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The directional characteristics of electronic effect transmission via the amide bond have been tested by way 
of studies on a variety of amide bond systems. pK,’s are reported for series of 3’- and 4’-substituted 4- 
carboxybenzanilides, 3- and 4-substituted 4’-carboxybenzanilides, and 3- and 4-substituted oxanilic acids and 
compared with previously reported pK, data on series of 3’- and 4’mbstituted 4-carboxybiphenyls, 4’-substituted 
4-aminobenzanilides, 4-substituted 4’-aminobenzanilides, 4’-substituted 4-aminobiphenyls, and 3- and 4-substituted 
benzoic acids. Also reported are ‘H NMR substituent chemical shift data for the acyl methyl protons of series 
of 4’-subst ituted 4-acetylbenzanilides, 4-substituted 4’-acetylbenzanilides, 4’-substituted 4-acetylbiphenyls, and 
N-methyl ,amides (GCONHMe, G = alkyl group or substituted alkyl group). These studies confirm the conjugative 
effect transmission ability of the amide bond and the directional independence of this effect with respect to the 
position of variable substitution on either the nitrogen or carbonyl side of the bond. The transmission of inductive 
effects via a *-inductive mechanism is, however, directionally dependent. The latter dependence is reflected 
in less efficient transmission from the carbonyl side of the bond. 

The question of the nature and mode of electronic effect 
transmission via the amide bond is of considerable interest 
and impact relative to the study of relationships between 
the structure of amide bond systems and their physical, 
chemical, or biological properties. For example, the im- 
portance of a resonance contributor such as I has been 

R R‘ 
‘&’ 

-0 / LR,, 

I 
invoked to explain the planarity and restricted rotation 
which has been observed about amide bonds and also to 
provide the basis for the assumption that the amide bond 
can function as an effective transmitter of electronic ef- 
fects.’ The latter assumption has, however, been ques- 
tioned by Menger (and his co-workers2 whose data on 4- 
substituted LL’-amimobenzanilides (11) indicate that the 
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various substituents have virtually no effect on the pK, 
of the amino group. On the other hand, similar data on 
the isomeric 4’-substituted 4-aminobenzanilides (111) in- 
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dicate an ordering of the pKis based on classical electronic 
effect consideratio~is.~ The results of studies on other 
amide bond systems ~ o n f i r m ~ - ~  that the amide bond can 
indeed function as ii transmitter of electronic effects, and 
some  worker^,^,^ in order to explain the differences between 
I1 and 111, have suggested a unidirectional transmission 
effect for the amide bond. Specifically, the suggestion has 
been that the amide bond can function as a transmitter 

(1) Zabicky, J , Ed.; ‘“The Chemistry of Amides”; Wiley-Interscience: 

(2) Donohue, J. A.; Scott, R. M.; Menger, F. M. J .  Org. Chem. 1970, 
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(7) Bennett, J.; Delmas, M.; Maire, J. C. Org. Magn. Reson. 1969, 1, 

New York, 1970. 

35, 2035. 

references cited therein. 

319. 

Table I. apKa’s  for Series 11, 111, and IV 

G IIb IIIC I Vd 

OMe -0.07 -0.05 -0.029 
Me 0.03 -0 .02 -0.07 
H e f h 
c1 0.01 0.19 0.16 
NO2 0.07 0.60 0.57,’0.683 

a p K ,  = pK, of parent compound (G = H) minus pKa 
of substituted compound. Reference 2. Reference 3. 

References 8 and 9. e pK, of 4’-aminobenzanilide is 
4.55. f pKa of 4-aminobenzanilide is 2.94. g A ~ K ,  for 
4’-OH compound. pKaof  4-aminobiphenyl is 4.27 in 
10% EtOH’ and 4.05 in 50% EtOH.9 
EtOH. J a p K ,  in 10% EtOH. 

of electronic effects but can do so effectively only from the 
nitrogen side of the bond. However, if such were the case, 
the importance of contributing structure I would seem to 
be questionable for amide bond systems. What appears 
to be the more important consideration is not simply the 
position of various substituents relative to the amide ni- 
trogen but rather the nature of both the substituents and 
the reaction center and their positions relative to the amide 
bond. For example, for series 11, where the reaction center 
is an unequivocally resonance electron-donating group 
positioned on the nitrogen side of the amide bond, there 
are no important isovalent, interaction-contributing reso- 
nance structures possible which simultaneously involve the 
amino group, the amide bond, and any of the substituent 
G groups. That is, there is no direct conjugative interaction 
from (or to) the reaction center via the amide bond to (or 
from) the variable substituents. The result is a leveling 
of the substituent effects and thus of the pK,’s. On the 
other hand, for the isomeric series 111, where the amine 
reaction center is positioned on the carbonyl carbon side 
of the amide bond, direct conjugative interaction is possible 
between the amine reaction center and electron-with- 
drawing G groups via the amide bond. The ApK, (ApK, 
= pK, of parent compound minus pK, of substituted 
compound) data in Table I for  series I1 and 111, when 
compared to similar data for a series of 4’-substituted 
4-aminobiphenyls (IV),8,9 clearly demonstrate the leveled 
substituent effects in I1 and the comparable effects in I11 
and IV for G = C1 and NO2. 

a p K a  in 50% 

(8) Idoux, J. P.; Cantwell, V. S.; Hinton, J.; Nelson, S. 0.; Hollier, P.; 

(9) Byron, D. J.; Gray, G. W.; Wilson, R. C. J .  Chem. SOC. C 1966,831. 
Zarrillo, R. J .  Org. Chem. 1974, 39, 3946. 
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Table 11. pK, Data for Series V, VI, and VI1 G--NH, 

IY 
Thus, if a unidirectional transmission effect does not in 

fact operate for the amide bond, then a study for related 
series of benzanilides, where the reaction center is an un- 
equivocally resonance electron-withdrawing group, should 
illustrate effects opposite to those reported for I1 and 111. 
We report here studies on a number of amide bond systems 
which are designed to demonstrate these electronic 
transmission effects. These studies include comparisons 
of (i) pK, data for series of 3’- and 4’mbstituted 4- 
carboxybenzanilides (V), 3- and 4-substituted 4‘-carboxy- 
benzanilides (VI), and 3’- and 4’mbstituted 4-carboxy- 
biphenyls (VII) and (ii) NMR chemical shift data for series 
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of 4’-substituted 4-acetylbenzanilides (VIII), 4-substituted 
4’-acetylbenzanilides (IX), and 4’-substituted 4-acetylbi- 
phenyls (X). In addition, in order to demonstrate in a 
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more direct manner thie influence of a perturbing amide 
bond, we have also determined and report here the pK,’s 
for a series of 3- and 4-substituted oxanilic acids (XI). The 
latter data are compared with existing data for corre- 
spondingly substituted benzoic acids (XII).’Oa 

XI XII 

Results and Discussion 
The pK,’s and ApK,’s for V and VI as well as those 

reported previouslyg for VI1 are given in Table 11. Sub- 
stituent chemical shift (SCS) data for the acetyl-group 

(10) (a) Albert, A,; Serjeant, E. P. “Ionization Constants of Acids and 
Bases”; Methuen: London, 1962; p 127. (b) Ibid. ,  Chapter 2. (c) Ibid. ,  
Chapter 5. 

PKa A PKa“ 
G Vb VIb VIIc V VI VI1 

H 5.70 6.51 5.62 
4-Me 5.71 6.58 5.67 -0.01 -0.07 -0 .05  
3-Me 6.51 5.69 0 - 0.07 
4-C1 5.73 6.41 5.42 -0 .03  0.10 0.20 
3-C1 5.68 6.40 5.43 0.02 0.11 0 .19  

3-OMe 5.68 5.66 0.02 - 0.04 
4-NO, 5.63 6.35 5.20 0.07 0.16 0.42 

4-OMe 5.76 6.69 5.76 -0 .06  -0.18 -0.14 

a A ~ K ,  = pK, of parent compound (G = H) minus pK, 
of substituted compound. Determined potentiometri- 
cally in 50% tetrahydrofuran-water a t  24 ”C. 
represent the average of a t  least two determinations. 

The  values 

From ref 9. 

Table 111. Substituent Chemical Shift Data for 
Acetyl-GrouD Protons in Series VIII. IX and X 

SCS,a Hz ASCSb 

G VI11 IX  x VI11 IX  x 
NO, 158.7 154.0 157.5 -0.4 0.2 -2.0 
C1 158.3 153.5 155.6 0 0.7 -0 .1  
H 158 .3  154.2 155.5 
Me 157.7 152.3 0.6 1.9 
M e 0  158.0 152.8 154.3 0 . 3  1.4 1.2 

a Determined vs. Me,Si a t  37 “ C  in 10% (wiv)  Me,SO-d,. 
The values represent the average of a t  least three determin- 
ations. ASCS = the  chemical shift of the acetyl methyl 
protons of the  parent compound ( G  = H) minus the chem- 
ical shift of the  acetyl methyl protons of the  substituted 
compound. 

Table IV. Results of Correlation Analysis for  t h e  pK,’s 
of Series 111, IV, VI, and VI1 

series - p * / n a  - - P T b  - p , c , d  

I11 0.64 0.56 0.46 
IV  0.67 0 .63  0.60 
VI 0.29 0.25 0.34 
VI1 0.54 0.55 0.46 

a umlp  constants f rom: McDaniel, D. H.; Brown, H. C. 
J .  Org. Chem. 1958, 2 3 ,  420. Statistical parameters ( foot -  
note e )  for these correlations are given as series no., r (cor-  
relation coefficient), s (standard deviation from regres- 
sion): III,O.984, O.O6;IV, 0 . 9 3 0 , 0 . 1 2 ; V I , 0 . 9 0 1 ,  0.05; 
VII, 0.983, 0.04. UI constants from ref 14. u R  (for  
series I11 and IV) and u R C B A )  ( for  series VI and VII) from 
ref 14. Statistical parameters ( footnote  e )  for the  cor- 
relations used to determine p I  and p 
no., R (multiple correlation coefficient), s (standard devi- 
ation from regression): 111, 0.995, 0 .04;  IV, 0.995, 0 .04 ;  
VI, 0.941, 0.06; VII, 0.993, 0.04. 
“Statistical Methods”, 5th ed.; The  Iowa State  University 
Press: Ames, Iowa, 1956.  

protons of VIII, IX, and X are reported in Table 111. The 
pK,’s for XI as well as those reported previouslyloa for XI1 
are shown in Table V. 

Inspection of the data in Table I1 for V, VI, and VI1 
indicates results opposite to  that described above for 11, 
111, and IV. That is, for series V (variable substitution on 
the nitrogen side of the amide bond), the ApK, data in- 
dicate a leveling of the substituent effects in the same 
manner as that for I1 (variable substitution on the carbonyl 
side of the amide bond). However, comparable effects are 
observed in VI (variable substitution on the carbonyl side 
of the amide bond) and VI1 for G = 4-Me and 4-OMe in 
the same manner as that  in I11 (variable substitution on 
the nitrogen side of the amide bond) and IV for G = 4-C1 
and 4-N02. In effect then, the normal conjugative 
transmitting ability of the 1,l’-bond in IV and in VI1 is 

are given as series 

e Snedecor, G. W. 



Electronic Effect Trrinsmission via the Amide Bond 

Table V.  pK, Data fo r  Series XI and  XI1 

H 2.18 4.17 
3-Me 2.42 4.27 -0.24 --0.10 
4-Me 2.45 4.37 -0.27 -0.20 
3-OMe 2.11 4.09 +0 .07  +0.08 
4-OMe 2.65 4.47 -0.47 -0.30 

3-C1 1.91 3.83 +0.27  +0 .34  
4-C1 2.00 3.98 +0 .18  +0 .19  

a Determined potentiometrically in water a t  25  "C.  
T h e  values represent the average of a t  least t w o  determi- 
nations. 

substi tuted compound.  

4-F 2.43 4.14 -0 .25  + 0 . 0 3  

4 - N 0 2  1.62 3.43 +0 .56  +0 .74  

F rom ref 10a (determined in water a t  25 "C).  
A pK, = pKa of  parent compound ( G  = H) minus pK, of 

not impeded when perturbed by the amide bond in either 
I11 or VI even though the direction of that transmission 
occurs from opposite sides of the amide bond in I11 and 
in VI. In addition, similar results are obtained when a 
nonreaction property is used as a probe of any directional 
electronic effect transmission via the amide bond. For 
example, the ASCS data ('H NMR substituent chemical 
shifts of the acyl methyl protons) in Table I11 for VIII, IX, 
and X indicate a leveling of the substituent effects for VI11 
(which is directionally substituted like V) but the same 
effect for IX (which is directionally substituted like VI) 
and X for G = 4-Me and 4-OMe. 

Thus, while it seems to be clearly established that the 
amide bond can function as an efficient transmitter of 
electronic effects and that the transmission is not unidi- 
rectional in character," the quantitative assessment of the 
nature of the transmission does provide an interesting 
insight as to its origin. For example, the pmi values re- 
ported in Table IV, which are obtained by sufjecting the 
pK,'s for 111, TV, VI and VI1 to correlation analysid3 via 
the simple Hammett equation, offer a measure of the 
susceptibility of the reaction center to changes in electron 
density as caused by the various substituents and thus 
provide a comparative indication of the electronic effect 
transmission in one system relative to that in another. The 
essential identity of the pmip values for I11 and IV indicates 
that  the efficiency of electronic effect transmission is es- 
sentially identical for these two systems, while a similar 
comparison for VI and VI1 would indicate a less efficient 
transmission of electronic effects in VI relative to VII. In 
an attempt to identify the origin of the differences between 
I11 and IV as compared to VI and VII, the pK,'s were 
subjected to further analysis via the dual substituent pa- 
rameter equation treatment (Table IV).13J4 The latter 
approach indicates that the differences in electronic effect 

(11) For simple amide bond systems not capable of conjugative in- 
teractions, the influence of some substituents is a function of their sub- 
stitution osition relative to the amide nitrogen. For example, previously 

(MeCONHG) indicate that the effect of any G on the 'H NMR SCS of 
Me is primarily conformational in nature. On the other hand, for the 
isomeric series GCONHMe, the effect of G on the 'H NMR SCS of Me 
appears to be conformational for alkyl groups and inductive and/or field 
for polarizable groups. For example, the 'H substituent chemical shifts 
(in 10% CC14 vs. Me4Si) for the N-methyl protons of GCONHMe are as 
follows [G, SCS (Hz)]: Me, 162.6; Et, 162.6; n-Pr, 163.8; i-Pr, 160.2; i-Bu, 
162.0; t-Bu, 163.2; neopentyl, 161.4; CH2=CHCH2, 165.6; C1CH2, 168.6. 

(12) Idoux, J. I>.; Scandrett, J. M.; Sikorski, J. A. J .  Am. Chem. SOC. 
1977,99,4577. 

(13) Chapman. N. B. Shorter, J., Eds.; "Correlation Analysis in 
Chemistry"; Plenum Press: New York, 1978. 

(14) (a) Ehrenson, S.; Brownlee, R. T. C.; Taft, R. W. h o g .  Phys. Org. 
Chem. 1973, 10, I.. (b) Dayal, S. K.; Ehrenson, S.; Taft, R. W. J .  Am. 
Chem. SOC. 1972, 94, 9113. 

reported' Y data for an extensive series of N-monosubstituted acetamides 
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transmission lie not in the resonance component of that  
transmission but in the inductive component. That is, the 
relative resonance transmission coefficient for I11 and IV, 
pR(III)/pR(IV) = 0.76, is essentially identical with that for 
VI and VII, pR(BA)(VI)/pR(BA)(VII) = 0.74. However, the 
corresponding inductive transmission coefficient for VI and 
VII, pI(VI)/pI(VII) = 0.45, is only approximately half that 
for I11 and IV, pI(III)/pI(IV) = 0.89. This difference in 
inductive transmission coefficient between VI/VII and 
III/IV may reflect a directional difference in the ability 
of the amide bond to transmit electronic effects via a a- 
inductive mechanism since, as demonstrated previously 
by Taft and his c o - w o r k e r ~ , ~ ~ ~  such effects are included in 
and follow the uI scale of substituent constants. An ad- 
ditional indication of this possibility is provided by ana- 
lyzing the perturbing influence of the amide bond in XI 
compared to XII.15 Inspection of the data in Table V 
indicates a similar and consistent ordering of the pK,'s for 
XI and XI1 (except for G = 4-F)16 based on the expected 
electron-withdrawing and -donating abilities of the various 
substituents. Further, the efficiency of electronic effect 
transmission for XI and XI1 is essentially identical. That 
is, correlation analysis of the pK,'s for XI yields a pmlp 
value of 0.97 compared to that of unity as originally defined 
by Hammett for the pK,'s of XI1 in water a t  25 "C and 
an inductive transmission coefficient of 0.80 which com- 
pares favorably (0.89) with that determined for III/IV. 

The results of this study confirm the amide bond's 
conjugative effect transmission ability and demonstrate 
that this transmission is directionally independent of the 
position of variable substitution relative to either the ni- 
trogen or the carbonyl side of the bond. The transmission 
of electronic effects via a a-inductive mechanism does, 
however, appear to be directionally dependent on the 
position of substitution relative to the amide bond center. 
The latter dependence results in less efficient transmission 
of a-inductive effects from the carbonyl side of the bond. 

Experimental Section 
Series V, VI, VIII, M, X, and XI and the N-methyl amide series 

listed in ref 11 were all prepared by methods previously reported 
in the 1 i t e r a t~ re . l~  All of the compounds were recrystallized t o  
constant melting points from appropriate solvents or were vacuum 
distilled. 

The pK,'s for series V and VI were determined potentiomet- 
rically by measuring the p H  of a solution containing equivalent 
amounts of the carboxylic acid and its salt. Approximately 2 X 

mol of the carboxylic acid was dissolved in the minimum 
amount of tetrahydrofuran (10-50 mL), and an  equal volume of 
boiled, deionized water was added to  obtain a 50% tetrahydro- 
furan-water solvent mixture. The  calculated amount of 0.0101 
N NaOH needed to half-neutralize the carboxylic acid was added 
from a 5-mL microburet and the pH (sample electrode, Ag/AgCl 
glass; reference electrode, liquid junction; digital display research 
p H  meter) of the resulting solution was then read. T h e  pK,'s 

(15) Unfortunately, a complete comparison cannot be made since the 
series isomeric with XI (Le., N-benzoyl-substituted carbamic acids) are 
not known. 

(16) For G = 4-F in series XI, (the possibility of) a contributing 
structure such as XI11 would cause an acid-weakening effect. A similar 
type of contributing structure is not possible for G = 4-F in series XII. 
We thank one of the referees for bringing this to our attention. 

0 

xm 
(17) Details of the various synthetic procedures and literature refer- 

ences can be obtained upon request to the corresponding author. 
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reported in Table I1 for series V and VI represent the average 
of at least two determinations. The maximum deviation from 
the mean of replicate pK, values did not exceed 1.5% except for 
the 3-C1 compound of series VI (2.2%). 

The pK,'s of series XI (Table V) were determined in water at 
25 "C either by potentiometric titrationlob of the sodium salt of 
the acid (for G = H, :!-Me, 4-Me, 4-OMe, and 4-F) or by con- 
ductimetry'& (for G = 3-OMe, 3-C1,4-C1, and 4-NO2). The pK,'s 
determined by potentiometry are the average of three determi- 
nations and those determined by conductimetry are the average 
of two determinations. The maximum deviation from the mean 
of replicate pK, values did not exceed 0.9% for any of the com- 
pounds studied 

The substituent chemical shifts (SCS) in hertz for series VIII, 
IX, and X (Table 111) and the N-methyl amide series listed in 
ref 11 were measured on a Varian T-60 spectrometer vs. Me4Si 
at 37 "C either in 10% (w/v) Me2SO-d6 or in 10% (w/v) CC14 
solutions. All of the values reported represent the average of at 
least three determinations. The maximum deviation from the 
mean of replicate SCS values did not exceed 0.7% for any of the 

1980,45,444-447 

compounds in any of the series studied. 
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Substituent Effects in Hydrogen Abstraction from 
10-Substituted-9-methylanthracenes. Correspondence with Ring 
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Hydrogen abstraction from a series of eight 10-substituted-9-methylanthracenes at 70 "C has been examined 
by means of photoinduced reaction with bromotrichloromethane. An excellent Hammett correlation could be 
obtained with ut parameters. The p value of 4.78 f 0.05 showed a correlation coefficient of 0.99 and a standard 
regression from the mean of 0.06. This corresponds well to the value of -0.83 f 0.04 previously determined for 
the trichloroinethylation of 9-substituted anthracenes. These results extend to polycyclic systems the relationship 
recently proposed by Pryor of correspondence between p values for hydrogen abstraction from toluenes and 
substitution into benzenes. 

In benzenoid systems, there exists a decided similarity 
in Hammett correlations between studies in which the 
reaction site occurs in conjugation with the ring system 
and those examples of attack upon the ring itself. This 
is especially true for electrophilic aromatic substitution at  
the para position where correlations with CT+ are obtained. 
This observation is clarified and rationalized by a con- 
sideration of resonance structures for the respective 
transition  state^.^ Where analogous radical processes are 
concerned, the above should at  least also be qualitatively 
true and most pertinent in situations where a relatively 
high degree of charge separation is present in the transition 
state. More explicitly, the anticipation is that  the tran- 
sition states for hydrogen abstraction from a series of 
substituted toluenes and ring substitution into a series of 
substituted benzenes by a common radical should be 
markedly similar. 

Noting the above correspondence in transition-state 
models, Pryor and co-workers have postulated a quanti- 
tative relationship between the respective  reaction^.^ It 

is held that the p value for hydrogen abstraction by a given 
radical from substituted toluenes is, within experimental 
tolerances, identical with that obtained for substitution 
by the same radical in corresponding benzenes. Supportive 
experimental data have been summarized by these work- 
e r ~ . ~  

Some concern must be expressed about the data utilized 
to generate the relationship. The most compelling 
shortcoming arises from the fact that few radicals will both 
abstract hydrogen from a series of toluene substrates and 
also undergo substitution to the corresponding benzenes 
at the same temperature. None of the common, typically 
electrophilic radicals employed for benzylic hydrogen ab- 
straction studies, e.g., chlorine, bromine, trichloromethyl, 
and tert-butoxy radicals, etc., will ring substitute in 
benzene under comparable reaction conditions. Pryor has 
been obliged to  base his relationship on generally nonse- 
lective carbon radicals with rather small p values. At this 
extreme of nonselectivity, comparisons are more tenuous. 

Polycyclic aromatic compounds undergo radical ring 
substitution much more readily than simple benzene de- 

~~~~ ~ ~ ~ ~~~ 

(1) Presented at  the 34th Northwest Regional Meeting of the Amer- 
ican Chemical Society, June 15, 1979. 

(2) (a) Oregon State University. (b) College of Idaho. 
(3) L. M. Stock and H. C. Brown, Adu. Phys. Org. Chem., 1, 35 (1963). 

0022-3263/80/1945-0444$01.00/0 

(4) W. A. Pryor, T. H. Lin, J. P. Stanley, and R. W. Henderson, J.  Am. 
Chem. SOC., 95,6993 (1973). R. W. Henderson and W. A Pryor, ibid. ,  97, 
7437 (1975). 

0 1980 American Chemical Society 


