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The 1J(15N13C) values for a series of ring-substituted N,N-din~ethylaniline-'~N derivatives and a series of 
nitroben~ene-~~N derivatives were measured from the "C spectra. In the nitrobenzenes, smaU changes in 
J( N C) are atbn'buted to the inductive effect of the substituents, since steric inhiition of conjugation has 

little effect on the magnitude of the coupling. In contrast, steric inhiition of nitrogen lone-pair delocalization 
in N,N-dimethylaniline derivatives markedly reduces the value of 1J(15N13C). "beoretical calculations of 
J( N C) values for the two series of compounds were made using standard INDO parameters and a 

'sum-over-states' perturbation approach. Fair agreement between the calculated and experimental values is 
found. 
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INTRODUCTION 

In aniline derivatives, ring substituents are known to 
have a profound influence on the directly bonded 

N-H and lSN-l3C spin-spin coupling 
 interaction^.'-^ Binsch et aL4 have successfully related 
the one-bond '5N-13C coupling constant to the 
atomic hybridizations by the empirical equation (l), 

15 

'J( lSNl3C) = (8o)-'s~sc (1) 
where S ,  and Sc represent the percentage s character 
of the N and C contributions to the N-C bond. This 
relationship works reasonably well provided that the 
coupling interaction is dominated by the contact 
rne~hanism,'.~ and the s electron character of the lone 
pairs remains unchanged." Thus, in going from aniline 
to p-nitroaniline, the observed increases in 'J("NH) 
and 1J(15N13C) are readily explained in terms of a 
substituent-induced delocalization of the lone pair cor- 
responding to a change in hybridization to give a more 
flattened amino-nitrogen pyramid. 

Theoretical calculations in these laboratories and 
elsewhere5-' indicate that the contact term also domi- 

* Author to whom correspondence should be addressed. 

nates the one-bond N-C coupling mechanism in nitro 
compounds. It is, therefore, of interest to determine 
whether substituents in a series of closely related 
nitrobenzene-"N derivatives have an effect on 
1J(15N13C) similar to that previously found in 
aniline~.',~ The effect on "N and 13C chemical shifts in 
anilines*-" and nitrobenzenes" of a reduced reso- 
nance interaction caused by ortho substituents which 
sterically twist the amino or nitro groups from coplan- 
arity with the aryl ring has been extensively investi- 
gated and is fairly well documented. On the other 
hand, the effect on 1J(15N13C) of steric inhibition of 
conjugation has received very little attention. Presum- 
ably, this may be attributed to the need for I5N- 
enriched materials which facilitate the determination 
of 1J(1sN'3C) data. 

In the present investigation, a series of lSN-labelled 
(95 % enrichment) nitrobenzenes and a series of N,N- 
dimethylanilines, each having a variety of electron- 
donating, electron-withdrawing and bulky ortho sub- 
stituents, have been synthesized. To assess the role of 
the different substituents and their effects on the 15N- 
13C couplings and shieldings in these systems, the 13C 
spectra have been determined. The experimental re- 
sults are compared with the 1J(15N'3C) values calcu- 
lated by the INDO MO approach. 
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RESULTS AND DISCUSSION 

Indirect isotropic nuclear spin-spin interactions arise 
from three types of electron coupling mechanisms." 
Usually, the largest contribution to the coupling re- 
sults from the contact term, Jc,  which at the semi- 
empirical MO level depends upon the s-electron den- 
sity, S,(O)', at each nucleus taking part in the spin- 
spin interaction. The other two terms which contribute 
to the overall coupling are the orbital term, Jo, and 
the spin-dipolar term, JD. These depend upon the 
expectation values of the inverse cube of the distance 
between the individual coupled nuclei and their re- 
spective 2p electrons, ( r - 3 ) x .  

To assess the several contributions to 1J(1sN13C) in 
nitrobenzene derivatives, the three coupling terms 
have been evaluated semi-empirically by means of the 
'sum-over-states' perturbation methodI3 in conjunc- 
tion with the standard INDO parameterization scheme. 
The calculations have been performed by employing 
standard molecular geometr ie~ . '~  In order to compare 
the calculated and experimental couplings, Eqn (2) is 
employed, 

JEXP = U,cJc' + b N c ( J 0 '  +JD') (2) 

where Jc', JO' and J,,' are the calculated values of the 
contact, orbital and dipolar contributions omitting uNC 
and bNc, respectively. The parameters uNc and bNC 
represent the one-center integral products 

S,(O)'S,(O)' and (r-3)N (rp3)C, respectively, which are 
treated as least squares parameters as suggested 
elsewhere .6,' 

For the 1J('sN'3C) data considered in this work, 
values of 21.910auP6 and 11.019aup6 for uNc and 
bNc, respectively, are obtained. The corresponding 
values of these integral products are 13.199 a d  and 
5.247 au-6 when obtained from SCF atomic functions, 
and 15.800 au-' and 3.535 auP6 from Slater-type 
atomic orbitals.6 In Tables 1 and 2 the value of Jc  is 
given by uNcJc' and J"+JD is similarly obtained from 

~~ ~ 

b N c ( J o ' +  JD'). 
The experimentally determined 'J('5N'3C) values 

for the niirobenzene--'5N derivatives in DMSO-d6 sol- 
ution that have been examined in the present work are 
summarized in Table 1, and these data are compared 
with the M O  calculated values. The calculated results 
show that the one-bond "N--"C coupling constant 
for the molecules considered is dominated by con- 
tributions from the contact term. In addition, it is 
apparent that the expected sign of 1J(15N13C) is nega- 
tive, in agreement with conclusions reached by other 
workerssp7 based on calculations involving related 
molecules. 

The calculated results show reasonable agreement 
with the experimentally determined 1J(1sN'3C) values, 
although the overall effects of the substituents, X, Y 
and Z on the N-C coupling are surprisingly small. 
Available x-ray evidence16 indicates that, at least in 
the crystalline state, the nitrobenzene molecule is pla- 
nar as implied by the usual mesomeric representation 

~ _____ 

Table 1. Some calculated and experimental 'J("N"C) values and related C-1 "C shifts in 
nitrobenzene derivatives" 

Y i 
Y Y' 

H H  
NO, H 
H H  
CH, CH, 
H NO, 
H H  
H NO, 
CH, CH3 
H H  
NO, NO, 
H H  
H H  
H H  
H H  
NO, H 
H H  
H H  

Z 

H 

H 
H 

H 

H 
H 
H 
H 
t-CAHg 
H 
H 
H 

H 

CH, 

CH, 

CH, 

CH, 

JC 

- 14.954 
-16.860 
-16.925 
- 15.972 
- 16.298 
- 16.325 
-17.945 
- 18.468 
- 18.1 42 
-16.218 
-16.538 
-20.754 
-19.207 
- 15.682 
- 15.265 
-18.028 
-14.817 

JO+ JD jtot-1 

0.950 -14.0 
1.080 -15.8 
0.761 -16.2 
0.854 -15.1 
1.160 -15.1 
0.652 -15.7 
1.165 -16.8 
0.963 -17.5 
0.924 -17.2 
0.843 -15.4 
0.798 -15.7 
1.331 -19.4 
0.916 -18.3 
0.749 -14.9 
0.847 -14.4 
1.214 -16.8 
0.725 -14.1 

(k) JeXDb 

( -  114.8 
(-115.8 
( -  116.2 
( - 115.8 
(-115.6 
(-)15.9 
( -  116.6 
(-)14.7 
(-)15.0 
( -  118.0 
(-114.9 
( -  1 13.7" 
(-115.4 
( -  114.7 
(-115.9 
(-114.7 
(-115.3 

S'3C-lC.d 

130.1 
133.0 
135.5 
135.7 
136.4 
140.6 
140.9 
142.9 
145.3 
145.4 
145.4 
146.3 
146.1 
147.6 
147.8 
149.0 
150.6 

a Samples were measured as 1 M solutions in DMSO-d,. 
b.c 'J(15N13C) values and 13C chemical shifts were measured at 5000 Hz/16 K real points. 

13C chemical shifts are expressed in ppm relative to internal tetramethylsilane. 
Measured at 70°C. 
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Table 2. Some calculated and experimental 1.7(15N13C) val- 
ues and related C-1 13C shifts in aniliie deriva- 
tives" 

x+5-' \ Z 

Y 

(Hz) SC-lC,d 

H H H -18.629 1.896 -16.7 (-)12.1 148.1 
NO, H H -18.860 21.45 -16.7 (-)14.7 155.5 
H H CH, -12.493 1.785 -10.7 (-)13.2 150.5 
NO, H CH, -11.821 2.028 -9.8 (-)15.6 153.3 
H CH, CH, -14.446 1.616 -12.8 (-)12.9 148.9 
NO, CH, CH, -14.626 1.928 -12.7 (-114.2 156.4 
H CH, H -20.597 1.874 -18.7 (-)11.9 143.4 
NO, CH, H -18.296 2.249 -16.0 (-)14.8 152.0 

- (-117.6 142.3 Br Br H - - 
Br Br CH, - - - (-116.3 146.6 

a Samples were measured as 1 M solutions in DMSO-d,. 
b.c 'J(15N13C) values and 13C chemical shifts were measured at 
5000 Hz/16 K real points. 

13C Chemical shifts are expressed in ppm relative to internal 
tetramethylsilane. 

J C  j O + j D  jtotal X Y Z  

of the conjugative effect of the nitro group: 

The electronic interaction between ring substituents 
and the nitro group is expected to influence the T- 
bond order in the N-C bond, as is also the presence 
of bulky groups ortho to the nitro group which steri- 
cally interfere with the coplanarity of the nitro group 
and the aryl ring. It has been shown that steric inhibi- 
tion of conjugation leads to marked increases in the 
para carbon shieldings in nitrobenzenes." An esti- 
mate of the range of 1J(1'N13C) values to be expected 
from hybridization changes may be deduced from the 
literature" values reported for nitromethane 
(-10.5 Hz) and nitrobenzene (-14.5 Hz). The latter 
values, incidentally, are in excellent agreement with 
the predictions of Eqn (1) for bonding of a nitro group 
to sp3 and sp2 hybridized carbon atoms, respectively. 

The narrow range of observed 1J(15N13C) values 
reported in Table 1, approximately 2Hz,  despite the 
substantial changes in the electronic character of the 
substituents involved, suggests that the N-C m-bond 
order is probably very small and is not of primary 
importance in determining the coupling in these sys- 
tems. Even in nitromesitylene," where the nitro group 
is twisted by 66" from the plane of the benzene ring, 
or in the more extreme case of tri-t-butylnitrobenzene 
where the resonance interaction is expected to be even 
further reduced, there are no appreciable effects on 
'J( "Nl3C). 

The insensitivity of 'J("N13C) to structural changes, 
particularly those expected to alter the N-C double 

bond character, suggests that the minor changes that 
are observed stem principally from the inductive 
effects of the substituents, an explanation which has 
previously been advanced to account for the order of 
observed "N shifts in nitrobenzenes.20,21 This conclu- 
sion indicates that the nominally sp2 hybridizations of 
the nitro group nitrogen and the aryl carbon to which 
it is coupled remain essentially unchanged in this 
series. This is in agreement with both the relatively 
constant s-characters, reflected in the contributions to 
the overall coupling mechanism from the contact term, 
and the rather small contributions of the orbital and 
dipolar terms which depend upon the p-electron dis- 
tribution in the molecules concerned. 

The experimentally measured and calculated 
1J(1'N13C) values for several aniline derivatives are 
given in Table 2. Several points are noteworthy in the 
data presented. In considering the effect of sub- 
stituents on 1J(15N'3C) in aniline, it may be seen that 
enhanced coupling results from both methylation at 
nitrogen (1.1 Hz) and the introduction of a nitro group 
at the para position (2.6Hz), whereas methylation at 
the ortho positions causes a small decrease (0.2Hz). 
The enhancement due to the nitro group has been 
previously interpreted233 in terms of delocalization of 
the nitrogen lone-pair over the aryl system and con- 
version of the amino group to a more planar 
geometry. 

H 

o ' 6 e '  0' - 'H 

In the case of 2,6-dimethylaniline, increases in 
1J(15N13C) arising individually from N-methylation 
(1.0Hz) and para nitration (2.9Hz) are similar to 
those found in aniline. In marked contrast, however, is 
the observation that in going from aniline to 4-nitro- 
N,N-dimethylaniline *J("N13C) increases by 3.5 Hz, 
whereas the comparable change in going from 2,6-di- 
methylaniline to 4-nitro-2,6-dimethyl-N,N-dimethyl- 
aniline is only 2.3 Hz. 

The decrease in 'J(15N13C) brought about by the 
ortho methyl substitution in N,N-dimethylaniline is 
most readily explained in terms of the well-established 
inhibition of the resonance interaction resulting from 
sterically induced twisting of the dimethylamino group 
from coplanarity with the aryl ring. Similarly, exami- 
nation of the 1J(1'N'3C) data for 2,4,6-tribromoaniline 
and its N,N-dimethyl derivatives suggests that the 
decrease in coupling observed in the latter compound 
also has its origin in a comparable steric effect. In 
N,N-dimethylanilines, steric inhibition of resonance 
has been widely investigated through its effect on 

p h o t o e l e ~ t r o n ~ ~ . ~ ~  and ultraviolet2' spectra, 
13C8 and "N9 chemical shifts, and "C-H coupling 
 ons st ants.^^,^^ 

A consequence of a twisted conformation in which 
the dihedral angle between the lone-pair orbital and 
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the plane of the ring approaches 0" is the more pyram- 
idal arrangement of the amino group with greater 
localization of s-electron density at nitrogen. This is 
consistent with the observed low and high frequency 
shifts in the nitrogen' and para carbon' signal posi- 
tions, respectively, as well as with a decrease in the 
N-C .rr-bond character and, now, with reduced cou- 
pling between the directly bonded nuclei. The barrier 
to C-N rotation in anilines is a measure of the 
interaction of the nitrogen lone-pair with the conju- 
gated 7r-electrons, and a fairly good Hammett correla- 
tion is ~ b s e r v e d . ~ ' , ~ ~  It is also found that the barrier 
decreases with an increase in the size of the alkyl 
substituents attached to the nitrogen atom.29 

In the present work, it is instructive to examine the 
effect of substituents on 1J('5N'3C) in both anilines 
and nitrobenzenes in terms of the mono substituent 
parameter (MSP) and dual substituent parameter 
(DSP) Hammett relationship: 

MSP; AJ = Ju + C 
DSP; A J = J ' d  + JRuR + C' 

(3) 
(4) 

where AJ is the difference in couplings between com- 
pounds with X and H substituents, u, u' and uR are 
the Hammett substituent constants, and J ,  J' and J R  
are the coupling constant parameters which reflect the 
u, inductive and resonance contributions of the sub- 
stituents, respectively, in a given series. 

Using u, a' and uR ~ a l u e s ~ " ~ ~ ~  and AJ from the 
experimental data for meta- and para-substituted 
anilines and nitrobenzenes, best fitted values for J ,  J' 
and JR were obtained by regression analysis. The 
results of these fits are summarized in Table 3. 

From the results in Table 3, it can be seen that the 
DSP treatment ( R  = 0.913) is undoubtedly superior to 
the MSP fit ( r  = 0.010) in the nitrobenzene series. The 
close values of J' and JR in the nitrobenzene series, 
together with their opposite signs, suggest that the 
inductive and resonance effects tend to cancel each 
other, in agreement with the rather narrow range of 
couplings observed for the different substituents. The 
failure of the MSP correlation in the nitrobenzene 
series is apparently due to cancellation of the inductive 
and resonance effects whose sum, not difference, is 
usually denoted as CT. In the aniline series, the induc- 
tive and resonance contributions complement one 
another, resulting in a significantly greater substituent 
effect on 1J('5N'3C). Observation of a good MSP 
correlation is simply due to the complementary effect 
of J' and JR coefficients in the DSP regression. 

Finally, from the results in Table 2, it can be seen 

Table 3. Fitting results for nitrobenzene and aniline series 

Nitrobenzene MSP: AJ =0.010+0.69 0.010 0.61 

Aniline MSP: AJ = 3.290 -0.24 0.976 0.20 
DSP: AJ = 2.51u'+4.15oR+0.06 0.995 0.09 

a r (or R )  Is the linear (or multiple) regression coefficient in the 
mono (or dual) substituent parameter fit. 

f Is an estimate of the dispersion in the interbasis comparison 
within a given series of molecules. 

Molecule Equation r or R' f b  

DSP: AJ=1.690'-1.860~+0.10 0.913 0.23 

that the contact term makes the largest contribution to 
the overall coupling mechanism, and that the calcula- 
tions correctly predict the known negative signs of 
1J('sN'3C) in these anilines. There is also fair agree- 
ment between experimental and values calculated by 
the INDO procedure, although the relative order is 
not always reproduced. Since it is well known that the 
calculated values are strongly influenced by the extent 
of nitrogen planarity and other small changes in 
molecular geometry, the discrepancies probably reflect 
the molecular geometry chosen for the calculations, as 
well as shortcomings inherent in the theory employed. 

Nitrobenzenes 

The following nitrobenzenes were prepared by stan- 
dard nitration procedures using 37.7 '/o w/w nitric-"N 
acid (95 '/o enriched): 4-nitr0-"N-aniIine,~* 4-chloro- 
n i t r~benzene-"N,~~ 4 - n i t r o a n i ~ o l e - ~ ~ N , ~ ~  2-nitro- 
rne~ i ty l ene - '~N,~~  1,4-dinitroben~ene-'~N,,~~ 2,4,6-tri- 
t-b~tylnitrobenzene-'~N,~~ 4-nitro-t-butylbenzene- 
'5N,36 2-nitr0-~~N-aniline,~' 1,3-dinitrobenzene- 
15N2;37 4-nitrotol~ene- '~N was obtained commercially. 

M i n e s  

Aniline-15N, p-nitr~aniline- '~N, and N,N-dimethyl- 
aniline-I5N are commercially available. 

2,6-Dimethylaniline-l5N was prepared by the Hof- 
mann rearrangement of the corresponding I5N- 
enriched benzamide. The benzamide was synthesized 
by generating the stoichiometric amount of "NH, 
from ammonium chloride (95 '/o enriched) and allow- 
ing it to react with the benzoyl chloride3' prepared 
from commercial 2,6-dimethylbenzoic acid. 
2,6-Dimethyl-4-nitr0aniline-'~N,~~ was prepared by 

the acid hydrolysis of doubly labeled 1-(p-toluene- 
sulfonylamino)-2,6-dimethyl-4-nitrobenzene. 
2,6,N,N-Tetramethyla11iline-'~N was prepared by 

the methylation of the corresponding amine with 
trimethyl ph~spha te .~ '  2,6,N,N-Tetramethyl-4-nitro- 
aniline-15N24'a and N,N-dimethyl-2,4,6-tribromoani- 
line-"N41b were prepared by the reaction of 4-nitro- 
aniline-15N2 and 2,4,6-tribr0moaniline-'~N,' respec- 
tively, with formaldehyde and formic acid. 

Computations 

The INDO calculations were performed on the 
CDC 7600 systems of the Universities of London and 
Manchester. 
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