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Abrtrwc4Nilro.?.l.3-twnrolhiadiazok reacted with sodturn mclhoxldc (0 I-I S4) m methanol yrcldrng !.I.%. 

hcn~othiadia~olc-t.7dionc monoxime (ryn + antr). Methonydeha!qenation of Inlrro-7-hl~enoderi\-alI~c\ 

bwlded Cnllro.7-mcrhoxy.?.I.~.bcnrorhadiazole under similar condilton\ In both caw\ Iran\wons aMwrrblc IO 

[he formallon of !4e~\cnhc~mcr complcxcx were detected 

In previous papers we have reported a series of 
investigations on the reactivity of x - nitro - ?.1,3- 
benzo-oxadiazoles (bcnrofurarans) with mcthoxidc ion in 

methanol. In all cases stable .Meiscnheimer complexes at 
unsubstitutcd (C-H) and/or substituted (C-OMc) posi- 

tions were detected. A remarkable effect of such a 

phenomenon on the reactivity (methoxydehalogenation) 
of halogenonitrobcnrofurazans was found. In fact, as far 

as the reactions of 4 - nitro - 5 - halogen0 and S - nitro - 4 - 
halogen0 - benzofurazans arc concerned.” a modified 

second order equation’ 

k = 1 I/!t(O.Sa-b)]ln[MO.Sa-x)]/[O.Sa(bx)] (I) 

was required. This was due to the consumption of a 

second equivalent of methoxide in a fast stage following 

the mcthoxydchalogcnation (Meiscnheimcr complex 
formation between the reaction product and Mc0 ). 

The methoxydehalogenation of 4 - nitro - 7 - 
hafogcnobcnzofurazans” was found to be independent of 
the concentration of the reagent in excess (the substrate 

or the mcthoxidc ion). This was due to the fast formation 
of a stable .Mciscnhcimcr complex on C.-H before the 

nuclcophilic attack on C,-Hal. 

In the methoxydchalogcnation of S - chloro - 4 - nitro - 
2.1.3 - bcnzothiadiarolc (I)’ no effects attributable to the 

formation of similar Mciscnheimer complexes were 

found” under the conditions used (Me0 and substrate C(I 
0.Ol.M). 

ho,, 

In order to detect the formation of Meisenhcimcr 
complexes. the reactions of 4 - nitro - (2) and 4 - nitro - 7 - 
halogen0 - 2.1.3 - benzothiadiazoles (3) with mcthoxide 
ion in methanol were carried out in higher concentrations 
of mcthoxidc ion (0. l-l M co). 

Rt?StR.ls AM) DISCL’SFM’ 

A mcthanolic solution (pale yellow) of 4 - nitro - ?.I,3 - 
benzothiadiazok. when treated with sodium methoxidc 
(ca. I M). immediately became progressively darker but if 

the solution was acidified (aqueous HCI) after feu 
seconds. the starting nitrobenzothiadiarolc was rc- 

covered. Acidification (HCIaq) after longer periods (c-a 
I hr or more). yielded a new product which by analysis 
and SMR was identified as !.I.3 - bcnrothiadiarolc - J.? - 
dione monoximc (syn - anti). identical with that pre- 
viously synthesized by nitrosation of 4 - hydroxy - !.I.3 - 
bcnrothiadiazolc.’ A similar bchaviour has been rcportcd 
for Snitro- and S-nitrcehloro-benzofurrlr;rn.’ which 

afforded bcnzofura7an - 4.5 - dionc . 5 - monoximc and 6 - 
chlorobenzofurazan - 4.5 - dionc - 5 - monoximc 

respectively. 
The UV spectrum recorded at various times during the 

reaction indicated many transitions. The first three 

transitions were measured by the stopped-flow tcchniquc. 
The first two transitions were completed within a fe\r 

seconds. Thus. in the light of the above cxperimcntc. they 

can be related to reversible reactions and the kinetic data 
treated on the basis of the equation.” 

k:,=I;]McD 1-k (2) 

The third transition is second order in methoxidc ion. The 
corresponding third order kinetic constant at 25°C is 

7.8 x IO” KC ‘M ‘; & values for the first and the second 
transition are 6Osec ’ M ’ and 0.6~~ ’ .M ’ respectively 

(k values are not reported because of their high 
uncertainty: see Experimental). On the other hand some 

ERR experiments carried out under similar conditions did 

not reveal appreciable signals. The following mechanism 
is based on the data presented. 

The first and the second transitions have been 
attributed to the reversible formation of the Meiscn- 

hcimer complexes at G-H and C-H respectively. The 
complex at C-H would be formed more rapidly than that 

at C-H. but would bc less stable; it would then react with 
a second equivalent of mcthoxidc. affording the nitroso- 
derivative (7). This. in the presence of excess methoxidc 
ion. would afford both the Meiscnhcimer complexes (8 
and 9) (the nitroso group has been reported to bc an even 
more effective activating group than the nitro-group) - 

The complex 9. which would be more stable than 8 by 
analogy with other reported cases.‘” afforded the quinonc 
monoximc (II) by treatment with aqueous HCI. 

In conclusion. this mechanism which partly resembles 
that of the Ncf reaction.’ involves only ionic reactions. 
The competition of electron-transfer reactions* has not 
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Scheme 1.t 

+fMy- one of the pumihk SINCUN~S of e+ch Meisetaheimer compkx is reported 

been considered since no EPR signals were detected 
(Experimental). On the other hand a similar mechanism is 
probably valid also for the other above-cited cases, i.e. the 

reactions of 5-nitro- and 5-nitrohchloro-benzofurazan 

with mcthoxidc ion.’ 
In fact in both cases the expected more stable 

Meisenhcimcr complexes are those at C,-H. since other 
activated positions capable of even more stable Meisen- 
heimcr complexes formation arc lacking (the activating 
effect of a nitro-group in position 5 is mainly exerted on 
position 4 because of the quinonoid character of the 
benrofurazan system).“’ Thus. in these cases a high 
c~~ncent~til~n of methoxide ion could act as a base and 
catalyse the proton transfer. in the same way as in the 

scheme. 
The formation of similar Meisenheimcr complexes 

from nitrobenzofurdzan derivatives has been demon- 
strated previously by NMR.” Some attempts to obtain 
analogous NMR evidcncc for the Meiscnhcimer com- 
plexes of Snitrobenrothiadiazole failed. In fact. the 
addition of CD,0 in CD,OD in the high concentration 

required for NYR immediately gave a dark precipitate 
preventing recording of a suitable spectrum. 

The actual formation of Mcisenheimtr complexes is 

suggested. however. by other evidences (e.g. t.!V spec- 
trum). Moreover. a similar behaviour is expected for the 
other nitro and nitro - halogen0 - bcntothiadiazoles. 
though no effects have been found previously on the 

methoxy-dehalogenation of 5 - chloro - 4 - nitro - ?,1.3- 
bensothiadiazole.” In this cast a normal second order 

equation was required, instead of that “mod&d” (eqn I) 
used for the corresponding 5 - chloro - 4 - nitroben- 
zofurazan.‘* The methoxy-dehalogenation of 7 - halogeno 
- 4 - nitro - 2.1.3 - hnzothiadiazolcs (halogen = Cl, Rrf has 
now been investigated. Again. “normal” kinetic hehaviour 
(i.e. overall second order and first order in each reactant) 
has been observed [in methanol, at 5°C. kfsec ’ M ‘1 are 
2.3 x 10 ’ and 1.3 x IO ’ for 7-chloro and 7 - bromo - 4 - 
nitro - 3.1.3 - benzothiadiarole respectively]. In spite of 
this, a stopped-flow analysis revealed for both halogeno- 
derivatives a fast transition preceding the mcthoxy- 
dehalogenation which may be attributed to the formation 
of the Meiscnheimer complex at C,-H. Starting from 7 - 
methoxy - 4 - nitro - ?,I.3 - benrothiadiazole (i.e. the 

product of the methoxydehalogcnation). the formation of 
two Meisenheimer complexes (at C,H and C.O%lc) was 



Reartivtty of 4-nitro- and dnitro-7.halopeno-!.1,3.kn~othiadiarolc toward mtthoxide ion its7 

expected. However. only one transition has been 

measured and has been attributed to the formation of the 
presumably more stable” Mei~nheimer complex at 

C-W&e. The expected faster transition corresponding to 

the complex at GH in our example has not been detected, 
probably bccausc of its very low stability (see also the 
data reported for the corresponding bcnr.ofura;ran 
dcrivativc).” 

‘Tat& I. Kmcbc and thermodynamic constants for ok reactions 
of _ . halogcno (prchmmary traosition) and 7 . mcthony .J. nnro 

Lt.3 knrofhtadtalolc tone only lnnsttmn) wi1h sodturn 
methoxtde in methanol at L!c’C (In parenthesis the values of the 
conc\pondmg mtroknzofura~an’* * dcrrvatrvcc arc rcportcd) 

Kinetic data rclatcd to the above-dcscribcd transitions 
have bcen treated once again on the basis of the equation 

(2). The values so obtained, as well as those of the 

corresponding benzofuraz+n derivatives, are reported in 
the table. The comparison indicates that values of k are 
considerably lower in ~n~othiadia~ole than in ben- 

~ofura?an derivatives. This corresponds also to a lower 
thcrml~y~rni~ stability of the Mcisenheimer complexes. 

In conclusion, the Meiscnheimer complexes with 
methoxidc ion arc formed not only (as previously 

reported) by nitrobenrofuraxans, hut presumably also in 
their sulphur analogues, the nitro - ?,I,3 bcn- 

Iothiadiaroles here studied. However. according the 

greater aromatic character of the bcnzothiadiazole system 
and the lower electron-withdrawing power of the cyclic 
sulphur (with respect to the oxygen of benzofuraran ring), 
the latter complexes arc much less stable, so that no 

kinetic effects are &served in the mcthoxyde- 
hal~~genation of halo~enonitr~~~n~~)thiadia~(~les in the 

used ~(~n~entrations i.e. (substrate1 and [Met? ] co. 
IO :!A. 

M.ps w-erc dctcrmmcd on a Koflcr apparams and are 
uncorrected. -Microanalyses wcrc made on a Hewlett-Packard 

C.H.N analyxr. UV Mcaturcmcnls were made with a Zeiss 
M4QIf spcctrophotomcfer; PMR and EPR ywx~ra were recorded 
with a Vanan HA-100 and JfiOl. IFS-PE.3X instrument 
respectively. Mass rpcctra wcrc recorded on a Pcrkin-Elmer 
Model !70 spectrometer Stopped-tIow determmations were 
performed with a Gibson-Dunum stoppcd.tlou apparatus. 

.Wofrriaft. SNitro fm.p. IO?).” 4 . nitro 7 . chloro. (m p. 

I%-IW).” and 4 . nitro . 7 . bromo ?.I.3 - kruothiidiarok 

tm p. ?lY-?Zt?‘)” have ken syothcstrcd a\ previously reported. 
Methanol for kmc1ic and FPK cxpenmentr was tk commercial 
prduct (KY-AC’S (‘ario Erba) pun&d further according the 

s1andard procedures. DMSfU. for PMR measurements was a 
good commercial product. 

Xeacfton proo’uct~ Tk producr obtamcd form 4 _ Nlro 2.1.3 . 
knrothtadialole afler acidtftca1ion (aq HU) of the mc1hanolic 
solution of reaction ([Met) ] ca IH and in excess wnh respect to 
1hc \uhrtrare: time of reaction co. lh) resulted to have analytical 
data and molecular weight identtcal to those of 1hc starting 
mtrodcrtvattvc. but drfferen1 m p. t?43’. dcc ) and mass spectrum 
tool reported; thal of d . nilro . ?.I.3 knzo1hiadtarolc has ken 

reported previously).” On the other hand. PMR tin DMSO tt, 
internal standard TMS) war identical within experimental error to 

thal reported for ?,I .3 . kn~othi~~~ole f 4.7 . diom monoxtme 
(ryn + unfi. 1.97 and 3.297. J - 10.7 c!s for syn. ?.3R and 3.29, 

J - 10.9 Hz for anfr)’ excepted for the signals of OH protons 
(reported -4.20 and 4.40 for syn and ontr rcspec1ivcly) which in 
our cau were not dclccted (very broad signals?). Even tk 
synionfi ra1io was stmtlar within the expertmental error (co 

75:!!). In tk hghr of the above results tk sbuc~urc of 2.1.3 

bmnrhadiamic 4.l dionc monoxtmc I II) uas a\signcd. Ik 
product obtaimd from 7 halogeno 4 . mlro 2.1.3 
knro1ht,tdta!oles th)rh chloro. and hrumot was - mc1hoxy 4, 
nitro ?.I.! knrolhisdiarok tm p ?M’) ” 

h’inerir rrpetimenrs. In aft cases an approprtattly tkrmosratcd 
apparatus f!!‘) was utilircd. The mcthoxy-dchalogcnation of ? 
halogrno . 4 . rutro derivatives has ken followed titrtmctrically 

f[Subs~rate) and [Me<> ] co 10 ‘M) measuring the halide ion 
(Volhard). All the other transitions wcrc measured by stopped 
Row tcchmque (j.Mc0 1 t-4 &I-IM) at the followmg wavelengths- 

,360, .ulo. 355, and 330 nm for 7-H. 7-U. 7-k. and 7-O!&- 4 _ mtro 
?.I.! . knrothtadialolc respectively Pscudo.first order con. 

dittonr tMc0 in a large excess) were used. The okaincd data in 
the cast of reversible transttmns were treated on the bms of tk 

qutmn (3.” k .+, .. ~[SicO 1 - k. where k,.,. h and i arc the 
observed pseudofirst order. the forward second order and 1hc 

rcvcrsc first order kinetrc conslants respectively From this 

equa1ionihavc kcnoblamnlassIopcsplotlingk,.r. vcrsus[MeO 1 
while L v&es. because of tku high unccrtam1), in some cases 

have not ken reported. ‘I> cxpertn+entaJ Error for k tmetkxy-- 
dthalogt~t~on)aswclIforkv~~s~fromcq~f~n~~)~isr.(rlr,whdc 

rn tk case of & &hen reported) 11 is much larger and variable. 
depending on ;k magnitude of the slope ~=i) and on k itself. 

EPR rrpcrimmfs. AI ~c~ncentra1ions of mrthoxidc ion similar IO 
those utihrcd for ktnettc crperimcn1s (r-a O.!M). or htghcr. no 
apprectahlc EPR rtgnalr were derecrcd for the reaction5 tin 
m&inn)) of 4 . nitro !.I.3 . knrolhiadia~ok This was 

confirmed also by spin-tmppmp experiments carried out wuh 
ler1&tlyl knlyhdene mlronc ” fn tk laltcr ckpcrimcnts 

apprcciahlc EPK signals were detcctcd. these. houcvcr. resulted 

tdcnfrcal to those dckctcd m a hlank crpcrtmtnt (I c . using only 
the Betuylidenc nitrone and methoxtdc ion m \tmdar conditions). 
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