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Summary 

Infrared spectral data were obtained for the mono- and di-alkali metal deriva- 
tives of 1,4-bis(cyanomethylbenzene, 1,4-bis(cyanomethyl)naphthalene and 
9,10-bis(cyanomethyl)anthracene, as well as data for their electrochemically _ 
generated carbanions. It was found that the mono-alkali metal derivatives of 
the title nitriles exist as “free” carbanions in dimethyl sulphoxide and hexa- 
methyl phosphoramide- The di-alkali metal derivatives are dicarbanions, and 
they can be considered as dianions of dicyanoquinodimethane and its polycy- 
clic analogues. 

It was reported earlier that the IR spectra of the carbanions of substituted 
arylacetonitriles [l--5] and some of their derivatives [4,5] are characterized by 
the very strong bands of the nitrile group (v(CN)) in the 2070-2150 cm-’ re- 
gion. The strong v(CN) lowering (up to 180 cm”), caused by conversion of the 
neutral molecules into the corresponding carbanions, is in agreement with the 
concept of the mesomerlc character of these carbanions. The v(CN) values cor- 
relate with the C%N bond orders, calculated by the Hiickel and the self-con- _ 
&tent field methods [ 2,4,5]. 

The subject of the present study are the alkali metal and tetraethylammoni- 
um derivatives of 1,4bis(cyanomethyl)benzene (I), 1,4-bis(cyanomethyl)naph- 
thalene (II) and 9,10-bis(cyanomethyl)anthracene (III); it is likely that mono- 
and di-alkali-metal derivatives should be formed in these cases.. 

Rgults and discussion 

We measured-the .IR spectra (1900-2300 cm-’ region) of the products of 
metalation (lithium, sodium and potassium: see F,xperimentaI) of the nitriles I, 
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II, and III in tetrahydrofuran (THF) and hexamethyl phosphoramide (HMPA); 
we also recorded the spectra of the electrochemically generated carbanions 
(counter ion: tetraethylammonium cation; see Experimental) of the same 
nitriks. The wave number data and the relative intensities of the bands observed 
are given in Table 1. 

A. Mono-deriuatives ‘ 

As seen from Table 1, all the mono-derivatives of the studied bis(cyanomethyl)- 
arenes are characterized by two types of bands in the v(CN) region: very strong 
bands at 2087-2120 cm-’ and weak bands at 2233-2243 cm-l. 

It was not difficult to assign the very strong bands in the spectra of the mono- 
derivatives of I, viz. 2094-2096 cm-’ (in HMPA) and 2087 cm-’ (in DMSO) as 
bands of the nitrile group directly bonded to a carbanionic center; having in 
mind the small o value of the -CHzCN group * and the correlation u(CN)/o- 
for the substituted arylacetonitrile carbanions [4,5], one can expect that v(CN) 
of the carbanion of I will be close to that of phenylacetonitrile (2096 cm-’ in 
HMPA, 2080 cm-’ in DMSO; counter ions Li’, Na+, K’ and EtaN’ [4,5]). 

The data in Table 1 for I show that a structure of type IV can be ascribed to 
the mono-derivatives of I in these solvents. 

mz) 

( Mi = l-i+, Na+. K+ and Et,N+) 

The fact that v(CN) of IV in HMPA and DMSO does not depend (within ex- 
perimental error of +l cm-‘) on the cormter ion shows that no measurable ef- 
fects of ion aggregation are present, i-e_ in these solvents, IV exists as “free” 
ions and not ion pairs. 

A similar kind of analogy concerning the band assignment can be found by 
comparing the v(CN) data for the mono-derivatives of II, with the data for the 
a-naphthylacetonitrie carbanion (2096 cm-’ in HMPA and 2088,2109 cm-’ in 
DMSO; the same counter ions [4,5]). The v(CN) data cbtained for the mono- 
derivatives of II and III (Table 1) are aIso in favour of a structure of type IV for 
these organometallic compounds, i.e. “free”, delocalized carbanions. 

The increase in ZJ(CN) of the carbanions in the order I < II < III is due to an 
increase in the possibility of conjugation (and delocalization) of the carbanionic 
charge over the aromatic residues in the same order: phenyl < 1-naphthyl < 9- 
anthracyl (the conjugation coefficients are 0.315,0.345 and 0.39; respectively 
173). These data show that the influence of the a priori expected steric hindrance 
to the conjugation is not of -major importance. On the basis of the correlation 
between v(CN) of the carbanions ~@H-CN and the conjugation coeffkients. 
of the radicals [S], and assuming ti planar struct&:of. the phenylacetonitrile -. I-. j -. _. .-_ 
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carbanion, it can be supposed that the torsion angle between the sp* hybride 
carbon atom of the cyanomethyl group and the aromatic ring is less than 18” 
in the case of the carbanion of II, and considerably less than 27” for the carban- 
ion of III. 

The weak bands in the 2233-2243 cm-’ region in the spectra of the mono- 
derivatives, must be assigned as v(CN) of the second (unionized) cyanomethyl 
group. The v(CN) lowering of 4-13 cm- ’ *, in comparison with the parent 
neutral nitriles, can be ascribed to the strong inductive influence of the carban- 
ionic charge on the cyanomethyl groups (see Formula IV)_ u(CN) of these groups 
decreases in tne order I > II > III (carbanions); it is possible that the stronger 
v(CN) decrease in the case of the carbanion of III is due to the proximity of 
parts of the negatively charged anthracene ring (being a di-ortho substituted ben- 
zene ring) to the cyanomethyl group. 

Some of the spectra show weak bands or “shoulders” in the 2110-2140 cm-’ 
region, over the main strong bands (see Fig. I). We suppose that their appear- 
ence is caused by the presence of the alkali metal derivatives of the dimerization 
products of the parent nitriles, as impurities, by analogy with [4,5,9]_ 

We also recorded the spectra of the mono-derivatives of I, II and III in tetra- 
hydrofuran (THF); the spectra show strong bands in the 2078-2096 cm-’ re- 
gion; the frequencies depend upon the counter ion, viz. they increase in the 
order K’ < Na’ < Li’. These data show that the mono-alkali metal derivatives 
of the bis(cyanomethyl)arenes studied exist as ion aggregates in THF. The latter 
is in agreement with the literature data for some related systems in ethereal sol- 
vents [lo]_ An increase in v(CN) in the same order is characteristic of the pre- 
viously studied alkali metal derivatives of saturated nitriles, arylacetonitriles, 
etc. [4,5] and also of the anion-radicals of aromatic nitriles [ 111; these effects 
are caused by the electrostatic anion-counter ion interactions in the ion aggre- 

gates ]4,51- 

B_ Di-derivatives 

The spectra of the solutions of the bis(cyanomethyl)arenes studied, metalated 

Fig. 1. IR spectra oix <-------) 1.4-bis-c~~nowth~l~enzene (I): <- ) mono-UthIum derivative of I: 
(- - - -_) di-lithium derivative of 1. 
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by an excess metalating agents (see Experimental), show strong bands in the 
2036-2075 cm-’ region (Table 1). These very low v(CN) values may be com- 
pared with the v(CN) values of the saturated nitrile carbanions [4,5] and the 
aromatic nitrile dianions [ 123; they agree qualitatively with a structure includ- 
ing two carbanionic centers, i.e. the dicarbanions obtained can be considered as 
dianions of dicyano-quinodimethane (Formula V) and its polycycic analogues. 

CM+= Lt+, No+ and PC+) 

In order to prove the above assignment, the following experiments were 
carried out: equimolar amounts of the parent nitriles were added to solutions 
of the corresponding diderivatives; the spectra of the solutions obtained showed 
that the corresponding mono-derivatives were formed, i-e_ the reaction 

A*-+AHI+2AH- 

had taken place. 
On the other hand, the protonation of the d&derivatives with an excess of 

diluted hydrochloric acid leads to regeneration of the parent neutral compounds 
I, II and III. 

It is not very probable that the doublet character of the Y(CN) bands of the 
d&derivatives (Table 1, Fig_ 1) should be due to the simultaneous presence of 
“free” ions and ion pairs, since the variations in the counter ion concentrations 
do not lead to changes either in the frequencies or relative intensities of the 
doublet bands. A possible explanation of the doublet character of the Y(CN) 
bands of the diderivatives could be the existence of their s-cis and s-trans forms 
in HMPA, i.e. the bands could correspond to the synphase and antiphase vibra- 
tions of the two nitrile groups, by analogy to the anion-radicals of some ato- 
matic dinitriles [5,11]. This assumption agrees with the fact that the Y(CN) 
doublet of II (diderivatives) consists of bands of similar intensity; in the other 
cases the second bands, which can be ascribed to v(CN) of the s-cis forms, are 
much weaker (Table 1). 

Steric hindrance to conjugation may be expected in the polycyclic bis(cyano- 
methyl)arene diderivatives; despite this, as in the case of mono-derivatives 
(Section A), their Y(CN) values are higher than those of the diderivatives of I. A 
probable reason for the phenomenon observed is the greater possibility for de- 
localization of the negative charges over the larger (anthracene and naphthaiene) 
rins. A similar increase in v(CN) with increasing the size of the conjugated sys- 
tem was observed [12 ] in the spectra of the aromatic nitrile dianions. 

The very high_v(CN) band intensities of the studied mono- and di-alkali metal 
der&atives. as in the other cases of anionic systems containing nitrile groups, 

- 
:. .: : 
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[4,5,9,11], is due to the strong migration of the anionic charges over the con- 
jugated system in the course of the Y(CN) vibration. 

Experimental 

We obtained the neutral compounds I, II and III from the corresponding bis- 
chloromethyl derivatives after reaction with potassium cyanide 113,141. The 
mono-alkali metal derivatives were obtained by adding 1.1 equiv_ of naphthalene 
dianion in HMPA and THF (counter ions Li’, Na’ and K’), and dimsyl-sodium 
in DMSO, to the solutions of I, II and III in the corresponding solvent, under 
pure argon; in order to obtain the di-derivatives, 2.2 equiv. of naphthalene di- 
anion were added. The experiments in THF were carried out as rapidly as pos- 
sible, since the &derivatives are unstable in this solvent, changing even in the 
absence of moisture and air. 

The electrochemical generation of the carbanions was carried out in a special 
electrolysis cell with platinum electrodes, viz. a cathode in the measuring beam 
and two anodes, all built in the polythene spacer 1151. DMSO and HMPA con- 
tained 0.1 mol 1-l tetraethylammonium perchlorate as supporting electrolyte- 
By applying 4.5 V, an evolution of hydrogen was seen in the cathode space and 
the spectra of the electrolyzed solutions showed bands of the corresponding 
carbanions. 

The spectra were recorded by UR-20 “Zeiss” spectrophotometer in calcium 
fluoride cells. 
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