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tinct difference from that  workhorse of benzylic oxidations, 
activated manganese dioxide,1° and its more powerful rela- 
tive, nickel peroxide.’l 

In order to examine the bismuthate reaction products, 
2,4,6-tri-tert- butylphenol was treated with sodium bis- 
muthate to  give the corresponding stable phenoxy1 radical. 
This reaction with excess of the phenol was used to com- 
pletely exhaust the oxidizing power of a bismuthate sam- 
ple. After benzene and water washings, the remaining resi- 
due was BizO3. Titration of the washes indicated amounts 
of sodium hydroxide almost equivalent to the initial sodi- 
um bismuthate. These results suggest that  the stoichiome- 
t ry  of bismuthate oxidations is 2NaBiO3 + 4(H) - HzO + 
Bi203 + 2NaOH. I t  should be borne in mind that  the for- 
mula of the bismuthate does not fully express its structure. 
Commercial bismuthate usually has a 5-6% water content 
as determined by benzene azeotrope. Bismuthates with or 
without this water are equally effective in xylenol polymer- 
ization. Azetropic distillation has little effect on “chemical 
hydration” as indicated by ir bands a t  2.95 and 5.95 p.12 
The  structure of the bismuthate undergoes a substantial 
change in refluxing acetic acid, wherein the 2,6-xylenol oxi- 
dation products are 2-acetoxy-2,6-dimethylcyclohexadien- 
3,5-one (63%) and diphenoquinone (111, 15%). No polymer 
was formed. Without the xylenol the sodium bismuthate in 
refluxing acetic acid evolves oxygen, as demonstrated by 
trapping the oxygen by a nitrogen sweep into a separate 
flask containing the 2,4,6-tri-tert- butylphenoxyl radical. 
Acidity causes a drop in active oxygen content. Commercial 
sodium bismuthate possesses an active oxygen content of 
3.1 X g-atoms of oxygen per gram. This is indicative of 
91% purity, if correction is made for 5% water. The value 
for bismuthate treated with 10% sulfuric acid is 1.2 X 
g-atoms of oxygen per gram. The sodium bismuthate, how- 
ever, does not change in oxidizing power on standing in 
acetic acid a t  room temperature for several days. 

Other phenols which have been polymerized by sodium 
bismuthate are durenol and 2,6-dimethoxyphenol. The du- 
renol (2,3,5,6..tetramethylphenol) was treated with a 2 
molar excess of bismuthate in refluxing benzene for 2 hr to  
give a 64% yield of a polymer (mp 215-230°) whose ir and 
NMR spectra were identical with those reported by Price 
and Nakaga~ t1 . l~  A similar treatment of 2,6-dimethoxyphe- 
no1 afforded a1 polymer VI1 which adhered strongly to  the 
bismuthate surface. Soxhlet extraction with chloroform 
was used to obtain a 66% yield of a polymer melting a t  
205-210’. Its NMR spectrum had two singlet peaks at  3.7 
(6 H) and 6.3 ppm (2 H) relative to (CH3)4Si. Significant ir 
bands were at  8.2, 8.35,10.1, 10.6, 11.3, and 12.1 p. 

Exper imenta l  Section 

Materials and Instruments. Phenols were obtained from Al- 
drich Chemical Co. and were used without further purification. So- 
dium bismuthate was obtained from J. T. Baker Chemical Co., 
Fisher Scientific Co., and Allied Chemical Go. Spectral determina- 
tions were determined as follows: infrared, Perkin-Elmer Model 
137; nuclear magnetic resonance, Varian Associates Model A-60; 
mass spectra, Varian Associates Model M-66. Melting points were 
determined on a Thomas-Hoover Unimelt apparatus. The ther- 
mometer was calibrated against melting point standards supplied 
by A. H. Thomas Co. 
An Oxidatiain Procedure. Sodium bismuthate (33.0 g, 0.118 

mol) was added to a solution of 2,6-xylenol (4.1 g, 0.033 mol) in 100 
ml of benzene. The mixture was refluxed for 2 hr with magnetic 
stirring. After being cooled to 20° the mixture was filtered and the 
residual sodium bismuthate was washed with 150 ml of benzene. 
The combined benzene solutions were washed with a 5% solution 
of NaOH. Acidification of the basic layer did not yield any organic 
matter. The dried benzene solution was evaporated to give a crude 
polymer, which was dissolved in 25 ml of chloroform. The latter so- 
lution was poured into 200 ml of methanol to coagulate the poly- 

mer, which was then filtered and dried. It weighed 3.05 g and melt- 
ed at  186-215O. The alcoholic mother liquor was concentrated to 
near dryness and yielded 0.047 g of diphenoquinone (III), as deter- 
mined by superimposition of its infrared spectrum with that of an 
authentic sample. A portion of the dried recovered sodium bis- 
muthate-bismuth oxide mixture was dissolved in concentrated hy- 
drochloric acid without any residue. 

Registry No.-I, 576-26-1; I1 repeating unit, 24938-67-8; I1 ho- 
mopolymer, 25134-01-4; 111, 4906-22-3; IV, 527-60-6; V homopo- 
lymer, 30140-67-1; VI, 91-01-1; VI1 repeating unit, 25667-13-4; VI1 
homopolymer, 25511-61-9; NaBiOs; 12125-43-8; 2,6-di-tert- butyl- 
phenol, 128-39-2; tetra-tert-butyldiphenoquinone, 2455-14-3; 4- 
hydroxy-3,5-dimethylbenzaldehyde, 2233-18-3; 2-acetoxy-2,6-di- 
methylcyclohexadien-3,5-one, 7218-21-5; durenol, 527-35-5. 
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Previous papers in this series have reported the effect of 
aromatic ring substituents on the rates of reaction at the 
methylene group adjacent to the carbonyl in substituted 
ani1ides.l A typical study was the displacement rate of 4- 
nitrophenoxide with 2-bromoa~etani1ides.I~ The reaction 
center was immediately adjacent to the carbonyl group, 
and Hammett p appeared to indicate efficient 
transfer of activation effects through the amide link. Two 
studies have indicated low transmission efficiencies 
through the amide functionality: the ionization constants 
of 4-substituted 4’-aminoben~anilides~ and the 19F chemi- 
cal shifts in substituted trifluoroa~etanilides.~ 

In a continuation of these studies, and because of possi- 
ble interest from the biochemical area, we have prepared a 
group of ring-substituted 2-aminoacetanilides and have 
measured the pK’s in water solution. For comparison the 
pK’s of a group of ring-substituted benzylamines have been 
determined; previous d e t e r r n i n a t i o n ~ ~ J ~ - ~ ~  of the Hammett 
p for these amines gave values ranging from 0.723J0 to 
1.0611 to 1.13 (data from ref 12 fit to the Hammett equation 
in this work; r = 0.987). Values of p refer to eq 1. I t  was 

(1) 

thought desirable to remeasure the benzylamines to ensure 
consistency of measurement with the 2-aminoacetanilides. 

The benzylamines and their hydrochlorides are known 
compounds; they were purchased or prepared by reported 

BH+ e B + H+ 
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Table I 
pK Values of the 2-Aminoacetanilide Hydrochlorides 

in Water at 23 * 1" 

Substituent RK aa 

4'-CH3 7.99 
4'-H 7.96 
3 ' -OCH, 7.92 
4'-C1 7.88 
3'-C1 7.89 
4'-CF3 7.83 
3'-NO, 7.78 
4'-NOZ 7.76b 

p = 0.23; Y = 0.960;' 

-0.17 
0.00 
0.12 
0.23 
0.37 
0.54 
0.71 
0.78 

s = 0.027. 

a Reference 4. b Determined at 0.001 M because of limited solu- 
bility in water. c The somewhat low r value is caused primarily by 
the small slope of the regression line when compared with the 
normal error of k0.02. 

Table I1 
pK Values of the Benzylamine Hydrochlorides in 

Water at 23 * 1" 

Registry no. Substituent (this%dy) (othe%ork) ,d 

26177-45-7 4 -CH3 9.74 9.54O -0.17 
3287-99-8 4 -H 9.54 9.38" 0.00 

9.34* 
9.62' 

9,18b 

8.9gb 

8 .38b 

42365-43-5 4-C1 9.31 9.14" 0.23 

42365-42-4 3 4 1  9.09 9.01" 0.37 

18600-42-5 4 -NO, 8.58 8.50a 0.78 

p = 1.23; Y = 0.998; s = 0.025. 

a pK values at 25'. ref 11. pK values at 25", ref 12. pK at 25": 
R. J. Bruehlman and F. H. Verkock, J .  A m .  Chern. Soc., 70, 140 
(1948). Reference 4. 

methods. The  2-aminoacetanilides and their hydrates are 
known compounds;13 the hydrochlorides appear to  be unre- 
ported except for the parent c o m p ~ u n d . ~ ~ * J ~  The most 
common method of synthesis of the 2-aminoacetanilides is 
the ammonolysis of the 2-chloroacetanilides; it  was found 
most convenient to  use the Sheehan-Frank14 route involv- 
ing reaction of N- phthaloylglycyl chloride with the aniline 
followed by hydrazinolysis of the protecting group.15 The  
2-aminoacetanilide hydrochlorides had satisfactory in- 
frared spectra and elemental analyses. 

The  pK's were determined by potentiometric titration of 
0.02 M amine hydrochloride with 0.08 M sodium hydroxide 
in water a t  23 f The pK values were reproducible to 
0.02 pK units in different titrations; a t  least three indepen- 
dent  titrations were conducted for each compound, and the  
average is reported. The  pK values refer to  eq 1. Table I re- 
ports pK values with the selected Hammett u constant4 for 
the  eight 2-aminoacetanilide hydrochlorides used in this 
work. Table I1 reports identically determined pK values 
and CJ constants for five benzylamine hydrochlorides; Table 
I1 also contains previous workers' pK values. 

The  p K  values for the 2-aminoacetanilide hydrochlo- 
rides gave a p value of 0.23 ( r  = 0.960).3 Irrespective of 
model compound comparison, the ring substituent has only 
a small effect on the dissociation constant of the ammo- 
nium group. Presumably the same low effect would be 
noted for differing substituents in peptides if steric and/or 
secondary-tertiary structural effects are absent. 

The  p value for dissociation of the benzylamine hydro- 
chlorides from this work was 1.23 ( r  = 0.998)3 using five 
compounds in water at 23 f lo. This value is near the 1.13 
calculated from the data of Litvinenko e t  a1.,12 somewhat 
higher than the 1.06 of Blackwell et and substantially 
higher than the first report of 0.72.3 In this equilibrium 
reaction the amide link is transmitting substituent effects 
with 20-25% efficiency, measured by p(anilide)/p(ben- 
zylamine). In the reactions where kinetics were used as the 
probe and where the  reactive site was adjacent to  the car- 
bonyl group, the transmission efficiencies appeared to be 
70-100%.1 

This work suggests tha t  the amide group functions as a 
relatively efficient transmitter of substituent effects when 
the reactive site or transition state has the  potential to con- 
jugate with the carbonyl carbon atom. The  p K  measure- 
ments of Kadin17 on 2-methyl-1,3(2H,4H)-dioxoisoquinol- 
ine-4-carboxanilides ( p  1.25), the l9F NMR measurements 
of Pewsls on 3- and 4-substituted 4'-fluorobenzanilides as 
contrasted with our measurements of trifluoroacetanil- 
ides,g as well as our previous kinetic results1 fit the  pattern. 
The  pK measurements of Menger8 with 4-substituted 4'- 
aminobenzanilides ( p  = 0.06) remain to be explained unless 
a directional effectla is operative. The  work of Pews17 and 
Kadinls seems to  eliminate ground-state vs. transition- 
state substituent sensitivity as the major contributor to  the 
explanation. 

Experimental Section 
General. Melting ranges were determined with a Thomas-Hoo- 

ver capillary apparatus and are uncorrected. Infrared spectra were 
obtained using a Perkin-Elmer Model 621 spectrophotometer. Ti- 
tration curves were obtained using a Corning Model 7 pH meter 
(No. 475007) with glass electrode (No. 476022) and reference elec- 
trode (No. 476002). 

Mallinckrodt BuffAR standard buffer solutions, pH at 25' of 
4.01, 7.00, and 10.00, were used to standardize the pH meter prior 
to each run. 

Microanalyses were performed by C. F. Geiger, Ontario, Calif., 
and Elek Microanalytical Laboratories, Harbor City, Calif. 

Chemicals. The benzylamines, benzyl chlorides, N-phthaloyl- 
glycine, and thionyl chloride used in this study were obtained from 
Aldrich Chemical Co. The anilines and hydrazine hydrate were ob- 
tained from Maliincrodt Chemical Works, Matheson Coleman and 
Bell, and Sigma Chemical Co. 

Preparation of the 2-Aminoacetanilide Hydrochlorides. 
The general method is a modification of a literature p r o c e d ~ r e ~ ~ ~ ~ ~  
and can be illustrated by the preparation of 2-aminoacetanilide 
hydrochloride. 

Thionyl chloride (24.0 g, 0.2 mol) and N-phthaloylglycine (20.5 
g, 0.1 mol) were refluxed together for 2.5 hr. Excess SOClz was re- 
moved in a stream of N2. The crude product was dissolved in ben- 
zene to make 200 ml of solution. Phthaloylglycyl chloride (100 ml 
benzene solution, 0.05 mol) was slowly added to 500 ml of benzene 
solution containing aniline (9.2 g, 0.1 mol). The precipitate of 
crude phthaloylglycine anilide was collected, rinsed with water, 
and recrystallized twice from absolute methanol, yield 11.4 g (0.04 
mol), 80%. Phthaloylglycine anilide (5.6 g, 0.02 mol) as a slurry in 
250 ml of absolute ethanol was refluxed for 1.5 hr with 99% hydra- 
zine hydrate (1.19 g, 0.022 mol). Ethanol was removed from the 
reaction mixture using a Roto-vap evaporator. The residue was 
treated with 150 ml of 2 N HC1 and the mixture was heated at 60' 
for 15 min and allowed to  cool to room temperature. Phthalhydra- 
zide (3.2 g, 0.02 mol dry material) was removed by filtration. Water 
and HCl were removed on the Roto-vap, yield of crude product 3.4 
g (0.018 mol), 82%. The solid was crystallized from ethanol into 
three fractions. The middle fraction (mp 190-195') was recrystal- 
lized from ethanol and used for pK determinations (mp 190-250' 
dec). Melting ranges of the 2-aminoacetanilide hydrochlorides are 
included in Table 111. All the compounds except for the 4'-NOz 
and 3'-N02 derivatives evolve gas, melt, and decompose over a 
long temperature range. 

Preparation of the Benzylamine Hydrochlorides. Five ben- 
zylamine hydrochlorides were prepared from the amines and HC1 
or by reaction of phthalimide, KzC03, and the appropriate substi- 
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Table I11 
Melting Characteristics of the 

2-Anninoacetanilide Hydrochloridesa 

Registry no. Substituent Melting range, 'C  

4801-39-2 H 190-250 dec 
54643 -64 -0 4'-CH3 200-260 dec 
54643-65-1 4'-NO, 2 73-274 

54643 -66 -2 3'-NO, 246-24 8 
(darkens 250) 

(darkens 240) 
54643-67-3 4'-C1 235-290 dec 
54643-68-4 3'-C1 210-280 dec 
54643 -69-5 3'-OCH, 210-225 dec 
54643 -70-8 4'-CF3 235-245 dec 

ported for the compounds in this table. Ed. 
a Satisfactory analytical data for C, H, C1 (10.35%) were re- 

tuted benzyl chloride, followed by hydrazinolysis. Two recrystalli- 
zations of the crude products from ethanol yielded the benzylam- 
ine hydrochlorides melting with some decomposition: 4-methyl- 
benzylamine, mp 240-243' (lit. mp 2350);Iga benzylamine, mp 
263-264' (lit. mp 260°);lgb 4-chlorobenzylamine, mp 263-265' (lit. 
mp 2 5 ~ 9 ' ) ; ~ ~ ~  3-chlorobenzylamine, mp 225-227' (lit. mp 225°);1gc 
4-nitrobenzylamine, mp 269-270' with decomposition from 260' 
(lit. mp 256' dec).lgc 

Potentiometric Determination of pK Values. Solutions (0.02 
M) of each of the 2-aminoacetanilide hydrochlorides and benzyl- 
amine hydrochlorides in water were prepared. Three 25.0-ml ali- 
quots of each were titrated at 23.0 i 1' with 0.08 M NaOH and the 
pH of the solutions was measured at intervals using glass and satu- 
rated calomel electrodes.16B20*21 Values of pK were computed from 
the equation pK = pH + log [BH+]/[B]. The ionic strength was 
constant (0.02) throughout each titration. The pK's determined 
are the so-called "mixed" constants.1° Scatter within individual 
runs ranged from 0.02 to 0.09 pK units, depending upon the purity 
of the compound. Agreement between average pK values among 
the three titrations for each compound ranged from 0.00 to 0.02. 

Values of p were determined from pK values and the respective 
u constants4 using an Olivetti Underwood Programma 101 least- 
squares program22 

Registry No,.-Thionyl chloride, 7719-09-7; N-phthaloylgly- 
cine, 4702-13-0; phthaloylgylcyl chloride, 6780-38-7; phthaloylgly- 
cine anilide, 2017-94-9. 
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The planarity and restricted rotation which has been ob- 
served about amide bonds has been attributed to  the im- 
portance of a dipolar resonance contributor such as 11, and, 
in fact, based on contribution from such a form, Pauling2 

R' 
R\  ,R'- R\C&/ 
0 /c-N\Rl' -0 / \ R/l 

I I1 
has estimated that  this carbon-nitrogen bond should have 
ca. 40% double-bond character. As a result, i t  has been as- 
sumed for some time tha t  the amide bond can function as a 
transmitter of conjugative effects. Recently, however, a 
number of conflicting reports have a p ~ e a r e d ~ - ~  concerning 
the amide bond's capability as a transmitter of electronic 
effects, and in particular questions have arisen relative to  
the manner and magnitude of this t r a n s m i s ~ i o n ~ - ~  and of 
its dependence on the location of a substituent relative to  
the amide n i t r ~ g e n . ~ , ~  In an effort to  clarify some of these 
questions and to  investigate the validity of using either a 
nonreaction property (in the form of NMR chemical shifts) 
or a reaction property (in the form of pK, data) as a probe 
of substituent effects, we report here studies on the trans- 
mission of electronic effects through two closely related 
amide bond containing systems. These studies involve 
comparisons of pK, data for a simple monosubstituted bi- 
phenylamine system (111) with those for a related, per- 
turbed biphenylamine system (IV) and NMR chemical 
shift data for 4-substituted biphenyls (V) and 4'-substitut- 
ed 4-biphenylacetanilides (VI). Since the 1,l' bond in bi- 

I11 

Iv 
B O  

V VI 
phenyl can conjugatively transmit electronic effects, al- 
though a t  a much diminished intensity relative to  a single 
benzene ring,9-12 we felt that  comparisons of reaction and 
nonreaction properties of biphenyl and perturbed biphenyl 
systems would provide a rather severe test of the amide 
bond's conjugative ability. 


