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Studies on the reaction of glyoxal with aliphatic! and
aromatic? amines have led, in certain cases, to the isola-
tion of N,N’-substituted 1,2-diimines. Their configu-
ration was shown to be £ (anti) at both C==N double
bonds by analysis of their nmr spectra, the course of
protonization, and by analogy with other aldimines,?—3
whereas the conformation of the central C—C bond was
only tentatively attributed to be s-trans A rather than
s-cis B. A more detailed study of this conformation is
the aim of the present paper.
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From a priort considerations, it follows that both
planar forms are stabilized by mesomerism, the s-trans
form A being more favored than s-cis B. However,
the double bond character of the central bond cannot be
very accurately expressed since the corresponding meso-
meric formula is destabilized by charge separation and
by a sextet on the nitrogen atoms. Hence, the planar-
ity can easily be distorted by nonbonded interactions.
For the same reasons the conformation of 1,2 diketones
is nonplanar.®

Our experimental method of choice was dipole mo-
ment measurement in solution. Admittedly, this ap-
proach is of limited accuracy; however, because the re-
sults are extrapolated to zero concentration, it has the
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advantage that a practically isolated molecule is studied
in a nonpolar medium. The accuraey can be improved
by measuring several substituted derivatives and com-
paring experimental and ecomputed moments graphi-
cally.”

The experimentally measured dipole moments are
given in Table I and can be considered internally con-
sistent, especially the values for compounds 1, 2, and
5, which should be equal according to the simple method
of vector addition, and, in fact, are reasonably close to
each other. In general, the measurements are not very
precise because of association in solution, thus making
extrapolation difficult. However, the situation is much
improved for the measurements taken on compounds
5 and 6. Therefore, our discussion is mainly based on
these compounds for which the standard accuracy was
attained, limited ultimately by the correction for atomic
polarization (compare columns 7 and 8 in Table I).
When the compounds are measured in two solvents, the
differences are significant,

Without any computation, one can conclude from
the nonzero experimental moments that a strictly planar
conformation E-s-trans-E, A, is not possible, neither is
the Z-s-trans-Z one, C. When the F configuration is
taken for granted, the experimental results can be inter-
preted either as a mixture of both forms A and B or as a
nonplanar conformation of the C; symmetry. On the
basis of dipole moment data, one cannot discern be-
tween these two possibilities. However, on the basis of
the results on 1,2 diketones® and glyoximes® we prefer
the Iatter.

In order to get a more quantitative picture it is nec-
essary to compute theoretical moments for individual
compounds in conformation B. Starting from trigonal
valence angles and the C=N bond moment of 1.8 D?
we get the same value, 3.12 D, for compounds 1, 2, 3, 5,
and 6, indicating the dihedral angle N~C-C~N in the
real conformation to be between 90 and 140°.* The
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computation is rather sensitive to the valence angles
used. A smaller C-N-C angle, e.g., 117°, as found in
N-methylmethyleneimine,!! or a larger C-C-N angle
would lead to a greater moment for the methyl deriva-
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TasrLe I
PorarizaTioN Data oF 1,2-DumiNngs RN=CHCH==NR aT 25°

NorEes
No. Registry no. R Mp, °C
1 28387-17-9 CH, 1.4548¢
2 28227-40-9 7-CH, 1.4518¢
3 28227-38-5 c-C¢Hn 145-147
4 24978-40-3 2-CH,;CeH, 122-124
5 24978-41-4 4-CH,C¢H, 164-165
6 24978-44-7 4-CICsH, 107-110
7 24978-42-3 4-CH,0C:H, 153-154

¢ B, benzene; D, dioxane. ¢ Overall polarization.

Rp value, respectively. ¢ n2p.

tive 5 than for the 4-chloro derivative 6. Quite on the
contrary, the experimental value is significantly smaller
showing that either the C-N-C angle is larger or the
C~C-N angle smaller, or more probably that the confor-
mation of both compounds 5 and 6 is somewhat dif-
ferent. The situation is pictured by a graphical repre~
sentation used in our previous papers’® (Figure 1).
Computed moments for various dihedral angles are
shown by straight lines, the full line corresponding to
angles C-N-C = C-C-N = 120°, the broken one
to a change of one of them by 5°. From the experi-
mental point it can be concluded that the conformations
of both compounds 5 and 6 may differ.’? A more exact
determination of dihedral angles from our data is not
possible.

It should be stressed once more that all the results
were obtained with a precondition of the E configura-
tion on the C=N double bond. For the Z configura-~
tion the theoretical dipole moments can also be com-
puted. The results in that case are still dependent on
the value for the C—N bond, whereas the mesomeric mo-
ment can be neglected since the benzene rings are not
coplanar with the C=N bonds.!* It is, however, not
possible to distinguish between all various possibilities
from the values of dipole moments alone.

We conclude that nonplanar stable conformations are
typical for the atom grouping X=CC==X; evidently
the mesomerism is not strong enough to overcome the
bond and atom repulsion. The conformation is not
very rigid and differs somewhat in vapor and in the
crystalline state, in various solvents, and at different
temperatures.® This behavior is contrasted by that of
1,3-butadiene which has two energetical minima in its
two planar conformations, differing by 2.3 keal mol—!
and separated by a barrier of 2.6 keal mol=! (¢f. ref
14). For 1,2 diketones, theoretical calculations which
furnished the energy difference between the two planar
forms, however, did not reveal the existence of an ener-
getical minimum.® Similarly, in the case of 1,2-diim-~
ines no more quantitative discussion is possible at the
present time.?
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¢ Molar refraction.

RD° (caled), s (5%),¢ w (16%),%
Solvent?® P2, ems cm? D D
B &0.8 53.7 1.09 0.96
B 85.3 53.7 1.28 1.27
B 123.0 67.8 1.59 1.48
B 106.6 77.4 1.11 1.93
B 113.9 77.4 1.26 1.10
D 160.2 7.4 1.96 1.87
B 183.0 78.0 2.22 2.14
D 241.3 78.0 2.79 2.72
B 196.7 81.9 2.32 2.24

¢ Correction for the atomic polarization, 5 or 15% of the
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Figure 1.—Comparison of computed (straight lines) and ex-
perimental dipole moments (circles) of compounds 5 and 6 in
benzene (B) and dioxane (D) over a range of bond angles.

Experimental Section

The preparation of compounds 1-7 has been previously de-
seribed.® Dipole moments were determined by the method of
Halverstadt and Kumler.!® Dielectric constants of benzene or
dioxane solutions were measured at 25° using a heterodyne ap-
paratus at a frequency of 1.2 Mcps. Usually five measurements
were carried out in the concentration range 5 X 10785 X 1072 M.
The molar refractions were calculated from Vogel’s increments!?
and suitable additive corrections (exaltations) applied in order
to account for the conjugation, viz., 0.4 cm3 for the conjugation
of two C==N bonds and 1.5 ¢cm? for the conjugation of one C=N
bond with a benzene nucleus. The inaccuracy in this procedure
does not influence the final values of dipole moments significantly.
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