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Numerous studies have established that iron(II)
and iron(Il) porphyrins readily bind nitrogenous
bases [1]. A category of nitrogenous bases that has
not received much attention is hydroxylamine and
its derivatives. Hydroxylamine is of importance as
an intermediate in the interconversion of NO,™ to
NH," in the biosphere. Hydroxylamine has been
identified as the first intermediate in the oxidation
of NH," to NO, by the nitrifying bacterium,
Nitrosomonas europaea [2—4]. The enzyme respon-
sible for oxidizing hydroxylamine, hydroxylamine
oxidase, contains cytochrome P 460 which is believed
to be involved in the oxidation [5—7]. There is also
evidence of a hydroxylamine intermediate in the
reduction of NO,™ to NH," by the nitrite reductase
enzyme [8] found in plants (spinach [9]), fungi
(Neurospora crassa [10]) and bacteria (Escherichia
coli [11] and Achrombacter fischeri [12]). The active
site in A. fischeri nitrite reductase is a c-type cyto-
chrome, while the active site in the other nitrite
reductases is siroheme, an iron isobacteriochlorin
[13]. Studies of heme-type prosthetic groups indicate
that hydroxylamine is tightly bound to the iron
[14].

Prior to this paper a NMR study of the reduction
of ferric porphyrins with N-hydroxylpiperidine estab-
lished that the base binds to iron(II) porphyrin [15].
In order to further study the role of hydroxylamine
with iron porphyrins, we report the preparation of
iron(ll) porphyrin organohydroxylamine complexes
of the general formula; Fe(II)TPP(RNHOH), (TPP =
dianion of meso-tetraphenylporphyrin; R = methyl,
ethyl, propyl, and phenyl) (see Fig. 1). These com-
plexes should be of value as models for hydroxyl-
amine intermediates.
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Fig. 1. Structure of FeTPP.

Experimental

Fe(HI)TPP(Cl) and RNHOH were prepared follow-
ing standard literature methods [16, 17]. Prior to
use, toluene was refluxed in the presence of Na and
dichloromethane was dried over CaH,. Organo-
hydroxylamines were recrystallized from methanol—
ether. Under a nitrogen atmosphere, 200 mg of
FeTPP(Cl) in approximately 45 ml of toluene was
stirred over a zinc amalgam [18]. Following complete
reduction to Fe(II)TPP, the solution was filtered and
a 5-10 fold excess of RNHOH was added. After
about 2 h of stirring, significant amounts of crystal-
line precipitate would form. Additional material
could be collected by reducing the volume by about
1/3. The reddish-purple solid was collected by filtra-
tion and washed twice with deoxygenated methanol.
The compound was crystallized from dichloro-
methane—methanol to which a small amount of the
appropriate hydroxylamine derivative had been
added. In the case of methyl hydroxylamine, the
hydrochloride salt (MeNHOH-HCI) was used along
with a slight excess of recrystallized Proton Sponge
(1,8-bis(dimethylamino)naphthalene, Aldrich) to
remove HCl. The reaction solution was stirred over-
night. Overall yields for the complexes varied from
40 to 65% depending upon hydroxylamine derivative.
Satisfactory chemical analyses were obtained for all
the compounds (see Table I). Proton FT NMR spectra
indicated that the complexes were diamagnetic.

When the above experimental procedure was
repeated with FeTPP(Cl) and RNHOH, no evidence
of complexation was observed. Besides complexing
the metal, another possible reaction was the reduc-

TABLE I. C, H and N Analysis for FeTPP(RHNOH), (%)

R Calculated Found

C H N C H N

Me 7243 5.03 11.03 72.45 4.85 10.34
Et 72.90 5.35 10.63 72.67 5.28 10.01
Pr 71.88 5.66 10.26 72.21 562 10.11
Ph 75.84 4.77 9.48 75.59 4.30 9.35
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tion of ferric porphyrin to ferrous porphyrin, typical
of primary amines. However, after ~2 hours no
change was observed. Eventually RNHOH decom-
posed and primary amines were formed.

Optical spectra were recorded on a Cary 219
spectrophotometer. Infrared spectra were obtained
as Nujol mulls on a Beckman Acculab spectrometer.
Satisfactory chemical analyses (Galbraith Labora-
tories, Inc., Knoxville, Tenn., U.S.A.) were obtained
for all the compounds (see Table I). Cyclic voltam-
metry measurements were obtained with a PAR
Model 174 Potentiostat and Model 175 Universal
Programmer. Scan rates were 200 mV/s. A standard
three electrode configuration was used; consisting of
a glassy carbon working electrode, platinum wire
counter electrode and saturated calomel reference
electrode (sce). For exhaustive electrolyses, a PAR
model 179 Digital Coulometer was used. A specially
designed cell, generously loaned by Dr. Jack Fajer,
which permits monitoring of the course of the elec-
trolysis by optical spectra was also used [19].
Electrochemical experiments were performed under
an argon atmosphere at 25 °C with tetrapropyl-
ammonium perchlorate as the electrolyte.

Results and Discussion

Solid samples of Fe(I)TPP(RNHOH), are air
stable. Nujol mull infrared spectra revealed two new
weak bands at around 3200 and 3320 cm ™!, assigned
respectively to -OH and -NH stretches of coordinated
hydroxylamine [20].

A typical optical spectrum for one of the iron(II)
complexes is reproduced in Fig. 2. The recorded
spectrum is very similar to the spectrum of Fe(ll)-
TPP(pyridine), [21]. Dichloromethane solutions of
the phenylhydroxylamine complex (10~% M) reacted
immediately with air to form [FeTPP],0. Analogous
behavior has been observed for bis pyridine com-
plexes of iron(II) porphyrins [22]. On the other
hand, solutions of the methyl-, ethyl- or propyl-
hydroxylamine complexes, in either toluene or
halogenated hydrocarbons, could be handled in air
for short periods of time. However, after about 1 day
the complexes reacted with air to form the u-oxo
dimer. Addition of free RNHOH to dichloromethane
solutions of FeTPP(RNHOH), did not change the
optical spectrum, except in the case of the phenyl-
hydroxylamine complex. Small amounts of phenyl-
hydroxylamine added to the solution shifted peaks
by ~5 nm, suggesting the presence in solution of five
coordinate iron phenylhydroxylamine complex.
These observations are consistent with the following
equilibrium occurring in solution

FeTPP(RNHOH), =
FeTPP(RNHOH) + RNHOH (1)
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Fig. 2. Spectral changes during the exhaustive electrolysis of
FeTPP(PhNHOH), in dichloromethane. Initial spectrum
(—), spectrum after 50% oxidation (— — —), spectrum after
complete oxidation (— - —).

The equilibrium favors the bis organohydroxylamine
complex. Loss of an axial ligand opens up a site for
attack by dioxygen on the iron. The rapid oxidation
of the phenylhydroxylamine complex is attributed to
weaker coordination of PhNHOH due to steric
hindrance of the phenyl ring.

Cyclic voltammetry studies of the iron(II) com-
plexes in dichloromethane recorded an irreversible
oxidation wave, £, anodic = 0.6—0.7 V versus sce,
depending upon the complex. Exhaustive electrolysis
of each complex showed that the irreversible oxida-
tion took one electron to form an iron(1II) complex.
The unusually high potential for the oxidation of
iron(II) is consistent with other electrochemical
studies of iron porphyrins, which show an increase
in Fe(1lI)/Fe(II) half-wave potential with axial ligands
that preferentially bind Fe(1l) over Fe(Ill) [23].
Optical changes recorded during the exhaustive elec-
trolysis confirmed that the oxidation resulted in the
loss of the organohydroxylamine. Since the oxidation
took place in the presence of the electrolyte, tetra-
propylammonium perchlorate, the product is Fe(III)-
TPP(C10,) (see Fig. 2) [24]. A second oxidation was
recorded, F,, = 1.1 V, assigned to the reversible one
electron oxidation of the porphyrin [25].

We also attempted to prepare FeTPP(NH,0H), by
the same procedure we used to prepare the organo-
hydroxylamine complexes. When NH,OH-HCI in
methano! is added to FeTPP in toluene, under
anaerobic conditions, the main product is FeTPP(CI).
If a base such as proton sponge or NaOMe is also
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added the main product is FeTPP(NO) [26]. Forma-
tion of nitrosyl from hydroxylamine in the presence
of iron(Ill) hemes has been previously observed
[27]. A similar reaction also occurs in the presence
of transition metal cyanide and isocyanide com-
plexes [28]. Based upon studies of these reactions
the following reaction is proposed.

Fe(II)TPP* + 2NH,0H + B —
FeTPP(NO) + NH, + BH* + H,0  (2)

The above reaction begins first with the oxidation of
iron(Il) to iron(III). Then, in the presence of base,
hydroxylamine disproportionates to give iron(Il)
nitrosyl, ammonia and water.
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