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The Reaction of Amines with N,N'-ethylenebis(salicylideneiminato)(nitrato)-
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Abstract

The title compound, Fe(salen)NO;, was reacted
with imidazole, 1-methylimidazole, piperidine, and
morpholine in either chloroform or dichloromethane
solution. The reactions were monitored with proton
NMR and electronic spectra and conductance
measurements. The imidazole bases appeared to react
with the complex in a 2:1 fashion with displace-
ment of the nitrate, producing a high-spin iron(I1I)
complex. The secondary amines promoted hydrolysis
with any trace water present to form [Fe(salen)],0.
The chloro complex, Fe(salen)Cl, did not react with
the imidazole bases, but did form the p-oxo complex
when a large excess of piperidine was present. The
N,N'-phenylenebis-(salicylideneimine) complex, Fe-
(salphen)NO;, was found to precipitate from an imi-
dazole (im) chloroform solution as the high-spin
complex, Fe(salphen)NO;+2im.

Introduction**

The complex, Fe(salen)NOj, has recently been
prepared and studied in the solid and solution satc
[1]. While investigating the nature of this complex
in solution, it was noted that the nitrate ion was
relatively easily displaced from the Fe(salen)” group
by organic bases, such as imidazole (im) and
1-methylimidazole (N-Meim), especially when com-
pared to the CI” ion displacement from Fe(salen)CL.
Little work has been reported on the base adducts
formed with Fe(salen)” and the nitrate substitution
method provided a way to examine them.

In this report, proton NMR and electronic spectral
data and conductance data on the reaction of
Fe(salen)NO; and Fe(salen)Cl with im, N-Meim,

*Author to whom correspondence should be addressed.

** Abbreviations: im, imidazole; mor, morpholine; N-Meim,
1-methylimidazole; PPN*CI™, bis-(triphenylphosphoranylide-
ne)ammonium chloride; salen, N,N'-ethylenebis-(salicylidene-
imine)dianion; salphen, N,N’-phenylenebis-(salicylidene-
imine) dianion; TPP, meso-tetraphenylporphyrin dianion;
pip, piperidine.
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piperidine (pip) and morpholine (mor) are presented.
Investigations of the reaction of pip with Fe(TPP)Cl
have shown that autoreduction takes place producing
Fe(TPP)-2pip, an Fe(Il) complex {2], and we wished
to see if such a reaction would occur with the Fe-
(salen)” complexes. Also, Fe(salphen)NO; was
considered in this study in order to determine if the
structural change from an ethyleneimine bridge in
Fe(salen)" to the aromatic o-phenyleneimine one in
Fe(salphen)” would affect the results.

Experimental

Materials

Fe(salen)NO; [1] and Fe(salen)Cl [3] were prep-
ared by literature procedures and were shown to
exhibit the proper visible and proton NMR spectra.
Both compounds in the solid state appeared to be in
the dimeric form as shown by infrared spectra [4].

Fe(salphen)NO; was prepared by the same
procedure that was used to prepare other iron(IIl)
salicylideneimine nitrate complexes [1]. It had the
following properties: mass spectrum, 50 eV, m/e
(relative intensity) 432(55), 386(27), 370(100);
IR (mull) nitrate bands 1480, 1280, 1000, dimer
bands 870, 850 cm™'; electronic spectrum Apax
(log €max) 413sh(3.9), 361sh(4.1), 328 nm(4.29);
magnetic data (room temperature) xp,(corr) 0.0113
cgs units, 5.2ug, diamagnetic correction ~310 X 107°.
Anal. Calc. for CyoH;sN3OsFe: N, 9.72; Fe, 1292.
Found: N, 9.44; Fe, 12.13%.

The infrared spectrum of Fe(salphen)NO; in
bromoform solution showed bands at 1535 and 1250
em™, instead of 1480 and 1280 cm™', indicating
the presence of the monomeric, bidentate nitrate
in solution [1].

Dichloromethane and chloroform were dried
immediately prior to use following standard proce-
dures [S]. Deuterated solvents (Aldrich Chemical
Co.) were used as received. The amines, except for
mor, were newly purchased (Aldrich Chemical
Co.) and were used as received, except for the
addition of molecular sieves to N-Meim and pip.
Morpholine was distilled prior to use and stored
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over sieves. PPN'CI™ was obtained from Aldrich
Chemical Co. and recrystallized from water..

Instrumentation

Conductance measurements were performed at
room temperature using a YSI Model 32 conductance
bridge with a Beckman pipet cell (cell constant =

0.100). All other instruments used have been describ- -

ed recently [1].

Measurements

The proton NMR measurements, made at probe
temperature, were carried out using a 0.010 M iron
complex dissolved in the deuterated solvent. Spectra
were taken after adding incremental microgram
amounts of the liquid amines or milligram amounts
of the solid amine (im). The chemical shift values for
Fe(salen)NOj have an uncertainty of approximately
%1 ppm.

For the conductance measurements a 0.002 M
iron complex solution in dichloromethane was used,
incremental amounts of a 0.002 M amine solution
added, and the conductances measured. Each molar
conductance, A, was calculated, using a dilution
correction [6], and was able to be reproduced within
five percent.

A 70 X10™* M iron complex solution in dichloro-
methane was prepared and incremental amounts of a
7.0 X 10™* M amine solution and pure solvent were
added to produce an iron complex concentration of
1.0 X 107*M. The spectra were measured from 700
to 250 nm.

When im was added to a 0.01 M Fe(salphen)NO;
dissolved in chloroform, a black precipitate resulted
which appeared to be Fe(salphen)NO;+2im. Anal.
Cale. for CogH;N,OsFe: N, 17.25; Fe, 9.83. Found:
N, 16.68; Fe, 9.56%. It had a magnetic moment of
5.5 ug at room temperature. The addition of im to
Fe(salen)NQO, dissolved in chloroform produced a
black solid with the following analyses: N, 15.82;
Fe,1096%.

Results

The dichloromethane and chloroform solutions
of the high spin Fe(salen)NO; had the expected
proton NMR spectra [1, 7], showing an alternat-
ing shift pattern for the phenyl resonances (Fig. 1).
When im or N-Meim was added to the solutions,
the downfield peaks (4-H and 6-H) shifted upfield,
while the upfield peak (5-H) shifted downfield
(Fig. 1 and Table I). (The upfield 3-H peak was not
often observed.) The limiting proton signal values,
reached when an excess of amine was present, were
still within the range found for high-spin Fe(salen)X
complexes (Table 1). No spectral peaks due to low-
spin complexes were observed. A graph (Fig. 2) of
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Fig. 1. Proton NMR spectra of (bottom) 0.01 M Fe(salen)-
NOj in CDCl;3 and (top) with 0.030 M N-Meim present, 30°,
taken at 90 MHz. Spectra have different ppm scales.
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Fig. 2. Proton NMR chemical shifts vs. amine/Fe(salen)NO;,
ratio for salen protons. Closed symbols are for N-Meim addi-
tion in CDCl3 and open symbols for im addition in CD,Cl,.
Number at right indicates proton position on ring and sign in
parentheses is the sign of the chemical shift.

the resonance values vs. the base/complex ratio show-
ed a rather sharp change as the ratio increased, with
the limiting resonance value being reached at an
approximate ratio of two. A comparison of the plots
for the N-Meim and im additions indicated that for
the N-Meim case, the limiting resonance values, which
were the same for both amines, were reached at a
slightly lower ratio than for the im case. The addi-
tion of the same bases to Fe(salen)Cl solutions
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TABLE I. Proton NMR Spectral Data for Fe(salen)X and Fe(salphen)X Complexes a

X Solvent T Peak assignments (5) Reference
0

3-H 4-H 5-H 6-H
For Fe(salen)X
Cl CDCl3 27° +84 -80 +70 -50 7
Cl CDCl;3 30 +83 -78.3 +68.9 -49.3
OAc CDCl, 27 +83 ~78 +69 —48 16
OBz CDCl;3 27 +84 -79 +70 —48 7
DBcatH CDCl3 amb - -71 +54 —42 17
NOj CDCl4 30 +96 -82.6 +81.1 -53.5 1
NO; CD,Cl, 30 -~ -81.7 +81.1 ~52.7
NO3/im(10)b CD,Cl, 30 - -71.1 +62.3 -37.0
NO3/N-Meim(2.6) CDCly 30 - -71.4 +61.8 -39.0
Cl/im(4.6) CD,Cl, 30 - -72.4 +60.3 —40.0
Cl/N-Meim(2.1) CDCl4 30 - -75.8 +65.7 —46.6

Peak assignments (§)

4-H 5-H 6-H phenyl
For Fe(salphen)X
NO3 CDCl; 30 -87.8 +82.8 -55.9 -27.8
NO3/N-Meim(2.5) CDCl3 30 -170 +59 - =26
2Abbreviations: DBcatH, 3,5-di-tert-butylcatechol anion; OBz, benzoate; OAc, acetate. See text for other abbreviations. PNum-

ber in parentheses is ratio of base to complex in solution.

showed only slight shifts in the resonance values
(Table I) with no limiting values being reached,
even when the base/complex ratio was greater than
two.

The addition of N-Meim to a solution of Fe(sal-
phen)NOj resulted in a proton NMR spectrum with
broad peaks having peak centers that were difficult
to determine precisely. However, the observed shifts
did seem larger than those found for the Fe(salen)-
NO;3/N-Meim interaction. Adding im to a chloro-
form solution of Fe(salphen)NOj resulted in a solid
which appeared to be Fe(salphen)NO;+2im, a high-
spin iron(IIT) complex. A solid with an uncertain
nature resulted when im was added to a chloroform
solution of Fe(salen)NO;. Solids did not result in
dichloromethane; therefore, this solvent was used
for most of the measurements.

Room temperature conductance data in dichloro-
methane for the 0.001 M iron complex solutions
with added amine were obtained. The following
Ap, values at an amine/iron ratio of two were obtain-
ed: N-Meim/Fe(salphen)NO;, 20.1; N-Meim/Fe-
(salen)NO3, 15.5; im/Fe(salen)NO;, 4.5; and
N-Meim/Fe(salen)Cl, 04 ohm™ cm? mol™. Addi-
tion of N-Meim to a Fe(salphen)NO3; solution produc-
ed a relatively large increase in A, while a similar
addition to the Fe(salen)NO; produced a smaller
effect. The addition of im to a Fe(salen)NOj solution
gave only a relatively small change in Ap. When

N-Meim was added to a 0.001 M Fe(salen)Cl solution
little change in conductance was observed.

The electronic spectra of 1 X10™ M Fe(salen)-
NOj; solutions were obtained with added im and N-
Meim. Only small changes in the spectra were
observed after adding the bases. The solution spectra
with either excess (amine/complex ratio equal to
four) im or N-Meim present were identical. Com-
pared to the original Fe(salen)NO; spectrum the
spectra of solutions with excess amine showed a
small red shift (~10 nm) of the 525 nm band and
about a ten percent decrease in intensity. No change
in the spectrum of Fe(salen)Cl was observed when
either N-Meim or im were added.

The proton NMR spectrum of 0.01 M Fe(salen)-
NO; in deuterochloroform changed markedly when
pip was added incrementally, producing the spec-
trum of [Fe(salen)],0. When the pip concentra-
tion reached 5 X 107 M all of the high-spin complex
spectrum was gone. Carrying the reaction out in
oxygen-saturated solutions led to the same results.
Morpholine required a higher concentration (11 X
107 M) to produce a complete disappearance of the
Fe(salen)NO; spectrum. The addition of water to
the Fe(salen)NOj; solution did not produce the g-oxo
spectrum, but when pip was added evidence for the
p-oxo complex was immediately observed and a smal-
ler concentration of pip was required to destroy the
high-spin complex.
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A 0.010 M Fe(salen)ClI solution showed the same
behavior with pip, but a much higher concentration
(0.020 M) was necessary to have only the y-oxo com-
plex present. No species other than the high-spin
complex and the y-oxo species were observed.

There was little or no change in the conductance
of the Fe(salen)NOj; solution as the secondary amines
were added. However, the visible spectrum of Fe-
(salen)NO; was converted to that of the u-oxo com-
plex.

Discussion

The NMR spectral shifts observed as the imidazole
amines were added to the Fe(salen)NOj solutions
point to a maximum interaction ratio of two amines
to one complex, with no low-spin Fe(IlI) adduct
being formed. Displacement of the nitrate ion from
the coordination sphere of the Fe is indicated by the
conductance increase. However, a A, value of 67.4
ohm™ cm? mol™, shown by a 0.001 M PPN'CI”
solution, was not reached, even when the N-Meim/
Fe(salphen)NO; ratio was 4.0 (A, = 385 ohm™
cm? mol™). Weak association of the ion with the
product complex may keep the conductance lower
than expected. The greater NMR spectral and
conductance changes shown by the Fe(salphen)NO,
solution compared to those of Fe(salen)NO; does
indicate a structural effect.

A question that we wished to answer in this
study was: does the addition of the first amine (B)
produce a loss of nitrate or not? The equations
representing this are:

Fe(salen)(NO3) (B)
Fe(salen)NO; + B = or

Fe(salen)(B)" + NO;™
*Bre(salen)B,” + NO;~

Since five-coordinate Fe(salen)X complexes are
relatively common and since considerable rearrange-
ment has to occur to form the observed six-coordi-
nate S-cis salen structure [8, 9], it would have been
of interest to have some evidence on the nature of
the monoamine complex. Unfortunately the conduct-
ance measurements did not show if the nitrate was
lost in the first step or not. Attempts to calculate
formation constants for the amine complexes, using
spectral and conductance data were fruitless.
Considering the changes in the solution properties
of the Fe(Ill) complexes as bases were added, the
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formation constants are probably small for the
nitrate complexes, but are essentially zero for the
chloride complex. Unlike the iron(Ill) porphyrins
[10—12] there is little tendency for the iron(IIl)
salicylideneimines to bind N-Meim and im.

A reviewer pointed out an article by Nishida et
al. [13] in which the ESR spectra of the six-coordi-
nate low-spin Fe(IIl) complexes, Na[Fe(salen)(CN),]
and the bis-im adduct of the complex involving the
3-methoxysalen derivative were examined. These
complexes had different ESR spectra than thdése of
related porphyrin complexes and the differences
were ascribed to a different electronic structure
of the ground states produced by weaker axial
interaction for the Schiff base complexes. It is
interesting to note that the addition of a methoxy
group to the 3-position of each phenyl ring of the
salen ligand is enough to produce a low-spin complex
when im is added.

Hydrolysis of Fe(salen)NO; with the trace water
present appears to be promoted by pip,

Pip + H,0 = pipH" + OH~

2Fe(salen)NO; + 20H™
= [Fe(salen)],0 + H,0 + 2NO;~

The reaction is strongly dependent on the base
strength of the secondary amine since mor(pK,
5.67), a weaker base than pip(pK, 2.88), required a
greater concentration of base to effect the complete
formation of the u-oxo complex. The reaction prod-
uced no low-spin iron(II) complexes, ruling out the
possibility of autoreduction. Comparing the Fe(Il)/
Fe(lIl) half-wave potentials of Fe(TPP)" complexes
with those of Fe(salen)’, for example, Fe(TPP)N;
(Ey2 = —0.25 V) [14] and Fe(salen)N; (E;, = —0.62
V) [15], both in dimethylformamide, indicate that
reduction of Fe(TPP)" is more easily accomplished
than that for the Fe(salen)” unit.
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