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Abstract-cis-trans Isomer&ion in N+u-methylbcxqlidene)anilinc has bacn studied by PMR spectra- 
scopyinthep~oftrimethylalumini~m,whichcomplexeswiththeaniL Boththcpositionofe@ibrium 
and the rate of isomcriza tion arc afkted by the trimethylaluminium. Thecomplexed anil does not isomerize ; 
this emfirms that the uncomplex;ed snil isomerizcs by inversion of the nitrogen lone-pair, rather than by 
rotation about the C==N double bond. 

UNIMOLECULAR cis-rrans isomerization about the C= N double bond of N-(bt- 
methyl~~lid~e~iline may take place either (a) by rotation of the N-Fh 
group through 180” about the C=N double bond, as shown in structure A, or (b) 
by a vib~tionai movement in the )C===N plane through transition state B. 
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Earlier workers** ’ have regarded mechanism (b) as more likely than mechanism (a), 
firstly because Schi!I bases are more easily isomer&d than compounds with C===C 
double bonds, and secondly from a consideration of the effect of substituents in the 
SC%% base upon the rate of isomeriz8tion.2-4 

The crucial test distinguishing the two mechanisms is the effect ofcomplex formation 
upon the rate of isomerization. If the lone-pair of the N atom is bound to & Lewis acid, 
transition state B should no longer be accessible, However transition state A should 
be attained more easily, since the C===N bond order is likely to be reduced on complex 
formation and since the relief of steric strain on twisting the N-Ph group out of the 

>C===N plane i s p robably greater in the complex than in the free anil. 

In this paper it will be shown that the anil stops isomerizing when complexed with 
t~e~ylal~ni~. Thus the auil isomer&s by mechanism (b), i.e. by inversion of 
the lone pair of electrons of the N atom. 

741 



142 E. A. J~ERY, A. Mm and T. MOLE 

RESULTS AND DISCUSSION 

N-(a-methylbenzylidene)aniline in chlorobenzene shows only one sharp methyl 
resonance, 1.96 ppm to low field of TMS, although both cis and trmrcr isomers are 
possible (c&I and trans-I, respectively). cis-truns Isomerization in anils is not particu- 
larly sensitive to the nature of substituents on the C atom of the double bond’-’ 

Ph, / 
,C=N, 

CH, Ph 

cis-I tram-I 

and normally has a half-life of about 1 second at room temperature.iB3 Hence the 
1.96 ppm peak is thought to represent the more stable of the isomers of I. On steric 
grounds nuus-I should be more stable than cis-I. Further the more stable isomer of a 
Schiff base normally has the bulkier group on the C atom trans to the organic group 
on the N atom.id3 Therefore the 1.96 ppm peak is assigned to truns-I. The alternative 
possibility that the 1.96 ppm peak represents a rapidly isomerixing mixture of cis-I 
and trans-I may be rejected because there is no broadening of the peak down to 
- 35” in chlorobenzene or to - 60” in toluene. 

On step-wise addition of trimethylaluminium to N4a-methylbenzylidene)aniline 
in chlorobenzene, the peak (T) attributed to truns-I moves progressively to high field, 
remaining sharp but decreasing in intensity. At the same time a new peak (C) appears 
at 2.65 ppm. The sum of the intensities of peaks C and T is equal to the original 
intensity of peak T. When an equivalent of trimethylaluminium has been added 
(i.e. 3 mole of trimethylaluminium dimer per mole of anil), C (2.65 ppm) and T 
(1.87 ppm) have comparable intensities. Any further increase in the ratio of trimethyl- 
aluminium to anil does not change the position or intensities of peaks C and T. 
The addition of enough pyridine to complex with the trimethylaluminium reverses 
the spectral change ; peak C disappears, and peak T regains its intensity and reverts 
to 1.96 ppm. Therefore the changes just ,described are attributed to the formation of 
complexed anils, c&II and trans-II, from truns-I. 
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Since the changes are complete upon addition of only one equivalent of trimethyl- 
aluminium, it appears that complex formation is quantitative. 

When at least an equivalent of trimethylaluminium is present, one of the two peaks 
must be assigned to c&II and the other to trans-II. Since the 1.87 ppm (peak T) 
results from a continuous shift of the peak attributed to truns-I to high field, it is 
assigned to try-II. When less than an equivalent of trimethylaluminium is present, 
peak T appears between 1.96 and 1.87 ppm ; the ‘peak then represents a mixture of 
rr~s-I and suns-II, in which trimethylaluminium groups are being rapidly transferred 
from the latter to the former. 

Peak C then must be assigned to cis-II. Its chemical shift does not change with the 
ratio of trimethylaluminium to anil. Presumably &-I and cis-II are in rapid equili- 
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brium, in the same way as trans-I and rruns-II are. The constancy in chemical shift of 
peak C is consistent with the presence of &-I in only very low concentrations. 

By contrast with the rapid appearance of peak C in the presence of less than an 
equivalent of trimethylaluminium, several days at room temperature are required for 
its appearance alter a large excess of trimethylaluminium is added rapidly to the anil. 
It appears, therefore, that rrurrs- to cis-isomerization occurs rapidly only when free 
trmrs-anil (nrms-I) is present. 

The hypothesis that truns-I isomerizes much faster than rruns-II was tested kinetic- 
ally by a study of the line broadening (due to isomerixation) of peaks C and T under 
equilibrium conditions in chlorobenxene at 85”. 

The data obtained was handled using Eqns (1)-(13)given in the Experimental, below. 
Reciprocal pre-isomerixation lifetimes, Q- ’ and rr- ‘, defined by Eqs (3) and (4), 
were derived from the measured linewidths using Eqs (1) and (2). Values of rc- ’ 
and rr-’ over a range of concentrations of trimethylaluminium and anil are given in 
Table 1. The concentrations of these two reactants give the concentrations of trmrs-I, 
trots-II and cis-II by use of Eqs (11) to (13). 

Fig. 1 shows a plot of rc-’ [cis-II] against [fruns-I]. The plot is linear, and so 
confirms Eq. (8) and the hypothesis that truns to cis isomerixation is a first-order 
reaction of rrans-I alone. Eq. (8) was used in conjunction with values of rc-’ to 
derive values of the first order rate constant, k. Eq. (10) and values of rr- ’ were used 
similarly, and the values of k obtained by both methods are shown in Table 1. These 
are considered to be self-consistent within experimental error. The average value of 
the first-order rate constant for isomerixation of trans-I to cis-I at 85” in chlorobenzene 
is 5 sec.-’ The rate constant for the reverse process must be higher than this by a 
factor of at least 102. 

The full mechanism for isomerization in the presence of trimethylaluminium is: 

trrms-II + truns-I + @H&AI, rapid 
trans I + cis-I slow 
cis-II + cis-I + HCH,),Al, rapid 

If cis- and ~~wIs-II isomer&e directly, they do so much more slowly than cis- and 
truns-I. This result is that predicted for a vibrational mechanism for isomerixation 
(mechanism b), but is the opposite of what would be expected if isomerixation took 
place by hindered rotation about the C=N double bond (mechanism a). Therefore 
it is concluded that isomerixation occurs by the vibrational mechanism, i.e. by lone 
pair inversion. 

The rate constant for trots to cis isomerixation cannot be measured under equili- 
brium conditions in the absence of Lewis acid because there is negligible free cis-anil 
present. It is only the displacement ofequilibrium uponaddition of trimethylaluminium 
that allows a rate constant to be derived. Equilibrium between the complexed anils 
favours the cis-anil much more than does equilibrium in the absence of trimethyl- 
aluminium. This suggests that it may be possible to prepare the thermodynamically 
less stable isomer of a 8chiffbase by allowing equilibrium to be attained in the presence 
of slightly less than one equivalent of a Lewis acid, and then removing the Lewis acid. 
This procedure would not be applicable for anils, which isomerixe rapidly in the 
absence of Lewis acids, but might be useful for SchilI bases derived from alkyl amines 

The relatively high rate of inversion of anils may be understood in terms of the 
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FIG. 1 First order plot for isomctition of N-(a-mcthylbenzylidee)aniline 

stability of the transition state B for isomerktion by lone pair inversion. In the 
transition state the valence electrons of the nitrogen atom are sphybridized, and one 
of the p-orbitals is used for the C=N double bond The other parbital is free to 
overlap with the porbitals of the phenyl ring, as depicted in structure C. 

CH,.._ + 
ph,c=N 

C 
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TW 1. FW-~IWER RATE CONSI.ANIS AND (PRB-LWMEFUU TION LRWlAtES)- ’ ROR 

tmai~mm~ OF tram N-(a -VYLIDENB)ANILM IN cxuxom AT 85” 

WUiAU r, 
-I k from rc- ’ k from zr- ’ 

W.) w-‘1 w- ‘) w-‘) 

Q106 Q505 

Q154 0505 
Q175 0505 
0.207 Q505 
Q271 0505 
Q350 lG1 
Q175 Q505 
0088 0253 

12.7 f 06 
6.8 f 03 
48 f Q3 
%2 f Q3 

very small 
4.3 f 03 
48 f Q3 
4.8 f 06 

3.7 f Q6 5.1 f Q5 48 f 1.2 
3-l f Q3 5.5 f 06 5.2 f Q8 
2.1 f Q3 5.8 f 06 4.4 f 07 
1.3 f 0.3 54 f 1.2 4.0 f 1.7 

VeIy small 
1.9 f Q3 5.5 f Q8 39 f 08 
2.1 f 03 5.8 f Q6 44 f 07 
2.2 f 06 6.0 f 1.1 4.5 f 1.5 

l One mole of trimethylaluminium dimer complexes with two moles of anil. 

Layer and Carman’ have recently examined cis-truns isomerization about the 
carbon-nitrogen double bonds in quinonediimines and the derived N-oxides. By 
contrast with the present work, they concluded that isomerization occurs by a 
rotational mechanism. This suggests that neither the inversion mechanism nor the 
rotational mechanism of imine isomerism is universally applicable. 

EXPERIMENTAL 

Commercial trimethylaluminium, shown by PMR spectroscopy to contain no significant amount of 
dimcthylaluminium methoxide, was used without puritication. N-(a-methylbenzylidene)aniline was 
recrystalhzd from light petroleum. Chlorobenzene was fractionally distilled and stored over 4A molecular 
sieve under an atmosphere of N> All air-sensitive solns were handled under an atmosphere of dry, oxygen- 
free N, by glove-box techniquea 

PMR spectra were measured using a VII&II A60 spectrometer fitted with a variable temp prohe. Solns 
for kinetic study were prepared by mixing a soln of trimethylaluminium in chlorobenxene with a soln of 
anil in chlorobenzene in a pyrex sample tube, which was then sealed. The total volume of soln in each tube 
wasQ6ml.soastominimiz errors due to the vertical temp gradient in the spectrometer probe. Spectra 
were measured at 85”. 

The pre-isomerization lifetime, ?0 of the cis-molecules responsible for peak C (i.e. cis-II) is related to 
thewidth(c/s)ofpeak Cat halfheight, w, byEq.(l)? 

7C -‘=iT(wc-wcq$ (1) 

where w,“, the width of line C in the absence of exchange, is obtained by measuring the width of the peak 
at 85” in the presence of excess trimethylaluminium. Similarly the pre-isomerization lifetime, cr, of the 
crams-molecules responsible for peak T (i.e. trams-I and trams-II) is given by Eq. (2) : 

% -1 = 7r(wt - ws”), (2) 

where wy is the width of line T, and wr” is the corresponding width in the presence of excess trimethyl- 
aluminium. 

I~-’ is related to the rate of isomerization of cis-molecules, - d[Cj/dt, by : 

7c-‘[Cj = -d[Cl/dt, 

and rr-’ IS related to the rate of isomerization of trans-molecules - d[Tvdz, by : 

zs-‘[T-J = -d[Tj/& 

Since the rate of isomerixation is measured at equilibrium, 

d[C]/dt = d[Tydt 
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Hence from Eqs (3) and (5), 

zc-‘[C] = -d[T]/dt (6) 

If isomerization of rrans-I and em-11 molecules occurs by first order isomerization of trans-I, then 
- d[ Tj/dt = k[trams-I], where k is the first order rate constant. Eq. (6) thus becomes : 

rc-‘[C] = k[trans-I], (7) 

Since [c&I] is negligibly small, [C] = [cis-II], therefore 

k = sc-‘[cis-II]fitrans-I] (8) 

Similarly Eq. (4) becomes : 

rr- ‘[T] = k[trans-I], (9) 

and since [r] = [trans-I] + [frans-II], 

k = rr-‘{[tran.+I] + [trams-II]}/[trans-I] (10) 

Reaction of anil with trimethylaluminium to give a mixture of cis-II and trans-II is quantitative. Further 
the ratio [rrrms-II]/{[trrms-II] + [c&II]} = 044 was obtained by integration of the PMR spectrum at 
85” when more than one equivalent of trimethylaluminium was present. This ratio should be the same when 
less than one equivalent of trimethylaluminium is present. Hence, under the latter conditions: 

[trams-I] = [Anil] -2[(CH,),Al,] - (11) 

[trans-II] = 088 [(CH,),AI,] (12) 

[cis-II] = 1.12 [(CH,),Al,] (13) 
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