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In continuation of our studies (1) on the rate of formation and stability of 

p:eisenheimer-tyre &ducts from heteronromatic substrates, we have examined the 

role of the cyan0 group on the formation cf ESieisenheimer-type adducts by the 

reaction of CH,O- in methanol solution with cynnonitrothiorhene derivatives. :le 

are :romI.ted to report the Iresent work by the fact that some of the results 

are unusual 2nd ilel:end on the hydroxylic nature of the solvent used. 

4-Cyano-2-ni-zothiorhene (I) (I:LL=273, 298nm; nmr spectrum: Zc =1.48, 

Zb=1.73, J-1.8 HZ) reacts with methoxide ion in methanol as well as in LMSO (3) 

to give the I:eise-nhei~ler-ty~~e adduct II ( 1 n3x=260, 398nm; nmr spectrum: 

z, =3,8C, Zs=2.54, Js O.1 Hz)., The second-order rate constant and equilibrium 

cdnstant for the formation of adduct II in methanol have been obtained sFec= 

trophotome-tricnlly at 398 nm and are reported in the Table together with relat= 

ed data for the formation of adduct III from 2,4-dinitrothioyhene. 

In contrast, 2-cyano-4-nitrothiol:hene (IV) is unable to yield a Beisenheimerc 

ty1.e adduct in methanol solution, because of a supervening interaction of the 

me-thoxide reagen-: with the 2-cyano group,. The behavior of IV, unlike that of I, 

is at variance with that observed in XYO-d6solution by Terrier et al. (3.) . 

Uron addition of one equivalent of methoxide to a methanol solution of IV 

( A,1ax=237, P@(sh) nm; nmr syecsrum: Z, =S.l3,Z'=1.70, J=2 Hz), we only 

observed t;he a:'re(l:r-lnce of c netY silecies displaying an nmr <LB system (2,=1.33, 

Zs =1,75, J=l.5 Hz), ond maxima of absor:~tion at 245 and 270(sh) nm. The nmr 

sl-ectrum was only slightly differenL from that of IV, and very different from 

the spectrum of r:Zduc.c V, thitt is formed from the same reagents in XSO-cl6 

3221 



( 2ez3.67, 9=2.8@, J=O.5 Hz)!3) 

Evaporation of the methanolic reaction mixture yielded a solid insoluble 

in benzene. The methanol solution of the same solid has an nmr spectrum iden= 

tical to that of the Droduct of the reaction observed in situ, On the other -- 

hand, a DMSO-cl6 solution of this solid displays the nmr spectrum of the ad= 

duct v ! After mild acidification of a soluiqion of the solid in water-methanol, 

we obtained an organic cornround, which was identified as methyl 4-nitro- 

2-thio>henecarboxyimidate (VI) by ms (parent peak at 186 m/e), ir (3330, 

1640 cm 
-1 

in Nujol), nmr (2,=1.15,'Q=1.74, Jcl-2 Hz) and uv ( AmYx=246, 

270(sh) nm). Md.ition of sodium methoxide to a methanol solution of VI, and 

evaporation of the solvent, left a salt having the same properties of the 

solid previously obtained, which was therefore identified as the sodium salt 

corresponding to anion VII. 

The formation of carboxyimidates from nitriles, though well known , (4) does 

not seem to interfere with the Leisenheimer adduct rormation in the 

cyanonitrobenxene series (5) 

Experimental data and theoretical calculations (6) agree in indicating that 

in typical Keisenheimer adducts a para nitro group is more effective than an 

ortho nitro grou: in stabilizing the anion. a similar effect seems to hold in 

the thiophene series, as adduct II, where the point of attack of the nucleo= 

phile is a para-like position relative to a nitro groul:, is effectively 

stabilized in DKSO as well as methanol solution. The stabilizing influence of 

the cyano group, even though etrong, is markedly less than that of the nitro 

group. As a result, adduct II is less stable than adduct III. The apparently 

anomalous behavior of comI,ound IV in methanol must be related to the fact that 

the unsubstituted CZ position, which should be attacked by the reagent in 

order to form adduct V, is y:ara-like with respect to a cyano group. This group 

is not so effective as the nitro groq in 2,romoting the delocnlization of the 

negative charge. In methanol the prevailing product is adduct VII, which is 

likely to be stabilized by the formation of hydrogen-bonds between the negative 

nitrogen atom and. -the Frotic solvent. In X30 solution, where hydrogen-bond 

donation from the solvent is absent :nd a stabilizing dispersion interaction 

between the solvent and a charge-delocalized anion is ex::ectecJ. , (7) adduct V is 

regularly obtained. 

;'le wish to [Joint out that since adduct VII, as isolated from methanol, 
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undergoes 2 ready interconversion to aaauct V upon solution in DMSO-d6, 

caution should be taken in the characterization 

hydroxylic solvent by the nmr s].ectrum of their 

Since an,investigation of the formation of V 

hampered by the competing formation 

the role of a para-like cyano group 

of adducts obtained in a 

DUSO solutions. 

in methanol solution was 

of VII, we have obtained information on 

from 2-cyano-5-methoxy-4-nitrothiophenevI$ 

TABLE. Specific rates and equilibrium constants for the formation of 

Keisenheimer-type adducts, in methanol, at 25? 

oIla 

k (1&+ 7.8 + 0.2 x 10-l 

X (M-l‘ 1.5 2 0.1 x lo2 

a) This work. b) Reference 1. 

1.5 x 10 2.14 t 0.1 3.6 x 10 

8 x lo2 1.53 + 0.3 x lo3 ca.4 x lo5 

II Y=CN II V=CN 

III Y=NO. 
v I =NO. 

V VII VI 

Here the stability of the adduct formed upon attack on position 5 is 

exI:ectedly increased by the formation of a geminel dimethoxy group, an effect 
(8) which has been observed in nitro-substituted adducts , In line with this 

expectation, the reaction between methoxide ion in methanol and VIII 

(1 
UZlX 

=278, 313 nm;Zg=l.80, rOrH =5.75 ) does indeed lead to an adduct whose 

spectral ;zoperties ( A,,- -290,d3;9 nm, zg=2.97 ) are in accord with atruc= 

ture IX. Further evidence for this structure is provided by the fact that 
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adduct formed in DJISO-d6 shows a signal at Z 2.90, and that the adduct 

isolated from methanol and dissolved in m;SO-d6 shows a singlet at Z 2.90 and 

another singlet, which is six times more intense, k(OCa3)2]at z 6.78. 

The rate and equilibrium constants for the formation of adduct IX in 

methanol, at 25', are reported in the Table together with the values for the 

formation of adduct X, where the negative charge is delocalized by two nitro 

groups. Replacement of nitro group in the para-like position by a cyano group 

causes a considerably more dramatic effect than the corresponding replacemen-t 

in the ortho-like position, in analogy with the findings by Fendler on cyano= 

(5) nitrobeneenes . Comparison of the values obtained for KIII, KIx and KX 

suggests that the equilibrium constant for the formation of adduct V in 

methanol solution should not be any larger than 3 I!: 
-1 

. 

The greater stability of VII as compared to that of V results from a 

combination of the moderate electron-attracting power of cyano group and of 

the reactivity of this group towards nucleophilic reagents. 
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