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Abstract: Fe111TPPCl reacts reversibly with nitric oxide to form FeTPP(Cl)(NO) which is spectroscopically 
studied in toluene solution, glass media, and Nujol mulls. This diamagnetic nitric oxide complex is formulated as 
Fe11TPP(Cl-)(NO+). In the presence of methanol, Fe111TPPCl reacts with excess nitric oxide to produce Fe11-
TPP(NO). This reaction is thought to proceed via the methanolysis of coordinated NO + in the intermediate Fe11-
TPP(Cl-)(NO+) complex. Fe11TPP(NO) has a doublet ground state with the odd electron in a molecular orbital 
with Fe (d,0 and NO (<rN) character. Fe11TPP(NO) adds nitrogen donors in the sixth coordination position which 
have epr spectra showing 14N hyperfine from both nitrogen bonded ligands. A second nitric oxide is reversibly 
coordinated by Fe11TPP(NO) to form FeTPP(NO)2, which on the basis of magnetic and spectroscopic properties is 
formulated as Fe11TPP(NO-)(NO+). Two N-O stretching frequencies are observed consistent with linear Fe11-
NO + and bent Fe11NO - units. Bonding models are presented for the nitric oxide complexes and generalized for 
related complexes of diatomic molecules. 

Complexes of diatomic molecules with metallopor-
phyrins and their relationship to hemeprotein com

plexes have been a focal point for model systems 
studies.1 - 1 0 Hemeprotein reactions with nitric oxide 
have been extensively examined. Both the Fe(II) and 
Fe(III) forms of myoglobin and hemoglobin react with 
nitric oxide to form Fe11NO derivatives.1112 Ferric 
cytochrome peroxidase and horseradish peroxidase, 
however, are not reduced by nitric oxide, but form low 
spin adducts.1314 Examination of the interaction of 
nitric oxide with Fe(II) and Fe(III) porphyrin complexes 
under defined conditions can provide insight into the 
nature of the hemeprotein-nitric oxide complexes and 
the reductive nitrosylation reaction. In this paper we 
report on the observation and spectroscopic studies of 
NO complexes of Fe11TPP and Fe111TPPCl along with 
a general bonding model for complexes of this type. 

Experimental Section 
Materials. Tetraphenylporphyriniron(lII) chloride (FeTPPCl) 

was prepared by literature methods.1616 Purification was effected 
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by chromatography on aluminum oxide (Woelm neutral, activity 
grade 1). This procedure resulted in formation of some (Fe-
TPP^O dimer which was converted to the chloride by shaking with 
HCl." 

Fe"TPP(NO) was prepared by dissolving Fe111TPPCl in de
gassed toluene on a vacuum line, followed by addition of nitric 
oxide and methanol. The solution was then pumped to dryness 
and the solid was isolated in air. 

CP. nitric oxide was purchased from Matheson Gas Products and 
was passed through a column of KOH pellets to free it of higher 
nitrogen oxides. Toluene was dried over P2O5 and vacuum dis
tilled. Methanol was freshly distilled from Mg(OCH3^ and then 
vacuum distilled. Piperidine was dried over KOH and distilled 
from P2O3. Pyridine was dried over molecular sieves and vacuum 
distilled. 

Procedure. Samples for epr and electronic spectra were pre
pared on a high vacuum line by placing the solid iron porphyrin 
in a 4-mm quartz tube fitted with a vacuum stopcock and evacuating. 
Solvents were degassed and introduced by vacuum distillation. 

Solution magnetic susceptibilities were measured by the nmr 
method.18 Solutions were prepared with a deuterated toluene-
cyclohexane solvent and susceptibility measurements were made 
from the cyclohexane shifts. Measurements of iron complexes in 
the presence of nitric oxide were corrected by independent studies 
of the solvent with nitric oxide at the same pressure and tempera
ture condition. 

Infrared spectra were recorded as Nujol mulls. The spectra for 
nitric oxide adducts of FeTPPCl and FeTPP(NO) were obtained by 
employing a cell generously loaned to us by Professor D. Schmul-
bach. The mull was placed on the inner face of a window and the 
5-mm path length between the two windows was evacuated. Ni
tric oxide could then be introduced and allowed to diffuse into the 
mull. Vibrational bands obscured by the spectrum of free nitric 
oxide were measured by evacuating the cell and recording the spec
trum while the adduct was trapped in the mull. Infrared spectra 
were recorded with KRS-5 windows and electronic spectra with 
quartz windows. 

Instrumentation. Epr spectra were recorded on a Varian Model 
V-4502 X-band spectrometer equipped with a Field Dial Mark I, 
Hewlett-Packard Model 7001 AM x-y recorder, and a Hewlett-
Packard frequency meter, Model X-532B. Cooling was provided 
by a cold nitrogen gas stream using a Varian U-4557 variable tem
perature accessory to control the temperature to ±2°. Field cali
brations were made with DPPH powder (g = 2.0036). 

Electronic spectra were recorded on a Cary Model 14 recording 
spectrophotometer. Low temperature spectra were obtained by 
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Figure 1. Electronic spectra for tetraphenylporphyrin iron com
plexes ( ,2930K; --,770K). 

placing a 4-mm epr tube in a dewar with fused quartz optical win
dows. Infrared spectra were measured on a Perkin-Elmer 421 
grating spectrophotometer. A 60 and HA 100 spectrometers with 
provision for temperature control were used in nmr measurements. 

Results 

FeTPP(Cl)(NO). FeTPPCl is a high spin Fe(III) 
complex with an 5 = V2 ground state.17 Electronic 
spectra for toluene solutions (2930K) of Fe111TPPCl as 
shown in Figure la are virtually unchanged by freezing 
to 770K. Exposure of this solution to nitric oxide 
results in the reversible appearance of a new electronic 
spectrum which increases in intensity as the pressure of 
NO is increased or the temperature is lowered. The 
electronic spectrum that is observed on freezing to 
770K appears in Figure lb. Spectral bands at 6905, 
6565, and 5080 A characteristic of high spin Fe111TPPCl 
disappear and new bands centered at 5770 and 5430 A 
appear in toluene glass media. The new electronic 
spectrum is characteristic of a low spin complex and 
is closely related to Fe11TPP(C5H5N)2

19 (Figure la). 
Examination of H2TPP under the same conditions 
eliminates the interaction of NO with the porphyrin 
ligand as the source of these spectral changes. Nujol 

(19) H. Kobayashi and Y. Yanagawa, Bull. Chetn. Soc. Jap., 45, 
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mull electronic spectra of FeTPPCl in contact with 1 
atm of nitric oxide are identical with those obtained in 
frozen toluene glasses demonstrating that this reaction 
also occurs in the solid state. Evacuation of the excess 
nitric oxide regenerates (~1 hr) the FeTPPCl spectrum. 
Infrared spectra of similar mulls reveal the presence of 
a new band at 1880 cm - 1 which decreases in intensity 
and disappears when excess nitric oxide is removed. 
Appearance of the new electronic spectrum is accom
panied by disappearance of the characteristic epr spec
trum for Fe111TPPCl,20 and no new transitions are ob
served in the glass (770K). These epr observations are 
consistent with formation of an even-electron species. 
Solution susceptibility measurements were made by the 
nmr method. In the presence of nitric oxide the average 
solution susceptibility associated with the iron porphyrin 
species decreases as the temperature is lowered or the 
pressure of nitric oxide increased. No difference in 
susceptibility between the sample and reference was 
detected for a 7 X 10~3 M solution of FeTPPCl at 1 
atm of nitric oxide and 213°K. In contrast, Curie 
behavior is observed for FeTPPCl in the absence of 
nitric oxide. These spectral and magnetic observations 
on toluene solutions, glass media, and Nujol mulls are 
associated with nitric oxide binding the iron site to 
form the diamagnetic complex FeTPP(Cl)(NO). 

A recent report of FeTPP(Cl)(NO) claims that this 
complex is high spin (n = 4.5 BM) with an electronic 
spectrum identical with that of FeTPPCl.21 Although 
we observe a similar N-O stretching frequency (1880 
cm - 1), we find that FeTPP(Cl)(NO) is diamagnetic and 
has an electronic spectrum characteristic of a low spin 
Fe(II) porphyrin. 

FeTPP(NO). Toluene solutions of Fe111TPPCl in 
the presence of excess nitric oxide react with methanol 
to produce Fe11TPP(NO). FeTPP(NO) can be iso
lated in air and characterized by analytical and spec
troscopic methods. Electronic spectra of FeTPP(NO) 
in toluene solution (293 0K) are virtually unaffected by 
freezing to 77 0K (Figure Ic). Infrared spectra for 
Nujol mulls of FeTPP(NO) have a strong band at 1700 
cm - 1 associated with CNO. Spin susceptibility measure
ments (270-33O0K) demonstrate a doublet ground state 
(S = V2) and Curie behavior for FeTPP(NO). Toluene 
glass epr spectra show three g values with nitric oxide 
14N hyperfine splitting in each region (Figure 2a). 

FeTPP(NO) can form 1:1 adducts with donors such 
as pyridine and piperidine but no adducts of phos
phorus donors (PF3, P(Bu)3, P(BuO)3) were observed. 
The donors are only weakly bound and can be removed 
under vacuum. Epr spectra for FeTPP(NO)(B) (B = 
C6H6N, C6H11N) in toluene glass (13O0K) show a 
rhombic g tensor, with 14N hyperfine splitting from both 
nitric oxide and the ring nitrogen donor in the gz region 
(Figures 2b and 2c). These spectra are closely related 
to those for the NO complexes of Fe(II) myoglobin11 

and hemoglobin22" where iron is axially coordinated 
by histidine. 

FeTPP(NO)2. Epr spectra for FeTPP(NO) in tolu
ene solution are found in Figure 3. In the presence of 
nitric oxide the epr spectrum for FeTPP(NO) de-

(20) A. Wolberg and J. Manassen, J. Amer. Chem. Soc, 92, 2982 
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Figure 2. Epr spectra in toluene glass (12O0K): (a) Fe11TPP-
(NOMgi = 2.102,A1(14N) = 12.6G; g2 = 2.064,a2(»N) = 17.2G; 
g3 = 2.010, U3(

14N) = 17.3 G), (b) FeI1TPP(NO)(PiPMgI = 2.08; 
gi = 2.04; g% = 2.003, O3(

14N) = 21.7 G), (c) gl region of Fe11-
TPP(NO)(pip) showing nitrogen-14 splitting from nitric oxide 
(21.7 G) and piperidine (5.9 G). 

creases in intensity as the pressure of NO is increased 
or the temperature is lowered. No epr transitions are 
detected in the glass media (770K) which is consistent 
with the formation of an even-electron species. Dis
appearance of the FeTPP(NO) epr spectrum is ac
companied by the appearance of a new electronic 
spectrum (Figure Id) remarkably similar to FeTPP-
(Cl)(NO) and low spin Fe11TPP(C5H5N)2. Identical 
electronic spectra are obtained from Nujol mulls of 
FeTPP(NO) in contact with 1 atm of nitric oxide. 
Removal of excess nitric oxide regenerates the FeTPP-
(NO) spectrum after pumping for several hours. The 
infrared spectrum of the nitric oxide adduct of FeTPP-
(NO) was measured by removing excess nitric oxide 
from the cell and recording the spectrum while the bis 
nitrosyl was trapped in the mull. Two N-O stretching 
frequencies were observed at 1870 and 1690 cm -1 . 
The 1870-cnr"1 band decreased and disappeared upon 
evacuation of the cell. We associate these spectral 
changes with formation of FeTPP(NO)2. Solution 
susceptibility measurements as a function of tempera
ture indicate that FeTPP(NO)2 is diamagnetic. 

Discussion 

FeTPP(NO) has a doublet (S = V2) ground state and 
is conveniently studied by epr in both solution and 
glass media. Observation of 14N hyperfine coupling 
from both nitric oxide and the ring nitrogen donor in 
FeTPP(NO)(B) (B = C5H5N, C5H11N) provides evi
dence for placing the odd electron in a molecular 
orbital with substantial iron dj2 character. The odd 
electron which originates on nitric oxide thus becomes 
highly delocalized to iron in the complex. The spin 

Figure 3. Epr spectra for FeTPP(NO) in toluene, (g) = 2.054, 
(O)(14N) = 17.4 G: (a) 2530K, (b) 2530K, 400 Torr nitric oxide, 
(c) 203 0K, 400 Torr nitric oxide. 

density that reaches the donor atom for an axially co
ordinated ligand is dependent on the metal d22 odd 
electron population. Comparison of the pyridine 14N 
hyperfine splitting in the gz region for CoTPP(py) 
(15.8 G)24 where the odd electron is virtually localized 
in the dzi with the corresponding value for FeTPP(NO)-
(py) (5.9 G) is indicative of the substantial dz! population 
in FeTPP(NO). Epr and Mossbauer studies have been 
used to demonstrate a similar electron distribution in 
the closely related Fe11NO hemeproteins.1122'25 

The g value expressions for a (d^)1 configuration are26 

g„ = 2.002 (1) 

g„ = 2.002 - 6\a^/AEyz^ (2) 

gys = 2.002 - 6Xa2/32/A£,2^ (3) 

where X is the spin-orbit coupling constant for Fe(II) 
(X0 ~390 cm-1)27 and a, /3, and y are the fractional d 
populations in the molecular orbitals having dzs, d„z, and 
dxz population, respectively. Coordination of FeTPP-
(NO) by a donor molecule results in decreased g values 
(Figure 2b), due to the combined effects of the donor 
increasing AE values (elevation of the d£2) and decreasing 
a2 (d2j population) (eq 2 and 3). The decrease in dzi odd 
electron population accompanying coordination of 
FeTPP(NO) by a donor is reflected in an increased 14N 
coupling constant for nitric oxide as well as spin 
derealization to the ring nitrogen donor (Figure 2). 

Observation of three g values in FeTPP(NO) and the 
1:1 nitrogen donor adducts indicates that the dxz, dvz 

orbitals are nondegenerate (eq 2 and 3). Interaction 
of the filled metal d7r orbitals with the nitric oxide TT* 
provides an appropriate bonding mechanism for 
splitting of the dxz, dyz when the iron-nitric oxide unit 
is bent and stationary on the epr time scale. Prelimi
nary X-ray studies by Scheidt and Frisse demonstrate 

(24) B. B. Wayland, J. V. Minkiewicz, and M. E. Abd-Elmageed, 
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(27) J. S. Griffith, "The Theory of Transition Metal Ions," Cambridge 

University Press, Cambridge, 1961, p 437; A. Abragam and B. Bleaney, 
"Electron Paramagnetic Resonance of Transition Ions," Clarendon 
Press, Oxford, 1970, p 399. 
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Figure 4. Schematic MO diagram for FeTPP(NO). 

bent Fe-NO units in these complexes.28 FeTPP(NO) 
is formally isoelectronic with other Fe(II) chelate species 
in which bent Fe-NO units have also been demon
strated.29 

A molecular orbital scheme related to those pre
viously suggested for nitric oxide complexes2430-32 is 
presented in Figure 4. Several of the principal fea
tures of the MO scheme are (1) linear diatomic-metal 
bonding maximizes d7r -*• pir bonding, (2) bent di
atomic-metal bonding removes the ligand IT* double de
generacy to produce one MO that is essentially a di
atomic 7T* and a second orbital appropriate for co
valent a bonding with the metal dz2, (3) bending of the 
diatomic-metal fragment is expected when either or 
both the metal dti or the ligand w* level are partially 
occupied, and (4) the degree of bending depends upon 
the relative importance of covalent a bonding and •K 
back-bonding. 

The No- orbital generated by bending the Fe-N-O 
unit becomes singly occupied and the ligand based T* 
orbital becomes empty in FeTPP(NO) (Figure 4). The 
odd electron occupies a molecular orbital of principally 
nitric oxide No- and Fe d2i character resulting in essen
tially a one-electron Fe-NO covalent a bond. If an 
additional ligand were axially coordinated, then the do
nor MO for this ligand would also participate in the odd 
electron MO. Nitrogen-14 hyperfine splitting from both 
NO and the sixth nitrogen donor in FeTPP(NO)(B) 
(B = C5H5N, C5HnN) can only be explained in terms 
of an eigenvector of this type, demonstrating that this 
aspect of the MO model is correct. 

In terms of a valence bonding model the Fe-NO a 

(28) W. R. Scheidt and M. E. Frisse: private communication. 
(29) R. D. Feltham, W. Silverthorn, H. Wickman, and W. Wesolow-

ski, Inorg. Chem., 11, 676 (1972); G. R. Davies, J. A. J. Jarvis, B. T. 
Kilbourn, R. H. B. Mais, and R. G. Owston, J. Chem. Soc. A, 1275 
(1970). 

(30) C. G. Pierpont and R. Eisenberg, / . Amer. Chem. Soc, 93, 
4905(1971). 

(31) D. M. P. Mingos, Inorg. Chem., 12, 1209 (1973). 
(32) J. H. Enemark and R. D. Feltham, Proc. Nat. Acad. Sci. U. S., 

69,3534(1972). 

bonding would be a hybrid of one- and two-electron 
interactions (TPPFe • NO <-• TPPFe: NO). Counting the 
metal d and ligand donor electrons, these resonance 
forms correspond to 15- or 16-electron cases. Addi
tional coordination of a two-electron donor pro
duces acceptable 17- or 18-electron cases. If the 
Fe-NO unit were linear, nitric oxide would function as 
a three-electron donor producing a 17-electron case. 
In this case occupation of the sixth-coordination site by 
a two-electron donor would produce an unfavorable 
19-electroncase. 

The N-O stretching frequencies for FeTPP(NO) and 
FeTPP(NO)(pip) (pip = piperidine), 1700 and 1680 
cm -1 , respectively, lie in the range frequently associated 
with NO - . This has led to the assignment of FeTPP-
(NO)(pip) as an Fe111NO - species.33 However, the 
empty Fe(II) dz2 in these complexes functions as an ac
ceptor orbital for the nitric oxide IT* electron resulting 
in partial reduction of iron(II). This charge redistribu
tion in the a system can be partially compensated by 
d7r -*• p7r back-bonding, but the net charge on nitric 
oxide should be either positive or close to zero. The 
origin of the relatively low KNO values stems from the 
bending of the Fe-NO unit irrespective of the charge 
distribution. The fully occupied -K bonding orbitals of 
nitric oxide split upon bending to form one occupied w 
orbital (ir bond) and an occupied a orbital (oxygen 
"lone pair"), resulting in a reduced T bond order. Cor
relation of fNo with effective oxidation state is thus not 
valid for bent nitrosyl complexes. 

FeTPP(Cl)(NO). Coordination of nitric oxide by 
FeTPPCl results in a low spin diamagnetic complex. 
The similarity in electronic spectra between FeTPP-
(Cl)(NO) and diamagnetic Fe(II) porphyrin species 
suggests the formulation of this compound as a low spin 
Fe(II) complex, Fe11TPP(Cl-)(NO+). The Fe11NO+ 

unit is thus formally isoelectronic with the better known 
Fe11CO complexes.9-34 Spectroscopic and magnetic 
properties for nitric oxide complexes of ferric per
oxidases parallel those for FeTPP(Cl)(NO).1314 

The position of the N-O stretching vibration (1880 
cm -1) is only consistent with a linear Fe-NO fragment 
(vide ante) and is indicative of extensive 7r back-bonding. 
Similar values for v^o have been observed in formally 
isoelectric complexes with known linear metal-nitrosyl 
units: cN0 = 1939 cm" 1^rFe(CN)5(NO)2V"-36 vN0 = 
1860 cm - 1 for RuCl3(NO)(PMePh2)2.

37>38 

A proposed schematic MO description for Fe11TPP-
(Cl-)(NO+) is given in Figure 5. The interaction of 
nitric oxide with the Fe(III) site results in an electron 
transfer from the NO w* to the lower energy d orbitals. 
A linear Fe11NO+ fragment which maximizes dir -»• p7r 
bonding is predicted because no extra stabilization is 
achieved upon bending when both the d^ and 7r* or
bitals are empty. The donor orbitals of Cl - and NO+ 

form O- bonds with the empty Fe11 dz°., and the empty 

(33) D. V. Stynes, H. C. Stynes, B. R. James, and J. A. Ibers, / . 
Amer. Chem. Soc, 95, 4087 (1973). 

(34) E. Antonini and M. Brunori, "Hemoglobin and Myoglobin in 
Their Reactions with Ligands," American Elsevier, New York, N. Y., 
1971. 

(35) P. T. Manoharan and W. C. Hamilton, Inorg. Chem., 2, 1043 
(1963). 

(36) G. Paliani, A. Poletti, and A. Santucci, J. MoI. Struct., 8, 63 
(1971). 

(37) J.ChattandB.L.Shaw,/. Chem. Soc. A, 1811(1966). 
(38) A. J. Schultz, R. L. Henry, J. Reed, and R. Eisenberg, Inorg. 

Chem., 13, 732(1974). 
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NO+ 7T* functions as an acceptor toward the filled 
dM,vl. Spin pairing the d orbitals enhances both the 
F e n - N O + a and w bonding by emptying the d82 and 
filling the dxl,yt and could be a requirement for nitric 
oxide complexes of this type. In valence bonding 
terms FeTPPCl is a 15-electron case and adds nitric 
oxide as a three-electron donor to form an 18-electron 
case Fe11TPP(Cl-XNO+). 

Reductive Nitrosylation. Addition of methanol and 
nitric oxide to a toluene solution of Fe111TPPCl results 
in reductive nitrosylation to form Fe11TPP(NO). The 
following reaction sequence in analogy with previous 
studies of reductive nitrosylation is proposed.12,39 

Fe111TPPCl + NO ^ - » - FeTPP(Cl)(NO) 

FeTPP(Cl)(NO) + MeOH —>• Fe11TPP + MeONO + HCl 

Fe11TPP + NO —>> Fe11TPP(NO) 

Direct observation of FeTPP(Cl)(NO) suggests this 
species as a probable intermediate. Formulation of 
this species as FenTPP(Cl-)(NO+) suggests that the role 
of the hydroxylic reagent is simply to react with coor
dinated NO+ . This reductive nitrosylation reaction 
must be closely related to the reactions of nitric oxide 
with aqueous solutions of hemin chloride23 and ferric 
myoglobin12 and hemoglobin11 species. 

Reactions of crystalline and freeze-dried metmyo-
globin with nitric oxide have been examined in an at
tempt to trap a MbFe111NO complex. Solid metmyo-
globin is found to react with nitric oxide to rapidly 
yield MbFe11NO. Hydrolysis of the anticipated inter
mediate complex may well be effected by the water 
molecule in the heme sixth-coordinated position. We 
believe that reductive nitrosylation is a characteristic of 
an Fe11NO+ species when an appropriate reagent is 
available for reaction with coordinated NO+. Failure 
of the ferric peroxidases to be reduced by nitric oxide 
provides an indication that the heme binding site is in
accessible to H2O. 

FeTPP(NO)(NO). FeTPP(NO) coordinates a sec
ond nitric oxide resulting in the diamagnetic complex 
FeTPP(NO)2. Electronic spectra for this complex are 
closely related to those for FeTPP(Cl)(NO) and related 
low spin Fe(II) porphyrin complexes and suggest the 
formulation Fe11TPP(NO-)(NO+) in analogy with 
Fe11TPP(Cb)(NO+). 

Experimental evidence for formulating FeTPP(NO)2 

as containing two different types of coordinated nitrosyl 
ligands is obtained from the presence of two NO vi
brations (1870 and 1690 cm -1) in the mull spectrum of 
FeTPP(NO)2. The band at 1870 cm-1 is in the range 
expected for a linear Fe11NO+ unit and the 1690-cm-1 

band is consistent with a bent Fe11NO - fragment. The 
similarity of vN0 in FeTPP(NO)2 (1870 cm-1) and Fe-
TPP(Cl)(NO) (1880 cm-1) coupled with their nearly 
identical electronic spectra justifies the analogy in the 
formulation of their electronic structure. Support for 
this formulation comes from the molecular structure of 
the related complex [RuCl(NO)2(P(C6H5)S)2]. This 
species contains linear (178°) and bent (138°) Ru-NO 
units and exhibits vN0 bands at 1845 and 1687 cm - 1 40 

(39) D. Gwost and K. G. Caulton, Inorg. Chem., 12,2095 (1973). 
(40) G. C. Pierpont, D. G. Van Derveer, W. Durland, and R. Eisen-

berg, / . Amer. Chem. Soc, 92,4760 (1970). 
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Figure 5. Schematic MO diagram for FeTPP(Cl)(NO). 

Two N-O stretching frequencies were also observed 
in a recently reported dinitrosyl complex of a Ru(II) 
porphyrin and originally attributed to solid state 
effects.41 We believe this Ru(II) complex may be 
formulated as containing both coordinated NO+ and 
N O - in analogy with the isoelectronic Fe11TPP(NO)2 

complex. 
Inspection of the outline MO diagrams for FeTPP-

(NO) and FeTPP(Cl)(NO) provides insight into why a 
species of this type may form. Interaction of nitric 
oxide with FeTPP(NO) results in transfer of the NO 
IT* electron to the singly occupied (<rN + d2s) MO in 
FeTPP(NO) (Figure 4) and coordination of nitric oxide 
as NO+. Double occupation of the (cN + d„s) orbital 
effectively produces a coordinated singlet NO - . 
The principal features for an MO description 
for FeTPP(NO-)(NO+) can be generated by substi
tuting an N O - a donor orbital for the Cl - donor orbital 
in Figure 5. 

The reaction of FeTPP(NO) with nitric oxide to 
form Fe11TPP(NO-)(NO+) can be viewed as the con
version of a 15-electron to an 18-electron case. The 
Fe11NO - unit is isoelectronic with the bent Co111NO -

unit in CoTPP(NO)42 and with the Fe11O2 unit in oxy
hemoglobin and the recently reported dioxygen com
plexes of Fe(II) porphyrins.4 3 
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