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AbstrPct-u’ constants of Hz?- (-11.2). H&- (-7.6). C,H,OOC-H?- t-5.0), NC-HE- (-5.4) and some other 
anionic substituents were estimated on the basis of vcN of the corresponding benzonitrile anions and by using the 
correlations &a’ for benzonitriles, in polar aprotic solvents. 

The idea of determining substituent constants on the 
basis of IR spectral data was put forward with the first 
satisfactory correlations of IR frequencies and inten- 
sities with substituent constants;’ this is the manner in 
which u, u”, oRo, etc. values have been determined for a 
large number of substituents.3 On the other hand, this 
method has been criticized quite recently by Exner4 on the 
basis of solvent and “meta”’ effects, and by Deady et 
a1.,6 where series showing no excellent fit are found. 
In spite of these limitations, the correlations with IR data 
present a convenient means of estimating sigma-values 
particularly for substituents with which the standard 
chemical methods are unapplicable. 

RESULTS AND DISCUsslON 

We used the series of nitrile group frequencies (Y~,.J 
of substituted benzonitriles as a standard one for 
obtaining the electrophillic constants of anionic sub- 
stituents. Correlations of ~c., of benzonitriles with 
variety of sigma-constant types have been studied 
repeatedly;2.5-7 because of the resonance electron- 
withdrawing character of the nitrile group vcN of 
benzonitriles correlate with u+ better than with a.‘.’ 
Carbon tetrachloride and chloroform have been used as 
soIvents2.5-7 to avoid strong solvent-solute interactions.* 
Unfortunately, these solvents are not suitable for ionic 
species; ethereal solvents are also unsuitable because of 
ion pairs formation.’ IR spectra of organic anions 
containing nitrile group are conveniently studied in polar 
aprotic soIvents.“L” For this reason we examined the 
correlations for this series in dimethyl sulphoxide 
(DMSO) and hexamethyl phosphoramide (HMPA); the 
results are shown in Tables I and 2. 

It is seen from Table 2 that in a variety of solvents, 
vcN of substituted benzonitriles correlate with u+ much 
better, than with u; the use of DMSO and HMPA as 
solvents does not adversely affect the correlation 
factors and p increases considerably when using polar 
solvents instead of CCL,. 

In order to evaluate u+ constants of a series anionic 

substituents, we measured vCN of the anions oZ J0- 
C-N (Table 3 and Experimental). The u+ values in 
Table 3 were obtained from the correlation equations of 
Series 7 (HMPA) and 8 (DMSO) (Table 2). The 

inaccuracies in u+ (Table 3) were calculated by simul- 
taneously taking into account the quantities S,, S, and 
the instrumental error (see Experimental). 

The satisfactory agreement between the electrophillic 

constant of the group p-& found quite recently by 
Hoefnagel and Wepster (a’= -2.3)‘? and the one 
estimated on the basis of IR correlations (u+ = -2.5 k 
0.3, Table 3) can be considered as some confirmation of 
the correctness of the uc values reported in Table 3. 

It can be pointed out that most of u+ in Table 3 are 
considerably more negative than u’ of the strongest 
neutral conjugative electron-donor (u,‘-(CH~)~N = 
-l.7),14 i.e. the data indicate that the electron-releasing 
effects of these anionic substituents are many times 
stronger than that of the dimethylamino group. 

u+ of substituents 1, 2 and 3 (Table 3) increase with 
the increase in the electronegativity of the corresponding 
elements in the order C < N < 0. Because of the absence 

Table I. ecu of “basic set”6.R benzonitriles R -0 CZN in 

polar aprotic solvents 

R in DMSO in HbIPA 

m-(CH3)2N 

P-(CH~)~N 

m-CH 0 
3 

p-CH30 

m-CH 
3 

P-CH3 

H 

m-F 

P-F 

m-C1 

p-Cl 

m-w 
3 

p-C?3 

m-CN 

p-CN 

m-h02 

p-N02 

2224.9 2224.6 

2211.4 2212.8 

2228.3 2228.6 

2223.3 2223.1 

2227.1 2227.1 

2226.4 2226.3 

2227.2 2226.0 

2233.1 2232.6 

2230.3 2229.4 

2231 .b 2231.2 

2229.8 2229.2 

2234.7 2233.8 

2232.6 2231.6 

2234.6 2234.2 

223O.c 2229.9 

2235.1 2235.1 

7232.0 2232.4 
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Table 2. “Basic set”6.8 correlations of vrN (benzonitriles) with Q and u+ 

SEHIES SOLVENT 

1. 

2. 

3. 

4. 

c. ,. 

6. 

7. 

a. 

cc14 

WC1 
3 

HMTA 

DNSO 

CC14 

CHCl ? 

iili.PA 

DMSC 

SIGW 
P" 

6 9.925 

6 12.436 

6 11.562 

6 12.527 

6’ 7.000 

6’ 6.832 

6’ 8.104 

6’ 8.814 

b” f-0 5” Notes 

2231.7 0.9193 1.74 8 

2230.4 0.9212 2.16 f 

2226.5 0.9199 2.03 - 

2226.7 0.9200 2.19 - 

2232.9 0.9573 1.28 e 

2231.9 0.9658 1.44 f 

2227.9 0.9519 1.58 g 

2228.3 0.9563 1.64 h 

a slope; bintercept~ d 

’ 
'correlation coefficient; standard 

deviation; e*f calculated by using data from refs. 6 and 5,reap.; 
g i:: this series: S ,, = C.632 , Sb = 0.4 (inaccuracies in JD and 

b. P'S?.); h in tt.is series: SP = C.654 , Sb = 0.4. 

Table 3. u’ constants of anionic substituents Z” and +., of the anions ZeC~N 

NO. SUBSTITUENTS 
z@ $,,(cm-') 6t, 

GF THE ANiONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

p- H2C” 21 37a 

p- HN’- 2166a 

2206b 

t-+_@o- 221gb 

p - NC--@- 2181b 

m - NC-H& 221Yb 

p - EtO,,C-HC’- 21aJb 

p -‘O- H2C - 2223.0a 

p-‘O,,C-HCO- 2157a 

p -@o$- 

- 11.2 f 1.1 

- 7.4 ? 0.8 

- 2.5 ? 0.3 

- 1 .5 : 0.3 

- 5.4 ? 0.5 

- 1 .I + 0.2 

- 5.0 + 0.5 

- 0.6 2: 0.1 

- 8.7 + 0.9 

- 0.5 t 0.1 
- 0.4 t 0.1 

'In HMPA: bin DMSO. 

of direct resonance with the nitrile group, the meta- 

substituents show considerably lower o+ values (ab- 

solute values). 

The negative values obtained for the u&o constant 
show that the carboxylate anion appears as a conjugative 
electron-donor in the series studied. The comparison: 

W&O = +0.145 to +0.351 (Refs. 13, IS); 

ucyo = 0.0 (Ref. 16); 

U&O = -0.4, -0.5 (This work); 

can be considered as an evidence for the kresonance 
character of the carboxylate anion, in agreement with the 
data of Lindberg.” Indeed by contrast, the same group 
acts as electron-acceptor in the dianion 9 (Table 3, cf. 
U+‘S for substituents 1 and 9). 

There are no data in the literature on uf constants of 
the substituents studied. Despite the considerable inac- 
curacy in their values (ca. +lO%), the constants reported 
here may be used as an approximate measure of the 
electron-releasing effects of the studied anionic sub- 
stituents. 



IR spectra and structm .e of carbanions-Xl 

EXPERIMENTAL 

The anions “Z-&H&N were obtained by metalating the 
corresponding neutral benzonitriles HZ-&H&N with naph- 
thalene-disodium (in HMPA), and with dimsyl-sodium or 
sodium methoxide (in DMSO). We identified the vcN bands of 
the anions by the approach used in previous work”,” and having 
in mind the results of protonation of the anions. viz. regeneration 
of the parent benzonitriles.” 

The spectra were recorded on a UR-20 Zeiss spectro- 
photometer using calcium fluoride cells. ~c,., were reproducible to 
about 0.3cm-’ for the neutral nitriles in Table I and for the 
anions 8 and 10 in Table 3, and to about 0.5 cm-’ in the other 
cases. 
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