence of
chloride or nitrate ions, were consistent with entirely Syl
solvolysis by both compounds (see P. 29).

There are two basic objections to assigning mechanism Syl
to these reactions. Firstly, the substrate is not sterically
hindered to Sy2 attack, and bimolecular reaétion between benzyl
chlorides and nucleophiles has been observed even when SN1
hydrolysis occurs.*0 Secondly, if mechanism Syl is operating
the intervention constant kRY/kROH (see App.VIL2) which
represents the competition between Y~ and water for the
carbonium ion, R+, can be expected to incrgase with increasing
stability of R*. This arises from the greater chance the more
stable carbonium ions have of reacting with Y~ before their
solvation shells collapse to give/;héalcohol (ROH)?b Hammond's
figures at 25°C in aqueous acetone require that kpy/kroH
is larger for-the benzyl carbonium ion than for the more stable

benzhydryl and p-methoxybenzyl carbonium ions. lMoreover KRY/KROH
is slightly larger again for the less stable m-bromobenzyl
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kpy /kpog  m-BrCgHyCH,01S®3 PnoHo0ms®3 PhocHCT®* pMeocgmcHoCL O

. at 25° at 25°C at 20°C  at 20°C |
. . 10.2(73%4) |.0(70ma) 2. 50C70%a )
NOz™ 0.79 (56%A) 0.67(56%4A) - -

carbonium ion. As these results appear to be inconsistent with
Hammonds's mechanistic conclusions, it was decided to study

the effect of some anions on the solvolysis of benzyl
sulphonates. Since the addition of anions will effect fhe rate
of ionisation of solvolytic reactions, electrolyte effects in
Sy processes will be discussed in more detail.

VI.1l. Effect of Electrolytes in Sy Reactions 4b

Solvolytic nucleophilic substitutions occur by two
mechanisms ;-

5+ 5-

RX + H50 ———— ‘H50 === R === X — s ROH + H*+ X~
2
. — -—

the single stage Sy2 process and

S+ 8-
— 4+ . =
RX R---X — R* + X (slow)
Rt + H20 ————3 ROH 4+ H* (fast)

the two stage Syl process.

Under the present conditioms, first-order kinetics will be
observed in both cases if the rate-determining stage in the SNl
/89...

e i eatin i d



89
process is the ionigation step. The reactions proceed ﬁith
an increase in polarity in the rate-determining step and the
presence of electrolytes is expected to stabilise the transition
state with respect to the initial state. This, the ionic strength
effect, is analogous to ion-atmosphere stabilisation of ions
in solution. Since charge density is greater in.SNl than SyR
transition states greater stabilisation, and hence a greater rate
enhancement, is found in the former reactions.

Hughes, Ingold and their co-workers proposed a simple
electrostatic treatment to account quantitatively for the effect

of electrolytes on the rates of Syl reactiomns. Strictly this

approach was a limiting one that could only be applied to very
dilute solutions. Under these conditions the accelerating effect
of an electrolyte could be expected to be independent of its
nature but contrary to this specific electrolyte effects have
been observed105’ 7c
a. Specific Electrolyte Effects
Specific electrolyte effects may be divided

into twoglasses. _ |

The first group, in which specificity is generally small
in aqueous solvents, may be attributed %o ionppair formation by
the electrolyte. The specific salt effects reported by Spieth

105a

and Olsen >’ and Monk may be attributed to this. The latter

/90...
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results, however, are of somewhat doubtful value as mass-law
constants were overlooked and as instantaneous rates calculated
from theoretical expressions were compared with observed
integrated rates; The formation of ion-pairs from added
electrolytes has been inferred from kinetic data in 90% aqueous
dioxan106 but in aqueous acetone their formation is probably

£22,109,1058 3, yery dilute solution.

unimportan
Specific salt effects in the second group are generally
larger and have been observed on a number of occasions.

HammettloBb

suggested that the preferential solvation of ions
can change the effective solvent composition of binary solvents.
Grunwald’’ demonstrated that solvation‘of electrolytes by both
solvent species in aqueous organic mixtures must be considered
but this doés not invalidate the Hammett proposal. The solvation
of various electrolytes in aqueous dioxan Was-qualitatively
consistent with the kinetic data of other workers.llo
The effect of a number of salts on the rate of ionisation
of benzhydryl chloride are clearly dependent on the nature of the
" electrolyte(see TABLE VI.1l.). .The accelerating effects of aniomns
decrease in the order C104~ > N3~ DNOz » g1  O0H , and it is

particularly noteworthy that ¥~ and OH™ actually retard the rate.
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TABLE VI. 1
The Effect of Electrolytes on the Rate of Ionisation of
Benzhydryl Chloride in 70% Acetone at 20°C &
Salt Addition (0.05m) % Incresse in Rate
NaCl04 +15.08
NaBFy : +11.96
NaN b . +11.20
KBr + 9.15
NalNO .+ 6.85
NaCl © o+ 2.38
MeyNF ° - 5.21
NaOH P» ©- ~13.0

a. Ref. 102 except where stated
b. Initially 0.05 M
¢. Present work (from TABLE VI.5)

VL.1l.ii. Syx2 Reactions

Salt effects in Syl reactions arise from the specific
solvent effgcts and the stalilisation of the polar transitién
state by a procéss analogous to ion-atmosphere stabilisation
of fully developed ions. The SN2'process also has a polmrtransition:
state, which can be expected to be subject to similar

stabilisation, and the bimolecular mechanism is also dependent
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on solvent composition. Added anions should, therefore, affect
Sy2 hydrolysis in much the same way although these effects will
probably be smaller. However anions can also gct as nucleophilic
reagents and direct reaction between Yf and RX can therefore be .
expected to accompany bimolecular solvolysis. Under these
conditions the effect of added electrolyte en the overall rate
of destruction of the substrate will depend on the nucleophilic
power of the added anions. Attempts have been made to treat
nucleophilic power quantitativelylll but this quantity can vary

with reaction conditions and the reaction under consideration.

Nevertheless, in aqueous organic solvents and for the'reagents now

employed, nucleophilic power usually decreases along the series
N;~> OH™) ¢1 D> NO3™ > Hp0' ) €104~ which is quite different”from
the order of.specifib salt effectslbbserved for Syl hydrolysis
(see P. 90).

In view of Hammond's results (see P.29), theeffectgof
added electrolytes on the rate of destruction of bénZyl ;nd

m-chlorobenzyl toluénesulphonate were re-examined.

VI. 2. Salt Effects in the Solvolyses of Sulphonates

The interpretation of the effect of perchlorate, nitrate
and chloride ions on the decomposition 6f benzyl and
m-chlorobenzyl toluenesulphonates (TABLE VI.2,) obtained in the
present work are quite,unambigﬁous.

The accelerating effect of anions decreases in the

order Cl")NO{) Cl04  which is the order of nucleophilic power
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(see-P, 92) and the converse of the accelerating effects
expected for SNl,reactions'(see P. 90). The-acéelerating
effect of chloride iéns on the destruction of the parent
compound is apbroximately 50% for C.OB m electrolyte, which is
much giéater than the 2+3% acceleration expected from a
medium effect on an SN1 process. The effect of nitrate iqns
on the destrucfion of the m-chloro compbund is also too large
to be due to a medium effect in an Syl reaction. These results
are fully consistent with bimolecular attack by Nog and C1_

63 b, &

on both substrates. Hammond and his co-workers concluded

that the intervention of NO% and C1~ in the hydrolysis of

- benzyl and m-Br-benzyl toluenesulphonate occurred with the fully

developed carbonium ion; i.e..by mechanism Syl.

TABLE VI. 2
The Rate of Decomposition (kROTS) of X-CgH4CH20TS in the

Presence of Electrolytes in 70% Acetone

X Electrolyte 10%kpoms % Change in Rate®(0.05M salt)
- 3,393 -
0.1MKC1 6.753 +49.5
0. 1MKNO3, 3.985 + 8.7
%\ 0.26MKNO3 4.847 _ .+ 8.2
0. 1MNaC104 3.553 + 2.4
0.26MNaC104 3.852 '+ 2.6
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X Electrolyte 10%kp0ng % Change in Rate® (0.05M salt)
(- 34.65 -
0.1MKNO3 58.43 + 34.3
b/ 0+ 26MENO3 81.33 + 25.9
n-Cl
0.1MNaC10y 42.31 + 11.0
\0 28NaC10y 48.28 + 7.6

a. 4t 20.04°C

'b. At 69.86°C

c. These figures are calculated assuming that the
acceleration varies iinearly with concentration of

electrolyte.

Their conclusions were based on the observation that

a) the addition of electrolytes did not increase krors

by an amount greater than that expected for the operation of
a medium effect aﬁd

b) that the rate of production of alcohol, kpgg, was greatly
reduced by the addition of electrolytes. Contrary to
Hammond's observations, the results in TABLE VI.2 show that
the increase in kpgpg is very much greater than that expected
from a medium effect. Moreover, the results on which the

figures in TABLE VI.2 are based show indisputably that kroH
is not reduced by the addition of electrolytes.
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Substrate Electrolyte 105kROH
CgH5CHQ0TS  at 20°C - 3.393
" ) '~ 0.1 KC1 3.307
n | 0.1 KNO, 3.433
" 0.26 KNO3 3.546
m-C1-CgH4CHQO0TS at 70°C - . 34,65
" S 0.1 KNO3 44,23

" 0.26 KNO3 46.76

If the reaction with the anions occurs by mechénism SN2, kKROH
remains virtually unaltered (see App.VIld).

Professor Hammond has now found errors of calculation
of some of his results and the corrected figures in these cases
are in agreement with the data now reported. He did not, however,
find errors in the other results which form the basis of his .
mechanistic conclusions and it was therefore decided to obtain
further information on the effect of added chloride ions on
the solvolysis of a series of p-X-benzyl toluenesulphonates.

If the reaction of RX with Cl— and water occurs entirely
by mechanism SN1, both processes proceed via the fully developed
carbonium ion. The organic chloride and alcohol will then be
formed in the same proportion irrespective of the nature of the
leaving group. It can be shown (see App¥Il2) that under these

conditions the ratio, A, = _1 RC1 = 4\01, where the
[c1-] (o)
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- mass law constant,del y represents the competion between the
| C1~ and water for the fully developed carbonium ion, R*,
On this view one would expect that A, for the reaction of
sulphonates in the presence of Cl1™, should decrease with
decreasing stability of RT. Moreover, in some of the compounds
now examined independent estimates ofd y, were availablé from
experiments with the corresponding organic chlorides, thus
providing a further check on the interpretation of the results.

If however, attack of C1l™ on the sulphonates occurs by

mechanism Sy2, AD h g1 and A will not increase with increasing

stability of R*. The relevant results are shown in TAELE VI.3

TAELE VI.3.
The decomposition of ROTS in 70% Acetone at 25°C in the Presence
of Chloride Ions. '

& b
R A = _1 _RO1 T
[c1] =moms

CeHsCHD 10.8¢ -
iPr 4,1 -
pMeCeHACH? 3.0 ' -
pNOoCeH4CH.Ph 0.6 0.5
pPhOCEH4CH2 1.3 0.6
pMeOCEH4CH2 2.7¢.d. ' 4.0
a. From Sulphonates c. At 20°C
b. From Chlorides d. Anomolous i'esult, but this ester is

very unstable and the result may be
due to some decomposition of the
substrate prior to the experiment.
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~ where the compounds have been arranged in order of increasing

stability of R*. It can be seen that the requirements of Syl

reaction are not met. For the first four compounds listed, A
decreases on going down the table and its value is greater
than that of ek 37 when R is p-PhOCeC4CH2. For p-nitrobenzhydryl
compounds, however, whichere sterically unfavourable to
bimolecular attack by nucleophiles, A =das expected for the
operation of mechanism Syl. |

These results confirm the earlier conclusions (see P. 93 )
that nucleophiles react bimolecularly with toluenesulphonates.
It is noteworthy that bimolecular reaction also occurs between
anions and p-phenoxy- and p-metloxy~ benzyl chlorides which
undergo Syl hydrolysis. It must be stressed that bimolecular
reaction between nucleophilic anions and the present sulphonates
does not necessarily suggest that hydrolysis is by mechanism

sg2. 12140

It does, however, remove the previous obstacle
(see Section I.7.i.) to the mechanistic conclusions based on
AC*/ As* and AS*,

- The rates of bimolecular attack of chloride ions on
benz&l toluenesulphonate is greater in 50% acetone

(6.45 x lO"LF(n;/])'l sec—l) than in 70% acetome (3.20 x 10~4

1 -1 . .
@n/ﬁ-sec ). This is contrary to what is expected for a simple

Sy2 ion-dipole reaction where charge concentration is greater
in the initial than the tfansition state.ll5 This would suggest

that the transition state for this ion-dipole reaction, although
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still essentially an Sy2 process, has an appreciable contribution

from structure III (see P, 13). This would then give rise to an

increase of charge in the activation process and to the
observed solvent effect.ll4

VI.3, Solvolysis in the Presence of Base

As bimolecular attack of chloride and nitrate ions on

benzyl sulphonates has been demonstrated, it is reasonable to

expect that this mechanism would also apply for reaction with -
the stronger nucleophile, hydroxzide ions. It has been reported,
however, that the solvolysis of benzyl sulphonate is not
catalysed by this base.65b A possible explanation was proposed

by Tommila.®t

The high solvation of the initial state of the
sulphonate substrate may shield the reaction centre from the
large, hydrated, hydroxide ions. Bimolecular reaction with

the smaller halide ions and with water from the solvation shell
might still occur.

Work on the effect of added hydroxide ions in Syl

hydrolysis in aqueous acetone had been started in this
department but was discontinued when anomolous results were
obtained.llo It was, therefore, necessary to study the unusual
behaviour of alkaline aqueous acetone and establish a method
of obtaining reliable kinetic data. The details of this
preliminary study are given in Section-VII.S8. |

The fates of solvolysis of benzyl toluenesulphonate in
glkaline aquéous acetone (TABLE VI.4) demonstrate quite clearly

that a second-order process (rate co-efficent, k2) which
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represents the bimolecular attack of the base on the substrate,
occurs simultaneously with the first-order reaction with
solvent (rate co-efficient, kj). The first;order rate is
probably depressed slighfly, as expected, but the rather large
errors in kj and ko make a detailed analysis impossible.

The relative rates of bimolecular attack by hydroxide,
chloride and nitrate ions on benzyl toluenesulphonate are

given below.

Anion | 10™*ko (m/l-lsec_%)
OH™ 4,79

C1™ 3.36

NO3. 0.592

The differences between the rate co-efficients is less than
that which would be expected from the nucleophilic powers of

1lla and it may well be that this reduced sensitivity

the anions
of benzyl toluenesulphonate to nucleophilic attack is due
to some heterolysis of the substrate prior to bimolecular

attack by lyate ions.

VI.4 Hydroxide Ions in the SN1 Solvolysis of Chlorides
Although the retarding effect of hydroxide ions has

been reported on a number of occasions, the effect had not been

demonstrated in aqueous acetone. In order to ensure that the

second order process does not arise from an accelerating salt
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TABLE VI.4 .
The Hydrolysis of Benzyl Toluenesulphonate in 70% Acetone at
20.19°C in the Presence of Hydroxide Ions.

ky end k;° in sec "}

ko in sec-1 (m/l)'1

°
Electrolyte  10%kj kl/kib 10 ko

- 2.582 - -
0.02062K NaOTS 2.590 1.0031 -

- 3 . 352& - -
0.01877N NaOTS 3.362 1.0028% -
0.01877N NaOH 3.288%0.114  0.981%0.035 5.0290.876

- 3.0882 - -
0.01922N NaOTS 3.017 1.0029% -

0.01922N NaOH 2.997%0.0%6  0.996%0.014 4.553%0,295

a. Calculated from the rate of solvolysis in the presence of
NaOTS resulting from the neutralisation of the base with
the appropriate acid,

b. ki is the first order rate in the absence of electrolyte.
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effect, which diminishes as the base is used up, the effect of
hydroxide ions on the rate of Syl hydrolysis of chlorides
was studied.

Two organic chlorides were studied, benzhydryl and

pP-methoxybenzyl chlorides. The latter chloride is likely to

react bimolecularly with hydroxide ions, since Sy2 reaction with
other anions had been demonstrated,4o but steric requirements make

this unlikely in the former case.
These two halides have been studied extensively in

the presence and ahsence of electrolytes.104’ 2 Both compounds

are hydrolysed by mechanism Syl and show a striking reseﬁblance
to each other with respect to reaction rates, solvent effects and
salt effects. It was, therefore, felt that the effect §f
hydroxide ions on the rate of ionisatiop of benzhydryl chloride
could be used to compute the similar effect for p-methoxybehzyl
chloride. . |

The rate of hydrolysis of benzhydryl chloride is depressed
appreciably by hydroxide ions whereas virtually no change of

rate is observed with p-methoxybenzyl chloride (TABLE VI.5.).

TABLE VI.S.
The Hydrolyses of PhoCHCl and pMeOCgH4CH2Cl in 70% Acetone at

20.19°C in the Presence of Hydroxide Ions.

Substrate om' P 10
PhoCHC1 - 3.7158
0.01758 5. 545
pleOCEH4CH2C1 - 2.9742

2.980
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a. Calculated (See TABLE VI.4.).

b. Initial concentrations.

The depression of the rate of benzhydryl chloride is consistent
with an effective solvent change as a result of preferential
solvation of the base by water in the binary solvent (see P. 90 ).

An effect of similar magnitude is expected for the Syl hydrolysis

of the p-methoxy compound. In fact the observed first order
rate is not depressed, suggesting that bimolecular attack by
the base is occurring. The rate of this attack is so much
less than for the benzyl tolunesulphonate (see TABLE VI.4.)
that the second - order rate constant could not be estimated
with any degree of precision.

It can be concluded that hydroxide ions give a negative
salt effect in SN1 hydrolysis in aqueous acetone. The bimolecular
component of the solvolysis of benzyl toluenesulphonate in the
presence of the base must, therefore, be due to SNZ attack on
the substrate. Bimolecular attack of hydroxide ions on
p-methoxybenzyl chloride also occurs although reaction with the
solvent is unimolecular.

VI.5. Theoretical Treatment of Specific Salt Effects

The retarding effect of hydroxide ions in the SNl

hydrolysis of benzhydryl chloride in aqueous acetone can be

combined with the results of hydrolysis in the presence of other

/103.0-
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salt5104 tb obtain information about specific salt effects.

It has been suggested that specific salt effects are
due to changes of effective solvent composition as a result
of differential solvation of the added ions}osb Grunwa1d77
deduced, from the effect of solvent changes on the standard
partial molar free energies of electrolytes in aéueous dioxan,
that solvation by both solvent species was important. It was
suggested that small cations were solvated appreciably by the
organic species while small anions were predominently hydrated
though solvation of perchlorate by dioxan was not ruled out.
The predicted degress of solvation of the variohs salts treated
agreed qualitatively with their effeécts on the rates of
solvolysis. -

The kinetic effect of changing electrolyte concentration
is twofoldll®  1n the presence of eiectrolyte at concentration,
¢, the effective solvent composition, represented by %, will
be different from the formal value, Xy Very small changes of
¢, dec, will alter the rate due to changes of ionic strength
at constant solvent composition, %X, and to changes of X as a

result of the solvation of the electrolyte.

diok  _ fime) o+ (dink & VI.1.
de dec /% V%) ¢ de - ‘

The first term on the right-hand side of Egn. VI.1l can be

identified with the ionic-strength term of the Hughes - Ingold

approach.4b
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Ac where A = 2,10 x lO /D

(), -
de X

If the change in rate due to solvent changes is the same in the

presence or absence of electrolytes

dx, VI.2

<31nk ) = (M) - élnk} _
3%/ ¢ 3%/ c =0 ch=de
Hence
d1nk =<B1nk> + [ Mok . 4% dx, VI.3
de de / & Y21/ o = 0 de }E '
= }1nk> + (}1nk din®'/82 &% Ldxr
de ¥x1) ¢ =0 de dlnal/a2 ax,
= A B| dlnal/az VI N
de *

where ar and ap are activity co-effickents of the two solvent

species. Only dln(at/aa)/dc depends on the nature of the
electrolyte and for small concentrations of electrolyte it seems
reasonable to assume that dln(a'/ég)/dc = [in(a-/ag)/délc -

and thermodynamic arguments 115 have shown that
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1000 dln_a /af = 2 apo+t VI.5
M5 de ¢ =0 RT i,

"where My, =x, M, + > Mé, the molar weight of the binary
solvent. pfi is the mean ionic standard chemical potential

of the electrolyte. Value of dpu°t/ dx: have been evaluted for
a number of electrolytes in 50% équeous dioxan. They have been
interpreted in terms of solvation by dioxan and water in the
sense that increasing values of-dn°t/dx: repreéent increased
solvation by the water. '

Combining Eqns. VI.4 and VI.S5

Assuming 1nk varies linearly with ¢ over the experimental
range, dlnk/dc can be equated with the mAcroscopic value

!.1n(ki/k°') where ki and k' refer to the rates of ionisation
c ' -
when ¢ = 0.05M and zero respectively. A check of the validity

of Eqn.V1.6 suffers from the disadvantage that the rate data

in 70% acetone must be compared by values of dp°t/dx: which refer
to agueous dioxan. .On the other hand dioxan can be expected to
parallel acetone in its capacity for solvating fully developed ions;
FIG.VI.1 shows the linear relation between 1/c.ln(k,/k;) and
dp°®t/dx, which is predicted by Eqn.VI.6

) This_tréaﬁment-assumes that Qp“:/ix. follows the same

sequence in aqueous acetone and aqueous dioxan and there is
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further qualitative support for this view and for the present

' interpretation of kinetic salt effects. Perchlorate ions are

comparatively highly solvated by dioxan and the solubility
of sodium perchlorate in acetone'suggests that here too,
solvation by the organic species is appreciable. The large
acceleration of the rate of ionisation by this anion is in
qualitative agreemeﬁt with this view.

H30+ ions are relatively more heavily solvated by the
organic species than the alkali metal ions in dioxan. It is
reasonable to expect the same éffect in acetone as H5O+ does not

differ greatly from Hy0 and the latter interacts strongly with
acetone. The greater acceleration of SNl hydrolysis by acids
than by the corresponding alkali salts, is predicts by this
interpretation. The fluoride ion is expécted to be heavily

hydrated in aqueous solvents and therefore, to have a negative

EEE . I1ts effect on the rate of ionisation in aqueous acetone

dx
(see TABLE VI.1l) lead to the same conclusion. Hydroxide ions

spread their charge over a number of water molecules, i.e.
they are heavily hydrated. ZLittle gffect from the organic
species is to be expected, be it acetone or dioxan; this-is
reflected in the highly negative value of du%/dx:. The pate

depression which is observed also leads to this conclusion.
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The specific salt effects observed for Syl reactions

in mixed solvents are, thus, completely consistent with the
suggestion of Hammett that specificity arises from the
preferential solvation of the added ions. The present

work with hydroxide ioms in Syl hydrolysis further confirms

this original postulate.
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CHAPTER VII o
EXPERIMENTAL

VII.1l. Identification and Estimation of Purities of Halides
and Sulphonates

Infra red spectra of the majority of the sulphonates
were obtained and compared with the known spectra of the
alcohols or halides from which they were obtained. The
-30p- group was identified by two strong bands at approximately

1360 cm~l and 1180 em™ 1. Tipson152 observed these bands for

a variety of compounds of general formula ROSOgRl and Robinson153
also regarded them as characteristic of the -50p2- group.
Materials were also identified by examination of their
physical properties when these were known.

Purities of hydrolysable materials were estimated by
determination of the acid produced by complete hydrolysis of weighed
samples. Purities of 99% or better were normally obtained and

| samples of the same ester from separate preparations
hydrolysed at the same rate. Sulphonates obtained from halides
were shown to be free from halogen. The purity of
p-methoxybenzyl toluenésulphonate could not be determined with
any a&curacy since the solid was found to decompose above -35°C,
However, a number of separate preparations gave good first-
order rates of hydrolysis, consistent among themselves; they
contained no halide.

The pure alkyl sulphonates and the p-nitro- and m-chloro-
benzyl compounds were stable at room temperature. All the

other sulphonates were not stable at this temperature and
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decomposed to give coloured products. The rate of -
decomposition in the pure state appeared to parallel the rate of
hydrolysis; e.g. p-methoxybenzyl toluenesulphonate quickly formed
a bright crimson mass even at -30°C. The presence or absence
of light, oxygen and nitrogen appéared to have no effect on the
rate of decomposition. These unstable sulphonates were,
therefore, stored in dry ether at -20°C (p-methoxybenzyl
sulphonate in dry acetone at -70°C), the solvent being removed
under reduced pressure immediately before use. |

VII.2. Preparation and Purification of Materials

Three methods were employed for the preparation of
organic sulphonates:-
i. Reaction of the appropriate sodium alcoholate with
toluenesulphonyl chloride in ether63a (Method A).
ii. Reaction of the organic bromide with silver toluenesulphonate
in acetonitrilel2? (Method B). ‘
iii.»Reaction of the appropriate alcohol with toluenesulphonyl

116 (Method C).

chloride in the presence of pyridine.
The preparation of ome compound by each of these methods

is described in detail below._ The experimental conditioas

employed in all the preparations are summarised in'TABLES VII.1

and VII.Z2.
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Method A Benzyl Toluenesulghonatee’Ba

Benzyl alcohol (22 gms) in dry ether (200 mls.) were
added slowly to. sodium hydride (4.8 gms.); sodium hydride
protected by oil was employed as it was found that the oil
had no adverse effect. The mixture was refluxed with stirring
for 12 hrs. (-20°C) and toluenesulphonyl chloride (38 gms.) in
dry ether (200 ms.) added over a period of half an hour.
After stirring for 2 hrs. at -10°C and for 1 hr. at room
temperature, benzyl toluenesulphonate.was obtained as white
needles from the filtered ethereal extract at -20°C. The
cbmpound was purified by re-crystallisation from petrol
(b.pt. 40-60°C.) |

The more unstable sulphonates were re-crystallised from

cold petrol.

/1157..
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11%.
Attempts to prepare t-butyl and p-anisylbenzyl esters by this
method were unsuccessful. Previous attempts6l’ 139 to
prepare the t-butjl compound had‘also failed, probably because
elimination occurs. The fiilure to obtain the p-anisyl compound
may have resulted from the low solubility of the alcohol in
ether; the reaction in benzene was also not successful,
probably for the same reason.

Method B p-Anisylbenzyl ToluenesulgggnatellG.

A solution of p-anisylbenzyl bromide in acetonitrile
was added to a solution bf ex¢ess silﬁef toluenesulphonate in
the same solvent. . The nixture was 1eff in the dark for:a day
and filtered. The solvent.was removed under reduced pressure
at 0°C and the residue extracted with éther. The product was
isolafed and purified by the techmiques described in Method A.

Acetone, ether, dioxan, nitromethane and liquid
sﬁlphurdioxide were investigated as solvents for this reaction,
but ﬁithout success.

Method C p-Nitrobenzyl Eoluenesulphonatell6

p-Nitrobenzyl alcohol (10 gms.) in dry pyridine (100 mls.)
were cooled to - 5°C. Toluenesulphonyl chloride (1.1 equivalents)
were added in.one portion and the stoppered flask swirled till all
the chloride had dissolved. The reaction mixture was maintained

at 0°C for 2 hours before 10 mls (in 1,1,1,2 and 5 mls.

/115...




115.

OTL*d 99S

0°66 ﬁmww¢.av TO0S'T - 0602 yauow T 0,02 Ig-u
g - dmooep DoG¢-. Lep T 0,04~ CHOWE9D0SR~d
¢°66 - - A 0,0 *Iq £ 0,02 9d " BOYH9DZON-d

. (dwoosp +1T) _
6°86 ¥¢9 u OTT 0,02 - £8p T 0,02 cHOWHIOUI~d
W ¢ 96 - r v 0,0 ~ Lep T 0,02 cHoYEIpuy-4d
W 9°66 - (dwoosp) ot 0,0 "y £ 0,02 CHOWEOD0Ug-4
Ww T1°00T1 (egg89) 8% 0,0 Lep T o°om cupirp9pen-d
: 0°66 (pgo8) 29 0,02 w HT 0,02 CHOWHIDTO-W
| 1°66 (6z718205°T) S205°T 0002 w HT Do02 II-T
_ 4°66 (wggb%) 8% 002 sfep [ 0,02 2m0SEd0
O farng o 0Y/ATE OB Jo Tescuey swoTatpuo) woTAoRy =

Amnspwnwwﬂﬁ Y3 UT senieA 8Y] 04 JoFyox stseyjuaaed Ut seanl3TJ)
- Ig3y + ¥0C0S,¥ ¢&—— 3¥0C08,4 + JIg¥ - g PoYalel

/116...




AR + 0 ke £ WL e s et P = P T TR T - tmar n i o
b, :‘- f:,. .?.f Eﬁ._‘. . T ‘: R Jl‘"‘l:f Jr-v.-—anr-; jora -_Av_.am.h-‘n...-u,--T,gs.tm_.@?,%fmﬁrw-q,,..,,ﬂ.,, v - e o e

rd '.‘

SR
AL o

T g g
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poftions at 5 minute intervals) were added, maintaining the.
temperaturé below +5°C. Cold SN HoS04(100 mls) was added and the
sulphonate gfystélliéed out. The crystals were filtered off,

washed free of pyridine and dried. The crude product was

récrystallised from petrol.
m.pt. 104°C (1it®32 103 - 104°C) Yield 50% Purity 99.4%

. The attempted sulphonation of p~nitrobenzhydrol by this
method pfoduced pale yellow crjstals.(m.pt. 136°C). The 1.R
spectrum of this material showed no indication of the
‘sulphonate group (See Sect.VII.1l) but peaks corresponding to
the nitro group were present. A further peak at 1150 cm~1
suggested the possible presence of an ether. Carbon - hydrogen

analysis agreed with the formula
(p-NO2CgH4CH.Ph) 20 - Found C = 70.5%, H = 4.6%

Calculated C = 70.9%, H = 4.5%. An ether was produced in

the similar reaction of benzhydrol.lla'

VII.3. Starting Materials

Benzyl Chloride. B.D.H. material was dried (CaClp) and

distilled at reduced pressure, b.pt. 65°C at 15 mm,
Benzyl Alcohol was distilled at reduced"pressure; b.pt. 81°C

at Zmnm.
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~Nitrobenzyl Alecehol. p-Nitrobenzyl bromide was converted to the

Pl S

formate (m.pt. 78°C) by reaction with potassium formate. 17
The formate was h&drolysed in acid to give the alcohol which
was re—crjstallised from petrol; m.pt. 93°C.

m~Chlorobenzyl Bromide was distilled at féduced pressure; b.pt

76°C at 0.5 mm.

i-Propyl Bromide (Lights) was distilled at 60°C.

p-Phenogybenle Alcohol and Bromide were prepared according to
119, 120, 121.

the reaction scheme.,

rnir # K0 )~ CHj » PhO o~ CHy
————3% PhO O- CHoBY ——— PhO O- CH20H

p-Phenoxybenzyl bromide was obtained as a colourless oil on

decolourising with alumina (purity 99.0%). Hydrolysis of the
bromide in aqueous acetone and re-crystallisation from petrol. _
(b.pt. 40 - 60°C) gave white plates (m.pt. 52°C) of the alcohol.

p-Anisyl Alcohol and Bromide were prepared according to the
' 122. '

.reaction scheme.

CHz0 'QF Mgir + 0= - CHy—3CHz0

/118-0-
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> cis0 __>-<__ ) CHp0H

p-Anisylbenzyl bromide m.pt.114°C (11t23 114°C) with a purity
of 100% was hydrolysed to the alcohol which was re-crystallised
from ethanol m.pt. 164°C (11423 164°C).

peMethqubenzyl Chloride was prepared by chlorinating anisyl
124, 104, 124

alcoho y The chloride was purlfled by distilling

under reduced pressure. b. pt 93°C at 1mm; ND22 1.5486, purity
99.3%-
n-Propyl Bromide (Light's) was distilled at 71°C.

prNitrdbenzhydrol and p~-Nitrobenzhydryl Bromide and Chloride
‘ 125, 121.

were prepared according to ﬁhe reaction scheme

N-Oz-D'—.Cchl +  p— W02 < yCH2 Xy

—— N> -@- CHC1 O

The bromide was olained as a pale yeliow solid, m.pt 31-32°C
(1it 32°C), which on hydrolysis gave the alcohol m.pt 73°C
(118 73 - 74°C). The chloride had a melting point of 44°C
(11t% 43,5 - 14,5°),
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p-Phenylbenzyl Bromide was prepared in a similar way to

p-anisylbenzyl bromide, starting with cyclohexanone and the

Grignard reagent of p-bromotoluene.

m.pt. 85°C (1it122 85°C) Purity 99.7%
p=Methylbenzyl Alcohol was obtained by reducing ethyl
p-toluate (Np=° 1.5123) with lithium aluminium hydride;
m.pt. 61.5°C (1it2% 61°C).

Sodium Perchlorate (Analar B.D.H.) was re-crystalligded from

aqueous dioxan and dried to constant weight in a pistol at
100°C and 0.5 mm pressure.

Potassium Nitrate (Analar B.D.H.) was dried at 120°C for 8 hours. '

Potassium Chloride (Analar B.D.H.) was dried at 120°C for 1 day.

Sodium Hydroxide (Analar B.D.H.) material was used.

Sodium Toluenesulphonate was prepared from the Analar acid, and

dried at lOb°C and 0.5 mm,
VII.@J Solvents

Acetone employed in the solvent for kinetic runs was
obtained from analar material by refluxing with sodium hydroxide
and potassium permanganate 'for 2 hours, snd distilling.l?
It was subsequently fractionated from hydroquinone.

Mixed aqueous solvents of "x%" acetone were prepared
by mixing "x" volumes of acetone with"100-x" volumes of
distilled water which had been.passed through a mixed resin |
ion - exchange column. As theAsolvents were made up by volume,
different batches of the same solvent (e.g. 70% acetone) did
not have preciseiy the same composition. Ead batch was, therefore,
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monitored by noting its rate of reaction with some reference
compound (e.g. benzhydryl chlé&ide) and applying the necessary
correction factor to emsure that all rate co-efficients for
any stated solvent composition referred to the same batch.

Acetone employed for quenching the reaction and for
titrations was prepéred by refluxing the comﬁercial material
with sodium hydroxide and potassium permanganate for 2 hours
and then distilling it. Before use the indicator, lammoid,

was added and the solution neutralised.

- VII.B. Thermostats

The thermostats employed were of conventional désign.
Temperatures below_O°C were obtained by using a refrigeration
unit to cool the bath (containing eﬁhylene glycol/water) to just
below the required temperature. lThe 10°C thermostat%'kgs
cooled by circulating ice-cold water through a coppef coil
immersed in the bath. Temperature control of % 0.01°C‘was
obtained using contact thermometers or toluene - mercury
regulators. The 0°C thermostat: was a well stirred ice-water
mixture; no temperature variation was observed. Temperatures
were measured with thermometers, standardised by the National
Physical Laboratory to ¥ 0.02°C for temperatures above -~ 10°C
and to * 0.1°C below that temperature.

VII.6. Methods of Rate Measurement

The hydrolysis of halides and sulphenates was usually
studied in initially 0.0l M solution and followed by noting
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the development of acidity; the most rapid reaction (the
hydrolysis of p-methoxybenzyl toluenesulphonate) was carried

out in initially 0.002 M solution aqd followed by noting the

conductance. Readings after comﬁletion of the reaction (i.e.
after more than ten "half-lives" had elapsed) gave the initial

concentration of the substrate.

Kinetic runs at moderate temperature were carried out

in stoppered flasks, the substrate being added after the

solvent had attained the temperature of the thermostats..

+ Five or ten mls. samples were removed from time to time,

| quenched by running into cold, neutral (lacmoid) acetone, and
.titrated with standard sodium hydroxide. The first determination
was taken to refer to "zero time".

For runs above 40°C a sealed ampoule technique was
employed, the ampoules beiﬂg-allowed to reach the temperature
of the thermostat before the first reading was taken. Tubes
were removed at various timés, rapidly cooled to - 70°C to stop
reaction, cleaned, broken under neutral acetone and titrated.
The relatively rapid hydrolysis of p-methoxybenzyl
toluenesulphonate was studied in a conductance cell which
consisted of a 200 ml. flask with baffled sides to assist
the stirring provided by a 1200 r.p.m. motor. The electrodes
were bright platinum sheet, 0.5 m.m. thick, 1 sq. cm. area
and 0.5 m.m, apart.. They were supported by stout platinum

ire sealed into glass. About 150 ml. of solvent were allowed
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to attain the temperature of the thermostat and the sulphonate,
dissolved in 0.4 ml. dry acetone, was added as rapidly as possible,
with stirring. The appropriate quantity of water had
previously been added to ensure that the composition of the
solvent remained constant. Check experimenﬁs showed that
complete mixing occurred in less than two seconds under these
conditions.

The use of a Pye conductance bridge (Type 11700)
allowed the determination of the time required for the
resistance of the reaction mixture to atta;n the value of an
external resistance. The use of a series of external
resistances, each of which could be switched into the circuit
rapidly, allowed 15 - 17 determinations to be carried out in
each kinetic run. The time required for each resistance to be
reached was determined by using a cine - cameré to record
simultaneously the oscilloscope trace and a mechénical counter
which was operated by a synchronous motor and indicated times
to 0.1l sec. Concentrations of p-toluenesulphonic acid,
corresponding to the various resistance values, were obtained
by determining the resistances of known'concentrations.or this
acid. Reproducable calibration curves were obtained providing
a small quantity of the acid was present initially,

(ca. 10-4 M).p-ﬂethoijenzyl alcohol, the obther reaction

product, had no effect on the resistance of the solutions.
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'VII;ﬁ' Methods of Calculatien and Errors

First-order rate co-efficients were calculated from

the integrated rate equation

k = 2.303/t. log(a/a-x)

where t is the time in seconds and a and a - x are the
concentrations of organic ester at times t = O and t = ¢
respectively. First order rate co-efficents were obtained in
most runs over 75 - 85% reaction. -Experiments were duplicated

or triplicated and the standard error " (k) of the final mean

rate co-efficient, km, was obtained from

. %‘\
o (k) =1 [é(k _ k.m)2] B
_ n

where n is the total number of determinations of k, treating
the two or three runs together. Individual values of k

differing from km by more than 2%03, where

%2 = ﬁ% o (k)

were rejected and the new values 6f kp and o-(k) found.
The activation energy, E, was calculated from the

values of k at adjacent temperatures and refers to the mean

of the two temperatures, i.e. (Ta + Tp) / 2

Pg T
E = 2.305 R Ta 1b log ka

Ta - To © kp

where kg and kp are the first order rate co-efficients at

the absolute temperatures Tg and Tp.
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The standard error of E, o(E) is given by128

o(E) =2TaTh | o \2 | [op)2 %
Ta = Tp { \Xa | T l

The entropy of activation, &S+, at (Tg + Tp) /2 was obtained

from

1n kg = 1n(1-(3 + 1n T}a*'Tb +AS® - E VII.1
| h 2 X . RT,

where E refers to (Tg + Tp) /2

~  The standard error in AS* , o-(AS*), is approximately given by

o (as®) . (@
T

The heat capacity of activation was obtained from

AC* - QaGE - R
4ar
and dE/4T was obtained from
E=E +T. dE/4T VII.2.

by the.methbd of least squares. Equation VII.2 assumes that
dE/AT, and hence AC* gare independent of temperature. This
assumption appears to be true, within the limits of experimental
range.86 The error in dE/dT, o (dE/4T), was obtained in two

ways:-
/125...
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i. from the standérd error in the slope of the best straight line

of E against T using
o (dE/AT) = Z(Eobs - Ecal_c>2
(n - 2) £(T7 - ™)2

where n is the number of vaiues of E

ii. From o (E) using

| 3
o (AE/4T) = {i[c-(E). (T - Tml] 2}
(T - Tmy' |

In all cases the larger value of « (d.E/d'.I."_) was accepted.

B at any temperature ,T, can be calqula.ted from
E =Im + dE/AT (T - Tm)
where Ep .is the mean of the activation energies and Tn
the mean of the temperatures to which fhe v‘alﬁes of E refer
AS* at any temperature can be obtained from
AS* =AS*y + 2.303 AC* (log T - log Tm)
where log Tp is ‘the mean of the values of log (Ta + Tp)/2 and

AS_; is the entropy of activation at this te'mperature, Tme
The rate at any température, T, can be calculated from

E and AS* at this temperature using equation VII.1 with

Tg = Tp = T '

The Standard error in AC*/Ag+% , G‘(AC"’/AS"‘), was ohtained

from

AC* Ag*

o_(%g:) _ i‘g‘: {[o—gAC¢)]2+ [O;Qés_g")]a}%

where o (aAcC*) o (dE/4T)
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VII.8 Hydrolysis in the Presence of Hydroxide Ions
The rate of hydrolysis in the presence of hydroxide

ions was examined in order to determine whether these ions
underwent bimolecular reaction with henzyl toluenesulphonates.
The parent compound was examined, and the hydrolyses of
diphenylmethyl chloride and p-methoxybenzyl chloride were also
studied in order to determine the effect of these ions on the
rate of Syl hydrolysis (diphenylmethyl chloride is sterically
unfavourable to bimolecular attack by reagents but
p-methoxybenzyl chloride is not). The alkaline solutions
were prepared by adding sedium hydroxide, or the metal, to
aqueous acetone. Samples of the reaction mixtures were
quenched in acetone containing excess acid and back-titrated
with standard sodium hydroxide. with lacmoid as indicator.
VII.8.i. Diphenylmethyl Chloride

The initial results obtained with diphenylmethyl
chloride are shown in TABLE VII.3. It can be seen that
hydrolysis is accelerated by hydroxide ions, contrary to many

: 19,107,1%25,1%7.
earlier reports that lyate ions retard Syl reaction. 9,107,135,137

However the results show several anomolous fgatures.
The acceleration caused by hydroxide ions coulq conceivably
arise from a positive salt effect or from the incursion of
bimolecular (Sy2) reaction but both thesei%ossibilities demand
a decrease in the observed first-order rate co-efficient (k)
as reaction proceeds (since hydroxide ions are removed under

these conditions) and a roughly linear relation between k and
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TABLE VII.?
The Hydrolysis of Benzhydryl Chloride in Alkaline 70% Aqueous
Acetone at 20°C.

Run Salt Addn. 104k % Change in Rate
1. - 2.5298 - .

2. 0.0092N NaOH 3.1258 - + 23.57

3. 0.22N NaOH 3.0782 + 21.71

4, 0.030N NaOH 2.9652 + 17.24

5. 0.0099N NapCO3 ‘ 2.6778, Db. . -

6. 0.0214N NaOH . 2.798%, d. + 10.6

7. 0.0292N NaOH 3.020¢» ©- + 19.4

a. Solvent freed from CO2 by refluxing under N2
b. Falling rates

c. Solvent distilled from NaOH and composition adjusted to
70% by addition of water

d. Run commenced 15 minutes after addition of NaOH to solvent

e. Same as d. but 16 hours.

the concentration of hydroxide ions. Neither of these
requirements are met. Individual k's usually had the same
value in any one kinetic run and there was no apparent relation
between k and EQH;}. Anomolous results for hydrolysis in

aqueous acetone had previously been reported. 19, 110.
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Acetone usually contains relatively large amounts of
carbon dioxide but the possibility of interference by sodium
carbonate (formed by reaction with the hydroxide) must be
rejected. The anomalies persisted in solvents fpom which
carbon dioxide had been removed by distillation under
nitrogen before use, and the addition of the carbonate
to the neutral solvent had only a small effect on the rate.

Similarly the results cannot be explained by assuming
the presence in the solvent of an impurity which reacts
with the hydroxide ions to form a species capable of rapid
reaction with the organic ﬁalide. Distillation of the solvent
over sodium hydroxide and adjusting the composition back
to 70% by.the'addition of water did not remove the énomoly.

It seems likely that the present results arise from the
condensation of acetone to form diacetone alcohol. This
condensation is catalysed by basel?” and the initial
condensation product may undergo dehydration to form mesityl
oxide and water, or by further condensation and de-hydratiog,
form iso-phorone. These processes would, in effect, increase
the water content of the solvent,'yielding increased rates '
of hydrolysis, as observed. 'Moreover the equilibrium between
acetone and its dimer and the subsequent de-hydratiom is.
independent of the base concentration. Confirmation of this
interpretation arises from the observation that the addition
of sodium hydroxide to the solvent first causes a relatively
rapid change of volume (probably corresponding to the

dimerisation) followed by a slow change which probably
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corresponds to further condenéation and dehydration. Alkaline
solutions which have been kept for several weeks became yellow
and the isolated coloured material showed the C = O frequency
of iso—pho::*one.1"?*‘5

As the dilatometric measurements had suggested
that the solvent composition changes only very slowly after
several hours standing, kinetic runs were carried out in
solvents which had been made alkaline %6 hours before use.
As this solvent no longer had the cdmppsition of "Y0%" acetone,
a portion of it was neutralised with agueous hydrochloric
acid, after addition of the amount of acetone required to
ensure that the total added liquid corresponded in composition
to "P0%" acetone. The volume of this added liquid was small
and was unlikely to affect the composition of the solvent .
significantly. The effect of hydroxide ions on the rate of |
hydrolysis was then obtained by comparison with the rate in
.the neutralised solvent via, the known effect of sodium

104 The results showed the deceleration

chloride on the rate .
in the presence of hydroxide ions. ZFirst-order rate co-efficients
| were constant over the course of any one run (see Expefiment

96 Appendix V.II.l.) within the limits of experimental error.

This probably arises from the partial cancellation of the
reduction of the retarding effect of hydroxide ions by the
 increased mass-law retardation by chloride ions as the reaction

proceeds.

VII. 8.ii. p-Methoxybenzyl Chloride

Methods analogous to those described in Section VII.§.i.
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were employed to étudy the effect of hydroxide iomns on the
rate of hydrolysis of p—methoxybenzyl chloride. Good first-order
rate co-efficients were again obéerved (see Experiment 103).

2%» 10% pad shown that the salt effect of

Previous work
electrolytes was virtually fhe same as in the hydrolysis of
diphenylmethyl chloride. Thé,retarding effect of hydroxide ions
is however significantly less whép the substrate is the benzyl
compound, suggesting that now'éome;of the overall reaction
involves bimolecular. attack by the base. The constancy of the
first-order rate co-éffidents in any one run could arise from
the cancellation of the retardétiqn of ionisation and the
enhancement of the bimolecular'reaction:by hydroxide ions.

VII.8.iii Benzyl Toluenesulphonate

The effect of hydroxide ions'on_thé rate of hydrolysis
of benzyl toluenesulphonatg_was studied by methods analogous to
those described in SectionAVII;ﬁ.i,;'except that p-toluenesul-
phonic acid was emplbjed to.neutraiise the solvent.

The reaction shOWéd mikgd first - and second - order

kinetics and yielded an experimental first-order rate co-efficient

t
=1 1n_a =k + kp S(b-—x)dt
t a-x t o]

where ki and k5 are the "true" first - and second - order rate
co-efficients, a and b are the concentrations of benzyl
sulphonate and hydroxide ions at "zero" time, and x, the

concentration of product formed at time t. The integral was
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131.
determined graphically, and ki and kp were obtained as the slope
and intercept of the "best" straight line of kexpt against

1 gt (b-x). dt by the method of least squares. Check

t o

experiments in “70%? acetone showed that toluenesulphonate ions
at.the experimental concentrations bhad only a negligibly small .
effect on the rate of hydrolysis (see Experiments 98) and the
value of kj obtained from experiments with added hydroxide ions
had almost the same value as the rate co-efficients for
hydrolysis in the alkaline solvent which had been neutralised

before use.
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APPENDIX VII.1

Comparison with Previous Results

Alkyl Toluenesulphonates

The hydrolysis 6f n-propyl and i-~propyl toluenesulphonate

does not appear to have been studied in aqueous acetone.

Data is, however, available for the benzenesulphonates61

and the results for the ethyl compounds suggestl30 that

EROBs - ERors
AS*ROBs ’fﬁS*ROTs

0.24 Kcals.,
0.29 cals.

It has been assumed that these differences apply to all
alkyl toluenesulbhonates and the resulting values for n-propyl
and i-propyl are compared in TABLE VII.4 with the present
results. All data fefers to 5bﬁtand it has been assumed that
dE/AT = 25 cails./degree irrespective of the compound or the
composition of the solvent (see TABLE III.6.)

Considering the assumptions made, and possible
inaccurades in the earlier determinations of activation
parameteré,.the present results are consistent with those

Jpreviously obtained in different solvents.
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TABLE VII.4

Values of k] E and AS* for ROTs in Aqueous Acetone at 50°C
R % A_ceténe 106k (sec ) E(Kcal) - AS*(cals)
iPr . 42a 252.4 22.65 7.05

50 134.7 21.19 9.76

61.7% 53.0% 23,21 8.43

83.3% 5.074 22.72 14.61

85 3.840 22,30 13.36
n-Pr 568 . 3.595 21.71 18.42
' 50 9.158 21.92 15.92

a. Ref. 130

Benzyl Toluenesulphoﬁates

The rate of reaction of some p-substituted benzyl'
toluenesulphonates with aqueous acetone was studied by
Hammond and his co—-wérkers at 25° and 45° C. The resulting
rate co-efficients and activation parameters at 35°C are
compared with those from the present work in TABLE VII.5.

Re-ésonable agreement between rate co-efficients in
Hammonds and the present work is obtained. The fairly constant
value of E and regular change in &S* in the series pNOp, H,
plMe, is commoﬁ to both sets of results and has been commented
on in an earlier part of this thesis (See P. 58 ). The value
of AS* obtained by Hammond for the p-phenyl compound appears to

be anomalous. /134...
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TABLE VII, 5.

Values of k; E and &S* for the Hydrolysis of p-X-CgH4CHoOTs

in Aqueous Acetone at 35°C

% Acetone 1061:-( sec™1) E(Kcal.) -AS*(cal)
83.3 63d 1.507 19.97 22.43
70 4,333 20.56 18.42
g5 ©3d 19.68 19.70 18. 44
' 83.3 27.27 20.40 15.28
56.6 ©3¢ 55,6 , 18.36 15,57
50 929.2 18.47 14,08
83.3 63f  257.5 | 22.07 5.40
70 895.4 19.77 10.39
83.3 34  s5ge.6 20.61 8.50
20 307.6 - 18.92 10.68
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APPENDIX V.II.2.

The Intervention of Chloride Ions in the Syl Hydrolysis of

a Toluenesulphonate.

-Gonsider.fhe Syl hydrolysis of a toluenesulphonate
(ROTs) in the presence of chloride ions. These ions may react
directly with the fully developed carbonium ions which will be
present (Syl reaction) or they may attack substrate molecules
before they have undergone hydrolysis-(SH2 reaction).
Neglecting reaction between carbonium ions-and toluenesulphonate
ions, and the hydrolysis or ionisation of any RC1 formed,
the following processes fhen occur:;

ROTs kI ,R" + 0Ts”
R*+ Ho0 ¥RBOH gom + H*
R*+ c1~ __¥RO] RC1

ROTs + C1~ __¥II, RC1 + OTs”

Application of the stationary state principle to the highly

reactive ion, RY, yields

a [ror) - [roms]  xg
dt 1+ &gy -Lo1]
and, a [rea) =[R0TSJ[01'] ik o1 + k1 VII' 3
at 1+ %gy-[0a]

where the mass-law constant,el g;—, represents the ratio of the

reactivities of chlorides ions and water for the carbonium ion,

Rr*Y. In the presence of a large excess of chloride ions,{hﬁgl
/136.... '
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remains virtually constant througheut the reaction. Hence

[Cl']é(u‘ + k11 (1 #dg- [017] )}

ky

EIEE a[re1)
[rog] o, a{RoH ]

from Egn., VII.3.

i.e. A =1 Rel @ = oLCl_ + X7 (1 ACI_CCI']) VII. 4
c17 [ROH] o k1

The mass-law constant, d‘Cl" is independent of the nature of the

leaving group. In some cases, its walue was available from

previous work on organic chlorides, in others an. upper limit could

be placed on its value from the expected stabi'lity of the

- carbonium ion, R, "It was;_ théiefbre, possible to employ Eqn.

VII.4 to conclude whether -any of the formation of RC1l occurred
bimolecularly. For bimolecular reaction between C1™ and ROTs,

kyy > O and hence A )eLCI_. If all RC1 is formed unimolecularly
ktt = O and hence A = o gy- .

If reaction between Cl™ and ROPs occurs only by mechanism

Sy2 then ol c1™ = O and Eqn. VII.3 demonstrate-s-that kROH is

virtually unaltered by the addition of chloride ions (see P.95).
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APPENDIX VII 3

Rategs, E, AS*, AC* and AC*/Ag* for the Solvolyses of
3 Sulphonates :

The methods of calculating rate coefficients and

activation parameters and their errors are given in VII. 8.

First order rate coefficients, k, are in sec

E is in Ecals. moles —1.

AS*, AC* and dE/AT are in cals. moles -1, og-1,
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APPENDIX VII. 4,
Details of Individual Runs

First order rate coefficients were calculated from
the equation

k = 2.30%3/t. log(a/(a - x))
-1

where k is the integrated rate constant in sec

t is the time in seconds
a is the concentration of substrate at t = o
a - x is the concentration of substrate at t = ¢
Titres are expressed in mls. of NaOH
Concentration units (Experiments 67 - 69) are in moles 1-1°
In each case detaililof one run are given and the

mean rate coefficients, k1, hll, ete., of duplicating runs
are quoted.
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Expt. 1 Benzyl Toluenesulphonate 70% Acetone (3) at 0° ¢

5.00 mls titrated with 0.02205R NaOH

Time
0

59,100
83,225
144,180
231,420
517,700
346,260
(¢ 0]

0

23,600
84,660
109,320
171,660
197,280
258,090
286,800

(0 o)

RIS Pyt T S gl s o W g TR RSO S TR A A T St

Titre

O.;l
2.17
6.98
11.20
16.18
20.12
21.30
36.28
2.52

3.86

6.97

8.09
10.67
11.60
13.55
14.3%3
25.53

105k

2.549
2.530
2.539
2.554
2¢535
2+ 547

2.541
2.537

2.55

2.548
2.543
2.530
2.537

i e & it

106k = 2.539 (1% readings)
105k1 = 2.547 (12 readings)

Mean k= (2.54% % 0.00184

) x 10°

Corrected to 70% Acetone k= (1.708 * 0.00;24) x 10°
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.5.00 mls titrated with 0.02205 NaOH

' Expt. 2 Benzyl Toluene'sulphoﬁ_tate in 70% Acetone (3) at 20.59°C

/156...

| Time Titre 106k
0 1.48 -
57,600 15.79 3. 446
61,200 16.04 3,433
64,860  16.42 3.558
0 2.01 -
3,600 3.88 3.430
7,200 5.53 3.436
10800 6.95 3. 404
14,400 8.30 3.450
18,000 9.43% 3. 444
21,700 : 10.50 3.462
25,200 11.%4 3.451
(o o] 18.07 -
10%k. = 3.440 (10 readings
109k = 3.436 (8 readingsé
: Mean k = (3.43%8% 0.0125) x 10
Corrected to 70% Acetone k= (2.309% 0.00840) x 10°
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1,200

2,400

3,600
5,400
7,260
9,000
10,860
12,600
13,980
16,200

s g cee IR g 0 g TTARSATEY e =

156,

3 Benzyl Toluenesulphonate in Acetone (2) at 30.06°C

mls titrated with 0.02205N NaOH

Titre | 10*k
1.43 -
3,87 ¥ 1.055
6.10 1.076
7.92 1.066
10.26 1.042 -
12.54 . 1.075
14.06 1.063
15.51 1.069
16.61 1.070
17.36 1.073
18.33 1.073
21,94 -

10% - = 1.066 (10 readings)

10%k!

Mean k

1.065 ° ( 8 readings) .
(1.066 £0.00239) x 10%
(0.6677 * 0.00150) 10%

Corrected to 70% Acetone k
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157.
Exp. 4 enle To;genesulphonate in 70% Acetone (2) at 40.08°C

. 6.220 mls titrated with 0.02205 N NaOH

Time | Titre 0%k
0o - 1.64 -

360 2.90 - 2.943
720 4,04 2.956
1,080 ' 5.13 3.028
,800 - 6.83 2.977
1,160 - 7.61 3.002
3|,060 . - 9.21 3,045
3|, 900 10. 30 | 3.021
. 4},800 11.20 - 3.011
54700 ' 11.90 3,010
6j660 12.43 2.980

L . 14,15 , -

104 = 2.997 (10 readings)
10%! .- 2,983  ( 9 readings)
Mean k= (2.990 ¥ 0.00859) x 10%

Corrected to 70% Acetone k = (1.873 + 0.00538) x 104
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Exp. 5 Benzyl Toluenesulphonate in 70% Acetone (2) at 50.26°C
. 6.220 mls titrated with 0.02205N NaOH .

Time Titre lgfg
0 2.27 -
360 . 5.04 8.009
, 540 6.16 8.048
720 © 7.00 2.773
900 7.82 7.805
1,260 9.20 7.845
1,620 | 10.23 7.881
1,980 11.05 8.013
2,340 ' | 11.63 8.048
3,700 12.03 | 7.982
j,oso 12.35 7.986
o0 13,31 -
1004« = 7.9%36 (10 readingszﬁ
10%1 - 7.9%6 (10 reading’)
\ Mean k = (7.936 * 0.0231) £ 10*
Laﬁrrected to 70% Acetone k = .(4.971 + 0.0155§ x 10%
/159...
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Expt. 6 p~Nitrobenzyl Toluenesulphonate in 70% Acetone (3).at 50.64°C
. 6+220 mls titrated with 0.005176 N NaOH

Time Titre - 1925
0 : 0.09 -
3,600 1.10 3.205
7,200 - 2.01 3.194
10,800 | 2.80 3.204
14,400 3.52 ' 3.204
18,000 4,13 3.181
25,200 5.11 3,095
32400 - 6. 14 " 3.264
39,600 6.76 | 3.210
0] ' 1 0.10 -
46,800 | 7.27 3.170
54,000 7.72 3,203
00 9.36 - N
- ' W

105k = 3.193 (10 readings)
10%x = 3,176 ( 9 readings) q
Mean k = (3.185 % 0.011) x 10° Xg

Corrected to 70% Acetone k= (2.139 * 0.00745) x 107

v
v
4
?
L
»
|
I
w
!
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f;: 1 - | | 160.
f " ‘Exp. 7 p-Nitrobenzyl Toluenesulphonate in 70% Acetone (3) at 60.15°C
. 6,220 mls titrated with 0.005176 N NaCH |
.| zime Titre 10%
) 0 : 0.08 -
1,800 1,33 7.778
| 3,600 2.39 7.670
5,400 3.34 7.707
7,200 o 4.16 7.709
9,000 - 4.85 7.660
12,000 5.85 7.686
15,000 6.64 - 7.668
21,000 7.7%6 7.705
24,000 - 8.13 2.645
00 9.66 .-
107k = 7.692 (10 readings).
105k = 7.748 (10 readings)
Mean k = (7.721 ¥ 0.0108) x 10%
Corrected to 70% Acetone k = (5.185 * 0.00725) x 10%

/161000




LN T AR R LR T TS S TR RS R SR RN
S . : : ¢/

lel.

Exp. 8 p-Nitrobenzyl Toluenesulphonate in 70% Acetone (3) at 69,90 ° 1

6.220 mls titrated with 0,005176 N NaOH
Time Titre - 10%k
0 | 0.10 -

1,200 1,82 1.791

2,400 3.22 | 1.799

3,600 | 4,37 1.815
- 4,800 5.25 1.801
6,000 6.07 ©1.851
7,800 6.80 1.793

9,600 7.36 1.766
10,400 7.2 1.865

3,200 8.11 1.745

5,000 8.49 1.787

00 9.00 -

10% = 1.801 ( 10 readings)

10%kl

Mean k

1.795 (10readings)
(1.798 2 0.00910) x 10%
(1.208 * 0.00611) x 107

I+

Corrected to 70% Acetone k

1
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5
' Exp. 9 p-Nitrobehzyl Toluenesulphomate in- Acetone
6.220 mls titrated with 0.005176N NaOH
Time | Titre 10%K
o 0.15 -
50Q 1.15 3.985
600 2f07 4,064
900 2.89 4.105
1,200 3.54 | 4.106
1,500 . 4,16 4,012
2,100 5.18 3.987
2,700  6.03%. 4.027
3,600 6.85 3.911
800 7.71 5.986
,000 8.24 4.052
0o 9.02 -
10*c . 4,033 (10 readings)
10"kl = 4.031 (10 readings)
Mean k = (4.032 * 0,0110) x 10"
Corrected to 70% Acetone k = (2.707 * 0.00739) x 104
/163...
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Exp. 10 p-Nitrobenzyl Toluenesulphonate in 70% Acetone (3) at 89.71°C
6.220 mls titrated with 0.005176 N NaOH
Pime Titre | 10%k

0 0.23 -
120 1.09 8.407
240 1.89 8.412
360 2.57 8.401
480 | 3,20 8. 360
600 | 3,81 © 8.489

' 720 4, 34 8.399
' 960 5.21 8.437

1},200 5.90 8.335

1,620 | 6.90 8.405

21100 7 .66 8.395

(0's) 9.20 -
10"k = 8.404 (10 readings)
10%1 - 8.417 (10 readings)
Mean k = (8.411 + 0.0112) x 10"

(5.649 + 0.00752) x 10%

Gorrected to 70% Acetone k
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- Expt. 11 p-Methylbenzyl Toluenesulphonate in 70% Acetoneo(ll-) at
' . __19.99°C

5.00 mls titrated with 0.005186N NaOH

Time Titre EQEE
0 - 0.63 -

36,520 1.71 5.355
74,100 2.68 ' 3.350
109,270 3.54 3.406
144,160 | 4,28 3.422
180,760 4,92 3.393
212,340 5.43 ‘ 3.389
" 284,590 6.39 5.361

357,720 7.16 3.341
00 9.99 -

10%k 3.377 (8 readings)

10x} = 3.352 (8 readings)
106k11 = (3.367) (5 readings)
Meen k = (3.365 + 0.0423) x 10°

Corrected to 70% Acetone k = (2.949 + 0.0370) x 10°

/165...
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. Exp. 12 p-Methylbenzyl Toluenesulphonate in 70% Acetone (4) at
o -10,23°C
5.00 mls titrated with 0.005186N NaCH.
Time : Titre }_Qf_k
0 0.31 -
1815 0.68 1.472
3625 1.11 1.531
5445 1.48 1.514
7220 1.83 1.503
- 9015 2.20 1.517
| 10815 2.54 1.512
12720 2.89 1.506
14890 3.27 1.501
16275 3.51 1.500
18195 3.84 - 1.499
19915 4.11 1.491
o0 15.09 -
10’k = 1.504 (11 readings)
109kl = 1.497 ( 9 readings)
Mean k = (1.500 ¥ 0.00485) x 10°
Corrected to 70% Acetonme k = (1.312 ¥ 0.00425) x 107
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166.

Exp. 13 -Methylbenzyl Toluenesulphonate in Acetone

5.00 mls titrated with 0.005186N NaOH

Time : Titre : 1925

0 ~ 0.58 -
195 0.73 8.0%2
1,262 1.53 8.158
2,420 2.32 8.156
3,634 3.10 8.262
4,840 3.79 8.285
6,066 4 8.262
7,230 4.95 8.260
9,650 o 5.90 - 8.217
12,015 6.71 8.292
14,417 7.32 8.239
17,188 7.89 8.112
19,215 8.31 8.258
20,982 8.50 8.041

00 10.30

10°k = 8.199 (13 readings)

109kl = 8.208 (12 readings)

Mean k= (8.204 ¥ 0.0214) x 10°
Corrected to 70% Acetone k= (5.510 F 0.0144) x 105
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?"Exp; 14 p-Methylbenzyl Toluenesulphonate in 70% Acetone (3) at
| __10.13°C
. 5.00 mls titrated with 0.005186N NaOH
Time Titre T "
0 0.40 -
330 | 1.52 3.015
695 2.67 3.065
| 1,035 | 3.58 ; 3.026
11,415 4,50 3,008
'1;815 5.37 3.001
- 2,160 6.05 . 3, 004
2,875 7.20 2.976
3,655 8.24 2.974
4,200 8.89 3.011
5,000 9.58 2.993
5,710 10,11 3,011
7,200 10.87 3.005

o 12.23
10% = 3.007 (12 readings)
104kl = 3,008 (11 readings)

Mean k= (3.008 * 0.00394) x 10%
Corrected to 70% Acetome k= (2.020 ¥ 0.00265) x 10*

/1680..
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168.
Exp. 15 p-Hethylbenzyl Toluenesulphonate in 70% Acetone (3) at
‘ 20, 57 C
‘ 5.00 mls titrated with 0.005186N NaOH
Time - Titre - lgég
0 0.79 -
168 2.26 - 1.021
380 2.79 1.021
570 4,94 1.0%32
762 5.87 | 1.032
950 6.62 1.032
1,270 7.63 1.041
1,464 8.07 1.035
1,880 8.73 1.013
2,331 9.26 1.023

o o 10.12 -

105k = 1.028 ( 9 readings)
31

10k = 1,024 (11 readings)

Mean k = (1.026 * 0.00242) x 10>

Corrected to 70% Acetone X = (0.6891 ¥ 0.00163) x 107
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b
4

Exp. 16 p-Phenoxybenzyl Toluemesulphonate in 85% Acetone (1)

at - 30.15°C
5.00 mls titrated with .004716N NaOH
Time Titre 106k
0 0.87 -
13,530 2 1.31 3.897
41,150 | 2.32 4,002
58,630 ' 2.90 - 4,011
79,560 3.50 3.934
100,980 | 4,09 4.041
127,520 4,81 3. 944
157,460 5.47 ' 5964
186,580 6.05 3.955
231,800 6.85 ' 3.965
307,540 7.84 5.909
00 10.87

10% = 3.962 (10 readings)
106kl 3.940 (10 readings)

Mean k

(3.951 * 0.0165) x 106

(3.985 X 0.0166) x 10°

Corrected to 8%% Acetone k
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170.

17 p-Phenoxybenzyl Toluenesulphonate in 8% (1) at -20.14°C

/171...

(2.053

.
5.00 mls titrated with 0.004716N NaOH
Time Titre EQEE
0 0.63 -
3,320 1.17 2.005
7,690 . 1.82 2.004
13,700 2.68 2.059
15,790 2.94 2.055
20,680 3.50 2.039
27,220 4,21 2.060
32,640 4.70 2.050
41,640 5,47 2.096
46,700 5.80 2.072
63,210 6.69 2,073
© 8.97 o
10%k = 2.050 ( 10 readings)
105kl = 2.020 (11 readings)
Mean k = (2.035 * 0.00671) x 107
. Corrected to 85% Acetone k = * 0.00677) x 10°
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'Exp. 18. p-Phenoxybenzyl Toluenesulphonate in 85% Acetone (1)

at -9.94°C
5.00 mls titrated with 0.004716N NaOH
Time Titre 1925
0 1.61 | -
1,530 2.85 ' 8.806
2,720 5,74 8.958
3,060 3.96 | 8.903
4,310 4,74 8.929
5,720 5.57 8,987
6,630 5.99 8.875
71350 6.35 | ' 8.933
8,510 6.88 9.001
10,880 .75 9.000
14,520 . 8.75 8.890
16,650 | 9.25 8.989

10’k = 8.935 (11 readings)
10°kl = 8.896 (11 readings)

| Mean K= (8.915 ¥ 0.0153) x 10°
Corrected to 85% Acetone k = (8.993 } 0.0154) x 10°
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172.

Expt. 19 p-Phenoxybenzyl Toluenesulphonate in 85% Acetone (1)
: at 0°C
5.00 mls titrated with 0.004716N NaOH
Time Titre | 10k

0 1.57 -

I 2,41 | 3,542

714 3.18 | : | 3.480

927 3.62 3.553
1, 222 4.1% 3.524
1, 540 4.65 3,544
1, 811 5.01 3,561
2, 122 5,40 3,490
2, 374 5,78 3,607
2, 795 6.24 3.635
3, 266 6.61 .  3.576
4, 583 7.51 3,642
(¢'e] ' 8.89 -

10k - 3.560 (11 readings)
10%! = 3,576 (10 readings)

0.00981) x 10%

0.00990) x 10"

‘Mean k¥ = (3.568

I+ 1+

Corrected to 85% Acetone k = (3.599

/173...
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Expt. 20 p-Phenoxybhenzyl Toluenesulphonate in 85% Acetone (1)

' at 10,14°C
5.00 mls titrated with 0.004176N NaOH
Tipe Titre 10%
0 1.51 -
150 3.31 1.254
240 4,24 1.257
360 5.38 1.282
480 6.24 1.251
720 8.08 1.263
900 8.66 1.273
1,080 9.35 1.277
1,260 9.82 1.250
1,500 10.47 1.287
1,800 10.97 1.295
() 11.99 -
105k, = 1.269 (10 readiﬁgs)
105k = 1.256 (10 readings)
‘Mean k = (1.263 * 0.00359) x 10°
Corrected to 85% Acetone k = (1.274 X 0.00%62) x 10~3
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Exp. 21 p-Anisylbenzyl Toluenesulphonate in 85% Acetone (2) at

-10.02°C
5.00 mls tibrated with 0.004215N NaOH
o - 3.10 -

75,240 5.89 9.005
81,320 6.03 8. 944
100,020 6.45 8.936
145,500 7.29 9.233
173,280 7.60 9.108

00 : ' 8.77 -

0 2.18 -
14,460 2.79 8.871
26,220 ° 3.24 8.950
80,840 4,84 9.199

113,160 5.39 - 8.863
155,400 5.99 8.960
00 7.25 -
106k =-9.oo7 (1o readings)
10%1 = 9,053 ( 10 readings)
Mean k = (9.030 ¥ 0.0270) x 10°

Corrected to 85% Acetone x (4.762 £ 0.0142) x 106

/175...
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Exp. 22 p-Anisylbenzyl Toluenesulphonate in 85% Acetone(2) at 0°C
5.00 mls titrated with 0.004215N NaOH

[ ime - gl_trg 107k
0 1.23 -
1,980 . 1.86 T 3,873
4,830 2.69 3.873
7,550 2.27 3.868
10,000 _ 4,01 3.928
14,480 4.87 3.823
17,920 5.56 5.932
21,620 6.10 3.893
26,380 , 6.71 3.876
31,680 7.30 3.898
41, %60 8.07 5.881
00 2.79 -

10_51: = 3,884 (10 readings)
107kl = 3.878 (10 readings)
Mean k= (3%.881 * 0.0131) x 10°

Corrected to 85% Acetone Xk = (2.046 * 0.00691) x 10°
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Expt. 23 p-Anisylbenzyl Toiuenesulphonate in 85% Acetone (2) at
10.13°C
5.00 mls titrated with 0,004215N NaOH '
Time : Titre lgﬁg

0 2.12 -

660 2.79 1.518
1,390 3,49 1.536
2,045 3.98 | 1.506
2,660 4,42 1.492
54375 4.87 1.473
4,090 ' 5.35 1.518
5,290 5.97 1.486
5,880 6.25 1.472
7,200 6.73 1.501
8,630 7.17 1.506
9,770 7.52 ' . 1.500

10,800 .76 1.503
00 9.14
10%% = 1.501 (12 readings)
104kl = 1.496 (12 readings)

Mean k= (1.498 ¥ 0.00520) x 10%*
Corrected to 8% Acetone Xk = (0.7899 % 0.00274) x 104
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Expt. 24 p-Anisylbenzyl Toluenesulphonate in 8% Acetone (2) at

Nl Sy

20.57°C
Time Titre ;gfg
0 4,19 -
240 6.39 5. 364
520 7. 44 5.439
777 | 8.71 5,401
1,036 9.77 5.308
1,277 10.75 5.387
1,628 L 11,89 5.385
1,875 12.55 5.360
2,240 | 13.43 5.38%
2,725 14.39 | 5,447
3,010 14.75 5.357
00 17.38 -

10% = 5.383 ( 10 readings)
104Kt = 5.402 ( 10 readings)

Mean k= (5.393 ¥ 0.0100) x 10%

Corrected to 8% Acetome k = (2.844 * 0.0052) x 10%
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Expt. 25 p-Anisylbenzyl Toluenesulphonate in 85% Acetone (2)

at_30.27°C
5.00 mls titrated with 0.004215N NaOH '
Time Titre 107k
0 2.76 -
113 3. 74 1.624
211 4.43 1.59
307 5.07 1.640
540 6.13 1.593
702 6.68 1.583
824 7.0% 1.59%
930 7.29 1.608
987 7.38 1.603
1,130 .62 1.580
1,390 7.91 1.626
00 8.60 -
109k 1.605 (10 readings)
103kl = 1.602 (11 readings)
Mean k = (L603 * 0.00379) x 107

Corrected to 85% Acetone

k

(8.453 * 3.00200) x 107

/179...
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179.

Expt. 26 p-Nitrobenzhydryl Toluenesulphonate in 85% Acetone(3)

T RN SRR

5.00 mls titrated with 0.004233N NaOH
Time Titre ' _l_g6_]§
0 0.66 -
89,400 2.49 2.657
114,000 2.92 2.653
200,400 4,23 2.652
00 - 9.32 -
o . 1.05 -
62,700 2.82 2.707
77,500 : 3.17 | 2.699
149,400 4,76 2.650
174,000 . 5.29 2.691
234,000 . ' 6.30 : 2.653

106k = 2.666 ( 8 readings)

109kl = 2.654 (10 readings)
Mean k= (2.660 * 0.00877) x 10°

Corrected to 85% Acetone k= (2.340 * 0.00771) x 106

/180...
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Expt. 27 p-Nitrobenzhydryl ToluenesulpggnageS%gCBB% Acetone(3)

5.00 mls tirated with 0.004233N NaOH

Time
0

60,960
65,400
68,400
72,000
81,600
85,200

97,200

Q0

20,400
24,000
36,000
86,400

Titre . 10%
0.50 -
7.07 1.518
7.42 1l.33%3%
7.61 1.3%351
8.82 1.3%26
8.3%3 1.315
8.52 l.316
-9.10 1.319
12.40

0.54 -
3.50 1.346
3.97 1.359
5.30 1.355
9.00 1.341
12.87 -

105k = 1.3%3 (11 readings)

107kl = 1.334 (l9 readings)
Mean k= (1.334 * 0.00326) x 107

Corrected to 85% Acetone k= (1.173 * 0.00287) x 107
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181.
Expt. 28 p-Nitrobenzhydryl Toluenesulg%oggge_ in 85% Acetone (3)
5.00 mls titrated with 0.004233N NeOH ”

0 0.69 -
3,000 2.81 "5.642
4,500 3.75 | 5.537
6,000 4,65 5.558
74500 5.50 5.598
9,000 6.21 ' 5.537

10,800 7.08 5.591

13,200 8,03 5.553

18,000 . 9.60 - | 5.51%

20,400 10.28 - ' 5.536

00 - 14.91 _ -

10k = 5.585 ( 9 readings)

105kl = 5.619 (13 readings)
Mean k= (5.602 * 0.0143) x 102

Corrected to 85% Acetone k= (4.928 ¥ 0.0126) x 10?2
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182.
Expt. 28 p-Nitrobenzhydryl Toluenesulphonate in 85% Acetone(3)

at 0°C
5,00 mls titrated with 0.004233N NaOH '

0 0.69 | -
3,000 2.81 5,642
4,500 : 3475 5.537
6,000 4,65 5.558
7,500 5.50 ° 5.598
9,000 6.21 5.537

10,800 7.08 . 5,591
13,200 | 8.03 5.553
18,000 9.60 | 5.513
20,400 10.28 5.536
00 14.91 -

10’k = 5.585 ( 9 readings)
- 105kl = 5.619 (13 readings)

Mean k = (5.602 * 0.0143) x 102

Corrected to 8% Acetone Xk = (4.928 0.0126) x 107

u
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Expt. 29. p-Nitrobenzhydryl Toluenesulphonate in 82% Acetone (3)

at 10.38°C
5.00 mls titrated with 0.004233N NaOH
Time  Ditre . 10%x

0 | 0.66 -

860 2.64 2.308
1,270 : 3,41 2.267
1,690 4,15 2.259
2,160 | 4,88 2.241
2,540 5.45 2.251
2,950 5.99 2.247
3,610 : 6.79 2.257
4,270 | 7.46 ' 2.255
5,020 8.10 - 2.248
6,020 8,78 : 2.223 .
7,210 9.47 2.23%9

10% = 2.254 (11 readings)
104]{1 = 2,262 (9 readings)

Mean k= (2.258 * 0.00482) x 10%

1+

Corrected to 85% Acetome k= (1.986 = 0.00424) x 10%
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Expt. 30. p—Nltrobenzhydryl Toluenesulphonate in 85% Acetone (3)
at 20.57°C
5.00 mls titrated with O.004233N NaOH
Time Titre . ﬁl_c
0 1.04 | -
160 2.36 7.845
365 3.85 7.915
565 - 5.09 7.944
795 6.30 7.978
1,190 7.90 ' 7.968
1,1430 . 8.64 7.938
1,750 9.44 o 7.924
2,335 . 10.48 7.861
2,735 10.96 | 7.932
® | 12.24 -
10% = 7.943 (9 readings)
10%1 = 97.946 (13 readings)
Mean k = (7.944 % 0.0141) x 10%

Corrected to 85% Acetone k (6.987 * 0.0124) x 10%
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';' Expt. 31. Benzyl Toluenesulphonate in 85% Acetone (3) at 34.16°C
6.220 mls titrated with O.005124N NaOH :
Time Titre 1925
0 | 0.34 -
3,600 1.19 2,022
7,200 ~1.98 2.025
10,800 2.72 2.030
14,400 3.42 2.042
18,000 4.06 2.043
25,200 5.20 2.038
32,400 © 6.18 2.037
o 12.43 -
) | 0.30 -
49,500 6.79 . 2,020
54,000 7.12 2.021
57,600 - 7.38 2.030
‘00 : 10.57 -
10°%k = 2.033 (10 readings)

10%k1 = 2,042 (12 readings)

Mean k (2.038 * 0.00465) x 102

1+

Corrected to 85% Acetone k 0.00409). x 10°

(1.793

/186...
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Expt. 32 Benzyl Toluenesulphonate in 85% Acetone (3) at 44.09°C

6.220 mls titrated with 0.005124N NaOH
0 1.22 -
1,800 © 2.96 . 5.566
5,400 5.88 5.455
7,200 7.17 - 5.479
9,000 8.40 - 5.553
10,800 9.45 5.587
14,400 11.29 | 5.569
18,000 12.66 - 5,476
21,600 13.93 5.514
25,200 15.01 | 5.586
28,800 15.79 | 5. 554
oo | 19.48 -
10%k = 5.53% (10 readings)

.105£l = 5.556 (11 readings)
Mean k = (5.545 * 0.00839) x 10”2
(4.877 * 0.00738) x 10°

Corrected to 85% Acetone k
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Expt. 33 Benzyl Toluenesulphonate im 8% Acetone
6.220 mls titrated with 0.005124N NaOH

Time Titre | 10 k
0 0.62 -
900 1.94 1.418
1,800 3.10 1.416
2,700 4.19 1.449
3,660 ' 5.09 1.421
4,500 _ 5.90, 1.450
8,100 8.22 1.445
9,060 - 8.65 1.440
10,020 9.06 , 1.449
13,500 . 10.05 1.434
16,500 10.62 ' 1.443
0o 1164 I
10% = 1.436 (10 readings)
10%1 = 1.438 ( 8 readings)
Mean k = (1.437 * 0.00324) x 10%

(1.264 * 0.00285) x 104

Corrected to 85% Acetone k

/188...



Expt. 34 Benzyl Toluenesulphonate in 85% Acetone gz; at 64.1§°C

B s

188, .

e Ee

6.220 mls tibrated with 0.005124N NaOH

Time Titre | 3.0_45
0 0.69 -
300 1.80 3,316

900 3.71 3,311
1,200 4.61 3.395
1,500 5.34 3,370
1,800 6.06 3,405
2,100 6.69 3.416
2,700 7.75 3.417.
3,360 8.66 ' 3.392
3,900 9.3%2 3.418
5,400 10.50 3.360

@ 12.41 -

10k - = 3.380 (10 readings)
10! 4 3.378 (11 readings)
Mean k = (3.379 % 0.00789) x 10%

Corrected to 85% acetone k

(2.972 * 0.00694) x 10%
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Expt. 35 Benzyl Toluenesulphonate in 85% Acetome (3) at 74.56°C

6.220 mls titrated with 0.005124N NaOH
0 1.19 -
430 3.99 - | 7.921
680 5.18 7.793
903 6.15 7.932
1,130 6.83 | '7.710
1,350 7.50 - 7.789
1,590 8.12 | 7.884
1,810 ' 8.59 7.952
2,040 8.87 7.652
2,280 9.26 . 7.692
2,230 9.53 7.766

10% = 7.826 (10 readings)
104t 7.812 ( 9 readings)
Mean k = (7.819 * 0.0193) x 10%

Corrected to 85% Acetone k (6.878 £ 0.0170) x 104
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Expt. 36 iso-Propyl Toluenesulphonate in 85% Acetone (4) at 60.38°C
6.220 mls titrated with 0.005047N NaOH '

- Time Titre 0%
0 ‘ 0.12 - -
61,200 7.20 1.199
72,000 8.04 1.210
86,400 9.02 1.225
147,600 11.48 | 1.217
158,400 11.80 1.230-
169,200 12.01 1.220
o o ]
14,400 2.29 . 1.193
21,600 3,29 1.220
28,800 4,18 1.224
93,600 9.32 1.200
111,600 10,26 1.222

10%k = 1.217 (11 readings)
107kl = 1.222 (12 readings)
Mean k= (1.219 * 0.00280) x 10°

Corrected to 85% Acetone k= (1.170 ¥ 0.00269) x 10°

/191.0.
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‘Expt. 37 iso-Propyl Toluenesulphonate in 85% Acetone (4).at
, 70.49°C
. 6.220 mls titrated with 0.005047N NaOH
0 0.69 -
59,400 | 9.54 3,311
63,000 9.70 3.309
64,800 9.82 - 3.369
0 0.13 -
3,600 1.36 3.346
7,200 2.45 3,343
10,860 3.43 3.321
13,200 4,03 3,374
15,600 4,56 - 3.364
18,060  5.15 3.439
21,600 5.70 3.3%6
25,260 6.38 3.398
28,800 6.87 | 3.371
0o 10.98 -
10°k = 3.357 (12 readings)

10kl = 3,352 (12 readings)
Mean k= (3,355 ¥ 0.00748) x 102

Corrected to 85% Acetone k= (3.219 : 0.00718) x 105
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Expt. 38 iso-Propyl Toluenesulphonate in 8%5% Acetone (4) at
- 79.60°C
6.220 mls titrated with 0.005047N NaOH '
Time Titre . }925
0 0.27 -
1,800 2,06 . 7.881
54300 5.35 7.823
4,500 4.29 7.840
6,300 _ 5.58 7.918
7,800 647 7.869
10,200 7.79  7.966
12,600 8.81 7.922
14,400 9.46 7.902
16,200 10.09 : 8.001
18,900 10.85 8.075
21,615 11.43 8.077

00 13.79

.105k = 7,935 (11 readings)
107! 7.895 (11 readings)
Mean k = (7.915 £ 0.0189) x 10°

Corrected to 85% Acetone k (7.594 * 0.0181) x 102

/193000
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Expt. 39 iso-Propyl Toluenesulphonate in.85% Aeetoné-(4)1&ﬁh
_89.73°C 5
6.220 mls titrated with O.005047N NaOH
Time Titre - 10*k
0 . , 0.60 -
600 1.87 1,945
1,200 2.98 | 1.929
1,800 | 3.94 1.901
2,400 4,84 1.913
3,000  5.62 1,908
3,600 6.37 S 1,931
4,500 7.27 | 1.923
5,400 . 8.03 1.918
6,600 8.86 1.914
7,800 | 9.58 1.938
9,000 10.10 . 1.935
10,800 | 10.70 . 1.938
00 12,12 - - -
10%c = 1.924
10%xl - 1,937

i+

Mean k = (1.93%0 * 0.00%42) x 10%

i+

Corrected. to 85% Acetone k = (1.852

0.00328) x 10%
K /19“i&a 3
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Expt. 40 iso-Propyl Toluenesulphonate in 8% Acetone (4) at 99.85°C

6.220 mls titrated with 0.005047N NaOH

4

0 1.44 | -
180 2.25 4.350
360 3.02 4,465
720 C 4,32 4,392
900 4,89 4,363

1,140 5.60 4.355
1,380 ' 6.28 4,404
1,680 7.04 ' | 4,454
2,100 7.91 : 4,468
2,520 " 8,59 4,432
2,940 9.21 4,467

00 12.07 '

10% = 4.415 (10 readings)
10%l = 4.437 (9 readings)
Mean k = (4.426 * 0.0113) x 10%*

+

Corrected to 85% Acetone 'k = (4.246 I 0.0108) x 104
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Expt. 41 iso-Propyl Toluenesulphonate in 5@% Acetone (1) at
20.18°C

5 mls titrated with O.OO4995N1NaOH

Time Titre 106k
0 ' 0.47 -
57,600 2.86 3.819
81,000 3.70 3.842
144000 | 5.61 | 3,850
169,200 6.26 3.858
230,400 7.59 : 3.860
316,800 8.93 3,806
0 0.60 -
86,400 3,94 .3-794
111,600 4.76 3.833
172,800 6.38 3,825
194,400 6.84 3.800
259,200 8.16 ' | 3.864
00 12,55 -

1% = 3.852 (11 readings)

1061:l = 3,806 (12 readings)

Mean k = (3.819 * 0.00551) x 10°

Corrected to 50% Acetone k = (3.715 % 0.00536) x 10°
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Expt. 42 iso-Propyl Toluenesulphonate in 50% Acetone (1) at

29.91°C
5 mls titrated with 0.004995 NaOH |
0 0.33 -
61,200 ' 6.36 _ 1.332
68,400 6.84 1.346
75,600 730 1.367
0 0.40 - -
10,800 1.84 1.333
14,400 2.28 1.335
18,000: 2.68 1.324
21,600 3.12 1.356
86,400 . 7.78 1,343
98,100 8.33 1.362
10,800 8.65 1.351
00 11.15 -
105k = 1.345 (10 readings)

10kl = 1.350 (11 readings) |
(1.347 * 0.00271) x 10 ?
(1.310 T 0.00264) x 10

Mean k
Corrected to 50% Acetone k
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Expt. 43 iso-Propyl Toluenesulphonate in 50% Acetone(l) at
39,86°C
6.220 mls titrated with 0.004995N NaOH |
Time Titre 107Kk
0 ' 1.06 -
2,400 2.17 4,492
4,200 - 2,92 4,452
6,000 3.61 4,433
7,860 . | 4,29 4,468
9,600 4,88 4,493
11,400 5.41 4,463
13,200 5.90 4 442
15,000 6.41 4,493
16,800 6.84 4,492
18,900 7.29 - 4,480
21,000 7.72 4,490
23,100 9.09 4,497
o0 11.97 -
10%k = 4.472 (12 readings)
109kl = 4,452 (11 readings)
Mean k = (4.462 * 0.00506) x 105

i+

Corrected to 50% Acetone  k = (4,341 % 0,00492) x 107
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Expt. 44 isﬁ-Propzl Toluenesulphonate in 50% Acetdﬁe (1) at 50.13°C

6.220 mls titrated vith 0.004995N NaOH .
Time Titre 104k

0 3.5 -

720 4,41 " 1.388
1,440 ' 5.22 1.399
2,160 | 5.95 1.400
2,940 6.66 1.402
3,900 7.39 1.403
4,920 8.10 1.398
6,000 - 8.72 ' 1.396
7,500 9.49 1.397
9,300 10.21 1.389

11,700 S 10.94 1.395
00 12.80 . -
10% = 1.397 (10 resdings)
10t = 1.392 (11 readings)
'Mean k = (1.394 ¥ 0.00152) x 10%

I+

Corrected to 50% Acetone k = (1.356 * 0.00148) x 10%
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Expt. 45 iso-Propyl Toluenesulphonate in 50% Acetone (1) at 59.97°C
6.220 mls titrated with 0.004995N NaOH

0 0.84 -
360 2.12 3.915
720 3.22 3.899
1,083 ‘ 4,08 3. 745
1,440 4.95 | 3,811
1,800 5.68 3.824
2,160 6.36 | %.879
2,700 7,10 | 3.820
3,300 7.85 3.863
3,900 8.4 3.860
4,500 © 8.85 3,840
00 10.57 -
10% = 3.846 (10 readings)
104k1 = 3,836 ( 8 readings)
Mean k = (3.841 + 0.0119) x 10%
Corrected to 50% Acetone k= (3.737 ¥ 0.0116) x 104
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Expt. 46 p-Phenylbenzyl Toluenesulphonate in 70% Ageggng (5) at
5 mls titrated with 0.004316N NaOH
Time T4 tre 10%

0 0.11 -
43,200 0.68 3.589
75,600 1.02 . 3.508
129,600 1.52 | 3.461
216,000 2.14 3.528
302,400 | 2.65 3,486

00 | 4,01 -

0 0.15 -
82,800 1.03 3.489
108,000 1.26 3.522
172,800 1.74 3.492
257,400 2.26 | 3.569

(oo} 3.66 -

105k = 3.517 -{ 9 readings)

1051 = 3.514 ( 9 readings)
Mean k = (3.515 ¥ 0.0107) x 106

Corrected to 70% Acetone k = (3.029 ¥ 0.00922) x 108
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Expt. 47 p—Phenylbenzyl Toluenesulphonate in 70% Agetone (5) at
0°C

5 mls titrated with 0.004316N NaOH

Jryl 108 p

LIBRAR

0 | 0.25 i,

46,800 ' 2.67 1.464
57,000 | 2.99 1.455
714,000 - 3.38 1.447

0o _ ) 5.11 -

0 0.62 -

7,200 1.33 1.507
14,400 1.98 1.523
16,800 2.18 1.523 -
19,200 2.31 1.462
21,000 2.46 1.475

0o . 7.53 o

10°k = 1.482 (8readings)
105kl = 1.472 (8 readings)
Mean k = (1.477 * 0.00581) x 107
Corrected to 70% Acetone k = (;.275 : 0.00501) x 105
/2024 ..
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Expt. 48 p-Phenylbenzyl Toluenesulphonate in 70% Acetone (5) at

. - 10.22°C
5 mls titrated with 0.004316N NaOH
Time Titre lgzg
0 '0.55 ‘ -
1,800 1.12 5.848
3,600 1.64 5.898
5,400 2.10 5.877
7,200 2.50 5.815
9,000 © 2,90 5.907
10,800 3.20 5,792
13,200 3.62 5.860
15,600 3.92 . 5735
18,600 4.28 5.713%
21,600 4,59 5.713
o . 6.25 ‘ .
10°%k = 5.817 (10 readings)
10> = 5.815 ( 9 readings)
Mean k = (5.816 % 0.0162) x 105
Corrected to 70% Acetone k =

(5.012 ¥ 0.0140) x 10°
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Expt. 49 p-Phenylbenzyl Toluenesulphonate in 70% ggfgggg (5? a%@ﬁ.
+ 5.00 mls titrated with 0.004316N NaOH '
| Time Titre " 10*k
0 | 1.03 . -
271 1.50 1.997
705 2.21 2.019
1,817 3.72 ‘1.984
2,507 | 4,52 1.988
3,307 5.41 | 2.005
4,392 6.24 _ 2.009
5,845 - 7.11 1.971
7,380 7.84 1.968
9,462 . 8.53 1.962
00 9.92 -
10% = 1.989 ( 9readings)
1041:1 = 1.976 ( 9readings)
Mean k = (1.982 % 0.00487) x 10"
Corrected to 70% Acetone k = (1.708 * 0.00420) x.10%

/204, ..




Corrected to 70% Acetone

k=

204,
Expt. 50 p-FPhenylbenzyl Teluenesulphonafe in 70% %8?;;28 (5) at
' 5,00 mls titrated with 0.004316N NaOH '
Time Titre lgﬂg
0 1.09 -
335 2.39 6.180
651 3.37 6.108
903 4,05 6.148
1,091 4.48 6.130
1,338 4.97 16.109
1,693 5.55 6.064
2,348 6.35 6.022
2,630 6.61 6.012
(s o] 8.04 -
10% = 6.098 ( 8 readings)
10%x! = 6.128 ( 8 readings)
Mean k= (6.113 * 0.0167) x 10%

(5.268 ¥ 0.0144) x 10%
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Expt. 51 p-Phenoxybenzyl Chloride in 50% Acetone (3) at 9.39°C
« 5 mls titrated with 0.004421N NaOH ' '

Time Titre 10%

0 . 0.21 .
45,020 ‘ 3.14 1.130
54,040 A 3.55 ' 1.122
61,200 . 3.85 1.117
68,400 4,17 1.132
72,000 | . 4,30 1.129
82,800 . . 4.67 - 1.136

133,200 © 5,92 . 1.126
147,600 : 6.19 1.138
© | . 7.56 -

o : 0.11 - -

7,200 0.64 1.129
14,400 C1.11 1.108 -
21,600 L1057 . 1.123
27,060 - 1.88 1.117
36,300 2.36 1.110
90,000 5.40 1.113

105,000 4.80 | 1.121
111,600 4,94 1.117 .
174,600 5.93 | 1.120
00 6.89 ' -
105k = 1.123 (17 readings)
1051 = 1.125 (17 readings)
Mean k = (1.124 * 0,00157) x 105

Corrected to 50% Acetone k = (1.171 * 0.00164) x 10° /206
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“ 5 mls titrated with 0.004421N NaOH

' mime Pitre 107k

0 , 0.31 -
2,400 1.08 4074
4,800 1.79 4,222
7,200 © 2.40 4,165
12,000 3.48 4,159
14,400 3.94 4.150
16,800 4,34 4,119
19,200 4.77 4,191
22,200 . 5.200 4,196
25,200 \ 5.53 4,132
28,200 5.89 4,170
31,800 . 6.23 4.160
35,400 6.54 4,177
39,000 - - 6.82 4.215

Tee) 8.38 : -

10°%k = 4.172 (13 readings)

10%kl = 4.157 (12 readings)
Mean k = (4.164 ¥ 0.00816) x 10°

Corrected to 50% Acetone k = (4.338 £ 0.00850) x 10°
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Expt. 53 p-Phenoxybenzyl Chloride in 50%-Acetone
5 mls titrated with 0.004421N Naoﬁ
; Time Titre lgﬁg
0 1.79 -

900 2.62 | 1.336
1,800 3.36 1.340
2,700 | 4,02 1.343
3,600 | 4.58 | 1.331
4,500 5.09 : 1.330
5,400 5,56 | 1,538
6,300 5.97 1.341
7,500 6.47 1.357
9,000 . 6.92 : 1.338

10,500 7.36 1.359
00 : 9.12 -
10 = 1.341 (10 readings)
104kl = 1.338 (13 readings)
Mean k = (1.340 *0.00227) x 10%
Corrected to 50% Acetone x = (1.398 * 0.00237) x 10%

/208...
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Expt. 54 p-Phenoxybenzyl Chloride in 50% Acetome (3) at 40.16°C
6.220 mls titrated with 0.004421N NaOH

Time _ Titre - }9&5
0 1.25 -
660 3.74 4.149
1,020 : 4.75 T 4,028
1,330 | 5.61 4.092
1,620 6.29 4,097
1,890 6.90 4,153
2,220 7.41 | 4,051
2,580 7.98 4,045
3,100 | 8.74 ' 4,118
3,600 9.28 4,119
4,200 9.75 4,059
4 ;800 ' 10.19 4,104

10% = 4.092 (11 readings)

104kl = 4.092 (10 readings
Mean k = (4.092 % 0.00982) x 10*
Corrected to 50% Acetone k = (4.263 * 0.0102) x 10%

/209.¢¢.




" 6.220 mls titrated with 0.004421N NaOH

Time Titre lgfg
0 | 1.30 -
180 2.96 | 1.086
540 5.40 1.070
660 | 6.15 : 1.110
780 6.68 1.100
900 7.18 1.104

1,080 7.75 | 1.086

1,265 8.37 1.118

1,440 8.87 - 1.117

1,620 9.05 1.093

oo 10.64 -
102k = 1.098 (9readings)
10%kt = 1.105 (9readings)
Mean k = (1.102 ¥ 0.00366) x 103

Corrected to 50% Acetone k = (1.148 ¥ 0.00381) x 103

/2100..




S FETm e o wE AR S R T e T TR T R AR LT oy e e T e e e

210.

Expt. 56 n-Propyl Toluenesulphonate in 50% Acetone (3) at 60.34°C

' .6.220 mls titrated with 0.004421N NaOH

Time Titre 107k
0 0.32 -
12,600 2.73 | 1.599
21,600 4,18 - 1.600
27,000 ' 4,90 1.578
36,000 6.00 ' 1.562
43,200 6.77 1.552
100,800 10.83 1.578
111,600 11.27 1.586

0 : 0.30 B -
59,400 - 8.30 | 1.564
66,600 8.86 1.566
86,400 10.18 1.593

153,000 12.39 1.608

o0 . 13- 52 -
10°k = 1.581 (11 readings)
10°kl = 1.583 ( 8 readings)
Mean k = (1.582  0.00350) x 10°
Corrected to 50% Acetone x = (1.647 ¥ 0.00%65) x 107
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E'x'pt. 57 n-Propyl Toluenesulphonate in 50% Acetone (3) at_69. 78°
6.220 mls titrated with 0.004421N NaOH '

.Time Titre . @

0 0.34 —
3,600 2.10 3.966
7,200 - 3.60 3.931

11,100 4.93 3.845

14,400 5.97 3.854

19,800 7.40 . 3.857

- 23,400 8.22 3.876

32,400 9.77 %.857
00 13.56 -

0 0.33 -
38,700 9.71 3.829
42,300 ' 10.17 ' 3.934
45,900 10.45 3.908

| 49,560 10.80 4,003
53,100 10.98 3.951
00 12.47 -

105 = 3,901 (12 readings)
107kl = 3,916 (12 readings)
Mean k = (3.908 * 0.0103) x 107

. Corrected to 50% Acetone k = (4.071 * 0.0107) x 102
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Expt. 58 n-Propyl Toluenesulphonate in 50% Acetone (3) at 79.88°C

6.220 mls titrated with 0.004421N NaOH

0 0.39 -
2,400 2.94 0.644
3,600 3.97 9.513
4,800 4:92 9.533
6,000 5.75 9.500
7,000 6.50 9.768
8,100 7.11 9.59
10,800 8.32 9.530
12,800 9.20 9.781
15,600 9.9 9.534
17,600 10. 50 9.722
20,400 11.00 9.633
® 12.73 -
10k = 9.614 (11 readings)
10%k! = 9.650 ( 9 readings}
Mean k = (9.632 * 0.0235) x 107
Corrected to 50% Acetome  k = (10.04 * 0.0245) x 10°

/213...
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6.220 mls titrated with 0,004421N NaOH

Time Titre E)ik
0 0.75 -
420 1.94 2.413
840 ~ 3.03 2.435
1,260 ©3.99 2.416
1,680 4,82 2.387
2,100 5.65 2.413
2,520 6.33 2.391
2,940 | 6.97 2.388
3,600 7.80 - 2.356
4,200 8.58 . 2.401
5,400 9.64 2.364
7,200 10.82 2.357
00 : 13.08 -
10" = 22393 (11 readings)
10%kl = 2,380 (10 readgins)
Mean k = (2.387 * 0.00502) x 10%
Corrected to 50% Acetone k = (2.487 * 0.00523) x 10%

/ 214. s e
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Expt. 60 n-Propyl Foluenesulphonate in 50% Acetone (3) at 97.85°C

/215...

6.220 mls titrated with 0.004421N NaOH
' ' Time Titre 1041:
0 0.82 -
600 3.62 4,168
900 4,81 4,212
1,200 5.72 4,082
1,500 6.66 4,125
1,800 744 4,117
2,100 8.14 4,116
2,400 8.68 4,048
3,000 9.78 4,107
3,720 10.74 5.123
4,200 11.22 4,112
5,040 11.88 4,116
00 13.47 -
10% = 4.111 (10 readings)
10%! = 4,099 (11 readings)
Mean k = (4.105 * 0.0177) x 10%
Corrected to 50% Acetone k = (4.282 + 0.0184) x 10%
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Expt. 61 p-Nitrobenzyl Toluenesulphonate in 50% Acetone (5) at
26.00°C

21.34 mls titrated with 0.00%861 N NaOH

Time Titre }QEE
- 4,39 -
18,000 3,14 8.906
27,900 3.44 8.733
86,400 2.05 8.814
97,200 +1.82 9.061
108,000 1.69 8.842
121,400 1.53 8.672
oo 6.64 -
43,812 1% 8.864
61,200 1.33 8.961
74,700 1.19 8.828
co %.20 -
10%% = (9 readings)
1051 = (9 readings)
Mean k = (8.858 * 0.0366) x 10°
Corrected to 50% Acetone k =.(9.l42 t 6

/216..-
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Expt. 62 p-Nitrobenzyl Toluenesulphonate in 50% Acetone (5) at

45,32°C

21.34 mls titrated with 0.003861N. NaOH

Corrected to 50% Acetone

k

/217...

Time Titre 10k
- 1.82 -
2,700 2,59 6.428
5,400 3.23 6.405
7,200 3,60 6.407
10,800 4,21 6.343
12,600 4,53 6.557
14,400 4.75 " 6.508
16,200 4.99 6.470
18,000 5.13 6.450
20,400 5.32 6.350
(o) 6.64 -
105k = 6.437 (9 readings)
10%kl = 6.432 (6 readings)
105kl = 6.438 (6 readings)
Mean k = (6.435 ¥ 0.0144) x 10°

(6.642 * 0.0149) x 107

216,
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Expt. 63 p-Nitrobenzyl Toluenesulphonate in 50% Acetone (5) at

59.92°C
21.34 mls titrated with 0.003861N .NaOH '
Time Titre_ ELEE
- . 1. 59 . -
300 1.96 2,457
660 2.36 ' 2.428
1,020 2.73 2.427
1,560 ' 3.22 2.412
1,920 | 3.50 2.385
2,340 3.85 2.438
2,820 4.16 2.418
3,720 4,65 2.387
4,620 5.08 2.409
5,520 5.41 2.403
6,420 5.68 2.407
7,320 | 5.92 2.443
8,220 6.11 2.475
© 6.79 -
qu'k = 2.422 (13 readings)
10%} = 2.428 (10 readings)
Mean k = (2.425 * 0.00530) x 10*
Corrected to 50% Acetone x = (2.503 * 0.00547) x 10%

C s e s i n e -~
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Expt. 64 Benxyl Toluenesulphonate in 50% Acetone (4) at o° C

10 mls titrated with 0.003861N NaOH

- 1.78 -

7,200 2.85 2.182
10,800 3,31 2.158
14,400 3,78 2.202
18,000 4,20 2.217
19,800 4.41 2.2%3
25,200 4.96 2.248
28,800 5.30 : 2.268
32,400 5.56 2.225
79,200 7.81 2.160
82,800 " 8.01 2.263

(o o} 9.14 -
10k = 2.215 (10 readings)
107kl = 2.213 (15 reedings)
Mean k = (2.213 * 0.00668) x 10°
Corrected to 50% Acetone x = (2.221 * 0.00670) x 10°

/219...
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Expt. 65 Benzyl Toluenesulphonate in 50% Acetone (4) at 20.19°C

10 mls titrated with 0.003861N NaOH

*ﬁ Time Titre EQEE
- l.12 -

540 1.72 2.444
1,030 2.21 2.473
1,520 2.63 | 2.455
2,060 3.05 2.464
2,670 3.45 | 2.452
3,300 3.80 2.4%8
4,260 | 4,22 2.393
5,160 4,60 2,450
6,090 4,87 2.43%6
7,320 5.13 é.396
9,060 5.42 2.416

oo 5.97 -
lO“k = 2.437 (11 readings)
10" = 2.437 (10 readings)

Mean k = (2.437 * 0.00546) x 10%

(2.446 * 0.00548) x 10%

1+

Corrected to 50% Acetone k

/220-..
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Expt. 66 Benzyl Toluenesulphonate in 50% Acetone (4) at 39.61°C

10 mls titrated with 0.003861N NaOH

Time Titre EQEE
0 332 -
247 .42 1.716
360 7.56 1.778
450 8.29 1.795
550 . 8.86 1.732
646 9.39 1.748
730 9.81 1.761
860 10.36 | 1.787

1,060 10.86 1.733 .
b 12.29 | -

103k = 1.756 ( 8 readings)

102k} - 1.748 (12 readings)
Mean k = (1.752 * 0.00577) x 107
~Corrected to 50% Acetone k = (1.758-% 0.00579) x 105

/221..0
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221;
~ Expt. 67 p-Methoxybenzyl Toluenesulphonate in 85% Acetone (5)
at_— 20.44°C
Time 10*(HOTS) 10%k
. 1.61 -
56.75 3.56 2.772
85. 50 : 4,46 2791
110.25 5.16  2.782
144.5 6.05 2.784
172.67 6.75 2.798
207.0 7.46 2.773
242.0 8.16 | 2.771
272.0 8.68 | 2.756
313.75 9.40 2.771
350.0 9.92 2.761
389.0 10.45 2.770
434,75 10.97 | 2.756
466.0 11.31 2.760
540.0 13.85 2.769
o 15.02 -
105k = 2.772 (14 readings)
103kl = 2.776 (14 readings)
Mean k = (2.774 ¥ 0.00196) x 107
Corrected to 85% Acetone x = (3.171 } 0.00224) x 10°
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Expt, 68 p-Methoxybenzyl Toluenesulphonate in 85% Acetone (5)
' at. -10.63°C : ‘

Time 10*(HOTs) 107k
- 2.92 -

7.7 | 3.63 9.900
16.1 5,43 10.06
42.4 6.45 10.17
6447 R 10.04

11643 9.84 9.947
176.5 ' 11.26 9.948
238.0 '12.05 9.900

o 13.00 -
10%k = 9.995 ( 7 readings)
10%! - 9.968 ( 7 readings)
103kl = 9.979 ( 7 readings)
Mean k = (9.981 * 0.0129) x 103
Corrected to 85% Acetone k= (1l.41 t 0.0147) x 103

/223, ..
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228.

Expt. 69 p—Methoxyhenzyl Toluenesulphonate in 85% Acetone (5) at

Mean k = (4.89%4 +

=32.42°C
Time 10*(HOTs) 10%k
379.25 hi4s 4. 864
522.5 5. 50 4,905
675.5 6.3%8 4.859
841.5 .33 4,885
1023.5 8.25 4.871
1221.25 9.20 4,898
- 1554.0 10262 4,947
1695.0 11.06 4,945
1942.0 11.94 4.940
2090.5 - 12.39 4.938
2428.5 13.24 4.896
3119.0 14,60 4,822

o 18.26 -
1O4k = 4.897 (12 readings)
104! = 4.891 (13 readings)

.0.00713) x 10%

Corrected to 85% Acetone k = (5.594 : 0.00815) x 10%

/224.0.
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r . Expt. 70 Benzyl Toluenesulphonate in 70% Acetome (6) at 20.04°C
, 5 mls titrated with 0.01055N NaOH | -
Time | Ditre 107k
- 0.15 -
5,100 0.89 3,432
8,870 1.35 3.398
10,840 1.56 | 3.370
13,320 1.81 | 3,350
15,105 1.99 3.373
16,420 2.14 3,442
18,540 2.30 5.389
23,640 2.70 3,408
26,520 2.91 3.443
36,780 3.43 3.379
o 4,76 -
10k = 339 (10 readings)
10k = 3.387 (11 readings)
Mean -k =

(3.393 * 0.0102) x 10°

/225...
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Acetone (6) at 20.04°C

Expt. 71 Benzyl Toluenesulphonate inm

. 5 mls titrated with 0.01055N NaOH
Added 0.100 N NaCl
Time Titre : 102k
- 0.26 5.
2,700 0.80 6.687
5,460 1.28 : 6.846
8,100 1.63 6,704
10,800 1.97. 6.854
13,500 2,22 | 6.788
16,200 2,42 6.748
18,600 2.60 6.760
36,660 3.24 6.609
o0 Ts' 5.53 ' -

Complete hydrolysis 7.21

10%k = 6.748 (8 readings)
109kl = 6.758 (9 readings)
Mean k = (6.753 * 0.0315) x 107

/226...
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Expt. 72 Benzyl Toluenesulphonate in 70% Acetone (6) at 20.,04°C ]

5 mls titrated with 0.005482N NaOH
'Added 0.1005 KNO3
Time ) Titre 1925
- | 0.25 .

2,105 | 1.49 3.983

4,080 2.57 3.996

6,306 3.62 3.916
10,800 5.52 3.872
14,400 ' 6.88 3.902
18,180 8,10 3.914
21,605 9.09 3.942
28,800 10.74 : 3,961

45,000 ' 13.14 4,017

0OR ! ' 15.67 -
Complete hydrolysis 18.20 '
10°%k = 3,983 (9 readings)
109k = 3,987 (9 readings)
Mean k = (3.985 ¥ 0.0207) x 10°

/227,
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Expt. 73 Benzyl Toluenesulphonate in 70% Acetone (6) at 20.04°C

Added 0.2572 KNO3

5 mls titrated with 0.005482N NaOH

/2284

Time Titre 10%x
- 0.30 -
3,664 1.68 4,845
7,740 2.97 4,881
10,800 8.75 4,831
14,880 4,63 4.795
| 18,000 5.26 4,875
21,600 5.80 4,832
36,000 7.33 4,891
82,810 8.63 4,797
oot 8.79
Complete hydrolysis 12.02
10k = §.843 (8 readings)
1o?kl = 4.851 (10 readings)
Mean k = (4.847 * 0.0106) x 10°
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Expt. 74 Benzyl Toluenesulphonate in 70% Acetone (6) at 20.04°C
5 mls titrated with 0.005482N NaOH '
Added 0.1002N NaClO,

Time Pitre EQEE

- 1.94 -
3,600 | 3.35 3.525
5,400 - 3.97 - 3.484
7,204 4.55 3,459
9,000 5.16 | | 3.529
10,830 | 5,72 3.577
12,615 6.23 3.562
14,460  6.72 3.576
16,260 - 7.15 3.568
18,090 o 7.59 3.586
38,400 10.87 3.655
79,230 13.11 3.625

R ' 13.78 -

10%k = 3.559 (11 readings)

10%Y = 3.547 (10 readings)

Mean k. (3.553% ¥ 0.0165) x 10°

/229...
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Expt. 75 Benzyl Toluenesulphonate in Acetone (6) at 20.04°C
v 5 mls titrated with 0.005482N NaOH

L1

Added 0.2567N NaClOy

- 0.30 -

7,200 2,63 3.803
9,000 3.13 3.818
10,800 3.58 3.804
12,600 4,01 3.809
14,405 _ 4,47 2.885

16,200 4.80 3,831

18,000 5.20 3.891
19,800 5.53 5.895
21,615 ' 5.82 3.876
41,940 8.20 3.885
82,800 _ 9.62 3.825
00 10.03 -
10%k = 3.857 (11 readings)
10°k = 3.847 (11 readings)
Mean k = (3.852 } 0.0161) x 10°

/23040



\ | Expt. 76 m-Chlorobenzyl Tolueheaulphonate in 70% Acetone (6)

at 69.86°C
6.220 mls titrated with 0.005482N NaOH
Time Titre lgfg
- : . om -
900 3.55 3.490
1,800 5.51 3.376
2,280 6.46 3.459 |
2,550 6.82 | 3.399
2,760 7.21 : 3.475
3,255 | 7.84 | 3,468
3,660 8.30 3.480
4,290 | 8.87 . 3.470
4,860 9.36 5537
5,580 9.80 3.555
00 ' 11.25 -
109k = 3.471 (10 readings)
109kl .= 3,460 (11 readings)

Mean k = (3.465 T 0.0162) x 10°

/éaloo.
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Expt. 77 m—Chlorobeniyl Toluenesulphonéte'in-?O% Acetone (6)
_ at 69.86°C
"6.220 nls titrated with 0.005482N NaOH
Added 0.09901N KNO3
Time Titre 104k.
- 0.66 -
257 1.71 5.840
600 2.88 5.823
990 3.96 5.866
1,175 4.41 5,748
1,500 5.01 | 5.888
1,800 5.58 5.895
2,400 6.3%6 5.803
3,720 7.32 ) 5.830
Oqg! 8.19 -
Complete hydrolysis 10.80
104k = 5.835 ( 8 readings)
10%1 = 5.851 (11 readings)
Mean k = (5.843 * 0,0211) x 10%

/232...
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Expt. 78 m-Chlorobenzyl Toluenesulphonate in 70% Acetone

232_'0

(6) at 69
86°C '

Added 0.2685N KNOB

6.220 mls titrated with 0.005482N NaOH

Time Titre 10%k

- 0.41 -

325 1.36 8.131
600 2.00 8.151
900 2.57 8.287

1,200 2.98 8.181

1,500 3,30 8.097

1,800 3.56 8.078

2,100 3.79 8.231

2,420 3.94 8.093

2,700 4,04 ?7.954

3,450 4,27 8.117

0Oy ¢ 4,52 -

Complete hydrolysis 7.86
10% = 8.132 (10 readings)
10%x! = (.9 readings)
Mean k = (8.133 * 0.0%03) x 10%

/2334,
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- Expt. 79 m-Chlorobenzyl Toluenesulphonate in 70% Acetone (6)

| _ at 69.86°C
6.220 mls titrated with O.005482N NaOH "
Added 0.1001N NaClOg
Time Titre }Qﬁg
- 0.29 -
390 1.31 4,246
720 2.06 4.273
1,080 2.7 4,231
1,440 3. 34 4,235
1,760 3.80 4,234
2,190 4,32 4,223
2,850 5,97 4,232
3,520 5.48 4,263
4,240 5.86 b.254
5,540 6.33 4,234
00 6.97 -
10%x = 4,240 (10 readings)
104kl = 4,222 (10 readings)
Mean k = . (4.231 + 0.047) x 104

/2340
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Expt. 80 m~-Chlorobenzyl Toluenesulphonate in 70% Acetone

Time

180
420
600
900
1,200
1,560
1,890
2,160
2,700
3,600

at 69.86°C 6)
6.220 mls titrated with 0.005482N NaOH '
Added 0.2585N Na0104

| Titre 10%k
1.15 -

2.49 4.836

4,10 4,834

5.20 4.8%6

6.88 4,887

8.25 4,859

9.62 4,796

10.76 4,818

11.57 4.835

12.82 4,797

14.39 4,817
17.23 -

10 = 4.8%1
10%ct = 4.825

(10 readings)
(12 readings)

Mean k= (4.828 * 0.0091) x 10%

/235440
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Expt. 81 p-Nitrobenzhydryl Chloride in 70% Acetone (7) at 90°C

* 6,220 mls titrated with 0.005411N NaOH
Time Titre 10%k
o 1.95 ) -
240 3,22 6.3%04
480 4,%6 6.453
740 5.33 6.3%21
920 5.99 | 6.428
1,200 6.75 6.299
1,560 7.58 - : 6.239
1,800 8.14 6.401
2,100 - 8.64 6.402
2,460 9.10 6.346
2,760 9.41 : 6.302

00 11.00 -

104 = 6.350 (10 readings)
10"} = 6.396 (9 readings)
Mean k = (6.373 * 0.0200) x 10%

/25600-
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1 Chloride in 7(

Added 0.1000N KC1

6.220 mls titrated with 0.005411N NaOH

/237...

- 1.00 -
240 2.43 5.892
480 3.67 5.877
220 4,78 5.949
960 5.69 5.897
1,220 6.48 5.767
1,500 7.31 5.810
1,800 8.02 5.798
2,100 8.62 5.771
2,400 9.19 5.859
2,700 9.66 5.928
3,060 10.02 5.818
00 11.85 -
10" = 5.851 (11 readings)
1041 = s5.878 (8 readings)
Mean k = (5.864 ¥ 0.0141)
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Expt. 8% p-Nitrobenzhydryl Chloride in 70% Acetone (7) at 50°C

6.220 mls titrated with 0.005411N NaOH

Time Titre EQEE
- 0.13 | -
61,200 6.22 9.875
68,400 6.69 ~ 9.800
81,000 7.47 9.764
145,800 10.27 9.633
172,800 11,04 9.683
- 0.08 | -
10,800 1.43 9.661
25,200 - 3.01 9.725
100,800 8.49 ‘9,703
113,400 9.15 9.856
o 13.56 -

105« = 9.745 (9 readings)

0.0%89

r

/238,




LA YT e,

238,

Expt, 84 p-Nitrobenzhydryl Chloride in 70% Acetone (7) at 50°C
6.220 mls titrated with 0.005411N NaOH
Time Titre lQEE
- 0.15 - -
61,200 6.35 | 9.350
81,000 7,71 9. 364
145,800 10.60 9.095
172,800 | 11.64 - 9.536
- 0.09 -
10,800 1.43 9.128
18,000 2.31 9.392
25,200 3.09 - 9.350
100,800 8.77 - 9.275
113,400 9.44 9.370
00 14.38 -
10% = 9.317 . (9 readings)

o

0.0589
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Expt.
5 mls

Time

300
587
895
1,208
1,520
1,920

2,416
3,000

5,678
4,205
5,235

91 Benghydryl Chloride in 70% Acetone (8) at 20.19°C

240,

titrated against 0.009653N after addition of S5mls 0.02155N HC1l

Added 0.02N NaOH

Titre

0.29
1.56
2.66
3.71
4.69
5.55
6.51
7.58
8.51
9.38
9.91
10.76
12,54

-10%xkl

104k

3,634
3.665
3.659
3.683
3.689
3.692
3.741
3.707
5.684
3.660
3.685

104k

Mean k

/241. e |

3,682 (11 readings)
3.684 (10 readings)
(3.68% * 0.,0082) x 10%
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. Expt. 92 Benzhydryl Chloride in 70% Acetone (8) at 20.19°C

5 mls + 5 mls 0.03174N HC1 titrated against 0.009653N NaOH

Added 0.03N NaOH

Time : Titre | lgﬁg
- 1.04 -
615 3,18 3.565
915 4,05 . 3,546

1,200 4,81 3.550

1,470 5.49 . 3.583%

1,936 6.47 3.576

2,260 7.05 3.563

2,750 7.88 3.609

5,280 8.58 3,607

5,805 9.14 3.593

5,370 . 10.35 3.616

(o'} 11.91 -
10"« = 3.581 % 0.0083 (11 readings)

/28240
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Expt. 93 Benzhydryl Chloride in 70% Acetone (9) ‘at 20.19°C

5 mls + 5 mls 0.0103IWN HC1l titrated with 0.009653N NaOH

Added 0.009207N NaOH

Time Tifre lgfg
- 1.24 -
560 2.7% 3.093
828 2.37 3.115

1,100 3.96 3.117

1,407 4.59 3,144

1,723 5.15 3.134

2,067 5.69 3.117

2,506 6.30 3.100

3,175 7.15 3.139

4,174 8.11 3.166
o e] 10.61 -

104 = 3.125 * 0.0072 (9 readings)

/243, ..
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Expt. 94 Benzhydryl Chloride in 70% Acetone (10) at 20,19°C
5 mls + 5 mls 0.02173N HC1 titrated with 0.009653N NaOH
Added 0.02142N NaOH*

Time _ Titre . . }955
- 1.12 -
301 : 2.07 | 3;229

675 3.07 3.122
1,030 | 3,97 . 3.162
1,370 4,70 . 3.175
1,735 5.49 3.199
2,015 6.35 3.219
2,960 7.43 o 3.226
3,680 8.27 3. 244
4,345 ~ 8.89 3.259
5,038 9.40 © 3.266
5,650 9.75 5.257

00 11.3%8 -
10% = 3.214 * 0.0064 (11 readings)

+ NaOH added 15 mins before start of run
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Expt. 95 Benzhydryl Chloride in 70% Acetone (10) at 20.19°C

5 mls + 5 mls 02301 NHC1l titrated with 0.009653%N NaOH

Added 0.02292 N NaOH*

Time Titre 10%%
- 1.09 .'
311 2.25 3.488
625 3.25 3.405
960 4,30 3.490

1,292 5.17 3,474

1,650 5.98 3,443

1,956 6.64 3,463

2,385 2.41 3.445

5,105 8.57 3.505

3,810 9.37 3.477

4,500 10.01 3.477

5,400 10.65 3.483

6,320 11.12 3.481

00 12,37 -
104k =

3,469 ¥ 0,0081 (12 readings)

+ NaOH added 16 hrs before start of run
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Expt. 96 Benzhydryl Chloride in 70% Acetone at 20.19°C

5 mls + 5 mls 0.01813N HCl titrated with 0.009653N NaOH
Added 0.01758N NaOH ’

Time Titre ;gﬁg
- 2.48 -
321 5.99 3.501
662 5,44  3.528

1,000 6.70 3,521

1,315 7.81 | 3. 574

1,695 8.90 3.546

2,061 9.87 3.562

2,833 11.50 3.551

5,527 12.58 3,518

4,500 15.87 3.595

0o 16.69 -

10% = 3.545 % 0,0094 (9 readings)

Duplicate 0.02736 NaOH 10% = 3.555
0.02736 NaCl 0% = 3.602
No salt 10%k (cale) = 3.790
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Expt. 97 Benzhydryl Chloride in 70% Acetone at 20.19°C

5 mls

titrated with 0.009653N NaOH
Added 0.01758N NaCi*

Time Titre 10%
- 0.06 -
633 1.78 3.624
925 2.44 3.633

1,245 3.09 3.598

1,595 3.72 3.595

1,910 4,26 3.634

2,303 4,80 3,614

2,845 5,45 3.615

3,402 6.02 3.643

4,200 6.62 3.627

5,478 7.32 5.677

@ 8.45 -
10« =  3.626 F 0.0071 (10 readings)
No salt:-  10% (cale) = 3.715 ¥ 0.0073

+ By neutralising the alkaline solvent in
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Expt. 98 Benzyl Toluenesulphonate in 70% Acetone at 20.19°C

5 mls + 5 mls 0.01991 NHCl titrated with 0.009653N NaOH

Added 0.0187?N NaOH
Time Titre 10%k 10%k(cale)
- ' 1.77 - -
4,500 3.29 4,278 4,242
6,900 3.90 4,112 4,080
9,900 562 4,022 4,038
13,500 5.38 : 3.938 3.993
17,100 6.00 3.907 3.953
20,700 6.56 3.877 3.915
23,400 6.95 3.883 3.890
26,100 7.29 3.873 3.867
31,500 7.85 ' 3.827 3.822
35,100 8.20 3,848 3.797
38,700 8.45 3.793 3.772
@ 10. 45 - -
10%p = 5.029 (m/1) st
10°k1 = 3.288 71
No salt | 107k, (cale) = 3.352 s
Duplicate 0.01922N NaOH 10%k, - 4.555 (/1) 8 "
107k | = 2.997 71
No salt 10%k1(cale) = 3.008 s -
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Expt. 99 Benzyl Toluenesulphonate in 70% Acetone at 20.19°C

5 mls titrated with 0.00965sN NaCOH
Added 0.01877N NaOTs *

Time | Titre 107k
- 0.79 -
4,500 1.68 3.3%7
6,900 2.13 3.418
9,900 2.59 5.350
13,500 3,11 3.348
17,100 3.56 . 3.317
20,700 3.99 . 3.363
23,400 4,26 3.355
26,100 . 4,54 3,397
51,500 4.98 3.395
35,100 5.21 3,363
38,700 5.41 | 3,328
00 7.17 -
107k = 3.362 ¥ 0.0090 (11 readings)
+ By neutralising solution 98
10%k = 3,017 % 0.00517 (9 readings)

Added 01922N NaOTs *+
++ By peutralising duplicate solution 98
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Expt. 100 Benzyl Toluenesulphonate in 70% Acetone (11) at 20.19°C
5 mls titrated with 0.009653N : :

Added 0.02064N NaOTs

Time Titre ;925
- 2.22 -
1,800 2.59 2.533
3,600 2.96 2.585
5,400 3.31 2.602
7,200 3,61 2.5%7
9,000 3.96 : 2.605
10,800 4,26 2.605
13,560 4,69 2.597
16,200 5,08 2.600
18,900 5.48 2.630
21,720 5.82 2.512
00 : 10.54 -

10°%k = 2.590 ¥ 0.0095 (10 readings)
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Expt. 101 Benzyl Toluenesulphonate in 50% Acetone (2) at _20.19°C
10 mls titrated with 0.003861N NaOH '
Added 0.100N KC1

Time Titre 10k

- _ 1.60 -

660 - 2.29 3,102
1,440 | 2.93 3.061
1,860 3.21 3.037
2,460 . 3.59 3.100
3,180 3.97 3.174
3,785 4,18 3.109
4,290 4,34 3.093
4,740 4,48 3.121
5,555 4.65 3.065
- ©Ts 5.33 ' -
Complete Hydrolysis 7.28 -

10% = 3,096 (9 readings)
10%t = 3,088 (9 readings)
Mean k = (3.092 $0.0147 ) x 10%

4 +
No salt 10 k 2.314 - 0.0125
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Expt. 102 Benzyl Toluenesulphonate in 5(
"+ 10 mls titrated with 0.004669N NaOH
Added 0100 NaClOy

Time Ditre 0%k
- 1.60 | -
480 2.84 2.418
917 3.90 2.476
1,415 4.95 2.479
2,111 6.15 2.439
2,520 : 6.82 2.554
3,105 .61 2.439
3,530 : 8.11 2.425
3,915 ' 8.57 2.443
4435 9.10 2.9
5,100 9.64 2.429
5,580 10.03 2,447
6,065 10.32 . 2.426
00
10 = 2.446 (12-readings)
10kl = 2.435 (12 readings)
Mean k = (2.442 * 0.0126 ) x 10"

No salt 10%k 2,408 ¥ 0.0125
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Expt. 103 p-Methoxybenzyl Chloride in 70% Acetone at gg;;§°c
|+ Smls + 5 mls 0.02147N NaOH titrated with 0.009921N NaOH
| Added 02089N NaOH
Time | Titre ' lgfg
- 0.52 -
997 3.23 2.936
1,540 4,50 : 3.028
2,046 | 5,47 3,044
2,550 6.23 3.000
5,090 6.93 2.967
3,600 . 7.55 2.987
4,137 8.10 2.991
4,733 8.58 . 2.969
5,321 8.95 2,928
5,846 9.31 2.963
6,420 9.55 2,910

10% = 2.97% (11 readings)
10Mct = 2.987 (11 readings)
Mean k = (2.980 # 0.0151) x 10

No salt 10%k (calc) = 2.974
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Solvent T°C

. 70%(2)  20.59
70%(3)  20.59
70%(3)  20.57
70%(4) 20.57
70%(5)  10.13
20%(6) 20.04
70%(8)  20.19

70%(9)  20.19
70%(10)  20.19
70%(11) 20.19
856(1) 60.21
85%6(2)  20.57
85%(3) 20.57
85%(4) 20,57
85%(5)  20.57
50%(1)  60.41
50%(2) 20.19
50%(3) 60.41
S0%(4)  60.41
50%(5) 60.41
50%(6). 20.19

LIST OF SOLVENTS

| Subsﬁiaﬁé |
pMeOCEH4CH2CL
pMeOCgH4CHoCL

- pMeCgHy CHoOTs
pMeCeH4CH20Ts
pMeCgH,y CHoOTs
CeH5CHR0Ts -
(CgHg) 2CHCL
(CgHs)2CHCL
(CeHg) 2CHCL
(CeHsg) 2CHCL
(CeHs) 2CHC1

| pMeCeH4CH.PhC1
pMeCgHyCH.PhC1
pMeCgH4CH. PhC1 .
pMeCeH4CH.PhC]
pNOoCgH,yCH.PhC1 -
_CeHSCH0TS
pNOoCgH4CH. PhC1
pNOCgH, CH. PhC1
pNOoCeHyCH.PhC1

CeH5CH0Ts
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10™x

4,303
4,005

10.26
7.869
2.345
33.93
3.054
2.529
2,905
2,582
8.014
5,488
3.290
3.016
2.532
4.9%4
2.314
4.613
4.637
3.501
2,408


http://pMeC6H4.CH.PhCl
http://pMeC6H4.CH.PhCl
http://pNO2C6H4.CH.PhCl
http://pNO2C6H4.CH.PhCl
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