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The Polymerization of Formaldazine. 1.
The Nature of Formaldazine
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ABSTRACT:  The nature of formaldazine was studied on the basis of the data from
various spectroscopies and compared with that of butadiene, its hydrocarbon analog.
The UV and far-infrared spectra showed that the delocalization of =-electrons of
formaldazine is less than that of butadiene. The ionization potential of formaldazine
was estimated by mass spectroscopy. It is smaller than those of butadiene and triethyl-
amine and is larger than that of dimethylhydrazine. The first ionization comes from
the lone pair of the nitrogen, because the unpaired electron has a coupling only with
the nitrogen nucleus in the ESR spectrum of the ion salt, which was obtained by the
reaction of formaldazine with chloranil. The half wave potential was determined by
means of an extrapolation of the Taft’s plot of the half wave potentials of various
a,o-dialkylaldehyde azines (R—CH=N—N=CH—R) and used as a measure of their
electron affinities. Formaldazine was found to have a larger electron affinity than
acrylonitrile and butadiene. In conclusion, formaldazine is a compound which has both
electron-donating and electron-accepting properties.
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Formaldazine is the simplest of the azine
derivatives and is a particularly interesting com-
pound because it is an analog of butadiene. It
was first synthesized by Neureiter in 1959.!
Some physical properties have been examined
in order to characterize this compound; however,
no detailed study on the nature of the azine
bond has been reported. As for chemical re-
actions, the addition reaction of hydrogen sulfide'
and the photolysis of formaldazine®® have been
reported. The high spontaneous polymerizability
of formaldazine may have restricted such studies.

The present authors found that formaldazine
could be stored above room temperature in some
organic solvents. Investigation about the chemi-
cal reactivity and the polymerizability of this
compound have been undertaken.“® But the
nature of the azine bond, especially the z-electron
delocalization, must be studied in order to un-
derstand sufficiently its chemical reactivity.

In this paper, the nature of the azine bond
has been clarified on the basis of data from
various spectroscopies. The r-electron delocali-

zation in formaldazine was compared with that
in butadiene. The results obtained were ex-
plained by the Hiickel molecular orbital theory.

EXPERIMENTAL

Materials

Aqueous formaldehyde and hydrazine hydrate
were commercially obtained and used without
purification. Formaldazine was synthesized by
means of a modification of Neureiter’s procedure.*
It was purified by repeated low temperature
distillation in a high vacuum system, mp —47—
—48°C, (Yield 15%). Acetaldazine (bp 95.5°C),
propionaldazine (bp 145—146°C), n-butyraldazine
(bp 183°C), and isobutyraldazine (bp 63°C/
14 mmHg) were synthesized from hydrazine hy-
drate and the corresponding aldehydes.® They
were purified by reduced-pressure distillation
through a Widmer column under nitrogen.

Trimethylacetaldazine (mp 79°C) was synthe-
sized from hydrazine hydrate and Trimethylacetal-
dehyde, which was previously prepared from ethyl
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formate and s-butylmagnesium bromide,” and
was purified by sublimation on a high vacuum
system. Dioxane and tetrahydrofuran were puri-
fied by the standard methods® and stored over
sodium. Before use, they were distilled in a
vacuum system. Butadiene (supplied from Japan
Synthetic Rubber Co.) which had been dried
over molecular sieves was mixed with solvent-
free BulLi, transferred onto sodium, and then
distilled into a glass ampoule.

Chloranil was purified by two recrystallizations
from dry benzene and by sublimation.

Measurement

The IR spectra were measured in the gas state
on a Hitachi Model EPI-2 spectrometer using a
10-cm cell. The far-IR spectra were measured
in the gas state on a Hitachi Model FIS-1 far-
infrared spectrometer using a 10-cm cell. UV
spectra were taken in the gas state or in THF
solution on a Hitachi Model EPS-2 spectrometer.
NMR spectra were taken on a Varian A-60
spectrometer equipped with a variable temper-
ature probe and controller. ESR spectra were
measured using an X-band spectrometer made
by Kuwata. A 30-9 THF solution of chloranil
(0.12g) was prepared in an ESR tube. For-
maldazine (0.1 m/) was added to it by using a
high vacuum line. The reaction system was
allowed to stand for 5 minutes at —78°C, became
dark green, and was cooled again to —196°C.
Its ESR spectrum was measured at —196°C
(frozen state). Mass spectra were obtained on
a Hitachi Model HRU-10z mass spectrometer.
Polarography

The polarographic measurement was conducted

on a Yanagimoto Model PA-102. As a sup-
porting electrolyte, an 0.04-N solution of tetra-
ethylammonium iodide in a 1:1 volume ratio
mixture of dioxane and water was used.

RESULTS

The IR spectrum is consistent with that of
previous reports.’’> The far-IR spectrum is
shown in Figure 1. It is reasonable that 92 cm™
is assigned to the band of torsional motion
around the central single bond, on the basis of
the presence of the Q-branch in this band and
the data concerning the torsion of similar com-
pounds as shown in Table I.°

The UV spectrum of formaldazine is shown
in Figure 2.

The energy-level diagram suggests that there
should be two n—z* transitions and one r—r*
transition in the region from 190 to 600 nm.'
With the change from gas to THF solution,
203 nm shifted only slightly, while 228 and
283 nm shifted and coalesced into a broad ab-
sorption band. The absorption at 203nm is
attributed to the z—=™ transition (e=10°—10%)
and that at 228 and 283 nm to the n—z* tran-
sitions, by means of the dependency of the
absorption bands on the solvent and their
approximate ¢ values. (e=10"—10%

The NMR spectra of formaldazine are shown
in Figure 3. These spectra correspond to those
of an AB system, but are not symmetric with
respect to the center of the spectra. This is pos-
sibly due to the difference in the interaction of
each proton with the nitrogen nuclei. The peaks
of the NMR spectra became broader as the
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Figure 2. UV spectrum of formaldazine: —, gas; ---, THF solution.
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temperature of the measurement was raised. This
suggests that the rotation around the central
single bond becomes more rapid at higher
temperatures.

The mass spectra of this compound are taken
at various electron impact potentials. No peak
was found in the region above mfe 56, except
the isotope peak. The dependency of the ionic
current of the parent ion on the electron impact
potential was studied and the approximate
ionization potential for this compound was de-
termined from the graph of the ionic current
against the electron impact potential (Figure 4).

The absolute accuracy of the value cannot be
relied upon because there was no calibration of
the instrument. To check the accuracy of the
observed value, the ionization potential of
triethylamine determined by the same method

o]

10 15
Electron Impact Potential (eV)

20

Figure 4. The relationship between ion current and electron impact potential.
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Figure 5. Taft plot of half wave potential of @, w-dialkylaldehyde azine

(R—CH=N—N=CH—R).

was compared with its value in the literature™
(Table III). It seems reasonable to use the
value as a relative measure.

The determination of the half wave potential
was attempted for use as a measure of the
electron affinity. It could not be directly
measured because of the polymerizability under
the usual conditions of the measurement. Since
a good linear relationship was found in the
Taft’s plot of the half wave potentials of many
compounds,’® it was presumed here in the
extraporation of the Taft’s plot'® for various
a,w-dialkylaldazines, (R—CH=N—N=CH—R),
as shown in Figure 5. The value was estimated
at 1.91 V.

DISCUSSION

Numerous papers have appeared reporting the
nature of Schiff bases.’®'* The carbon—nitrogen
double bond tends to be more polar than an
olefin bond. It is also interesting to compare
the 7-electrons delocalization of such symmetrical
conjugated polar double bonds as formaldazine
with that of the nonpolarized diene compound.
This is also important for an understanding of
the chemical reactivity and polymerizability of
azine compounds. The 7—x* transition of the
formaldazine is assigned to 203 nm. This wave-
length is shorter than that of butadiene (213 nm).
This suggests that the z-electrons of formaldazine
are less delocalized than those of butadiene. If
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this is true, the torsional energy barrier around
the central single bond of formaldazine will be
lower than that of butadiene. This barrier was
calculated by the method proposed by Fateley,
et al.” The results are shown in Table I along
with some data of Fateley.’

Table I. The energy barrier of torsion around the
central single bond of formaldazine
and its analogues

Energy barrier,

Compounds keal/mol
Formaldazine 10.3
Butadiene 28.1=
Acrolein 21.6=
Methyl vinyl ketone 15.7=
Glyoxal 13.72
Biacetyl 10.1
Formamide 18.3®

= Ref 9.

b B, Sunners, L. H. Piette, and W. Schneider, Can.
J. Chem., 38, 681 (1960).

The comparison of the torsional barrier of
formaldazine with those of various compounds
suggests that the delocalizability of the =z-
electrons of formaldazine is less than that of
butadiene and acrolein and is similar to that of
glyoxal and methyl vinyl ketone (Table I).'®
These facts show that the z-delocalization stabili-
zation in the conjugated polar double bonds is

Polymer J., Vol. 6, No. 4, 1974
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much less than that of the conjugated nonpolar
double bonds. These results are also consistent
with the results of delocalization energy and bond
order calculated by the Hiickel molecular orbital
theory. The parameter used in the Hiickel method
for the r-electron system was chosen from Yone-
zawa’s book.'" The delocalization energy of
formaldazine (0.368) is smaller than that of
butadiene (0.478), indicating less resonance sta-
bilization in formaldazine (Figure 7).

This was further confirmed by the bond cleavage
under electron impact. High peaks in the mass
spectra of formaldazine appeared at m/e 56 and
28, which are due to the parent ion and (CH,=
Ny* respectively, but the peak at m/e 40 due to
(CH,=N—N)" was very small. On the other
hand, high peaks in the mass spectra of butadiene
emerged at m/e 54 and 42, which are due to the
parent ion and (CH,=CH—CH)" respectively,
but the peak at mje 28 due to (CH,=CH)" is
smaller than those, as shown in Table II. The
predominant bond cleavage of formaldazine oc-
curs at the central single bond, while that of

Table II. The comparison of fragments of
formaldazine and butadiene using
mass spectroscopy

Butadiene

M,=54
—_—1 | 40
| —28 2
CH2:¥‘= N -;r N=CH:

Formaldazine
M,=5

|
CH;+CH+CH=CH,
|

—

mie fniensity mie  iensity
26 2.1
27 4.4 27 23.3
28 68.0 28 23.3
29 4.8
39 0.8
40 71.9
41 2.1
42 2.9 42 1.7
50 2.6
51 7.8
52 6.9
53 48.5
54 100.0
55 4.8 55 3.8
56 100.0
57 2.9

Impact potential, 20 V.
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butadiene, having a higher z-delocalization sta-
bilization, occurs at the double bond (see Table
II). Various factors have been considered as the
causes of this difference;'® the decrease of =-
delocalization stabilization in formaldazine is
likely to be one of the most important factors
in the cleavage of the central single bond.

The estimated value of the jonization potential
of formaldazine is shown in Table III along with

Table III. Ionization potentials of various

compounds
Obsd Ref
Compounds values, values,®
eV ev
Formaldazine 8.2
Triethylamine 8.9 9.14
Diethylamine 9.56
Aniline 8.23
1,2-Dimethylhydrazine 7.75
Pyridine 9.76
Butadiene 9.18
e Ref 11

the values of similar compounds in the litera-
ture.”” The ionization potential of formaldazine
is less than that of butadiene and triethylamine,
and is larger than that of hydrazine. However,
it must be determined whether this ionization
potential is due to removing an electron from
the r-orbital or the lone pair on the nitrogen
atom. A radical-ion salt was synthesized by
the reaction of formaldazine with chloranil and
its ESR spectrum was measured at liquid nitro-
gen temperature. The result is shown in Figure
6. The strong single line due to the stable
chloranil anion-radical; five weak lines due to
the unstable formaldazine cation-radical were
observed at the same g value. The lines are
reasonably assigned to come from the coupling
of an unpaired electron with the nitrogen nuclei,
because the splitting due to the coupling with
hydrogen and nitrogen makes the spectrum more
complicated. So, this cation radical may be
produced, not by the transier of the z-electron,
but by the transfer of the lone-pair electron.
This consideration and the small z-delocalization
stabilization of formaldazine suggests that its
ionization potential is due to removing an electron
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Figure 6. ESR spectrum of the complex between
formaldazine and chloranil at —78°C.

from the lone-pair electrons. The fact that this
value is larger than that of hydrazine and smaller
than that of triethylamine confirms this assign-
ment.

The half-wave potential was estimated for use
as a measure of the electron affinity. The
electron affinity of formaldazine is probably
larger than that of acrylonitrile (—E,/, 2.01) and
butadiene (—E;/, 2.60). This may be due to
the higher electron affinity of nitrogen atoms in
the molecule. This fact is consistent with its
high anionic polymerizability.

These results can be correlated with the Hiickel
molecular orbital investigation. The energy level
and molecular diagrams of formaldazine and
butadiene are shown in Figure 7.

0.646 1352
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CH2/=N

CHp=CH
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Figure 7. Molecular diagram of formaldazine and
butadiene: ax=a+pB, fN-N=fo-x=4.

-©—0-

The energy difference between the lowest vacant
orbital and the highest occupied orbital of for-
maldazine is larger than that of butadiene. This
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is consistent with the results of the z—xz* tran-
sition in the UV spectra. The bond order of
the central single bond and resonant energy are
smaller in formaldazine than in butadiene. The
decrease of the torsional energy barrier around
the central single bond is thus explained quantum-
chemically.

A lower energy level for the lowest vacant
orbital in formaldazine than that in butadiene
is consistent with the lower half-wave potential
in formaldazine and the resulting higher anionic
polymerizability.

In conclusion, the z-conjugation stabilization
of formaldazine is smaller than that of butadiene.
Formaldazine is likely to lose an electron from
the lone pair, a tendency similar to that of
triethylamine. Formaldazine also tends to accept
an electron into its r-orbital, to a larger degree
than that of acrylonitrile.
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