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Chelation and Association of Some Ethylenediamine Schiff Bases'

By Lroyp N. FERGUSON AND IRENE KELLY?

It is suggested that the 410 mu absorption band of bis-(salicylal)-ethylenediamine (I) is due to intramolecular hydrogen
bond formation, or chelation, since bis-(o-methoxybenzal)-ethylenediamine and bis-(p-hydroxybenzal)-ethylenediamine, for
which chelation is impossible, do not have absorption bands above 320 mu. It is observed that the substitution of a halogen
atom in the second ortho position to the OH group of I increases the intensity of this 410 mu band but a nitro group in this
position increases the wave length and intensity of absorption. It is proposed that the charge distribution in the excited
states of these Schiff bases leads to a stronger hydrogen bond and thereby stabilizes the excited states relative to the ground
states. Consequently, the energy difference between the excited and ground statesis diminished through chelation and ab-
sorption takes place at longer wave lengths. Using a method of dry and wet melting points to distinguish between chelation
and association. the wet and dry melting points of several o- and p-formylated halogenophenols were determined. The

o-hydroxy aldehydes were found to have smaller wet-melting point depressions.

Several investigators®*® have reported that cer-
tain aromatic compounds with an ¢-hydroxyl group
absorb light at longer wave lengths than do the cor-
responding m- and p-hydroxy derivatives. It has
been suggested that the bathochromic effect of the
o-hydroxyl group is due to intramolecular hydrogen
bond formation,® which can be referred to as chela-
tion.! In the present study, it is proposed that
the 410 mu band of bis-(salicylal)-ethylenediamine
(I, X = H), is due to a chelated structure, inasmuch

CH,—CH,
|
CH=N N=CH
Oy N
o oD
N
X X
I

as bis-(p-hydroxybenzal)-ethylenediamine and bis-
(o-methoxybenzal)-ethylenediamine, for which che-
lation is impossible, do not have absorption bands
above 320 mu. There is a marked visible change
upon methylating the hydroxyl groups of bis-
(salicylal)-ethylenediamine, for the latter compound
is bright yellow while its methyl ether is pure white.

It might be of interest to note the effect of substi-
tution in I of a second group at X which is also capa-
ble of forming a hydrogen bond with the OH group.
For this purpose, derivatives of I, where X repre-
sents a chlorine, bromine, or iodine atom, or a nitro
group, were prepared and their ultraviolet spectra
measured. Spectral characteristics of the com-
pounds studied are listed in Table I and their spec-
tra are drawn in Figs. 1 and 2.

A suggested explanation of the bathochromic ef-
fect of chelation in these Schiff bases may be given
in terms of molecular structures that contribute to
the resonance of these molecules. The chief polar
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(6) It also has been observed that many o.substituted compounds
have two bands in place of the one of the correspondingly m- and p-
substituted compounds. The double mazxima have been attributed to
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forms arising from non-colinear electron oscillations.s

TaBLE I
SPECTRAL CHARACTERISTICS OF SCHIFF BASES oF ETHYLENE-
DIAMINE
Aldehyde Amax., Mu €max.
Salicylaldehyde 410 1,200
3-Chlorosalicylaldehyde 410 4,600
3-Bromosalicylaldehyde 410 2,000
3-Iodosalicylaldehyde 410 4,000
3-Nitrosalicylaldehyde 440 11,000
o-Methoxybenzaldehyde 320 8.600
p-Hydroxybenzaldehyde 290 2.616

structures contributing to their resonance hybrids
are probably of type II.

CH,—CH,
CH—N- -N—CH
Vi N
H oo
et el
+ \ / +
X ¥
?Hg——c[:m
CH—N-  ~N——CH
AN
- e
AN /
X X
II

These are important primarily in the excited states
of the molecules. It is generally being accepted
that a hydrogen bond, A-H--- B, is largely due to
electrostatic attraction between atom B and the
proton, and the greater the electron density about
B, the greater will be the bond energy. The charge
distribution in II is more favorable for hydrogen
bond formation than in I and, therefore, a stronger
hydrogen bridge is formed in II than in I, with the
result that chelation stabilizes II to a greater ex-
tent than I. Consequently, the energy difference
between the ground and excited states is diminished
and absorption takes place at longer wave lengths
than for similar compounds lacking intramolecular
hydrogen bonds.

The surprising fact that compounds I, where X =
H, Cl, Br and I, all have maximum absorption
bands at the same wave length, is interpreted by
saying that X has not altered the energy difference
between the ground and first excited states of these
substances. However, the effect that substitution
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Fig. 1.—Ultraviolet absorption spectra of: bis-(salicylal)-

ethylenediamine ——; bis-(p-hydroxybenzal)-ethylenedi-
amine , . . . ; and bis-(o-methoxybenzal)-ethylenedi-
amine ———

has on the intensity of the 410 mu band is not clear.
It is in the opposite direction from that which would
be anticipated on the basis of the population of mol-
ecules with the O-H .-+ N or O-H---X hydrogen
bond.

The absorption by bis-(3-nitrosalicylal)-ethylene-
diamine is at a longer wave length and of greater in-
tensity than that by the other Schiff bases. This
suggests that chelation with the nitro group pro-
duces a stronger chromophoric system. That is,
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the difference in energies between the ground and
excited states is smaller than for the Schiff bases
with O-H -+ N hydrogen bonds.

Intermolecular hydrogen bond formation, or as-
sociation, is usually accompanied by an increase in
both boiling point and solubility in water. In con-
trast to this, chelation brings about just the oppo-
site effect. A method” of differentiating between
the two has grown out of some solubility studies of
Sidgwick.®? It consists of determining the differ-
ences in melting point of a substance when dry and
when in contact with water, The depression in

(7) 1. D. Amstatz, 7. J, Chessick and T M. Hunsberger, Science,
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Fig. 2.—Ultraviolet absorption spectra of: bis-(3-chloro-

salicylal)-ethylenediamine — — — —; bis-(3-bromo-
salicylal)-ethylenediamine . ...... ;  bis-(3-iodosalicylal)-
ethylenediamine— - — - —: and bis-(3-nitrosalicylal)-

ethylenediamine —.

melting point of chelated compounds when wet is
much smaller than that of associated compounds
when wet. Presumably this is because associated
molecules can also associate with water and thereby
their mutual solubilities are increased, with the re-
sult that the melting points of the eutectic mixtures
are considerably lower than those of the pure com-
pounds. Since water will be much less soluble
in the chelated compounds, because of the small
degree of association between the two, the water
content of the eutectic mixture will be relatively
small and so will the wet-melting point depression.

The present authors have made such a study of
some ethylenediamine Schiff bases and it is ob-
served from Table II that, although the separation
is not great, there is a distinct difference in ranges
of the melting point depressions of the chelated
and associated compounds.

TaBLE 11

WET AND DRY MELTING PoINTs oF CERTAIN HYDROXY
SCHIFF BASES OF ETHYLENEDIAMINE

Approx.

M.p.. °C. diff.

Aldehyde Dry Wet deg.
Salicylaldehyde 126-127 120-123 5
o.-Methoxybenzaldehyde 115.5~116.5 100-103 14
3-Chlorosalicylaldehyde 160-161 153-156 7
3.Bromosalicylaldehyde 176-177 172-175 5
p-Hydroxybenzaldehyde 212-213 176-179 35
3-Chloro-4-hydroxybenzaldehyde 221222 170-180 46
3-Bromo.4-hydroxybenzaldehyde 235-236 177-192 50

Preparation of Compounds.—The compounds were all
prepared by mixing ethanol solutions of equivalent quantities
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of the respective aldehydes and ethylenediamine. The
Schiff bases were then recrystallized to constant melting
points.

Measurements.—The spectra were measured with a Beck-
man model DU spectrophotometer, using fused-silica cells.
The solvent was commercial ethanol in all cases. The wet
melting points were determined in sealed glass tubes from

Liguip CoMPLEXES OF LOWER OLEFINS WITH ANHYDROUS SALTS

3709

Size 7 glass tubing, with one end drawn to a 2-cm. capil-
lary of about 1 mm. i.d. Several measurements were made
for each compound with varying amounts of water and the
value chosen that was the most reproducible. The propor-
tion of water used was found to have only a small effect on
the melting range.
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Liquid Complexes of Lower Olefins with Anhydrous Metal Salts!

By ALFRED W. FRANCIS

Anhydrous silver nitrate forms liquid complexes with propylene and 1-butene containing over 1.3 moles of olefin to one of

salt,

with anhydrous mercuric acetate.
with addition of hydrochloric acid.

The solvent power of aqueous solutions of silver,
mercury, and cuprous salts for the lower olefins is
well known?? although the decided differences in
properties and operation for different solutions are
not so well understood. For example, it is not gen-
erally realized?s-?:34 that the absorption of olefing by
most mercury solutions is irreversible®® except with
destruction of the reagent by addition of certain
substances such as hydrochloric acid.

Solid anhydrous cuprous chloride has been shown
to form solid complexes with ethylene,’*# propyl-
ene,?? and isobutene®® and cuprous bromide with
ethylene.® These have definite equimolar composi-
tions, but are stable only under high partial pres-
sures of the respective olefins. Soday* suggested
that many other solid dry salts of monovalent cop-
per, mercury and silver might form similar com-
plexes with olefins and diolefins. There seems to
be no mention in the literature of a liguid complex
of an olefin with an anhydrous metal salt (excluding
halides of amphoteric elements like aluminum).

In this investigation anhydrous crystalline silver
nitrate was agitated with liquid propylene under
pressure and was found to give a separate liquid
phase of unusual properties.

The new liquid phase is colorless, not very vis-
cous, insoluble in excess of propylene, but miscible
with water (with slight decrease in its propylene
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These are stable only under pressure near the vapor pressure of the olefin, and below 36 and 25°, respectively. At
lower pressures or higher temperatures evolution of the olefin is complete.

Propylene forms an equimolar liquid complex

This liquid does not evolve propylene on evacuation or moderate heating, but does so

content). Its density is 1.83 to 1.95 depending on
its composition. It is stable only under pressure
approaching the vapor pressure of the olefin, since
at lower pressure it dissociates quantitatively to
propylene and crystalline silver nitrate. Even in
contact with pure liquid propylene it dissociates
with rising temperatures, and is not stable above
36° although it may be superheated for a few sec-
onds up to 60° or for several hours at 40°. The
lower layer reappears when it is cooled and shaken.
The liquid thus shows the paradoxical behavior of
seeming to freeze on warming and to remelt on
cooling. A tube containing a sample in contact
with liquid propylene has been kept more than five
years. It shows only a slight yellow color in spite
of frequent exposure to light and in spite of previous
heating to complete dissociation and cooling to re-
generation.

Phase relations in the binary system are shown
in Fig. 1, and observations of the points are re-
corded in Table I. The liquid complex exists in
the area ABC. The line AB shows the composi-
tion of this liquid in equilibrium with pure liquid
propylene. It has metastable extensions above 36°
and below the freezing point, —26°, both of which
are readily observable because of superheating and
subcooling. The line AC shows the composition of
the liquid in equilibrium with silver nitrate crystals.
This equilibrium can be readily subcooled, but not
superheated. The straightness of the lines is due
to the short range in composition.

When the liquid complex is frozen, crystals may
appear as rapidly growing seemingly regular tetra-
hedra, as much as a centimeter on a side, but these
are usually interfered with by conglomerates.
These crystals must be solid solutions of at least
two different propylates because they melt over a
nine or ten degree range except when the composi-
tion is above 60 mole 9, propylene. The composi-
tion is non-stoichiometric in spite of well formed
crystals, and the crystal shape is independent of
composition. They are probably not mixtures of
different crystals because on gradual melting from
the top down without agitation no trace of crystals
(e.g., silver nitrate) remains. Free silver nitrate is
not a physical component of the solid solution since



