
Tetrahedron Letters N0.30, pp. 2555-2558, 1969. Pergamon Press. Printed in Great Britain. 

STRUCTURAL ORGANIC CHEMISTRY BY NMR. III?. ISOMFRIZATION 

OF COMPOUNDS CONpAINIX3 THE CARBON-NITROGEn DOUnIX BOND 

N. P. klarullo and E. H. ullagener 

Department of Chemistry, Clemson University 

Clemson, S. C. 29631 
(Received in USA 19 February 1969; recei&d in UE for publication 27 Msy 1969) 

There are two possible limiting mechanisms by which compounds containing the carbon- 

nitrogen double bond can thermally isomerize. One of these, proposed for the isomerization 

of imines2, involves a lateral in-plane shift of the group bonded to the imino nitrogen. 

The transition state for this process was described as one in which the n bond remains in- 

tact and the non-bonded electron pair on nitrogen rehybridizes to a p orbital. One of the 

reasons for this electronic description of the transition state was the relative insensi- 

tivity of the isomariaation rate to changes in the substituent attached to the phenyl ring 

bonded to the imino carbon (2). The othsr limiting mechanism, which has beenproposed for 

the isomerization of iminocarbonates3, is one which proceeds/by rotation about the carbon- 

nitrogen double bond and involves a polar transition state in which unsharing of the r 

electrons has occurred. There is, of course, the possibility of a continuum of mechanisms 

between these two limiting extremes and it is therefore possible that the pathway for the 

isomerization of a given compound is dependent upon the atoms or groups bonded to the 

carbon-nitrogen double bond. Although the lateral shift mechanism was proposed for imines, 

this same pathway has been 

bonded to the in&no carbon 

proposed for the isomerization of compounds having heteroatoms 

(Ir). 
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The rotation mechanism for iminocarbonates has recently been challenged'. The larger 

isomerization rate of iminocarbonates relative to imines was attributed' to the inductively 

greater electron withdrawing ability of oxygen relative to carbon and interpreted to be con- 

sistent with the lateral shift mechanism. The rationale for this suggestion was the observed 

increase in isomerization rates of imines with increasing electron withdrawal by substituents 

on the imino nitrogen '9 '. 

We now wish to report additicnal data which demonstrate that the isom=rization rates of 

compounds containing the carbon-nitrogen double bond parallel the relative conjugative ability 

of groups bonded to the irmno nitrogen, i.e., X - N>S)O)C' rather than their relative 

electronegativities (0) N>S>C). 

The pertinent nmr and kinetic data are Liven in Table I. 
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(a) Calculated from aG;c using the Eyring equation. 
(b) Calculated assuming a a3 o of 1 cps and a coalescence temperature 

It is unlikely that the singlet methyl for & and 1 is the result of accidental 
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of -6oO. 

equivalence 

rather than exchange avera!jing. Xodels show that the two methyl groups ink and 1 are even 

more exposed to anisotropy effects than they are in 2 and 6. x cyclic rather than acyclic 

guanidine was chosen in order to avoid the ambiguity of interpreting a temperature dependent 

spectrum as due to isomerization about the C=N or rotation about the C-N. 

Inspection of Table I shows that the D G& decreases by 9 or more Kcal in going from 

1 to h and from 5 to 1. Furthermore, a comparison of rate ccnstants calculated at -22', the 

coalescence temperature of 1, shows that the cyclic guanidine b isomerizes at least 8 powers 

of 10 faster than the imine 1 and compound 1 isomerizes at least 10 powers of 10 faster than 

2. This demonstrates the remarkable susceptibility of the isomerization rate to the group 

bonded on the imino carbon. 

It is particularly important to compare compound 2 with 4 and compound 6 with 1. It 

would be predicted on the basis of electronegativities, that 2. undergo isomerization faster 

than k and that 6 isomerize faster than 1. Instead the data show that 4 isomerizes at a 

rate at least 100 times faster than 1 and that 1 isomerizes at least 7 powers of ten faster 

than 0. This clearly establishes that the rates and barriers parallel the relative con- 

jugative abilities of the groups bonded to the imino carbon. 

It should also be mentioned that one reason for the initial suggestion of lateral shift 

rather than rotation mechanism for imines, was the small isomerization barriers found for 

imines relative to olefins. It was reascned from this that imines underwent isomerisation 

by a mectarlism different from that of olefins. Recently however, a number of substituted 

olefins have been found to have isomerization barriers of less than 20 Kcal. 9-11 . In 

addition the amino methyls of 8 were found 12 to be equivalent at room temperature and the 

CO;, for 2 was measured 13 as 12 Kcal. The only possible way by which these compounds can 

isomerize is by a rotation mechanism. 
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In conclusion it should be pointed out that if the original electronic description of 

the transition state for the lateral shift mechanism is modified to include 71 bond partici- 

pation, then both the rotation and lateral shift mechanisms are consistent with the data 

and electronic effects cannot be used to make a choice between the two pathways. The 

transition states for the two pathways however differ in geometry and a choice between them 

must await experiments Ul which will unambiguously give information on this parameter. 
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There have been a number of recent theoretical calculations on the isomerization 
barriers of ‘compounds having sp2 nitrcgen. One of these, J. N. Lehn and B. Munsch, 
Theor. Chim. Acta, 12, 91 (1968), computes a sinaller activation energy for the lateral 
shift pathway for the isomerization cf H2C=NH than for a bond rotation process. 
However, the liquid phase isomerization of iminas with hydrogen bonded to the imino 
nitrogen undergo fast bimolec,ular ixomtrization (J. B. Lambert, W. I,. Oliver and 
J. D. Roberts, J. Am. Chem. Sot., B7, 5085 (1965). Another calculation, bi. S. Gordon 
and H. Fischer, J. Am. Chem. Sot., 9C, 2471 (196A), shows that large changes can occur 
in going from one compound to another. The computed activation energies for the 
isomerization of qJ=(C=),NH are 116.2 and 23.6 heal when n = 0 and 2 respectively and 
the lateral shift pathway reqdres less energy than rotaticn. Houfver, for n = 1 and 
3 the activation energies are computed as 9.0 sbd 6.9 Kcal and the rotatirn pathway 
is slightly favored. 


