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Ever since the preparation of dinitrogen complexes of ru-
thenium(II)3 the decomposition of coordinated azide has 
been of interest. Basolo and co-workers have been able to 
characterize the decomposition of Ru(III)4 and Ir(III)5 

azides as proceeding through a strongly electrophilic pro-
tonated nitrene (e.g., [(H3N)5Ru1 1 1NH]3 + or [(H3N)5-
Ir1 1 1NH]3 +). The fate of the intermediate depends in part 
on the available oxidation states of the metal ion. In the 
case of the ruthenium(II) catalyzed decomposition of azide6 

the corresponding intermediate has been proposed as 
[ (H 3N) 5Ru 1 1NH] 2 + Because of the apparent nucleophicity 
of that intermediate Basolo and co-workers have pointed 
out that a Ru11NH (nitrene) may be better represented as a 
Ru I V NH (protonated nitride or imido) species. 

The only reported decomposition of a hemin azide was by 
McCoy and Caughey.7 They observed that the infrared 
spectrum in the 2000-Cm-1 region of azido protoporphyrin 
diethyl ester iron(III) in pyridine underwent a slow change 
at room temperature which was not inconsistent with the 
formation of a porphyrin FenN2 species. The spectral 
changes were not observed in the absence of pyridine or 
with other porphyrins. Because that product has not been 
fully characterized we investigated the decomposition of az-
idotetraphenylporphinatoiron(III) in the presence of bases 
and found the reaction to be extremely complicated. How
ever, at high temperature, in the absence of added bases, 
the azide decomposition proceeded smoothly in pure xylene 
and provided an interesting product, (TPPFe^N, contain
ing a nitrogen atom bridge analogous to the well-character
ized M-OXO dimer ( T P P F e ^ O . 8 - " This appears to be the 
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first example of a nitrogen bridged complex of a first transi
tion series metal. 

Experimental Section 
All solvents and chemicals were reagent grade and used without 

further purification. Xylene was Fisher certified xylenes contain
ing a mixture of ortho, meta, and para isomers which were dried 
and distilled from calcium hydride immediately prior to use. 

Spectra were recorded on Perkin-Elmer Model 521 and Cary 
Model 14 spectrophotometers. Mass spectra were observed on a 
Hitachi Perkin-Elmer Model RMU-6E spectrometer. Mossbauer 
data were collected on a Ridl 400 channel analyzer, Model 34-
12B, using an Elscint Mossbauer drive, Model MFD-4 in the saw
tooth mode. Pulse height discrimination was performed with a high 
count rate amplifier (Elscint, Model CAV-N-I) and single channel 
analyzer (Elscint, Model SCA-N-2A). The data were analyzed by 
a conventional least-squares fit to individual Lorentzian shaped ab
sorption peaks on an IBM 360-168 computer. The maximum error 
calculated for the position of any one absorption peak was ±0.002 
mm/s. Low temperature spectra were obtained with an Air Prod
ucts cryostat and a proportional temperature controller. Although 
the sample temperatures were held constant to within ±0.2 K the 
actual temperatures were known to only ±1.0 K. All spectra were 
observed using powders and isomer shifts are reported relative to 
iron metal. 

Magnetic suceptibilities were measured on powdered samples by 
the Faraday method using an Ainsworth electronic balance and an 
Alpha cryostat between 77 and 300 K. HgCo(SCN)4 was used as a 
standard and the magnetic field was measured using metallic nick
el. Suceptibilities were corrected for diamagnetism using the value 
—386 X 1O-6 cgs units/mol for tetraphenylporphine and the stan
dard values for other elements present.12 

Molecular weights were determined by vapor pressure osmome-
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Abstract: The high temperature solution decomposition of tetraphenylporphinatoiron(III) azide (TPPFe111N3) in the absence 
of added base and oxygen has been examined. In addition to N2 the only reaction product observed is formulated as 
TPPFeNFeTPP analogous to (TPP Fe^O. The room temperature Mossbauer spectrum is sharp (S = 0.10, rel Fe; A = 1.08 
mm/s) and is compared to that of (TPPFe^O. Magnetic studies reveal a temperature independent moment indicative of one 
unpaired electron per dimer. The FeNFe infrared mode is observed at 910 (vs) and 885 (m) cm-1. Kinetic studies of the so
lution thermolysis indicate first-order decomposition of TPPFeN3 with £ a = 33.7 kcal/mol. This appears to be the first ex
ample of a nitrogen atom bridge between two metals of the first transition series. 
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try on a Hitachi Model 115 unit in Fisher Spectrograde methylene 
chloride or benzene which was distilled from calcium hydride im
mediately prior to use. The system was calibrated with benzil and 
checked with /t-oxobis-(tetraphenylporphinatoiron(III)). This pro
vided an estimate of the error in the observed molecular weight of 
±5%. 

meso-Tetraphenylporphine, C44H30N4 (TPPH2), was prepared 
by the method of Adler et al.13 or purchased from the Aldrich 
Chemical Co. 

M-Oxobis-(tetraphenylporphinatoiron(III)), [(TPPFe)2O], was 
prepared by the method of Adler et al.14 and purified by alumina 
chromatography with methylene chloride. 

Tetraphenylporphinatoiron(III) Azide (TPPFeNs). Hydrazoic 
acid was prepared from 150 ml of a saturated solution of NaN3 on 
a Bio-Rad AG 50W-X8 cation exchange resin (wet volume 125 
ml). The void volume was discarded. (TPPFe)2O (459 mg, 0.34 
mmol) in 300 ml of freshly distilled benzene was shaken with 150 
ml of the aqueous azide solution and the mixture was allowed to 
stand for 15 min. The aqueous layer was discarded and the ben
zene layer was washed three times with equal volumes of water. 
The benzene was removed under reduced pressure at 60 0C and 
the solid product was dried in vacuo over P2O5 for 24 h, yield 378 
mg (78%). 

Anal. Calcd for C44H28N7Fe: C, 74.37; H, 3.97; N, 13.80; Fe, 
7.86. Found: C, 74.64; H, 4.07; N, 13.91; Fe, 7.89. 

Thermal Decomposition of TPPFeN3 in Xylene. The hemin 
azide (826 mg, 1.16 mmol) was dissolved in 400 ml of freshly dis
tilled xylene. The solution was refluxed under N2 for 14 h and the 
solvent was removed in vacuo at 60 0C to quantitatively produce 
the product. The solid was washed with methanol and reprecipitat-
ed from CH2Cl2-petroleum ether. The purple powder was dried in 
vacuo over P2O5 for 48 h at 110 0C: yield 651 mg (83%); Xmax (xy
lene) 533 (« 1.79 X 104 cm2 mol"1), 409 (« 1.99 X 105), 380 nm (c 
1.80X 105). 

Anal. Calcd for C88H56N9Fe2: C, 78.23; H, 4.17; N, 9.33; Fe, 
8.27. Found: C, 78.24, 78.13; H, 4.31, 4.30; N, 9.37, 9.31; Fe, 8.21, 
8.30. 

To identify the gas evolved during the reaction, analytically pure 
TPPFeN3 was dissolved in xylene in a drying ampoule equipped 
with a breakseal and evacuated on a vacuum line. The ampoule 
was sealed with a torch while evaculated and the solution was heat
ed to 138 0C for 14 h. The ampoule was attached to a mass spec
trometer, the solution cooled in a liquid nitrogen bath, and the 
head gases introduced directly. The solution was examined by visi
ble spectroscopy. 

Conversion of (TPPFe)2N to TPPH2. (TPPFe)2N (12.3 mg, 
0.009 mmol) was dissolved in 50 ml of a 3:2 (v/v) CHCl3-CH3OH 
solution in a flask equipped with a reflux condenser. FeCl2-6H20 
(250 mg, 1.1 mmol) was added to reduce the iron porphine. HCl 
was bubbled through the solution and the mixture was refluxed for 
15 min upon which the solution became bright green. After cool
ing, the organic layer was washed twice with an equal volume of 3 
M NaOH and the aqueous layer discarded. The organic solvent 
was removed in vacuo and the solid residue was identified as 
TPPH2. 

Kinetic Studies of the Formation of (TPPFe)2N. Method A. A so
lution of TPPFeN3 (1 mg/ml) in xylene (50 ml) was heated in a 
thermostated bath. The solution was stirred under a nitrogen at
mosphere and aliquots were withdrawn via a serum cap. The reac
tion mixture was sampled for approximately one half-life, when 
the product began to precipitate. An infinity measurement was re
corded after, 48 h. This was accomplished by transferring the re
maining reaction mixture to a tared flask and weighing. A suffi
cient volume of xylene was added to dissolve all the product and 
the total solution weighed. All concentrations were determined by 
absorbance measurements. 

Method B. A stock solution of TPPFeN3 in xylene (1 mg/ml) 
was transferred in 4-ml aliquots into each of 12 5-ml drying am
poules. Each aliquot was then degassed and sealed under vacuum 
and the ampoules were then immersed in a thermostated bath. At 
the appropriate time a tube was removed from the bath and the re
action quenched immediately in liquid nitrogen. The tube was then 
opened, the contents transferred to a tared 25-ml flask, and the so
lution weighed. Fresh xylene was then added to bring the volume 
to 25 ml and the final weight recorded. The solution was stirred for 
several hours to dissolve the product and the absorbance measured. 

Results 

Decomposition of TPPFe m N3. Refluxing a xylene solu
tion of TPPFe111N3 under nitrogen gas for 14 h produces a 
quantitative yield of a product found to be (TPPFe)2N. In 
order to identify the gas produced during the reaction, the 
same conditions were employed for a solution in an evacu
ated tube. The identical porphine product was obtained and 
mass spectral analysis of the gas revealed that only N 2 was 
present. Substitution of xylene as the solvent by nitroben
zene at 140 0 C or benzene at 120 0 C produced a spectrally 
identical iron porphine product. The strong asymmetric 
stretch of the azide in TPPFe111N3 at 2055 cm"1 (KBr) dis
appears during the reaction and the product presents new 
infrared (KBr) absorptions at 910 c m - 1 (vs, broad) and 885 
c m - 1 (m, sharp). Except for the 800-1000-cm_1 region 
shown in Figure 1, which includes the stretch of the ^-oxo 
bridge in (TPPFe)2O, the infrared spectra of (TPPFe)2O 
and (TPPFe)2N are identical between 400 and 4000 cm - 1 . 

Further evidence that the porphine ring was not altered 
during the reaction was obtained by removal of the iron 
from the product to produce a material spectrally identical 
with authentic tetraphenylporphine. 

If the formation of (TPPFe)2N is carried out in contact 
with the atmosphere, the product appears to be contaminat
ed with (TPPFe)2O. However, pure (TPPFe)2N itself is 
quite stable in air as a solid or in solution. A xylene solution 
of (TPPFe)2N showed no change in the visible spectrum 
after refluxing in air for several days. Formation of the 
product also depends on the concentration of TPPFe1 0Ns. 
Even under nitrogen the reaction solution, after opening to 
air, will contain appreciable quantities of (TPPFe)2O if the 
initial concentration of TPPFe111Na is less than 1 mg/ml. 

Molecular weight measurements in CH2Cl2 or benzene 
substantiate a dinuclear formulation for the product (calcd 
for (TPPFe)2N, 1351 g/mol) with 1356 g/mol being ob
served at a (TPPFe)2N concentration of 0.644 g/kg of 
CH2Cl2 . However, some molecular association may be pos
sible because as the (TPPFe)2N concentration was in
creased to saturation the observed molecular weight in
creased (e.g., 2230 g/mol at 2.10 g of (TPPFe)2N/kg of 
CH2Cl2). The observed reaction is: 

2TPPFeN3 — (TPPFe)2N + 5/2N2 

Magnetic Measurements. The magnetic properties of 
TPPFe111N3 are indicative of the expected high-spin d5 sys
tem. (TPPFe)2N also exhibits simple paramagnetic behav
ior provided that the sample was prepared from a concen
trated solution of TPPFeN3 in xylene (2 mg/ml). At 86 K 
the susceptibility of the product is field independent from 
600 to 6000 G. At a field of 6000 G the temperature depen
dence of the susceptibility presented in Table I follows 
Curie-Weiss behavior and a least-squares fit of the data in
dicates a magnetic moment of /xeff = 2.04 MB- The observed 
Weiss constant of +11° is within experimental error of 
zero. The analogous /x-oxo dimer (TPPFe)2O exhibits a mo
ment which depends on temperature and upon the extent of 
prior drying of the sample. This behavior is not found for 
(TPPFe)2N. 

We have also observed that the preparation of 
(TPPFe)2N from solutions with an initial TPPFeN3 con
centration of less than 2 mg/ml sometimes generates a 
troublesome ferromagnetic impurity in the product. We 
have not been able to remove that impurity once it is 
present; however, even under these conditions the bulk ma
terial appears unchanged. That was revealed by a plot of 
1/H vs. Xg (at 80 K) for a sample of (TPPFe)2N which 
contained the unknown ferromagnetic impurity. Least-
squares analysis of these data indicates that at infinite field 
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(TPPFe),0*/CHC<3 

T = -195"1C 

g= 1.993 

( cm"') 

Figure 1. Partial infrared spectra of (TPPFe)2O and (TPPFe)2N in 
KBr. 

Table I. Magnetic Susceptibility Data for (TPPFe)2N 

T, K 

86.5 
101.1 
125.8 
147.8 
174.2 
198.1 
222.4 
248.2 
296.8 

10 V 
3.49 
2.88 
2.46 
1.74 
1.42 
1.22 
1.01 
0.891 
0.696 

106Xm6 

5.51 
4.69 
4.12 
3.13 
2.72 
2.45 
2.17 
2.00 
1.74 

Mf 

1.96 
1.96 
2.04 
1.93 
1.95 
1.98 
1.97 
2.00 
2.04 

" In cgs units/g. b In cgs units/mol, corrected, 
in Bohr magnetons per (TPPFe)2N unit. 

7 Effective moment 

the susceptibility of the sample is Xmc = 6730 X 1O -6 (cgs 
unit/mol) which corresponds to jieff = 2.04 HB per dimer. 

While it is impossible to identify the impurity, a concen
tration of only 10 ppm of metallic iron would account for 
the magnitude of the observed field dendence of the suscep
tibility. The only effective way to avoid the presence of that 
impurity is by utilization of high concentrations (2 mg/ml) 
of TPPFeN3 in the initial formation of (TPPFe)2N. 

The room temperature electron paramagnetic resonance 
spectrum of polycrystalline (TPPFe)2N shows only one 
broad (ca. 140 G) absorption at g = 2.15. Cooling the solid 
sample to below 193 K gradually produces a spectrum with 
the same g = 2.15 resonance and a new satellite at g = 
2.01. No nitrogen hyperfine splitting has been observed in 
the spectra. 

Figure 2 shows the observed spectrum and the EPR spec
trum observed by Felton15 for the [(TPPFe)2O]+ cation 
produced by electrochemical oxidation of (TPPFe)2O. The 
temperature dependence of the satellite absorption is simi
lar in the two spectra. 

The N M R spectrum of (TPPFe)2N in CDCl3 at room 
temperature was examined between 0 and 100 ppm (<5). 
Resonances were observed only at 7.1 and 8.3 ppm similar 
to that observed for (TPPFe)2O and [(TPPFe)2O]+ . 

Mossbauer Spectra. The Mossbauer spectra of high-spin 
d5 iron porphyrins such at TPPFe111N3 show dramatic 
broadening at temperatures above 5 K due to spin-relaxa
tion effects at the isolated iron(III) centers.16,17 Such 
broadening is not observed in the spectrum of (TPPFe)2O 
due to the antiferromagnetic interactions between the two 

-IOOg-

9=2.009 

(TPPFe)2NZSOLlD 
T=-18CC 

1 — I S O g —J 

Figure 2. Electron paramagnetic resonance spectra observed for 
[(TPPFe)2O]+ l5 and (TPPFe)2N. 

Table II. Mossbauer Parameters 

Compound 

(TPPFe)2N 
(TPPFe)2N 
(TPPFe)2N 
(TPPFe)2N 
(TPPFe)2N 
TPPFe111Im2Cl'' 
TPPFe111Py2CW 
(TPPFe)2O8 

TPPFe111Cl/ 
TPPFe11Im2^ 
TPPFe11Py2^ 

5, mra/s" 

0.099 
0.148 
0.173 
0.170 
0.166 
0.14 
0.17 
0.29 
0.43 
0.46 
0.38 

A, mm/s* 

1.08 
1.07 
1.08 
1.08 
1.08 
2.11 
1.25 
0.62 
0.46 
1.06 
1.20 

Comments^ 

300K, T = 0.35 
77 K, T = 0.44 
44 K, T = 0.46 
24 K, T = 0.45 

6 K, T = 0.48 
l.s., sharp at 300 K 
l.s., sharp at 77 K 
h.s., sharp at 300 K 
h.s., broad at 300 K 
l.s.. sharp at 77 K 
l.s ,sharp at 300 K 

" Isomer shift relative to Fe metal. * Quadruple splitting. c Key: l.s. 
= low-spin, h.s. = high spin, T = full width at half-maximum absorp
tion in mm/s. d Im = imidazole, L. M. Epstein, D. K. Straub, and C. 
Maricondi, Inorg. Chem., 6, 1720 (1967). e Reference 8. -̂  Spectrum 
measured at 4.2 K, ref 16. g H. Kobayashi, Y. Maeda, and Y. Yanaga-
wa, Bull. Chem. Soc. Jpn., 43, 2342 (1970). 

high-spin iron atoms.810 '11 Low spin iron(II) or -(III) por
phyrins generally also present sharp room temperature 
Mossbauer spectra. 

The Mossbauer spectrum observed for polycrystalline 
(TPPFe)2N is sharp and symmetrical at all temperatures 
utilized between 300 and 6 K. The spectra observed at the 
two temperature extremes are shown in Figure 3. Although 
the line widths and intensities of the spectral peaks changed 
with temperature, the line widths, intensities, and areas of 
the positive velocity peaks were within experimental error 
always equal to those of the negative velocity peaks. The 
data are compared to that for some related compounds in 
Table II. 

Kinetic Studies. Rate studies of the thermal conversion of 
TPPFe111N3 to (TPPFe)2N are complicated by two experi
mental facts: (A) using a low initial concentration of 
TPPFe111N3 and temperatures below 125 0 C, the product is 
not pure but contains some (TPPFe)2O; (B) using high ini
tial concentrations of TPPFe111N3 causes precipitation of 
the product before one half-life and because of spectral 
overlap of the reactant and product the observed optical 
density of the solution is difficult to interpret. This problem 
was avoided by using two different methods to follow the 
course of the reaction. At temperatures above 125 °C, reac
tion mixtures containing varying initial concentrations were 
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Figure 3. Mossbauer spectra of (TPPFe)2N at 6 and 300 K relative to iron metal. Open circles represent the least-squares fitted curve and closed 
circles represent only those data points which do not fall on the calculated curve. All other data points fall on the calculated curve. 

Table III. Kinetic Data for the First-Order Decomposition of 
TPPFe111N3 in Xylene 

T, 0C Method " 104A:, s 

115 
120 
125 
126 
126 
126 
130 
130 

B 
B 
A 
A 
A 
A 
B 
A 

0.58 
1.16 
1.86 
2.27 
2.36 
2.24 
2.89 
3.04 

" Key: A = under N2 atmosphere, B = in vacuo, see text for details. 

followed for one half-life by spectrophotometric assay of the 
homogeneous solutions under a static head of nitrogen gas. 
Triplicate determinations of the reaction rate at 126 0 C 
gave rate constants that varied by ±2.5%. At temperatures 
below 125 0 C the reactions were run in sealed evacuated 
ampoules, and the product was allowed to precipitate. At 
specific intervals up to four half-lives the ampoules were 
opened and the heterogeneous solutions were diluted suffi
ciently to dissolve all solids. The resultant solutions were as
sayed spectrophotometrically. Both methods were used at 
130 0 C and the observed rate constants differed by 5%. 

All reaction runs were observed to closely follow first-
order kinetics in TPPFeH IN3 for as long as they were fol
lowed but not more than 3.5 half-lives. They showed large 
scatter beyond four half-lives. The data are summarized in 
Table III. The activation energy was observed to be 33.7 
kcal/mol. 

Discussion 

The slow thermal decomposition of TPPFe111N3 quanti
tatively produces (TPPFe)2N. The formulation of the prod
uct is substantiated by elemental analysis, molecular weight 
measurements, proven integrity of the porphine ring, and 
observation of reasonable NMR, visible, and infrared spec
tra. The product is considered similar to, but not isoelec-
tronic with, (TPPFe)2O. A nitrogen bridged dimer isoelec-
tronic with (TPPFe)2O would be, for example, 
(TPPFe)2NH. However, the presence of an N H (or for that 
matter NH2) bridge can be eliminated by consideration of 
the infrared data summarized in Table IV. The infrared ab
sorptions involving the nitrogen bridge in the product are 
200-300 c m - 1 above the region characteristic of known di-
nuclear M2NH (and M2NH2) species and fall close to the 
region known for the M2N stretch. 

Table IV. 
Systems 

Frequencies of the Asymmetric Stretch for M-X-M 

System 

(TPPFe)2N 
(TPPFe)2O" 
M2X, X = N* 

x = oc 

M2XH1X = N'' 
X = 0<* 

M2XH2, X = Nrf 

910 (vs), 885 (m) 
885 (m), 870 (vs) 

1000-1160 
700-900 
ca. 660 
500-580 
ca. 540 

" Reference 8. * M equals only second or third transition series met
als, W. P. Griffith, Coord, Chem. Rev., 8, 369 (1972). c W. P. Griffith, 
Coord. Chem. Rev., 5, 459 (1970). •> D. J. Hewkin and W. P. Griffith, 
J. Chem. Soc. A, All (1966), and references therein. 

Most convincingly, any compound isoelectronic with 
(JPPFe)2O must be an even electron system and the prod
uct is clearly a paramagnetic doublet. 

Because of the known hydrogen donor ability of xylene, 
the decomposition of TPPFeN3 was also carried out in the 
poor hydrogen donor solvents benzene and nitrobenzene 
with no change in the product or its quantitative formation. 

The infrared spectra of dinuclear oxygen and nitrogen 
bridged species have been well studied and frequencies of 
the asymmetric MXM stretch are presented in Table IV for 
several types of compounds. The difference between the 
known ^-nitrido and /x-oxo compounds can be rationalized 
in terms of the stronger 7r-donating properties of the nitride 
due to both the lower electronegativity and higher negative 
charge of N 3 - as opposed to O 2 - . It is also interesting to 
note that nitride bridged compounds have only been re
ported for metals of the second and third transition series 
which may also account for a great degree of ir-bonding be
tween the metals and the bridge atom. The fact that the 
data in Table IV for known M2N derivatives only includes 
compounds where M is a second or third transition series el
ement also explains the lower frequency of the Fe2N asym
metric stretch observed for (TPPFe)2N. In addition to de
creased ir-bonding due to the nature of the metal the data 
may also indicate the nitrogen bridge in (TPPFe)2N does 
not carry as great a negative charge as the nitride bridges 
included in the table. It would be useful to compare 
(TPPFe)2N with authentic nitride bridged compounds of 
the first transition series to fully evaluate the infrared data, 
but those compounds are not yet available. Comparison of 
the infrared spectra of (TPPFe)2O and (TPPFe)2N is con
sistent with a greater degree of bonding in the Fe2N bridge. 

Magnetic susceptibility measurements between 80 and 
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300 K indicate that (TPPFe)2N is a simple paramagnet. 
The moment, Meff = 2.04 ^ B per (TPPFe)2N molecule, is 
reasonable for one unpaired electron and the temperature 
independence of the moment eliminates an antiferromagne-
tic system with a thermally accessible high spin state as is 
found for (TPPFe)2O. 

Extensive molecular orbital calculations have been car
ried out for n-oxo bridged dinuclear ions.18 The orbital se
quence depends on the linearity of the MOM bridge and on 
the extent of x-bonding in the bridge. Figure 4 shows the 
orbital ordering for a linear and bent bridge and adequately 
describes the temperature dependent moment of 
(TPPFe)2O which possesses a slightly bent FeOFe bridge 
(174.5°) and 18 electrons. The same scheme predicts that a 
17-electron system possessing either a linear or slightly bent 
bridge should behave as a temperature independent doublet 
as is found for (TPPFe)2N. 

The fi-oxo dimer (TPPFe)2O has also been described19 as 
two antiferromagnetically coupled S = % ions with a / = 
309 c m - 1 . The (TPPFe)2N system can of course be de
scribed similarly but with a much larger value of J and the 
temperature independence of the moment precludes the as
signment of the spin states of the individual iron atoms. 

The hematin cation, [(TPPFe)2O]+ , studied by Felton,15 

has a temperature dependent magnetic moment similar to 
its parent. The orbital vacancy has been assigned to the 
Fe2O system, as opposed to a 7r-cation radical localized on 
the porphine ring, on the basis of NMR studies. According 
to Felton a x-cation radical formalism would require NMR 
shifts of 20-40 ppm, which were not observed for 
[(TPPFe)2O]+ . The smaller chemical shifts also found in 
the N M R spectrum of (TPPFe)2N thus supports the elec
tron configuration presented above. The similarity of the 
temperature dependence of the ESR spectra found for 
(TPPFe)2N and [(TPPFe)2O]+ may be due to their isoelec-
tronic relationship. 

The Mossbauer spectrum of (TPPFe)2N presents a tem
perature independent doublet indicating that the two iron 
atoms are either in the same oxidation state and environ
ment or the occurrence of very rapid ( < 1 0 - 7 s) exchange 
between the two. The Mossbauer parameters can thus pro
vide some insight to the average, or static, state of the iron 
atoms. 

The data in Table II indicate that for the TPPFe series 
the isomer shifts of high spin Fe(III) compounds are higher 
than those of the low-spin series in accord with a greater 
amount of metal to ligand x-bonding from the lower spin 
state ion. The large difference in quadruple splitting indi
cates that electronic effects are more important than site 
symmetries in determining the electronic field gradients for 
the two spin states of iron(III). Thus (TPPFe)2O presents 
Mossbauer spectral parameters indicative of antiferromag
netically coupled high spin iron(III) ions in agreement with 
other evidence. Considering the transition from (TPPFe)2O 
to (TPPFe)2N, the decrease in isomer shift and the increase 
in quadruple splitting could be taken to indicate a change of 
spin state with (TPPFe)2N possessing low spin Fe(III) ions. 
However, all solid low spin TPPFe111 systems are six coordi
nate and all solid five-coordinate TPPFe1" compounds are 
high spin. TPPFe111CN has recently been reported to be low 
spin in Me2SO solution, but no solids have been isolated 
and the complex may contain Me2SO as a sixth ligand.20 

Because solid (TPPFe)2N contains two five-coordinate iron 
atoms, a low spin configuration would be unusual. 

Consideration of the differing electronic configurations 
of the Fe2O and Fe2N systems described above leads to a 
reasonable interpretation of the Mossbauer parameters of 
both binuclear compounds as coupled high-spin ions. The 
orbital vacancy in (TPPFe)2N (compared to (TPPFe)2O) is 

D 4 h C2V 
LINEAR BRIDGE BENT BRIDGE 

Figure 4. Molecular orbital schemes for the M-X-M system in linear 
and bent conformations.18 The highest populated orbital in the linear 
extreme is the x* orbital (TPPFe)2O, (eu*)2; (TPPFe)2N, (eu*)>. 

in an antibonding x-orbital involving the Fe d orbitals. If 
that orbital is (as is reasonable) appreciably metallic in 
character, the two iron atoms in (TPPFe)2N possess up to 
one d electron less than for (TPPFe)2O. Removal of up to 
half a d electron from each iron atom would lead to a de
crease in isomer shift, as is observed. At the same time the 
two high spin iron atoms in (TPPFe)2O have a symmetrical 
electronic configuration and low quadruple splitting. Re
moval of d electron density from the x-system would de
crease that symmetry and cause an increase in quadruple 
splitting, as is observed. Thus the Mossbauer parameters 
are consistent with a formalism of (TPPFe)2N where both 
iron atoms have an oxidation state higher than three and 
may be presented as a N(—III) bridge between two 
Fe(+III1/2) ions. There are of course many other possible 
formalisms involving other oxidation states of the bridge 
atom or differing oxidation states of the two iron atoms and 
rapid valence exchange between them. Our observation of 
broadening of the Mossbauer spectrum at liquid He tem
peratures may indicate that such is the case but on the time 
scale ( 10 - 7 s) of the Mossbauer experiment, the two iron 
atoms are equivalent at temperatures above the liquid He 
region. 

The kinetically clean first-order decomposition of 
TPPFeN3 is consistent with any mechanism including reac
tion 1 as the rate determining step. 

TPPFeN3 — [TPPFeN] + N 2 (1) 

There are at least two reasonable schemes which can be 
presented for the product formation after the rate determin
ing step. 

Scheme I 

[TPPFeN] + TPPFeN3 — (TPPFe)2N + N-3 (2) 

2N-3 —3N2 (3) 

Scheme II 

[TPPFeN] + TPPFeN3 — [(TPPFe)2N4] (4) 

[(TPPFe)2N4] — 2[TPPFeN2] (5) 

[TPPFeN2] — TPPFe + N2 (6) 

[TPPFeN] + TPPFe — (TPPFe)2N (7) 
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The two schemes differ in the behavior of TPPFeN. In step 
2, TPPFeN attacks TPPFeN3 at the open coordination site 
of the metal and could be considered a nucleophilic path
way. In step 4, TPPFeN attacks TPPFeN3 at the azide and 
is thus an electrophilic pathway. Step 5 produces 
TPPFe11Nj, which is still unknown and thus proposed to 
lose N2 . The TPPFe11 formed is attacked at the metal by 
TPPFeN to produce the product in step 7. 

The evaluation of the reaction scheme after step 1 will 
thus provide insight into the nucleophilicity of the interme
diate TPPFeN. This will then allow the assignment of 
TPPFeN as either a nitrene or a nitride species. Further ex
periments are in progress regarding this question. 

Finally, the difference in the degree of magnetic coupling 
between the two iron atoms in (TPPFe)2N and (TPPFe)2O 
is striking. It is not obvious to us why the N bridge should 
be so effective in this regard although there are no other 
N-bridged first transition series dinuclear metal complexes 
with which a comparison can be drawn. 
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be deacylated by strong acid in a nucleophilic solvent. In 
addition, a 16-membered ligand, structurally analogous to 
the ligands II, was synthesized by a modification of the pro
cedure used by Holm and co-workers4 for preparation of li
gand HIa. 

The synthesis of the iron(II) complexes of these new li
gands has led to the isolation and characterization of a se
ries of low-spin six-coordinate dicationic complexes. For the 
14-membered ligand a rz-ans-diacetonitrile, "bis-jS-diimine" 
complex (structure IV) was obtained, but for the 15- and 
16-membered ligands, complexes were obtained which dis
played physical and chemical properties totally unlike those 
exhibited by the 14-membered complex. In order to deter
mine the correct structure of these latter complexes, a de-
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Abstract: A template synthesis of ionizable 14-, 15-, and 16-membered tetraaza, tetraene macrocyclic ligands, devoid of 
functional substituents, has been devised. Also, the synthesis of six-coordinate dicationic iron(II) complexes of the new li
gands are described. For the 14-membered ligand a trans diacetonitrile complex was obtained, but for both the 15- and 16-
membered ligands, acetonitrile molecules add electrophilically to the 7-carbons of the macrocycle, producing the complex of 
novel sexadentate ligands. The latter represent examples in which coordinate saturation is achieved by the appending of two 
donor groups to a tetradentate macrocyclic ligand. These structures are formally analogous to such natural heme proteins as 
cytochrome c. 
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