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The relationship between polar substituent constants (¢*) and group electronegativity values (X) caleulated
by the method of phosphoryl absorption frequencies has been examined. The relations X = 0.37¢* + 2.06
and X = 0.26¢* + 2.30; 7 = 0.88 were obtained. From these relationships, the group electronegativity of 44
organic groups was calculated and compared with values obtained by various other methods wherever possible.

It was originally felt that electronegativity was a
fixed property of atoms.? However, several workers
have recently suggested that the electronegativity of
an atom is not invariant but depends upon its environ-
ment in a molecule.>~7 Clifford has shown that group
electronegativity values may be obtained by simply
averaging the individual electronegativity values of the
atoms comprising the group.®

It has long been postulated that the Taft ¢* values
are a function of electronegativity.® Jaffé, et. al.,
obtained one relationship for various fuorinated
methyls, and another relationship for various chlori-
nated methyls, but neither hydrogen nor the mono-
bromo- or monociodomethyls fell on either of these two
curves.”> Other values of group electronegativity
have been obtained empirically from infrared,'® solu-
bility,® basicity and coupling potential,* and nmr
data,’® but no relationship between these values and
o* has been established.

Recently,!* Huheey has presented a method for
calculating group electronegativity by assuming vari-
able electronegativity of the central atom in the group
and equalization of electronegativity in all bonds.?
This method of electronegativity equalization has most
recently led to an equation relating ¢* and the charge
(8) induced on the carbethoxy group as caleulated from
group electronegativity.’* This manuscript also pre-
sents a general empirical relationship between group
electronegativity (X) obtained from phosphoryl ab-
sorption frequencies, and polar substituent constants
(e%).

Methods.—The electronegativities of various sub-
stituent groups were obtained by substituting the
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Figure 1.~ Plot of Xeq1 vs. o*.
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Figure 2.—Plot of Xgq 2 28. o*.

phosphoryl-stretching frequencies obtained by Griffin!®
into both the Bell equation (eq 1) and the Robinson
equation (eq 2) relating =X with phosphoryl absorp-
tion frequencies. 1004
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Vor. 32

A (w) = (39.96 — 2X)/3.995

A (em™!) = 55.92X + 791

1)

(2)

The compounds used were diethylalkyl or -aryl
phosphonates of the type (C,H;0),P(O)R. Once ZX
is obtained it is a simple matter to subtract the elec-
tronegativity due to the two ethoxy groups, thus leav-
ing the electronegativity of the R group (X).
ethoxy group was assigned an electronegativity of 2.90,
so that ZX — 5.80 = X. The results along with the
corresponding phosphoryl-absorption frequencies and

o* values are shown in Table 1.V

The
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TasLe I
CALCULATION OF GROUP ELECTRONEGATIVITY {X)
FroM Eq 1 anND Eq 2
R (s A (em-1) a* Xeq1 Xeq1
CH; 8.05 1242 0.00 2.00 2.27
C.H; 8.03 1245 —-0.10 2.08 2.32
n-C;H; 8.06 1241 —-0.11 1.96 2.24
n-C.H; 8.06 1241 —-0.13 1.96 2.24
CH,—=CH 8.10 1234 0.40 1.80 2.13
CH,~—CHCH, 7.98 1253 0.13 2.28 2.46
CsH;CH, 8.04 1244 0.21 2.04 2.30
CeH; 7.96 1256 0.60 2.36 2.52
CH,Cl 7.90 1266 1.05 2.60 2.70
CHCl, 7.85 1274 1.94 2.80 2.84
CCl, 7.83 1277 2.65 2.88 2.89
CH:Br 7.88 1269 1.00 2.68 2.75
CH;C(O)CH: 7.96 1256 0.60 2.36 2.52
No. Group a¥*
1 F.,CH 2.05
2 CH;0C(0) 2.00
3 (CH;)sN +CH, 1.90
4 CH,C(0) 1.65
5 CH;O 1.46
6 0.NCH. 1.40
7 C,H;0 1.35
9 CH,;S(0;:)CH, 1.32
10 NCCH: 1.30
11 FCH; 1.10
12 HOC(0)CH. 1.05
13 CF,CH, 0.92
14 ICH: 0.85
15 CeH;OCH, 0.85
16 C¢H,C(OH)H 0.76
17 C.H;0C(O)CH. 0.71
18 (CH;):N 0.65
19 HOCH: 0.55
20 CH;0CH. 0.54
21 0, NCH,CH, 0.50
22 H 0.49
23 CH;CH=CH 0.41
24 (C¢H;).CH 0.40
25 CICH.CH- 0.38
26 CH;CH=CH 0.36
27 CF,CH,CH, 0.32
28 CH;CH=-CHCH, 0.13
29 CF;CH.CH.CH, 0.12
30 C:H,C(CH;)H 0.11
31 C¢H,CH.CH: 0.08
32 Ce¢H;C(C:H;)H 0.04
33 C+H;CH,CH.CH, 0.02
34 ¢-C¢H,,CH, —0.06
35 7-CyH, -0.12
36 C-CeHu —-0.15
37 (CHj;)sCCH, —0.16
38 7-C3H; —0.19
39 C—Cng -—0.20
40 SeC-C.;I'Ig —-0.21
41 (C:H;).CH -0.22
42 (CH;)SiCH, —-0.26
43 (CH;)C(CH,)CH —0.28
44 t-C4H, —-0.30

@ Calculated inherent electronegativity (a) in Pauling units.1s
electronegativity values of Jaffé.?

Xeq 1

2.82
2.80
2.76
67
60
58
56
56
55
54
47
45
40
38

(3]
=

b Calculated by Jaffé.?

4 Calculated by the method of Bell.1» ¢ Calculated by the method of Sanderson.4

Xeq12

2.84
2.82
2.79
2.73
2.68
.66
.65
.65
.64
.64
.59
.57
.54
.52
.52
.50
48
.47
44
44
.43
43
41
40
40
39
.38
33
.33
.33
.32
.31
.30
28
.27
26
.26
.25
25
25
24
23
.23
.22

4
=]
L]

.00
94
62
69
68

.53
.61
.86
.96
.61
.98
.90
.37
.58
.59

DN NN NN NN DN

.40
74
.52
07
.20
.48
.48
49
.37
.70
45
60
42
42
40
40
29
.29
.29
.29
.28
.29
.29
.29
.33
.29
.29

Xother

2.812.94% 3.12°
2.544

2.59¢
2.48,¢ 2,52,° 2.83¢

2.41,° 2.44,° 2.83¢

2,39, 2.61 2.70°

2.36, 3.01°
2.08 2.36,c 2,38

2.37, 3.004
2.08,4 2,52

2.20

2.07

2.60¢

2.29¢

2.29°

¢ Calculated by the method of Clifford® using
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Results and Discussion

The least-squares linear regression equations of X
»s, ¥, as shown in Figures 1 and 2, gave eq 3 and 4.

Xeql = 0.37s* + 2.06 (3)
Xo2 = 0.260* + 2.30 “4)

The standard deviation from regression (Sx.,x) was
0.17 for eq 3 and 0.12 for eq 4. The Student ‘‘t”
test gave t = 6.18 and 6.24, respectively, both of which
have p <0.01 for 11 degrees of freedom. The correla-
tion coefficient is 0.88 for both equations.

It can be seen from Table 11 that, in almost all cases,
agreement with previous electronegativity values is
quite good. Of the 44 groups examined only groups
10, 12, 13, 19, 21, 27, and 29 differ significantly (p
<0.05) from Xy values and of these only groups 12,
13, and 21 differ significantly from X g at the 0.01 level.
Table II also illustrates the principle that the group
electronegativity is mainly due to the contribution of
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the first atom and to a smaller extent from the contribu-
tion of the second atom. Huheey has made note of the
fact that the assumption of perfect electronegativity
equalization gives equal “‘weight” to all atoms in the
group, but, in reality, the electronegativity of a group
is always influenced most by the atom which links the
group to the remainder of the molecule.’® With this
in mind, it is felt that the Xy values of groups 21, 27,
and 29 are most likely overestimates and that the Xy
values of groups 10, 12, 13, and 19 may also be some-
what on the high side.

Although Robinson’s criticism? of the work of Bell,
et. al.,’ is probably correct, and his omission of the
fluorine compounds from the equation is justified, the
result is really not significant in the determination of
group electronegativity. The X : values only
differ from the X, 1 values by 109, for the very low
o* values and are nearly identical for ¢* values >1.50.
Thus it is felt that either eq 3 or eq 4 can be used to give
a good estimate of group electronegativity.

The Reduction of Methyl Viologen by Cyanohydrin Anions
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In order to elucidate the mechanism of oxidation of cyanohydrin anions, the character of the methyl viologen
reduction by these anions was investigated. The over-all rate of the reaetion was governed by the rate of forma-

tion of the cyanohydrin anions (k; = 4 X 10% 1. mole™! min~1).
cation radicals was produced per molecule of cyanohydrin consumed.

A stoichiometric ratio of two methyl viologen
It is concluded that p-cyano- and p-nitro-

benzaldehydecyanohydrin anions reduce methyl viologen to the radical cation by a one-electron-transfer process.

In a previous report,! it was shown that the cyano-
hydrin anions of p-nitrobenzaldehyde and p-cyano-
benzaldehyde reduce 1,2-dinitrobenzene to o-nitro-
phenylhydroxylamine. The possibility existed that
the reduction is effected via hydride transfer, as in the
case of the Cannizzaro reaction,? or by electron trans-
fer to yield radical anions as exemplified by the numer-
ous citations of Russell,** or alternatively that a trans-
fer of a hydrogen atom may be involved in the reduc-
tion step. Attempts to study the cyanohydrin anions
per se were unsuccessful. The cyanohydrin anion of
p-nitrobenzaldehyde collapses to form a variety of azo-,
azoxy-, and nitrosobenzoic acids,® while the cyanohydrin
anion of p-cyanobenzaldehyde yields the corresponding
benzoin derivative which, in the presence of the cyano-
hydrin anions, is reduced to the deoxybenzoin with the
concomitant formation of p-cyanobenzoic acid and an
unidentified viscous oil.® Since the cyanohydrin an-
ions are not amenable to direct measurement, it
was considered feasible to study their reaction with
known one electron acceptors, e.g., the viologens,”
via an interception technique.
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The viologen (I) upon interception of an electron,
is converted to the highly colored and stable free
radical (IIT), which may be measured spectrophoto-
metrically. The reaction is depicted in Scheme I.

This report deals with the evidence in support of
Scheme I and the significance thereof.

Results and Discussion

Table I summarizes the results of semiquantitative
experiments run to determine the reaction in alkaline
solution of p-nitro- and p-cyanobenzaldehyde with
methyl viologen and 2,3,5-triphenyltetrazolium chlo-
ride (TTC) in the presence and absence of cyanide ion.
The reaction of other reductants is also included.
It can be seen that while ascorbate and benzoin anions
reduce methyl viologen and TTC directly, p-nitro-
and p-cyanobenzaldehyde in alkaline medium require
cyanide ion for the reduction.

A kinetic study of the reaction of p-cyanobenzalde-
hyde, cyanide ion, and methyl viologen revealed first-
order dependance on p-cyanobenzaldehyde and cy-
anide ion and a zero-order dependance on methyl
viologen (Table II), similar to what was observed
in the reaction of p-nitrobenzaldehyde, cyanide, and
1,2-dinitrobenzene.! The rate was measured by follow-
ing the change with time of the absorbance at 600 mu.
The molar absorptivity of the methyl viologen radieal
cation, used to calculate the rates in Table IT, was 1 X
1047 The reaction kinetics are in consonance with
Scheme I, where k; >> k—; and less than k,, ks, and k4



