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Following our previous research on the factors affecting the
nucleophilic reactivity of 2-halo-benzothiazoles and more gene-
rally of activated halo-arenes (1), activation energies and en-
tropies for the methoxy- and thiophenoxy —dehaleogenation of 2-
«F=, 2=Cl-, 2-Br- and 2-I-benzothiazoles have been measured {ses
table 1 and 2).

TABLE 1

Reactions of 2-halo-benzothiazoles with metoxide-ion
in methanol

. 109,k (sec™'mo1""1)

t halogen = F a Br 1

ce 70. - - -
15° 230. - - G.019
25°(@) 550. 0.S5 0.41 0.063
3s¢ - 1.43 b) 1.09 0.188
45° - 3.3y i 2.48 -
E 12.4 16,9 b) 16.2 19.8
log A 8.9 9.2 8.6 10.4
As ~20.  =19. -21. -13.
a) data fram reference 1; b) data from P.E,Todesco,
P.Vivarelli, Gazz.Chim.Ital. 92, 1221 (1562).

109,k (sec"lmol-ml) values * 3%; E_. (Kcal.mol-l) values %
0,7 Keal.mol='; AS(e.u.), values 2 316 e.u..

1935



1936 ° No.24
JABLE 2

Reactions of 2-halo-benzothiamzoles with thiophenoxi-
de=ion in methanol

109 (sec™'mo1~'1)
L]

t halogen = F c1 Br L

o* 3.07 D.014 0.040 -
15°¢ 10.4 - - -
25°% & 22. 0.20 0.44 0.14
35° - 0.50 1.19 0.39
45 - - - 1.05
E 12.4 16.9 16.2 19.8
log A 7.5 B.7 8.6 10.7
As -26. -21. =21, ~11.
a) data from reference 1,

109,k (sec'1mol'11)valuea 3% Egncg, (kcal.mol™!) values
0,7 Kcal.mol='; AS (e.u.), values % 2.6 e.u..

It was shown that the reactions at 25° followed satisfacto-~

ry the relation I (1)
I) 1log kphs=/kmeg= = A + B.log (RE-Alg)D

and it is now found that the same relation holds in the range

of temperatures studied (0°-45°). Moreover the values of the
energies of activation of the methoxy-dehalogenation do not dif-
fer, within the experimental errors, from that of the thiopheno-
xy~- reactions for the same leaving group. .

It follows that for the above reactions the relation I is in

fact a relation among the entropy factors, This is not a gene-
ral property because in other reactions, which follow equation
I (1) the energies and entropies of activation are different
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for different reagents (2},

In table 3 the rate coefficients of the reactions of sub-
stituted thiophenoxide-ions with the 2-F-, 2-Cl-, 2-Br- and
2-I-benzothiazoles are collected.

JABLE 3

2-Halo-benzothiazoles + X-Ph-5" in CH30H at 25° (i03.x
sec=imol-1 1)

Alg = | X = p.ocH, P.CHy H(a) p.C1 p.Br  m.Cl1
F 76, 41. 22. 15.5 15.5 9.8

€1 0.65 0.30 0.20 0.162 0.141 0.098
Br 1.38 0.87 0.44 0.44 p.42 0.30
I 6.72 .275 0.14 0.13 - 0.078
s B -0.778 =0.311 0.0 0.114  0.150 0.399

a) ?.E.T?descc, A.Ricci, P.Vivarelli, Tetrahedron Lett. 3703
1964).

b) L.M.5tock, H.C.Brown in V.Gold, "Advances in Physical Or-
ganic Chemistry™ - Academic Press, London 1963, vol. I,
pag. 89

For each leaving group the effect of substituent in thio-
phenoxide may be correlated with an Hammett's type relation-
ship if the appropriate Brown's &% (3) is adopted (see fig.
1). The "rha" values are negative and only minor variations
are observes with different leaving groups (-0.72 ¥ 0.09).

The negative values of "rho" as well as the needing of the
- parameters point out that the sulphur electrons of thiol
compound are deeply involved in the transition state {new bond
largely formed) while the almost constant value of "rho" sug-
gest that the degrees of bond-forming does not change very mxh
with the various leaving groups (4).
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Fig, 1
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Fig. 1 - Hammett-Brown plot for reaction of substituted
thislates and 2-halo-benzothiazoles in methanol.

The empirical relation I holds also for the reactions with
substituted thio-phenoxides (see fig. 2).
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X = p—CH3
X = p=Cl

X = H
X = m=Cl
X = p-UCHa
X = p=-Br
2+
~
[
1+
)
2 —+ — + 4— —+— >
. 0,4 0,6 a1 Br . 19 (R _ha1g’p
Fig, 2 - Plot of 1°9‘kx-Ph-S'/kMe0" versus the polarizabi-

lities of leaving halogens as measured by the lo-
garitms of the refractivity constants (R)D of the
C-halogen band (5).

The coefficient B of the relation I does not changed si-
gnificantly varying the ring-substituent in the thiophenoxide-
-ion; this means that the sensibility of the reactions here
studied with respect to the polarisability factors is not gre-
atly affected by a change in the density of charge at the nu-
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cleophilic center of reaction as that caused by the different
ring-substituents in the thiolate.

- - 76 2= -
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