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dipolar aprotic solvent. (a¢)
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It is known that the dipolar aprotic solvents strongly modify
the aromatic and aliphatic nucleophilic reactivity (1). However, a
general picture which quantitatively explains these modifications
appears ‘to be very complex (2-4) and it is a common opinion that simple
correlations cannot account for the observed reactivity changes (5,6).

Since we have previously proposed (7) some simple correlations

of type I

1) 1log k1/k2 = A + B.log [RC—Halg]D

which correlate the difference in reactivity between a polarizable
reagent (N1) and a scarcely polarizable one (Nz) to the polarizability
of the leaving halogen (as measured by the value of refractivity
constant of the C-halogen bond measured at the D line), (%) we aimed
to-check the validity of the relationship above in the case of a dipolar
aprotic solvent. Relationship I was shown to be largely valid in protic

solvents, since it is obeyed by several hundreds of experimental data.

(%) Wwork supported by a grant from the Consiglio Nazionale delle
Ricerche, Roma. Part IV: G. Bartoli, L.Di Nunno and P.E. Todesco,
Tetrahedron Letters, 2369 (1968).

(s2¢) In our opinion the concept of "polarizability" is not fully adequate
to represent the observed variations, which mainly depend on the
repulsion between negative charge on the incoming nucleophile and
the one on the leaving group as well as on the substrate. Varying
the leaving halogen the changes on interaction areas are probably
proportional to the variatians observed in the polarizability

parameters, as measured by the refractivity constants.
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We have therefore measured the rate constants for some reactions of
sodium phenoxide and thiophenoxide ions with p-nitrohalogeno~benzenes
in dimethyl sulphoxide at 25°.

At variance with our previous works, we could not employ the
methoxide ion as a scarcely polarizable nucleophile, since it is
well known that in DMSO this reagent appreciably yields CH3SO-CHé-(8).
However, the two nucleophiles employed in this investigation, namely
phenoxide and thiophenoxide ions still differ in the atom involved
in the nucleophilic attack (0,S) and their comparison should be valid.

The data obtained are reported in the table below and satis~—
factorily fit the correlation above, as shown by the related plot
(1ine a); from this, one obtains the following parameters A=-0.07;

B= 2.22.

This indicates that relationship I is still valid in a dipolar
aprotic solvent; however, the high value of the parameter B, observed,
seems to indicate a relatively high sensitivity to the polarizability
effects., (%) Such value can be compared, as a first approximation,
with a similar value obtained for the reactants thiophenoxide/methoxide
ions in methanol relatively to the same substrate [B= 2.80; value
evaluated from the data-in ref. (7)J.

However, in comparing the data, we need to account for the fact
that the phenoxide ion, given the presence of a benzene ring which can
delocalize the negative charge on the oxygen atom, is much more
polarizable than methylate ion. For this reason the B value for the
reaction of the couple thiophenoxide/methoxide in DMSC are probably
higher than the value of the couple thiophenoxide/phenoxide reported
here.

This seems to indicate that a change from protic to dipolar
aprotic solvents does not dramatically influence the polarizability

factors involved in the reactions investigated.

(%) The significance of A values is not fully understood, since they

depend upon the sensitivity to the polarizability factors of the

substrate, on the different basicity of the nucleophiles, and are

being related to the zero value of (r JD parameter.
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TABLE
Experimental rate constants ( 10.k) for reactions of p.nitro-—

~halogeno~benzenes at 25° with thiophenoxide (Phs-) and phenoxide

(Pho-) ions, in dimethyl-sulphoxide.

halogen in p.nitro-

=halogeno~benzenes PhO PhS

F 5.2 13
Cl 0,020 1.6
Br 0.034 4.0
I 0,0095 2.6
(rate constants in sec Tmo1 '1).

Fig.q1 Plot of 1log kN /kN versus the polarizabilities of the leaving
1 2

halogens (logarithms of the refractivity constants of C-halogen bond
at the D line)

a: p.nitro-halogeno~benzenes in DMSO at 25°; N1 = Phs—; N2 = PhO  see table
b: " in MeOH at 50°; N1 = Phs-; N2 = Med~ see ref 7.
c: Methyl-halides in DMF at O0° ; N, = SCN ; N_ = N_ s See ref, 9

1
d: " in MeOH at 0° ; " ”" " " " " ",

o' ? » log [Rc_n alg]l)
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On the contrary, in the case of the SN2 reaction of methyl-halides
with thiocyanide—ion and azide-~ion in methanol and in dimethyl=formamide
(9), which also obey correlation I, see fig. 1 (reaction in MeOH, A =
-1,00; B= 1,68; reactions in DMF; A= 1,80; B= 0,12) we observed that the
sensitivity to polarizability factors is strongly dependent upon the
nature of the solvent.

This different behaviour, when related to the differential solvation
effects of the leaving halogen group, can probably be ascribed to the
different rules of bond breaking in the "rate determing step", which is
important in a SN2 process and usually not relevant in the commonly
accepted SnAr two-step mechanism. (9)

If this rule could be confirmed, correlations of type I may be
usefully employed in order to distinguish between the two kindé of

mechanisms.
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