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ABSTRACT

Second order rate constants of the reactions ofl tosloride with p- substituted phenol(s) and tigamine in
acetone / acetonitrile under equimolar conditions @etermined. The reaction follow second ordezrall and
first order with respect to each of the reactanis substrate and nucleophile. The rate constaplt liflave been
determined by conductometric method using Guggentprinciple at four different temperatures.Theera
constant increases for electron with-drawing suhstits and decreases for electron donating sulestituin the
nucleophile. Activation parameters are obtainedapplying the usual methods. The Hammett and Brdrsiats
have been found linear. This may be explained enbthsis of electronic effects of substituents atrémaction
centre. Kinetic data and product analyses indic#iat the reaction proceeds through a synchronougctli
bimolecular nucleophilic attack on the sulfur centr

Keywords: Kinetics, nucleophilic substitutions at sulfusubstituent effects , sulfonyl transfer reactions.

INTRODUCTION

Nucleophilic substitution reactions of sulfonyl otitles are well known for making sulfonamides, cuilé acid

esters and other sulfonic acid derivatives. Soméede products, notably those sulfonamides knesasulia drugs,
are important in themselves, while others are uskfiermediates. Certain sulfonamides are used #kem
sulfonylureas such as tolbutamide and tolazamid@chware widely used as drugs for non- insulin deleat

diabetics[1]. Sulfonyl transfer is an important ctieal modification of enzymes[2-3]. Aromatic sulfgrchlorides

find applications in the synthesis of ligands favel catalytic processes and in radical reactidghgictional

aromatic multisulfonyl chlorides have been showrbéovaluable intermediates for the preparation ofecular

receptors with high and unusual selectivity[4]. &ligs is concerned with the rate reaction,the erfae of various
conditions on these rates and mechanism by whielaction occurs.The subject of chemical kinetiogecmot only

reaction rate but also covers a wide range of ssphich includes empirical studies of the effeofs

concentration,temperature,pH, solvent etc., onti@aof various types[5-8].

Arylsulfonyl halides are convenient model compourfiols experimental investigations of different nupéilic
processes at sulfonyl sulfur[9-10]. The reactivafytosyl chloride has been ascribed to a polarcefife which the
electron with-drawing Cl induces an electron defiti centre at the tetra co-ordinated sulfur atordihg the
halogen atom, thereby, facilitating the approach oficleophile towards the sulfur atom.
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Much work has not been done on the organic compogndtaining the reaction of another activateddealat a
tetra co-ordinate sulfur in the side chain of aonaatic ring, which is found to be a good substfatenucleophilic
substitution reactions [9, 11-13]; However, Banjo&nd Okwuiwe have reported the kinetics of nucldaph
substitution reaction of sodium benzoate(s) withZzemesulfonyl chloride in methanol[10]. They comigd that the
substitutions at sulfonyl sulfur would take pladeough the § mechanism. The kinetics of nucleophilic
substitution reaction absyl chloride withp-substituted benzoic acid(s) and triethylamineproic  solvents were
reported in the literature [14]. We have also maithailar investigation on the reaction of tosyl dfide with p —
substituted phenol(s) and triethylamine in acetoh ACN with a view to study the substituent effen the
nucleophile and the solvation behaviour of thedeestts. We report here our findings on the titlaatéon.

The reaction of tosyl chloride withrsubstituted phenol(s) and triethylamine in acetdnrACN were studied under
second order conditions, according to the followaggation.

ﬂ
_Qﬁ_0| +| OH —— X + NEt

_/\So@x

X =p-NO; p-CN, p-Cl, p-Br, p-F, p-I, p-OCHs
Rate = K[CH3C6H4SOZC|][D-XC6H4OH 'NE%]

MATERIALS AND METHODS

Materials:

Tosyl chloride(TsCl)p-substituted phenolp{XCsH,OH), triethylamine(NEJ), acetone and acetonitrile (analytical
grade) were purified before use by either recrijseion (or) distillation until their physical cetants (melting
point/ boiling point) agreed with the literaturdwas[15-16].

Kinetic Measurements

The equimolar solutions of tosyl chloride (25 mLQ®5 mol dnT) andp-bromophenol - triethylamine mixture (25
mL, 0.025 mol drii) in acetone were prepared separately. The comnityatiell was rinsed with conductivity water
and then washed with acetone. A flat bottomed hgitest tube with B-24 ground joint containing awm volume
of solution (10 mL) of TsCl (0.025 mol dfjand a magnetic stirring bar and a flask contajrilre mixture ofp-

bromophenol - triethylamine (0.025 mol djnin acetone were kept in a thermos.:. 0.1°C) under 303K for
about an hour. After attaining the thermal equilibr, the conductance of the solution of TsCl andmlO of the
mixture of p-bromophenol - triethylamine was added and condwetavas measured. The solution (10 mLpof
bromophenol - triethylamine was pipetted out itbh@ boiling tube containing TsCl (10 mL) solutiomda
simultaneously a stop watch was started at the &ibwait half addition from the pipette. The conddtticell was
immediately placed in the reaction mixture and ¢baeductance readings were noted as soon as possiide the
reactants started to react very quickly. Speciddyised water-powered magnetic stirrer has beed tesstir the
reaction mixture continuously during the measurdanm@fnconductance[17]. The conductance was measated
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convenient intervals of time (minutes) until thacgon has been completed i.e., a period when stannvalue for
the conductance was obtained. Second order rastaran(k) was deducted from the following special integtdate
equation[18] which was derived from Guggenheimiggiple[19] as explained elsewhere.

Xz-xl = szo[tlx1't2X2]'k2waw[tl-t2]
Where

X, = Conductance at time t

X,= Conductance at timeg t

X, = Conductance at timg t

k, = Second order rate constant

Co =Initial concentration of the reactants

According to this equation, the plot of £XX;) against — X, - t; X,) should be a straight line. From the slope, the
second order rate constard &n be calculated by the method of least- squaredysis ( LSA). A similar
experimental procedure was followed for the samaetien in ACN and for all othgs-substituted phenols- NEbn
TsCl in acetone and ACN. We have repeated the ampats for two times and the value gf was found to be

reproducible © 3%).

It was observed from the control experiments thidtee the conductance of the solution of tosyl didle with p-
substituted phenolsr triethylamine did not increase with time in aoet / ACN. It indicates that ions responsible
for conductance are not liberated from the abouatisn.

The activation parameters were calculated fromaatiesquares treatment of a plot of Wi} against T[20]. The
Hammett and Bronsted slopes, their correlationfaefts were calculated by a least- squares treatrof log k
versusc, or pK, [10].

Product Analyses

Equal volumes of equimolar solutions of tosyl chder (0.238g, 0.05 mol dff) 25mL) and a mixture of-
bromophenol and triethylamine (0.108-0.063g, 0.08l mim® 25mL) in acetone were mixed under kinetic
conditions and kept overnight at about 303K. Thgstalline solid formed was filtered and evaporafEhis solid
product was washed well with acetone [ yield 5290§6g), Mp:252-254°C (lit[21] mp 254-256°C)].Thiayer
chromatography tests on this solid, using methasolan eluent showed a single spot. The solid ptodas
identified as triethylammonium chloride. The filkawas completely evaparated in vacuum to get wesidrhich
was dissolved in diethyl ether and dried over anbiys NaSQ,. The solid was thrown out .It was filtered offfda
tested by TLC using chloroform as eluent and alsisgot was obtained. The solid product was reatiztd from
toluene [ yield 67% (0.175g), Mp:188]. The product was identified as (4-bromophenyihdthylbenzenesulfonate
(Figure. 1) from IR(FT) andH and *C NMR(DMSO-d6) spectral data. IR: 307 C-H (aromatic),1167 S-O
(sym),1364 S-O (asy),54i C-Br(aromatic),735,666C-S,2961 C-H (aliphatic),848 S-O-C cnt. *H NMR (300
MHz,DMSO-d6)5 2.39(s,3H), 6.99(d, J =9.0Hz,2H),7.46(d, J= 8.A2H),7.57(d, J =8.7 Hz,2H),7.74 (d, J
=9.9Hz,2H) ppm**C NMR (75 MHz, DMSO-d6)}i 148.2,145.9,132.9,131.0,130.2,128.2,124.3,120.D23m.

o\S//o
/

(4-bromophenyl) 4-methylbenzenesulfonate
Figure. 1

Similar procedures were followed for othesubstituted phenol(s)- NEp-NO,, p-CN, p-Cl, p-F, p-1, p-OCHs) on
tosyl chlorideand identified the products by TLC and IR(F¥B, and °C NMR(DMSO-d6) spectral data as (4-
nitrophenyl) 4-methylbenzenesulfonate, (4-cyanophen4-methylbenzenesulfonate, (4-chlorophenyl) 4-
methylbenzenesulfonate, (4-fluorophenyl) 4-methghnzenesulfonate, (4-iodophenyl) 4-methylbenzenesate
and (4-methoxyphenyl) 4-methylbenzenesulfonateaetsgely.
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RESULTS AND DISCUSSION

Concentration effect

The rate constant for the reaction of tosyl chlendth p-substituted phenol(s) and NEh acetone / ACN has been
determined by the conductometric method under wagry@gquimolar concentrations at 303K, (Table 1).Hsw
observed that the rate constants were almost atrfstadifferent equimolar concentrations of egebubstituted
phenol(s)- NEf on TsCl. The rate data indicates that the readtic@@cond order with respect to the whole and firs
order with respect to each reactants.

Table 1 Second order rate constants for the reactioof TsCl with p-substituted phenol(s)- NE§ in acetone / ACN at different
concentrations at 303K

_ kz
Substituent x| [TSCII= [p'xlch"SH‘N Et] dm’molmin
mol dm Acetone | ACN
0.01 40.77 159.10
0.015 41.23 159.84
p-NO, 0.02 41.55 160.25
0.025 42.19 160.74
0.03 42.76 161.60
0.01 50.15 201.75
0.015 50.96 202.36
p-CN 0.02 51.86 202.94
0.025 52.65 203.24
0.03 53.16 203.84
0.01 20.63 120.75
0.015 20.86 120.95
p-Cl 0.02 21.85 121.25
0.025 22.16 121.64
0.03 22.96 122.96
0.01 15.27 90.75
0.015 15.68 91.16
p-Br 0.02 15.94 91.55
0.025 16.05 91.73
0.03 16.74 92.15
0.01 30.73 145.65
0.015 30.90 146.23
p-F 0.02 31.05 146.57
0.025 31.78 146.69
0.03 32.05 147.83
0.01 10.59 60.66
0.015 10.85 62.45
p-l 0.02 11.20 63.77
0.025 11.97 64.86
0.03 12.20 65.93
0.01 6.25 51.63
0.015 6.55 52.75
p-OCHs 0.02 7.10 53.87
0.025 7.89 54.63
0.03 8.36 55.78

Table. 2 Second order rate constants for the reaatn of TsCl with p-substituted phenol(s)- NEf in acetone / ACN at different
temperatures

ka
dm’mol™min’?
Acetone ACN
288K | 293K | 303K| 313K 303K 313K 323K 333K
p-NO, 12.65| 20.89| 42.19 94.6( 160.75 321,35 650.7 1540.8

Substituent X

p-CN 14.79| 23.15 52.6% 116.75 203.25 410.5 835.609516
p-Cl 6.75 | 10.96| 22.1 52.14 121.65 2493 550.6  B25%0.
p-Br 5.30 7.65| 16.0§ 38.3§ 91.78 185/6  380{96 770.85
p-F 8.59 | 14.85| 31.7§ 75.26 146.69 30586 680.74 B4p5
p-l 3.45 550 | 11.97 28.95 64.86 136.58 279|95 608.50

p-OCH; 225 | 357| 7.89] 18.65 5463 11506 238/96 486.75
[CH3CeH4-SO-Cl] = [p-XCoHsOH-NEg = 0.025M (X = p-NQ, p-CN, p-Cl, p-Br,p-F, p-I, p—~OCH
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Effect of substituents

The reactions were studied at different temperatureacetone / ACN (Table 2). The substituent ¢féecthe rate
constant shows that the reaction rate depends @reldctron density on the oxygen atom of fheubstituted
phenol(s)- NE{: electron with-drawing groups enhances the rabéle electron donating substituents decreases the
rate.The reactivity order of the substituents ienadl- NE§ is p-CN > p-NO, > p-F > p-Cl > p-Br > p-l > p-OCH,.
Electron with-drawing and electron donating groimpthe nucleophileg-XCgH,OH-NEL) in ACN medium show a
higher order of the reactivity than the acetoneiorad

This order of nucleophilic reactivity in ACN may lexplained on the basis of the relation betweerncibas
polarizability of p-substituted phenol(s)- NEsolvation and the charge on the sulfur atom ofléds in the TS[22].
Electron attracting sulfonyl group induces the pakbility on S-Cl bond. This may facilitate theua$ backside
attack by theg-XCgH,OH-NEL). The residual positive charge on S atom may tedte strong interaction with the
phenoxide anion.This may cause for the loweringe ¢hergy of the TS,which in turn increases the. rates
interaction may depend on the basic strength ohgkide anion and the magnitude of solvation by ACNe less
basic phenoxide anion will be solvated less. Thius,order of reactivity of phenoxide anion fallstive order of
basic strength. The hydrogen bonding interactidwéen acetone and unionized phenol(s) as wella3 $may be
the factor for the variation in the reactivity.

A comparison of our results with those of the rimaciof benzoic acid(s)-NEton tosyl chloride [14] shows that
phenoxide ions react more fastly than benzoate imsphenoxide ions are stronger nucleophiles enzoate ions
[23]. This may be due to the less nucleophilicityte triethylammonium benzoates.

Table 3 A comparison of second order rate constantsf reaction of tosyl chloride with variousp-substituted phenol-triethylamine
complexes at 303 K

[TSCI]= [p-XCeH4OH-NE%] = 0.025mol drr?

ko
Phenols pKa| dm’mol'min® Relative ratio of rate constan{s
Acetone | ACN
p-Nitrophenol 7.15 42.19 160.7p 1:3.8
p-Cyanophenol 7.74 52.65 203.25 1:3.8
p-Chlorophenol 9.38 22.16 121.65 1:5.5
p-Bromophenol 9.35 16.05 91.7 1:5.7
p-Fluorophenol 9.95 31.78 146.69 1:4.6
p-lodophenol 9.30 11.97 64.8¢ 1:54
p-Methoxyphenol| 10.21 7.89 54.638 1:6.9

We have attempted to compare the reactivities $fl tohloride with variousp-substituted phenol-triethylamine in
these solvents viz., in ACN (highly dipolar apraimivent), and in acetone (moderately dipolar apsiilvent). The
k> values along with pKand relative ratio of rate constant values ine¢hs&svents are given in Table 3.

The high reactivity in ACN is due to anion desoleaf24-25], which increases the nucleophilicitytbé phenoxide
anions. In ACN the phenol-amine complex can exssadight ion-pair and is in equilibrium with théssbciated
ion-pair.

p'XC6H4OH + NEg _—> p-XC6H40_...HN+Et3 A p'XC6H40_ + HN+Et3
(X = p-NO,, p-CN, p-Cl, p-Br, p-F, p-I, p-OCHy)

In general,the increase in pikalues of the-substituted phenol(s)- NiEtomplex decreases the rate constants both
in acetone and ACN medium. Among the halophenbisrihe is most reactive than other halo analogshé case

of nitrophenoxide ion because of resonance staitiitiz, negative charge in ‘O’ is delocalized to Nfpoup. Hence
less reactive than cyano analog. Eventhough nigephis more acidic than cyanophenol.

Activation Parameters

The activation parameters are listed in Table 4tivAton parameters have been evaluated by thelusua
methods[22,26-27]. Experiments were conducted férdint temperatures (288,293,303 and 313K in aeetnd
303,313,323 and 333K in ACN) and corresponding datia obtained and the values of activation parars€E,

AH?, AS" andAG") were calculated based on Eyrigquation[28-29].The linear plots of In, (kT) against the
reciprocal of temperature were made as per thenggréquation (Figures 2,3).

k=ksT/h * e**RT

88
Pelagia Research Library



Nagarajan Vembuet al Der Chemica Sinica, 2013, 4(1):84-95

5
. r =0.9¢9 ——p-NO2
i —8—p-CN
3 4 —A&—p-Cl
3+ In(ﬁ) p-Br
T 21 —%—p-F
1 A —o—p-|
—6—p-OCH3
O T T T
3.003 3.0959 3.1949 3.3003
Lkt
T )
. . ko 1
Figure. 2. Eyring’s plot of In ? versus? in ACN
4.5
4 - ——p-NO2
3-2 I —#—p-CN
5+1n[X2) 25 p-Cl
T 5 . p-Br
1.5 *—p-F
1 —*—p-l
0 L) L) L)

3.1949 3.3003 3.413 3.4722

Lk
=

. . ko 1
Figure. 3. Eyring’s plot of In ? versus? in acetone

Table 4 Activation parameters for the reaction of BCI with p-substituted phenol(s)-NEt in acetone / ACN

Substituent Ea AH” AS AG?
X KJ mol* | KImol* | Jmol'K? | KJ mot*

-NO, 62.79 60.19 14.82 64.82
(59.24) | (56.64) | (20.21) | (65.56)

61.81 59.21 10.34 62.44

P-CN (59.11) | (56.51) | (24.91) | (64.30)
o 6526 | 6266 | 1251 | 66.57
(60.10) | (57.50) | (32.09) | (67.54)
oor 5044 | 5684 | 4.8 58.34
(59.29) | (56.69) | (7.24) | (58.95)
. 6529 | 6260 | 2248 | 69.72
p 63.93) | (61.32) | (27.93) | (70.06)
| 6297 | 6037 | 1071 | 63.72
p 6212) | (5952) | (16.74) | (64.75)

-OCHs 62.86 60.26 5.62 62.01
P (60.98) | (58.37) | (12.82) (62.38)
Values in parentheses are for acetone
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The entropies of activation are negative as we @rpefor nucleophilic bimolecular reactions. Thghhnegative
AS’ observed with respect to all the substituents istlgupport the operation of “electrostriction” ihese
compounds pointing to more polar TS.The averagaegaivere -20.28 in(acetone) and -11.60 in(ACN) J'&d
respectively. The difference in the values of gmgroan be explained on the basis of solvent pp#tn in the TS
of the reaction. Acetone may highly solvate the lSH bonding than ACN, which results in the dececa$
entropy. The values afH” in ACN are slightly higher than those in acetofieis can be explained on the basis of
solvation. p-Substituted phenol(s)- NEmay be desolvated more in ACN than in acetonetduthe protogenic
character of ACN [30-31]. This may rise the enesfipucleophile f-XCsH,OH-NEt) and diminish the energy gap
between the reactants and TS, which increasesitée r

In comparing the activation entropy values betwtenreactions of TsCl witp-substituted phenol(s)- NfEand
benzoate ions [14], it is evident that there idfeedence between the two series average value282a (acetone)
and -11.60 in (ACN) for th@-XCgH,OH-NEt; and average values-61.41 in (acetone) and -40.48CN) J mol
'K, for the benzoate ions series respectively. THerdnces may be due to greater solvent participat the TS
of the reaction of tosyl chloride witp-substituted phenol(s)- NEthan with triethylammonium benzoate ions. In
this case of benzoate ion, there is a alreadyradbcharge on the oxygen atom and the change feattants to
transition state results only in the spreading @fuain already existing charge. The solvation cbuotion to the
activation entropy would then be expected to ogeirathe opposite sense to that in theXCgH,OH- NEL series,
leading to a smaller decrease of entropy[23].

Thus the rate constants and activation parametefBable 2 and 4 may reasonably be assumed to tefar
bimolecular substitution reaction at tetra co-oatiéa sulfur.

Isokinetic Relationship

A knowledge of the isokinetic relationship may atén treating experimental quantity to serve ameasure of
reactivity and be correlated with theoretical peidins. Leffler[32] deduced the following isokinetic equation in
modification of the Hammett equation.

Ea = E+ 2.303R3 log A
AH?= AHC + BAS'

which holds good for a series of related reactidie validity of the isokinetic relation can betegbgraphically by
plotting AH” versusAS' (Figures. 4, 5).

r =0.999
. oo r =0.999

H o4

I e w

< T 120

<
AS* AS*
Figure. 4 Leffler plot of AH* versusAS* Figure. 5 Leffler plot of AH* versusAS'
in ACN in acetone

This linear relationship between activation entled@nd activation entropies in a series of relagedtion is called
isokinetic relationship[27]. The slop of the platH* versusAS’ is the isokinetic temperaturel’‘and it has an
important physical meaning. It represents a tempezaat which all reactions of the series shoulocped at the
same rate and the reaction constant attains thie edlzero at the temperature.

B =296K ( ACN) r =0.999
B =291 K (acetone) r =0.999

Further the plots oAH” versus Ea were also made as per the Lefflmodified equation.The values pfwere
determined from the slope of such plots(Figureg)6,
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_ r =0.999 [ =0.999
L3°) 1 L3°) ’
w w
AS’ AS*
Figure. 6 Modified Leffler plot of Figure. 7 Modified Leffler plot of
Ea versusAS'in ACN Ea versusAS' in acetone

B =297 K (ACN) r=0.999
B =292 K (acetone) r=0.999

It was found that thesg values were in agreement with thealues obtained from the isokinetic plote(’ versus
AS") already discussed (Figures. 4, 5). This suppbas the reactions of all thesubstituted phenol(s)- NEbon
TsCl used to proceed through a similar mechanishis Tinear relationship shown by the majority ofeth
substituents is indicative of a single mechanis8j.[3

The validity of isokinetic plot is questionable]3cause the quantitiesS’ and AH” are mutually dependent, both
being derived from the experimental rate constaftsalternative graphical method for finding ouettsokinetic
temperature was suggested by Exner. A plot of dbe constants measured at two different tempeatagek(T,)
versus log k(T,) is known as Exner plot, from the slope b, of Ehaer plot, the isokinetic temperatyyecan be
calculated using the following equation[35].

B — Tl T2 ( b_l)
b TZ - -E_
25 45 i
r =0.999 s 1=0.999 /
) 35 o
P i 3 /y
X X
™ |18 %5 |25
— —
© o |
£ 1 2 15
o =2 1
o o
0.5
05
0
0 05 1 15 ) 25 3 35 4
0
0 05 1 15 2 25
log k, (303 K) log k> (303 K)
Figure. 8 Exners plot of log k(313K) Figure. 9Exners plot of log k(313K)
versus log k(303K) in ACN. versus log(B03K) in acetone.

The plot of log k (303K) against log%313K) (Figures 8,9 ) gave a linearity with slope= 0.932 (r = 0.999] =
572 K (ACN) and slope b=0.925 (r = 0.998)528K (acetone) respectively. The values of tlopesl ‘b’ for this
system is less than unity. This indicates that goreseaction series is neither isoentropic norrifzapic. The
isokinetic temperature in these two solvents isntbtio be higher than the experimental temperatig&13K)
indicating enthalpy as a controlling factor. Thaekr correlation (0.999) and the valuesA®” for different
substituents are almost the same, which indica®pieration of similar mechanism in both solvents.
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Linear Free Energy Relationships

Hammett Relationship

Figures (10 and 11) in which the Hammett plot jsoréed , shows that the reaction rate dependsi@neiectron
density on the oxygen atom of thesubstituted phenol(s)- NEtThe value of log X/ k’ at 303K is plotted against
the value of the Hammett substituent constantérfoowing Hammett equation.

logk,=logk’ +po

The Hammett plot is found to be linear for thisatéan series. It is known that the correlation betw log k/ k,°
versus the value o6, in these two solvents are fair (Egs (1) and (2) )

log k; (ACN) = -3.769, + 3.2026 — (1)
(r=0.999, n=7)
log k; (acetone) = - 1.838, + 1.9069 - (2)
(r=0999, n=7)
- r =0.999
r =0.999
o
g =
o
op op
Figure. 10 Hammett plot of log k Figure.11 Hammett plot of
versusp in ACN at 303K. log k versusep in acetone at 303K.

This is as expected; the reaction consggiich is a measure of the change in charge atdhetion centre, is
related to the extent of bond formation and borehking in the TS[36].The more negatipds, the more will bond
breaking have proceeded relative to bond making.

The experimentap values are — 3.769 (ACN) and -1.839(acetonekglistively a higher value than that of the
reported p values were 0.128(ACN) and 0.164 (acetone) faethylammonium benzoates with the same
substrate[14].

Bronsted Relationship

The extent of S-O bond formation in the W8en thep-substituted phenol(s)- NfEapproaches the sulfur atom of
tosyl chloride is gauged from the Bronsted Coedfitivalue [§). The values of logkwere plotted against the pK
values of the nucleophiles. The sensitivity of thaction rates to the basicity of the nucleoplatemeasured by the
slope B’ of the Bronsted plot is -0.579 (ACN) and -0.62&etone). It is found that the correlation is far
Eqgs(3)and (4)) .

log k, (ACN) = -0.579 pK + 5.1948 - (3)
(r=0.999, n=7)
log k; (acetone) = - 0.636 pK+ 5.7166 - (4)

(r=0.999, n=7)

As we have already discussed that the rate cosstanthe reaction of varioyssubstituted phenol-NEbn tosyl
chloride (Table 2) show that electron donating &tients in the nucleophile decrease the rate, evblectron
attracting substituents increase the rate. Thetitire of the influence shows that the rate of neactiepends on the
electron density on the oxygen atom of fheubstituted phenol(s)-NEtSince the basicity also depends on the
electron density, one should expect a correlatietwben rate and basicity of the nucleophiles. Thath
correlation exists is apparent from the Bronsted ghown in Figures (12 , 13).
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Figure. 12 Bronsted plot of log k Figure. 13 Bronsted plof log k.
versus pKa in ACN at 303K. w&us pKa in acetone at 303K.

The values of log X(ACN) were plotted against the values of Igaketone), and the linearity was obtained with (r
=0.990, n =7) (Figure. 14).This is one of the m®for the operation of the same mechanism in thatlsolvents.
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Figure. 14 Plot of log k(303K) acetone versus l0gk303K) ACN

Based on the kinetics data, product analyses,f&m%uetry and activation parameters, the synchroricect
nucleophilic displacement mechanism mubstituted phenol(s)-NEtat the S atom of tosyl chloride has been
proposed for the reaction studied .
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Mechanism
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CONCLUSION

Rate constants for the reaction of equimolar comagan of tosyl chloride andp-substituted phenol(s)- NEin
acetone/ACN at four different temperatures , haaenbdetermined conductometrically by following therease in
conductance due to the formation of triethylammonichloride, during the course of the reaction .Témction is
found to follow second order kinetics in total dirdt order with respect to each reactants. The cainstants are
enhances for electron with-drawing substituents @aateases for electron donating substituentsemtltleophile.
Experiments are conducted at varying temperatu88s293,303 and 313K) in acetone and (303, 313, 828
333K) in ACN and corresponding second order ratastants k are obtained, which was derived from the
Guggenheim principle and the values of activatianameters (E AH*, AS” and AG") are calculated based on
Eyring equation. The negative values ofAS’ indicates the formation of rigid TS. The values isdkinetic
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temperaturep’ (296K, 297K in ACN and 291K, 292K in acetone) determined from the slopes of isokinetic plots
(AH" versus AS" and E versusAS"). It is found that theses* values are almost constant. This supports that th
reactions of all thep-substituted phenol(s)-NEton TsCl used to proceed through a similar mechaniBhe
isokinetic temperature evaluated from the Exnet @dound to be 572K (ACN) and 528K (acetone). Séhé§’
value is higher than the experimental temperat@i8K) indicating enthalpy as a controlling factdhe almost
constant oAG" values indicates that all these systems underigstitution via same mechanism. The Hammett |

— 3.769 (ACN), —1.839 (acetone)] and the Bronsted=[-0.579 (ACN), -0.636 (acetone)] plots shows djoo
correlations. A plot of log X(ACN) with log k(acetone) gives a straight line,indicating the apen of similar
mechanism in both the solvents. A nucleophilic sitddgon on sulfur can conceivably take place bgyachronous
direct displacement mechanism pfsubstituted phenol(s)-NEtat the S atom of tosyl chloride. The trigonal
bipyramidal structure may be postulated for th& $S. We proposed thg& mechanism based on the kinetic data
and product analysis.
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