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NMR chemical shifts of the NH proton of fifty-three m- and p-substituted acetanilides were determined in
dilute DMSO solutions. The substituent chemical shifts were correlated with ¢° constants with considerable
scatter. Deviations were particularly significant for —R groups having a-hydrogen. Improved correlation was
found for — R substituents with (6%)pyge values which had been derived from the phenol hydroxyl chemical shifts
in DMSO. Application of the LArSR equation using the DMSO-modified substituent parameters gave a good
linear correlation for all substituents; 46™4¢=0.686 [(c%),us0+0.277 (46x )pusol- These results indicate that
the deviations are caused primarily by solvent-modification of substituents, the modification being essentially the
same for both the acetanilide and the phenol systems in DMSO. The lower 7~ value 0.277 in the chemical shifts
for the acetanilides than for the phenols suggests that the zm-electronic contribution of 4 R para substituents is less
important in the acetanilide system than in the phenol one. The resonance substituent parameter for these solvent-
modified substituents was found to be proportional to both (53" —&}¥), the difference between the apparent g,
constants of the two systems, and to 6,—0.85 &,, of each series. Estimation of a practical set of inductive and
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resonance substituent parameters for DMSO-modified substituents is attempted.

Foregoing investigations?~4 have indicated the follow-
ing: The hydroxyl chemical shift of m- and p-substi-
tuted phenols in DMF or DMSO is closely related to the

 chemical reactivities; the substituent effect can be des-
cribed successfully in terms of the LArSR and LSFE
relationships;® the solvent-modification of substituents
is of considerable importance in these aprotic solvents.
The effect of solvent on the substituent effect in chemical
reactivities and physical properties has received consid-
erable attention.®? However, hardly any studies have
been carried out to elucidate quantitatively such solvent
effect on the basis of the linear free energy relationship.
The solvent-modification of the nature of substituents
can be measured by the deviations in the LArSR or
LSFE correlation by means of the sets of substituent
parameters which were determined from the reactivity
data in aqueous media.

From our interest in the substituent effect in aromatic
derivatives, we attempted to estimate the practical
measure of inductive and s-electronic effects of “‘the
solvent-modified substituents” in DMF and DMSO
solutions.?3 Evaluation of the resonance parameters
(6x)u for the solvent-modified substituents in medium M
was carried out by means of the following relation de-
rived from the LSFE equation.®

(0)u = (ap—0-856m)m/cu (1)
where 5, and &,, are the apparent substituent constants
obtained from the above system in medium M. The
characteristic coefficient 0.85 corresponds to the ratio of
inductive contributions of the substituent from para and
meta positions in the LSFE relationship. Cy was deter-
mined by employing the standard o, in place of (6:)u
parameters. The o; and ¢,° parmeters for solvent-modi-
fied substituents in DMF and DMSO were also derived.

This approach stands essentially upon the generality
of the unique ratio 0.85 of para/meta inductive effects. It
will be possible to establish significance of the inductive
ratio by confirming its validity in chemical and physical
properties whose requirements of resonance widely dif-
fer. For one of such systems, the substituent chemical

shifts of the NH proton of m- and p- substituted acetani-
lides in DMSO have been chosen. The NH chemical
shift in this system was found to follow the ¢® parameters.
The resonance exaltation for R class substituents does
not appear to be so important as in the case of phenol
hydroxyl chemical shift. Accordingly the comparison
of the apparent 5, values for both systems should provide
interesting information on the resonance (n-electronic)
and the inductive effects of the DMSO-modified substi-
tuent groups. Such a study would confirm generality
of the LArSR and LSFE relationships.

Results and Discussion

The NH proton signal of acetanilides in DMSO is
considerably more broadened than the hydroxyl proton
signal of phenols in DMSO. However, the DMSO
solution seems to give the sharpest and most stable sig-
nals of the NH proton, no significant dilution shift being
observed. The experimental uncertainty appears to be
slightly larger in the NH chemical shifts than the phenol
OH chemical shift values. It is estimated that in most
cases the error involved in the infinite dilution values
does not exceed +0.5 Hz, although in a few cases the
uncertainty may be as high as =1 Hz. The chemical
shifts of NH proton of acetanilides are given in Table 1.
Bennett et al.’ and Rae et al.”™ have reported the chemi-
cal shift data of several acetanilides in the same solvent,
their data being only of p-substituted derivatives. The
chemical shift values reported were in good agreement
with the present results.

Niwa reported the chemical shifts of NH protons of
meta and para substituted formanilides in DMSO.®) His
data can be compared with the present data to give a
good linear relation; correlation coefficient 0.996 and
standard deviation %-0.025.

AR — 1,00345MHCHO
This suggests that there is no significant difference in the

substituent effects on the shifts in both systems.
Asabe and Tsuzuki reported on a-NH protons of sub-
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TasrLe 1. CuEMicAL sHIFTS OF NH PROTONS OF m- 06 o
AND p-SUBSTITUTED ACETANILIDES IN DMSO i
No. Subst. 40,™8 A40,,™8 05t
1 NO, 10.485 10.357 A
2 CN 10.302 10.218 E 04} >0 /¢
3 CHO 10.308 ] o
4 SO,CH, 10.335 10.288 £2 o3} o ®
5 SO,NH, 10.215 10.185 Zg‘:’
6 SCN 10.178 02t 14
7 COCgH; 10.282 10.138 S
8 COCH, 10.217 10.082 01l° © e
9 COOCH, 10.222 10.110 o
10 COOEt 10.218 10.110 . S L
11 CONH, 10.090 10.005 —-04 —02 ® 02 04 06 08
12 CF, 10.245 10.222 *9 01 o
13 N=NCgH; 10.260 ) .
14 GgHj 9.987 R PO
15 H 9.872
16 I 9.975 9.970 o —03
17 Br 10.018 10.047 hd
18 Cl 10.003 10.058 —04
19 F J.927 10.030 o
20 SCH, 9.887 |
g; S}(;is g?gg gggg Fig. 1. The plot of ASYEAS aga,inst_standard a°: open
’ ’ circles p-substitute | and closed circles m-substituted
gz F;C‘Hﬁ g : ;‘;g acetanilides.
25 CH, 9.775 9.788
26 OCH; 9.728 9.850
27 OH 9.597 9.732
28 NMe, 9.562
29 NH, 9.435 9.552
30 OAc 9.948 10.032
31 Me, 9.702
32 L 10.200

stituted phenylureas in DMSO.9

Although no meta

4575345 (ppm)

substituents were included, para substituents can be cor-
related linearly with our data by

Ageres = 1.,28246NHAe

with excellent precision, R=0.998 and s==+0.023, sug-
gesting that essentially the same interaction mechanism
is operating for both systems. The analysis we have
made in the present study will be applied in the same
way for these systems. The «-NH chemical shift in urea
is significantly more susceptible to substituent changes
than those in the other NH chemical shifts.

Relative NH chemical shifts of the substituted acetani-
lides (Table 1) are plotted against the standard ¢° con-
stants in Fig. 1. The general trends that electron at-
tracting groups tend to shift the NH-resonance position
toward low field and the chemical shifts appear to reflect
the charge density at the NH-site are borne out, while
substantial scatter does not permit us to draw any quan-
titative conclusion. However, following facts are obvi-
ous. No significant exaltation in the resonance contri-
butions of conjugatively electron attracting (+R) sub-
stituents relative to 6, scale is observed, employment of
6~ values not improving the fit. This indicates that the
present data belong to the so called ¢° class reactivity.
Deviations of higher halogens are attributed to the sub-

OH
(") pmso

F—0.3

r—0.4

Fig. 2. The plot of A6¥AS against (6%)3k,: open circles
para, closed circles meta, and squares anisotropic sub-
stituents.

stituent anisotropy effect. Deviations of the — R substi-
tuents with acidic a-hydrogens are all large but similar
to the behavior observed in the phenol chemical shift in
DMSO. It is most plausible to ascribe these deviations
mainly to the substantial substituent-solvent interac-
tions.
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The substituent effect is appreciably modified by
DMSO.® The solvent-modified substituents in DMSO
may be assumed to be essentially the same in the acetani-
lide as in the phenol system. We could thus expect a
good correlation between the present data and the
(6®)puso derived from the phenol hydroxyl chemical
shifts in DMSO.® The good correlation obtained is
shown in Fig. 2. —R para substituents fall on a straight
line determined by meta substituents, whereas all the
+R para substituents deviate slightly but systematically
to the direction of enhancing resonance. No improved
correlation was observed for the anisotropic halogen
groups.

Although the exaltation of resonance contribution of
~+R class para substituents does not appear very signifi-
cant, the effect may be described by

46 = p(c®+1-A557) @)

The following equation should be employed in place of

Eq. (2) utilizing the modified substituent constants
(6°) buso and (48g™) puso-?

46* = p[(6°) puso+ 7 {458 7) pusol (3)

The equation agreed excellently with the chemical shift

data excluding halogen groups, giving p value of 0.686

and r~ of 0.277 with a correlation coefficient 0.994 and a
standard deviation 4-0.030.19 The p value obtained is,

TABLE 2. APPARENT SUBSTITUENT CONSTANTS IN DMSO

No. Subst. Gp Gm
1 NO, 0.903 0.717
2 CN 0.637 0.516
3 CHO 0.647
4 SO,CH, 0.685 0.618
5 SO,NH, 0.510 0.466
6 SCN 0.457
7 COCH; 0.607 0.399
8 COCH, 0.513 0.316
9 COOCH, 0.520 0.357
10 COOEt 0.516 0.357
11 CONH, 0.328 0.204
12 CF, 0.554 0.520
13 N=NCH; 0.575
14 CgH; 0.178
15 H 0.010
16 I 0.160 0.153
17 Br 0.224 0.265
18 Cl 0.202 0.283
19 F 0.090 0.328
20 SCH; 0.032
21  OGgH; 0.080 0.151
22 NHAc —0.109 —0.001
23 NHCgH; —0.204
24  ¢-Bu —0.102
25 CH;, —0.131 -0.111
26 OCH, —0.198 —0.022
27 OH —0.390 —0.194
28 NMe, —0.441
29 NH, —0.626 —0.456
30 OAc 0.122 0.243
31 Me, —0.237
32 Q4 0.468

Mizue Fujio, Yuho Tsuno, Yasuhide Yukawa, and Yoshio Takar

[Vol. 48, No. 11

within experimental uncertainty, identical with the
value derived from the correlation (Fig. 2). Using this
p value, the apparent substituent constants 6™ can be
determined (Table 2). The small r— value indicates that
the through-conjugation interaction between conju-
gatively electron attracting (4R) para substituents and
the NHACc site is not important in the present system in
contrast to the phenol system. This can be explained
by the deviation from coplanarity of the NHAc site with
the benzene ring. Since an insignificant degree of
through-conjugation operates for +R para substituents,
no significant exaltation of resonance with the — R detec-
tion site would be expected for —R para substituents.
The substituent effect observed in the present system can
be regarded as the effect of nearly unexalted 6° class.
Hence, the excellent fit of —R class substituents to the
above correlation, to the first approximation, indicates
the validity of (6,%puso values of —R groups derived
from the hydroxyl chemical shift of phenols.

On the basis of this correlation, we can determine a
set of (6% puso- Because of the small r— value of 0.277,
possible errors involved in the (46z7)puso values do not
significantly aflfect the resulting set of (6°)puso Vvalues.
This suggests that the new set of (6°)puso values might
be more reliable than the previous one at least for the
+R groups (¢f. Table 3). The solvent-modified param-
eters (6%)puso as well as apparent substituent constants
™ are composed of the inductive and the s-electronic
effects of the solvent-modified substituents in DMSO.

Solvent-Modified Substituent
Parameters

The substituent effects in benzene systems are general-
ly described by the LSFE relationship, to the first ap-
proximation, in terms of the combination of mutually
independent inductive and s-electronic contributions:?

log (k/ko)p = p(0i+¢," 0x" +¢:70.7)
log (k/ko)m = ¢(1.176,+0.500,%) 4)

where o; is the inductive substituent constant, which is
independent of g¢,’s, a measure of reaction-dependent
contributions of its resonance effect. .+ and .~ are the
substituent constants measuring the capability of —R
and +R class substituents respectively to donate and
withdraw electron through sm-electronic delocalization.
o+ corresponds numerically to 0.42 45z* and 6.~ t0 0.73
Asg~. By the aid of the characteristic ratio 0.85 or 1/1.17
of the inductive contributions from para and meta substi-
tuents in Eq. (4), a linear z-electronic free energy rela-
tionship can be derived which should be free from any
inductive contributions:

log (kfko), — 0.85log (k/ky)m = ¢C~0,~ or = pC¥a,* (5)

where G~ and C+ are parameters measuring the suscepti-
bility to the s-electronic effects of R and — R substi-
tuents respectively in a given reaction. A convenient
modification to accommodate effects of the +R groups
in the present system gives Eq. (1).

We have demonstrated the utility of the quantities
5,—0.85 &, or 49,—0.85 46, for the hydroxyl chemical
shifts of phenols in DMSO, as a measure of relative
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resonance capabilities of the solvent-modified substi-
tuents.?9 The resonance substituent constants of the
DMSO-modified substituents denoted by (6.*)puso or by
(4o&*)puso were determined by Eq. (1) providing 0.73
C-=1.12 and 0.42C+=0.24.% The inductive and
normal substituent constants denoted by (o;)puso and
(6% pmso for the DMSO-modified substituents were
subsequently determined from (o:)puso. The same sort
of treatment is expected to be applicable also to the
present system. The most important feature of the
LSFE treatment, Eq. (4), is the introduction of dual
reaction constants for the z-electronic effect, ¢,+ and ¢,
each for —R and +R substituents. The subsequent
treatment has therefore to be applied separately for +R
and — R substituent effects. Since our purpose has been
to establish the general applicability of our treatment
for conjugatively electron attracting (-+R) groups, we
have chosen the present acetanilide system where the
effects of +R para substituents significantly differ from
those in the phenol chemical shifts.®4 Thus, Eq. (5)
will be applied first to the analysis of 4R substituent
effects.

03 NO.

2
£8
= 02 CN
'!g
3 0
= CONH: SO:CH,
|§.
&
SO:NH.
o1l 0.NH:

=7 %z o3 01 05
(6,—0.85 5,,)8ks0
Fig. 3. The plot of (5,—05.85,)}s, against (5, —
0.85 5,,)3uso for 4 R substituents.

Treatment of -+R Substituents. If the assumption
of the solvent-modified substituent holds generally, Eq.
(1) could be applied to the acetanilide system as well as
to the phenol system in the same solvent. Equation (6)
would hold provided that (48z™)puso for a series of +R
substituents are essentially independent of systems.

(5,~0.856,)" = a(5,~0.857,,)° (6)
It follows that a plot of the quantities (5,—0.85 &,,)5iiso
against (5,—0.85 5,,)04s0 for various R substituents
should be a straight line of slope «.  Figure 3 shows such
a straight line with a correlation coefficient 0.997 and a
standard deviation -+-0.010. Using «=0.603 in Eq.(6),
(4887 )puso for + R substituents can be derived from the
apparent & values from the acetanilides, and (6.)puso
by (6 )pus0=0.73 (468 )puso- The values are in pre-
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cise agreement with those obtained from the phenol
system, no serious corrections being required for the
parameter values previously obtained. In this treat-
ment, we have assumed that the para/meta inductive con-
tribution ratio is a constant, 0.85, for all substituents
irrespective of reactions. The good agreement thus may
offer confirmation of the generality of 0.85 for the induc-
tive contribution ratio.

We can apply the LArSR equation® which is modi-
fied to (3) to accommodate the effect of DMSO-modi-
fied substituents on the chemical shift. If Eq. (3) is
applicable to both the phenol and acetanilide systems,
it follows that

(485 ) puso = (6" =5, ) puso/ (1% — 1)
= (1/4r)(5,°" =5, ) puso @)
The coefficient Ar can be determined from the slope of
the correlation of (63"—&3")puso against (46r)puso-
Equation (7) is just the same expression as the basic one
of the LArSR theory, indicating that the set of the dif-
ferences between two sets of apparent &, in any two
independent systems with different r’s should be equiva-
lent to the relative measure of resonance capabilities of
the substituent.’®) If Egs. (3) and (4) are valid, the set
of resonance quantities in Eq. (6) is proportional to
another set of relative resonance capacities of substi-
tuents, namely,
(ap_0-855m)g§so = ﬂ(EpOH—'EpNH)DMSO (8)
A reasonably good linear correlation (Fig. 4) verifies the
equivalency of these two sets of resonance measures.!?)
An exceptionally large deviation indicated by the CN
group is attributable to the anisotropy effect which ap-
pears to be considerably effective only in the acetanilide
but not in the phenol chemical shifts.

The correlation could be applied for estimating the
(468 )puso parameter. However, because of the smal-
lness of (59"—a&3") quantities, the uncertainty would
be larger for the parameter values derived from this set
of quantities than those from the (53"—0.85 &) quan-
tities. The former evaluation depends on the uncer-
tainty of two independent p values, whereas in the latter
based upon Eq. (6) any error involved in p values is
practically unimportant for the evaluation of (48:~)puso
parameters, since we can utilize directly two sets of
experimental quantities (46,—0.85 46,,)puso instead of
(6,—0.85 5,,)puso. It is therefore more reasonable to
evaluate a set of (46g )puso parameters by Eq. (6), in
comparison with the previous values derived from the
phenol hydroxyl chemical shift (Table 3). (6;)pmso
and then (6%)puso parameters can be determined from
(Aog™) puso Or (6 )pmso (Table 3). As anticipated, these
sets of parameters derived from NH chemical shifts
are identical within experimental uncertainty with the
corresponding parameters derived from the phenol
hydroxyl chemical shift. The identity between the
corresponding sets from two independent sources with
reasonable precision is a strong evidence for the generali-
ty of the LArSR and LSFE relationships. This proves
also the validity of the assumption that the substituent
effect in a given solvent can be treated as the effect of
the solvent-modified substituents, independent of re-
actions or systems, at least for conjugatively electron
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TABLE 3. MODIFIED SUBSTITUENT PARAMETERS IN DMSO roR -+ R GROUPS

Acetanilides Phenols
No. Subst.
(o< )puso (o) puso (Gpo)nuso (o7 )Bhiso (o4)Bso ("po)gﬁso
1 NO, 0.326 0.470 0.796 0.331 0.473 0.804
2 CN 0.220 (0.345) (0.565) 0.227 0.400 0.627
3 CF, 0.124 0.389 0.513 0.133 0.375 0.508
4 (COCH, 0.271 0.154 0.425 0.264 0.140 0.404
5 COGCgH; 0.297 0.213 0.510 0.283 0.183 0.466
6 COOCH;, 0.240 0.201 0.441 0.243 0.183 0.426
7 COOEt 0.237 0.202 0.439 0.246 0.166 0.412
8 SO,CH, 0.177 0.450 0.627 0.208 0.418 0.626
9 CONH, 0.172 0.099 0.271 0.166 0.086 0.252
10 SO,NH, 0.126 0.342 0.468 0.144 0.332 0.476
NOZO

0.2+

g

)

1o

|

g

&

1o

0.1F SO:NH. O

O con.

O—o1 %z 03 01 05
(65—0.85 5,)3Ms0

Fig. 4. The plot of 5,°%—5," against (5,—0.85 5,,).

attracting substituents.

In order to rationalize the results, it is necessary to
compare them with the results of the corresponding
analysis of the present shift data according to Taft’s
equation.’® Taft’s treatment is based on the assump-
tion of i) the equal inductive contributions from a given
substituent at meta and para positions, and ii) the view
that the o; parameters of any substituent essentially are
invariant irrespective of the nature of reaction. Of
course, the solvent-variation of these parameters may
be imposed. From his theory, the apparent resonance
parameters Gz of the solvent-modified substituents in
DMSO can be given by

(Sr)ouso = (Sp)oMso — (51)puso
The equal inductive contribution from meta and para
positions implies that the z:-electronic effect (or re-
sonance) parameters should be proportional to the
difference between meta and para apparent substituent
constants, 6,—8,, in a given system, namely,

(r)puso = &' (G —5m)puso 9)
where o’ is a proportionality constant. If Eq. (9) were

valid for various systems, (6,—&,)ouso quantities for
two systems may be expected to be linearly related.

(8p—%m)Biiso

Fig. 5. The relation between Taft’s apparent resonance
quantities, (6,—58,)Ms and (6,—8,)BHsor

Figure 5 shows the correlation of the two sets of Taft’s
resonance quantities derived from phenol and acetani-
lide systems in DMSO solution. The correlation is
less satisfactorily linear (R=0.961 and s=4-0.021) than
that given by Eq. (6). The plot appears to be better
described by a smooth curve; otherwise, the deviation
of the unsubstituted derivative is significant. Such
non-linearity between any two sets of Taft’s resonance
parameters 6z derived from various classes of & values
is generally observed even in chemical reactivities. For
instance, similar resonance quantities 5,—&, for +R
substituents from the standard ¢~ constants are not
reasonably linear against the corresponding quantities
from the other references ¢° or ¢ parameters.!® This
is in contrast to the present results based on our LArSR
and LSFE treatment. Taft has concluded that there
are no general or universal parameters of resonance
effects of substituents.!?® Generalized treatment of the
same kind as we have employed could not be possible
with Taft’s equation based on the equal meta and para
inductive contribution model.

Treatment of —R Substituents. In contrast to the
remarkable success in correlating effects of conjugatively
electron attracting substituents, the analysis of con-
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jugatively electron releasing substituent effects does not
appear to be so simple. The same sort of difficulty was
observed in the analysis of phenol chemical shifts.2:%
Neither o, nor o; parameters obtained were linear
against the ordinary sets of corresponding parameters.
Thus we can not attain ultimate accuracy in the evalua-
tion of parameters of the solvent-modified substituents
from the present data. Nevertheless, it appears of
value to estimate somewhat rough but still useful
measures of the apparent inductive and z-electronic
effects of the so-called solvent-modified substituents.

Since the para/meta inductive contribution ratio of
0.85 is believed to be valid for —R as well as +R sub-
stituents, the quantities (5,—0.856,,)pus0 for —R
groups in either the phenol or the acetanilide system
should give a relative measure of the resonance capa-
bility of DMSO-modified substituents. Thus, even
though they might not be proportional to the standard
o." or 45 parameters, it is anticipated that both sets
of quantities are correlated linearly with each other;
that is, Eq. (6) holds for —R substituents. Since the
apparent substituent constants &, for —R para substi-
tuents in both systems are identical within their un-
certainty and appear both to be of the ¢° class, the slope
o of the correlation should be close to unity. However,
the result is not in line with anticipation. The fit does
not appear to be satisfactory and the slope a corresponds
to roughly 2/3. This implies that the Cy scale in Eq. (1)
is not the same for the two apparent stes of (6:)puso. A
similar treatment based upon Taft’s assumption, Eq. (9)
for —R substituents, gives no reasonable correlation.

Assuming the effect of —R groups to be of the ¢°
class, the conversion coefficient for — R class substituents
can be given as follows, provided that the ordinary
resonance contribution scale ¢,*=1.0 for para — R sub-
stituents and ¢,”=0.50 for mefa substituents by means
of Eq. (4);

(G,—0.858,,) = 0.575(5,")puso (10)

An apparent set of inductive parameters (6;)puso can
thus be given by

(6 pmso = Gp = (6" )puso = 1.486, — 0.745,

(11)
The inadequacy of the scale of (6.")puso parameters
should reflect the consistency of the resulting set of
(6;)bmso values. The reliability of the former para-
meters can be judged in turn from the consistency of the
(6;)omso values. The best practical way of critical ex-
amination of both parameters is to compare the (6;)puso
values with a certain reliable measure of the inductive
effects of substituents obtained from a completely in-
dependent source in the same solvent. As such a
reference measure, we have chosen the relative 19F
NMR chemical shifts of m-substituted fluorobenzenes,
correlating with the inductive substituent constants
alone.'¥ We assume, to a first approximation, that the
solvent-modified substituents remain essentially the
same in the same solvent regardless of change of the
system from acetanilides to m-substituted fluorobenzenes.
In Fig. 6 the inductive quantities, (6;)puso for —+R
groups (Table 3) and those derived from Eq. (11) for
—R groups, are plotted against A%, in DMSO. The
+R groups satisfy a linear correlation, while almost
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48« (ppm)

NMez
—02 —01 H]

> NH.
'O CH,

Fig. 6. The plot of F substituent chemical shifts of m-
substituted fluorobenzenes against DMSO-modified
inductive substituent parameters, o,: open circles
(o1)Bhiso» closed circles (o,)hjiso, and squares (o,)§3%.

all —R substituents deviate considerably from the
correlation line. The fit of R substituents is ex-
cellent (correlation coefficient 0.986 and standard devia-
tion 4-0.024) so that the correlation can give rise to a
set of the inductive measure (g;)F, by

(6,)F = 0.11845%,  + 0.066

As 0.85 for the para/meta inductive ratio is presumed to
be valid for —R groups in this system, the relative n-
electronic contribution should be proportional to the
quantities (5,—0.855,,). This gives the following
equation concerning the s-electronic effect of —R class
substituent.

3,M — (0,)F = 9(5,—0.855,)™ (12)
The best-fit gave y value of 2.36 for —R groups in the
acetanilide system. The (6.")§4%H values derived on
this basis and (6,)§#% values given by 6,— (6.")$% are
given in Table 4 in comparison with those from the
phenol chemical shifts. (6;)§#% for —R substituents
satisfy the correlation determined by -+R groups with
an excellent precision (Fig. 6); especially, the sub-

TABLE 4. MODIFIED SUBSTITUENT PARAMETERS IN
DMSO ror — R GrOUPS

Acetanilides Phenols
No. Subst. —_—
()50 (0B (o )BMs0  (o)Bhiso
1 F —0.45 0.54 —0.49 0.51
2 OCgH, —0.11 0.19 —0.25 0.26
3 NHAc —0.26 0.15 —0.21 0.10
4 CH, —0.09 —0.04 —0.18 0.02
5 OCH, —0.42 0.23 —0.52 0.25
6 OH —0.53 0.14 —0.64 0.18
7 NH, —0.56 —0.06 —0.64 0.00
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stituents carrying acidic hydrogen at the a-position are
brought closer to the line. The excellent fit of —R
substituents suggests that the quantity (5,—0.855,,)
measures the relative capabilities of the m-electronic
contributions of solvent-modified substituents, even
though the y value is not 1/0.575 expected for the
system of the ¢ class. On the other hand, the phenol
system gives a correlation for —R groups using (o;)"
values;

3,°% — (5,)F = (1.00+0.08) (5, *) puso-

The unit slope indicates that the scale of the zz-electronic
effect parameters estimated from the phenol system is
reasonable, while deviations of —R groups are consider-
ably large.

The best correspondence to A%, _yx is observed with
(0)5%% parameters (Fig. 6). Accordingly, (o.*)50%
derived from acetanilides seems to give a better measure
of the s-electronic effect of solvent-modified substituents
in DMSO than the other, while it is necessary to justify
the higher ¢ value for the acetanilides before one may
draw any conclusion. The identity of the apparent
6, values of —R groups in acetanilides and phenols
indicates that the resonance contribution scale of —R
para groups, ¢," or rt, should be essentially the same in
both systems. The ambiguity of the contribution scale
of m-electronic effect of p-substituents in either system,
even if they differ from the c®scale, does not theoreti-
cally cause any serious deviation in the y-value. The
contradiction has to be ascribed only an inadequate
estimation of the contribution scale of resonance from
meta substituents. The high y-value requires the en-
hanced resonance contribution from meta substituents.
The —R meta groups exert more enhanced electron
release in the NHAc than in the phenol chemical shifts.
The apparent meta substituent constants &) can be
correlated with &%, taking into account the resonance
exaltation in terms of modified LArSR equation:

5N = 1.035,,°% + 0.14(c,")

This means that the relative resonance effect of —R
meta substituents in the acetanilides is some 209, more
effective than that in the phenol system. The resonance
exaltation of meta substituents is unusual in general
chemical reactivities in which the mefa resonance remains
constant 0.50 6.* regardless of the nature of substituents
and independent of the type of reactions, as evidenced
by general reaction-independency of c,, constants.

On the other hand, it has been pointed out that NMR
chemical shifts of the proton attached to the mefa-posi-
tion relative to substituents do not precisely correlate
with o, but rather with ¢,° values.’® A plausible ex-
planation for this behavior, based on the ring-current
model, was proposed by Yukawa and co-workers:!6)
The benzene ring current should be disrupted by the
disturbance of s-electron distribution with the exo-
delocalization with conjugative (either —R or -+R)
substituents. Such an effect may be parallel to the
capability of substituents to alter the m-electronic dis-
tribution; that is, parallel to 6,* values. It would follow
from this concept that the —R substituents give the
apparent resonance exaltation in the mefa proton
chemical shifts. The enhanced z-electronic contribu-
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tion from meta-substituents in the present system can be
explained if such an effect is effective in the chemical
shifts of hydrogen-bonded NH proton of the aceta-
nilides.

Experimental

Almost all m- and p-substituted acetanilides were prepared
by the acetylation of substituted anilines with acetic anhydride
sometimes with addition of pyridine. Anilines made avail-
able from other studies of substituent effects were used. The
melting points and other physical constants agreed with
established values.
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