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Abstract-The existence of conformational or steric proximity substituent effects involving r-electrons has been 
demonstrated in a number of recent reports but the question of whether this effect is due simply to the size of the 
substituent or to lone pair electrons on the substituent has not been investigated. Relative to this question, pK,‘s 
for an extensive series of 2’- and 4’-substituted+aminobiphenyls and for a series of 4’-substituted-2-amino- 
biphenyls have been determined. The results of this study demonstrate that a 7r-electron steric effect is operative in 
the 2’-substituted4aminobiphenyls and that it occurs primarily (when possible) via lone pair electron-n electron 
interactions and not simply via a steric size effect. The pK, data for the 4’-substituted-2-aminobiphenyls reinforce 
this conclusion and further demonstrate that 2,4’-resonance is possible in appropriately substituted 2,4’-disub- 
stituted biphenyls. In addition, the relativity of the concept of substituent size and of electron withdrawing or 
donating character of various groups is illustrated. 

Studies relating to substituent proximity effects have 
provided a considerable amount of information about the 
influence of such factors on molecular properties, and 
many of these studies have produced useful quantitative 
substituent-property relationships.‘a2 On the other hand, a 
number of studies have recently been reported which 
demonstrate the influence of substituent proximity 
effects which are not explained by quantitative sub- 
stituent-property correlations. For example, Lambert 
has shown that the conformational preference of sub- 
stituted methylenecyclohexanes depends in part on in- 
teractions between substituent groups and n-electrons of 
the exe-methylene group, and we have recently demon- 
strated’ the influence of a-electron steric interactions on 
a chemical property.’ The latter report involved com- 
parative pK. studies for several substituted amino- 
biphenyls and indicated that the pK,‘s for 4’-substituted- 
3- and 4aminobiphenyls could be rationalized in terms 
of expected, + typical substituent effects. However, the 
pK, data for the 2’-substituted4aminobiphenyl system 
did not give a quantitative fit via the Hammett equation 
nor were the order and magnitude of these pK,‘s “nor- 
mal”. That is, the 2’-acetamido group had a base 
weakening effect relative to a base strengthening effect 
by the 4’-acetamido group, the 2’-hydroxy group was 
more strongly base strengthening than a 4’-hydroxy or 
methoxy group and the 2’-nitro group was considerably 
less base weakening than was a 4’-nitro. These results 
were attributed to an interaction between a 2’-group and 
the a-electrons of the adjacent ring carrying the amino 
group and this interaction was simply called the w 
electron steric effect. 

Since the report of these results, a question has arisen 
concerning the origin of the a-electron steric effect as to 
whether it is due simply to the size of the 2’-group or to 
lone pair electrons on the 2’-group. In an effort to clarify 
this question, we have investigated an additional ex- 
tensive series of 2’- and 4’-substituted+aminobiphenyls 
and, for comparison, a series of 4’-substituted-2-amino- 
biphenyls. 

RESULTS AND DlSClJSSlON 

The pK,‘s for the 2’- and 4’-substituted&amino- 
biphenyls are reported in Table 1 and those for the 
4’-substituted-2-aminobiphenyls are given in Table 2. 

Inspection of the data in Table I indicates that the 
pK,‘s for the 4’-substituted4aminobiphenyls are “nor- 
mal” in their direction and magnitude while those for the 
2’-substituted series demonstrate the operation of a ?r 
-electron steric effect which occurs primarily (when 
possible) via lone pair electron-a electron interactions 
and not simply via a steric size effect. For example, the 
pK,‘s for the 2’- and 4’-phenyl derivatives are essentially 
identical in spite of the potential for significant steric 
interactions in the case of the 2’-phenyl compound. For 
the benzamide and sulfonamide derivatives, the amide 
group is sterically prohibited from exerting its normal 
resonance electron donating effect in the 2’-position but 
can assume a minimal-repulsive, non-resonance con- 
formation with respect to the 7r-electrons of the adjacent 
ring carrying the amino group (Structure I). As a result, a 

G co or so2 

2’-amide group can effectively exert only its electron 
withdrawing inductive/field effect which renders the 2’- 
amide compounds weaker bases than the parent. These, 
and the previously reported’ 2’-acetamido derivatives, 
are the only examples of an aromatic amine system, of 
which we are aware, in which an amide group causes a 
decrease in basicity relative to the parent compound. On 
the other hand, the 4’-amide compounds demonstrate 
“normal” substituent effects such that their pK.‘s, as 
expected, are greater than that of the parent compound. 

In the case of the carbmethoxy compounds, both, as 
expected, are weaker bases than the parent. However, 
the 2’-carbmethoxy group causes a significantly smaller 
base weakening effect than expected. Relative to the 
4’-carbmethoxy derivative, this result is initially rather 
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Table I. pK,‘s for 2’- and 4’-substituted4aminobiphenyls in 50% ethanol-water at 20” 
- 

Substitucnt PKa Subst ituent PKa 

-- -____- -- 

H 4.0sa 2 ’ -Caw 3.91 

H 3.94b 4’-CooMe 3.59 

2’-Ph 4.01= 2’ -0cOMe 4.00 

4’ -Ph 4.0Zc 2’-Cl 4.08 

2’ -NHCOPh 3.88’ 4’-Cl 4.00 

4’ -h’HcoPh 4.03C 2’-Br 4.12 

2 ’ -NHSO2Ph 3.98 4’-Br 4.00 

4’-NHS02Ph 4.34 

~- -- 

*In 50% ethanol: D. J. Byron, C. W. Gray and R. C. Wilson, J. Chem. 

P. H. Grantham, E. K. Sot. (C) 831 (1966). bin 70% ethanol: 

Weisburgpr and J. H. Weisburger, J. Org. Chem. 26, 1008 (1961). -- R4 

‘In 70% ethanol. 

Tabel 2. pK,‘s for 4’-substituted-2-aminobiphenyls in loo/c ethanol-water at 20 
-----_- 

Substituent PKa Substitucnt 

----_-- 

H 3.78 OMe 

NHAc 3.96 COMe 

BT 3.73 COOMe 

on 3.84 N02 

- 

--- 
FKa 

- _- _.--- 

3.89 

3.44 

3.46 

3.20 

surprising when one considers the small transmission 
coefficient (0.23-0.24) for the 1,l’ bond in a 4’-sub- 
stituted-4-aminobiphenyl,’ However, these differences 
can be accounted for on the basis of a Ir-electron steric 
effect. That is, the 2’-carbmethoxy group is sterically 
prohibited from exerting its normal resonance electron 
withdrawing effect and at the same time, unlike the 
various amide derivatives, cannot assume a repulsion- 
free, non-resonance conformation with respect to the 
n-electrons of the adjacent ring. (Structures II and III). 

As a consequence, unshared electron pairs in the 2’- 
carbmethoxy group interact with the n-electrons of the 
adjacent ring and cause a displacement of the r-elec- 
trons toward the amino group. This interaction has the 
result of offsetting the electron withdrawing induc- 
tive/field effect of the 2’-carbmethoxy group and thus 
renders the compound significantly more basic than 
expected. 

The 2’-acetate derivative shows a a-electron effect 
similar to the 2’-carbmethoxy compound and again has a 
pK, which is surprisingly high relative to that of the 
parent compound if considered only in terms of the 
“normal” substituent effect of an acetate group. The 
halogen substituted derivatives also show similar but 
smaller effects. That is, the 2’-bromo and -chloro deriva- 
tives are slightly more basic and the 4’-halo derivatives 
slightly less basic than the parent compound. The 4’-halo 
derivatives show the “normal”, expected base weakening 
effect while the 2’-halo isomers are the only examples of 
an aromatic amine system of which we are aware where 
a halogen substituent causes an increase in basicity 
relative to the parent compound. 

The data reported in Table 2 for the 4’-substituted-2- 
aminobiphenyls were determined in order to assess what 
influence, if any, the reaction site itself has on a TIT- 
electron steric effect and also to demonstrate that a 
2,4’disubstituted biphenyl can experience 2,4’-resonance 
interaction. Inspection of this data indicates that the 
order and magnitude of the pK,‘s for this series, like 
those for the 4’-substituted4 and -3-aminobiphenyl 
series, are “normal” when rationalized in terms of 
typical substituent effects. That is, the acetamido, 
methoxy and hydroxy substituents cause expected in- 
creases in basicity while the bromo, carbmethoxy, acetyl 
and nitro substituents cause expected decreases in basi- 
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Table 3. ApK,‘s for 2’-substituted+aminobiphenyls and 4’-substituted-2-aminobiphenyls 
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Substituent APKZL' 

2'-Substituted 4*-Substituted 
Series Series 

NHAC +O.OSb -0.18 

OH -0.12b -0.06 

Br -0.07 to.05 

COOL@ +0.14 l o.32 

NO2 t0.27b tO.58 

COMe __ +0.34 

OCOMe +0.05 __ 

'ApKa = pKa of parent compound - pKa of substituted compound. 

bpKa's from ref. 4. 

city. Further, the ApK, (ApK, = pK, of parent compound 
-pK, of substituted compound) shown in Table 3 clearly 
demonstrate the diminished or reversed substituent eff- 
ects for the 2’-substituted-4-aminobiphenyls relative to 
the 4’-substituted-2-aminobiphenyls. In addition, as 
shown by eqn (I), the pK, data for the 4’-Substituted-Z- 
aminobiphenyls provide a reasonably good quantitative 

pK, = 3.83 - 0.49al - 0.59aR , R = 0.973, s = 0.086 
(1) 

relationship via the dual substituent parameter Hammett 
equation.’ As indicated by the coefficients of Q[ and CR- 
in eqn (1). resonance effects play an important role in 
this series relative to simple polar effects. In fact, as 
shown by the pR-/pI ratio of 1.20, the 4’-substituted-2- 
aminobiphenyls are particularly sensitive to resonance 
effects relative to the 4’-substituted-4-aminobiphenyls 
(pR-/pr = 0.89) and the 4’-substituted-3-aminobiphenyls 
@R-/P, = 0.58).‘” 

The overall results of this and the previously reported 
study4 demonstrates the operation of a n-electron steric 
effect in the Z-substituted biphenyt system and illustrate 
as well the relativity of the concept of substituent size 
and of electron withdrawing or donating character of 
various groups. In addition, it is expected that such 
effects may well k_ observed in similar systems such as 
Lambert’ has previously demonstrated for certain 
cyclohexyl derivatives and Bowden” for appropriately 
substituted 1-naphthoic acids. 

EXPERIMENTAL 

The fourteen 2’- and 4’-substituted-4-aminobiphenyls and seven 
of the 4’-substituted-2-aminobiphenyls were prepared as pre- 
viously reported in the literature or by usual, modified pro- 
cedures and were recrystallized or vacuum distilled to constant 
melting or boiling points in agreement with the values reported 
previously.” The eighth 4’-substituted-2-aminobiphenyl (i.e. the 
4’-acetyl derivative) was prepared by SnlHCl reduction of 4’- 
acctyl+2-nitro-hiphenyl and had m.p. 82-83.5” (from ethyl alco- 
hol-water). (Calc. for C,,H,,NO: C. 79.59: H. 6.20; N. 6.63. 
Found: C. 79.41: H. 6.23. N. 6.41%). 

The pK,‘s reported in Tables I and 2 represent the average of 
at least four determinations and were determined as described 
previously. I2 The maximum deviation from the mean of repticate 
pK, values did not exceed 1.4% except for 2’-chloro-4amino- 
biphenyl (1.7%) and 2’-benzamido-4-aminobiphenyl (2.6%). 
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