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ABSTRACT

Second-order rate constants have been determineductometrically for the nucleophilic substitutiozactions of
tosyl chloride with p-substituted phenol(s) anettniylamine in different solvents system. Studiesobrent effects
on the reactions by applying correlation technigseaple and multiple regression) have been done.rate of the
reaction depends on the degree of charge separatiotihe p-substituted phenol(s)-triethylamine cawrplvhich is
influenced by the solvent properties. We have ifledsthe solvents into three sets (A,B and C) &kenthe study
more meaningful. The set A consists of mainly aliphpolar aprotic solvents, set B consists of aatimand

halogenated solvents and set C consists of protardxylic solvents. Solvent parameters at macroscapd

microscopic level were used. The coefficient ofsthigent parameters provide a good information edpct and to

analyse the reaction mechanism.

Keywords: Kinetics, nucleophilic substitutions at sulfur ubstituent effects/solvent effects, sulfonyl tramsf
reactions.

INTRODUCTION

Kinetics is concerned with the study of rate ofctam, the influence of various conditions on theates and
mechanism by which a reaction occurs. The subjechemical kinetics cover not only reaction raté &igso covers
a wide range of studies, which includes the effe€tsoncentration, temperature, pH, solvent efd., The effect of
solvent on organic reactions have been extensstelyied. The investigation of solvent effect onctim rates and
mechanisms in binary mixtures of,® with dipolar aprotic solvents, such as dimethylfaxide (DMSO),

dimethylformamide (DMF), acetone and acetonitrd& ). Significant rate accelerations have oftenrbesported
upon additions of aprotic dipolar solvents intgCHfor the reactions involving anionic nucleophilelwever, on
the contrary , rate retardations have also beearebd for reactions of neutral species developinparge in the
transition state(TS) upon solvent changes fros® b aqueous dipolar aprotic solvent mixtures [2¢!% solvent
effects on reaction rates could be nicely explaibgdhe Hughes-Ingold rules in a qualitative maf8je8ince

gradual increase of the mole % of such organicesilis considered to change H-bonding structurélgd and the
microenvironment of the reactant and TS.

The nucleophilic substitution at a sulfur atom bagn a subject of long-standing interest for orgahiemists. In
general, the nucleophilic substitution reactiohamnesulfonyl chlorides show a wide range of naetdms like
from dissociative @ to SN, for this reaction , the former being preferridrt the later [4].The effect of varying
solvent compositions were reported in the litemf{®-6].Solvent polarity plays a major role in &atied state and it
is experiment by both Swain and multi-parametricatiipns [7]. The kinetics of solvent polarity paeters in
methanol binary mixtures have been studied by Ysa#longet al [8]. Ik —Hwan Um and his co-workers have
investigated that the kinetics of nucleophilic ditbon reactions of aryl acetates in MeCNyCHmixtures of
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varying compositions[9].The solvent effect on theaations of dansyl and bansyl chlorides with stidstil
pyridines have been reported by Dae Dong Sen@l [10].Recently the kinetics of nucleophilic subsiion
reactions of tosyl chloride witp-substituted phenol(s) and triethylamine in methaacetone/ACN have been
reported by Vembu and his co-worker [11-12]. Asextension of our work on the nucleophilic subsiitu
reaction at sulfur centre[13],we carried out kioestudies on the reaction of tosyl chloride wtsubstituted
phenol(s)-NE$ in various solvents, to find its effect.

MATERIALS AND METHODS

Materials

Tosyl chloride(TsCl)p-cyanophenolp-chlorophenolp-methoxyphenol, triethylamine(N§ acetonitrile, acetone,
dimethylformamide (DMF), ethyl methyl ketone, cyleexanone, cyclopentanone, tetrahydrofuran(THF)yleth
acetate, nitromethane, 1,4 dioxan, acetophenomepobérile, nitrobenzene, chlorobenzene, bromobeezanisole,
chloroform, dichloroethane, methanol, ethanol, tliry ethanol, 2-propanol, 2-butanol, 1-butanol dshzyl
alcohol were purified before use by either recilisttion (or) distillation until their physical ostants (melting
point/ boiling point) agreed with the literaturdwes[14-16].

Kinetic measurements
The rates were followed conductometrically as waorted early[11-12] and the second order rate eonste)
were obtained by the Guggenheim’s method[17].
RESULTS AND DISCUSSION
The bimolecular reactions of tosyl chloride and tiueleophiles§-XCsH,OH-NEt;) were carried out in 25 solvents

have been determined by conductometric method uedeimolar concentrations at 303K, representedhby
following equation.

ﬁ
@ﬁu +| OH —— X + NEt
(0]

_ VN

@]

/ \ X + HN'Et; CI

2]
o

O

X = p-CN, p-CI, p-OCH
Rate = k[p-CH3CeH;SO.LCI][p-XCeH,OH -NEg]

Arylsulfonyl halides are convenient model compouridis experimental investigations of different nuagédilic
processes at sulfonyl sulfur[10,18]. The reactiafytosyl chloride has been ascribed to a polagatfin which the
electron- withdrawing Cl induces an electron deifiti centre at the tetra co-ordinated sulfur atordihg the
halogen atom, thereby, facilitating the approach oficleophile towards the sulfur atom.

O
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The arenesulfonyl chloride was found to be a gadibsate for nucleophilic substitution reaction8-pP0]. Banjoko
and Okwuiwe have reported the kinetics of nucleloplsubstitution reaction of benzenesulfonyl chileriwith
sodium benzoate(s) in methanol [18]. They conclutted the substitutions at sulfonyl sulfur wouldkeaplace
through the &2 mechanism. The kinetics of nucleophilic substitutreaction oftosyl chloride withp-substituted
benzoic acid(s) and triethylamine in aprotic andtipr solvents were reported in the literature-f2]. We have
also made similar investigation on the reactiotoskl chloride withp —substituted phenol(s) and triethylamine in
various solvents with a view to study the solveiféas, substituent effects in the nucleophile, #me solvation
behaviour of these solvents. The product was isdlafter performing the reaction under kinetic ¢tond and
characterized by spectral methods.

Studies on solvent effects on the reactions byyapglcorrelation techniques have been done.To raakgstematic
study of the effect of solvents, they are groupedseéts A,B and C [23].The set A consists of alighgblar
solvents,the set B consists of aromatic and haktgensolvents and the set C consists of hydroxggivents.
Solvent parameters at macroscopic and microscepel lwere used. The second order rate constarits,khe
reactions of tosyl chloride witlp-substituted phenol(s) and NEin various solvents were calculated from
conductivity data by least-squares method for eqlamconcentration using the following equation]j£dich was
derived from Guggenheim’s principle [17]The resdte given in Table 1.

X-X1 = koCo[t1 X 11X 5]-KoCoo X o[t 1-t7]

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

We have attempted to compare these reactions Wwihrdaction between tosyl chloride and triethylamimm
benzoates [21-22].The precise structure, natutaedhylamine -p-substituted phenol(s) complex varies depending
on the nature of the solvent [25]. In dipolar afreblvents, typically in dry acetone the compleists as a proton
transferred hydrogen-bonded Complex [26].

X O ....HNEt;

The rate of the reaction will vary depending on thdegree of charge separation on the
p-substituted phenol(s)-NEtomplex. The charge separation is influenced eyrious properties of the solvents
acid strength and base strength.

Effect of solvents — A qualitative approach

The reactions under investigation do not take pladeenzene and C&H This indicates tnat tnetnyiamine may not
cause the ionization of phenol(s) in the solveBf.[Same time the reaction do occur in Cig&id dichloroethane
(Table- 2), because the solvents are of intermedhiakarity [27].

In general, the rate of the reaction is found tdigder in aprotic solvents than in protic solvertse nature of the
solvent and interaction betweprsubstituted phenol(s) — Nind solvent may be the reasons for this variafibe.
p-XCsH4OH-NEt; complex may be less solvated by aprotic solvehigstwmay be the cause for the faster rate [28].

The values of rate constants)(kf the reactions in ACN are aboutfBCN),4 (-Cl) and 15 p-OCH;) times greater
than that of the ketonic solvents, whereas g€N), 23 @-ClI) and 6 p-OCH;) times higher than that in
halogenated (aliphatic and aromatic) solvents. Jdlarity of ACN is higher{ = 35.95) than other aprotic solvents
employed. Phenoxide anion possessing higher chiarttpe ground state may be solvated less by ACkthEy, the
phenoxide anion is also free from the interactidntr® counter ion-triethylammonium cation, which yme
solvated by ACN. The solvent and the counter i@e fnucleophilepgtXCgH,OH-NEL) approaches faster to TsCl
and makes it to be more polar. This may be theoreésr the formation of more polar transition staf&), which
may be better stabilized by ACN. The dipole momaithe ketonic solvents are oriented towards oxygm.
Thus, bulky alkyl groups may hinder the stabiliaatof TS. This may be the cause for the slow rate.
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Table 1 Second order rate constants of the reactiasf p-CH3CeH4SO,Cl with p-X CgH4OH-NEt; at 303K
[P-CH3CeH4SOCI] = [p-X CeH4OH-NEt3] = 0.025 mol dn?

ko, dm® mol’min®

S.No. Solvents X
SET-A Aliphatic polar solvents (aprotic) p-CN p-Cl p-OCH;
1. Acetonitrile 203.25 121.65 54.63
2. Acetone 52.65 22.16 7.89
3. N,N-Dimethylformamide (DMF) 199.75 118.26 52.15
4. Ethyl Methyl Ketone (EMK) 37.63 27.82 3.5136
5. Cyclohexanone 39.54 29.85 7.65
6. Cyclopentanone 36.47 27.66 6.93
7. Tetrahydrofuran (THF) 2.1096 1.505 1.1096
8. Ethyl acetate 1.775 1.052 0.895
9. Nitromethane 38.75 26.30 9.65
10. 1, 4 — dioxan 2.25 1.85 1.60
SET — B Aromatic and halogenated solvents
11. Acetophenone 40.940 23.25 7.1524
12. Benzonitrile - 115.33 49.75
13. Nitrobenzene 53.10 29.325 20.95
14. Chlorobenzene 15.70 23.65 32.50
15. Bromobenzene 17.95 25.18 34.10
16. Anisole 32.15 29.45 27.30
17. Chloroform (CHG) 13.20 16.460 20.693
18. Dichloroethane 1.290 1.725 3.0052
SET-C Hydroxylic solvents (protic)

19. Methanol 5.55 11.78 17.96
20. Ethanol 0.525 0.797 2.1532
21. 2-Ethoxyethanol 0.4824 0.6752 0.9264
22. 2-Propanol 0.1866 0.3216 0.6016
23. 2-Butanol 0.3124 0.4012 0.8048
24, 1-Butanol 0.1560 0.2164 0.4084
25. Benzyl alcohol 0.0772 0.190 0.2852

Table 2 A comparative study in the second order ra constants of the reaction of-XCsH4OH-NEt3 on tosyl chloride with dielectric
constant of the some solvents at 303 K.
[P-CH3CsH4SO,CI] = [p-XCeH4OH-NEt3] = 0.025 mol dn?
(Where X =p-CN, p-Cl and p-OCHj3)

S.No Solvents Dielectric constants dn? mlglz'1 min*

(e) p-CN p-Cl p-OCH
1 ACN 35.95 203.25 121.65 54.63
2 DMF 36.71 199.75 118.26 52.15
3 Acetone 20.70 52.65 22.16 7.89
4 1,4-dioxan 2.22 2.25 1.85 1.60
5 Ethyl acetate 6.02 1.775 1.052 0.895
6 Ethyl methyl ketone 18.5 37.63 27.82 3.5136
7 Nitrobenzene 34.80 53.10 29.325 20.95
8 Anisole 4.33 32.15 29.45 27.30
9 Chlorobenzene 5.62 15.70 23.65 32.50
10 Chloroform 4.82 13.20 16.460 20.693
11 Dichloroethane 10.36 1.290 1.725 3.0052
12 Methanol 32.70 5.55 11.78 17.96
13 2-propanol 19.92 0.1866 0.3216 0.6016

In the case of aliphatic chlorinated solvents, tinder of reaction rate is chloroform dichloromethane> 1, 2
dichloroethane although the reverse is the polanitier. This may be explained on the basis of ktakibn of p-
substituted phenol(s) — NFtucleophiles due to its H-bonding interaction witHCl;[29].

Hydrogen bondeg-XCsH,OH-NEt; interacts with TsCl to form more polar and stabf which in turn increase
rate. The rate of the reaction in aromatic halogghaolvents is faster than that of aliphatic hai@jed solvents
which may be attributed to more polarizable abitifyoromo / chlorobenzene [30].

The high reactivity in DMF (Table -2) is due to amidesolvation [31-32], which increases the nudidagity of the
phenoxide anions. In DMF thg-substituted phenol(s) — amine complex can exish éght ion — pair and is in
equilibrium with the dissociated ion-pair.

p'XC6H4OH + NEg > p-XC6H40_...HN+Et3 A p'XC6H40_ + HN+Et3
(X= p-CN, p-Cl, p-OCHs)
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It is evident from the result in Table -1 that tieaction is more than 100 times faster in dipoap#c solvents than
in protic solvents. This may be due to the aniosotiation [31-32] like in DMF. In dipolar aprotgolvent the
negative end is exposed outside whereas the positiarged atom is somewhat inside the moleculeretdre the
negative end is free for co-ordination whereaspibstive end is not. Consequently the cations eaglity solvated
comparatively the negative end of the nucleoplsilpdtential to cause a substitution reaction.terdiure this term
is coined as “anion desolvation” which makes theleaphile free and more potent species in compansith
hydroxylic solvent. In hydroxylic protic solventset anion is very readily solvated and this leadshrto retardation
in the reaction rate. The nucleophile is made fes®nt by extensive solvation via., hydrogen bogday the
hydroxylic solvents.

The rate constant of nitrobenzemre=(34.80) very high than in methanelX 32.70) although both have nearly same
dielectric constant. However, one is hydroxylicveoit and so the comparison meaningless. In ettethse some
crystals were thrown out from the reaction mixtdrging the course of the reaction. However, the canstants
were determined before the solid was thrown outDMSO, the colour of the solution is changed tolowl
Moreover, there is a possibility of oxidation ofM3O by tosyl chloride. So DMSO cannot be used &sesb and
hence it is not included in our study.

The rate constant of the reaction of tosyl chlondéh p-cyanophenol ang-chlorophenol — NEtcomplex is
comparatively higher in dipolar aprotic solventst(8 and B) than that g&-methoxyphenol — NEtcomplex. But in
protic hydroxylic solvents the observations areewersa. This may be due to the reason that tleegair electrons
of oxygen atom in methoxy group pfmethoxyphenol is more solvated by protic solvehitgdroxylic solvents are
good H-bond donors and DMF is an excellent H-barekptor. The polar non-electrolyte, TsCl is stréiygrogen
bond acceptor. So the hydroxylic protic solvents lwighly solvated the nucleophile through hydrogend and in
dipolar aprotic solvents are not like that. So tae of the reaction is higher in acetone, ACN, DMrobenzene
etc., than in the 2-propanol, benzyl alcohol, 2abot etc.,

The reactivity ofp-substituted phenol(s) — NEf - CN, p - Cl, p-OCH;) on TsCl in methanol falls almost in the
orders,p - CN< p - Cl < p - OCH,;. However, higher than that of the other alcohstibzents employed. The degree
of solvation ofp-XCgH,OH-NEt; by nucleophilic character of methanol may be liss that of other alcoholic
solvents. Hence, the rate of the reaction decreasesdingly.

The “¢” is the another property which control the rateilyOsolvents of dielectric constant greater thamarg
considered for our investigations expect chlorofofim 4-dioxan and anisole. This arbitrary choiceswaade
because in solvents of lower dielectric constaort, aggregation is so extensive. Therefore, it besodifficult to
observe the behaviour of solvent on rate by comwoetry. The qualitative interpretation in term ofiro
investigation was clear that the reactions areidenably faster in dipolar aprotic solvents thampiotic solvents.

Effect of solvents — A quantitative approach

In this chapter, the simple and multiple correlasioof log k for the reaction of tosyl chloride (TsCI) wiir
substituted phenol(s) — NEgainst various solvent parameters were mainigudsed. Attempts have been made to
correlate variations in reaction rate with solveatameters which characterize the properties o$theent. In order
to understand the role of solvents in our studesttions, the rate data have been subjected tdesimgression
analyses were attempted first and then multipleasgon analyses were resorted subsequently. Sqleeameters
were developed by various workers for differentsats taking one solvent as reference for a standsction or a
physical property of a compound. Numerical valué¢hig parameter , which can be an equilibrium camtsta rate
constant, wavelength of an absorption maximum polarographic half — wave potential was obtainedthe
reference process. These can be called the sglaemmeters. The values of solvent parameters veerelated with
the rate constants studied for the present systehthe degree of correlation was established.

The use of solvent parameters is restricted toga®of a type those are involved in the referencegss. The linear
dependence of loglon the value of a given solvent parameter indic#te possibility of a mechanism similar to
that operating in the reference reaction used fainimg the solvent parameter.

Table-3 gives the second order rate constan)sofkthe reaction of tosyl chloride withrsubstituted phenol(s) —
NEt; in various solvents have been determined at 30RiGgawith solvent parameters at macroscopic and
microscopic levels. In general, Menschutkin reacimthe most suitable reaction to study the sdlefect since it

is very sensitive to medium effect, easy to monégted the mechanism is fairly well understood. Bgraiing the
influence of the dielectric constant of the mediomlog k for n-PgN + Mel at 293K, Lassau and Jungers [33-35]
classified the solvents into three groups suchlighadic polar solvents (Set A) aromatic and pobldgenated
solvents (Set B) and hydroxylic solvents (Set rakham [ 36-37] showed the excellent correlatioetsveen rate
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constants and solvent parameters for some Mensohtictions in the solvents of the same groughépresent
investigation, the same classification of solvemés retained and poor correlations were obtaindégdsn log k
and solvent parameters.

Correlation of reaction rate with dielectric constants (g) and related properties of the solvents

Dielectric constant is one of the important solvpalarity parameters [30]. Generally, it is expécthat the rate
constant is increased with increase of dieleciiestant if the transition state (TS) is more pdffen the reactants.
This may be attributed to the growth of positivel aegative charges on the TS. In our reactionsT $he polar one
(S\2 type). But the rate of the reactions did not éase evenly with the dielectric constant of the ime8imilar
trends have been reported in the literature [38puQard and Decroocq [33] have examined the cdival®detween
the dielectric constant and rate constant of thetien of ethyl bromoacetate with NEtt 293K and found that there
was no strict linearity. Since, the present systerder investigation is quite different from thdt@rougard and
Decroocq system.

The uneven trend in the rate of the reaction widtedtric constant can be explained as follows. fidte constants
for the reactions between tosyl chloride @r¥ CsH,OH-NE#t (X = p-CN, p-Cl andp-OCH) was found to be slow
in hydroxylic solvents (Set C) compared with theesain aliphatic polar solvents (Set A) and aromatnd
halogenated solvents (Set B).

It is evident from the result in Table-2 that tlagerconstant determined in 2-proparot(19.92) was very less than
that in acetoneg(= 20.70) even though both of these solvents haweparable dielectric constants. Though the
dielectric constant of 1, 4-dioxan £ 2.22) was 10 times less, the rate constantisnsiivent was 12(CN), 6 (-

Cl) and 3 p-OCH;) times greater than that in 2-propanol. Eventhotghdielectric constant of nitrobenzere=(
34.80) and methanot & 32.70) are almost same but the rate of the icraat the former is higher than the latter
which is very low to measure the conductance. Tibkedric constant in DMFe(= 36.71) and nitrobenzene £
34.80) are almost same though the rate constahiedftter was 4ptCN), 4 @-Cl) and 2.5 )-OCHs) times less
than the former. The dielectric constant of etlogtate £ = 6.02) and chlorobenzene= 5.62) are almost same but
the rate constant in chlorobenzene was greater déttayh acetate. So in order to understand the abldielectric

constant of solvents on the reaction rate of ptes=ttions, regression analyses were carriedSintes or 1or

&

(6 -1) are interrelated, the choice among them is arlyitf&7]. We have tried to correlate the rate withand
(2e+1) £
also with Kirkwood function (€ 1) with a view to knowing the effect of dielectricretant of the medium on the
2+
rate and to test the validity of these two in thespnt reaction.

Kirkwood [ 38] suggested that the free energy divation (AG") was proportional to the terngs-1) wheres is
(2e+D

the macroscopic dielectric constant. Laidler andiriey[39] included this term in a rate equationatcount for

electrostatic effects on dipolar molecule — dipatanlecule reaction rates. The electrostatic effetolvents were

the cause for the ionization of reactants and detthé formation of highly charged activated complBhis ionizing

power of solvents and the charge separation orattigated complex by Kirkwood function alone mayt e

sufficient to account for the variation of ratessome solvents in the present work.

Although chloroform § = 4.82) and anisole: & 4.33) have similar dielectric constants, the @tthe reaction was
almost 2.0 times higher in anisole than in CH@lable -2). This may probably be due to furthebsization of
charge separation in the transition state compieughr-electrons in aromatic ring [40].
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Table 3 Solvent properties at macroscopic and micszopic level

+
Sl. No. Solvents e e e-1/2e+1 ud LJlog k ET(30) * 0 ¥ - on 3p_ C'Iog ke Soch
SET-A
1 Acetonitrile 3595  0.0279 0.479 3.92 -0.328 46 850. 0.787 28.7 0.369 5.3 5.08 473
2 Acetone 20.7 0.0483 0.465 2.88 -0.827 42.4 0.72 0.78 235 300 472 434 3.89
3 Dimethylformamide 3671  0.0272 0.48 3.86 -0.222 384  0.88 0.95 37.1 0.92 5.3 5.07 471
4 Ethyl methyl ketone 18.5 0.0541 0.461 2.8 1.1 341 067 0.805 23.9 0.405 457 444 3.54
5 Cyclohexanone 18.3 0.0546 0.455 3.39 -0.796 39.8 076  0.9478 34 2.453 459 447 3.88
6 Cyclopentanone 135 0.0741 0.446 3.1 -0.658 408 0.75 0.95 33.4 1.29 456 444 3.84
7 Tetrahydrofuran 7.58 0.1319 0.407 1.75 -1.538 437. 058  0.8892 26.4 0.456 332 317 3.04
8 Ethyl Acetate 6.02 0.1661 0.385 1.88 -1.658 38.1 055 0.897 6.8 0.45 324  3.02 2.95
9 Nitromethane 3587  0.0279 0.479 3.56 -0.041 46.3 0.85 1.14 36.8 0.63 458 441 3.98
10 1,4-Dioxan 2.22 0.4505 0.224 0.45 -1.432 36 055 1.033 0 1.37 335 326 3.2
SET-B
11 Acetophenone 17.48  0.0572 0.458 27 -0.377 413 0.9 0.788 39.1 1.681 461 436 3.85
12 Benzonitrile 25.2 0.0397 0.471 3.9 -0.409 42 09 1 34.7 0.01267 0 5.06 4.69
13 Nitrobenzene 34.8 0.0287 0.473 3.9 -0.319 42 110 12 0 0 472 446 4.32
14 Chlorobenzene 5.62 0.1779 0.377 1.7 -1.155 375 0.71 1.107 32.9 0.753 419 437 451
15 Bromobenzene 5.4 0.1852 0.344 152 -1.051 375 790 1495 35.2 1.074 4.25 4.4 453
16 Anisole 433 0.2309 0.345 0 -1.051 37.2 0.73 0.995 2939 52 1. 45 4.46 4.43
17 Chloroform 4.82 0.2075 0.36 1.3 -0.886 39.1 0.76 1.484 26.7 0.537 412 422 431
18 Dichloroethane 10.36  0.0965 0.431 1.85 -0.42 941. 081 1.257 28.3 0.89 3.11 3.23 3.47
SET-C
19 methanol 327 0.0306 0.477 2.87 -1.886 55.5 06 0.792 22.1 0.544 374 407 4.25
20 Ethanol 2455  0.0407 0.47 1.69 -2.022 51.9 0.54 0.789 219 1.074 2.72 2.9 3.33
21 2-Ethoxyethanol 135 0.0741 0.446 0.375 0 51 107 0931 28.4 0.0214 268  2.82 2.96
22 2-Propanol 19.92  0.0502 0.463 1.66 0 4856 046 .785 20.9 2.038 2.27 25 277
23 2-Butanol 15.8 0.0633 0.454 276 0 0 0 0.808 23 0.03096 2.49 26 2.9
24 1-Butanol 1751 0.0571 0.458 1.65 -2.337 502 430. 081 24.9 2.544 219  2.33 2.61
25 Benzyl alcohol 13.1 0.0763 0.444 17 -1.237 50.8 0.98 1.045 38.8 5.474 188 227 2.45
55
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Simple regression analyses
The log k values at 303K are correlated with different sntvyearameters by simple regression analyses (Fdble
using the equation [15, 41-42].

logk,=log g+ m X
where X is independent variable, m is Co efficient.

Table-4 gives the result of simple regression a®a\of log k (aliphatic polar, aromatic and halogenated andigro

solvents) withe, } (e-9) , Ups P, Vs My Er(30), T and Lassau and Jungers I%Jﬁ%N + mely Scale [43-44] show a
£ (2¢+))
very poor correlation.

Table 4 Summary of the simple regression of 3 + Idg versus solvent parameter
Reaction between TsCl angh —-XC¢H,OH—-NEt; (X= p— CN,p— Cl andp — OCHj,)
SET-A
(Aliphatic polar aprotic solvents)

S. No. Solvent parameters n R S F log szz’egressmn equation Eqn.no
10 0.875 0.3993 26.107  3.323 + 0.058
1. £ (10)  (0.863) (0.4033) (23.344)  3.185 + 0.058
[10]  [0.900] [0.2863] [34.252]  2.930 +0.048 1
1
10 0.725 0.5682 8.844  4.815- 4348
€
1 1
2. = (10)  (0.702) (0.5690) (7.787)  4.604 — 4.085
3 13
1
[10]  [0.598] [0.5271] [4.465]  4.081 - 2.866-
£
(-9 1.148 + 7.486 (6~
10 0.755 0.5405 10611 486
(2e+)) (2e+])
(10)  (0.733) (0.5438) (9.282) 1154+ 7040 (67D
(2e+])
[10]  [0.632] [0.5101] [5.311) 1636+4 908(6 "1
(2e+])
1o 10 0.903 0.3550 35.138 2,591 + 0.69 2
4. (10)  (0.896) (0.3549) (32.569)  2.474 +0.645
[10]  [0.846] 0.3504] [20.2060]  2.457 + 0.48
109 Ko r-peinen 10 0.876 0.3970 26.498 5.387 + 1.203 laigk
5, 4 (10)  (0.881) (0.3778) 27.802) 5.178 + 1. 172 lphk
(Lassau and Jungers) [10] [0.897] [0.2904] [33.082]  4.621 + 0.983l0g 8
E+(30) 10 0.849 0.4359 20.624 —3.404 + 0.1886)
6. (10)  (0.830) (0.4453) (17.773)  —3.187 + 0.17636)
[10]  [0.836] [0.3616] [8.496] —2.318 + 0.148(B0)
m* 10 0.927 0.3098 48.674  0.242 + 5.74%* 3
7. (10)  (0.929)  (0.2961) (50.294)  0.175 + 5.586* 4
[10]  [0.941] [0.2222] [62.125]  0.443 + 4.65#* 5
o 10 0.211 0.8060 0371  5.678-1.44p
8. (10)  (0.163) (0.7886) (0.218)  5.164—1.088
[10]  [0.097] [0.6549] [0.076]  4.263-0.53p
y 10 0.737 0.5571 9.523  3.207 + 0.04¢
9. (10)  (0.751) (0.5281) (10.330) 3.038 + 0. 04%
[10]  [0.675] [0.4855] [6.691]  2.939 +0.03%
n 10 0.014 0.8244 0.002  4.339 +0.014
10. (10)  (0.074) (0.7971) (0.044)  4.099 + 0.088
[10]  [0.032] [0.6576] [0.008]  3.751+0.028
Value in () is for p—CI
Valuein[ ]is for p—~OCH
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SET-B
(Aromatic and halogenated solvents)
S. No. Solvent parameters n R S F Regression equatj k=
8 0.283 1.6268 0.524 4.216 -0.039
1. € 8) (0.280) (0.5235) (0.511) 4.163 +0.012
[8] [0.172] [0.4485] [0.184] 4.290 — 0.006
8 0.393 1.5600 1.094 2718+ 7.58(-)]:
€
1 1
2. = (8)  (0.084) (0.5434) (0.043) 4.398 - 0.522-
€ €
1
[8] [0.337] [0.4287] [0.766] 3.981 + 1.744—
€
8 0.410 15471 1013 8310- 11.347(67D
(2e+1)
(e-9) 4.039 +0.718 (1)
e +1) 8) (0.081) (0.5436) (0.039) 26 +1)
8] [0.362]  [0.42437]  [0.906] °-300- 260170
' ’ ' (2e+1)
8 0.454 1.5111 1.561 4.816 — 0.58p
4. Up 8) (0.299) (0.5205) (0.587)  4.093 + 0.113
[8] [0.008] [0.4553] [0.000] 4.209 - 0.0Q23
8 0.339 1.5960 0.778 2.636 — 1.483 lgbk
5. 109 I (n-pran+men LasSsau and Jungers (8) (0.100) (0.5426) (0.061) 4.231 - 0.141 legk
[8] [0.530] [0.3860] [2.350] 3.762 — 0.624log K
E+(30) 8 0.434 1.5284 1.390 15.962 — 0.3083D)
6. 8) (0.131) (0.5407) (0.104)  5.520 - 0.03@3D)
[8] [0.471] [0.4017] [1.707] 7.779 — 0.096B0)
8 0.169 1.6718 0.177 5.832 —2.258*
7. T (8)  (0.189) (0.5355) (0.223) 3.561 + 0.938*
[8]  [0.283] [0.4367] [0.522] 5.166 — 1.165*
p 8 0.148 1.6776 0.135 2.582 + 0.94p
8. 8) (0.320) (0.5168) (0.683) 5.097 —0.65
[8] [0.226] [0.4435] [0.324] 3.751 +0.38B
Y 8 0.263 1.6317 0.485 4.688 —0.03p
9. (8)  (0.141) (0.5399) (0.123) 4.165 + 0. 00%
[8]  [0.269] [0.4385] [0.468] 3.939 +0.009
n 8 0.503 1.4660 2.033 2.661 +1.279
10. 8) (0.121) (0.5329) (0.284) 4.471-0.179
[8] [0.324] [0.4308] [0.702] 4.381-0.219

Value in () is for p—CI
Value in[ ]is for p—OCH
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SET-C
(Hydroxylic solvents - protic)
S. No. Solvent parameters n R S F Regression equaty k=  Eqn.no
7 0.836 0.3575 11.589 1.178 +0.07&
1. € (@) (0.858) (0.3449) (13.939) 1.315+0.075
[7] [0.906] [0.2796] [22.883] 1.512 +0.078 6
7 0.720 0.4522 5.368  3.988 - 25.359]:
€
1 1
2. — (@) (0.716) (0.4686) (5.264) 4.242 -26.019-
€ €
1
[7] [0.795] [0.4002] [8.613] 4.632 - 28.426~
€
7 0.722 0.4505 5.448 -13.689 + 35'428(£ E)
(2e+D
(e-1) -13.835 + 36.220(£ -1
2+ (7 (0.716) (0.4686) (5.263) 26+1)
-15.146 + 39.630L€ =1
[7] [0.797] [0.3992] [8.683] (26 +1)
7 0.394 0.5985 0.919 2.057 + 0.281
4. U (@) (0.423) (0.6084) (1.089) 2.219 + 0.3k
[7] [0.466] [0.5842] [1.388] 2.426 - 0.33%
10g Ko (1_peste) 7 0.210 0.6366 0.232 2.440 - 0.119 lebXk
5. 3 (@) (0.248) (0.6503) (0.329) 2.630 — 0.145 legk
Lassau and Jungers [7] [0.301] [0.6297] [0.497] 2.854 — 0.172 logl
Er(30) 7 0.151 0.6438 0.116 2.365 + 0.06%38)
6. (@) (0.229) (0.6535) (0.277) 2.468 + 0.00{3D)
[7] [0.197] [0.6474] [0.210] 2.771 + 0.006(80)
b1 7 0.099 0.6480 0.050 2.672-0.198*
7. (@) (0.027) (0.6711) (0.004) 2.755 + 0.058*
[7] [0.052] [0.6594] [0.014]  3.094 — 0.108
p 7 0.464 0.5768 1374 4932-2.778
8. (7 (0.368) (0.6241) (0.786) 4.719-0.27p
[7] [0.470] [0.5830] [1.414] 5.464-2.84B
y 7 0.516 0.5580 1.810 3.820-0.049
9. (@) (0.410) (0.6123) (1.011) 3.812-0.049
[7] [0.501] [0.5716] [1.672] 4.272-0.048
n 7 0.657 0.4912 3.788  2.906 - 0.208
10. ) (0.525) (0.5713) (1.905) 3.063 - 0.16/
[7] [0.557] [0.5483] [2.251] 3.330-0.714

Valuein () is for p—CI
Value in[ ]is for p—OCH

The best-fit equations were given in Table -5. Tisves that none of the single properties infleethe rates of the
reactions.

Table 5. Summary of the best-fit simple regressioaquation in predicting the effect of solvent paramiers on reaction rate

Correlation . )
3+ log kwversus solvent parameters Regression equation logk n R S F Eqn. no.

SET-A

Aliphatic polar solvents 2.930 + 0.04% [10] [0.900] [0.2863] [34.252] 1

Hp 2.591 + 0.63%p 10 0.903 0.3550 35.138 2
0.242 + 5.74a" 10 0.927 0.3098 48.674 3

i 0.175 + 5.5807 (10) (0.929) (0.2961) (50.294) 4
0.443 + 4.6547 [10] [0.941] [0.2222] [62.125] 5

SET - C 1.512 +0.07& [7] [0.906] [0.2796] [22.883] 6

Protic solventg

It is noted that the effect of the solvents on acten is more complex than what we should antteipd@he
existence of the reactive species and the activaietgplex in each solvent may not be same [45]. &erimore than
one solvent property may influence the reactivecigse[29]. So, we conclude that it is worthy to whaltiple

regression analyses of the reaction rate with diffesolvent parameters. In the following the ressof dual and
triple parameter regressions were discussed.
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Table 6 Summary of the dual (multiple) regression3+log k, versus solvent parameters

Reaction between TsCl angh —-XC¢H,OH-NEt;
(X=p—CN,p-Clandp— OCHjy)

SET-A
(Aliphatic polar aprotic solvents)
Correlation . "
S. No. 3+ log k Vs parameters n R S F Regression equation lagk Eqgn.no
- -1
10 09% 03325 21003 3919+ 09955398 (-9 7
(2e+1)
ot (£-1) 4.024 +1.03%p - 6.302 (6 -0 8
. — . 0.3136) (22.492
1 2 +1) (10) (0.930) ( ) ) (2 +1)
4.474 + 1,019, — 8.198 (£ -1 9
[10] [0.934] [0.2511] [23.962] o ﬁ
10 0911 0.3631  17.125 0.680 + 0.4@Q + 0.057 E&(30) 10
2. up+Ex(30) (10) (0.901) (0.3698) (15.187) 1.006 + 0.493 + 0.044 E(30) 11
[10] [0.869] [0.3476] [10.831] 0.046 + 0.278 + 0.072 E(30)
pp + T 10 0.934 0.3144  24.006 0.914 +0.22%p + 3.9531* 12
3. (10) (0.934) (0.3058) (23.820) 0.702 + 0.173p + 4,175 13
[10] [0.944] [0.2330] [28.396] 0.144 - 0.099: + 5.453n* 14
10 0925 0.3351  20.714 3.701 +0.403 + 0. 0.535 log kL.J 15
4. not10g kpren - vey Lassau and Jungers (10)  (0.923) (0.3285)  (20.182)  3.657 + 0.3G4 + 0. 0.570 log KLJ 16
[10] [0.910] [0.2912] [16.925] 3.925+ 0.166 + 0. 0.707 log K.J 17
2.548 + 0.042 + 2.282 (¢ -1)
10 0.888 04050  13.078
(2e+])
e+ (e-1) 2.532 +0.042 +1.923 (6 -1
. .873) (0.4165) (11.235 =
5 (22 +1) (10) (0.873) ( ) ( ) (2 +1)
3.176 + 0.04% - 0.726 (1) 18
[10] [0.902] [0.3031] [15.356] (26+1)
€ + Er(30) 10 0.876  0.4256  11.511 2.279 + 0.045+ 0.029 E(30)
6. (10) (0.863) (0.4316) (10.222) 2.834 + 0.048+ 0.010 E(30)
[10] [0.905] [0.2988] [15.891] 5.025 + 0.058- 0.058 E(30) 19
g+ 10  0.927 0.3311  21.295 0.251 +0.008 +5.724m 20
7. (10) (0.930) (0.3146) (22.319) -0.186 - 0.007 + 6.2817" 21
[10] [0.942] [0.2362] [27.546] 0.710 + 0.005+ 4.1371" 22
10 0.892 03976  13.697 4.378 + 0.027+ 0.638 log K.J
8. &+10g kpepamen Lassau and Jungers  (10)  (0.890)  (0.3895)  (13.347) 4.450 + 0.018+ 0.765 log KLJ
[10] [0.916] [0.2820] [18.280] 3.739 +0.028+ 0.489 log k.J 23
£-1) 1.087 + 0.05p + 7.509 (¢ -
pr 67D 10 0755 05778  4.643 P )
(2e+)) (2e+1)
9. (10) (0.735) (0.5797) (4.104) 0:767+0.358+ 7102 (67D
(2e+D
101 10638l [0.5417 o a0y LO78+0510+5.211 (-1
[10] [0.638] [0.5417]  [2.402] 26 +1)
p + Er(30) 10 0871 04333  10.982 -2.146 — 1.338 + 0.188 E(30)
10. (10) (0.843) (0.4592)  (8.620) -2.265— 0.97F + 0.178 F(30)
[10] [0.839] [0.3823] [8.350] -1.899 — 1.44d + 0.148 F(30)
p+ T 10 0.976 0.1936  69.052 2.034—2.10( + 5.932m* 24
11. (10) (0.964) (0.2280) (45.671) 1.640—1.71p + 5.735m* 25
[10] [0.961] [0.1954] [41.848] 1.345—1.05p + 4.750m* 26
10 0974 0.1990  65.173 8.259 - 2.99% + 1.342 log kLJ 27
12, p+log keenevey Lassau and Jungers  (10)  (0.959) (0.2432)  (39.691) 7.648 —2.579 + 1.292 log kLJ 28
[10] [0.951] [0.2184] [32.802] 6.310—1.764 + 1.065 log kLJ 29
£-1
10 0775 05560 5065 1855 +0.02)+4.603 (-9
(2e+))
v+ (£-1) 2.087 + 0.02& + 3.240 (£-1)
. 771) (0.5446 5.115
13 2 +1) (10) (0.771) ( ) ) (2 +1)
2.472 +0.025 + 1.588 (£-1)
[10] [0.683] [0.5139] [3.056] 2e+1)
y + Ex(30) 10  0.874 04279  11.347 -2.031+0.018 + 0.144 §(30)
14, (10) (0.866) (0.4274) (10.489) -1.625 + 0.02G + 0.128 E(30)
[10] [0.846] [0.3745] [8.845] -1.606 + 0.00§ + 0.125 E(30)
10 0929 03268  21.967 0.007—0.00% + 6.309m* 30
15. y+T¢ (10) (0.930) (0.3147) (22.302) 0.026 —0.004 + 5.939r* 31
[10] [0.961] [0.1939] [45.543] -0.156 —0.01F + 6.101m* 32
16. y + log kepp.n + Meny Lassau and Junges 10 0.881 0.4173 12.110 5.042 + 0.009 + 1.053 log kLJ
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(10) (0.887) (0.3942) (12.947) 4.784 + 0.01§ + 1.002 log kLJ
[10] [0.898] [0.3093] [14.605] 4.739 - 0.003% + 1.034 log kLJ
£-1)
10 0774 o558y 5opy 0:828+0.199+7.833 (-1
(2e+))
n+ (-1 0.740 + 0.257 + 7.493 (£ -1)
17. 2D (10) (0.761) (0.5482)  (5.004) (26+1)
1.392 +0.152) + 5.263 (¢ -1)
[10] [0.652] [0.5332] [2.591] (26+1)
10  0.893  0.3962  13.822 -4.483 + 0.33% + 0.208 E (30)
18.  n+E (30) (10) (0.896) (0.3801) (14.192) - 4.449 + 0.391) +0.201 E(30)
[10] [0.885] [0.3271] [12.690] - 3.224 + 0.281 +0.164 E(30)
10 0928 03279  21.795 0.277 - 0.06X + 5.7667 33
19. n+m (10) (0.929) (0.3165) (22.014) 0.170 + 0.008) + 5.576m* 34
[10] [0.942] [0.2362] [27.532] 0.463 - 0.033) + 4.667T* 35
10  0.877 04235  11.657 5.420-0.036) + 1.205 log kLJ
20. N +log kmen+ vey Lassau and Jungers (10)  (0.882)  (0.4032)  (12.221) 5.149 + 0.032) + 1.170 log kLJ
[10] [0.897] [0.3102] [14.493] 4.633-0.013) +0.984 log kLJ
Valuein () is for p—CI
Value in[ ]is for p—OCH
SET — B (Aromatic and halogenated solvents)
Correlation . .
S. No. 3+ log k Vs parameters n R S F Regression equation lagk
B - £-1)
8 0.454 1.6553 0650 494705200 0.400 (€ -1)
(2e+1)
pot+ (€-1) 6.859 + 0.436i -8.461(£-1)
1. ) (8) (0.517)  (0.5115)  (0.910) (26+1)
8.600 + 0.51Qip — 13.431(£ 1)
[8] [0.802] [0.2981]  [4.449] (26+1)
8 0.469 1.6414 0.704  9.915 - 0.352- 0.138 E(30)
2. i + Er(30) (8) (0.690)  (0.4323)  (2.273) 12.929 + 0.481- 0.239 E(30)
[8] [0.780] [0.3121] [3.886] 13.457 +0.33@ - 0.250 E(30)
8 0.651 1.4103 1.840 -5.233-1.519p + 14.671m
3. pp + T (8) (0.333) (0.5634)  (0.311) 5.109 + 0.213ip - 1.4847
[8] [0.567] [0.4110]  [1.182] 7.485 +0.318ip - 4.7831*
8 0.455 1.6547 0.653  5.007 - 0.5%9+ 0.166 log kLJ
4. Ho + 109 ke + men Lassau and Jungers (8) (0.608)  (0.4743)  (1.466) 2.727 +0.362- 1. 188 log kLJ
[8] [0.836] [0.2740] [5.783] 2.410+0.32% - 1. 565 log kLJ
- £-1
8 0.446 1 6633 0620 11:396+008 20.660(£-1)
(2e+1)
g+ (£-)) 6.606 + 0.044 - 7.030 (£ -1
5. (26 +1) (8) (0.460)  (0.5306)  (0.669) (25 +1)
6.832 +0.026 - 7.314 (¢ 1)
[8] [0.486] [0.4360] [0.771] (2£+1)
€ + Er(30) 8 0.444 1.6648 0.615 19.159 + 0.022 - 0.396 E(30)
6. (8) (0.638)  (0.4602)  (1.172) 12.205 + 0.04% - 0.213 E(30)
[8] [0.571] [0.4093]  [1.212] 10.676 +0.02@ - 0.169 E(30)
g+ 8 0.450 1.6597 0.634 -8.823-0.19% + 18.3701
7. (8) (0.390)  (0.5502)  (0.447) 7.412 +0.05Z - 4.5771
[8] [0.440] [0.4479]  [0.600] 8.346 +0.043 - 5.714rm
8 0.339 1.7488 0.325 2.739-0.00% - 1.400 log kLJ
8. € + 109 kopepsmen Lassau and Jungers (8) (0.629)  (0.4643)  (1.638) 2.725+ 0.04% - 1.363 log ki_J
[8] [0.692] [0.3599] [2.302] 2.861 + 0.02& - 1.354 log K.J
) . £-1
8 0.415 1.6903 0521 03030489 12396 (-1
(26 +1)
o+ (£-1) 5.606 - 0.766 - 0.938 (£-1)
9. 2e+1) (8) (0.332) (0.5635)  (0.310) 254D
5.088 + 0.109 - 2.467 (£-1)
[8] [0.366] [0.4642]  [0.387] (26+1)
p + Er(30) 8 0.435 1.6735 0.582 15.519 + 0.184 - 0.303 E (30)
10. (8) (0.393)  (0.5492)  (0.458) 7.434—0.79% - 0.055 E(30)
[8] [0.481] [0.4373] [0.752] 7.356 —0.176% - 0.084 E(30)
p+T* 8 0.201 1.8203 0.105 4.631 +0.71§ - 2.1557
11. (8) (0.338) (0.5623)  (0.323) 4.559 —0.59p + 0.5667*
[8] [0.325] [0.4717] [0.295] 4.693 +0.28% - 0.9911*
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8 0.340 1.7475 0.327 2.437 +0.20D - 1.434 log kLJ
12. P +10g kapepamen Lassau and Jungers (8) (0.393)  (0.5493)  (0.457) 5.062 —0.83D - 0.345 log kLJ
[8] [0.532] [0.4223] [0.987] 3.689 +0.07% - 0.606 log kLJ
- - £-1
8 0.586 1 5057 130g 11:432-0.05%-15.062 (-9
(2e+))
y+ (-1 3.620 + 0.008 + 1.216 (£-1)
13. 2e1]) (8) (0.192)  (0.5863)  (0.096) 26 +1)
4.967 + 0.00§ - 2.294 (£-1)
[8] [0.399] [0.4574]  [0.472] 2e1])
y + Ex(30) 8 0.615 1.4660 1.517 21.811 - 0.05% - 0.413 E(30)
14. (8) (0.618)  (0.5890)  (0.072) 5.066 + 0.00% - 0.022 E(30)
[8] [0.487] [0.4356]  [0.777] 7.329 + 0.00% - 0.082 E(30)
8 0.169 1.6718 0.177 5.832-2.59% +0.03 T*
15, y+T¢ (8) (0.347)  (0.5604)  (0.341) 2.391 + 1.856 + 0.014n*
[8] [0.315] [0.4734]  [0.275] 4.704 —0.80§ + 0.006m*
8 0.530 1.5757 0.977 3.776 - 2.106 - 0.056 log kLJ
16. Y+ 10g kppen « ey Lassau and Junges (8) (0.152)  (0.5904)  (0.059) 4.128 -0.084 + 0.005 log kLJ
[8] [0.540] [0.4199]  [1.028] 3.687 - 0.583 + 0.004 log kLJ
y £-1
8 0.548 15539 Lo7s 5582+1.014-6.661 (-1
(26 +1)
n+ (-1 4.513 - 0.176) - 0.096_(£-1)
17. 2e+1) (8) (0.213)  (0.5837)  (0.118) 2+
6.357 - 0.393) - 4.506 (¢-1)
[8] [0.638] [0.3840]  [1.718] 2+
8 0.557 1.5437 1.122  10.390 + 0.979) - 0.188 E(30)
18. n+E (30) (8) (0.327)  (0.5647)  (0.299) 7.057 - 0.270) - 0.063 E(30)
[8] [0.753] [0.3284] [3.268] 10.297 - 0.442) - 0.144 E(30)
8 0.507 1.6021 0.863 1.746 + 1.345) + 1.033n*
19. n+m (8) (0.237)  (0.5803)  (0.149) 3.955 - 0.13G) + 0.582m*
[8] [0.576] [0.4078]  [1.239] 6.317 - 0.379) - 2.1877*
8 0.537 1.5680 1.011 2.178 +1.11G) - 0.864 log k LJ
20. N +10g ke« vey Lassau and Jungers (8) (0.277)  (0.5740)  (0.208) 4.323-0.222) - 0.264 log kLJ
[8] [0.744] [0.3332] [3.103] 3.916 - 0.374) - 0.832 log k LJ
Value in () is for p—CI
Value in[ ]is for p—OCH
SET-C
(Hydroxylic solvents - Protic)
Correlation Regression equation
S. No. 3+ log k Vs parameters n R S F log k.= Egn.no
_ - £-1
2 o722 08037 2179 - 13:662+0.0020 35.361 (£ -0
(26 +1)
1 po+ (-1 7 (0717) (05230) (2.419) 13.294 + 0.03% + 34.900(£ -1)
' (2e+1) ' ' ' (2e+))
-14. +0. + 38. &1
[71 [0.798] [0.4453] [3.497] 14.620 +0.0340 + 38 3477((2 - +i)
7 0535 06151 0.802  1.285 + 0.498+ 0.012 E(30)
2. up+Ex(30) (7) (0.627) (0.5846) (1.297)  1.202 + 0.479+ 0.016 E(30)
[71 [0.647] [0.5630] [1.439] 1.457 + 0.49% + 0.015 E(30)
7 0407  0.6651 0.396 1.865 + 0.32Qip + 0.2287*
3. pp+ Tt (7) (0.496) (0.6517) (0.653) 1.709 + 0.41515 + 0.606T*
[71 [0.505] [0.6373] [0.684] 2.052 +0.414ip + 0.445T
7 0413 06631 0411  2.018 + 0.261- 0.071 log kLJ
4. o t10g keey + ey Lassau and Jungers(7) - (0.450) (0.6701)  (0.509)  2.169 + 0.284- 0.093 log kLJ
[7] [0.507] [0.6364] [0.691] 2.363+0.3G3-0. 117 log kLJ
23.296 + 0.15% - 51.882 (£ -1
7 088  0.3382 7.272 " D
(2e+1)
e+ (-0 31.772 + 0.194 - 71.443 (¢ 1) 36
5. (26 +1) (7) (0.943) (0.2502) (16.003) 26 +1)
21.962 + 0.158 - 47.970 (£-1) 37
[7] [0.944] [0.2427] [16.507] 26 +1)
& + Er(30) 7 0.844 0.3903  4.960 1.280 +0.074 - 0.004 E(30)
6. (7) (0.859) (0.3843) (5.630) 1.353 +0.076 - 0.001 E(30)
[7]1 [0.911] [0.3049] [9.726] 1.594 + 0.08% - 0.003 E(30) 38
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€+ T 7 0837 03985  4.675 1.228+0.07k-0.0851
7. (7) (0.862) (0.3803) (5.790) 1.212 + 0.07& + 0.175M"
[71 [0.906] [0.3125] [9.159] 1.501 + 0.07& +0.020m" 39
7 0868 03614  6.119 1.119+0.082 +0.153 log K.J
8. € + 109 loppneven Lassau and Jungers  (7)  (0.882)  (0.3541)  (6.986) 1.262 + 0.08% + 0.137 log kLJ
[71 [0.922] [0.2891] [11.317] 1.468 + 0.08& + 0.113 log k.J 40
-20. +1. + 46. -1
7 0742 04879 2454 20093+ 167@+46 274671
(2e+))
o+ (£-1) -26.130 + 3.21p + 57.044 (£ -1
9. 2D (7) (0.784) (0.4655) (3.201) 2+
-24.930 + 2.56Q + 56.202 (£ -1)
[7] [0.838] [0.4032] [4.706] 2+
p + Ex(30) 7 0521 06215  0.745 4.825-3.03Q +0.007 E(30)
10. (7) (0.474) (0.6608) (0.580) 4.580 — 2.60D + 0.010 E(30)
[7] [0.594] [0.6173] [0.861] 5.334—3.15( + 0.009 E(30)
P+ 7 0575 05955  0.990 6.215- 4.89% + 0.976m*
11. (7) (0.560) (0.6218) (0.914) 6.360 — 4.979 + 1.248m*

[7] [0.626] [0.5759] [1.287] 7.047 - 5.46(p + 1.2047*

7 0485 06366 0616 4.735-2.647 -0.081 log kLJ
12. P+ log kgpeneven Lassau and Jungers (7)  (0.417)  (0.6823)  (0.420) 4.439 —2.087 - 0.115 log k LJ

[7] [0.524] [0.6289] [0.756] 5.135— 2.63p - 0.134 log kLJ

- £-1
7 0723 05028 2193 14.855 + 0.00§ + 37.650 (-1

(2e+1)
+ (- -19.641 + 0.02§ + 47.280 (¢-1)
13 Y 2er) (7) (0.742) (0.5036) (2.443) ¥ e+
. -1
(7] [0810] [04329] [3.818] 19.509 + 0.02¥ + 47.942 ((285 +i)
y + Er(30) 7 0571 05979 0.965 3.593 - 0.053 + 0.008 F(30)
14. (7) (0.511) (0.6451) (0.708) 3.519 - 0.04% + 0.010 E(30)

[71 [0.578] [0.6026] [1.002] 4.000 - 0.05% + 0.009 E(30)
7 0635 05622 1354 4.162—-0.084 +1.040 T*
15.  y+T1r (7) (0.604) (0.5979) (1.151) 4.234 —0.083 + 1.282*
[7] [0.655] [0.5576] [1.506] 4.668—0.80§ + 1.202m*
7 0556 0.6053  0.893 3.692-0.049-0.117 log kLJ
16. Y+ log keeen+vey Lassau and Jungers (7)  (0.478) (0.6592)  (0.593) 3.655 - 0.04 - 0.143 log kLJ
[7] [0.582] [0.6001] [1.027] 4.086-0.048 - 0.171 log kLJ

-9.627 - 0.13% + 27.075 (¢ 1)

7 0.831 0.4047 4.475

(2 +1)

n+ (-1 - 11.066 - 0.098 + 30.526 (£-1)
17. 2] (7) (0.766) (0.4824) (2.843) 2e+1)
-12.409 - 0.092) + 34.003 (¢ -1
[7] [0.842] [0.3979] [4.884] (26 +1)

7 0766 04684 2833 2417-0.248 +0.013 §(30)

(7) (0.679) (0.5511) (1.710) 2.514 - 0.215) +0.014 E(30)
[7] [0.690] [0.5343] [1.819] 2.818-0.219) + 0.013 E(30)
7 0754 04783 2635 2.559-0.288) + 0.9247
19. n+m (7) (0.678) (0.5514) (1.706) 2.649 - 0.269) + 1.103m*

[7] [0.661] [0.5542] [1.550] 2.993-0.257 +0.897m

7 0773 04617 2973 2.710-0.238) - 0.240 log kLJ
20. N +10g Keeen+ vey Lassau and Jungers (7)  (0.666) (0.5596)  (1.598) 2.860 - 0.204) - 0.249 log kLJ
[71 [0.731] [0.5035] [2.301] 3.009 - 0.216) - 0.283 log kLJ

18.  n+E (30)

Value in () is for p—CI
Valuein[ ]is for p—~OCH

Multiple regression — Dual solvent parameter regresion analyses

Solvents will have specific and non-specific intgi@ns with the solute in a concerted fashion.tSe profitable to
use more than one solvent parameter in the regreasialyses. We have tried two parameter correlatidog k in
order to obtain a better correlation. The multideal) regression analyses with the above saidesblparameters
were performed with logzat 303K for aprotic, aromatic and halogenatedotic solvents using the equation.

logk=logk+a X+ & X,

where X and X% are independent variables.
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The results are presented in Table-6. Dual parameggession gives better correlation than the Enope which
reflects in the R values [30,33]. The best-fit dtpres were given in Table-7.

Table 7 Summary of the best — fit multiple (dualyegression equation in predicting the effect of seknt parameters on reaction rate
SET-A
(Aliphatic polar aprotic solvents)

Correlation
3+ log koversus Regression Equation log k n R S F Eqn. no.
solvent parameters

3.919 + 0.9951, - 5.398 (-1

26 +1) [10] 0.926 0.3325 21.093 7
w + (-1 4,024 +1.03%1p - 6.302 (-1
26 +1) 26 +1) (10) (0.930) (0.3136) (22.492) 8
4.474 +1.019, - 8.198 (-1
26 +1) [10] [0.934] [0.2511] [23.962] 9
0.680 + 0.48Qup + 0.057 E(30) 10 0.911 0.3631 17.125 10
Ho + Bx(30) 1.006 + 0.4931p + 0.044 E(30) (10)  (0.901) (0.3698) (15.187) 11
0.914 + 0.221p + 3.9531 [10] [0.934] [0.3144] [24.006] 12
Hp + T 0.702 + 0.173ip + 4.1757" (10) (0.934) (0.3058) 23.820 13
0.144 — 0.0991, + 5.4537" [10] [0.944] [0.2330] [28.396] 14
3.701 + 0.4031p + 0.535 log kLI 10 0.925 0.3351 20.714 15
Hp + log ke LJ 3.657 + 0.3641p + 0.570 log kLI (10)  (0.923) (0,3285) (20.182) 16
3.925 + 0.166ip + 0.707 log k LJ [10] [0.910] [0.2912] [16.925] 17
e+ (-1 3.176 + 0.04% - 0.726 (£6-1)
2+ 26+ [10] [0.902] [0.3031] [15.356] 18
€ + Ex(30) 5.025 +0.058 + 0.058 E(30) [10] [0.905] [0.2988] [15.891] 19
0.251 + 0.00@ + 5.7241" 10 0.927 0.3311 21.295 20
g+10 -0.186 — 0.00% + 6.281r (10) (0.930) (0,31346) (22.319) 21
0.710 + 0.00% 4.1371 [10] [0.942] [0.2362] [27.546] 22
e +logk LJ 3.739 + 0.023 + 0.489 log k LJ [10] [0.916] [0.2820] [18.280] 23
2.034—2.10Q + 5.9321 10 0.976 0.1936 69.052 24
p+T 1.640 — 1.71p + 5.7351 (10) (0.964) (0.2280) (45.671) 25
1.345 — 1.056¢ + 4.7501 [10] [0.961] [0.1954] [41.848] 26
8.259 — 2.99% + 1.342 log kLJ 10 0.974 0.1990 65.173 27
p +log k LJ 7.648 — 2.579 + 1.292 log kLJ (10) (0.959) (0.2432) (39.691) 28
6.310 — 1.764 + 1.065 log kLJ [10] [0.951] [0.2184] [32.802] 29
0.007 — 0.00% + 6.3097" 10 0.929 0.3268 21.967 30
y+ 10 0.026 — 0.004 + 5.9391" (10) (0.930) (0.3147) (22.302) 31
-0.156 — 0.01% + 6.101n" [10] [0.961] [0.1939] [45.543] 32
0.277 - 0.060, + 5.7661" 10 0.928 0.3279 21.795 33
N+t 0.170 + 0.008) + 5.576m (10) (0.929) (0.3165) (22.014) 34
0.463 — 0.033) + 4.6671" [10] [0.942] [0.2362] [27.532] 35
SET-C
Protic Solvents
31.772 + 0.194 - 71.442 (-1
er (e-1) 26 +1) @ (0.943) (0.2502) (16.003) 36
2+ 21.962 +0.158 - 47.970 (¢-1)
2+ 7 [0.944] [0.2427] [16.507] 37
€ + Ex(30) 1.594 + 0.08 - 0.003 E(30) 7 [0.911] [0.3049] [9.726] 38
e+T 1.501 + 0.078& + 0.0201 7 [0.906] [0.3125] [9.159] 39
e+ log k LJ 1.468 + 0.086 + 0.113 log k LJ [7] [0.922] [0.2891] [11.317] 40

Valuein () is for p—CI
Value in[ ]is for p—OCH

In the case of dual parameter regression treatthent is a satisfactory correlation only in the bamation of

along with Kirkwood function (-9 | Er(30), T, Lassau and Jungers
(2e+)
log kz(np%NJ,Me,) ande along with (-1 | Er(30), T, Lassau and Jungers Iog(,k% N + mey andp along with T,
2e+1)

Lassau and Jungers log (kpr3 N + mey @andy with ¢ and n with 1t*. This reflects in equations 7 to 35 for aliphatic

polar solvents (Set A). For protic solvents, thiera satisfactory correlation only in the combioatbfe along with
(-1

(2 +1

36 to 40. From these observations, it is concluthatl the influence of density) along with polarizability 1),

Kirkwood function , Er(30), T and Lassau and Jungers Iog(,kor3 N + mery SCale. This reflects in equations
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Lassau and Jungers Iognl@é.\, +mei for aliphatic polar solvents and dielectric conssag) with Kirkwood functions
-1
2e+1
and 37 up+ T (egn 14),e + 1*(eqn 22),p+ 1 (eqn 25 and 26+ log k LJ (eqgn 28 and 29y.+ 1t (eqn 32) and
+ 1 (egn 35) improves the correlation coefficientadarge extent. This is observed in the aliphatiiapsolvents

(Set A) but not in the aromatic and halogenated eand protic solvents (Set C). There is a satisfry
correlation in solvent set A and poor correlatiorsolvent sets B and C.

for protic solvents on the rate is found to be entbian other parameters. This reflects in equadn®7, 36

Generally dual parameter regression gives betteelation than the simple one as reflected in theaRes of most
of the regression equations (Table-6). Among thed darameter treatments the regression analysssnt set A
gives the best linearity. From the observatiomaal be concluded that more than one solvent paearirgéraction
has to be considered to understand the effectieéisis on the rate of the reaction.

Multiple regression — Triple solvent parameter regession analyses

Apart from the dual parameter regression analyseshave attempted triple solvent parameter regrest
understand the influence of solvents on the ratehef reaction.The triple regression analyses wilvest
parameters were performed against logtk303K for aliphatic polar, aromatic and halogedsand protic solvents
using the equation. The regression analyses regates presented in Table -8.

logk, = logk +aX;+aX;+aX;

where X , X, and X are independent variables.

Table 8 Summary of the multiple regression (Triple)of 3+log k versus solvent parameters
Reaction between TsCl angh —XCgH,OH-NEt;(X= p— CN,p— Cl andp— OCHa)
Triple regression analysis

SET-A
(Aliphatic polar aprotic solvents)
S. No. Correlation n R S F Regression equation lagk Eqgn.no.

3+ log k versus parameters

4.092 -3.459 (£ -1) +0.729p + 0.313 log kLJ

10 0931 0.3483 12941 2e+]) 41
(-1 +pp+logk LI 4.176 - 4598 (£ -1) +0.797up + 0.275 log kLJ
1. 2e+]) (10) (0.934) (0.3298) (13.660) 2e+]) 42
- -1
[10] [0.941] [0.2578] [15.368] 4.640 - 6.332(£-1) +0.763up + 0.301 log kLJ 43
(2e+1)
- -1
10 0931 03483 12940 2399 4.991(£-1) +0.850pp + 0.042 E(30) a4
(2e+1)
(-1 +ypp+ Ex(30) 3.090 - 6.051(6 1) +0.942u5 + 0.026 E(30)
2. 2e+]) (10) (0.932) (0.3344) (13.237) 2e+]) 45
- -1
(0] [0.944] [0.2514] [16.268] 2.706 - 7.724 (6 —1) + 0.851up + 0.049 &(30) 46
(2e+1)
- -1
10 o093 03366 14000 701 1.789(6 -1+ 0.425yp + 3.1341 47
(2 +1)
(=D +pp+ m 2.093 -3.158(6-1) + 0.535up + 2.730m
3. (26 +1) (10) (0.938) (0.3206) (14.573) (26 +1) 48
1.929 - 4.056 (€1 + 0.365up + 3.5971¢
[10] [0.953] [0.2299] [19.825] ) 49
10 0925 0.3619  11.842 3.885+ 0.551 loglid + 0.4085 - 0.004 E(30) 50
4. log kLJ +pp + Ex(30) (10) (0.925) (0.3507) (11.855) 5.060 + 0.698 loglkd +0.402u5 - 0.034 E(30) 51
[10] [0.911] [0.3139] [9.713] 4.412 +0.751 log kJ +0.180u5 - 0.012 E(30) 52
10 0.939 0.3267  14.986 -3.134-0.882logM.J + 0.057up + 9.179m 53
5. log keLJ +pp + Tt* (10) (0.820) (0.5947) (4.116) 0.917 - 0.151 log4.J + 0.357p + 3.182m
[10] [0.968] [0.1894] [30.184] -7.088 - 1.575 logid.J - 0.391yp + 14.789r 54
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SET-B
(Aromatic and halogenated solvents)
S. No. Correlation n R S F Regression equation lagk

3+ log k versus parameters

7.701-6.168 (£ —1) - 0.458up + 0.755 log kLJ

(-1 +pp+logk LI (26 +1)
(26 +1) 1.738 +2.266 (6 -1) + 0.320up - 1.404 log kLJ

8 0.458 1.8470 0.354

1. (8) (0.611) (0.5289)  (0.793) 2e+1)
4.793 -5.458 (£ -1) + 0.424y; - 1.044 log kLJ
[8] [0.853] [0.2914]  [3.549] 26 +1)
-1 - -
8 0.493 18081 oapy 13947+ 16.261(£-1) -0.635up - 0.391 E(30)
(2e+))
(=D +yp + Ex(30) 14.197 +5.084(£ -1) +0.342u5 - 0.318 E(30)
2. et (8) (0.706) (0.4733)  (1.322) (26 +1)
11.390 - 8.281(£ 1)  +0.474yp - 0.121 E(30)
[8] [0.831] [0.3101] [2.977] (2e+1)
_ - -1 -
8 0.679 15057 1139 2663 12.853(6-1) -1.188up + 17.055m
(2e+1)
(=D +pp+ m 6.815 - 8.532(€-1) + 0.432yp, + 0.098¢*
3. (26 +1) (8) (0.517) (0.5718)  (0.486) 26 +1)
9.783 - 11.495(£ 1) +0.614yp - 2.65217
[8] [0.853] [0.2908]  [3.570] ((2£+ i) " Ho

8 0.653 1.5742 0.989 87.099 + 10.722 legk- 0.263up - 1.890 E(30)
4. log ke LJ + pip + Er(30) (8) (0.724)  (0.4606)  (1.470) 24.927 + 1.667 latgk+ 0.445u5 - 0.511 E(30)
[8] [0.838] [0.3044] [3.141] -0.493 - 1.938 loglkl +0.314yup + 0.067 E(30)
8 0.729 1.4230 1.509 -13.934 -2.872 log#J - 1.445u, + 22.540m*
5. log ko LJ +pp + 1 (8) (0.647) (0.5095) (0.958) 0.370 - 1.566 logK.J + 0.253up + 2.807T*
[8] [0.839] [0.3036] [3.166] 3.071-1.459 log4.J + 0.356up - 0.7871*

SET-C
(Hydroxylic solvents - protic)
Correlation . .
S. No. 3+ log ks versus parameters n R S F Regression equation lagk
- -1 -
; 0.738 0.5675 1194 15.473 + 39.555£—-1)  -0.003p + 0.097 log kLJ
(2e+))
(-1 +pp+logk LI -14.570 + 37.853¢ -1)  +0.032up + 0.068 log kLJ
1. 2e+1) (7) (0.725) (0.5973)  (1.106) 2+
B -1
71 [0802 [05088] [L8O7] 15.680 + 40.802(¢ —1) + 0.032up + 0.057 log kLJ
(26 +1)
- -1 - -
; 0.723 0.5812 Logy 14115+ 36.534£-1) -0.019up - 0.001 E(30)
(2e+))
(-1 +pp + Ex(30) -10.904 +28.717(6 -1) + 0.143yp + 0.006 E(30)
2. 2e+1) (7) (0.728) (0.5939)  (1.130) 26+
B £-1)
M 0799 [05122] [L770] 13.641 +35.816(£ -1) +0.079yp + 0.002 E(30)
(2e+))
. -1
; 0.727 0.5770 L1pg 18774+ 35.242(¢ -1 +0.036pp + 0.196m*
(26 +1)
(-0 +pp+ m -13.622 + 34.551(6 -1 +0.136pp + 0.5741*
3. 26+ (7) (0.758) (0.5650)  (1.353) 26+
-14.854 + 38.097(£-1) +0.106y, + 0.410mt*
[71 [0.817] [0.4912] [2.012] 26+
7 0.561 0.6962 0.458  1.027 + 0.132 ledk+ 0.501yp + 0.018 E(30)
4, log k LJ +pp + E(30) (7) (0.664) (0.6483) (0.787) 0.856 +0.177 lagk+ 0.603up + 0.023 E(30)

[71 [0.633] [0.6384] [0.783] 1.231 +0.116 loglkl +0.578up + 0.020 E(30)
7 0416 07644  0.210 1.912-0.057 logA.J + 0.288p + 9.1367*

5. log kL +pp + T (7) (0.499) (0.7511)  (0.331) 1.738 - 0.034 log K.J + 0.395.5 + 0.550m
[71 [0521] [0.7275] [0.373] 2.121-0.084 logK.J + 0.366up + 0.3087*

In the case of triple parameter regression treatr@re is a satisfactory correlation in solvertt Aeand a poor
correlation in solvent sets B and C. This it cooédconcluded that among the triple parameters seigne analyses,
the solvent set A i.e., aliphatic polar solventsrééic) show best correlations. This reflects inaipns 41 to 54
(Table-9).
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Table 9 Summary of the best — fit triple regressiorquation in predicting the effect of solvent pararaters on reaction rate
(Aliphatic polar aprotic solvents)

s Correlation
No- 3+ log k versus solvent Regression equation logk n R S F Eqn.no.
) parameters
4.092 - 3.459(£ -1) +0.729p + 0.313 log
(26 +1) 10 0931 0.3483 12941 41
ko LJ
(6=1) + 1o+ log ko LI 4.176 - 4.598(£ ~1) +0.797)p + 0.275 log
2e+1) (26 +1) (10) (0.934) (0.3298) (13.660) 42
ko LJ
4.640 - 6.332(£-1) +0.763yp + 0.301 log
(26 +1) [10] [0.941] [0.2578] [15.368] 43
ko LJ
2.399 - 4.991 (¢ -1) + 0.850pp + 0.042
(26 +1) 10 0931 03483  12.940 44
Er(30)
(6-1) + o+ Ex(30) 3.090 - 6.051 (¢ -1) + 0.942yp +0.026
2. oy (2e +1) (10) (0.932) (0.3344) (13.237) 45
Er(30)
2.706 - 7.724(s -1) + 0.851p+ 0.049
(26 +1) [10] [0.944] [0.2514] [16.268] 46
Ex(30)
1.701-1.789 (¢ -1) + 0.425up+ 3.1347¢*
2e+1) 10 0935 0.3366  14.000 47
~1) +pp+ T 2.093 - 3.158 (¢ -1) + 0.535pp+ 2.7301
3. % Ho % Ho (10) (0.938) (0.3206) (14.573) 48
1.929 - 4.056 (¢ 1) + 0.365up+ 3.5977¢*
(e-1) Ho [10] [0.953] [0.2299] [19.825] 49
(2e +1)
2?3(5); 0.551 log4L.J + 0.408.p - 0.004 10 0925 03619 11.842 50
3
4. log kLJ +pio + Ex(30) g'((’gg)” 0.698 log4LJ +0.402415 - 0.034 (10) (0.925) (0.3507) (11.855) 51
T
‘é“{%ﬁf 0.751 log 4.3 +0.180up - 0.012 [10] [0.911] [03139] [9.713] 52
:

-3.134 - 0.882 logkJ + 0.057up + 9.179 10 0.939  0.3267 14.986 53

5 logleld+pp +1 -7.088 - 1.575 logkJ - 0.391 + 14.789*  [10] [0.968] [0.1894] [30.184] 54

The reaction of TsCl witlp - XCg H;OH-NE#t; (X = p-CN, p-Cl, p-OCHs) does not take place in benzene and,CCI
This indicates that triethylamine has not causediohization of phenols in the above two solveiitse complex
has the structure shown below.

X C OH....NE}

But the reaction does occur in CH@hd dichloroethane, because the solvents ard¢eshiediate polarity.

There is no appreciable reaction when preubstituted phenol(s) was treated with TsCl (eeptial substrate for
nucleophilic substitution reaction) in the absentdriethylamine [27]. Free unionized phenols (itetone) was
found to be not potent nucleophile in this reaction

It is interesting to note that the rate of the tieacin chloroform (moderately polar solvent) ighér than the rate of
the reaction in methanol (a highly polar solvefif)e nucleophileg-X Cs H; OH - NEt) is made less potent in
methanol due to extensive solvation through hydndgending.Whereas in CHglthe phenol(s) —amine complex
may have a pseudo-asymmetric structure. The régctivder doestm conform with the basicity order of the
nucleophile. Perhaps the nature of the active spaunay differ depending on the nature of the pligho

Hydroxylic solvents are good H-bond donors and Didlfexcellent H-bond acceptor. The polar non-elégteo
TsCI is found to be hydrogen bond acceptor. Hdnalroxylic solvents are excepted to solvate theeophile
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extensively through hydrogen bonding while the atbn will be expected to be less in dipolar apratblvents.

The rate of the reactions were higher in acetonetoaitrile (ACN), DMF, ethyl methyl ketone, nitr@thane,

acetophenone, nitrobenzene etc., than in the 2apapbenzyl alcohol, 2-ethoxyethanol etc., whiglni agreement
with the prediction made on the basis of their hiding properties. The distinction between protid afpolar

aprotic solvents, is so far as they influence rateseaction, is a sharp one. The above obsenatsnggest that
hydrogen bonding will be an important interactiardetermining the effect of solvent on rates.

An analysis of the results presented in the tabJésand 9 indicates that the correlation is goosdalvent set A but
poor in solvent sets B and C. It may be inferreat t similar reactive species may exist in solverftset A.p-
Substituted phenol(s)-NEtan exists as (a) H — bonding with triethylamnuomiions (b) a tight- ion pair with
complete proton transfer (c) solvent separatagiir

p-X-Ar-O-H ... NEts

()

p-X-Ar-O° .... HN' Et;
(b)

p-X-Ar-O" /I S /I HN Et
(©

Only solvents of dielectric constant greater thaar& considered for our investigation except ctitoro, 1, 4-
dioxan and anisole. This arbitrary choice was n&dee there is an extensive ion aggregation inessof lower
dielectric constant which makes the rate of thetrea very slow in these solvents.

The poor correlation observed in solvent sets B @nchay be due to the dual nature of hydroxylic ents
(electrophilic and nucleophilic) along with theirbdnding ability resulting in random interactiontlwithe active
species.

In the solvents such as ACN, acetone, DMF, cycltgreane, cyclohexanone, nitromethane, nitrobenzemethe
rate is high compared with other solvents. This fnaydue to the repulsion between the phenoxidenaanal the
more electronegative atom (oxygen or nitrogenhefgolvents which may allow the phenoxide ion égffrom the
solvent molecules resulting in a higher reactitfitgn in the other solvents.

CONCLUSION

The rate constants for the reactions of tosyl étiéowith p-substituted phenol(s) and triethylamine are deitgeth
in different aprotic, aromatic and halogenated anatic solvents. Attempts are made to correlateatians in
reaction rate with solvent parameters at macroscopnd microscopic levels, such as dielectric

constantf),Kirkwood functio £-1 ,dipole  momeni(p) refractive index(n),viscosityj,surface tensionj,
2c+1

Grunwald and Winstein solvent polarity scale(Y)stau and Jungers log k Pey N + Mel) scale, Kosower factor (Z),

E+(30)-value and Kamlegt al scale £). First simple regression and then multiple resjmess are carried out on the

kinetic data against the various solvent parame€@uosrelation results indicate that more than aileent parameter

may influence the rate of the reaction.

The failure to get good correlations either by denpegression (or) multiple regression in all cageslue to
following situation we presume. The reactant sh@xidt as a similar species in any solvent chosahis the gross
structure should not change solvent to solventnTdrdy the influence of the solvent on the ratéhef reaction can
be analyzed. In the present system it has beenludet by various physico-chemical methods that the
triethylamine -p-substituted phenol(s) complex exists as diffesp#cies in different solvents. However this fact
has not been investigated by kinetic method. Ounraan is to verify whether kinetic observation émms with

the physico-chemical conclusions. We have provedumfitative and quantitative analyses of kinettadthat the
phenol(s) — amine complex does exist as differpeci®s which differ in its finer structure detaifs different
solvents. This lead to the less success of regmessialyses.
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