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Rotation about the N-aryl bond in anilines is considered to be fast 2).

However, a barrier of 15.6 kcal mole-1 has recently been reported for lIi-tert.-
butyl-N-benzyl~o-toluidine 5). We have investigated anilines “) 1, 4, and 7

ly-nur

(see table). The CH, protons in ] and 4 give rise to AB systems in the
spectra at lower temperatures and to A2 singlets at higher temperatures 5).
Similarly, the different signals for the 2- and 6-methyl groups in 7 are ave-
raged to a singlet when the N-aryl rotation is accelerated. The AGt-values ob-
tained can be compared with barriers for the corresponding motion 6) in nitros-
amines (see table). In this case cis and trans isomers (referred to the N-L
bond) coexist in solution (hexachlorobutadiene, 34%): 59 2, 41% 33 600 2,

40% 65 11% 8, 8%% 9. Such isomers are interconverted very slowly by a process
different from N-aryl rotation, a2s can be seen from the free enthalpies of ac~-
tivation measured by direct cis-trans isomerizations 7 in CC1,: 23.7 kecal
mole™ for 2, 23.5 for 3 (29°); 24.2 for 5, 24.0 for & (30.5°); 21.8 for &,

23.0 for 9 (34°).

The Adﬁ—values in the table show that rotation about an N-aryl bond is
slowed down in going from an aniline such as ) through the trans-nitrosamine
(e.g. 2) to the cis-nitrosamine (e.g. 3). The rate is also decreased by sub-
stitution of chlorine (e.g. in ;) by bromine (resulting in g) and by increase

in the size of substituents on nitrogen.

Hindered rotation about the N-aryl bond in anilinjum ions has not been re-

ported. We have studied 10, lla, 11b, 12a, and 12b by recording the lH-NMR

spectra of the corresponding anilines 8) in CFBCOOH at 349, The signals of alil

CH, protons show the expected CH-NH coupiing which is absent when CFECOOD is
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Tye Ty ok Chemical shifts of CHAHB protons (for 1 through 6; JAB‘ 13.5-14.5 cps)
or Me protons (for 7, 8, and 3) at 34°, unless otherwise stated

'1‘° : Coalescence temperature for these absorptions, at 60 Mcps

AGt : Free enthalpy of activation at Tc’ for N-aryl rotation

Solvent: Hexachlorobutadiene



No,.28 3229

4,82 4.70 432
482 4,88 74
HgCgCH2 H5CgCH2 H5CeCHy
Me 7.01 ~ Me 7.00 cl
HsCgCH H H \ HsCgC
2\ sch.z..“N -~ 56?‘2,___N
{° {* N {°
Me 8.36 H & Me 8.27
1 t1a i
478 421
495 483
HsCgCHa Hs5CgCH2
Me 704
HsCgCH2 \ H5CgGH2 \ R
TN Me.—___.hn. teL, Me
/® < }‘ )
Figures given with H r H
the formulae are Me 8.33
T-values  (CF;CO0H) 12¢ 12b

the solvent. 10 displays four CH2 protons (which are eguivalent by chance) and
different. 2~ and 6-methyl groups. (For chemical shifts see formulae.) Thisg non=-
equivalence is rationalized by the conformation indicated in the formula (i.e.
the hydrogen of the NH group eclipses the benzene ring 9)) or by any similar
arrangement differing in rotation about the N-aryl bond by up to 30°. This ase
sumption is consistent with the spectrum of the chloride of ion 10 in GDClB at
0° (two methyl singlets at T = 7.02 and 7.98) and at 50° (average signal at

T = 7.48). 2-Chloro-6-methyl-N.N-dibenzylaniline in GF3GOOD shows two sets of
absorptions corresponding to ions 1lla (18%) and 11b (82%) each of which gives
rise to one AB spectrum for the four GH2 protons: T = 4,70 and 4.88, J = 12.8
cps (1lla); T = 4.32 and 4.74, J = 12.6 cps (11b). The two rotamers are corre-
lated with the two sets of absorptions by means of the chemical shifts and the
observation that an increase in the size of the halogen atom destabilizes the
2-bromo isomer 12b (59%) with respect to 11b ({82%) bearing chlorine in the
2-position. The composition of such equilibria may be useful for the evsluation
of steric requirements of substituents, e.g. Me>Br in 12a (41%) and 12b (59%).
#¥e cannot exclude with certainty the alternative correlations in which the two

benzyl groups enclose the gther aromatic ortho-substituent in the otherwise

unchanged structures 10, ila, 11lb, 12a, and 12b; our arguments in favour of



3230 No.28

the correlations given in the formulae will be presented in the full paper.
However, this problem does not alter the conclusions drawn above. = Our view

is supported by the spectrs of 1, 4, and 7 in CFBGOOH.

Two mechanisms for methyl interchange in 10 and similar ions are possible:
I. rotation about the N-aryl bond in the anilinium ion; II. deprotounation,
followed by nitrogen inversion and reprotonation. No matter which of the two
processes I and II is faster, both must occur slowly with respect to the NMR
time scale when two methyl singlets are recorded. Therefore, it can be con-
cluded from the t-values (7.0l and 8.36) of the methyl groups in 10 at 34° in
CFBCOOH as solvent that AGf for the N-aryl rotation must be greater than 15

kcal mole™l,
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