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Abstract-Halogenobenzofurazans react with sodium thiomethoxide in methanol giving, in addition to 
the thiomethoxyderivative corresponding to the starting halogenobenzofurazan, the product of cine- 
substitution. These two products are formed by two distinct ‘addition-elimination’ mechanisms. The 
first, ‘SNAr-type’, gives the normal substitution product, while the latter, ‘anomalous-type’, affords the 
tine-substitu&n derivative. 

Previously we reported the behaviour of 
halogenobenzofurazans (halogen = 4-F, 4-Cl, 5-Cl, 
4-Br) in the methoxydehalogenation by sodium 
methoxide in methanol.’ In ail the cases the halogen 
could be replaced by a methoxide ion in relatively 
mild conditions which were justified on the basis of 
an appreciable activation of the system by the ox- 
ygen and two aza groups of the heterocyclic ring. 
The intervention of a SNAr-type mechanism has 
been suggested and is discussed for these reactions. 

In order to further define the reactivity of 
benzofurazanhalogeno derivatives towards nuc- 
ieophiles, we extended our investigation to 
thiomethoxydehalogenation. 

RESULTS AND DISCUGSION 

In the reaction between dhalogeno- or 5- 
halogenobenzofurazans and MeS in methanol 
both the normal substitution (NS) and cine- 
substitution (CS) thiomethoxy derivatives were ob- 
tained, except in the case of 4_fluorobenzofurazan, 
which afforded only the NS derivative. 

On the other hand, in the case of iodobenzofura- 
zans, in addition to the thiomethoxydehalogenation 
products, some unsubstituted benzofurazan (VPC) 
was obtained and probably formed by the reducing 
action of free methanethiol (Experimental). 

‘In deuteriomethanol a lower relative amount of CS 
with respect to NS derivative was also obtained. E.g., 
from 4-bromobenzofurazan at 25”. 24% of S-thiomethoxy- 
and 76% of dthiomethoxybenzofurazan were obtained, 
while in MeOH at the same temperature 36% and 64% 
were isolated respectively. For corresponding kinetic 
data, see Table 2. 

Table I. Relative percentages of two products at 
45” 

Halogen in CMethylthio- S-Methylthio- 
halogenobenzo- benzofurazan benzofurazan 

furazan % % 

4-F loo 
4-Cl 74.6 2;4 
4-Br 72.2 27.8 
5-Cl 7.8 92.2 
5-Br II-5 88.5 

The relative percentages of two thiomethoxy de- 
rivatives which could be obtained from each 
halogenobenzofurazan (measured by vpc) are given 
in Table 1. 

Both the isomers, besides the unreacted starting 
halogen0 derivatives, were the only products which 
could be isolated. Furthermore, each isomer, sepa- 
rately mixed with MeS- in methanol under similar 
conditions to those employed in thiomethoxy-de- 
halogenation, was recovered unchanged. Therefore 
the possibility that the CS product formation was 
due to isomerization of the NS product could be 
excluded. Thus the CS product was considered as a 
true tine-substitution product, according to Bun- 
nett’s definition.’ 

Moreover, when the reactions of the 4-chloro de- 
rivative were carried out in deuteriomethanol, the 
CS product (i.e. S-thiomethoxybenzofurazan) con- 
tained deuterium in the position 4 previously oc- 
cupkd by the halogen,* in proportion (ca 85%) cor- 
responding to medium (MeOD + MeSH) deuteria- 
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Table 2. Second order kinetic constants (set-’ mol-’ I) for the reactions between halogenobenzofurazans and 
sodium thiomethoxide in methanol 

Halogen 25°C 35°C 45°C E.(kcal/mol) AS’(caf mot-‘K-‘) 
NS CS NS cs NS cs NS CS NS cs 

4-Fluoro* 
4-Chloro 
4-Bromo 
5-Chloro 
5-Bromo 
4-Bromot 

9.1x10-’ - 2.2x lo-’ - 5.2x lo-’ - 16.2 - -20.0 
1.8 x IO-’ 9.5 x lo-. 5.4 x lo-’ 2.5 x lo-’ I.3 x lo-’ 4.4 x lo-’ 18.5 13.3 -20-o -Go 
8.5 x lo-” 4.8 x lo-’ 2.4 x lo-’ 1.2 x lo-’ 5.0x IO-’ 1.9 x lo-’ 17.2 13.5 -21.6 -35.0 
4.2 x IO-’ 5.0 x 10d 1.3 x IO” 1.3 x lo-’ 3.5 x lo-’ 2.9 x IO-’ 19.7 16.5 -14.6 -29.5 
1.6 x IO-’ 3.1 x IO-’ 4.6 x 10” 7.6 x IO-’ 1.2 x IO-’ I.6 x 10’ 18.7 15.1 -15.0 -30.6 
6.3 x lo-’ 2.0x lo-’ _ _ _ _ _ _ _ _ 

NS = Normal Substitution. 
CS = Cine-Substitution 
*See text. 
tExperiments carried out in deuteriomethanol. 

tion percentage. On the other hand, the NS product 
in MeOD, when it was the only product of the reac- 
tion (i.e., from 44uorobenzofurazan), or when it 
was obtained in addition to the CS product (e.g., 
from 4-chlorobenzofurazan), was identical with 
that isolated in light methanol. 

However, an ‘elimination-addition* pathway for 
tine-substitution, as frequently suggested for this 
kind of reaction, is unlikely since, if this is the case, 
not only CS. but also NS products would contain 
deuterium. In addition, the very similar reactivity 
of chloro- and bromo-derivatives cannot be easily 
rationalized on the basis of an ‘elimina- 
tion-addition’ mechanism since it is known that 
when this mechanism is operative, chloro and 
bromo-derivatives usually behave differently.’ 

Moreover, it should be also considered that, 
when MeS is utilized, an elimination reaction from 
a vinylic-type derivative would be unlikely, since 
the thiomethoxide-ion is normally considered a 
poor basic reagent and shows a low affinity towards 
hydrogen ions. In accord with this hypothesis we 
did not observe deuterium exchange in the un- 
reacted materials or in the final normal substitution 
products. 

Moreover in activated ethylenic systems,’ in 
which ‘elimination-addition’ paths are rather fre- 
quent, when the reactions are performed with thiol- 
ate ions, “direct-substitution” is usually preferred 
(i.e., the direct nucleophilic attack on the carbon 

bearing halogen is observed). However, dehyd- 
rohalogenations promoted by thiolate ions are 
known.’ 

On the other hand, the experimental results are in 
a good agreement with an ‘addition-elimination’ 
SNAr-type mechanism for the normal substitution 
(HS) and an anomalous type ‘addition-elimination’ 
mechanism6 for the tine-substitution (CS), as de- 
picted in the Scheme. 

In the Scheme the normal substititution pro- 
ceeds through nucleophilic attack on the carbon 
bonded to the halogen and subsequent expulsion of 
halide ion; a similar nucleophilic attack on the ad- 
jacent carbon gives an intermediate adduct which 
by dehydrohalogenation affords the cine- 
substitution derivative. 

The formation of an intermediate adduct is very 
likely for the systems investigated which can easily 
form addition products. In fact, some examples of 
adducts to the benzofurazan ring have been re- 
ported.’ Nevertheless, in our case these adducts 
were not detected in spite of many attempts. It can 
be considered, however, that, since anionic species 
are present, dehydrohalogenation could be very 
fast, in order to regenerate the aromatic character 
of the benzofurazan derivative. Therefore the for- 
mation of the intermediate in a &e-substitution 
path would be the ‘rate-determining’ step. 

On the other hand, the relative amounts of NS 
and CS products (Table l), for a given temperature, 
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