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NUCLEOPHILIC AROMATIC SUBSTITUTIONS: NEW RELATIONS BETWEEN 

REACTION CONSTANTS AND PHYSICAL PROPERTIES OF LEAVING GROUPS. 

P.E. Todaaco and P. Vivarelli 

Ietituto di Chimica Orgenica a Industrials dell'Univerait~ 

Bologna, Italy 

A. Ricci 

Ietituto Chimica Orgenica. Univareith, Modana 

In the course of a study of nucleophilic substitutions on 2- 

halo-benzothiazolea (1) which dealt with the tranamiaeion of aub- 

atituent affects in the benzothiazolic system (21, some interesting 

(Received 19 October 1964) 

obeervationa ware made: 

i) The reactivity towards 2-halo-benzothiarolae (methanol, 25.) 

of mathoxide is generally of the same order of magnitude or larger 

than that of thiophanoxide ion, as the data in Table 1 indicate. 

In fact the ratio kMao-/kphs- varies from 0.45 to 25 (3). 

- 
1. P.E. Tpdesco, P. Vivaralli, Boll.eci.fac.chim.ind. Bologna 29, 

129 (1962); 22, 1, 16 (1964); Ib.id., Gazz.chaa.ital. & 372, 
435 (1964). 

2. P.E. Todeaco, P. Vivarelli, 
Ib.id., Boll.aci. fac.chim&m % ~:$~2!~'~f'~ic- 
ci, P.E. Todeaco, P. Vivarelli, Gazr.chim.i~. in the press. 

3. The generally greater nucleophilic reactivity of thiophenoxide 
is well known: only recently-have bean reprytad case8 where the 
reactivity of this group ia comparable or even smaller than that 
of the mathoxide anion. Cfr. J.F. Bunnatt, "Annual Review of 
Phvaical them&&y" 11, 271 (1963); C.W. Bswan, J. Hirat, A 
them Sot. 254 (1956); 6. 1llumir)ati. G. Merino, this Journal 
~lossl963). 
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TABLE 1 

Reaction8 of 2-halo-6-X-banzothiazolea with nucleophilic 
raeganta in methanol. 

Derivative 
Rate coeff:cier$ at 25. 

aec mol 1. kMaO- 
3 

'0 kHaO- 103kPhs- ‘PhS’ 

\ 

K=H Helg= f 550 (a) 22.0 25 
Cl 0.55 (b) 0.20 (a) 2.75 
Br 0.41 (a) 0.44 (a) a.91 

J 0.063 0.14 a.45 

-NO2 Halg-F 60000~9000 60000f9000 1 
Cl 278 (b) 1660 (a) a.17 
Br 152 (a) 2550 (a) 0.06 
J 29.2 973 0.03 

a) P.E. Todaaco, P. Vivaralli, Boll.aci.fac.chim.ind..Boloonq 
ii, 143 (1962). 

b) P.E. Todaaco, P. Viveralli, Gatz.chim.ital. 22, 1221 (1962 !I 1 
ii) The logarithm of raection constants for methoxjf-dahalogan~ 

tion in the two series of compounds investigated (2-halo-benzothiq 

zolaa and 2-halo-6-nitro-banzothiezolea) ten be linearly corral&ad 

(fig. I). 

This correlation is likely to be a particular case of a mora 

gorse1 relationship existing between reecfion constants of aariee 

of aromatic halo-darivativaa, since it may be extended also to 2-4- 

dinitro-halo-banrenaa and to p-nitro-halo-benranaa. 



2-halo-6-nitro-banrothiazola8 
I I w 

0 2 lg k,aO- 

1 FIG. - Rate8 of nethoxy-dahaloganation for 2-halo-bento- 
thiazolaa varaua corresponding value8 for 2-halo-6-nitro- 
banzothiasolea. 

Moreover from preliminary raaulta it l aema that such a relation 

holda alao for aeta of compounds where the leaving groups are of 

different nature (for inatanca -N02, -O-Ph-N02, -S02-Ph, 8.8.0.). 

The correlation factor for the halogen-derivative8 appear8 to 

be linear with the o-pare relative to the leaving halogen, 88 

ehown in fig. 2. Preliminary reaulta indicate that when the laa- 

ving group ia not a halogen the linear correlation with the cor- 

reaponding Q -pare ia not cbaarved. 
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2 FIG. - Plot of rates of methoxy-dehalogenetion versus u- 
of leauing halogen. Substrate: 

para 
a) Z-helo-6-nitro-benzothiazoles 

(at 25'); b) 2-4-dinitro-halo-benzene8 (et 0.0.) (Ob,c); c) 2- 
halo-banzothiazolee (et 25'); d) p-nitro-halo-benzene8 (at 50.) 
(4d,f). 

iii) In both series of halo-benzothiazo t es here investigeted, .e 

correlation exists between the corresponding log kph5- /kMeO- 

(fig. 3). 
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2-halo-6-nitro-bantothiarolaa 

I I > 

0 1 ’ L”g kphE /kna; 2 

FIG. 3 - Plot of log kphs / k,,={ for 2-halo-benrothiarolee 
veraua corresponding values for 2-halo-6-nitro-banzothiarolaa 

.Hara too this correlation aaama to be a particular csss of a 

more geraral relationship, since from data of the literature (4) 

4. a) J.F. Bunnett? 
b) A.L. Beckwitt, 
c) C.W.L. Bavan, 
Bavan, J. Hirat, 
f) G.P. Brinar, J. Miller, p. Livarie, P.G. Lutz, ,l.Cham.Sm, 
1265 (1954); g) A.M. Adaniran, C.W.L. Bevan, J. Hirat, J,Cham, 
& 5860 (1963); h) Darianko a Saporhnikov, 

Todeaco, P. Vivarelli, in the press. 
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it ten be extended a100 for other couple8 of nucleophilic reagente 

acting on different aubatratee. In thia caee the correlation factcc 

is connected to the polerizability of the leaving group, am measu- 

red, in the came of helogens, by the logarithm of the refractivity 

constant .(R)D of the C-halg. bond (5). These considerations 'era 

summarized in fig. 4 for the aystema listed in tab. 2. 

, 9 lg(R 
F 0.4 Cl& J 1,4 HelgID-line 

FIG. 4 - Plot of log Kp/Ko for couples of nuclaophilic reagents 
veraue the polarizebilitiea of leeving helogena ac) meanursd by 
the logarithms of the rcfrectivity conetante (RjD of the C-haIg 
bond. The eubetrates era lietcd in table 2. 

The linl?s in fig. 4 indicate6 that generelly the more polerize- 

ble nucleophilic reagent ie more fevoured then the lees polerizebls 

5. J. Pertington wAn advanced treatise of Physical Chemistry" Long- 
mens Green and Co., London, 1953, vol. IV, peg. 71. 
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ona with increasing polarizability of the leaving group, in accord 

with the conaidarai$ona put forward by Bunnatt (6). 

Supposing that to the reactivity of a nucleophilic reagent con- 

cur both the attitude to bind a positive group (roughly meaaurad 

by the correspondent pK) and polarizability affects (71, it may be 

understood from the correlations presented hare. that when the po- 

larizabili,ty factor is the leaear/-case of 2-halo-banrothiazolaa; 

iI-7 the mathoxide is a batter nuclaophils than the thiophanoxida 

anion. acc'ording to the relative baaicitiaa. Howavar, when the po- 

larizability factors are more important, as it is very often the 

caaa ~'examplaa of 2-halo-6-nitro-banzothiazolaa; 2-d-dinitro-halo- 

benzenea, p-nitro-halo-benzanaa a.a.0._7, the relative nuclaophilic 

abilities of the two groups are ravaraad. 

6. J.F. Bunnatt. J.Am.Chem.Soc. 24, 5969 (1957). 

7. J.O. Edwardq.3.Am.Chem.Soc. Ip, 1540 (1954); 78, 1819 (1956). 


