A KINETIC STUDY OF THE REACTION OF

SULPHURYL CHIORIDE WITH SOME PHENOLS

THESIS

presented for the degree of

DOCTOR OF PHIOSOPHY

in the

- UNIVERSITY OF LONDON
by

R. C. THAPLIYAL

Department of Chemistry March, 1974

-

"Bedford College

- University of London



ProQuest Number: 10098260

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10098260
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ACKNOWLEDGEMENTS

- I welcome this opportunity of expressing my gratitude
to my supervisor Dr.R.Bolton for the assistance and
encouragement which he has so generously given at

all times.

Grateful acknowledgement is also made to Dr.R.C.Denny
for his advice in some aspects of the work and to

Dr.C.W.N.,Cumper for his helpful suggestions.

I should also like to express my thanks to the

technical staff for their assistbance.

Finally, my sincere thanks to Mrs.Pat Slade for

typing this thesis.

R.C.T,.



ABSTRACT

The kinetic studies of some substituted phenols in
their reactions with sulphuryl chloride in chlorobenzene
and at 25%¢ showed that the clectrophile involved is
molecular sulphuryl chloride (31—652~C1). In the poly
methyl phenol studied, the magnitude of the effect of
-CH5 groups on the reactivity of the phenol molecule in
this reaction suggested that the mechanism involves
hetefolytic attack of molecular Sulphuryl chloride on the
benzenoid nucleus. The kinetic study of 5,5-di@ethy1
anisole was done in benzene and showed similar effecfs.
The reaction in all the phenols and anisole was found
to be bimolecular and of second order.

The ether and the phenols were activated towards
electrophilic attack particularly in the para position.
This was supported by the analysis of the products
formed in the reaction which also helpned to trace the
mechanism via which the electrophile substitutes a
hydrogen of the benzenoid nucleus.

The compounds studied were:

2,4-xylenol.
2,6-xylenol.
3,5-xylenol.
2,%,5-trimethyl phenol.
2,%,6-trimethyl phenol.
3,5—ditertiary butyl phenol.
3,5-dimethyl anisole.
The kinetic study of 3,5-xylenol was studied in great

detail and was extended to three solvents: benzene, chloro-



benzene and o-dichlorobenzene, In all the three cases a
considerable change in second order rate constant was
observed and indicated that the reaction was heterolytic
in nature. The increase in the rate constant was also
observed with the increase in the concéntration of 3,5-
xylenol in the reaction mixture and was explained due %o
the formation of a M -complex between xylenol or its
chlorinated products (4-chloro, 3,5-xylenol and 2,4~
dichloro, 3,5-xylenol) and sulphuryl chloride and its
high reactivity. With the increase in xylenoliconcentration
more J -complex was suggested to be formed thereby
affecting the rate of reaction. Kinetics of 3,5-xylenol
was also compared with 2,4,6~D5—3,5—xy1en01 and QO-deutero~-
2,5=-xylenol to understand the other factors affecting the
mechanism and to establish the rate determining step.
Different quantities of 3%,5-xylenol was also reacted with
. sulphuryl chloride in different mixture of solvents
(benzene aﬁd chlorobenzene) to illustrate the effect of
polarity of the solvent and the concentration of xylenol
content on the rate of reaction.

The explained behaviour of the 7 -complex formed
between 4-chloro, 5,5-xylenoi and sulphuryl chloride was
justified by the increase in second order rate constant
of 3,5-dimethyl anisole, when reacted in presence of 4~
chloro xylenol, with sulphuryl chloride. This study was
extended to T -complexes of 2,4-dichloro, 3,5-xylenol,i4-chloro,
3,5-dimethyl anisole and 3,5—ditertiary butyl phenol formed
with sulphuryl chloride. The nature and structure of

T -complexes was also studied by u.v. and n.m.r.

s -

spectroscopy.



The reactivity of the phenols can be described in

the order:
2,5,5-Me3—phenol:> 3,5-xylenol:> 2,5,6—Me5-phenol and

3, 5-dimethyl anisole> 2,4-xylenol> 2,6—xy1enol>

3,5-ditertiary butyl phenol.
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CHAPTER I

INTRODUCTION




1,2,5,4
AROMATIC SUBSTITUTION:

The aromatic hydrocarbons constitute a very
important class of compounds.

The reactions of benzene and its derivatives
demonstrate that all the six carbon atoms in the benzene
molecule are equivalent. This further led to the brilliant
idea of a cyclic structure possessing six fold symmetry.
Kekule (1865) suggested that the real state of the benzene
molecule is an intermediate of canonical structures, which
are in dymamic equillibrium, and which do not héve
physical reality separately. DBenzene is considered to be

a hybrid of a number of canonical structures.

I _ I1 11T IV

I,IT XKekule structures

IIT,IV Dewar structures

These contributing forms satisfy the conditions for
resonance, a hybrid of a set of strucfures, as resonance
can only be among structures:

(a) that correspond +to the same, or nearly the same,
relative positions of all the atomic nuclei.
(b) that correspond to similar relative positions of the

electrons.
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(¢) that have the ssme numbers of unpaired electrons.
(d) that are of the same, or nearly the same stability
(energy). | ’

The molecular orbital description of benzene gives
an immediate idea of the source of its stability. The
six carbon atoms are arranged in a planer hexagonal ring
and each of the carbon atom is bonded with the two
adjacent carbon atom and a hydrogen atom via its sp2
orbitals. Each carbon atom is thus left with.one
electron in a pi-orbital situated at right angles to the
plane of the nucleus. By overlapping laterally the pi-
orbitals form a continuous pi-molecular orbital, consisting
of annular clouds of negative charge above and below the
plane of the ring. |

This highly symmetpical delocalisation of pi-electrons
corrésponds to lowering of the internal energy of the
symmetrical system and brings thermodynamic stability to
benzene and related compounds. The resonance ensrgy of
aromatic compounds is fdﬁnd to be higher than that of the
corresponding hypothetical structures. This further
predicts its stability.
| The stability of a ring with sp2 atoms as in the case
of benzene is predicted by Hlickel's rule which states that
to gain a closed shell stability through delocalization,
the number of electrons present in the various pi-orbitals
of all the atoms of the ring is 4n+2, where n is an
integer.

Coulson and Rushbrooke's idea of classifying pi-
electron systems into "alternants" and "non alternants"

led to a wider and modern concept of aromaticity. Benzenoid
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systems taken as a special case and described as
"alternant", whose carbon atoms can be divided into two
sets in such a way that no two members of the same set
are joined by a bond. Here delocalization of the pi-~
electrons will not be associated with the formation of
the terminal charges, as in the case of non-alternants,
and the stability will be greater than in ordinary
conjugation. ‘

HOMOLYSIS AND HETEROLYSIS: -

The description of a chemical bond in physical
terms as the sharing of two electrons implies that bond
breaking and bond making will consist of a redistribution
of elttrons between atoms.

Bonds can be formed from electrons supplied one by
each of the combining species (colligation) and broken
by the reverse process (homolysis) forming highly reactive
but electrically neutral free radicals.

A B ission . g
colligation :

Few of these unpaired electron systems are stable in
ordinary conditions and can be transiently produced by
thermal, photolytic or radiative dissociation of a covalent
bond., Such reactions are called homolytic reactions.

Alternatiﬁely the formation of a single covalent bond
can be by co-ordination; on cleavage both electrons are
transferred to one of the atoms (heterolytic or polar

process)

fission -
2 - - AT 4+ B
co~ordination
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Here A and B are even-electron molecules and most
of them are ordinary stable substances. Reactions which
form the bond by co-ordination and produce charged species
on breaking are called Heterolytic reactions.

Heterolytic réactions are further classified as
electrophilic and nucleophilic reactions. In the above
example AT can be called an electrophile and B~ a
nucleophile. In order to be able to classify a reaction,
it is necessary to define arbitrerily which of its
participants is the ‘'substrate'! and which the 'reagent'.
| An organic molecule can undergo substitution,
addition, elimination or rearrangement. The first two
cases will be elaborated. The characteristic reactions
of aromatic systems are substitution reactions rather than
addition reactions as it is only in the former that the
cyclic delocalization is retained while in the latter case

cyclic delocalization is lost.

. Br
';~ Br,
H - —_—— + HBr

addition substitution

, 2.,4.5.6,7,8,9
SUBSTITUTION IN BENZEWE: 7

Benzene molecule can undergo substitution reactions

either by homolysis (free radicals) or by heterolysis
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(electrophiles and nucleophiles).

Homolytic substitution of benzenoid systems comes
under the banner of unsaburated homolytic substitutions.
Here the substrate contains a shell of pi-electrons, the
classic example being benzene, and the attacking radical
colligates with the aid of one eé%tron of the pi-shell.
The resuiting radical then 1dses an atom of hydrogen.
Phénylation of benzene illustrates the mechanism involved.
The phenyl radical may be obtained by the thermal
decomposition of'the dibenzoyl peroxide., An unpaired
electron is accommodated in the pi-shell of the .

intermediate formed.

+ Ph —_—
slow fast

The chief_characteé%tics of radical reactions are
their rapidity and initiation by radicalsthemselves
(initiators) with inhibition by substances which react
readily with radicals (inhibitors). Radicals of both
long life and short life are known. |

The presence of polar groups in a structure will

facilitate attack at a particular site by reagents of



different electronic type. According to its nature a
reagent can be labelled as an elctrophile or nucleophile.
An electrophile can accept electrons to complete its
outer valency shell, through bond formation with substrates
having available electron pairs, while.a nucleophile
donates electrons to form a bond with an electron
deficient nucleus.
The concentration of negative'charge above and below
the plane of the benzene ring shields the carbon atoms
from the attack of nucleophilic reagents x bu% promotes

the attack by electrophilic reagents xT

or electron
deficient species.
Electrophile: are described as:

1. Positive ioms Y (e.g. HY , C1¥ , R" , Ar—N.%)

S+ &
2. Dipolar molecules which give cations Y-—X (e.g. GlJCEH,
j)céib , Brgnstead acids Hl:%) and non polar molecules

which polarise under the influence of the substrate
(e.g. ‘Br—br , 01—01 )
3. Electron deficient compounds. (e.g. SO5 y ZnCl, , AlClB,
BFx) |
4, Oxidising agents (e.g. O5 3y R=—=0—~0—R , Fe5+)
4 " In electrophilic substitution (SE) both the electrons,
which form the covalent bond between the reagent and the
benzene molecule are provided by the latter. This way a
temporary electron deficiency is caused in the pi-orbital

of the aromatic ring and a proton is removed from the ring

to bring the molecule to the normal state.



.-]5

NO

The electrophilic substitution (SE) is discussed in detail
in this chapter as it is in the context of the work
carried out.
The nucleophilic reagents can be described as:
1. A negative ion ¥~ (e.g. HOT , C1~ , RO , Ng , carbanion)
2. A dipolar molecule acting as anion - donoxfitlf+
(e.g. RALi , EMgBr ,>C=C)) |
3. A neutral species with sufficiently mobile free pairs
of p electrons,
(e.ge R—O0—R , RBN: , R—;g—-H , Lewis bases in general)
4, A reducing agent (e.g. Na , Fe2+)
Ammonolysis, hydrolysis and alcoholysis are among the
typical nucleophilic substitution reactions (SN).
Nucleophilic substitution can proceed either by
unimolecular mechanism (SNﬂ) or bimolecular mechanism
(SNz). The former mechanism is limited to the replacement
of only those substituents which are sufficiently loosely:

bound to undergo spontanebus heterolysis in solution. For

any nucleophilic substitution to take place a strongly



electron withdrawing substituent is eipected to render
attack by a nucleophile possible. In contrast to
electrophilic substitution a negative charge is
accommodated in the nucleus of the intermediate formed
and again after releasing a group the molecule retains
its normal state. e.g. nitrobenzene fuses with potash in

the presence of air to yield o-nitrophenol.

- (\, -
O\\\ § 4;4’0 O\\\isi;:() O\\\

U [
; . __oH”
R

+
\\'N

\

OH

Despite the size of the adjaéent NO2 s the “inductive
effect will make o-position more electron deficient than
P-. . As expected a substituent promoting attack in the
m-position by an electrophile will promote o-p~ attack

by a nucleophile.

16
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2,%4,5,6,8,9
ELECTROPHILIC AROMATIC SUBSTITUTION:

In the middle of the 1870's attempts were made to
develop a theory which could separate the groups
contributing to the two contrasting types of orientation,
one leading to o- and P- substitutions and another to

m- substitutions.

10 1

Koerner and Hubner supported Berzelius' idea and
aséociated the basic and acidic character of the groups
with their directing abilities. Cfum Brown and Gibson
differentiated the two classes of groups on thé basis
of their ability to undergo direct oxidation (m-directing)
or not (o- and p-directing). Other theories to explain the
role of a groﬁp already present in benzene, were put
forward by Flirscheim and Fry but were not found satisfactory
in all the cases. |

Ingold and Shaw/12 were first to point out the reasons
for the preferential formation of o- and p- or m~
products only and linked it with the influence of a
substituent upon the reactivity of nuclear carbon atom
through one of several combinations ie. it may be
activating o- and p- positions but deactivating to m-
position; or it may be activating o- and p- positions and
not affecting the m- positions; or it may be activating
all the positions but to the greatest at o- and p-
position. The activation or deactivation by a substituent
already present in a ring was studied with comparison
to a carbon atom of unsubstituted benzene ie. the
probability of substitution at each carbon atom of benzene

being set at unity. To explain the electron displacements

Lucas and his collaborétérs in 1924 used the Inductive,
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Mesomeric and Electromeric effects interpreting the
substitution in aromatic systems.

INDUCTIVE EFFECT:

15

Lewis observed that in a molecule where the
constituents were unlike atoms, sharing of electrons
gave rise to an 'electrical disymmetry' which could
be electropositive or electronegative depending on
electron repelling or electron attracting nature of
the group or atom compared to hydrogen (standard) in
the same molecular situation. 3

i

X ————» CR Y « CR

3 H— CR3 3

(+1I effect) standard (~I effect)

This electrical disymmetry can be propogated aloﬁg
a chain of bonded atoms via o bonds towards the direction
of electronegative atom or group, and dies out with the
increasing distance away from the group or atom. Lewis
accepted thé inductive effect as a permanent molecular
condition which‘could affect chemical equilibria and other
physical properties of the molecule e.g. dipole moment.

The free energy of ionization and thereby the strength
of an organic acid varies with the change of the structure
of the acid. Certain positive groups like (CH5)3N+ or NHéﬁ
if introduced, fecilitate the departure of HY ion from
the -COOH group, and lower its free energy of ionization
(increase the ionization constant). An electro-negative

group, if introduced, pulls away the electron density from

other atoms and makes the acid much more strong.
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Acid pX
CH,CO0H 4,80
(CHB)ENLCHE—-—COOH 1.83
F~—CH,,~COOH 2.66
C¢1—CH,—COOH 2.86
C1,—CH—COOH 1.3
‘015_..0-_00011 | 0.65

An electronegative atom or group bonded to a more
positive atom by either a double or triple bond can

allow the following polar forms.

+ /O | ++/c_) / /O
N - ~N iy
NG \5 Nz H

This oxygen atom therefore attracts electron density
more than a single bonded oxygen atom in an ether or
- alcohol having a positive charge in the neighbouring atom.
On the other hand alkyl groups are electron releasing
(+I effect) therefore relative to hydrogen they decrease
the strength of saturated acids. The +I effect is greater,
the more branched the structure of the group is and is in

order:—

tert Bu> iso Pr~Et > Me

Unsaturated groups like vinyl and phenyl groups are
.found to increase the acidity of an acid and suggest that
unsaturated carbon atoms are more electronegative

(attracter) than saturated carbon atoms.

r



The inductive effect transmitted through space
instead of the bonds of a molecule has also been noticed
and is referred as the direct effect. Although it has
been difficult to distinguish between the two effects in
an aromatic system, both effects are found to be affecting
the isomer ratios.

INDUCTOMERIC EFFECTS:

Some workersqu prefer to differentiate the inductive
effect, which is a property of.the molecule of the
reactants from these effects which take place ohl& at the
time of need and demand by one reagent on another and call
it inductomeric effects. These effects play a dominant
part in a transition state of a reaction. The electrical
forces give rise to polarisability effects which depends
on the electronic requirements of the reaction and thus
facilitates the reaction., The inductomeric polarisability
decreases with positive ionic charge and increases with a
negative charge. »

- +
-0 :> - OR :> - OR,

Also it diminishes with decreasing atomic number in

the same Mandele'jeff's group.
-I > - Br > - C1 > -F
The bond length (C-D bond .is shorter than C-H and

is less polarisable) and additional electrons taking part

in the bond also make a difference in the polarisability factor:
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'—::"N> mNR> -~NR2

The inductomeric influence thus depends in
particular on polar excited states which have their
orbitals overlapped with that of the ground state to

fecilitate electron shifts.
MESOMERIC ERFTECT:

This effect is caused by'the disturbance in 7
electron density at one atom and is distributed over
the " T-electron streamer " present in a conjugated
and aromatic system. Irrespective of the distance, the
polarisation is relayed with the same intensity td
various positions of the molecule. In contrast to
electron displacement in inductive polarisation, the
forces promoting mesomeric effect, displaces the
eleqtrons to the maximum extent possible in a conjugated
system proviaing much more stability and creating new
dipoles. ‘The true electronic structure (IiI) of a
molecule capable of exhibiting mesomeric effect is in
between the original non-dipolar ‘structure- (I) and the

dipolar structure (II).

4 ’ C D)
Mo CHCH—0HL0  Me—CH—OH—CH-—0 Me G HmCH==CH~0"
< ERRITEL)

(D) (III) (I1)

Vhere “a. positive mesomeric effect (+ M) exists; groups

or atoms éxhibiting the effect; whén attached to a
conjugated system, decrease their own electron density
and increase that of the conjugated residue and thus shows

a tendency to increase its covalency.



For example in phenol, the acidity is boosted by
means of a mesomeric effect and this can not be accounted

for by the inductive effect.

‘While the diminishing basicity of aniline can be
accounted again for the mesomeric effect where the
electron density is distributed above and below the
pléne of the benzene ring, and is not localized on

nitrogen atom as in the aliphatic amines.
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+
NI, NIL, v

0
¢

labelled as + M substituents. Although they also

The groups like NH2 , C1L ,0R, -0 - - R are
exhibit - I effect,‘the + M effect opposes it and is
more important as it can travel to the p-position with

the same intensity as to o-position. ©Some groups e.g.

~CH, and -CR, are found to exhibit slight + M effect

3 5
besides their + I effect due to hyper-conjugation
(discuésed later).

In negative mesomeric effects, the electron
attraction depends on the tendency of the positive ionic

charge (Y) bound to the conjugated systems and to decrease

the covalency acting electronegatively.




The Efnitro benzoic acid is found to be stronger than
‘the m-nitro berpic acid showing the ability of-NO, group
of exhiﬁiting a - M effect besides its - I effect.

In maximum overlapping a steric réquirement is
demonstrated in the need for coplanarity between the - NO,

group and the benzene ring.

o). o ~0 0 0 5 o o~
XSy 7 N~ \ﬁ/ ~z
(sh 2 (sH *
L——— >
(sH oS 5

'Other groups exhibiting - M effect are - CONR2 ,
- COOR , - COC1 , - CHO , —~ COR 4, - CN , -NO , etc.



ELECTROMERIC LFFECT:

. As in the case of inducto@eric effect, some workers,
distinguish the mesomeric effect in un-excited states
from the effect appearing in the transition state of a
reaction and have called it the Electromeric effect.
Being a polarisability effect its sole aim is to facilitate
the reaction. It is sta'bed4 that the amount of conjugative
electron displacement in a normal mesomeric state where
mesomeric system is produced by conjugation of a single
+M or -M group with an unsaturated hydfocarbon residue
is nearly always under 10% of what would be involved in a
complete conversion to the dipolar structure. (This is
evident from the dipole moments). A +M group will exhibit
strong +E effect in a reaction where electrical needs of
the reaction centre are of right sign, buﬁ only weak -E
effect, where electrical needs aré of opposite sign.

The f{-electrons are highly polarisable and cause
electromeric polarisability to be of more importance than
inductomeric polarisability which is transmitted via o
electrons.

HYPERCONJUGATION :

Baker and I\Ta'l:han/]5 noticed an additional mechanism
of electron release by alkyl groupé in E—alkyl benzyl
systems. The mechanism develops strongly in mefhyl groups
but is found to diminish when alkyl hydrogens are replaced
by carbon and it was concluded that the electron pairs of
the CQH bonds of the methyl group are less localized than .
those of C~C bonds and are so able to conjugate, like

unshared electron pairs with the unsaturated system.
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H gt
l\, ﬂ -
H——(E-——CH==GH2 < > H—C13=CH-~CH2
H o B
_ gt
H.C
G 2 H0 gt
- |
> e |

Toluene is found to nitrate more readily than benzene
-and resembles anisole, although not apparently having
electrons to supply to the ring. _

Although theoretically electron release by alkyl
groups is expected, it is hard to predict the extent of

effect16

and so the possibility of accoﬁnting it for the
experimental obser#ation.
STERIC EFFECT:

A compound's reactivity is véry much affected by
‘availability or non availability of electrons in bonds
or at particular atoms. These factors are modified by

steric factors which influence the delocalization of T

electron by affecting the degree of overlapping between




orbitals,

Clausl“7 observed that aryl cyanides and benzamides
when substituted at g—position were resistant to .
hydrolysis by usual methods and reagents. Victor Meyerqg
proved the presencé of steric hinderance in detail by
showing that o~disubstituted benzoic acids are harder to
esterify and the esters are harder to hydrolyse than the
o-disubstitubed phenyl scetic acids in which the site of
reaction is removed one atom further out from the branched
structure.

The extent of the mesomeric effects is subject to the
planarity of the molecule which can be disturbed by the
steric inhibition as it effects the dipole moment, reaction
speed, rate and equilibria also.

The‘nitro group increases the acidity of phenolic
~-0H group present in g-ﬁosition by means of é -M effect
but o-substitution forces the nitro group to lie out of -
plane and denies the implementing of the -M effect to its
full extent. Therefore 4—nitro 3,5—xyienol is found to
be a weaker acid than 4-nitro 2,6-xylenol.

OH oH
H,C . CH

.G CH

NO NO

8«24 )

( pK, = 7-16) ( PK,




Steric interaction alters the influence of the
substituents that enhance: the reactivity by resonance.
This is illustrated by the relative rates of bromination
of anisole (I), 2 -methyl anisole (II) and 2:6-dimethyl
anisole (III).

The fipst methyl group increases the velocity by a
factor of six. The second methyl group reduces the rate
below that of anisole as the -OCH5 group loses its
co-planarity with the rest of the molecule and thus

overlapping between orbitals containing the charge

CH H,C ,  cH

CH5 HBC CH5
10 6°3 039
I I IIT

deficiency and the orbitals of the oxygen containing the
non- bonding electron, affecting and diminishing charge

delocalization.

28




EFFECTS OF SUBSTITUZNTS ON REACTIVITY AND ORIENTATION:

Following conclusions can be drawn from the
electropolarity of the substituents and the various
polarization effects:

(2) Availability of electrons at o- and p-positions by
the substituent already present in the ring, leads to
electrophilic substitution in these reaction sites.

(b) The m-substitution is (aused by withdrawal of
electrons from these centres by the substituent
present in the ring.

(c) The negative charges are transferred to o- and p-
positions. ‘

It is also assumed that positive charges selectively
deactivate o- and p- positions explaining that m- attack
takes place not becausé of beiﬁg a more reactive centre
but because o~ and p- éentres are even less reactive.

The influence of the substituent on a rate of reaction
has been measured by a competitive method. The specific
réte of attack by the nitronium ion on two or more
sﬁbstratés in a single solution is calculated and then
the values are compared to explain the influence of the
substituent.

The nitronium (NOE) ion enters to an electron rich
site and therefore the process is facilitated by electron
releasing substituents (e.g. C1 , CH5 , OH etc) and
retarded by electron attracting substituents (e.g. NO, ,

COOEt etc). A few comparisons are given below.

8 Ph-H 1,00

Ph-NO, 6x10~
Ph-Br 0.03 P-CH; 25

Ph-F 0.15 ' Ph-OH 1000



W
O

For nilration of anisole structurces can be drawn
showing the dispersion of positive charge in the ring
by the 7T electron density drifting from electron rich
oxygen atom and thus lowering the energy of the
intermediate and the transition state leading to it, in
all facilitating an o- and p- orientation. While for
nitration at the m~position,the alternating character
of the aromatic system does not allow such a structure.
and therefore charge from the N02+ iOn must remain on the

benzene ring until +the proton departs. }

g—attack

+
0O Me 0O Me
H H
NO
2 : NO,,
+ etc.
5 m-attack
+ N02 —_—> H.e..___._>. etc. i
+ NOZ

O Me

0O Me
—~“—————>=
+ etc
H H
0 0o

p-attack
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In alkyl groups (substituents), hyperconjugation helpé
to disperse the positive charge carried in by the attacking
electrophile at the o- or p- position.

Substituents like -NH2 and --NR2 are strongly o- and p-
directing, but in acidic media for nitration, they are
converted to the -HH; and NR2H+ groups, which are just as
strongly n- directing. Any substituent attached to the
benzene ring and bearing a +ivé charge is m- directing. The
following structures are unstable because of pogitive
charges on adjacent atoms and therefore their contribution

to the respective intermediates must be relatively small.

*NH

02N

N02



The orienting of some groups is given in the following

table:
Groups Substituent Activating Orienting
type influence influence
alkyl groups +I + 0-, -
aryl groups +I,%nM + moon
=07 +I , + M + won
-NRE,-NH-CO-CHB,—OR -, 4+ M + woou
—Cl,«Br,—GH=CH—W02 " " - non
~NMe ,* - - : -
°3 t . : 2
~NO,,,~CH, ~CC1 ;COCH,
-, -M - - m-

~S0,,0H , ~COR,, ~CHO

ORTHO TO PARA - RATIO

The statistically expected ortho to para ratio is 2:1,
but this is rarely observed. A general analysis of data
regarding the ratio between o- and p- substitution was done
by Iling;czld/19 in 1926 and showed that

(a) the primary steric effect decreases the o- reactivity.

(v) -I effect decreases and +I effect increases
o- p- reactivity
(e) -M effect decreases and +M effect increases

E{:> o- reactivity

The steric effect on the o- and p- ratio is seen in
the nitration of alkyl benzenes. Polar effects of two
alkyl groups are not very much different and thus decreaseé

in the extent of o~ substitution in case of large alkyl
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groups as the directing substituents can be assigned due
to steric effect. Le Fevre O showed that favoured
substitution was adjacent to the methyl groups of the
p—- alkyl toluenes, and this was further established by

Brady and Day21 for the nitration of ethyl toluene:

+
Noy
\\
hY
i H H :
H—C ~( —C—H |
H H H

Chlorination, nitration -and sulphonation of chloro-
benzene suggests that as the attacking resgent increases-
in size the ratio of o~ to p- falls. Halogenétion of
toluene and t-butyl benzene also establiéhes the role of
steric effect on o- and p- ratio; e.g. in the case of

chlorination by chlorine:

H
|
H H_C_ &
H n
H—C—H H———é——-i___é___H
| |
620 620 o o
5 5 7 7



The proof.of the statement that +I substituents
increase o-reactivity more than the p-positions while
-1 substituents decrease o-reactivity more than the p-
reactivity, is found in the series of PhF¥F, PhCl, PhBr,
and PhI. Nitratioh of these compounds gives a clear

idea, as shown in the table below:

PoT PRC1 PhBr PhT
o- 12 20 37 38
- 0.9 12 1.8
P

- 87 69 62 60

The deactivating intensity overrides the steric
hinderance which provides a contradictory situation in
this case. The electron density at the o-position is
less then at the p-position in the case of more
electronegative Fluorine and thus the E-position is
favoﬁred by the electrophile.

Groups like -CHO, -COCl, and -NO2 are known to have
~-I effect besides having steric reqﬁirements, but the o-
to p- ratio in these compounds are found to be large.
This has been explained by dipole - dipole interaction

with the incoming substituent for e.ge. nitronium ion.
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Looking at the ortho and para - guinonoid structures
where the cationic intermediates are stabilized due to the
drift of the negative charge from the orienting group x,
we find that if the p~quinonoid structure is considered
to be more stabilized than the o-quinonoid structure
then it can be said that the -M groups deactivate the para
position more than the ortho position, increasing the
9—/2- ratio. While +M groups activate para position more
than the ortho decreasing o-/p- ratio.

There has been evidence for a polarisability effect
influencing ortho and para ratio. Orientation by oxy and
amino substituents has been found to be dominated entirely
by +E effect and waé first pointed out by Lapworth and

Robinson?2

They noted that nitro substituted diazonium
ions preferred to attack para position of the substrate
like 1-napthyl amine % and 5 sulphonic acids. While
unsubstituted diazonium ions attacked mostly at ortho
position.

' 2
ENERGETICS OF REACTION AND CHEMICAL KINETICS? >

In the course of a chemical reaction bonds are broken
and formed. The reacting molecules are subjected to all
kinds of distortion and strain to give, finally the products.
This involves the formation of intermediates which implies
a change in the energetic conteﬁt of the system, the
difference being the free energy of reaction. The
transition state (or Activated complex) has the least
stable arrangement of atoms with the highest possibie free
energy allowing the most favourable route.from the initial

to the final state. A free energy of activation is



required for its formation, and the time of its
existence is comparable to that of molecular vibrations.
The reaction rates are proportional to the product
of concentration of spescies that react to produce the
postulatedbtransition state and are determined by the
free energy difference between the reacting species and
the transition state Just as the extent of a reaction at
equilibrium depends on the free energy difference between
reactants and products.

- 2,4,5,24,25,26
MECHANISHM OF ETLECTROPHILIC ARCHMATIC SURSTITUTION:

The negative charge above and below the plane of the
ring carbon atoms promotes attack by electron deficient
species (electrophilic reagents) and this kind of inter-
action may give products of addition, substitution or a
competition between the two.

The first consequence of the considerable stabilization
energy is that substitution reactions are more likely to
occur when the formation of an intermediate involves a
large symmetry and energy reduction, whilst addition will
be favoured if the corresponding loss is comparitively small.
The course of the reaction will be guided by the
surroundings, solvent, temperatufe and substituent effects
present on the ring carbon atom. The state of hybridisation
of the neighbouring carbon controls the possibilities for
delocalization of the electrons and therefore the energy
barrier to a change of configuration of the unsaturated
centre.

Ar-x + Y (or ¥ - 2 ) —————> Ar-Y + x (or x-~2)

where Y may or may not carry a formal positive charge.



Among the different possible reaction paths, the
most studied one is SEZ mechanism and the situation in
which x=H and Y#H constitutes the kind of substitution
of widest applicability including nitration, sulphonation,
halogenation and Friedel»and Craft's reactions. The two
electrons forming the covalent bond between the aromatic

compound and the reagent are both supplied by the former.

AxfH 4+ 061 e ArC1 4+ HOL
Chlorine behaving as an electrophile because of the
ability of one of its atoms to be displaced as chloride
ion. '
A benzenoid compound might react with an electrophile
in the following way:

(a) By a synchronous formation of C-Y bond and cleavage
of C-H bond. In the transition state carbon is
.partially bonded bdth to Y and H. |

(b) By the addition of the electrophile to the nucleus
followed by loss of proton from the adduct, an

intermediate (I) being formed [SE2 mechanisnﬂ .

| H Y ¥
+ +
ﬂ:::::;] + Y —— |ii|li.' —_— [[::izzj + H
(I




In all the cases the latter path is followed by the
reaction,

Formation of the JT-complex, by the approaching
electrophile and the delocalized Morbitals of the
aromatic systems may be the first phase of the reaction;
This complex is held by a loose association among the two
reactants and i1s not localized at a particular carbon
atom of the ring but is held by the 7 cloud. In the
second phase of the reactién, two X electrons are
isolated at one carbon atom of the nucleus thus changing
to anvég5 hybridised tetra-hedral corfiguration, on

: which the electrophile becomes actuslly bonded, the

covalent psir being supplied by the former. The resulting,
temporary electron deficiency is accoumodated in the JT-
orbitals of the residual aromatic system. This structure
is labelled as o- complex. TFrom this, in the last phase,
a proton departs and the final product regains delocalized
JU-orbitals and the characteristic arometic stability.
The gain in stabilization helps %o provide the energy

required to break the strong C-H bond and expel a proton.

' : . Y
Y H
©+ | @r v—‘—*‘@“
+Y —> Y H

+
+ H



This energetic profile of an aromatic substitution
in which the transition state on the rate determining

step resembles o- complex is shown below:

,— transition s?ate

g-complex

Y

8

Jl-complex fl-complex

@f @H

Reaction - co-ordinate

This mechanism requires conversion of two Jh--complexes
through an intermediate o-complex. The formation of a
nonlocalized —complex from the reactants was at first
considered to be rate determining; on this basis the rate
should be substantially indépendent of the nature of the

substituents in the ring; although the distribution of



products should be governed by the same factors as in the
o-complex route. TLater this rate determining step was only
considefed likely for strongly exothermic reactions,27
and the slow step was suggesved to be the conversion of a
localized T ~complex into d—complex27. Therefore hoth
rate and produoﬁs would be dependent on the substituent

in a manner similar to that for the o-complex.

Jo- COMPLEY: TIT5 WATURRM AND FORMATION:

The properties of the two types of complexes (o and¥ )
are markedly different., This is -seen in the addition
compound formed by aromatic hydfocarbonswith hylrogen
chloride (& complexes) and with hydrogen chloride in
presence of sluminium chloride (o-complexes). While X~
complexes are colourless and do not conduct (non-ionic),
have low heats of formation and are largely dissociated in
solufion even at temperature of about -7d’; o-complexes
are coloured and conducting (ionic). When deuterium
chloride is used instead of hydrogen chloride, the T
~complexes being non-ionic cause no deuterium to be
incorparated in an aromatic compound, while o-complexes
being ionic provide a pathway for the exchange of
deuterium for hydrogen.

DEWAR'S J ~COMPLEXES:

Dewar pointed éut the resemblances in a filled P~
orbital of an atom to the L -orbital of an olefin or an
aromatic ring. To form a so called molecular bond,
holding two electrons only, the potential'adduct should
have a vacant low lying orbital. Filled J -orbitals,

typically, donate to p or d and sometimes hybrid orbitals



of electrophiles. The p~orbital of a complexed
electrophile must have its axis perpendicular to the

plane of an aromatic ring, to overlap efficiently with

the appropriate orbital of the latter and must be situated
on the periphery while a vacant d-orbital can however
occupy six fold axis; as the symmebry requirements of the
overlapping orbital can now be met,

As stability of these complexes does not depend on
van der Waals interactions and is due to the transfer of
electrons from donor to accepbor to create a dative
covalency, the Dewar's & -complexes in contrast to the
molecular complexes, were considered to be formed
essentially irreversibly in many reactions.

As the ground state in Dewar's X -complexes ig stable,
destabilization of first execited state is followed and
typically the separation of the two states is too‘large fom
charge transfer spectra to occur at wavlengths higher than
where the components of the complex absorb. As a result,
characterstic‘spectra are only found in weakly bonded ﬁ
~complexes e.g. where X -4 rather than 3r~p overlap occurs,
as in the adducts of halogens and aromatics. For most
examples of interest the I -complex has only one bonding
molecular orbitai which is occupied by two eleétrons. The
calculated heats of formation of complexes of the types
(Ph, x), (c=C, x*), and (Ph", Ph*) gave values (depending
on the choice of parameters) in the range of 30-80 kg.cal.
mole"q'which although approximate, were considered to
justify belief in the existance of these specles as

intermediates rather than transition stateszg. The
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formation of these complexes can have no. consequences on
kinetics or products if the complex lie at low - energy
levels relative to intermediates or transition states that
occur further along the reaction co-ordinate, nor can
kinetics or the dependance of rate on medium distinguish
between, for example, a bimolecular reaction and a
unimolecular reaction of a preformed complex of the same
components. Again as the subétituent effect does not
confirm the formation of a complex, it does suggest that
the transition state of the reaction is similar to the
complex owing to the similarity between substituent effects
on rate and those on the formation of a related complex,

In the following postulated scheme, preferred by

Dewar;
1 N 2 3
B ~ O _
A+ — WT -————->-P
either: (a) step 1 is fast and step 2 is slow, both being
irreversible.

(b) step 1 is slow and step 2 is fast again
both being irreversible.:
step 3 is fast in both schemes.

Other combinations of fast, slow, irreversible and
reversible steps are possible, some of which would résult
in a build-up of  or o-complexes during the reaction
'depending on the mechanism.

The stabilities of T ~complexes depends on the total
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electron density in the aromatic nucleus which according to

the dipole moment measurments29 decreases in the oxrder

R = +tert Bu :> iso-Pr :) Et :> Me. The rate of



chlorination of PhR is in the opposite order and is
determined by effects which come into operation when the
aromatic sextet is considerably'more deformed than it is
in a 7 -complex. |
It was concluded that only the ocoﬁrrence of T

-complexes could satisfactorily account for the migration
of substituents that are sometimes observed during
Ar SEE reactions. The occurrence of L -complexes is
probable in e.g. (a) adducts of hydrofluoric acid and
benzene (b) the dipole moment of aluminium tricﬂloride
in benzene which is believed to be due to the T -complex
formed. Another arguement to support the X -complex
routeao was thét localization of the electrophile into
a o-complex would destroy the aromatic character of the
substrate; but a molecular orbital investigation of the

| o-complex with benzene has convincingly shown that
interaction of the methylene hydrogen with the residual

T ~orbital creates appreciably large boﬁd orders between
the- tetrahedral carbon and its trigonal neighbours and
restores the otherwise lost aromatic character of the ring

to a very considerable extentaq.
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4,8,32,3%
ELECTROPHILIC SUBSTITUTION OF PHENOIS:

Phenol and its homologues are weak acids. The
presence of an electron withdrawing group, particularly
in the o~ and / or pP- positions enhances, while that of
electron donating group suppresses, the acidic character
of phenols. Intra molecular hydrogen bonding also tends
fo reduce the acidity of phenols. The solubility of
phenols in alkali also decreases with the increase in
the size and the number oflﬁhe alkyl substituents. The
'toxicity.of the bomologues of phenol decreases and its
germicidal valve increases as the alkyl substituent
becomes more complex. Acidic character seems to‘be more
in halogenophenols due to -I effect of the halogen'which
seems to be greater than its +M effect. The acidic
character of phenol is also lowered by 12%, by ring
deuteration and it therefore appears that deuterium is
more electron releasing than protium?4

A group activates benzene systems to electrophilic
attack by +I or +M effect. Thus activation will be shown
by an increase in the rate of electrophilic attack,
compared with benzene .and in the éase of a +M substituent
by o- and p- substitution. This section describes the
attack of phenols by known electrophiles in an attempt to
determine the electronic effect of -OH group upon the ring.
NITRATION: |

The generally accepted mechanism involves the rapid
protonation of the nitric acid to form the nitric acidium

ion which could be considered to be a nitrating species.



fast N + -
20 5~ SH ————= ¥0,- OH; + N0
M - r [P . +
NO,~ OH, NOS o+ HNO0
ArH + No"2 ——— ADl0, + ¥

The existance of the nitronium ion, the accepted reagent
in such processes has been established independently by
crycscopic measurements and the examination of Raman
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spectra’”, and by isolation of nitronium salts (e.g.
nitronium perchlorate)?6

Phenol and other highiy reaotiﬁé aromatic pompounds
are found to undergo ready nitration even in dilute
nitric acid and at a far more rapid rate that can be
explained on the basis of the concentration of the
nitronium ion that is present in the mixture. This has
been shownlto be due to the presence of nitrous acid in

the system which nitrosates the reactive nuclei via the

nitrosonium ion:

iy 2 HNO, ——— + - 5
HNO, + 5 Hao + 2No5 + NO

OH OH -OH

HNO

NO - NO

(o) (11) ' (TII)

+ HN02



No nitrous acid need tofbresent initially in the
nitric acid, for a little of the latter attacks phenol
oxidatively to yield HNOP. Its concentration thus remains
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constant throughout the reaction and speeds up the process:
p-Nitrosophenol (II) has been isolate& from the product

of an interrupted aqueous nitration of phenol?8 The rate
determining step is again’believed to be the formabtion of
the intermediate (p- nitrosophenol) II. Nitration by

NOE also takes place simultaneousiy, the relative amount
by the two routes depends on the conditions.

The nitration of phenol gives entirely o~ and p-
substituted phenols. Homologues also give nitrec derivatives
with the nitro group o- and p- to the -OH group. It
39

has been shown”” that in acid - aqueous solution,

mono nitration products of phenol consists of ortho and
'para nitrophenols only and the proportign of m-isomeride
constitutes less than 0.1% of the mixture. The proportion
of these products, though, vary with HN02 content of an
aqueous acid nitration medium?’

As the nitrosating species compared to nitrating
species are weak electrophiles only highly activated nucleil
like phenol ﬁndergo nitrosation to give ortho and para
nitrosophenol%o The suggestion of prior nitrosation in
the case of phenol?7 as it also involves electrophilic
attack by NO+, allows the deduction from nitration products
to still hold. .

In di alkyl phenolsl,vI substitution at ortho and para

position to -OH group was favoured as is expected e.g.

3,4-xylenol when nitrated with nitric acid in acetic acid
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medium gave 6- nitro 3,4 -xylenol. The nitration of 2,6-

2 5
and 2,6 ~-xylenol occurs mainly at

dimethyl anisole4
position 4 and thus 4- nitro -2,6 dimethyl anisole

(50%) and 4~ nitro 2,6 -xylenol were the products obtained.
The nitration of 2,4 --xylenol45 by fuxing nitric acid in
acetic acid medium and little water gave 6- No, , 2=t~
xylenol in a very high yield. When 3,5 -xylenol was
nitrated‘with nitric acid in acetic acid medium, the
products obtained were: 4- nitro, 3,5 —xylenol (29.2%) and
2, ~nitro, 3,5 -xylenol (18+3%) by the procedure

described’j'4

The latter when further nitrated gave 2:4
dinitre, 3,5 -xylenol (84.6%).

The -0H group thus overcomes the directive effect of
the --CH5 group, itself directing and activating to
electrophilic attack.

It is found that C-D or a C-T bond is Jjust as likely
to be broken during the process of nitration as is a C-H
bond in similar condition and position. Subétitution of
a C-H bond with a C-D bond does not affect the activation
energy for attack by NOE at that positionl.j’5
SULPHONATTON:

In sulphoﬁation, carried out in concentrated I-Izso4
(containing small amounts of water) the most likely
attacking reagent appears to be SO3 molecule or its
'solvate' (SOB-HQSO4) as the concentration of SQ5 will be
inversely proportional to [ H30+ ] and to [ HSOZ ] i.e.

[HO}E 46 ,

2

+ -~
H20 + H2804 —_— HaO + H804



Along with 505, both of these ions are produced from

H2804 és follows:

+ -
2 HyS0, 805 + H5O + ~H804

As the concentration of the species 0,80, may vary
in the acid range studied in the sulphonation kinetics
(92-99% H2S04)47 and that the activity coefficients of
one or more of the species in the equilibrium48 may
change with the acidity of the medium, the suggestion that
SO3 is the principal sulphonating species must therefore
be accepted with some caution.

Sulphonation is a reversible process, the equilibrium
favouring the forward process at high acidities and the
reverse process of desuiphonation at low ones.

49

It has been long known that sulphonation at lower

temperature favoured the ortho isomer. ObermillerEO

showed that with H2804,~even at low temperature, no more
than 40% of ortho phenﬁl sulphonic acid was formed along
with fhe para isomer, and phenol hydrogen sulphate, while

51

some workers reported a slightly higher o~ content at
all temperatures,

As expected, in sulphonation also, substitution
occurs at ortho and para position of the phenol and -OH
group activates the nucleus to electrophilic attack. The
sulphonation of 3,4-xylenol with conc. H250452 produces

6-S0,H. 3,4-xylenocl and p- sec. alkyl phenols gave p- sec.

alkyi phenol o- sulphonic acids?5 Sulphonation of the
condensation compounds of alkyl phenols with ethylene
oxide by adding SO5 or SO5 diluted with an inert gas is
also reI_:»orted.BLL

Monosulphonic acids of a phenol. (e.g. guaiacol,

o-chlorophenol) were also obtained by treating
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the molten phenol with liquid 503 in approximate
stoichiometric proportions?5 The 2—SOEH, 3,5-xylencl
was best prepared by the action of cold H2804—H20 mixture
on 3,5-—xy1enollf4 Here the sulphonation occures ortho to
-0H as expected.

The deuterated aromatic356 are sulphonated more
slowly than the corresponding protonated coupounds and the
reaction also shows a solvent isotopic effect being slower

56

in deuterium conteining medias
DEUTERATION:

The qualitative study of deuteration of aromatic
nucleus by deuteroacids concluded57 that hydrogeﬁ exchange
is a typical electrophilic substitution. It is a
reversible substitution completely balanced except for
isotopic differences.

The hydrogen exchange follows the usual orientation
laws for electrophilic aromatic substitution. In case of
phenol and anisole, facile deuteration was observed. The
exchange takes place at the three nuclear positions. This
number is determined by the deuterium uptake, with
allowance for aﬁy side chain deuteration. The three
exchanging protons in the case of phenol were those of the
o- and p- positions, as formally proved by Best and Wilsog§
All hydrogen exceptk m~hydrogen, participated equally in
the D-H exchange. No significant difference in the rate
of reaction at o- and P~ position was found to exist?9
The determination of D in the phenol which was deuterated.

with D.O in sealed ampoules (quartz) at 255, also showed

2
that only less than 1% of D had regrouped to the m-position



from the HO-location.59

The H- arrangement in tagged phenol (FPhOD) to
C6H4DOH, with D passing from the hydroxyl group to three
possible positions in the ring which have equal probability
is found to be kinetically of first order?o The nuclear
hydrogen of the phenol were succesfully deuterated in
acidic medium by M. Koiziomi as described?1 Tyron, Brown
and Khara50h62 used deutero alcohol to deuterate phenol
and phenol ethers and also studied to set up a ﬁuantitative
basis for comparision of variously substituted phenols and
their ethers with respect to tbe rates of exchangé of
nuclear hydrogen atoms.
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MERCURATION :

The best known reaction for the replacement of hydrogen
of an aromatic ring by a métal atom is mercuration. In a
polar medium and suitable conditions there is strong
evidence that an electrophilic reagent is involved.

63 o4 when treated with mercuric acetate

Benzene or. toluene
in acetic acid, the selectivity of the reagent increases
linearly with the concentration of perchloric acid, when
used ‘as the catalyst, until this concentration is equal
to that of mercury acetate?4 The reaction is of first
order with respect to both, the substrate and the Hg(II)
ion, and the atbtacking entity is supposed to be a
mercuric ion complexed with the anion from the catalyzing
Sp&CiGS?B
The substitution takes place at ortho and para
positions, as expected. Brown and his collaborators65

measured the distribution of reactivity on the benzene



ring by orienting substituents for mercuraticn by mercuric
(o]
acetate in acetic acid at 25c¢c. TFor anisole the partial

rate factors are found to be:

0 Me

186

1
2300

'Kobe and Doumani®® reviewed direct and indirect methods
of mercuration and found that mono substituted aromatic
compounds €.g. phenol usually led to ortho and para
derivatives.

Phenol when treated with mercuric acetate in boiling
water, followed by addition of sodium chloride gave o-

58 the

chloro mercuri—phenol§7 With mercury acetamide
corresponding phenols yield 4-hydroxymercuri 2-
nitrophenol and 2-hydroxy mercuri 4-nitro phenol, 1-
hydroxy mercuri g-naphthol, 4-hydroxy mércuridfnaphthol,
tris- hydroxy mercuri phloroglucinol. Phenols can be
mercurated by Ar2Hg compounds69 at 50-156 for 1=12hrs.
yielding mono, di-~ and tri- mercuri derivatives. The

rates of mercuration depend on aromatic substituents which

can be placed in a descending reactivity order: p-H2N.G6H4,

0-HO-CH, , p-MeO-C_H,, m-O N.C.H,, 0-O,N.CcH, and HOLC.C.H,

Mercuration is a reversible process. As for example
Dimroth observed that phenylene dimercury diacetates are
demercurated by hydrochloric acid?o Demercuration affects

the distribution of mercuration products (ortho and para)

51



with time e.g. in toluene?q

Rate of mercuration of hexa-deuterobenzene is :E'oun(172
to be 4.7-6-7 times smaller than the rate of mercuration
of benzene., Although the mechanism is not established,
the isotope effect shows that if the mechanism is SEQ with
the prior formation of a cyclohexadienylium adduct, then
proton loss from the adduct must be rate-controlling stepe.

Bk 56
HATOGENATTION :

Halogenation could take place by moleculaé halogen
or by positive halogenvwhich may possibly be a free ion
e.g. Clt(chlorinium ion) and the cations derived from these
by co-ordinaticn with a neutral nucleophilic species €eBe
ClOHE (hypochlorous acidium ion). Molecular halogen,
.which is a weak electrophile due to its '"non polar" bond,
is polarized by a Lewis acid catalyst. The polarization
is considerably more powerful in the case of positive
halogen.

JODINATION: -

As molecular iodine is the least reactive halogens in
aromatic substitution and as the reaction is reversible so
that the hydrogen iodide produced in the reaction must be
remoVed to allow the reaction to complete; iodination of
aromaticvcompounds by molecular iodination is not much
known. .

Todination of phenol by iodiné in water is }mc:mnfB’?l1L
and ortho and para orientation is observed?3 Under ﬁhese
conditions the absolute rate of the corresponding
iodinating term.in the iodination of phenol is more rapid

by a large factor than that of aniline, as expected76 if



reaction occurs on PhO~ bhut not on PhOH?5 Thus iodination

in each case is either effected by H201+ or I"

-d [Ig'%t k'[ PhO~ ] [ 1{201"] eees()
L5y, e[ ][]

While ICl, an iodinating species is found to be the

L}

reagent in acetic acid, in aq. HC1l its reaction has been
interpreted as involving a positive iodinating species.
Berliner studied77 the iodination of 2,4-dichlorophenocl
and anisole by ICl in aq. HCl and on similar kinetic
grounds has reached the conclusion that a positive
iodinating species_is involved in the reaction. Recently
it has been shown that iodination in aqueous solution can
equally well be interpreted as involving molecular iodine.
From the observations of the effect of the concentration
of iodide ion on the rate and on the kinetic isotope
effect for the iodination of 4-nitrophenol, it has now
been concluded that molecular iodine is the reagen’c?8
Where as in most eletrophilic substitution there is
no isotopic effect and the intermediate is apparently
converted very rapidly into the products relative to its
rate of reversion to reactants, a large isotope effect
should occur in the iodination of phenols if reactionv
takes place on the phenoxide ion, for the intermediates
formed in e.g. para substitution of phenol and~in
substitution of 4-nitrophenol are I and II respectively

and these cyclohexadienones are isolable under suitable

conditions.
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Grovenstein and Kilby79 observed that the iodination
of 2,4,6-trideuterophenol by iodine is markedly élower than

that of phenol; the hydrogen isotope effect is in the

ratio  1:4. This isotope effect gives no positive evidence

as to the nature of iodinating species and both equations

(3) and (#4) nmay therefore represent the reaction where

)

ArH 4 T, == TArHI ——— ArI + H' C eees(3)
=
ArH + I wfk FATHI —5 ArI + HY coeo(H)
-1
In phenol molecule, I enters para and then ortho to

the ~OH group when icdinated by the method described.Bo

Similarly 5,4—iylenol when iodinated gave 6-iodo-3,4-
xylenol. While 3,5-xylenol gave a di-iodo-3%,5-xylenol
as the product. Tronov and Kolesnikova81 iodinated benzene

and alcoholic solutions of phenol in the presence of

pyridine, nitrobenzene etc. and the reaction was carried



out at Zdi Rate of iodination was increased in pyridine
and decreased in nitrobenzene. Iodination products
obtained were: 77% p- and 22% o- iodophenol.

Iodine monochloride in dioxane has been used in the
iodination of phenol and resorcinol by the method

described?2

and mixed o-, p- iodophenols and 2,4, 6-triiodo-
resorcinol were respectively obtained. Resorcinol when
treated with ICl in dioxane in presence of sodium
bi-carbonate gave an oil which slowly yielded some 4-iodo-

R i
resorcmol?2 ‘

2,4,5,91
BROMINATION:

Molecular bromine is considered to be the attacking
species in the bromination of phenols and anisdles by

83,84 85

bromine in water, or by bromine in nitromethane or

carbon tetrachloride§6 Moleculaf bromine may also be
obtained from N- bromoamides, which can be of use in
brominations of aromatic compounds?7 Bromination by a
solution of bromine in acetic acid or aqueous acetic acid
also involves molecular bromine§8’89

Solutions of bromine are in general less reactive
than. solutions of chlorine and therefore are convenient
to brominate aromatic compounds containing fairly
powerfully ortho and para directing substituents. Polar
conditions, polar catalysts and high reactivity of the
substrate leads to nuclear substitution; thus anisole and
phenolic ethers can be brominated directly using these
reagents?o Usually substitution is preferred at the para

position to the'directing group, if available..

In general phenols are more readily halogenated in
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polar solvents, as the bromination of phenol in carbon
tetrachloride proceeds very slowly in the absence of water,
but addition of water leads to'the very rapid formation’

of tribromophenol?g Thus the hypobromous acid formed by
hydrolysis is very potent compared to the bromine

molecule, as a brominating agent. On other hand, m-
nitrophenol is brominated by brouine water about a thousand
times as fast as by aq. hypobromous acid and here the
activity was ascribed to bromine atoms probably carrying
positive charge. However no distinction can be made
between Br' and H2OZBr+ as the attaoking‘entity cn the basis
of the results obtained so far92~96 and an attempt to
distinguish between them has been \,xns.uccesfc‘ulg'7 as, in the
bromination of aromatic compounds by hypobromous acid in

ag. HClO4 at 25i 10510 k2 varies linearly with both -Ho
and-Jo.

A suspension of phenol when treated with bromine in
hydrobromic acid as described98 and when the crude product
obtained is filtered, washed, dried and recrystallised
gave 87% yield of 2,4- dibromophenol. Phenol does not%
give tribromophenol until more than two molecular
equivalents of bromine have been added?B

Phenols when brominated by means of bromide-bromate
solution, generally gave ortho and para brominated
derivati\‘res?9 De La Mare and Ridd5 showed that considerable,
but not exclusive, p- orientation is observed when
phenolic ethers and phenols are brominated, e.g. anisole

when brominated by bromine in acetic acid gave 90% yield

of p- bromoanisole.



2,5,—M32 C6H50H on bromination is reportedqoo to

give 4—2,5«Br,Me206H20§02n good yield., Yanovskaya,
Terente'v and Belen'kil used dioxane dibromide for
bromination of various phenolic ethers and phenols.

By the method described; bromination of phenol gave 88%
B—Br C6HﬁQH. Similarly anisole gave 57% of para
derivative. 3,5-xylenol and resorcinol gave 75% and 97%
of their 4-Bromo derivatives, respectively. By varying
the quantity of the reactants resorcinol was also
brominated to give 4,6-dibromo derivative. Guaiacol was
also found to give 88% of S5-bromo-guaiacol.

Bromination was also accomplished by treatiﬁg the
aromatic'compound with IBr:'O2 By following the procedggg
anisole, 2,6-xylenol and o~ cresol are found to give
p- bromo-anisole, 4-bromo-2,6-xylenol and 5~bromo-o-
cresol respectively.

N-bromo~-succinimide in C014 has been used to brominate
the xylenolsjjo Here the nuclear bromination of xylenols
follows the same rules as for aromatic substitution with
elemental bromine. 2,3-xylenol, when treated with
equimolar amount of N-bromo-succinimide and two molar
equivalents respectively gave 20% of 4-~bromo derivative and
80% of 4,6-dibromo derivative of the xylenol. Similarly
3,4~ xylenol gave 25% of 2~ bromo derivative and 2,6-

dibromo derivative of xylenol when treated with one mol.and

two mol. of N-bromo-succinimide.
_ 24,4,5,91
CHLORINATION:

The chlorination of phenols by hypochlorous acid in

aqueous solution has been studied by Soper and Smith/lo5
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and conclusion was drawn that the reaction is either
between the hypochlorite ion and unionised phenol or
between the unionised hypochlofous acid and the phenoxide
ion. The second of these alternatives was supported by
detailed analysis of kinetics. If a little hydrochloric
acid was added to a solution of phenol or a phenolic
ether and hypochlorous acid, a rapid reaction ensued, the
rate being independent of the phenol concentration, the
chlorine generated attacking the phenol or phenolic ether,
instantaneously. This proved chloripe moleculé to be a
more powerful chlorinating agent than the hypochlorous acid
molecule.
| Moleculaﬁ chlorine was also found to ﬁe the reactive
Speciesqbu in the chlorination of aromatic ethérs using
chlorine in acetic acid/.’o5 As in bromination, molecular
éhlorination is achieved by N- chloro-amides, acidified by
hydrochloric acid.O?
Recently, the acidified hypochlorous acid is believed
to have a pdsitive chlorinating species?3’106’1o7.though
there is some doubt as to thevexact nature of the reagent.
No distinction can be drawn between C1* and H2001+ as the
significant halogenating species. Evidencel show that the
hypochlorous acidium ion is not reactive enough to attack
any but the most activated nuclei; 1less reactive aromatics
being attacked by cit Although thermodynamic calculations
of the equilibrium constants for the formation of both
+108

2001+ and Cl

and the problem is as yet not resolved.

H does not support the kinetic evidence

Chlorination of phenol with chlorine gave a mixture

of mono chloro phenols -which vary in composition from



p-/0o- 17:1 in molten phenol'®? to 1:28 in €01, 1" wnile

with copper (II) chloride E"/S" ratio of the chlorophenols
varied from 6:1 to 10:1 in an irregular fashion,
indicating a marked preference to :e-—orise}:d:artion/.'/'2 On
other hand Crocker and wglserqqa obtained equal amounts
of o~ and p-chlorophenol by reacting phenol with aqueous
CuCl at 275.

114 and of

Treatment of aqueous phenbl with chlorine
molten phenol with chlorz‘.ne/l/IS gave high yields of 2,4~
dichlorophencl. Molten phenol when sprayed with chlorine
at initial temperature of 56)and final temperature of 75°
gave 98% yield of 2,4,6—trich10rophenol?16

m-Xylenol when chlorinated by HCl in water and in
presence of Cu2012, as described117 gave an organic layer
which was subjected to gas liquid chromatography for
separation and was.idenﬁified to contain: g«kylenol 3.0,
0-Cl-xylenol. %<0, dichloro-m-xylenol O.4, and p-Cl-
xylenol 93%.62%, thereby indicating rémarkable preference
for B—substitution. Crocker, Henry and Walser118
obtained g-chloro derivatives of phenol, m-xylenol and
o-cresol in.~ 90% yield, by chlorinating with CuCl, in
a toluene suspension and in aqueous solution.

As expected chlorination of phenol always takes place
at ortho and para position to -OH group sequential whether

119

substitution or oxidation products are the final result.

59
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SULPHURYL CHLORIDE AS AN ELTECTROPHILE:

Compounds such as paraffin hydrocarbons, aliphatic
acids, aromatic hydrocarbons, aldehydes etc. can be
chlorinated in the dark by using sulvhuryl chloride
in presence of a catalyst, e.g. organic peroxide, far
more rapidly and conveniently than is possible by the
use of elementary chlorine and Iight as a source of

chlorine atomsjgo

In aliphatic substitutions and in

the reactions of some aromatic hydrocarbons with
sulphuryl chloride at 86: the reaction is suggeéted to
undefgo a homolytic mechanism,.lg/I The homolytic mechanism
was also found in cases where the aromatic ether has besen
isoléted by distillation from a solution in diethyl

o
ether?g“

Compounds such as 1~ bromo- 2,4-dimethoxybenzene,
1- chloro- 2,4- dimethoxybenzene and anisole gave high
second order rate constants. Although good second order
plots were obtained during 70% reaction, the order of
reaction coﬁld not be strictly defined. More over, when
purified by steam distillation from FeSO4 the compounds
mentioned, gave far loﬁTsecond order rate coefficients:]22
In these anomalous reactions, the structures of ethers
does not play a major role in determining the rate and

it can be ascribed to the atﬁack by chlorine radicals

on the ether thereby undergoing homolytic reaction.

Sulphuryl chloride has also been used exclusively

for the chlorination of phenolsj23 phenblic e’chers/l,24
‘ 125

reactive aromatic hydrocarbons and other aromatic
nuclei in presence of halogen carriersjz6 Highly
activated aromatic compounds are believed to undergo

an electrophilic attack by sulphuryl chloride from the



nature of substitution products obtained, at room
'temperature and in the absence of a catalystj27 The
conclusion drawn by the detailed study of the kinetics

128,150 was that

of reaction of %,5~dimethyl-anisole
the reaction proceeds via a bimolecular mechanism,
involving one molecule of each reagent in the rate
determining stage and is of second order. The
substitution occurs readily at room temperature and
the products formed are similar to those formed by the

125

molecular chlorination

heterolytic process:lz4

and are those expected from a

[ ATH ][ 502012]

~The heterolytic mechanism is further supported by
=4 =1

-d [502012] /. at = d [501] -k,

the fact that the rate coefficient (3.8x10 sec"q)
is uﬁalterea by the presence of light, iodine, or benzoyl
peroxide, although an alkyl peroxide might be expected
to be a more efficient initiator, as shown in some

reactions of sulphuryl chloridequ

The magnitude of the
effects of the methyl groups in the series of increasing
reactivity in anisole, 3-methyl-anisole, 3,5-dimethyl-
anisole and 2,3,5—trimethy1Aanisole is more in keeping
with a heterolytic than with a homolytic mechanismj28
The reaction is also sensitive to the solvent used and
rate coefficient increases with the increase of dielectric
constant of the solvent, for example in the reaction of
3,5~dimethyl anisole with sulphuryl chloride as the
solvent is changed from benzene (krel= 1) through

chlorobenzeﬁe (10)- and o-dichlorobenzene (40) to

nitrobenzene‘(:>1O,000)j28
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The chlorination of naphfhalene and its derivatives
e.g. 2-methoxy-naphthalene, by sulphuryl chloride strongly
suggest it to be an electrophilic process, since the
reactivity is sensitive to structure in the direction that
electron release to the reaction centre accelerates and
electron withdrawal retards the reaction.

From the stoichiometry of the reaction the
heterolytic process involving electrophilic attack upon
the benzene ring system must be by some species derived
from one molecule of sulphuryl chloride. If sdlvated
and unsolvated forms of the same electrophile afe
considered to be equivalent, fpur posgible sources of
electrophilic chlorine can be suggested:

(1) MOLECULAR CHLORINE:

The suggestion that molecular chlofine formed by the
slow reversible deconmposition of sulphuryl chloride
(sequence i ), can be the electrophile is rejected by
the fact that the reaction is not inhibited by added

sulphur dioxide.

S02012 m 802 + 012 ecceoe (i)

ArH + 012 —_— 'pI‘Od.uCtS .ll.‘(ii)

The linearity of the second order plots for the
reaction of 3,5-dimethyl anisole with sulphuryl chloride
at 25i show that the sulphur dioxidg produced during the
reaction also has no effectjes The reaction is of first
order in aromatic compound demonstrating the absence of

the involvement of a rate-determining formation of

molecular chlorine which is expected to show a zero order

129.



kinetics in aromatic compound instead, due to its high
reactivity with the anisolej28
Molecular chlorine does contribute slightly in the
reaction by sulphuryl chloride in nitromethane but in a
less polar solvent'like chlorcbenzene, there was no

3 - - ) 3 ,)
evidence of its 1nterventlon?5‘

»(2) CHLORINIUM ION, C1t:

This ion could be produced by direct heterolysis
of sulphuryl chloride equation (iii). The hydrogen
chloride formed during the reaction ought to introduce a
marked retarding effect and sé should the development of
sulphur dioxide on the second order coefficient during

the chlorination by way of the pre-equilibrium:

50,01, ==—== C180," + c1t cesoo(iii)

‘The equilibrium C1* + C17 === C1, lies far to the
right and a decrease in the rate of the reaction should
occur. Contrary to this the second-order rate constant
for chlorination is unaltered during 70% of reaction.
Thus the role of chlorinium ion as the effective

electrophile is not 1ikely128’430

(3) CHLOROSULPHINIUM ION, C1S0,*:

The development of chloride ion, formed by the

heterolysis equation (iv), again should retard the rate

-

302012 p— C1S02+ + C1 eoess(iv)

of reaction, with time. DMore-over such an electrophile
would be expected to act as a source of electrophilic
sulphur and to form arenesulphonyl chlorides, which are

128

found to be formed only in traces.
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(4) MOLECULAR SULPHURYL CHLORIDE C1¥-S0,C1

The electrophile which attacks phenols and aromatic

128 is rather more

ethers under the condition mentioned
mild towards aromatic systems than molecular chlorine,
which allows an important deduction abéut the nature

of the electrophile.'

The molecular sulphuryl chloride can act as a direct
source of electrophilic chlorine through the incipient
heterolysis 202197 cf+-§5201 and this way the lack of
effect of sulphur dioxide and hydrogen chloridé upon the

8

. . . 12 .
rate of substitution can be explained, "~ since the

liberation of both these entities would occur either ét
or after the transition state. In the case of alkyl
benzenes too, the natufe of products, and the sensitivity
of the reaction to substituent effects, the view that
molecular sulphuryl chloride attack the aromatic system

by a heterolytic mechsnism is strengtbeneij2

TRANSITION STATE:

The increase in the rate coefficient for the reaction
of 3,5-dimethyl anisole with sulphuryl chloride in

chlorobenzene with the change in dielectric constant of

28

- the solveni;I indicates the formation of a transition

state more dipolar than the reactants themselves. This

128
a

possibly might be cyclic, as shown for anisole (I) nd

naphthalene (II)?29



The kinetics indicate that the transition state
incorporates one molecule of the aromatic system and one
of the sulphuryl chloride. The high response of
reactivity'to change in structure is a clear indication
that the electrophilic character of chlorine dominates
the electronic requirements of the reaction up to the
point at which the energy barrier is passed:]28 Brown's
ot for aromatic éthers gives a reaction constant, /0,
of -4.0£0.2 indicating that considerable charge is being
developed in the transition states of the reactions, and

hence that a heterolytic mechanism is involvedj22

REACTION MECHANISM & KINETIC STUDY OF THE REACTIONS OF

HIGHLY ACTIVATED SYSTEMS WITH SULPHURYL CHIORIDE:

Sulphuryl chloride being a mild reagent is succesfully

used on highly activated systems. Besides the polarity of



solvent, the reaction was also strongly influenced by the
effects of substituents of the arcmatic ether or phenols.
Some of the compounds whose kineties have been studied
and which are of some iﬁterest in conjunction with the
present work, are éiven helow; along with their obscrved

rate constants.

TABLE A1
Coiparison of rete consténts for reactions of ArCH
and ArOMe respectively with 302012 in PhCl at 2§>422, * w131
[aroH] = [ ArOMe | =~0.10 M, .

Compounds _ (lfﬁgle'qsec'q)
anisole ca. 6x1077
‘m-methyl anisole 2x10™?
2,%,~-dimethyl anisole 2e4x10™?

3 S5-dimethyl anisole 3. 8510+
2,%,5~-trimethyl anisole 1~7x10"5
*2,%,6~trimethyl anisole 5-Ox10_6
*2,%,5,6-tetramethyl anisole %.0x10~°
*meta-methyl phenol 6+ 4x10™2
*%,5-dimethyl phenol(xylenol) 5-0}{’10"11L
%23, 5-trimethyl phenol : 5.0%10™7
2,3, 6-trimethyl phenol . C qemxio~t

*2.3,5,6-tetramethyl phenol 4.0x10™2



TABLE

2

G?

Kinetics of reaction of 3,5-dimethyl anisole and

sulphuryl chloride at 251

[ArOMe]

013261 M.
0+2506 M.
0-252% M.
0.2%26 M.
0+1635 M.
0-1553 M.

Kinetics of reactiocon

251151

[aroH ]

0.020 M.
0-040

0+060

M

M
0240 M.
o246 M
0«50 M
0-498 M.
0-2505 M.

0-0423 M.

0.0213 M.

[so01,]

0-1000 M.
0+1000 M.
0-490 M,
0+2000 M.
0-1678 M.
0962 M,

. TABLE

[s0,01,]

0.0907 M.
0+«0907 M.

70-0907 M.

0<0615 M.
0+0805 M.
0-0860 M.
0+0961 M.
0-0961 M.
0-0981 M.
0.0981 M.

128

solvent

PhCl
PhC1.
PhC1

PhH
2706H4012
PhIiO,,

5,

4.
107k,

(itggze"qsec
3+06
382
378
0«40

...’l)

£ 0.12
003

-+

0-08
t 0.01
2

I+

> 3800

of 3,5-xylenol with 802012 fe R v

solvent

PhCl
PhCl
PhC1l
PhCl
PhC1l
PnCl

PhH

PhIl
Q~C6H4012

0-CcH,C1,

X

k

2 3
(M"qseo"q) (M"dsec"q)
9.8x10™%  1.1%10~]

o =2
8+ 8510 3¢ 310
9.0x10™%  5.6x10™°
g+8x10~"

-4 + -3
10+ 9%10 3e5E0e 531070
16-7x10™"
0.60x10™7  Ge5x10™"

-4 -1}
1+59%10 6+0x10
2+65%10™2
2.89x10™2



The rate coefficients of the phenols (Table 1)
are seen to increase as the number of the methyl groups
in the benzene nucleus increases, This was explained
by the electron releasing ability of the methyl group
towards the benzene ring, thereby increasing the
nucleophilicity of the nuclear carbon atoms. An exception
was 2,%,5,6~-tetramethyl phenol, which reacts fractionally
slower than 2,3%,5-trimethyl phenol. The relative rates
of 3-methyl, %,5-dimethyl and 2,3,5-trimethyl derivatives
are comparable with those of tﬁe analogous anisoles but
2,%,6-trimethyl and 2,3%,5,6-tetramethyl phenol react
noticeably faster than the analogous anisoles, |

COMPARISON BETWEEN PHENOLS AND ANISOLES:

The kinetics of reaction of %,5-dimethyl anisole with
sulphuryl chloride has been studied in detail (Table 2)?28
The second order rate coefficient éoes not alter with
changes of the concentﬁétion of either reactant, the
reaction is therefore proceeding by a bimolecular mechanism
involving one molecule of each reagent in the rate
determining stage. The quantitative determinations of
hydrogen chloride and sulphur - - dioxide formed from the
reaction, togethef with the isolation and identification
of the organic products, show that the reaction can be

expressed by the equation:128

ArH + 802012 —_»  ATXC1l + 802 + HC1
therefore the rate = k2 [ArOMe] [802C121

In contrast, the k2 values of 3,5-xylenol are not
consistent and change considerably over the concentration

range studied '’ (Table 3). It was suggested - that the

683



mechanism is quite different from that of analogous

anisole. and possibly could be that the total order of the

reaction is third, shown by the following kinetic formula:
Rate =  k,[80,01,] [ arox]?

Again, the variation of these valﬁes (Table-3) over
the whole range of concentration studied, does not favour
the explanation that the reaction is of third order. It
was suggested that the order of thg reaction may be
changing from third to second as the concentration of
xylenol decreases and that the second moleouleéof xylenol
at high concentration, could be removing 80201° or C1~
from the transition state thus giving the chlorinated
xylenol as thé product, while at low concentration of
xylenol the reaction is of second order as seen by the
consistent k2 values. In the solvent benzene; which is a
ﬁoorer ionising solvent than chlorobenzene agsin, a second
molecule is needed to complete the transition from reaction
intermediate to the products, especially at high
concentration of xylenol. While in o-dichlorobenzene, a more
polar solvent then chlorobenéene, second order reaction is
favoured at low concentration of xylenol, as it will
solvéte the reaction intermediate more efficiently than
chlorobenzene, making a second xylenol molecule unnecessary
for the completion of the reaction.

SCOPE OF THE PRESENT WORK:

The reaction of sulphuryl chloride with substituted
éromatic ethers and phenols is studied to verify the nature
of the electrophile (ie. molecular sulphuryl chloride),
the role and magnitude of effect of methyl groups upon the

reactivity of the phenol system and to study other effects



e.g. steric effect, electromeric effect etc. etc,
affecting the molecules during the course of reaction
and above 211 to determine the rate of reaction.

The compounds.studied in the following work are
3,5~dimethyl anisole, 2,4-xylenol, 2,6-xylenol, 2,%,5-
trimethyl phenol, 2,3%,6-trimethyl phenol and 3,5-ditertiary
butyl phenol besides 3,5-xylenol which was studied in
great detail as its k2 values were reported to vary over
a concentration range (cf. 3,5-dimethyl anisole). As
the change in dielectric constant of the solvent affects

P
the rate of reactionj’q

solution of sulphuryl chloride

in benzene, chlorobenzene and o-dichlorobenzene are used
to chlorinate the phenols. A search for the possible
formation of a complex under the different reaction
conditions which could affect the course and rate of
reaction was undertaken, investigation of the substitution

product is also done to understand the nature of the

electrophile, the complex and the course of reaction.
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CHAPTER II

EXPERIMENTAL
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EXPERTVMENTAT,

PURIFICATION AND SYNTHETIC PROCEDURE:

The reagents and solvents used in the kinetic study
were purified and prepared as follows:
PURIFICATION OF AROMATIC SUBSTRATES:

The phenols (so0lids) were recrystalised by petroleum
ether (60-852.) and their puritj was established by their
melting points as given below:

/ o . [o]
MOeue.y, 2,6-xylenol 45-5c.

(8]

3,5-xylenol 64c. (1it,

. 140, 8 . X o
(1it, "“49c¢c.), 3,5-ditertiary butyl phenol 95c.:

.. 41 ° . °
(1it, 94-5¢.), 2,%,5-trimethyl phenol 95c, (1it,1409§%.),

, o
2,3,6-trimethyl phenol &1c. (lit, t262¢,)
The following liquids were purified by fractional

distillation:

[o]
“0210¢./760mm.), 3,5-

(o]
2. lhexylenol, 241 3¢./760mm. (1it,
34 . 2 R L P
dimethyl anisole, 193c./760mm. (lit, “19%4c.)

The purity was further confirmed by gas liquid
chromatography.

_ 128
PURIFICATION OF SULPHURYL CHILORIDE:

The commercial sulphuryl chloride was purified by
fractional distillation; the yellow coloured fore-run
which contained free chlorine and/or sulphur dioxide was
rejected and the apparatus was flushed with carbon dioxide
before the distillation was resumed. The fraction at

o
b.p. 69:2c./760mm. a water white product, was collected.
The standard solutions of sulphuryl chloride were made

immediately after purification and also used only while

clear and colourless.
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128,132
PURIFICATION OF SOLVENTS:

The three solvents used in the preparation of
sulphuryl chloride solutions were benzene, chlorcbenzene
and o-dichlorobenzene. These were purified by steam
distillation from éodium.hydroxide and then washed with
dilute sulphuric acid and water, and dried over calcium
chloride and phosphorous pentoxide and fractionally
distilléd. The physical consténts were: benzene b.p.
g0+2¢./756mm. o-dichlorobenzens b.p. 180-5¢. and
chlorobenzene b.p. 131-§Z. at 762mm.

PREPARATION OF STANDARD SOLUTICNS:

The solution of sulphuryl chloride were first made by
weight and then were corrected by titrating the overall
802 in the solution, after reacting it against a
substantial quantity of 3,5-xylenol, as given below:
Sulphuryl chloride solution (5ml.) was added to 3,5-xylenol
_(c. O+5g.) in an iodine flack, stoppered, and left to
react for at least 24 hours. Water (100ml.) and a little
potassium iodide were added. The solution was then
titrated with O.1N icdine, using starch indicator. From
the titre value, the concentration of the sulphuryl chloride
solution was then calculated.

At times a change in molarity was due to a fall in the
concentration of sulphuryl chloride in the solution and
the formation of free sulphur dioxide. The correct
strength was found as follows:

Sulphuryl chloride solution (10ml.) were treated with
0+1N iodine solution (10ml.). The mixture was titrated
against 0-1N sodium thiosulphate soln. using starch as the

indicator. Any change in the iodine concentration gave the



’7![.

value of free sulphur dioxide in the sulphuryl chloride
soln., vhich is then corrected.
Hydrolysis of freshly made sulphuryl chloride soln.

has shown456

that the sulphuryl chloride was 99.5-99.8%
pure.
SYNTHESIS ¢

Some compounds used in the kinetic study were

synthesised as follows:

133
SYNTHESIS OF 4-CHLORO, 3,5-XYLENOL?

A soln. cof 3,5-xylencl (10g ; 0+85M) in chloroform
'(100m1.) was cooled in an ice Bath (1-;2.) and sulphuryl
chloride (11-2g ; 0-85M) added dropwise while stirred.
After the addition was complete, stirring was continued
for another 2-4 hours. Chloroforﬁ was then distilled off
under reduced pressure. »The reaction product after
redissolution in ether, was washed with 0.5% sodium
bicarbonate soln. and dried over sodiunm sulphate. The
solvent was distilled off and the‘residue purified by
fractional crystallization from petroleum ether (60-80%.).
The yield of 4-chloro 3,5-xylenol obtained was about 80%.

The course of feaction was followed by thin layer
chromatography to check the purity of the product formed
and completion of the reaction. The samples were drawn
out from the reaction flask at intervals and run on
silica gel thin layer plates, using benzene as the mobile
phase. The spots were developed in the iodine chamber.
The disappearance of.the spot on t.l.c., assigned to
%, 5-xylenol (r.f. value +128), suggests that the xylenol

has been completely used up in the reaction and the



chlorination has completed. The only remaining spot on

the t.l.c. plate was assigned to 4-chloro, 3,5-xylenol

(r.f. value «160) which determines the purity of the
product formed and which is further confirmed by the
melting point determination of the product after
recrystallization of the compound with pet. ether (60-880.).

14,4,]/[500' ) .

The m.p. is found to be 114.5c. (1it,
SYNTHESIS OF 2,4~-DICHLORO, 5,5--XYLEI‘IOL/:1LI-/|

The above procedure of preparing the mdnochloro xylenol
was adopted by using two molar proportions of sulphuryi
chloride. The progress of the reaction was again followed
by t.l.c.method described. This time, the stirring of
the reaction mixture was continued until the gradual
disappearance, first of the spot aésigned to 3,5-xylenol
and then that of 4-chloro xylenol is completed. The
presence of the only remaining spot assigngd to 2,4~
dichloro 3,5-xylenol (r.f. value «4615) suggests the
completion of the reaction and its purity which is further
confirmed by the m.p. he5c. (1it, *2966.) of the
recrystallized dichloro xylenol. .

The yield of the dichloro xylenol obtained by this
method is above 50%.
SYNTHESIS OF 4-CHLORO, 3,5-DIMETHYL ANISOLE/:‘54

A solution of 4-chloro, 3,5-xylenol (157.67g. ; 1+OM)
and sodium hydroxide (40g. ; 1+0M) in 200ml. of water is
heated under reflux and stirred while -dimethyl sulphate
(97ml. ; 1.0M) is added slowly. The mixture is then
refluxed for another 3 ho&rs, after which the upper oily

layer of the reaction mixture is removed and the remaining

aqueous layer is extracted with ether. The combined oily
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layer and the etheral extracts are combined and washed
with dilute aqueous sodium hydroxide solution, dried
over enhydrous sodium sulphate 'and fractionally distilled,
there by giving 4-chloro, 3,5-dimethyl anisole b,.p. 96¢./6in. .
(lit,14694—952./6m.m.) in about 80% yield.

The purity of the product was confirmed by g.l.c.(10%
carbowax column, temp. 155%.) end a single peak of

retention time 18 minutes is obtained under standard

analytical conditicns,

61

SYNTHESIS OF 2,4,6-Dy~3,5-XYLENOL: ‘!

3

In a sealed tube, 10g. 3,5-xylenol‘was heated with
5g. heavy water and C+4nl. concentrated hydrochloric acid
at 106%., for one hour. On cooling the tube was opened
and the solvenﬁ (Dgo,HZO & HC1l) was remcved at reduced
pressure. The phenol residue, thus obtained was dissolved
in dried carbon tetrachloride, and dried using calcium
carbonate in small amounts. The organic layer weas filtered
quickly from the dessicant and evaporated to give
‘2,4,6-D575,5;xy1en01.

The n.m.T. spectrum of the product showed 52%
deuteration at 2,4,6 positions of the ring.

SYNTﬁESIS OF O-DEUTERO-3,5-XYLENOL:

The xylenol was dissolved in carbon tetrachloride
(dried) and to it @as added heavy water in enough quantity
to exchange with phenolic hydrogen. This mixture was
shaken for about two minutes and then left to stand. The
organic layer was separated by means of a separating
funnel and evaporated under reduced pressure. ‘The phenol
residue was recrystallisgd #ith petroleum ether (60-86%.)

which had been dried over sodium.



The n.m.r. spectrum of the sample showed the absence
of the sipgnal (chemical shift 5e5p.p.m.) assigned to -OH
group of the xylenol.

KINETIC PROCEDURE:

Weighed amounés of the phenols to be studied
kinetically were dissolved in the solution (50ml.) of
sulphuryl chloride in the particular solvent (benzene,
chlorobénzene, and 9~dichlorobénzene) in a gradvated
flask., The molarity of the sulphuryl chloride solution
also was varied. The flask was kept in the thermostat
at 25%., through out the reaction., At reascnable
intervals, 5ml. of the reaction mixture were drawm out
by pipette and transferred to conical flasks containing
water and little potassium iodide. The pink colour of the
reaction mixture was discharged by mixing with pobtassium
iodidé solution and the feaction was thus said to be
quénohed. The sulphur dioxide was estimated by titrating
against standard 0-1N iodine, using starch as the
indicator.

Standard kinetic equations for second order reactions

were used for calculating the rate constant:

(i) when [ArOH] >> [302012] ( [SOQClg,]
o

I
o

]
{oy

2.303 a ‘
Kt = 222 10g 10 [aror ]
b a=-x

Values of log a/a_X were plotted against time.

(ii) when ArOH == 80,01,

1 1

kot = —-
2 (a-x) a

Values of ’I/a._X were plotted against time.
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(iii) when the initiel concentrations are not equal:

dx
— = k(a-x) (b-x) .
dat
«30% _
which gives k.t = 2+303 log 10 _ffb x)
(a=b) b(a-x)
Values of log

E:E were plotted against time.

a-x

Firstly the k5 values were obtained by plotting the
graphs but later on were calculated from each pgiht and
corrected. ,

In the case of 2,4~xylenoi, 2,6~xylenol, 3,5-
ditertiary butyl phenol, 2,3,5-trimethyl phenol and
2,3,6-trimethyl phenol, kinetic studies were done in the
solvent chlorobenzene (Table I). The investigation |
included where phenol (concentrationv~0-1m and ~ 0+«2M)
was reacted-with sulphuryl chloride soln. (conc.w‘OoﬂM);
ana where ph¢n01 was in comparitively gréat excess
(¢ 0.2M) to sulphuryl chloride (~~0.05M).

The kinetic study of 3,5-dimethyl anisole was done in
benzene (Table II). Standard solutions of sulphuryl
chloride of different molarity («~0.07 to~0-2M) were made
in benzene and reacted with anisole at different
concentrations (~ 0.1-0.5M), Thus investigation ranged
over the poseibilities where
(a) Anisole and sulphuryl chloride are in equal initial

concentrations.

() Anisole and sulphuryl chloride are in unequal initial
concentrations.

(¢) Anisole is in great excess in relation to sulphuryl
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chloride.

The ambiguous results, of the kinetics of 3%,5-xylenol,
obtained so far raised the need to explore the reaction
mechanism in the three solvents (benzene, chlorobenzene
and g-dichlorobenzéne) and in the mixed solvent (benzene
and chlorobenzene). In the first case standard solutions
of sulphuryl chloride of the molarity of «~0+1M were made
in benzene, chlorobenzene and é—diéhlorobenzene. %,5-
xylenol (molarity varying from -~ 0.025M to «~0.4M) reacted
with these solutions, thereby covering all possible ranges
as mentioned in the case of 3;5—dimethyl anisole. The
k2 values were obtained for the reaction in the solvent
benzene (Table III), chlorobenzene (Table IV); and o-
dichlorobenzene (Table V).

| For mixed solvent kinetic studies, the three molarities .
taken of 3,5-xylenol were —~ 0+025M, «~ 0«1 and ~ 0s25H.
These were reacted with -~ 0<1M of sulphuryl chloride solutions

made in the following mixed solvent media:

1) 10% chlorobenzene + Q0% benzene
(2) 20% chlorobenzene + 80% benzene
(3 40% chlorobenzene + 60% benzene
%) 50% chlorobenzene + 50% benzene
(5) 60% chlorobenzene + 40% benzene
(6) 80% chlorobenzene + 20% benzene
(7) 90% chlorobenzene + 10% benzene

‘The ké values were obtained (Table VI) and compared.

As the main product 4-chloro, 3,5-xylenol was found
to form a complex with sulphuryl chloride in the solution.
(method discussed later in the chapter). Its effect on

the rate and mechanism of the reaction needed further



investigation besides the polarity effect of the solvent
and solvent mixtures as described.

This was done by adding a variable amount of 4-~
chloro, 3,5-xylenol (~ 0+011- ~ 0-15M) to the main
reacting entities of 3,5-dimethyl anisole (~0.3M) and
sulphuryl chloride (molarity varying from ~ 0.05M, ~0.1M
and -~ 0+2M)., The studies were done in benzene (Table VII)
and chlofobenzene (Table VIII).

The behaviour of the complexes formed by 2,4-dichloro
3,5-xylenol and 4-chloro, 3,5-dimethyl anisole with
sulphuryl chloride were also investigated., Variable
guantities of ﬁhe above mentioned compounds were added. to
the ~ 0+3M of 3,5-dimethyl anisole which was then reacted
with ~ 0«1 solution of sulphuryl chloride. In the case of
dichloro xylenol,studies were done in benzene and chloro-
benzene both (Table IX) while in the case of chloro-
anisole it was restricted to chlorobenzene only (Table X).

To find if 3,5-ditertiary butyl phenol, which also
happens to fdrm a complex with sulphuryl chloride, could
influence the reaction velocity and mechanism of 3,5~
dimethyl anisole and sulphuryl chloride,the phenol was
added in ~0+¢01,~0¢05,~0-1 and~0+15 molarity to ~ O<3M
of the anisole which was reécted with ~ 0.05, ~ 0«1 and
~. 0+2M solutions of sulphuryl dhloride in chlorobenzene,
(Table XI) as described before.

To determine the role of substitutbtion of ring
hydrogens of 3,5-xylenol at the positions 2,4 and 6, the
deuterated 3,5-xylenol was reacted with sulphuryl chloride
solution of ~ 0*1M strength. To avoid experimental

errérs, the comparison of the kinetics of deuterated



xylenol with the xylenol itself was done by reacting the
latter with the same sulphuryl chloride solution used
above and under gimilar conditions. The molarity of the
two xylenols studied were v 0¢05, ~ 0+1 and ~ 0«21 and
and the k2 values obtained, compared (Table XII).
Similarly 7,5-xylenol was also kinetically compared
with the xylenol where the -OH had been deuterated to
-0D. Reaction condition and the molarities involved
were similar to what has been described above, and the

k, values obtained are compared (Table XIII). |

STOTCHIOMETRIC ANALYSIS:

For the determination of hydrogen chloride and

sulphur dioxide formed during the course of reaction of

and aromatic substrate with sulphuryl chloride in a solvent

( benzene, chlorobenzene, dichlorobenzene or mixture of

solvents), the following standard solution were made:
FOR DETERMINATION OF CHLORIDE:

A solution of silver nitrate (0-1H) was made and
stendardised against standard sodium chloride solution
(0-1N) [ Hohr's method ] .77 The silver nitrate
solution was then used to standardise a freshly prepared
solution of potassium thiocyanate (0+1N) [ Volhard's
method] .455

FOR DETERMINATION OF SULPHUR DIOXIDE:

A solution of iodine (0+1N) was prepared and

standardised against standard (0-1N) solution of sodium

thiosulphate.155

81
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GENERAL PROCEDURE:

The general course of reaction is:

' . OH OH
Cl
+ 802012 —_— or + HC1 + SO2
t_~._.v____a
C1

washed and
L , dissolved in

Vv
left in organic layer water

OH

The aromatic substrate €0r1M) was treated with
sulphuryl chloride solution (~0.1M) in an iodine flask
and left for at least 24 hours. The reaction mixture was
washed several times with wéter to dissolve hydrogen
chloride and sulphur dioxide. This aqueous portion
was in turn washed with ether to regain any organic
component lost to the water layer and combined with the
organic layer left above. This organic cembined layer was
kept for the analysis of the products and their
identification, while the aqueous washings were combined

and diluted to a volume of 500mls.

DETERMINATION OF CHLORIDE:

BOmis. of silver nitrate solution (0°1N) were added
to a portion of 25mls. of the diluted aqueous solution
menéioned above. The chloride precipitated as silver
chioride and the resulting silver ion concentration was
found by back titration withvpotassium thiocyanate

['Volhard?s method:] and thereby percentage of hydrogen



chloride was calculated (Table 1).

DETERMINATION OF SULPHUR DIOXIDE:

This was found by titrating a 25ml. portion of

diluted agueous solution with the iodine solution (0.1N)

135

using stvarch as the indicator and thereby calculating

the percentage of sulphur dioxide evolved in the reaction.

Phenol | Solvent % HCl % 802
243,5-trimethyl phenol chlorobenzene 92 58**
2,3,6- " " " o8 90
2,6~xylenol " Ok 527"
2,4 " " 86 g’
3,5- " | o %2 97

n " benzene 90 93
3,5-dimethyl anisole " 92 76
3,5=-xylenol 10% chlorobenzene 70 70*

. +90% benzene |
n " 90% chlorobeﬁzene 86 93

+10% benzene

* heaction not complete.

** probable loss of sulphur dioxide - slow reaction.
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ANATLYSTS AND IDENTIRICATION OF PRODUCTS PRESENT IN

ORGANIC TAYER:

G.L.C. analysis used a 5' length of absorbant snd a
flow rate of the carrier gas (nitrogen) of 45mls./minute.
In preparative g.l.c. the length of column was 15' and
the flow rate of the carrier gas was maintained at
120mls./minute.

The n.m.r. studies of the products, complex etc.
were done on Varian A-60A, HA-100 and HR-220 n.m.r.
spectrometers. The mass spectroscopy of the prédﬁcts
were done on VG Micromass 12 magnetic deflection mass

spectrometer.
GENERAL PROCEDURE:

The combined corganic layer was first concentrated
under reduced pressure and then separated by
chromatographic techniques, The purified compounds thus
obtained wefe subjected to structural analysis.
5;5-XYLENOL:'

To separate and confirm the identity of the main
product formed in this reaction, the organic layer was
subjected to column chromatography using alumina (10%
moisture content) as the stationary phase and benzene as
the mobile phase. The main product after separation and
recrystallisation (pet. ether 60-80c.) had m.p. 114+5c. .
The i.r. spectrum (1% soln. in COS,) showed -OH absorption

/'l

at 559Ocm"1, C-Cl stretching vibration at 690cm™ ' and

C~H deformation at g40cn™'. In the n.m.r. spectrum, the
two equivalent méthyl groups gave rise to a singlet at
2¢3p.p.m., bthe two equivalent aromatic protons (02-H and

06-H) were identified by a sharp singlet at 6-55p.p.m.



and the phenolic hydroxyl group was confirmed by the
peak at 4.96p.p.m. Thereby confirming that the main
product of chlorination of %,5-uylenol is 4-chloro,
3,5-xylenol.

For analyticai gel.c. of the organic products from
the reaction of 3,5-xylenol with sulphuryl chloride in
different solvents, the retention times of 3,5-xzylenol
and synthesised 4-chloro and 2,4-dichloro, 3,5-xylenol
vere first found under similar conditions to help to
identify them in the chromatogrems of the organic layers.
Under standard analytical conditions, the column used
was 5% 2,4-xylenol phosphate (NAW) and the temperature
was kept at 1655.

All the chromatograms showed an unidentifiable pesk,

designated as "unknown". The retention times were:

3,5-xylenol - 4 minutes 57 sec.
4-chloro 3%,5-xylenol - 2% minutes 24 sec.
2,4-dichloro 3,5-xylenol - 11 minutes '

"uninown" : - 3 minutes 9 sec.



The percentage of the compounds formed in éifferent

solvents were:

TABLE 2
SOLVENT COMPOUND
3,5-xylenol (left unreacted)
~chloro, 3,5~-xylenol
Benzene , '
2,4~dichloro %,5-xylenol
unknown \

3,5-xylenocl (left unreacted)
_ {4~chloro, 3,5-xylenol

Chlorobenzene .
2,4-dichloro 5,5~xylenocl
unknown
S0k %,5-xylenol (left unreacted)
70
Lechloro, %,5-xylenol
Chlorobenzene
2,4-dichloro 3,5~xylenol
. .
unknown
90% Benzene
. 3,5-xylenol (left unreacted)
90%.
~chloro, -3,5-xylenol
Chlorobenzene
2,4~dichloro %,5-xylenol
+

unknown
10% Benzene

% FORMED

Upoly

4756

279

55 7t
29.07
15.17

5
411

14.0

25
637

9.0

86



Mass spectroscopy of the unknown component observed
in the chromatograms, suggested it to be a dimer of
molecular weight 242 and the most possible structure that

can be assigned to it, was:

%,5-DIMETHYL ANISOLE:
The organic layer containing the products of
chlorination of 3,5-dimethyl anisole was analysed by g.l.c.

under the standard analytical conditions and on:

column - 10% carbowax
temperature - 154%.
Separation and purification of the compounds was done by
preparative g.l.c. (column 15% carbowax; temperature 131%.)

The details obtained from the chromatograms are:

TABLE 3
Compounds Retention time % formed
3,5-dimethyl anisole 4 minutes 57 sec. 39.7
product (1) 15 minutes 5567
product (2) 19 minutes 27 sec. 463

The unreacted dimethyl anisole itself, was identified

by its retention time.
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The n.m.r. spectrum of product (1) shows two
equivalent methyl groups as a singlet at 2.25p.p.m.,
two equivalent aromatic protons (02-H and 06-ﬁ) as a
sharp singlet at ©+.5p.p.m. and the -OCH3 group as a
singlet at %+58p.p.m., thereby confirming it to be
4-chloro, 3,5-dimethyl anisole,

The product (2) obtained in small proporticn is
assumed to be 2,4-dichloro 3,5-dimethyl anisole.

2,6=-XYLENOL:

Analytical g.l.c. of this organic layer was
accomplished on:
colunn - 5% S.E.52
temperature- 82c. maintained for 25 minutes and
then increased to 180c. at the rate
of 25@./minute. |
The compounds were purified by preparative g.l.c. (column-
15% S.E.52, temperature 80c.)

The details obtained are:

TABLE 4
Compound Retention time Melting point % formed
. o
2,6-xylenol 5 minutes 51 sec. 45c, 59.18
¢}
product (1) 19 minutes 7 sec. 80c. 4037
product (2) 42 minutes 31 sec. — - 0438

While the unreacted xylenol itself, was identified by
its melting point and retention time under similar
analyticel g.l.c. conditions, product (1) was identified

to be 4-chloro, 2,6;xy1enol by its n.m.r. spectrum which
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shows two equivalent --CH5 groups give wrise to a singlet
at 2+16p.p.m., two equivalent protons <05—H’C5_H) are
again identified as a singlet at 6.96p.p.m. while a
broad peak at 4+53p.p.m. represented the phenolic -0l
group,
Product (2) which appears on the chromatogram at
high temperature of 185%. is expected to be a dimer rather
than a chlorinated product. It could not be collected in
sufficient amount to carry out detailed analysis for its
structure. é
3 45~DI-TERTIARY BUTYL PHENOL:
The organic layer was analysed on:
column - 10% S.E.30 1ength 71
temperaturé - 175%.
The compounds formed as observed on analytical chromatogram
are then separated and purified by preparative g.l.c.
“"(column 15% S.E.30, température 150¢c. )

The compounds obtained from the chromatogram are:

TABLE
Compound Retention time Melting point = % formed
(o]
3,5=-ditertiary 5 min. 17 sec. S4c 53
butyl phenol
product (1) 6 min. 40 sec. 40-9

[o]
product (2) 14 min. 30 sec. 140¢ 6



While the unreacted 3,5~ditertiary butyl phenol was
identified by its melting point and retention time under
similar analytical conditions, the structures of the
two products formed were found by the help of N.MeTs
spectroscopy.

The n.m.r. spectrum of product (1)-shows two non-
equivalent -—C(CH5)5 groups coupled as doublets at 1-28
and 1+48p.p.m. The two non-equivalent arcmatic protons
(64—H,C6—H) are also coupled to giﬁe rise to a quartat
at 7+0-7.1%p.p.m. while the phenolic -OH is identified as
the singlet at 6+0%p.p.m. Therefore product (1) is 2-chloro,
3,5-ditertiary butyl phenol.

The n.m.r. spectrum of product (2) shows two equivalent
—C(CHB)3 groups as a sharp singlet at 1.46p.p.m., the two
equivalent aromatic protons (C2H’C6’H) as a singlet at
6.88p.p.m. and the broad péak at 5¢1p.p.m., representing
"'the phenolic -OH, suggesting the product to be 4-chloro,
3,5-ditertiary butyl phenol. This was further confirmed
by mass spectroscopye.
2,%,5-TRINETHYL PHENOL:

The organic layer containing the product of
chlorination of the phenol was analysed by g.l.c. under
the standard analytical conditions and on:

column - 10% S.E.30 length 7!
temperature - 13fc.

Separation and purification of the compounds was
done by preparative g.l.c. (column 15% S.E.30,temperature

120c.)



The details obtained from the chromatopgram and the

melting points of the compounds are:

TABLE &

Compound - Retention Melting % formed
timé point

2,%,5-trimethyl o

6 mins. 6sec, 95c¢. 175
phenol . -
product (1) - 8 mins. 4sec. 50~5{E. 8«52
product (2) 20 mins. 8gec. 105—10£c. 7%906

While the unreaoted phenol was identified by its
melting point and retenticn time under.similar analytical
g.l.c. conditions, product (1) was investigated by means
of mass spectroscopy and n.m.r. spectroscopy (including
double resonance on a 100 MHZ instrument.). 'The Nn.Mm.r.
implies it, to be a mixture of two compounds A and B due
to two spectrums neérly super imposed on each other. As
'A' cotains 1-H (proton), 1- OH and 3- CH5 groups while 'B!
contains 2- H (protons), 1- OH and 3- CH5 groups. 1t
would suggest 'A' as a dimer and 'B' as half of this
dimer molecule, which exist in the ratio of 30% and 70%

respectively. The structure of the dimer seems to be

symmetrical.
3-CHy, ' ] 308y 3-CHy
1-0H 1-0H 1-0H

1- H 1-H 2-H

lAl ' IB'



Froduct (2) was identified to be 4-chldro, 2,3%,5-
trimethyl phenol by its melting point and n.m.r. sSpectrunm
which shows one aromatic proton (OG—H) at 6+55p.pem., a
phenolic ~0H group as a broad peak at 4.58p.p.m. and

3 T
triplet at 23,2.26 and 215p.p.m.

the three unequivalent -CH, groups (02,05,05) as a

2,3%,6-TRIMETHYL PHENOL:
Analytical g.l.c. of the organic layer was
accomplished on:
column - 5% S.E.52 (WAW) length 7!
temperature - 152%. |
The compounds were purified by preparative g;l.c.

[+]
(column 15% S.E.52, temperature 125c. and increased afger

[+]
the solvents have come off, to 155¢c.)

The details obtained are:

TARLE 7
Compounds - Retention Melting % formed
time ’ point
2,%,6-trimethyl o
8 min. 6 sec. 60-5c. 4«31
phenol
product (1) 4 min, 4 sec. - —— 0+5
. o
o (2) 12 min. 4 sec. 62-63¢C, 1077
(]
" (%) 22 min. 86-87c. 59«27

") 29 min. 4 sec. 58-60c. 2541



The unreacted phenol was identified by its melting
point and characteristic retention time. Product (1)
was studied by mass spectroscopy which suggests it to
be a dimer of molecular weight of 270. The predominant

signal at 104.0f a symmetrical molecular ion ie.

H,C ;

\N
Ay

sugsests it to be a dimer of a symmetrical structure e.g.

HEC
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Structure of product (2) was investisgated with the
help of mass spectroscopy and n.m.r. spectroscopy
(including double resonance on a 100MHZ instrument).
From the information available it may be labelled as

a dimer with a symmetrical structure e.g.

Product (3) was identified by its melting point and
n.m.r. spectrum which shpws an aromatic protqn (CB—H)
at 7;05p.p.m‘, a phenolic =CH group represented as a
broad peak at 4.45p.p.m. and the three --CH3 groups at
2+16-2+3p.p.m., thereby confirming it to be 4-chloro,
2,3,6-trimethyl phenol.

The mass spectrdscopy of the producf ) suggesté

the product to be a dichloro compound, of the structure:




2 4-XYLENOL:
The preoducts in the organic layer could not be

separated and thus the analysis of the cowpounds was

not done,

INVESTIGATION OF HYDROGEN BONDING IN 3,5-XYLENOL BY N.M.R.

METHOD:

High resolution proton magnetic resonance was used to
investigate the properties of the phenolic -0H group and
its hydrogen bond formation anong the molecules of xylenol
itself or with the solvent used in the chlorination.

Solutions of 3,5-xylenol were made in carbon
tetrachloride (Table- &),benzene (Table—@a),chlofobenzene
(Table-10)and ortho-dichlorobenzene (Table-11) and
diluted successively to cover the range of concentrations
( 05 to 0-015M) at which kinetic studies were done.

The study of the hydrogen bond and its shift in the
above mentioped‘solvents at various dilutions were done at
253. The maximum concentration approximated to a
saturated solution ( O«5M) and the minimum ( 0-015l) was

determined by the sensitivity of the spectrometer. The

measurements were carried out on an Varian AG60A spectrometer

at 60MHZ. The chemical shift of the p.m.r. signals were
measured with reépect to tetramethyl silane (TMS) (internal
standard).
| A £

60

Chemical shift =

where AT is the distance between the signal of TMS

and the line under investigation (in her').
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TAPLE 8

Chemical shift of hydrogen bond of 3,5-xylenol in

carbon tetrachloride:

molarity Q4877 02438 041219 00609 0-3048 040152

chemical
shift 595 5033 4e91 Lol 4e266  4e23
(pepem.)

e e iy stnsai

Chemical shift of hydrogen bond of 3,5-xylenol in

benzene:

molarity 0517 02585 012292 0-0646 0-032% 00161

chemical
shift 4eq Le26 4e0%3 3.0 381 %78
(p.p.m.)

TABLE 10
Chemical shift of hydrogen bond of 3,5-xylenocl in
chlorobenzene:
molarity 0°5009 02504 041252 00626 0-0313 00156

chemical
shift 521 471 4e516 Lo L4e33 4418
(p.p.m.)

TABLE 11
-Chemical shift of hydrogen bond of 3,5-xylenol in
o-dichlorobenzene:
molarity 05009 02504 01252 040626 0-0313 0-0156

chemical
shift Selt 4983 475 4685 4«6 4e5
(p.p.m.) ' : '

%6
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STUDY OF THE COMPLEX BY ULTRA VIQLET SPECTROSCOPY:

As the study of reaction mechsanism of chlorination
of 2,5-xylencl by sulphuryl chloride was the important
part of the work, ultra violet spectroscopy of the
reactants, producté and the complex especially was studied.

First of a2ll mono and dichloro 3,5-xylenol were
studied under the following conditions:

(a) Where the two reactants aré in comparative strength:
~~Qe1M in 4~chloro, 3,5-zylenol or 2,4-dichloro,3,5~
xylenol and v 0«1, ~02M and ~0-4M in sulphuryl
chloride in carbon tetrachloride.
(b) Where the chloro xylenols are dissolved in an excess
of sulphuryl chloride in carbon tetrachloride:
~0+025M 4~chloro, 3,5-xylenol or 2,4-dichloro, 3,5-
xylenol in~0-2M, 04l and’fO'SM solution of sulphuryl
'chloride in carbon tétrachloride and the‘specﬁras were
recorded.

Reference solution of particular chloro xylenol of
equivalent molar conceﬁﬁration in carbon tetrachléride was
used.

The complex formation by the two reactants was
confirmed by the distinctivé absorption away from the
region of absorption of the xylenol and chloro xylenols.
While 3,5-xylenol absorbs at 275mu. and 283mu. wavelengths,
the complex formed with sulphuryl chloride (which itself
absorbs at 220mu. in the solution of n-hexane) showed a
distinctive absorption at 300mm. Similarly f4~chloro, 5,5‘»;1-0/l
xylenol which has peaks at 27%mu. (€,2096) and 287mu. (€,2077)
showed the characteristic absorption of its complex with

sulphuryl chloride at 29%-310mu. In fhe case of 2,4



dichloro,%,5~xylenol the sbsorptions were at 281mp.(€,46015,
286mu. (€,2460) and 290mp. (€,2610) showed the fromation of
its complex with sulphuryl chloride at 307-21%mn. A shift
in the absorption is observed at differsnt solution of
variable strength of the reactants.

The extinction coefficients were calculated and the
Ketelaar equation was applied from which values of KC of
the complex were obtained. If only a fraction of the donoxr
and acceptor were complexed even in the presence of a
large excess of the other component, Kc and Bp, can be

evaluated simultaneously.

1 1 1

a A K, Cp (Bpy-Epy Epg=Ey

as EA is zero, the equation becomes:

1 1 1
= + .
By ' K Op (Ep,) Epa
where:
'EDA = extinction coefficient of donor- acceptor
complex.

Kc = éomplex constant.
Cp = concentration of donor.
E, = extinction coefficient of acceptor.
Ea = apparent extinction coefficient.

The Kc and E app..ex. values were not satisfactory

and were thus not included.

O
6¢
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The v.ve study of the complex was repeated in the

case of 4-chloro,3,5~xylenol, where:

(a)~ 0+011, ™~ 0-025!1, ~ 0«05 and ~Q-11 of 4-chloro,3,5-
xylenol were dissolved in~ 0+1M sulphuryl chloride in
carbon tetrachloride,

(b)~ 0=1M,~ 02K and ~0-41 of 4-chloro,3,5-xylenol were
dissolved in~0+05lM of sulphuryl chloride in carbon

tetrachloride.

Reference solutions of equal étrength in qarbon
tetrachloride were used. |

Lastly the kinetic study of the complex formation in
the case of 4-chloro,%,5-xylenol was attempted, bubt again
ended with unsuitable results.

It was found that 3,5-dimethyl anisole and 3,5-
ditertiary butyl phenol also made their respective
éomplexes with sulphuryl chloride and absorbed at
characteristic wavelengths.

While 3,5-ditertiary butyl phenol (in n-hexane)
absorbed at 26%mu. and 270mu;,its complex with sulphuryl
chloride absorbs at 290mu. Similarly the complex of 3,5~
dimethyl anisole and sulphuryl chloride absorbs at 300-201mu.
away from the absorption region of the anisole itself,
which is at 275mu. and 282mu.

The correct measurments of the extinction coefficients
for the complexes too was not possible due to ever
changing concentration of the two reactants, in the
solution under study, responsible for forming the complex.

The u.v. study of the complex was done on SPB00 and Perkin

Elmer 124 machines.
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STUDY O THE COMPLEX BY N.M.R. SPECTROSCOPY:

Tb_understand and establish the nature of complex
formed by 3,5~-xylenol, 4-chloro,3,5-xylenol and 3,5~
ditertiary butyl phenol with sulphuryl chloride, n.m.r.
spectrums of the reactiné species were recorded. While
the study of the xylenols was done in benzene, that of
ditertisry butyl phenol was done in chlorobenzene, the
solvent used for its kinetic studies.

The detailed information about the complex is obtained
by runing the region of study.at sweep width of 100Hz. and

expanding it. The spectrums are discussed in Chapter III.
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CHAPTER TIIT

DISCUSSION



DISCUSSTON

THE REACTIVITY OF THE PHENOLS AND THEIR COMFPARISONS:

In all phenols (except 3,5-xylencl) a consistency
was observed in the rate constants (Table I) of the
various substituted phenols studied whén the concentrations

of the phenol and sulphuryl chloride were:

(i)  phenol == S50.C1

272
(ii)  phenol :> 802012

(iii) phen01;§> 502012

The k2 values obtained in all the above rahgés of

B
1

concentration of the two reaétants confirm it to be a
bimolecular reaction of secondlérder ie. there has to be
a collision between a molecule of phenol and a molecule
of'sulphuryl chloride to complete the reaction. The
experimental results are analogous and showed little
variation in rate of reaction and were consistent with the
kinetic formula: |

Rate = I, [ AroH [ 802012}

Although at the high concentration of phenol it was
expected that any effect due to inter and intra molecular
bonding among the phenol molecules and the solvent effect
if any would be much easier to be noticed. As all the
reactions are done in chlorobenzene (except that of 3,5-
dimethyl anisole which is done in benzene) and under
similar conditions,their ky values can be compared to
explain the reactivify of the phenols in accordance»to
their molecular structure towards a mild reagent like

molecular sulphuryl chloride.

As the -OH group of-a phenol exhibits weak -I and



strong +!M effect and makes o- and p- positione reactive
through sharing the electron density of oxygen via the
conjugated system, it is the p- position which is

largely preferred to the 0- position. [The high reactivity
of 2,%,5-trimethyl phenol can be attributed to the -0l
groups at position 3 and 5 which exhibit +I1 and +M effects,
owing to hyperconjugation as well as the +I effect of the
2-Me group, making the p- posifién more reactive. The
mesomeric effect of the oxygen would also help to
stabilize the transition state. Moreover, in relative
high concentration of sulphuryl chloride the ortho
position is available to undergo further substitution.

In 2,%,6-trimethyl phenol none of the above factors are

as fully developed. The coplanarity of the -OH group with
the ring may not be as good as in 2,3%,5-trimethyl phenol
(I) due to steric interactions thus not making the electrons
so available to the para positions. This would reduce

the stabilization derived from the mesomeric effect of
oxygen. This effect is much more obvious in the case of
2,3%,6-trimethyl anisole (11)131’159 due to the bulk of
-—OCH5 group which is prevented by the two ortho
substituents - from being coplaner with the aromatic ring

- o
6 1sec. 1 at 25c.

M-

and thus giving a low k, value of 5-0x10~




On the other hand the k, values of 2,3,5-trimethyl
151

anisole are siwilar to its analogous phenol as expeoted
In other words the availability of electrons at para
position would be more in 2,3,5-trimethyl phenol than in
2,%,0-trinethyl phenol. Which is confirmed by the
product analysis of the two phenols. While in 2,3,5-
trimethyl phenol 4-chloro produét is obtained in 90%
yield on the basis of phenol consumed. Similarly in
2,%,6~trimethyl phenol 4-chlovo product is obtained in
62% yield. E

The size of 802612 does not seem to matter in
approaching the para position of 2,%,5-trimethyl phenol;
the two ;Cﬁa groupgig%em.to obstruct it in sny way. On
the other hand they must be acting as an impetus to the
reaction by making the para position more reactive by
means of hyperconjugation and the I & M effects.

1%6 .
and 2,3,6~-trimethyl phenol seem to

2,6-xylenol
have much in common., The important similarity is the
presence of two ortho substituents which may force out
-OH group out of plane. The two —CH§ groups in both
phenols will not be sterically affecting the para position
of the ring. To cause non-coplanafity between the lone

pair of oxygen and the ring the two -CH5 groups force the

-0H group out of plane.

104
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At high concentrations Qf phenols intermolecular
bondingq56 between two phenol molecules can not be
disregarded, therefore affecting the rate of reaction.
Besides these difficulties interaction between 2,6~
xylenol derivatives and the solvent molecule would also
be hampered by the two —CH5 groups, as it would not be
easy for a plener molecule like chlorobenzenc to penetrate
to sterically shielded -OH group in 2,6-xylenol and 2,3,
6~trimethyl phenol unless it approaches it at the right

angle. .

This similarity in the two phenols is shown by the
comparable k2 values obtained. The fractionally higher
reactivity of 2,3,6-trimethyl phenol to that of 2,6-xylenol
can be attributed to the presence of the third -CH5 group
in the former which must have a hand in making the para
position of the trimethyl phenol more reactive than that
of 2,6-xylenol. In 2,6-xylenol thus as expected 59.18%
of the xylenol remains unreacted. The main product of
chlorination was 4-chloro,2,6-xylenol in 40-27% yield.

The other product in about O-438% yieid was unidentifiable

and is again expected to be a dimer.

The solvent effect in 2,4-xylenol and 2,3,5-trimethyl

phenol would be greater as these phenols would not need
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any particular arrangement to'approach the solvent
molecule. The inbteraction between the lone pair of

oxygen and the U cloud of the ring would be the seme in the
two phenols. The non availability of the preferential
para position in 2,4-xylenol would make considerable
differences as is witnessed by its low k2 values which is’
- not far from that of 2,6-xylenol. Thus where as in 2,6-
xylenol the degree of conjugation of the hydroxyl group
(due to steric hinderance) is in question, in 2,4-xylenol
it is the non availability of the p- position ﬁo undersgo
reaction. Besides, the -CH3 group at para posifién could
be thought to oppose the +M effect of the ~OH group as it
is known6 to lower the acidity of phenol quite appreciably
thereby decreasing its reactivity a great deal.
Understandibly the only possible product in this case
would be 6-chloro, 2,4-xylenol.

The coplanarity or non-coplanarity of the directive
group through steric hinderance is the importaﬁt feature
on which depends the reacfivity of an a?omatic nuclei
rather than the easy or difficult access to the position
under attack., This is noticed in the case of 3,5~
ditertiary butyl phenol where despite the presence of
the bulky t- butyl groups at position 3 and 5,’pgra
substitution does take place to some extent. This also
proves the marked preference to para position despite
the restricted approach to the reactive centre by
sulphuryl chloride. Although both ortho and para positions
would have their reactivity enhanced by the two tertiary
butyl groups present at positions % and 5 by means of
hyperconjugation etc., simultaneously by contrast the

bulk of the group would narrow down the vicinity of para
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position (to a large extent) and ortho position (to a
smell extent). Now as only the less reactive ortho
centre would mainly undergo substitution, most of the
phenol is expected to remain behind unreacted. The
other factor adding to its unreactivity could be inter
and intra molecular bonding which can be expected among
aromatic systems having bulky and branched substituents
like tertiary butyl groups. As expected in the lines

of argucument put forward, 2-chloro, 3,5-ditertiary
butyl phenol is obtained as the main product of
chlorination in 87% yield besides 4-chloro, 3,5-ditertiary
butyl phenol which is obtained in 1%% yield on the basis
of phenol consumed,

In 2,4-xylenol, position 6 would be far more easily
approachable by the attacking electrophile than the 2
and 6 positions of 3,5-ditertiary butyl phenol thereby
makiﬁg former a much more reactive aromatic nuclei than
the latter. In all the predominant factor of steric
hinderance would make 3%,5-ditertiary butyl phenol slower
by a factor of nearly 10 in comparison to 2,3,6~trimethyl
phenol, 2,6-xylenol and 2,4-xylenol and by a factor of
nearly 20 in comparison to 2,3,5~trimethyl phenol.

The éxperimental results obtained in the case of
the analogous reaction of 3,5-dimethyl anisole (Table II)
over a range of concentration showed little variation
in the rate of reaction and were consistent with the
kinetic fofmula:

Rate = k, [ArOHe] [80,01,]
The k2 values.were quité in agreement with the

v ) A
values obtained from the study done 1in c:hlorobenzene/]28”]5
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(considering the polarity of the solvents ie. benzene and
chlorobenzene). The lone pair of electron of oxygen
present in the —OCH5 group would be co-planer with the
benzené ring activating it towards the electrophilic
attack by sulphuryl chloride. The increase in rate of»
the reaction with the increase in dielectric constant
of the solvent proves the succesful interaction between
the solvent and the ether molecule,

While it has been reportedﬁ9 that ortho attack
becomes progressively less as anisole becomes more heavily
substituted, the para position here would be much more
preferred than the ortho, not only due to +I and +M effect
of —OCH5 but also due to some steric hinderance at the
ortho position exhibited by the bulky -OOH5 group and the
rotation of the 0-Aryl bond.

H
e,/

“x
C—H
0\

- Moreover approaéh of the reagent is inhibited by
crovding betwéen —OCH3 and ~CH5159; but not between two
—CH3 groups as shown in all the above cases.

At the end of the reaction carried out in solvent
benzene only, 92-4% of 4-chloro derivative is obtained.
The other derivative, which is believed to be 2,4-

dichloro, 3,5-dimethyl anisole, is obtained in 7-6% yield

on the basis of phenol consumed.
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MECHANISHM AND NATURE OF THE ELECTROPHILE:

The detailed study of the compounds discussed
indicates that the mechanism proceeds via a bimolecular
mechanism involving one molecule of each reactant in
the rate determining stage and is of second order. As
the products are similar to those obtained by chlorination
with molecular chlorine125 the reaction may involve a
heterolytic mechanism. This is further supported by the
magnitude of the effect of methyl groups already
described (Chapter I). Molecular chlorine, chlorinium
ion and chlorosulphonium ion are rejected as thé bossible
electrophile. The nild nature of the electrophile
involved and the lack of effecﬁ of 802 and HC1l evolved
during the reaction suggests that the electrophile is
$1-50

2---Cl.

KINETICS AND REACTION MECHANISH OF THE REACTION BETWEEN

3,5-XYLENOL AND SULPHURYL CHLORIDE:

The seéond order rate constant of chlorination of
3,5-xylenol with sulphuryl chloride was not found to be
consistent at all concentrations of xylenol studied
(~0:025 t0~0«U411) as was found in the case df the analogous
ether, 3,5-dimethyl anisole. The plots were however
linear up to 80-90% of the reaction. In all the three
media (benzene, chlorobenzene and g-dichlorobenzene), in
which the reaction was carried out, the k2 value obtained
increased with the increase in concentration of xylenol.

In the molarity range of the xylenol used (0.025 to

- 4
0-4M) the k, values increased from 9-0x10 % to 3.22x10
. —4
l.mole.—qsec—q in benzene (Table III), from 3.2x10 ° to

’l-56x’lo"3'1.rnole.",]sec."/l in chlorobenzene (Table IV), and
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-4

from 63x107 " to 1-5x10“51.mole.'qﬂec."q

)

in o-dichloro~
benzene (Table V), Though the change of k, values
obtained could be explained on the basis of the increasing

polarity of the three solvents:

benzene <:chlorobenzene <:g«dichlorobenzene’

the change in the kg values in one particular solvent
(Table ITI,IV,V) also seems dependent on the concentration
of xylenol in the reaction mixture; the concentration of
sulphuryl chloride (~0.1}) was the same in all the reaction

mixtures.

HYDROGEN BONDING OF THE PHRENOLIC -OH GROUP:

The n.m.r. study of the hydrogen bonding of the
phenolic ~CH group with the solvent was done by tracing
its chemical shift in the three solvents (described in
Chapter II). This shows a steady increase in the degree
of H- bonding with the increase in concentration of
xylenol in the solution. The phenolic -OH of one xylenol
molecule can be involved in an intermolecular bonding wib
that of another xylenol molecule. This might inhibit the
observed reactivity of the xylenol as its concentration
in reaction mixture increased bu?b this is not found. This
intermolecular bonding, even if it exists, is not very
effective in slowing down the rate of reaction, though
this would depend on the solvating power of the solvent
$00. On the other hand, H-bonding with the solvent could
help to exblain an increase in the reaction rate with the
increase in the concentration of xylenol. Solvent with
high dielectric constants would solvate xylenol more and

thus the interaction through H-bonding would make the



aromatic system highly reactive. This was confirned by
the chemical shift values obtained for similar
concentrations of xylenol in benzene, chlorobenzene and
o~dichlorobenzene (Table 9,10,11 ). Again the change

in the overall range within one solvent gives an idea
of the extent of the interaction between ¥ylenol and
solvent molecules, a property which basically stems from
the polarity of the solvent and determines the extent
of H-bonding., Thus the bonding is minimum in benzene
and maximum in o-dichlorobenzene. The stereo-ﬁhemistry
of %3,5~xylencl does not seem to oppose it in any way.
The results of this study are very much in line with the
observed rate of reactions of xylenol with sulphuryl
chloride in the three solvents.

As the benzene molecule has a dispersed weak negative
charge rather than a strong negative charge assigned at a
particular position, it would not be so succesful in
linking up Qith -0l as a chlorobenzene or a o-dichloro-
benzene molecule either of which could make use of the
lone pair of electrons of Cl.and meke xylenol much more

reactive (both by -I and +M processes).

KINETICS OF 3, 5-XYLENOL IN MIXED SOLVENT MEDIA:

The intent behind carrying out these reactions
(ie. of xylenol [0-025- 0.25M]and sulphuryl chloride[0«1M 1)
in a mixed solvent medium of benzene and chlorobenzene of
varying ratio of concentrations, was to separate and
identify the two effects due o (a) polarity of the
solvent (b) increase in xylenol concentration (Table VI).
As chlorobénzene was increased and benzené was

decreased in the solvating medium from the solvent mixture

1171




112

10% chlorobenzene + 90% enzene to 90% chlorobenzene

+ 10% benzene, an apparent increase in k2 values was
observed. In all nixed solvent mediums, an increase

in xylenol coucentration brings a remarkable increase

in k2 values, e.g. in the solvent media (10% chlorobenzene
+ 90% benzene) xylenol of ~0-25l strength gave the rate
constant of 2'O.*.c’lO_;‘Ll.mole."/];sec."/I which was comparable
to that found with xylenol of~0-025M strength when
chlorination was done in the solvent media containing
50-60% chlorobenzene. The effect of xylenol upon the
rate of substitution in such solvent mixtures was much
greater than those of chlorobenzene or of benzene

(Table VI). This demonétrates the deep involvement of
xylenol in speeding up the rate of reaction even in less
polar medium. Similarly the rate of reaction increases
quite dramatically with the increase of xylenol concentration

within each of the solvent mixtures (Table VI).

The analysis of the products formed in reactions
in benzene, chlorobenzene and mixed solvents of 10%
chlorobenzene + 90% benzene and 90% chlérobenzene + 10%
benzene (Table 2) brought forward some interesting facts.
As expected in benzene, a poorer solvent than chlorobenzene,
the rate of reaction was slow and therefore at the end of
the reaction some of the xylenol is expected to remain
unreacted, while in chlorobenzene most of the xylenol is
expected to undergo chlorination.

The reactions.were done for stoichiometric analysis
in the above menticned solvent mixtures at concentrations
of~0°1M of 3%,5-xylenol and ~0+1M sulphuryl chloride

solution. The results obtained from the analysis of the




products tallyed with that ewxpected. While in benmene
8% %,5-xylenol was left unreacted, at the end of
reaction, in chlorobenzene no trace of Xylenol was found.
The main product of chlorinstion was l-chloro, 5,5-xylenol;
though in chlorobenzene some (29°07%) 2,4-dichloro, 3, 5~
xylenol was also found to be formed. Agmain as exvected
the yield of 4-chloro, 3,5-xylenol formed in benzene was
less (47.5%) than in chlorobenzens (55+7%). This suggests
that, while in chlorobenzene 4-chloro, 3,5-xylenol is

made to undergo further chlorination, in benzene the 4~
chloro, XylenOI molecule, is not encouraged into further
chlorination by sulphuryl chloride. Analysis of the
reaction products formed in the mixed soivent mediums

also demonstrates the role played by the polarity of the
solvent iﬁ a similar way. In all the above cases a dimer
was also formed and this was found to be formed in more

quantity in a less polar medium.

KINETICS OF 2,4,6-D5—5,5~XYLENOL AND O-DEUTERQ-3,5-XYLEJOL

AND THEIR COMPARISON WITH 3%,5-XYLENCL:

To establish the role df the -0H group and the three
aromatic protons in 3,5-xylenol (ie. 2-H, 4-H and 6-H)
during its reaction with sulphuryl chloride, the above
mentioned deuterated compounds were prepared and studied
(as described in Chapter II). Kinetics was done in
chlorobenzene ( Table XII, XIII ). An expected decrease
in the k, values of 2,4,6-D5—5,5-xy1enol in comparison to
3,5-xylenol was observed (TabléXII). As a C-D bond would be
less polarized than the C-H bond and being strong and
short in length, it would no% be substituted as easily as

a C-IL. bond. The polar effect of the solvent (chlorobenzene)
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and the polarization of the directing group (phenolic -OH)‘

would be eame in both cases, making the overall reaction

rate slower for 2,4,6-trideutero-3,5-xylenol than found in
5,5-xylenol. As the assumption is usually made that
isotopes do not show different substituent effects, the
difference in reactivity between isotopically different
systems must be due to an influence upon a bond-breaking
process in the rate determining step of the reaction
seguence,

In the case.of o-deutero-3,5-xylenol (Table XIII),

the rate of reaction is faster than %,5-xylenol in all

three concentrations studied, suggesting that intermolecular

bonding between xylenol molecules is discouraged and the

interaction with solvent molecule is maintained as before

thereby making deutero-xylenol a much reactive species.
In all the above reactions (involving Da-xylenol and

o-deutero-xylenol) the rate of reaction increased with

the increase iﬁ concentration of the deuterated xylenol as

was the‘case.in %,5-xylenol, suggesting that although

xylenol concentration was respohsible fér the rate of
reaction, there was no evidence that the phenolic' -OH

and the three aromatic protons were directly involved in it.
On the basis of the studies described so far and the

arguements put,forﬁard to explain them, it might be

summarised that:

(1) Polarity of the solvent enhances the reactivity of
xylenol, thus speeding up the attack by sulphuryl
chloride. |

(2) The main product of chlorination, 4-chloro, 3,5-xylenol

| is also affected by the surrounding solvent media and

the reactants, thus undergoing further chlorination
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more readily in a more polar solvent.
(3) The increase in concentration of xylenol in reaction
mixtures helps the rate of reaction. This effect
is much stronger than changes in the polarity of
the medium.
(4) The H-bonding between a xylenol molecule and a solvent
molecule increases with the polarity of the solveﬁt.
(5) The phenolic ~OH might be undergoing some inter-
molecular bonding, possibly an opposing feature to
the polarizability of the phenolic -0H group.

As the reactions in which a charge is created proceed
most rapidly in polar solvents, the speeding up of the
above reaction in polar sclvents can be explained. As
a polar solvent helps to separate the charge in the
transition state, in the transition state of 4~chloro,
3,5-xylenol and sulphuryl chloride a ﬁolar éolvent €.8.
chlorobenzéne and o-dichlorobenzene would be much more
succesful in doing so than a non polar solvent e.g. benzene,
which would rather tend to facilitate the destruction of
the charge. On the basis of these arguéments the formaﬁion
of the products (Table 2) can also be explained. The
increasing trend in k2 values in all the three solvents
(including benzene), strongly suggests that the polarity

of the solvent used is not the only or the main factor.
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OH ™ oa L~

. b -
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+ 502012 —_— 2
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+ HC1 + 802 S
CH3

- al X -
0= X0

rate determining transition state

In the solvent media of benzene the first svep to
produce the 4-chloro derivative is slow, making it
difficult to undergo further chlorination due to their
small numbers and reactivity. On the other hand in
chlorobénzene and o-dichlorobenzene the first step is
much faster producing substantial amounts of 4-chloro
xylenol which would be further attacked by sulphuryl
chloride to make a dichloro derivative of leenol. If
this is the reason; then in benzene ﬁedium at low
concentrations of xylenol, some dichloro product should
be expected and at high concentrations of xylenol only
4-chloro product would be expected to be formed, in all
the three solvents. As dichloro and trichloro xylenols
are pfepared when sulphuryl chloride is two and three

times in ratio to 3,5~xylenol in the,reaction mixture



(ChapterII). Thus at low concentrations of xylenol
(~0.025-0.05lM) and when sulphuryl chloride is more in
quantity (~0+1M) dichloro and trichloro derivati&e of
xylenol might be formed in a polar medium. In a poor
medium like benzene, at least all the xylenol present
in the reaction mixture would be usedkup to form 4-
chloro derivative.

Following the arguément, when ~0+1M of xylenol is
reacted with ~0+11 of sulphuryl chloride, all of
xylenol should be cxhausted in a polar solvent,?hich
is found to be the case (Table 2)., Therefore aﬁ high
concentrations of xylenol, more 4-chloro xylenol would
be formed. This argu-ment does not so succesfully explain
the reésulss obtained in benzene, where increases in the
concentration of xylenol increases the rate of reaction
while analysié‘of end precducts shovs éome ¥»ylenol left
unreacted, |

The increase in the rate of reaction in the three
solvents proves that increase in xylenol concentration has
not a direct effect on the rate but some particular
mechanism which once started, continues due to the greater
availability of the xylenol molecules. This is found to
be the case in the three solvents. Thereforé the end
products would vary from mono to di and trichloro xylenols
in benzene, chlorobenzene and o-dichlorobenzene at one
concentration of 3,5-xylenol. The trend in k2 values in
each solvent would also be due to this mechanism taking

place.

117



118

EVIDENCI: AND STUDY OF COMPLEX TORMATION:

To understand the mechanism and the behaviour of
xylenol molecules at all concentrations_( though-the
effect is more obvious with the increase in xylenol
concentrations) and in all the three solvents, we need to
find out, whether xylenol complexes with sulphuryl chloride.
The high reactivity of xylenol with sulphuryl chloride did
not permit this but the comparitively less reactive
4-chloro, 3,5-xylenol was found to form a J{-complex with
sulphuryl chloride, which absorbed at a characteristic
wavelength (Chapter II). Similarly 2,4-dichloro, 3,5-
xylenol was also found to be complexing with sulphuryl
chloride. The extinction coefficient values of the
complexes by the ketelaar equation could not be found as
K, appeared to vary with the concentration of the two
reactants in the solution and with time. Though @ by now
the imvportance and acti&ity of the T -complex formed by

_xXylenol and'sulphuryl chloride was not in doubt, an attémpt
to study its kinetics of reaction by u.v. was also a
failure., The absorbance of the ﬁf—compiex, which would be
expected to decrease with time and with its continued
participation in the reaction, was found td increase and
decrease randomly. This suggested that the reaction is
proceeding in many stages.as the dichloro xylenol, via its
JU -complex, might be affecting the reaction t00. T -Complex
formation was also confirmed in 3,5-ditertiary butyl
phenol and 3,5-dimethyl anisole, thoughuﬁheir role in the

reaction was quite different.
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EFTECT OF Jl ~COMPLEXES OH!THE TINETICS AND MECHAWISH

OF THE. REACTION:

This T —complex formation between the 4-chloro, %,5~
xylenol and sulphuryl chloride opened a new line of
thought and a new mechanism which could satisfy the
various results obtained during the study of the reaction.
In benzene, a poorer solvent than chlorobenzene, a

131 to be

second molecule of 3,5-xylenol was expected
needed ﬁo complete the transition from reaction
intermediates to products. The more polar solvents‘e.g.
chlorobenzene and o-dichlorobenzene will solvate the
reaction intermediates more efficiently, and thus a

second xylenol molecule was not expectequq to be
essential for the completion of the reaction seguence.
This was found to be untrue as the trend of the k, values
obtained over a wide range of concentration of xylenol

was similar in all the three solvents except to the extent,
and also the k2 values increased with increased polarity
of the three solvents.

As already mentioned, because of the increasing
polarity more dichloro product of 3,5-xylenol would be
expected to form at low concentrations of xylenol. The
4~chloro, 5,5-xyienol and sulphuryl chloride, by making a
gt -complex, could further help to coﬂvert the mono chloro
xylenol into dichloro xylenol. Similarly thQVYE-complex
could help to accelerate the chlorination of other
3,5-xylenol molecules into 4-chloro, %,5-xylenol.
Although the highef reactivity of %,5-xylenol than its
4-chloro product would encoufage the formation of more
4-chloro xylenol, fhe T -complex of 4-chloro xylenol and

sulphuryl chloride could collapse to give 2,4-dichloro,
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%,5-xylenol and so provide a unique source of this product.
This ratio of 2,4-dichloro xylenol to mono chloro xylenol
would increase with the concentration of xylenol initially
present in the reaction mixture, and undoubtedly with the
polarity of the solvent. Therefore at any concentration

of xylenol, the ratio of dichloro product to mono chloro
product would be more in o-dichlorobenzene than in
chlorobenzene and benzene. The JU ~complex ofA2;4—dichloro,
%345-xylenol and sulphuryl chloride would be much less
reactive than the ﬂomplex of 4-chloro xylenol and sulphuryl
chloride and thus would be less obvious.

To illustrate the accelerating role of the X -complex

formed between 4-chloro xylenol and sulphuryl chioride

much more vividly, the kinetics of the reaction of 3,5-
dimethyl anisole and sulphuryl chloride was done in presence
of 4-chloro xylenol (Chapter I1). This study was done in
the solvents benzene (Table VII) and.chlorobenzene {Table VIII)
-The strength of dimethyl anisole was kapt to ~ 0-7M so that
the difference in the second order rate (which is otherwise
consistent in 3,5-dimethyl anisole) could be attributed to
the different quantities of #4-chloro xylenol added (~ 0-01M-
~ 0-1511) and the availability of the other reactant,
sulphuryl chloride (~0+05M,~ O«1M .and~0-2M). The graphs
plotted were linear and k, values increased with the
increase of 4-chloro xylenol content in the reaction
mixture.

The difference in the polarities of the two solvents

was clearly demonstrated by the two sets of k2 values
obtained from the reactions done in benvene and chloro-

benzene. In benzene the second order rate constant
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varied from 5-Ox10"5 to 1°2x10”4 H-qsec,"q, while in the

. . . L
medium of chlorobenzene it varied from 2.9x10 % to

4 18@0.-1.

9.0x107 " M~
In the reactions of a sulphuryl chloride solution of
certain strenszth (e.g. ~0¢05, ~0+1 and?Q 0+2M) an increase
in the amount of 4-chloro, %,5-xylenol to the reaction
mixture of 3%,5-dimethyl anisole and sﬁlphuryl chloride
was consistantly followed by the increase of éecond order
rate constants. The main differencé in the above mentioned
reactions and the reactions of 3,5-xylenol and sulphuryl
chloride in the three solvents is that the amountvof
4~chloro xylenol present initialy in the reaction mixture
is known here while it is difficult to assess in the case
of 5;5—xylenol. S0 in the dimethyl anisole reactions
the 4~chloro xylenocl will make the [ -complex at the first
dpportunity. ‘As expected the gx -complex helps effectively
to further chlorinate 4-chloro xylenol to form 2,4-dichloro,
3,5-xylenol-and also helps'the dimethyl anisole molecule
to react. Basically dimethyl anisole would be much more
reactive thean 4-chloro xylenol and the ability of the
latter to form a T -complex in which the 802012 component
appears to have increased polarity would accelerate the
process of chlorination. Thus the increase in the second
order rate constants would be principally attributed to
the iﬁteraction of 4-chloro, 3,5-xylenocl with sulphuryl
chloride. '
Another interesting fact which has been observed in
the k2 values obtained from the above reactions is that
the second order rate constants from all the three

concentration of sulphuryl chloride in benzene were consistent
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at any one concenration of 4-chloro xylenol in the
reaction mixture (Table VII), while in chlorobenzene the
second order rate constants fell with the increase in
concentration of sulphuryl chloride in the reaction mixture
(Table VIII).

Evidently, the activity of the JI -complex formed
between 4-chloro xylenol and sulphuryl chloride is
diminished in a2 more polar solvent e.g.-chlorbbenzene,
although increased amounts of 4-chloro xylenol still
encourage chlorination even in a reaction mixture
containing large amounts of sulphuryl chloride (e;g. ~ 0.211).
This could be explained by a competition between catalysed
and non catalysed substitution taking place, with direct
(non'catalysed) attack becoming the main feature in the
reaction mixtures rich with sulphﬁryl chloride content.

The polarity 6f the solvent plafs its part in here but
despite this opposing factor to the activity of 7 -complex
and the slowing down of the reaction, the expected
accelerating bropé&y of the complei remains (Table VIII).

Similarly addition of 2,4—dichloro; 3,5-xylenol to
the reaction mixture of 3,5-dimethyl anisole (~0+3M) and
sulphuryl chloride (~ 0<1M) in the two solvents (beﬁzene
and chlorobenzene), showed a similar trend ie. the
increase in the second ordér rate constants with the increase
in the dichloro xylenol. Obviously this is due to a |
similar 7 -~complex formed between the dichloro xylenol and
sulphuryl chloride, though this would be less activating
than of 4-chloro xylenol. This is confirmed by the less
impressive increase in k2 values in this case (Table IX).
The 4-chloro xylenol however has more alternative reaction

pathways ie.



(a) it can form dichloro product.
(b) it can help dimethyl anisole to react with
sulphuryl chloride.
(¢) from (a), the dichloro xylenol could form its
N -complex and keep the reaction going at a faster
rate.
None of these processes are as favoured for the dichloro
xylenol.

The above study of M -complexes was extended to 4-
chloro, 5,5—dimetﬁyl anisole also and was done in chloro--
benzene (Table X). Here varying amounts of 4-chloro,3,5-
dimethyl anisole (which happens to be the major product of
chlorination of 3%,5~dimethyl anisolé (Chapter II))was
added to the reaction mixture of'3;5—dimethyl anisole
(~0+%ZM) and sulphuryl chloride (Alofﬂm). As expected,
hot a much noticeable increase in the second order rate
constant was observed when the quantity of 4-chloro,
3,5-dimethyl anisole, introduced to the reaction mixture,
was increased;

While 3,5-ditertiary butyl phenol Qas also found tb
‘form a JU -complex with sulphuryl chloride (Chapter II),
its nature was expected to be some what different than all
of W -complexes discussed already, because of steric
hinderance. The para position is the preferential
position in 3,5-xylenol and 3,5-dimethyl anisole, but the
main product of chlorination of ditertiary butyl phenol
was 2-chloro, 3,5-ditertiary butyl phencl, which once
formed would form a [ ~complex of a different stereo-
chemistry. Thus the addition of 3,5-ditertiary butyl
ﬁhenol would be expected to affect the reaction of dimethyl
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anisole and sulphuryl chloride in a different way.

The study was extended to the three concentrations
of sulphuryl chloride (ie., ~0+05,~0¢1 and ~0-2M) in
chlorobenzene, while 3,5-dimethyl anisole was maintained
to one concentration (~0+3lM). The quantity of 3,5-
ditertiary butyl phenol introduced to the above reaction
mixture was increased from ~ 0«01M to~0.15M as in the
previous studies. The increase of second order rate
constants with the increase of the'amount of 3,5-
ditertiary butyl phenol was more predominant aﬁ low
concentrations of sulphuryl ohloridev(ie.ﬂvO-O5M)‘and
dies down with its increase in the solution. Although
the rate of reaction was much higher at high concentrations
of éulphuryl chloride it remained consistent at all.the
concentrations of ditertiary butyl phenol, added to the
reaction nixture, suggesting that the %:-complex formed
between ditertiary butyl phenol and sulphuryl chloride
has a limited effect in a solution rich with sulphuryl
chloride., This is quite different to the observed
behaviour of the J[ -complex of 4-chloro, 3,5—xy1énol at
high concentrations of sulphuryl chlofide in chlorobgnzene,
where the impact of the T -complex on the second order
' rate constant, though lower than in the weak solutions
of sulphuryl chioride, firﬁly depehded on the amount of
4-chloro, 3,5-xylenol introduced in the reaction mixture
of dimethyl anisole and sulphuryl chloride. In this case,
however, the variable amounts of ditertiary butyl phenol
present in the reaction mixture do not affect the second
order rate COnSfant at high concentrations of Sulphuryl

chloride. Therefore diméthyl anisole is expected to



undergo mostly direct substitution.

DIMERIZATTION :

In all reactions of sulpﬁuryl chloride with poly-
methyl phenols small amounts of producté were found
which did not contain chlorine. They appear to be dimers
of the original phenol. Méss spectrometery and proton
n.m.r. suggested the following structures for the products
obtained from %,5-xylenol, 2,3,5-trimethyl phenol and
2,3,6—trimefhyl phenol.

from %,5-xylenol:

CH

CH

from 2,%,5-trimethyl phenol:

4635)5 ' (CH

(2)



from 2,3%,6-trimethyl phenol:

CH
A
|
0—C
b
OH CH3
(3)
(G305 om
. |
oF (CH)
(#) =

The oxidative coupling of phenols is a well known
précess. It is usually thought to involve phenoxyl
radicals although structures (2,4) suggest attack by the
carbon radical upon the parent phenol. Although the
main reaction between.sulphuryl chloride and these phenols
seems to be a heterolytic process, the incursion of
" homolytic processes involving for instance chlorine atoms
is well known for reactions involving sulphuryl chloride
and represent a side reaction which is observed under
almost any reaction conditions. It seems that such
dimerization reactions reflect a small contribution by
such a homolytic process which does not invalidate over

general arguements for conditions.
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CONCLUSION :

e e e

The formation of the Jl -complex during the reaction
of 3,5-xylenol and sulphuryl chloride is the main feature

and the reaction may be summarized diagrammatically as

follows:
OH | OH
+ 80,01, —>
H.C CH H.C
5 5 5 c1
c1* -503 01
(1>
/ 2) \
ol
01 o c1
) H cH
3 5 50 %3
.0l c1
+ -
C1*-505C1

(1) might react with xylenol molecule at high availability
of xylenol.

(2) might further chlorinate to give dichloro xylénol.

(3) might undergo further chlorination or react with
xylenol or 4-chloro xylenol thus ensuing the process
of chlorination.

A1l the stages of reaction mentioned above are affected
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and guided by the polarity of the solvent (benzene, chloro-
benzene and Q—dichlorobenzene) and by the concentration of
xylenol in the reaction mixbure.

The electromeric effect in the xylenol molecule thus
making oxrtho and para positions compardtively rich with
the electrons at the time of the approach by molecular
sulphuryl chloride might also be responsible for existance
of sulpﬁuryl chloride as Cl+—552—01, This fofmation of
electrophile might also be due to the J -complex formed
between 4-chloro xylenol and sulphuryl chloride which then
could provide the attacking sﬁecies and explain ifs high
reactivity.

The polarised sulphuryl chloride molecule would be
much-more reactive than a sulphuryl chloride molecule
whicb has not yet undergone the much needed inicipient
heterolysis t§ form 51_552-01 and thus can attack other
xylenol or 4-chloro xylenol molecules at a higher rate.

As it has been mentioned, the phenolic -OH bond does
not seem to be broken during the reaction (determined by
infra red spectrum of the reaction mixture of 3,5-xylenol
and sulphuryl chloride at intervals). This would preclude
the possibility that the following sequence is involved

in the mechanism of the reaction.

OH : 050201

OH

+ S0,
H30 CH
Cl
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Moreover the previous sugrestion would not fit well
with the observed formation and activity of the U -~complex
it seems right to suggest that 7 -complex helps to
polarise the attacking species peossibly via the chlorine
at para positions or the I electrons of the aromatic
systems.

The rate determining step must be the simultaneocus
inseftion of chlorine at ortho and para positions and
breaking of the C-H bond as-was shown by the kinetic study
of 2,4,6—D3~5,5—xy1en01 and its comparison with 3,5-xylenol.

The general mechanism of the reaction of a phenol
with sulphuryl chloride could be more digestibly ﬁresented
by the reaction profile givén below which plots the

energy of the system against the reaction co-ordinate,

!

\_ ,
w-complex
ArOH and

50,01, I

\

Bk HC1 + SOE

Reastion co-ordinate



With the approach of the electronhile molecular
sulphburyl chloride the bond.01502~—gl would become much
more polarized (by induction) and larger, and aﬁtack the
electron abundant para position created by means of
various effects (mesomeric, electromeric etc.) at the
time of approach by the electrophile. The first
transition state could have the molecule of phenol and
sulphuryl chloride partially bonded at the para position.
The activation energy of the forward reaction would
depend on the stereochemistry of the two molecuies and the
dipole created in the phenol molecule (aé it is this charge
distribution which could encourage or discourage the
strength of the bonding with the electrophile). This
could also effect the stability of the intermediate and to
a little extent the rate of reaction. The second
transition state is suggested to be Ehe rate determining
step, as here hydrogen'can break away from carben and
chlorine would be installed in its place. |

| In case.of 3,5-xylenol the JU -complex formation between
the xylenol and sulphuryl chloride would be an important
feature (as shown in the reaction profile). The complexes
of 4~chloro xylenol and 2,4-dichloro xyleﬁol with sulphuryl
chloride would be comparati&ely stable than of %,5-xylenol
due to their decreasing reactivity. Here the first
transition state is expected to be attained much more
quickly due to the high reactivity of the J{ —complexes.

In the kinetics of 3,5-dimethyl anisole and sulphuryl
chloride in presence of 4-chloro xylenol, again there

would be two transition statese.
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3,5~xylenol

ArOH =
DMA = 3,5-dimethyl
anisole
...... = No added ArOCH

a = T -complex of ArOH-S0,01, & DMA
b = T-complex of DMA-802012

OCH3

H,C !i ‘CH5

5 Ccl
+ HC1 + 802 + ArOH

'302012 + ArOH H,C 0 q

+ DMA . 3 H Cc1l

Reaction co-ordinate

Here both dimethyl anisole and chloro xylenol would
form 7f~complexes with sulphuryl chleride, As knovn by'
the kinetic study, it would be the complex of 4-chloro
¥ylenol which would help to éstablish the second
transition state at a quicker rate and thus affect the
overall. second order rate constant of the'reaction. The
intermediate would have hydrogen and chlorine both
bonded to the para position of the dimethyl anisole
molecule and breaking of C-H bond would be enhanced by

the YF-compiex as shown in the reaction profile.
STRUCTURE OF JU -COMPLEX:
The u.v. study of the -complex formed between the

two reactants was not a great help as far as its structure

3
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was concerned, and was merely evidence of its formation
due to its characteristic absorption. The n.m.r.
spectroscopy was thus used (Chapter II) and gave some
information regarding its structﬁre.

The n.m.r. spectrum of 4-chloro, %,5-xylenol and
sulphuryl chloride in benzene showed the two —CHB‘groups
(originally equivalent represented as a singlet at 216
P.P.l.) a&s unequivalent at 2.08 and 2-28p.p.m. Expansion
of the two signals showed them to be further coupled.

The phenolic -OH group remains unchanged at 4-13p.p.m. The
aromatic protons (ie. 2-H and 6-H) appear down field at
6°56p.p.m. The uncomplexed 4-chloro, 5,5-Xylenoi present
in the sample showed the two equivalent --CH3 groups and
aromatic protons at 2¢16 and 6-28p.p.m. respectively.

A mixtur9 of 3,5-xylenol and sulphuryl chloride in
benzene showed the two —CH3 groups, chahging in nature.
While the n.m.r. of a mixture of 3,5-xylenol and 4-chloro,
B,Séxylenol in benzene did not show any inter-action
between the two molecules. |

This suggests that sulphuryl chloride is lying on
the planer moleéule of xylenol in such a way that the two
-:-CH5 groups are made unequivalent. The aromatic protong
are also affected and could be in the process of making
the dichloro product. The I -complex could also be the
begining of the dipolar character in the electrophile

+ -
as Cl—SOz-Cl.
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To explain the foregoing arpuements, the following

structure can be suggested for the complex.

A sinmilar struct&re can be suggested for the
7 -complex formed between 3,5-ditertiary butyl phenol and
sulphuryl chloride. The uncomplexed phenol showed the two
equivalent —G(CH3)5 groups at 1.26p.p.mn. while the
complexéd phenol gave the signal at T-48p.p.m. Which on

expansion was found to be coupled.



CHAPTER IV

TABLES
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Kinetics of the reaction of sulphuryl chloride with some

phenols in chlorobenzene at 25.03.

Phenél

3,5~ditertiary
butyl phenol

2,4-xylenol

2,6=-xylenol

24,3,6-trimethyl

phenol

24345-trimethyl

phenol

Molarity
of phenol

00972
0-1992
0201

0-1258
02445
0+1994
0-1283

0+207
042015
0-01074

0-09868
0-2
0-09%8

0-1
0.1998
0-2

Molarity
of

sulphuryl

chloride

00791
00435
0087

0-087

n

0-0435

1

0-087
0-0435
00435

0087

1"

0-0435

0087

1"

0+0435

ko
(qu sec.”™ )
7.95 *  .o4x107°
6.00 £ .03x1072
7.6  E  .06x10™°
2.62 *  .002x10~"
2.053 £ .01x10”*
1.69 *  .o1x10”7
2.8 *  .o1x10~F
1.488 £ .0003x10~%
1.3 * 00110~ H
2.135 £ -1x10™*
3.86. & «007x10™7
4.9 £ .osx107%
4.72 * .o15x10”t
3.1t  .o5x107Y
5.86 *  .003x107*
3.327 £ .0008x10™°



TABLE IT

Kinetics of reaction of sulphuryl chloride with 545-

dimethyl anisole in benzene at 25~6E.

Sulphuryl chloride 5,5~dimethy1 k,
(M). anisole (M) (M-1 Sec‘-q)
o.o75§ 0.3 | 2.6t .o1xi07H
" 0-312 »2. z5 * .02x10™%
" | 05 1e346 E 01x107
0:1 0+ 114 1096 % .01x10™"
" | :o;gop 2-19§ *£.007x10™"
. ) 0-4987 1.21 *-009x10~*
0. 1478 | 0-30% 1.784 * 02x107F
" 0-09938 14752 .01x10~%
" 0.5 | 1.6 *.006x107%
0-1987 . 0-09487 102 *e001x10~F
| 4

0+2029 02025 14832 £ .01x10”



TABLE TTIT

Kinetics of reaction of sulphuryl chloride with 3,5-

xylenol in benzene at 25-6&

Sulphuryl chloride 345=xylenol Xn
(1) (1) CM‘/| sec.'q)
0+09798 0+02439 9-01 % .06x1077
y 0+05448 1.16 £ .01x107"
" 0+ O4O4T 6:52 % .08x107
" 0-107 1419 £ 001107
" 01 1.176 £ .007x10™%
n 0197 1.575 £ .003x10™*
0+0987 0-242 qens * Lo5x10™F
0-09398 02573 1.652 £ .001x10™Y
n 0+307 2.20 % .o5x107*
n 044108 2.2 £ .06x107H
00999 0-408% 2.729 * .008x10~4
01 0okt ozt

3422



Kinetics of reaction of sulphuryl chloride with 3,5-xylenol

TARLE IV

in chlorobenzene at 25-62,

Sulphuryl chloride
(1)

0.0914:2

1

0+ 09k

0.09142
"
0.0979
0.0%
0.1028
09169
0.09142

1!

0.0917

3 45-xylenol
(1)

'0-0264
0.05
0.0506
0.1022
0«1
0.15

.~ 0.1505
01976
0.2008
02577
0.2465
0-3996

04012

3257
367
2.0l
50258
573
5867
701
7+65

7+63

C 1132

8.6

1.2
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I+

Iz
=D
(="

sec.'q)

I

1+

« 02107
I

1+

«09x10™

.05%10~F

t Loox10~"

*.005x10~%

. 00nx10~

*.006x10™"
* .02x10
*.0o4x10™%
’-'-3-002:{’[0-3

*.00%x10

*.002x10~2

* .01x10™2

=4
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TABLE V

Kinetics of reaction of sulphuryl chloride with %45~

xylenol in o~dichlorobenzene at 25.63;

Sulphuryl chloride
(M)

0-09302'
0103
0-09302

n

01001

1

n

009302

345=-xylenol

(1)

0402342

00259

0- 04963

004613

010248

0-107

041506
02003
0-2506
0.2376
0.258

04403

152

Yin

—

(M"j sec.“q)

6+388 T +06x10™7

6.892 * <02x10~%

6784 t.009x10™*

7.214 * .oux10~Y

1.2 £.002x1072

1+

1316 % .02x10™?

1026 * .05x1077

1+

«06x10™2

1+

1403 * .02x10™2
+ -3
2.51 *.009x10

1.522 *.008x10™7

1.57 % .06x10~2
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TAETS VI

Kinetics of reaction of sulphuryl chloride with 3,5~-xylenol

in mixed solvent at 25.6%.

Solvent Sulphuryl 3,5~

chloride xylenol ‘EQ
(1) an - (M’q sec.™
10% chlorobenzene 0.0252 . 5.03 * 41077
+ 0-09222 -{0-1005 1.666 £ .02x107"
90% benzene 0-2494 2.0 £.003x10™F
20% chlorobenzene 0:02518 1.1 % .o1x107H
. 0:09222  {0-1063 1.76 *.009x10™"
80% benzene 0+ 251 20l i-001x40‘4
140% chlorobenzene 04026 3.368 £ .02x10
' 0-09222 041013 3555 * -0ux10™"
50% benzene ' .251%3  4.173 % 0110~
50% chlorobenzene | 0.02557 1.82 % -01x10”F
N 0.0901 0.1024  3.665 * «01x10™
50% benzene - 2513 4048 = «01x107
60% chlorobenzene 0-02872 2447 E L07x10” "
+ 0- 09222 041002 477 * ouz10”*
40% benzene 0.2505 G.4 X -OBx’lO"4
80% chlorobenzene 0.0269 9.1  *.002x10~%
+ 0+09222 -§0-1076 6.25 % .01x10™
20% benzene 0.2503 8.658 & +05x10
90% chlorobenzene | 0+2545  g8eou7 E -1x10—4
+ 009222 0+1008 6677 = .02x10™"
*.005x10™2

10% benzene O 2519 1.68
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TARLE VII

Kinetics of reaction of sulphuryl chloride with %,5-
dimethyl anisole in presence of 4-chloro, %,5~-xylenol in

O
benzene at 25.0c. .

Sulphuryl %4,5=-dimethyl Yf4~chloro,?,5- _32

M) anisole (M) xylenol (M) (M‘q sec.7)
0-05 04306 0.0115 4.916 * .01x10™7
: 0-30 0-049 11+ .oexio™t
" 0291 0-1 1097 +006x10™"
" 0-302% 0151 1425 +-001x10
0+09705 0.3 0-0144 7.736 t .02x1077
n L 0.%02 00549 9.22 % +09x1077
: 0-292 0.1 1.027 t-ommo‘4
no 0+305 0.152 1172 +.002x10™"
02006 0-288 0-0089 5.37 * +06x107°
n 0.3 0047 7.478 t .01x107°
"  0.293 0.1002  9.846 * .05x1077
| n

" 0« 30804 " 0.148 " 1176 £.001x10”



TARLE VITT

Kinetics of reaction of sulphuryl chloride with 3%,5-

dimethyl anisole in presence of 4-chloro, 3,5-xylenol in

chlorobenzene at 25-66.

Sulphuryl
chloride

(M)

0+ 05

n

3,5=dimethyl

anisole (M)

0- 30853
Qe 30157
0+ 3043
0+299

0. 2974

0-3056

0.3045
0-3035
0207
0.316

0-203

0299

-

4~chloro,3,5-

xylenol

(1)

0+ 0106
0+ 05
0+1056
0-1524
0.012°
0048
01064
0-152‘
001
0.05
0«1

0415

©5-589

648

1+ 1+

i+

sec._q)

s
«01x10™"

002x10~ %

-Olbc’lO—4

008x10™"

0tx10~"

.02x10~"*

.02x10~7

002x10™7
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TABLE TX

Kinetics of reaction of sulphuryl chloride with %,5-
dimethyl anisole in presence of 2,4-dichloro,3,5~

*
xylenol in benzene and chlorobenzene at 25-63.

Sulphuryl  3,5-dimethyl  2,4-dichloro .
X
chloride anisole (M) 3,5-xylenol (M"q sec._q)
(M) (M)
| i |
00868 02086 00102 835 E 4x107°
m 10-2983 0-05 649 % .03x1077
n 03015 0+10071 61461 £ .01x10~2
n 0-3027 01505 9.623 * .0ux10"7
* + o =t
009977 03015 0«0103%3 %03 <«000x10
n 0-3%052 0-0489 3.40 E .02x10~*
" 0-3056 0+1002 3005 * .01x10™F
n 0+3078 0+1506 5.880 * .02x¢10™t



o
TABLE X

Kinetics of reaction of sulphuryl chloride with %,5-
dimethyl anisole in presence of 4-chloro, %,5-dimethyl

anisole in chlorobenzene at 250c.

Sulphuryl 3,5-dimethyl 4~chloro,?,5-

chloride anisole (1) dimethyl k,
(M) anisole (M) (M"“i sec.” )
1
0+0997 0-3022 0+0159 3.066 = +02x10~"
n 0°3 0-0474 o145 * «006x10™"

" 043069 0.111 - 5.075% .02x107*



TABLE XI

Kinetics of the reaction of sulphuryl chloride with 3,5-

dimethyl anisole in the presence of 5;5~ditertiary butyl

phenol in chlorobenzene at 25-0%.

Sulphuryl

chlori@e

(M)

0-05141

1

0+ 2056

4

3,5-dimethyl

anisole (M)

0-2999
0302

0+32008

. 03071

03024
02977
0+3%01

0+3082
0-3076

0+3016
0+ 3045

03182

- butyl phenol

(1)
0-011
0-0508

0-1014

0+154 -

00097
0-053
0+102
0+15
0.0123

0.0523

0-103%

0.14

3,5=-ditertiary

k

-2

(1~

55

407

o2uk

5.047%

1+

43

n
.
O
N

I+

=
*

(00]
1+

o))
*
N
1+

5.67 %

I5~878i

5127%

1+

« 0410
+03x10
-Oﬂxﬁo
-Oﬂxjo
«01x10
«01x10
+03x10

«006x10

*06%10

«01x10

-4

-4

-4

i

-4

-4

"

-4

"

-4



TABLE XTI

Comparision of the kinetics of reaction of sulphuryl

chloride with 3,5-xylenol and of sulphuryl chloride

with 3,5~D5—xylenol in chlorobenzene at 25-63.

Sulphuryl 345=-xylenol
chloride
1) (M)

0«05
009142

Qe
009142

0.2008
0.1028

5,5—D5“
xylenol

(11)

0+0499

0.0999

0.2001

W
*
o
3

322

5475

542

768

Lo

(M"/I sec.-q)

I+

I+

«03x10™

*.005x10”

I .01x10”

*.004x10”

6.649 I .01x10”

«09x10”~

i

4

n

L

I

Y



TABLE XIIT

Comparision of the kinetics of reaction of sulphuryl
chloride with 3,5-xylenol and of sulphuryl chloride
with 3,5-0D,xylenol in chlorobenzene at 25-6%.

Sulphuryl 3,5-xylenol  3,5-0D k

ko
chloride (11) () xylenol (M) @~ sec.™™)
0-05062 | 2.048 £ +05x10~
0.094016
0;05056 3.958 *.006x10™%
0-1022 5.02 * .o2x107*
0-094016
0+ 6+ 542 <.009%10™%
0-1976 n.66 * .o2x107H
0-094016

0.2 ©1.0%5 *.001x10™2
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"Exanple of experimental results for kinetic study of

reaction of 3,5-xylenol withAsulphuryl chloride in

o
benzene at 25.0¢

S02012 =

3,5-xylenol =
t (secs.) VI2(mls.)
324 0.02
623 0.805
o3 1.02
1233 119
1530 1305
1798 187
2124 1625
2483 179
2830 197
Mean k, = 2:20 2

Mean k, (graph)

0. 09%98 M

0-301% 1

k>

log b-x/a_X (M’q sec._q)

0.5258 1.988x10
0+5320 2.139x10
0.5%95 2.296x10
Q5454 - 2287x10
0-5496 T 24148x10
0+5558 24211x10
045617 2+180x10
0+ 5681 2+151%10
05724 - 24173%10
-05x10™F

- 2-166x10™"

-
-4
-4
-4
-4
-4
-
-4
-4
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