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The reactions of the nitrogen Lewis bases (B) 1-methylimidazole (1-Melm), pyridine (Py), and NH; as gases with
sublimed layers containing the 5-coordinate nitrito iron(lI1)—porphyrinato complexes Fe(Por)(1*-ONO) (1) are described
(Por = meso-tetraphenyl-porphyrinato or meso-tetra-p-tolyl-porphyrinato dianions). In situ FTIR and optical spectra
are used to characterize the formation of the 6-coordinate nitro complexes formed by the reaction of 1 with B =
1-Melm, Py, or NHs. These represent the first examples of 6-coordinate amino—nitro complexes with sterically
unprotected iron—porphyrins. The interaction of ammonia with Fe(Por)(ONO) at 140 K initially led to the nitrito
species Fe(Por)(NHz)(7*--ONO), and this species isomerized to the nitro complexes Fe(Por)(NHs)(#7*-NO,) upon
warming to 180 K. When the latter were warmed to room temperature under intense pumping, the initial nitrito
complexes Fe(Por)(;7:-ONO) were restored. Assignments of vibrational frequencies for the coordinated nitro group
in 6-coordinate iron—porphyrin complexes are given and confirmed using '°N-labeled nitrogen dioxide to identify
characteristic infrared bands. For M(Por)(B)(NO,) complexes (M = Fe or Co), an inverse correlation between the
net charge transfer from the axial ligand B to the nitro group and the value of Av = v,(NO,) — v5(NO,) is proposed.
These observations are discussed in the context of growing interest in potential physiological roles of nitrite ion
reactions with ferro— and ferri—-heme proteins.

Introduction theoretical attention to the interactions and reactions of nitrite

with heme proteinsand with iron—porphyrin heme model
The long-standing interest in the reactions of the nitrite systemg'.

ion with heme protein models relevant to the action of  The ambidentate nitrite ion can coordinate to metals either

assimilatory and dissimilatory nitrite reductase (NiR) en- at the oxygen to give nitrito complexes (MDNO) or at the

zymes has been strengthened by the recognition that nitrite nitrogen to give nitro complexes (MNO,). Iron porphyrins

may play important roles in human physiology and thera- are known to form 5- and 6-coordinate nitro complekes,

peutics? This in turn has attracted renewed experimental and and recent studies show that the nitrito mode of coordination
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is obtained for 5-coordinate species formed by the interaction was then heated to 520 K, whereupon Fe(Por) sublimed onto the
of small NG, increments with thin layers of iron(H) 77 K surface of the KBr or CaFsubstrate (cooled by liquid
porphyrinato complexes Fe(P&rThe crystal structures for nitrogen, LN) to give sponge-like metallo-arylporphyrinato layers
NO,~ complexes of several ferrheme NiR proteins dem-  With high microporosity*

onstrate nitro coordinatiol:>f However, the recently re- Once Fe(Por) layers of thickness sufficient for dMs and IR
ported structure of the 6-coordinate complex prepared by spectral studies were formed _(&3.0 h), they were heated to room
soaking preformed horse heart metmyoglobin crystals in temperature under a dynamic vacuum. Small increments of NO
aqueous NaN@is the oxygen-bound nitrito isomer, perhaps (" NO2) gas were then introduced for 30 s, after which the

. . o apparatus was evacuated. During this procedure, the red Fe(Por)
tsfgibtljl:itezfl bH)i/S?frrzgiednu‘gondmg between a nitrito oxygen and film turns brown, indicating the formation of Fe(Por)(ONO), and

o ) . . this was confirmed by FTIR measuremehtdeasured quantities
Nitrite complexes of iron(lll)-porphyrins are difficult o of the nitrogen bases were then introduced into cryostat, and FTIR
obtain because of the reactive nature of coordinated nitrite or optical spectra of the layers were measured over the course of

and reactions between coordinated and free nitrite, leading,time. Alternatively, the layered film of Fe(Por)(ONO) was cooled
inter alia, to the formation of nitrosyl complexésThis by LN,, and small portions of pyridine, 1-Me-imidazole, or
instability has been addressed by using picket fence por-ammonia were introduced into the cryostat. The film was slowly
phyrinato (TpivPP) complexes, in which the coordinated warmed, and IR or UVvis spectra (using Cafwindows) were
nitrite would be located in the pocket formed by four measured at different substrate temperatures determined by a
pivalamido residue® Such a complex with a protected thermocouple.

ligand binding site is the bis(nitrite) species [K(18-C-6)-  The NG (**NO,) was obtained by oxidizing pure NG°NO)™>
(H-0O)][Fe(TpivPP)(NQ);], which was synthesized and with excess pure dioxygen, and this was further purified by
structurally characterized by Scheidt and co-workeFais fractional distillation until a pure white solid was obtainégNO

is a precursor for the synthesis of mixed-ligand nitrite ion with 98._5% enrichmentwas purchased from the Institute of Isotopes,
complexes with N- and S- donor ligand$° by displacing Republic of Georgia. _ _ )

the nitrite group disposed on the open side of porphyrin and The FTIR and_ UV~ vis spectra were respectively recorded_usmg
leaving an N-coordinated nitro ligand in the protected site. NeXus and Heliosy spectrophotometers of the Thermo Nicolet
Structural' and computationl analyses of the 6-coordinate Corporation.

pyridine—nitro complex Fe(TPiv)(py)(N@ suggest weak
hydrogen bonding between oxygen atoms of the nitro group

and the picket fence NH groups. The iron(lIl)—nitrito complexes Fe(Por)(ONO) were ob-
As it was mentioned above, the interaction of incremental tained by the interaction of NQgas with sublimed layers
NO; gas with iron(ll)-porphyrins in sublimed solids leads  of Fe!(Por) (Por= mesetetraphenylporphyrinato dianion,
to the formation of 5-coordinate iron(IH)nitrito complexes TPP, or mesetetrap-tolylporphyrinato dianion, TTP) as
Fe(Por)§*-ONO) (1).°> Can these species serve as a synthetic described elsewhefé Reactants easily diffuse across these
entry for obtaining 6-coordinate mixed-ligand complexes |ayers, and this procedure allows spectroscopic studies of
with trans nitrogen donors, and, if so, what type of coordina- the adducts without solvent interference. Exposure of the Fe-
tion (nitro or nitrito) will be realized? This study has been (Por)(ONO) to low pressures-Q.1 Torr) of Py or 1-Melm
undertaken to address these questions. (1-methylimidazole) at room temperature leads to the
quick changes in the FTIR spectra that indicate reaction with
these nitrogen bases B. For=-BNH3, much higher pressures
Low-temperature sublimates of the ferrous porphyrinates Fe- (20 Torr) and the presence of ammonia in the gas phase
(Pory2 were prepared as described previobdghy heating the were needed to prepare the 6-coordinate complexes. The
hexacoordinate Fe(Por)(Bcomplexes (B is pyridine (Py) or  FTIR spectra showed that the bands at 1527, 903, and 750
piperidine}®in a Knudsen cell at-470 K under a high vacuunP( c¢m1 characteristic of Fe(TTP)(ONO) diminished in intensity
= 3 x 1075 Torr) to eliminate the axial ligands. The Knudsen cell upon the addition of B, whereas the new bands grew in
" ord - . the vicinity of 1400, 1300, and 800 cth This is
®) ffgz_Kzgé.%%?’Kz'rtﬁ('}’,a?rf SP.'; ﬁ,@%z"xhigy;:‘}h'%; EHaEgsygg” v llustrated in Figure 1 for the reaction of Fe(TTP)(ONO) with

Results and Discussion

Experimental Section

E., Patterson, J. C.; Iretskii, A.; Ford, P. £.Am. Chem. So€007, 1-Melm.
129.3576-3585. -
(6) Copeland, D. M.; Soares, A. S.; West, A. H.; Richter-Addo, GJB. These bands lie in the spectral ranges where/(¢O;),
Inorg. Biochem2006 100, 1413-1425. v{NOy), andd(NO,) frequencies of coordinated nitro groups
(7) Finnegan, M. G.; Lappin, A. G.; Scheidt, W. Rorg. Chem 199Q
29, 181-185.
(8) Nasri, R.; Goodwin, J. A.; Scheidt, W. Rorg. Chem 199Q 29, (13) (a) Epstein, L. M.; Straub, D. K.; Maricondi, Gorg. Chem.1967,
185-191. 6, 1720-1722. (b) Bhatti, W.; Bhatti, M.; Imbler, P.; Lee, A;
(9) Nasri, H.; Wang, Y.; Huynh, B. H.; Walker, F. A.; Scheidt, W. R. Lorenzen, BJ. Pharm. Scil972 61, 307—309.
Inorg. Chem 1991, 30, 1483-1489. (14) (a) Byrn, M. P.; Curtis, C. J.; Hsiou, Y.; Khan, S. |.; Sawin, P. A.;
(10) Nasri, H.; Haller, K. J.; Wang, Y.; Huynh, B. H.; Scheidt, W.IRorg. Tendick, S. K.; Terzis, A.; Strouse, C. B. Am. Chem. S0d.993
Chem 1992 31, 3459-3467. 115 9480-9487. (b) Kurtikyan, T. S.; Gasparyan, A. V.; Martirosyan,
(11) Cheng, L.; Powell D. R.; Khan, M. A.; Richter-Addo, G. Bhem. G. G. and Zhamkochyan, G. H. Appl. Spectrosd 995 62, 62—66.
Commun 200Q 2301-2302. (15) (a) NO{NO) was purified according to the procedure described in
(12) Nakamoto, K.; Watanabe, T.; Ama, T.; Urban, M. WAm. Chem. detalil in ref 15b. (b) Martirosyan, G. G.; Azizyan, A. S.; Kurtikyan,
S0c.1982 104, 3744-3745. T. S.; Ford, P. Clnorg. Chem 2006 45, 4079-4087.
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Figure 1. FTIR spectral changes observed in sublimed layers of Fe(TPP)(ONO) (blue) after supplying into erostdiorr 1-Melm and subsequent
measurements after 2 (green) and 5 (red) min.

are usually dispose¥.In support of that conclusion, the temperature. FTIR spectra were recorded to characterize the
relevant bands displayed the expected isotopic shifts whenspecies first formed and then repeatedly recorded during the
15NO; gas was used to prepare the Fe(Pof{®) precursor, slow-warming process.
and this was reacted with the nitrogen bases to prepare the Figure 3 illustrates this experiment for 8 NHz. The
products (Figure 2 and Table 1). The band positions, relative disappearance of IR bands characteristic of Fe(Por)(ONO)
intensities, and isotopic shifts are analogous to those observedegan at-130 K and was almost completely finished at 150
for amino—nitro complexes of Co(TPP)(Table 1). From K. New bands grew in at+1470 (1435), 976 (954), and 827
these data, it can be concluded that interaction of nitrogen (822) cn1? at the expense of those at 1527 (1495), 903 (880),
bases with Fe(Por)(ONO) leads to the formation of 6-coor- and 751 (747) cmt of Fe(TTP)(ONO) (the data in paren-
dinate amine-nitro complexes Fe(Por)(B)(Nf that is, the theses are those for the Fe(TTP){Q0)). At these temper-
addition of the trans ligand B also leads to isomerization of atures, it is noteworthy that there is no spectral indication
the oxygen-coordinated nitrito ligand to the nitrogen-bound for the formation of the 6-coordinate nitro complexes, Fe-
nitro form. (Por)(NHs)(NO,). While it is possible that IR spectral
In an earlier study, it was shown that NO reacts with Fe- changes would be due to the specific interaction of Fe(Por)-
(Por)(ONO) at very low temperatures to form, first, the (ONO) with the excess Ngin the sublimed layers, this
nitrosyl—nitrito complex Fe(Por)(NO)(ONO), which isomer-  would not explain the significant differences observed in the
izes to the nitrosyl nitro form Fe(Por)(NO)(NYupon mild electronic spectra (Figure 4) or the changes in the spin state
warming?® Thus, it was of interest to evaluate whether such of the iron (below). Instead, the IR and electronic spectral
6-coordinate nitrito species might be also obtained for changes are consistent with the formation of the 6-coordinate
nitrogen Lewis bases such as ammonia. With this in mind, nitrito complexes, Fe(Por)(Nd{ONO).
the ligands B were introduced to the cryostat containing the  The analogous 6-coordinate nitrito complexes Fe(Por)-
nitrito complexes Fe(Por)(ONO) in porous layers atoLN (NO)(ONO) with a trans NO ligand have been prepared by
. the reaction of NO with Fe(Por)(ONO) layers at low
(16) ('j\i'g';fi‘g”nc’t&nfg)g&?\fgg%”gd'fmg%‘pg‘g;z:ok'gxr%’:;(‘f i‘g%‘?%%r' temperatureand by irradiation of the nitrosyinitro complex
244-247. Fe(Por)(NO)(NQ),*®in a low-temperature KBr pellet. FTIR
(A7) ((:ag fﬁé’SSéaSé,Tﬁé’Z'é%?y(ﬁ?‘K“ﬂ'r t'ifk-;/;‘i”'Tk.ygr.‘;v ggzsn-yérff%ol%'; spectral characteristics for several such complexes and for
Akopyan, M. E.Russ. J. Coord. Chent997, 23, 563-567. (c) other 6-coordinate metalloporphyrin complexes of the nitrito
Hovhannisyan, A. A.; Kurtikyan, T. S. Unpublished results. (d) ligand are given in Table 1. It is seen from these examples
Martirosyan, G. G.; Azizyan, A. S. Kurtikyan, T. S, Ford, PGhem. — yhai - inon the addition of the sixth ligand, the frequency

Commun2004 1488-1489. (e) Martirosyan, G. G.; Azizyan, A. S.; . . -
Kurtikyan, T. S.; Ford, P. Cinorg. Chem 2006 45, 4079-4087. difference between the NO stretching bands of the nitrito
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Figure 2. FTIR spectra of Fe(TPP)(NgX1Me-Im) (solid line) and Fe(TPPRNO,)(1-Melm) (dashed line) obtained by the interaction of 1-Melm vapors
(~0,1 Torr) with thin layers containing Fe(TPP)(ONO) and Fe(TPEXO).

Table 1. IR Frequencies of Coordinated Nitro or Nitrito Groups in 6-coordinate Complexes of Some Metalloporphyrins

Va(NOZ), VS(NOZ), (S(ONO),

compounds* »(N=0) (cn1) v(N—0) (cnT?h) O(NOp) (cm™) Av© ref
Fe(TTP)(NH)(ONO) 1470 (1438) 969 (952) ~827 (822) this work
Fe(TPP)(NH)(ONO) 1475 (1445) 971 (952) ~828 (821) this work
Fe(TTP)(NO)(ONO) 1497 (1464) 935 (917) 5b
Fe(TPP)(NO)(ONO) 1496(1471)m 938 (920)m >
Mn(TTP)(NO)(ONO) 1480 (1455) 971 (950) 822 (818) 17d
Mn(TPP)(NO)(NQ) 1421 (1392) 1304 (1286) 117(106) 17e
Fe(TTP)(NH)(NO,) 1401(1367) 1312(1291) 810604) 89 (76) this work
Fe(TPP)(NH)(NOy) 1399 (1373) 1312 (1291) 812-805) 87 (82) this work
Fe(TTP)(Py)(NQ) 1405 (1373) 1306 (1287) 816-804) 99 (86) this work
Fe(TPP)( Py)(NQ 1406 (1379) 1307 (1287) 816-804) 99 (92) this work
Fe(TTP)(1-Melm)(NQ) 1396 (1363) 1312 (1291) 813-805) 84 (72) this work
Fe(TPP)(1-Melm)(NQ 1395 (1371) 1312 (1290) 812-805) 83 (81) this work
Fe(TTP)(NO)(NQ) 1455 (1423) 1295 (1275) ~805 (800) 160 (148) 5b
Co(TPP)(NH)(NO,) 1431 (1400) 1309 (1289) 814 (805) 122 (111) 17a
Co(TPP)( Py)(NG) ~1439 (1404) 1310 (1288) 816 (806) 129 (116) 17a
Co(TPP)(1-Melm)(NG) 1420 (1394) 1313 (1292) 816 (809) 107 (102) this work
Co(TPP)(NQ) 1468 (~1440) 1282 (1264) ~805 (796) 186 (176) 17b

aFrequencies in parentheses are the values recorded féPNhaitro and nitrito complexes Six-coordinate complexes having the nitrito ligand and
(NO)Mn(NO,) are stable only at low temperaturéf\v = v3(NOz) — v¢(NOy).

ligand becomes smaller with a lowefN=0) and a higher  extra stabilization of the nitrito isomer via hydrogen bonding
v(N—0). The same pattern was observed upon the reactionsimilar to the interaction reported for the crystal structure
of NHz with Fe(Por)(ONO) in the temperature interval 330 of the nitrito complex of horse heart myoglol§in.

1é0 K. \(/jVe (I::(,)nCIUd;’ thefrezﬁre, thzt the fspet(;crafl chartllges Further warming of the Fe(Por)(NHONO) adduct led
81‘ fheer\fmr:]r;niglrj]irt?ito i;em ulrexeFre?F/’Ior(;?l\(l:; (8;\] O()a Hocr)m(:sl 10N {6 the FTIR spectral changes demonstrated in the Figure 5
ever, at these low tem Ft;ratures it was not .oss\ilgle tofor the Fe(T TP) derivative. The(N=0) andv(N—0) bands
- b possibie of Fe(TTP)(NH)(ONO) decreased while bands at 1395, 1312

eliminate all of the free Nk&J and the excess ammonia is 4812 ot in intensit istent with i i
present in the porous layellt is possible that this provides an Cm grewin intensity consistent with Isomerization

to the ammine-nitro complex Fe(TTP)(NEJ(NO,). At room
temperature, the latter is stable only in the presence of excess

(18) The broad band in the vicinity of 1060 choverlapped with porphyrin

bands (Figure 3) belongs to the intensgA ) vibration of solid NH.16 NHs (>20 Torr). When instead this system was warmed to
This band together with other ammonia bands at 3288D0 and 1630 ; ; ;
cm-Y(not shown) disappear after Nidvaporation upon layer warming room temperature under an intense high vacuum pumpmg,
(Figure 5). the Fe(TTP)(NH)(NO,) underwent complete transformation

Inorganic Chemistry, Vol. 46, No. 17, 2007 7027
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Figure 3. FTIR spectral changes observed for a sublimed layer of Fe(TTP)(ONO) (blue) after introducing 1 Torr equivalepirtbNie cryostat at 77
K and while warming from 130 (green) to 150 K (red).

dissociation of NO and N These observations clearly
demonstrate that under analogous experimental conditions
the nitrito coordination mode is preferred for the 5-coordinate
complexes while the nitro isomer is realized for the
6-coordinate species in the absence of specific interactions
such as the hydrogen bonding noted in the structure of met-
Mb(ONO)$ This phenomenon may be significant with regard
to the action of nitrite reductase enzymes.

Similar attempts to obtain amirmitrito iron—porphyrin
complexes with B= Py or Melm were unsuccessful; only
the analogous nitro complexes were spectrally detected. This
may be due to the much slower diffusion of these bulkier
(and higher melting point) ligands into the porous layers of
Fe(Por)(ONO) at the low temperatures where the metastable
ammine-nitrito complexes were observable. Higher tem-
peratures{170 K for B = Py; ~200 K for B = 1-Melm)

0,0 | : : : were required to form complexes of these ligands, and in
500 550 600 700 both cases the reaction led to the formation of the amino
Wavelength (nm) nitro complexes. It is in this temperature range that the
Figure 4. Optical spectra of Fe(TTP)(ONO) (solid line), Fe(TTP)(#H ammonia-nitrito complexes, observed at lower temperature,
(ONO) (dashed line), and Fe(TTP)(NKNO,) (dotted line). undergo linkage isomerization to the nitro analogs. An

to the initial nitrito complex Fe(TTP)(ONO) (Figure 6). alternative explanation for the observation of the ammine
Hence, loss of the trans ammine results in reverse linkagenitrito isomer would be that this species receives additional

isomerization (Scheme 1). stabilization at lower temperature through interaction with
An analogous pattern was previously observed for the the excess Nblin the sublimed layer, as speculated above.
nitrosyl—nitro complex Fe(Por)(NO)(N§); intense pumping Additional information about the electronic structure of

at room-temperature gave the pentacoordinate nitrito isomer,the amine-nitro complexes Fe(Por)(B)(Npcan be drawn
Fe(Por)(ONOY.However, in that case some nitrosyl complex from Figures 1 and 3. Certain porphyrin vibrational modes
Fe(Por)(NO) was also formed, thus there was competitive of Fe(TPP) complexes, for example bands-dt350 cnm?

7028 Inorganic Chemistry, Vol. 46, No. 17, 2007
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Figure 5. FTIR spectral changes observed in a sublimed layer of Fe(TTP)(ONO) in the presence of 1 Torr equivalegptupbhiarming from 150
(blue) to 170 (green) and 200 K (red) and removal of excess. NH
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Figure 6. FTIR spectra of the ammirenitro complex Fe(TTP)(NE(NO,) (dashed line) after warming from 240 to 293 K upon intense pumping.

(v(Ca—Cr) mixed with v(C,—phenyl)) and at~450 cnr? 1341 and 434 cit, consistent with a change to high spin.
(o(Pyr. rotation))® have been demonstrated to be sensitive For Fe(TTP), the analogous bands appear initially at 1346
to the spin and oxidation state of the metal ceftéior the and 455 cm! and correspondingly shift upon nitrito complex
intermediate-spin state Fe(TPP)these bands lie at 1346 formation to 1340 and 428 crh In this case, there is an
and 464 cm®. Upon coordination with N@ they shift to  additional spin-sensitive band disposed at 1505%ctdpon

the formation of the aminenitro complexes, the spin-

(19) Paulat, F; Praneeth, V. K. K.; Nather, C.; Lenhertitérg. Chem. oo qjtive bands shift to higher frequency, consistent with a

200§ 45, 2835-2856. ) \ _ : _
(20) Oshio, H.; Ama, T.; Watanabe, T.; Kincaid, J.; Nakamoto, K. change to the low-spin electronic configuratidhsdt is

1) Sczﬁﬁg’rfhﬁbéﬂigfj ‘J‘%..s}?i?rg 8,39.' Lang, G.. Reed, C.JAAM. noteworthy that for the amminenitrito intermediate Fe(Por)-
Chem. Socl1975 97, 2676-2681. (NH3)(ONO) observed only at very low temperatures, the
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Scheme 1. The Reaction of Fe(Por)(ONO) with NH

I i i
NH
N\O N\O OQN'/O ; N\O
R M T Mt _/ T
39
—— B —— —_—
X warming with
N ing, RT
H/|\H /l\ pumping,
H H H H

spin-sensitive bands also indicate a low-spin state for the the order for the respective trans ligand: 1-MetiNH; <
iron center (Figure 3). Py << NO, whereas the cobalt(lll) series Co(Por)(B)(NO
The various Fe(Por)(B)(N£ complexes reveal different  follows an analogous order: 1-Melm NH; < Py << empty
thermal stabilities depending on the nature of the nitrogen coordination site (no ligand). Electronic communication
base ligand. For B= ammonia, these complexes were stable between the axial ligands B and NM@ccurs largely through
in the porous layers at room temperature but only when the metal ¢ and the ¢, and g, orbitals. In this context, we
excess NHwas present. In contrast, the pyridine complex propose thafv is reflective of the net charge transfer to or
decomposed slowly within a few days if left under a vacuum from the nitro group with the smalleXv representing more
at room temperature, whereas the 1-Melm complex was fairly charge transfe® In all three series, the order 1-Melm
stable in a vacuum and under an ambient atmosphere.NH; < Py holds true forAv. This does not correlate with
Furthermore, Fe(Por)(1-Melm)(N{Dis relatively stable even  the Brgnsted base strengths of these ligands, where 1-Melm
in dry solutions (toluene, chloroform, and dichloromethane is intermediate between Py and Bf# however, the observed
were tested), where it survived several hours before decom-order may be rationalized by taking into account the modest
posing. m-donor character of 1-Melm, whereas Nk a o donor
The present results give evidence that nitrogen-bound nitroonly and Py is ar acceptogS In the cobalt(lll) series, the
complexes, rather than the oxygen-bound nitrito analogs, areempty coordination site clearly leads to a much larger value
the more stable 6-coordinate ferfieme models whentrans  of Ay as would be expected from the premise that this
N donor bases are coordinated. Nitro complexes have alsoreflects the relative electron-donor strength (in this case,
been reported for the sterically protected picket fence none) of the trans ligand. If so, however, the position of NO
derivative8 and for three other structurally characterized ip the iron(ll) series (largesiv) is especially interesting,
heme proteing2<¢In contrast, the nitrite ion complex of  pecause it suggests that there is very little net electron transfer
horse heart metmyoglobin demonstrates an oxygen-coordi-from NO to the nitro ligand in the complex Fe(Por)(NO)-
nated nitrito ligand, although in this case, there is also (NOy). Such a conclusion draws some confirmation in DFT
evidence of hydrogen bonding between the distal His64 -5|culations (both B3LYP/3-21 g and B3LYP/6-31 g) for
residue and a nitrito oxygen. These differences indicate that,:e(p)(No)(NQ) (P = porphinato dianion) that found the

subtle changes in the ligand binding pocket of heme proteins -gordinated NO to have a slightly negative charge, hence
can determine the mode of NOcoordination to iron(lll). having a net electron withdrawing effet.

In this context, a density functional computational study (at
the UBP86/DN** level) of the nitro and nitrito complexes
of Fe(P)(imidazole) (P = a truncated heme;flconcluded
that although nitrogen coordination (nitro) is energetically
favored over oxygen coordination (nitrito) by 4.5 kcal/mol
in the ferric form, a strong hydrogen bond would provide
the stabilization required to put the two isomers on equivalent
terms.

The FTIR data summarized in Table 1 for the amino

nitro complexes of iron(lll) (this work) and for the cobalt- 23) (&) In the nitite anion NG that < the Tt o
7a,22 . . . . . . a) In the nitrite anion at represents the lImiting case wi

(“I) analqgé prowde the_baS'S fOI" assigning vibrational complete electron transfer, tlrg(NO,) andvs(NO,) are close to each

frequencies for the coordinated nitro group, and these otherl® with v,(NOy) even lower thanv(NOy). (b) In the NQ

assignments are sustained by datafdlO,-labeled isoto- molecule, the ONO angle is equal to 234hereas in the nitrite anion
itis 115, and intermediate values were obtained for the structurally

pomers. Table 1 also suggests an interesting correlation  characterized nitro complexes of the cobatind iron—porphyrins.

between the nature of the ligand trans to the nitro group and Thf;f‘[‘;‘i'fted value of the ONO angle for the Co(TPP}NOmplex
IS 4.

A higher value of Av corresponds to a larger ONO
angle?22%The Av values are systematically higher for the
cobalt(lll) complexes Co(TPP)(B)(Npthan for the iron-
(1) analogs, suggesting less charge transfer in the former
case. This is also consistent with the ONO angles, which
are in the 126-124° rangé? for the cobalt(lll) complexes,
compared to the more acute angles (318C°) seen for
similar nitrito complexes of iron(II1B-porphyrins?

the difference between the frequencies of symmetric and ;4) (a) The pis of the conjugate acids for Py, 1-Melm, and Nare
asymmetric stretchedy = v,(NO,) — v¢(NO,). Within each equal to 5.25, 6.95, and 9.25, respectiv&y.(b) Handbook of
series Fe(Por)(B)(NQ (POI‘ = TTP or TPP),AV follows Chemistry and Physic§7th ed.; Lide, D. A., Ed.; CRC Press: Boca

Raton, FL, 1996, pp. 4555.

(25) Elliot, M. G.; Shepherd, R. Hnorg. Chem.1987, 26, 2067-2073.

(22) Goodwin, J. A.; Kurtikyan, T. S.; Zheng, B.; Parmley, D.; Howard, (26) Patterson, J. C. Computational Studies of Some Metalloporphyrins
J.; Green, S.; Walsh, R.; Standard, J.; Mardyukov, A. N.; Przybyla, and of the aqueous autoxidation of nitric oxide. Ph. D. Dissertation,
D. Inorg. Chem.2005 44, 2215-2223. University of California, Santa Barbara, 2004.
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Summary oxygen-bound nitrito complex isomerizes to the nitrogen-
bound nitro form. The use 8¥NO, isotopomers has provided

The present studies show that the 5-coordinate irorf{lll) X _ X o
the opportunity for the unequivocal assignment of vibrational

nitrito intermediates Fe(Por)(ONO) can serve as an entry for _ : ; _
preparing mixed-ligand complexes with trans nitrogen base modc_es for the coordinated nitro group in these 6-_coord|nate
ligands in sublimed solids. The stable conformation of the SPECi€s. Furthermore, there appears to be an inverse cor-
nitrite ion ligand in these 6-coordinate species is the nitrogen- rélation between values dfv = v4(NO;) — v{(NO,) and
bound nitro isomer Fe(Por)(B)(Nrather than the oxygen- the net pharge transfer frqm the sixth ligand B to the nitro
coordinated nitrito coordination realized in the 5-coordinate 9roup via the dand d; orbitals of the metal center.

species. The metastable ammiimgtrito complex Fe(Por)-
(NH3)(ONO) could be prepared and characterized at low
temperatures, although it is not clear whether hydrogen
bonding of coordinated nitrito ligand with the excess
ammonia present under these experimental conditions migh
provide extra stabilization. However, upon warming, this 1C700846X
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