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Two quantitative correlations of leaving groups effects from aliphatic car-
bon in bimolecular nucleophilic substitution reactions were given by using Ed-
wards equation;

k
CH,Y + X-—-»CH; X +4 Y~

logk [k, = a E, + f H,

in which k and k are the reaction rate constants of the substrate with a nucleo-
phile, X and water, respectively, at 25.0°C. E, is the oxidative dimerization po-
tential and H is the basicity of the nucleophile, relative to water. Leaving group
reactivity order is a function of oxidation and basicity of the leaving group.Ina
serie of alkyl substrates, CH,Y, the subsirate constant « depends linearly to the

E g and the substrate constant, log # depends linearly to the H g
= L11 Ey_ 4 0.87

log f = 0.13 Hy_ — 1.36

Using these equations, new substrate constants and then the rate constants of
bimolecular nucleophilic substitution reactions on CH;Y compounds in water,
at 25.0°C can be estimated.

INTRODUCTION

This work undertaken in order to establish a quantita-
tive correlation of leaving group effects from aliphatic car-
bon in bimolecular nucleophilic substitution reactions by

* Mailing address : A, U, Fen Fakiiltesi, Ankara, Turkey.
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using Edward’s equation. Edwards equation (1-5) is a line-
ar free energy relationship in which nucleophilic reactivity
is correlated with a linear combination of the oxidative po-
tential and the basicity of the nucleophile by means of eq (1).

logk ko — « E_ + 8 H, (1)
CHY + X~ > CH: X 4+ Y- (2)
CHY + H:0 > CH,OH + H* + Y~ ( 3)
E, = ¢+ 2,60 v. (4)
2X- ==X, +2e te (5)
H, = pK, -+ 1,74 ( 6)
X- 4+ Ht = HX : pK, (7

The rate constants k and k, refer to the reactions of a subst-
rate CH;Y, with a nucleophile, X in eq. (1) and water as a
reference nucleophile, in eq. (2); E, is defined by eq. (4) whe-
re ¢ is the oxidative dimerization potential of the nucleophile
in the equilibrium reaction (5), H, is defined by eq. (6) where
pX, is the acidity constant of the conjugate acid of the nuc-
leophile in the reaction (7). 2.60 v. and 1.74 are correction
terms for the ¢ and pK, of water. All the data are in water

at 25.0°C.

Edwards equation, now called oxibase scale by Davis
(7), is quantitatively good for nucleophilic displacaments on
aliphatic carbon. Davis (8) also gave the following equation
serving as a more general oxibase scale,

log ki k2 = o (e1 — e2) 4 B (pK,, —pKa) (1 8)

in which k, [k is the rate constant for the reaction of a subs-
trate with a nucleophile 1 relative to that for reaction with a
nucleophile 2. In this equation, the k1, ko, ¢ and pK, vaules
can be used at the same proper temperature from 0 to 100°C
and without the necessity of the reference nucleophile, wa-
ter.

The use of oxibase scale to predict leaving group orders
from carbon in S2 reactions was first made by Davis (7).
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For the parameters « and B for a serie of alkyl substrates RY,
where Y is a variety of leaving groups; he found a linear re-
lationship between ¢ and Ey_ with a slope equal to unity
as predicted from theory. The substrates were CH,Y and
CH,YCOONa and Y was Cl, Br, I and OTs (p-toluenesulp-
honate). The value of 8 appeared to be related to the elec-
tronegativity difference (xy-xp)* and increase as Y becomes
more electronegative relative to R.

* In this work, the substrate parameters « and § of a serie
_ of alkyl substrates CH;Y were found from literature as in
the case of CH;Cl, CH,Br, CH;I and CH,OTs or computed
as a result of this study on CH;F and CH;CN and the depen-
dence of the substrate parameters to the nucleophilic cons-
tants of the leaving group (legate) i.e. oxidation potentials
and basicity, was investigated. As a leaving group is a nucle-
ophile leaving the reaction center, its reactivity can be corre-
lated with its nucleophilic constants. It was shown that lea-
ving group order is a function of oxidation and basicity of
the leaving group.

RESULTS AND DiSCUSSION

The substrate parameters, « and 8 of CH;F and CH:CN in
water at 25°.0C.

Using the kinetic data given by Marshall and Moelwyn-
Hughes (9) and the oxibase scale given by Davis (8), the subs-
trate parameters « and § of CH;F and CH;CN in water at
25°.0C were computed by least squares adjustment. They
were found « = 1.03 and 8 = 0.156 for CH,F and « — 3.45
and B = 0.462 for CH,CN.

The substrate parameters of a serie of alkyl substrates CH,Y
and their dependence to the nucleophilic constants of leaving
group, Y.

The substrate parameters « and B of a serie of alkyl subst-
rates, CH;Y and the oxidative dimerization potentlals, Ey-
and basicity constants, pK of leaving groups, Y, all in

water at 25.0°C are given in Table 1.
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TABLE 1

Substrate parameters o and § (Edwards) of CH,Y compounds and oxidative di-
merization potential ey_ and basicity constant pK v of leaving groups, Y, in

water at 25.0°C.

CH,Y " B | Ref. | ey ® | pKay_ ©

— {

CH,F 1.03 | 0.156 | This work —2.87 3.2
CH,Cl 2.25 | 0.008 d —1.36 —1.0
CH,Br 2.50 | 0.006 d —1.09 —9.0
CH,I 2.95 | —0.003 e —0.54 —9.5
CH,CN 3.45 | 0.462 | This work 0.19 9.2
CH,0Ts* | 1.50 | 0.013 | a —2.302 | —f

20Ts: p- toluenesulphonate, bR.G. Pearson, et al;, J. Am. Chem. Soc. 90, 319
(1968), (Ey— =cy— -2,60),°]. Bjerrum, G. Schwarzenbach and L. Sillen, Stability
constants, Part 1T, The Chemical Society, 1958, dR. E. Davis, et al., J. Am. Chem.
Soc. 87, 3010 (1965),€J. O. Edwards, ibid., 76, 1540 (1954), fy. March, Advanced
Organic Chemistry, McGraw Hill, 1968, p.219, #We estimated 0.30 v. for the E
af tosylate anion (¢ = —2.30 v.) by refinement of the data given by Davis (ref. d)
about the CH,Y and CH,YCOONa substrates..

The plot of « vs. the ey, oxidative dimerization poten-
tial of the leaving group, Y in water at 25.0°C for a serie of
alkyl substrates, CH;Y is presented in Fig. 1A. It is shown
that substrate parameters o of CH;F and CH;CN follow the
linear dependence of « to the oxidation potential cy— of lea-
ving group, which is already given by Davis (7), i. e. the subs-
trate parameter, « depends linearly to the cy— with a slope
nearly equal to unity (theoretically equal).

The equation for this plot is:

o= 1.11 ey— -+ 3.76 (9)
1.11 Ey— + 0.87 (10)

Il

or -4

The plot of the log. of § vs. the pKay—, basicity constant
of the leaving group, Y in water at 25.0°C for a serie of alkyl
substrates CH;Y is presented in Fig. 1B. There is a good fit
to the equation,

log 8 == 0.13 pKay—- — 1.13 (11)
or log 8 = 0.13 Hy— — 1.36 (12)
though iodide is highly out of the line.
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Using the eq. (9) and eq. (11), an a piori estimate of the
two substrate constants o and 8 and then a quantitative pre-
diction of the rates of nucleophilic displacement reactions
on CH,Y compounds in water at 25.0°C can be made. These
values can be also used for C,H Y and CH,YCOONa compo-
unds in some approximation. Using these o and 8 values or
the new ¢ and pK, values, the predictive ability of the oxi-
base scale is increased.
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O0ZET

Bimolekiiler niikleofilik substitiisyon reaksiyonunda alifatik karbon iizerin-
de ayrilan grubun etkinligini belirtmek i¢in Edwards bagintist yardimryla iki kan-
titatif bagmu verilmigtir. Edwards bagintis: niikleofilik reaktifligi niikleofilin
yiikseltgenmesine ve bazikligine baghyan bir lineer serbest enerji bagmusidir:

k
CH,Y 4+ X~ — CH,X + Y~

logk [k, = aE, + fH,
Burada k ve k, substratin X niikleofili ve suyla 25,0°C de reaksiyon hiz sabit-
leri, E,, niikleofilin suya gire yiikseltgen ciftlenme potansiyeli ve H, suya gore
baziklik sabitidir. Ayrlan grubun etkinliginin, yiikseligenme ve bazikliginin bir
fonksiyonu oldugu gésterilmistir. Bir seri CH,Y bilesiklerinde substrat paramet-
releri, «, Ey— ye ve log. 8, Hy— ye lineer baghdur:

« = 1,18 Ey- + 0,87.

log # = 0,13 Hy— — 1.36.

Bu esitlikler yardimyla, CH;Y bilegiklerine ait yeni substrat parametreleri ve

dolayistyle suda 25,0°C de bimolekiiler niikleofilik reaksiyon hiz sabitleri énce-
den bulunabilir.
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