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Abehxet-The NMR spectra of N-benzalaniline. its six monomethylated and both sync-trimethylated 
derivatives have been recorded. These spectral results are consistent with a mean conformation for N- 
benzalaniline in which the aniline ring is twisted out of the plane of the benzalimino moiety. 

INTRODUCTION 

SPEC~ROSCOPIC,~-’ theoretical,6-9 and crystallographic” investigations of the 
geometry of N-benzalaniline 1 have been interpreted in terms of both planar la and 
non-planar lb anti-geometries. ‘I. I2 In the latter case, the aniline ring is twisted out 
of the molecular plane. Most recently, theoretical studies have been interpreted in 
terms of conformation lc which, although planar, postulates an abnormally large 
C=N -Ph bond angle,’ 3 

la lb k 

In view of the structural dichotomy of these results, it is somewhat surprising that 
almost no NMR analyses of N-benzalaniline and its derivatives have previously been 
undertaken. Since NMR seemed admirably suited to resolve these structural ambi- 
guities, we presently report the results of such a study. 
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RESULTS AND DISCUSSION 

N-Benzalaniline. In addition to a sharp methine proton singlet at 6 8.45 ppm, the 
NMR spectrum of N-benzalaniline 1 consists of two distinct aromatic multiple&. By 
comparison with the spectra of the various methylated derivatives (Table I), the lower 
field two-proton multiplet in the spectrum of 1 was assigned to the orthro-protons in 
the benzal ring. &shielding of these protons relative to the other aromatic hydrogens 
indicates a mean conformation in which the orrho- protons of the benzal ring are in 
the deshielding zone of the imine double bond (Fig 1).r4 Failure of the analogous 
protons in the aniline ring to be similarly deshielded suggests that these protons lie out 
of the plane of the imine double bond and thus out of the latter’s deshielding zone. 

Compound 6H Methine 60-CH, Sm-CH3 ~P-CH, 

N-Renzalanilioc 1 8.35 
N+Tolualkaniline II 8.65 
N-(m-Tolual)-aniline III 8.31 
N-(pTolual~anilioe IV 8.32 
N-(2,4,6-Me&al)-aniline V 8.12 
N-Benzabtoluidine VI 8.26 
N-Benzal-m-toluidine VII 8.35 
N-Benzal-p-toluidine VIII 8.36 
N-Benzal-2,4,Gmcsidioe IX 8.16 
Benzaldchyde X 9.80 
o_Tolualdehyde XI 10.10 
m-Tolualdchydc XII 9.83 
gTolualdehyde XIII 9.82 
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FIG I. Shielding ( +) and deshielding (-) zonea 
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These observations tend to support conformation lb in which the aniline ring is 
twisted out of the molecular plane but do not necessarily preclude wide angle con- 
formation lc.* Such a conformation, however, seems unlikely. Whereas the lone pair 
of electrons on nitrogen may not besterically able to maintain normal sp2 bond angles, 
N-protonation should result in an ion with more normal trigonal angles at nitrogen. 
Thus, although N-protonation of lc should result in a coplanar ion, the spectrum of 1 
in cone H,S04 is inconsistent with this interpretation.” Furthermore, no evidence 
for abnormally wide valence angles at sp2 hybridized nitrogen was observed in the 
NMR spectrum of isoelectronic anti-azobenzene. Significantly, the coplanarity of the 
phenyl rings in this latter compound16- ” was clearly reflected in its NMR spectrum 
which shows all four ortho-ring protons deshielded.‘s 

Methyluted deriuatiues of N-benzuluniline (Table 1). Further support for con- 
formation lb was obtained by an analysis of the NMR spectra of the six mono- 
methylated (II-IVand VI-VIII) and two sym-trimethylated (V and 1X)derivatives of 1. 
Accordingly, it is of interest to examine the chemical shifts of the Me substituents as a 
function of their relative ring positions and to observe how these latter structural 
changes affect the position of the methine absorption. 

In the benzal ring, the chemical shift of the Me substituent is dependent upon its 
relative ring position. Thus,as expected for a planar benzal moiety, an ortho-Me group 
is significantly deshielded relative to the nearly equivalent metu and pm-Me groups. 
The single orrho-Me signal in the spectrum of trimethylated derivative V, which is 
identical in position with the analogous signal in mono-orrho-methylated II, indicates 
not only the equivalence of the two orrho-substituents but also that introduction of a 
second orrho-Me group is not accompanied by a significant mean conformational 
change. Such a change in the mean relative spatial distribution of the orrho-Me groups 
and the imine double bond caused by successive ortho-substitution would be accom- 
panied by corresponding changes in the deshielding of these Me groups. 

In contrast to these observations, Table 1 shows that for mono-substitution in the 
aniline ring the chemical shift of the Me group is independent of relative ring position. 
Thus, lack of deshielding at the orrho-position of the aniline ring is again observed 
and is further evidence for an out-of-plane aniline ring. Introduction of a second orrho- 
methyl group into the aniline ring as in trimethylated derivative IX again shows the 
equivalence of the orrho-ring positions. The observed shielding of the m-rho-Me groups 
in IX relative to the analogous substituent in mono-orrho-methylated VI, however, 
indicates that successive orrho-substitution in the aniline ring is accompanied by a 
significant mean conformational change. Thus, it appears that introduction of a 
second m-rho-Me group forces the aniline ring further out of the molecular plane into a 
mean conformation in which the Me groups are located more directly in the shielding 
zone of the imine bond. 

This observed conformational sensitivity to orrho-substitution in the aniline ring 
provides further evidence against wide angle conformation lc. Thus, whereas molecu- 
lar models containing normal bond angles at nitrogen substantiate steric interference 
between the methine proton and the orrho-substituents in the aniline ring, this inter- 
action &comes negligible with an increasing C=N-Ph angle. 

* An alternative deshielding mechanism might involve the nitrogen lone pair. This mechanism seems 
unlikely, however, since the ortho-bcnzal ring protons were similarly dcahieldcd in the N-txnzalanilinium 
ion.” 
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An examination of the methine proton chemical shift as a function of the relative 
Me group position in the aniline ring leads to similar structural conclusions. Thus, 
whereas the observed additive methine proton shielding as a result of successive 
ortho-Me substitution ( - 0 1 ppm per o-Me, group) may be largely due to the inductive 
effect of the Me groups1g rendering the methine C atom more negative, it may also 
reflect the position this proton assumes above the plane of the aniline ring” as the 
latter is rotated out of the molecular plane. 

As in the case of the aniline ring, meta or para Me-substitution in the benzal ring 
has almost no effect on the position of the methine proton signal. Substitution in the 
ortho-position of the benzal ring, however, is accompanied by distinct methine proton 
deshielding. Being inconsistent with either an inductive or resonance electronic effect, 
this deshielding is more likely due to the close spatial proximity of the methine proton 
and methyl group when the latter is in the orrho-ring position. An exactly identical 
trend is observed for the aldehyde proton in benzaldehyde X and its methylated 
derivatives XI-XIII (Table 1). Variable temperature experiments have confirmed a 
mean planar conformation for benzaldehyde2’ and by comparison support a similar 
conclusion for the benzal ring in the compounds presently under consideration. 

These NMR results are thus consistent with conformation lb in which the aniline 
ring is distorted from the molecular plane by an angle unequal to 90”. This conclusion 
is in agreement with dipole moment studies,22* 23 with most reported studies of the 
angle of distortion,4* ‘-lo and with the observation that the properties of N-benzal- 
aniline can be considered as resulting from non-interacting benzalimino and phenyl 
moieties 2.5.‘. 24 25 

EXPERIMENTAL 

Preparation q-f N-bmzakznilines. Equimolar quantities of the appropriate aniline and benmldehydc 
derivativea were heated on a steam bath for 30 min and distilled at co @5 mm Hg through a 15 cm Vigre.ux 
Column. Their physical constants were consistent with literature valuea 

NMR spectra All spectra were recorded with a Hitachi-Perkin Elmer R-20 High Resolution Spectro- 
meter at 60 MC on samplea containing SO mg solute in @5 ml CDCI, with TMS as internal standard. 
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