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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 iminesz, 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 77 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 isomerization rate to changes in thé substituent attached to the phenyl ring
bonded to the imino carbon (2). The other limiting mechanism, which has been proposed for
the isomerization of iminocarbonatesB, is one which proceeds’ by rotation about the carbon-

nitrogen double bond and involves a polar trangiticn state in which unsharing of the 77/

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 proposed for the isomerization of compounds having heterocatoms
bonded to the imino carbon (L). b oy () ()f}
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The rotation mechanism for iminocarbonates has recently been challengeds. The larger

5

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-
gistent 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 2 6.

We now wish to report additicnal data which demonstrate that the isomerization rates of
compounds containing the carbon-nitrogen double bond parallel the relative conjugative ability
of groups bonded to the imino nitrogen, i.e., X = NDS) o>c’ rather than their relative

electronegativities (0> N>»S>C).

The pertinent nmr and kinetic data are given in Table I,

TABLE I,
Isomerization of Compounds with a C - N Double Bond
Compound Solvent ado Te  aGpt k-22§a) Ref.
cps % Keal sec~
/CH3 é
1. C6H5-N-C\ quinoline 23 1ho 21 2.8x10° 7
CH3
~0CH3
2. CgHg-N=C acetone 9.1 0.8 S M 1.6 3
= AN
OCH3
/SCH3
3. CéHs-N-C acetone 2.5 =22 13.8 5.2 this work
scHy dg-acetone =22 13.7 5
N .
—
L. CeHg-N=C _ acetone -60 12®) aag? this work
N chloroform =60 12 2x1¢?
CH3 pyridine-carbon 2
disulfide -60 12 2x10
~Chy -8
Se CgHo=CH,~N=C neat 9 >170° 23 { 5x10 this work
CHy quinoline 180° 23 5
_-OCH -
6s C H.=CHy=N=C 3 acetone 2.8 74° 19.2 845710 5 this work
= 6S ~ocH
HyC b
3/\ N acetone -60 12( ) 2x1p§ tiis werk
1. C lig-CHy-N=C ] chlorofornm -60 ©r 2x107
S~y pyridine~carbon' ~60 12 2x10
cH,” disulfide
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(a) Calculated from thG;c using the Eyring equation, o
(b) Calculated assuming a &V o of 1 cps and a coalescence temperature of =60 .
It is unlikely that the singlet methyl for L and 7 is the result of accidental equivalence
rather than exchange averaying. Models show that the two methyl groups in Q and 7 are even
more exposed to anisotropy effects than they are in 2 and 6. A 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.

*
Tc

1 to L and from 5 to 1. Furthermore, a comparison of rate ccnstants calculated at -220, the

Inspection of Table I shows that the & G, decreases by 9 or more Kcal in going from
coalescence temperature of 3, shows that the cyclic puanidine L, isomerizes at least 8 powers
of 10 faster than the imine 1 and compound 7 isomerizes at least 10 powers of 10 faster than
g. 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 g and compound é with 7. It
would be predicted on the basis of electrcnegativities, that 2 undergo isomerization faster
than L and that 6 isomerize faster than 7. Instead the data show that | isomerizes at a
rate at least 100 times faster than 2 and that 7 isomerizes at least 7 powers of ten faster
than €. This clearly establishes that the rates and barriers parallel the relative con-
Jugative abilities of the zrours btonded to the imino carbcn.

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
inmines relative to olefins. It was reascned from this that imines underwent isomerization
by & mechanism different from that of olefins. Recently however, a number of substituted

9-11

olefins have been found to have isomerization tarriers of less than 20 Kcal, In

12
additien the amino methyls of § were found  to be equivalent at room temperature and the

13

AEG;C for 9 wss measured™” 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 peointed out that if the original electronic description of
the transition state for the lateral shift mechanism is modified to include 77 bond partici-
pation, then both the rotation and lateral shift mechanisms are consistent with the data
and electrenic 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 experimsntslh which will unambiguously give information on this parameter.
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isomerization of Hl=(C=),NH are 1.2 and 23.6 Kcal when n = 0 and 2 respectively and
the lateral shift pathway requires less energy than rotation. However, for n = 1 and
3 the activation energies are computed as 8,0 and 6.9 Kecal and the rotaticn pathway
is slightly favored.




