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A series of tetragonally distorted square pyramids of formula N,S,M(NO) (M = Fe, Co) is prepared and characterized
by »(NO) IR and EPR spectroscopies, magnetism and electrochemical properties, as well as solid-state crystal
structure determinations. While the »(NO) IR frequencies and the OM—N-O angles indicate differences in the
electronic environment of NO consistent with the Enemark—Feltham notation of {Fe(NO)}” and {Co(NO)}¢, the
reduction potentials, assigned to { Fe(NO)}7 + e~ = {Fe(NO)}® and { Co(NO)}® + e~ == { Co(NO)}° respectively,
are very similar, and in cases identical, for most members of the series. Coupled with the potential for the M(NO)
units to breathe out of and into the N,S, core plane are unique S—-M—N-O torsional arrangements and concomitant
sr-bonding interactions which may account for the unusual coherence of reduction potentials within the series.

Introduction Ni%* and Pd*".2 Examples of planar p&,Cu(ll) complexes
are also knowd.With F&™ and C@", penta-coordination
results from dimerization of p}5,M units or from addition
of another ligand, as in },Fe(NO)# In addition, an alternate
conformation permits suchJS; ligands to serve as bidentate
ligands, binding only through thiolate sulfurs to form
tetrahedral complexes such as in (F®(NO)}, the dini-
trosyl iron complexes, or DNIC'48

The reaction chemistry of /$;Ni derivatives have received

. - attention particularly since the nucleophilicity of the cis-
e o) At O1gg | oosed: Ermail marceta@ githiolates toward a great variety of electrophiles has
(1) (a) Kovacs, J. AChem. Re. 2004 104, 825-848 and references ~ produced stable complexes which maintain the-Slicon-

The chemical properties and reactivity of transition metal
N,S, complexes have been well studied, utilizing a variety
of metal ions such as EeNi'", Pd', Cd', Cu', and Z/ with
a host of NS; ligands!™ Open-chain tetradentate 8}
ligands, as well as those based on diazacycles and othe
restricted donor atom connectors, typically adopt a square
planar configuration when coordinated tbrdetals such as

therein. (b) Harrop, T. C.; Mascharak, P. Kcc. Chem. Re®004 ; ; ; ; _
37, 253-260 and references therein. (c) Artaud, |.; Chatel, S.; Chauvin, nections. Reactions of eleCtrOph"?S Wlthszz_Fe]z com-
A.'S.; Bonnet, D.; Kopf, M. A.; Leduc, FCoord. Chem. Re 1999 plexes are not as accommodating as with the nickel

190-192 577-586 and references therein. (d) Heinrich, L.; Li, Y., derivatives, and where reactions are readily interpreted, the
Vaissermann, J.; Chottard, J.-Eur. J. Inorg. Chem2001, 1407~

1400. sites are different. For example, dioxygen reacts witB,N
(2) (a) Taylor, M. K.; Reglinski, J.; Wallace, ORolyhedron2004 23,
3201-3209. (b) Jicha, D. C.; Busch, D. Hnorg. Chem.1962 1, (4) (a) Kriger, H.-J.; Holm, R. Hlnorg. Chem.1987, 26, 3645-3647.
872-877. (c) Thompson, M. C.; Busch, D. B.. Am. Chem. So&964 (b) Kruger, H.-J.; Peng, G.; Holm, R. thorg. Chem1991, 30, 734—
86, 3651-3656. 742. (c) Rao, P. V.; Bhaduri, S.; Jiang, J.; Hong, D.; Holm, RJH.
(3) (a) Golden, M. L.; Reibenspies, J. H.; Darensbourg, M.Inarg. Am. Chem. So2005 127, 1933-1945 and references therein. (d)
Chem.2004 43, 5798-5800. (b) Golden, M. L.; Jeffery, S. P.; Miller, Rao, P. V.; Bhaduri, S.; Jiang, J.; Holm, R. korg. Chem.2004
M. L.; Reibenspies, J. H.; Darensbourg, M. Eur. J. Inorg. Chem. 43, 5833-5849 and references therein. (e) Patterson, G. S.; Holm, R.
2004 231-236. (c) Golden, M. L.; Rampersad, M. V.; Reibenspies, H. Bioinorg. Chem1975 4, 257-275.
J. H.; Darensbourg, M. YChem. Commun2003 1824-1825. (d) (5) (a) Rabinowitz, H. N.; Karlin, K. D.; Lippard, S. J. Am. Chem.
Bellefeuille, J. A.; Grapperhaus, C. A.; Buonomo, R. M.; Reibenspies, S0c.1977, 99, 1420-1426. (b) Karlin, K. D.; Lippard, S. 1. Am.
J. H.; Darensbourg, M. YOrganometallics1998 17, 4813-4821. Chem. Socl1976 98, 6951-6957.
(e) Musie, G.; Lai, C.-H.; Reibenspies, J. H.; Sumner, L. W.;  (6) Hanss, J.; Kiger, H.-JAngew. Chem., Int. Ed. Endl996 35, 2827
Darensbourg, M. Ylnorg. Chem.1998 37, 4086-4093. (f) Grap- 2830.
perhaus, C. A.; Darensbourg, M. Xcc. Chem. Re4.998,31, 451~ (7) Baltusis, L. M.; Karlin, K. D.; Rabinowitz, H. N.; Dewan. J. C;
459 and references therein. (g) Mills, D. K.; Hsiao, Y. M.; Farmer, P. Lippard, S. Jinorg. Chem.198Q 19, 2627-2632.
J.; Atnip, E. V.; Reibenspies, J. H.; Darensbourg, YJDAm. Chem. (8) Chiang, C.-Y.; Miller, M. L.; Reibenspies, J. H.; Darensbourg, M. Y.
Soc.1997, 113 1421-1423. J. Am. Chem. So004 126, 1086710874.
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Figure 1. Cys—X—Cys (N:S;) motif and its metal complexes in biological systems. Active site of (a) ACRldorella thermoaceticd (b) NO-inactive
form of Fe-NHase inRhodococcusp. N-771%%¢ (c) Fe-NHase inRhodococcu®R312 and Ce-NHase inPseudonocardia thermophilaCM 3095102100

Ni to produce nickel-bound S-oxygenaféswith [N.SFel

complexes, th@-oxo-diiron(Ill) derivatives are obtaine¥f)
With such an extensive display of,§M examples (up

to 300 square planar JS8,M “hits” may be found in the

moieties as N-to-N connectors, bismercaptoethanediaza-
cyclohexane and bismercaptoethanediazacycloheptane,
bme-daco, and bme-dach, respectively, led us to examine
nickel derivatives as small molecule models of the distal

Cambridge Data Base of Crystallographic Structures), the nickel of the ACS active site5As analogues to the nickel
revelation that such a binding motif exists in metalloproteins complexes and as reaction products in the transfer of NO
such as the active sites of acetyl-coA synthase (ACS) andfrom the DNIC complek described above, ($,)Fe(NO)
nitrile hydratase (NHase) came with a considerable chemicaland (NS;)Co(NO) derivatives have been prepared. Their

history. These active sites demonstrate that a-C§sCys

characterization by X-ray crystallographyNO) stretching

protein backbone motif can be used to provide two nitrogens frequencies, EPR, and cyclic voltammetry have revealed

and two cysteinyl sulfurs of the tetraanionic®y binding

interesting properties, particularly as this set of donor atoms

site, Figure P:1° Appropriate to this report is nitrile hydratase might compare to the Ndonor set of porphyrinic ligands.

which finds that iron or cobalt resides in a CySer—Cys

While never as ubiquitous as the porphyrin ligand, th&N

(S—N—N-S) tripeptide motif. Another proteinyl cysteine donor set from CysX—Cys could be a pervasive metal-
coordinates to a fifth position of the octahedral metal center, binding motif in nature. With this in mind, we present our
and in the as-isolated, deactivated form, an NO binds transstudies below.

to that cysteinyl sulfut® The two cysteinate sulfurs in the

N,S, tripeptide are found as S-oxygenates, generated in aExPerimental Section

post-translational modification into sulfinate (RS and
sulfenate (RSO) moieties!® Photochemical activation re-

Materials and Techniques.Syntheses and manipulations were
performed using standard Schlenk-line and syringe/rubber septa

moves the NO and produces the active form which has atechniques underor in an argon atmosphere glovebox. Filtrations
hydroxide or water ligand in the sixth site (Figure 1). The of solutions used airless-ware glass frits, typically withzlcm
Co structure is reported to be analogous to the iron structurepads of Celite. Solvents were of reagent grade and purified as

in the activated NHasé?a10.1%the NO-deactivated form is
unknown for cobalt.

Several model complexes have produced aspects of the[
first coordination sphere donor environment about iron and |, qer N. Syntheses ofN,N'

cobalt in nitrile hydratasé.Our experience with specific

follows. Dichloromethane was distilled over,®, under N.
Acetonitrile was distilled once from CaHonce from ROo, and
freshly distilled from Caklimmediately before use. Diethyl ether,
oluene, THF, and hexane were distilled from sodium/benzophenone
-bis(2-mercaptoethyl)-1,5-diazacy-
clooctane (Hbme-daco}! N,N'-bis(2-methyl-2-mercaptoethyl)-1,5-

dianionic NS, ligands based on mesocyclic diazacycloalkane diazacyclooctane (#me*-daco)it N,N'-bis(2-mercaptoethyl)-1,5-

(9) (a) Doukov, T. L; Iverson, T. M.; Seravalli, J.; Ragsdale, S. W.;

Drennan, C. LScienc002 298 567-572. (b) Darnault, C.; Volbeda,
A.; Kim, E. J.; Legrand, P.; Verme, X.; Lindahl, P. A.; Fontecilla-
Camps, J. CNat. Struct. Biol 2003 10, 271-279.

(10) (a) Miyanaga, A.; Fushinobu, S.; lto, K.; Wakagi,Biochim. Biophys.
Res. Commun2001 288 1169-1174. (b) Huang, W.; Jia, J.;
Cummings, J.; Nelson, M.; Schneider, G.; Lindgvist Structure1997,

5(5), 691-699. (c) Nagashima, S.; Nakasako, M.; Dohmae, N.;
Tsujimura, M.; Takio, K.; Odaka, M.; Yohda, M.; Kamiya, N.; Endo,

I. Nat. Struct. Biol.1998 5, 347—351.
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diazacycloheptane @me-dach}? N,N'-dimethylN,N'-bis(2-
mercaptoethyl)-1,3-propanediaminefirne-pdafP and their iron
or cobalt complexes, [(bme-daco)FPhnd its NO derivative, (bme-

(11) Mills, D. K.; Font, I.; Farmer, P. J. Tuntulani, T.; Buonomo, R. M,;
Goodman, D. C.; Musie, G.; Grapperhaus, C. A.; Maguire, M. J.; Lai,
C.-H.; Hatley, M. L.; Smee, J. J.; Bellefeuille, J. A.; Darensbourg, M.
Y. Inorg. Synth.1998 32, 89-98.

(12) Smee, J. J.; Miller, M. L.; Grapperhaus, C. A.; Reibenspies, J. H.;
Darensbourg, M. YInorg. Chem.2001, 40, 3601-3605.



Mononitrosyl (N,S;)M(NO) Complexes

daco)Fe(NO) (comple%),8 [(bme*-daco)Fe} 3¢ [(bme-dach)Fe]'3
and [(bme-pda)Ce}? were according to published procedures.
S-Nitroso-triphenylmethanethiol (RBSNO)* and tetrakis(aceto-
nitrile)copper(l) tetrafluoroborate ([Cu(GEBN)4BF4)'° were syn-

between CgFe/CpFet and Cp%Fe/Cp%Fe™ was 556 mV (i.e.Ein
for CpFe/CpFe™ = +556 mV).

InstrumentalR compensation was not used to minimize uncom-
pensatedR drops in the solution, andE for redox couples were

thesized according to published procedures. NO gas (98.5%) wasdirectly compared with that of the internal reference &@/Cp*-

purchased from Aldrich Chemical Co. and used as received.

Infrared spectra were recorded on a Mattson 6022 spectrometer

in a Cak;, cell of 0.1 mm path length. Vis/UV spectra were recorded

on a Hewlett-Packard HP8452A diode array spectrophotometer.

Fet.2

Preparation of (bme*-daco)Fe(NO), Complex 2.A 0.048 g
(0.70 mmol) portion of [(bme*-daco)Fgas dissolved in 30 mL
of MeOH in a 100 mL Schlenk flask at 60C under argon.

Elemental analyses were performed by Canadian Microanalytical Following replacement of Ar with NO gas (1 atm), the solution

Systems in Delta, British Columbia, Canada. Electrospray ionization color changed from purple-brown to green within 30 min. The
mass spectrometry data were obtained at the Laboratory for Solvent was removed under vacuum. The residue was redissolved
Biological Mass Spectrometry, Texas A&M University, College in 50 mL of CH,Cl, and filtered through Celite. The green filtrate
Station, Texas using a MDS Series Qstar Pulsar with a spray voltagewas concentrated to 5 mL under vacuum and the addition of 30
of 5 keV. The EPR spectrum was recorded on a Bruker X-band mL of pentane resulted in precipitation of a green solid; yield 0.012
EPR spectrometer (model ESP 300E) with Oxford Liquid Helium/ 9, 23%. Green crystals of X-ray diffraction quality were obtained
Nitrogen cryostat at 77 K in C€l,, 1 mW power and 0.1 mT by diffusion of pentane vapor into a GEl, solution of complex2
modulated amplitude. maintained at 3C. IR(vno): 1643(s) cmi! (CH,Cly). Anal. Calcd
X-Ray Structure Determinations. X-ray data were obtained  for CidH26ONsFeS: C, 44.44; H, 8.52; N, 11.10. Found: C, 44.51;
on a Bruker Apex CCD diffractometer and covered a hemisphere H. 7.59; N, 10.77.
of space by combining three frame sets of exposures. The space Preparation of (bme-dach)Fe(NO), Complex 3In the same
groups were determined on the basis of systematic absences anénanner as described above, compaxas prepared and isolated,
intensity statistics. The structures were solved by direct methods. however in a much better yield of 95% (1.15 g). ¥R¢): 1647(s)
Anisotropic displacement parameters were determined for all non- €M™+ (CHxCl2). Anal. Calcd for GH1sONsFeS: C, 35.53; H, 5.96;
hydrogen atoms. Hydrogen atoms were added at idealized positiondN, 13.81. Found: C, 34.92; H, 5.96; N, 13.26.
and refined with fixed isotropic displacement parameters equal to ~ Preparation of [(N2$;)Co], (N>S, = bme-daco, bme*-daco,
1.2 (1.5 for methyl protons) times the isotropic displacement bme-dach). The diazacycle derivatives of [¢8;)Col, were
parameters of the atoms to which they were attached. Atoms whichPrepared following the procedures for [(bme-pda)C8]The
proved to be definitely nonpositive were corrected by including Particular BN>S; ligand (~3.3 g, 15 mmol) was dissolved in 50

the command Simu with the “s” parameter set at 0.05 in the
instruction file. Programs used for data collection and cell refine-
ment, SMART?6 data reduction, SAINT-PIu¥: structure solution,
SHELXS-86 (Sheldrick}é structure refinement, SHELXL-97 (Sheld-
rick);1° and molecular graphics and preparation of material for
publication, SHELXTL-Plus, version 5.1 or later (Bruké?).
Electrochemistry. Cyclic voltammograms were recorded on a

mL of toluene followed by dropwise addition of 50 mL of a brown
toluene solution of Co(acad)1.29 g, 5 mmol) at 22C. After being
stirred for 24 h, the solution color changed to green with formation
of a precipitate. The green solid was collected and washed with
toluene and ether; yield, 7386%.

Preparation of (bme-daco)Co(NO), Complex 4(bme-daco)-
Co(NO) was synthesized in a manner similar to that of (bme-daco)-

BAS-100A electrochemical analyzer using a glassy carbon disk F&(NO). A 1.5 g (2.58 mmol) portion of [(bme-daco)¢ajas

(0.071 cnd) as the working electrode, the reference electrode was dissolved in 50 mL _Of MeOH under argon. Upon replacing the
Ag/AgCI prepared by the electroplating method, and the counter rgon atmosphere with NO gas (1 atm), the solution color changed

electrode was a coiled platinum wire. The glassy carbon working from black-green to purple-brown within 30 min. The solvent was

electrode was polished with 15, 3, anduin diamond pastes,
successively, and then sonicated in ultrapure (Millipore) water for
10 min. Solutions were deaerated by an argon purge-fdi®emin,

and a blanket of argon was maintained over the solution while

removed under vacuum. The soluble portion of the residue was
taken up in 50 mL of ChKCI, and filtered through Celite. The
purplish-brown filtrate was concentrated to 5 mL under vacuum;
addition of 30 mL of pentane resulted in precipitation of a dark

performing the measurements. All experiments were performed on Prown solid, yield 1.51 g, 91.2%. IR(o): 1600(s) cm* (CHy-

CH.CI; solutions containing 0.1 M-Bu,;NPF; at room temperature.

Cl,). Anal. Calcd for GoH160N3;CoS: C, 37.34; H, 5.96; N, 12.43.

Cp*:Fe served as internal reference since the oxidation peaks foround: C, 37.38; H, 6.27; N, 13.08.

samples were overlapped with the £p/CpFe" redox wave. All
potentials are reported relative to the Ag/AgCl electrode using-Cp*
Fe/Cp%Fet as a referenceE, = 0.00 V vs Ag/AgCl in CHCIy).
Under identical conditions, the measured potential difference

(13) Musie, G. Ph.D. Dissertation, Texas A&M University, 1997.

(14) Arulsamy, N.; Bohle, D. S.; Butt, J. A.; Irvine, G. J.; Jordan, P. A.;
Sagan, EJ. Am. Chem. Sod.999 121, 7115-7123.

(15) Kubas, G. Jlnorg. Synth.1979 19, 90-92.

(16) Smart 1000 CCBBruker Analytical X-ray Systems: Madison, WI,
1999.

(17) SAINT-Plus version 6.02; Bruker: Madison WI, 1999.

(18) Sheldrick, GSHELXS-86: Program for Crystal Structure Solution
Institit fir Anorganische Chemie, Univer&it&ottingen: Gottingen,
Germany, 1986.

(19) Sheldrick, GSHELXL-97: Program for Crystal Structure Solutjon
Institit fir Anorganische Chemie, Universitat Gottingen: Gottingen,
Germany, 1997.

(20) SHELXTL, version 5.1 or later; Bruker: Madison, WI, 1998.

Preparation of (bme-pda)Co(NO), Complex 5In same manner
as described above, compléxwas prepared and isolated; yield
1.74 g, 44.9%. IR{yo): 1596(s) cm?* (CH,Cl,). Anal. Calcd for
C1gH1g0N3C0S: C, 34.94; H, 6.52; N, 13.58. Found: C, 33.35;
H, 5.62; N, 12.85.

Results and Discussion

SynthesesThe direct route to (B5;)M(NO) complexes
is described in Scheme 1. The iron(lll) acetylacetonate salt
is equally efficient to Fe(ll)(acag)in the synthesis of the
[(N2S;)FeL precursor since excess thiol ligand serves as
sacrificial reductant. Cobalt(Il) acetylactonate is the preferred
starting material for the cobalt derivatives.

(21) Gagne, R. R.; Koval, C. A.; Lisensky, G. borg. Chem.198Q 19,
2855-2857.
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Scheme 1

M(acac), + L toluene

(M =Fe, Co)

L= H&/\UA/SH, HSYANN N~ SH,
H,bme-daco Hobme*-daco
HS\/\m/\/SH H,bme-pda
/
H,bme-dach

Reddish-brown methanol solutions of dimeric {@)Fel
complexes (NS, = bme-daco, bme*-daco, bme-dach) were

Chiang et al.

Table 1. vno) Infrared Data (in CHCI, Except Where Noted) and
OM—N-0O of LM(NO) Complexes (M= Fe and Co)

compound E-F notatiod®  vnoycm ! OLM(NO)
NHasé {Fe(NO}® 18533 158.600)
[(bmb-pda)Fe(NO)} P {Fe(NO}® 17834 177.34
(bme-pda)Fe(NO) {Fe(NO}’ 1639 155.2
(bme-eda)Fe(NO) {Fe(NO}” 1665° 155.25
(bme-daco)Fe(NO), {Fe(NO}” 1649 151.2
(bme*-daco)Fe(NO)2¢ {Fe(NO}” 1643 148.7
(bme-dach)Fe(NORg® {Fe(NO}~ 1647 152.4
144
(TPP)Fe(NO) {Fe(NO}? 16755 149.20
(OEP)FeNO {Fe(NO}’ 16657 144 .41
142.7
(bme-daco)Co(NO}® {Co(NO}8 1600 129.6
128.7
(bme*-daco)Co(NC) {Co(NO}8 1598 -
(bme-dach)Co(NO) {Co(NO}8 1600 -
(bme-pda)Co(NO)z° {Co(NO)}8 1596 130.1
126.7
(TPP)Co(NO) {Co(NOY8 16828 135.22
(OEP)Co(NO) {Co(NO} 8 1670 122.7°

a Buffer containing 50 mM HepeskKOH (pH 7.5) and 20 mMh-butyric
acid.? KBr. ¢ This work.

complex of the tetraanionic bmb-pda ligand EAs given
in Table 1, thev(NO) values of the (bme-pda)Fe(NO) and

exposed to 1 atm of NO(g), whereupon an immediate green (bme-eda)Fe(NO) compounds are comparable to those of the
color developed along with a green precipitate. The green neutral complexes, 2, and3, while that of the monoanionic
product was isolated within 30 min, otherwise extended bmb-pda complex is ca. 130 cihigher. This highv(NO)
periods led to the formation of Roussin’s red ester-type value is consistent with the switch of the Fe(NO) unit into

products® Yields of 85-95% of the (NS;)Fe(NO) com-

its oxidized redox level. That is, thEe(NO}® Enemark-

plexes were obtained for the bme-daco and bme-dach ligandsFeltham (E-F) notatio® is appropriate for the [(bmb-pda)-

the sterically hindered (bme*-daco)Fe(NO) derivative led to
unstable products and poorer isolated yields+(25%).

As solids the purified (BS;)Fe(NO) complexes are
thermally and, for short periods of time, air stable. As a
precaution, all solutions of metal nitrosyl complexes were
maintained under Nor Ar. In a similar manner, complexes
(N2S,)Co(NO) were gained from the highly air-sensitive,
green [(NS;)Co], precursors as dark brown solids. The
cobalt nitrosyl derivatives are thermally and air stable.

Spectral Characterization. v(NO) Infrared Data.Com-
plexesl, (bme-daco)Fe(NO),2, (bme*-daco)Fe(NO), and
3, (bme-dach)Fe(NO), have a sing#NO) IR band at 1649,
1643, and 1647 cm, respectively. That the gem dimethyl
groups on the carbow to the thiolate slightly increase
electron density at iron, with delocalization onto the NO in
complex2 as compared ta, is suggested by the 6 crhred
shift in the »(NO) position. Table 1 contrasts these values

Fe(NO)]" complex and{Fe(NO}” is the assignment for
the neutral complexes. The stabilization of the oxidized
{Fe(NO}*® by tetraanionic NS, is also seen in nitrile
hydratase where thgNO) is 1853 cn?! in the Cys-Ser—
Cys tripeptide motif3

Lower NO stretching frequencies of ca. 50 ¢nfior the
(N2S;)Co(NO) complexes as compared to@)Fe(NO) are
attributed to the greater electron-rich character of the cobalt
derivatives; this is consistent with the—E redox level
notation of{ Co(NO) & and{ Fe(NO}”, respectively. Noted
for comparison in Table 1 are th&€NO) values for PM-
(NO) (P = TPP, OEP; M= Fe, Co) which have been
assigned to the same—f redox levels as in the 1$;
derivatives?®?’ The data show lower values for the 8)M-
(NO) complexes as compared to PM(NO) analogues with
greater discrepancies (ca. 780 cnt?) for the cobalt
complexe£82° This suggests that the dithiolate ligands of

to several analogous compounds. The bme-pda and bmeN,S,2- ligands are better electron donors than the amidg (N

eda ligands, structures A and®B?>are open-chain analogues

donors of the W~ porphyrin ligands.

of the diazacycle ligands of our studies, and Lippard and  The (bme-daco)Fe(NO) compound is stable in the presence

co-workers have synthesized,${Fe(NO) derivatives of
these. Artaud et al. have prepared the ,fNFe(NO)I

(22) (a) Enemark, J. H.; Feltham, R. Boord. Chem. Re 1974 340—
404. (b) Enemark, J. H.; Feltham, R. D.Chem. Soc., Dalton Trans.
1972 718-722.

(23) Noguchi, T.; Hoshino, M.; Tsujimura, M.; Odaka, M.; Inoue, Y.; Endo,
|. Biochemistry1996 35, 1677716781.

(24) Chatel, S.; Chauvin, A.-S.; Tuchagues, J.-P.; Leduc, P.; Bill, E.;
Chottard, J.-C.; Mansuy, D.; Artaud,lhorg. Chem. Act2002 336,
19-28.

(25) Karlin, K. D.; Rabinowitz, H. N.; Lewis, D. L.; Lippard, S. lhorg.
Chem.1977, 16, 3262-3267.
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of 1 atm of NO in MeOH for about 4 h, while the
(bme*-daco)Fe(NO)and (bme-dach)Fe(NO) readily react
with excess NO gas in MeOH to form red-brown derivatives
with »(NO) absorptions of 1780, 1755 cf With typical

(26) Vogel, K. M.; Kozlowski, P. M.; Zgierski, M. Z.; Spiro, T. G. Am.
Chem. Soc1999 121, 9915-9921.

(27) Scheidt, W. R.; Duval, H. F.; Neal, T. J.; Ellison, M. K.Am. Chem.
So0c.200Q 122, 4651-4659.

(28) Kini, A. D.; Washington, J.; Kubiak, C. P.; Morimoto, B. thorg.
Chem.1996 35, 6904-6906.

(29) Ellison, M. K.; Schedit, W. RInorg. Chem.1998 37, 382-383.
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Table 2. Crystallographic Data for the @$;)Fe(NO) Complexes
(bme*-daco)Fe(NG)

(bme-dach)Fe(NQ) (bme-daco)Co(NG) (bme-pda)Co(NG)

formula G4H2sFeNsOS, CoH18FeNsOS, C10H20CoNs0S, CgoH20CoNsOS,
fw (g/mol) 374.36 304.23 321.34 309.23

cryst syst monoclinic triclinic monoclinic monoclinic
space group C2lc P1 P2(1)h P2(1)ic

unit cell

a(A) 21.211(4) 7.3544(9) 7.697(4) 8.2608(13)
b (A) 7.4354(14) 8.0686(10) 23.622(12) 12.7516(19)
c(A) 24.245(5) 11.6108(14) 7.705(4) 12.5833(19)
o (deg) 90 95.523(2) 90 90

p (deg) 113.095(3) 97.570(2) 112.703(8) 98.676(2)
y (deg) 90 114.273(2) 90 90

V (R3) 3517.3(12) 613.92(13) 1292.2(11) 1310.3(3)

z 8 2 4 4

R1°, WRZ(%) [I > 20(1)] 3.85,9.85 3.42,8.69 5.93,10.44 2.20,5.28
R1°, WRZ(%) all data 4.05, 10.09 3.53,8.82 7.44,10.98 2.31,5.35

aObtained using graphite-monochromatized Ma Kadiation ¢ = 0.71073 A) at 110 KPR1 = §||F| — |Fe/l/SFo. ¢ WR2 = [J[W(Fs2 — F2)?/
ZW(FOZ)Z] 1/2.

RS ligands, suchv(NO) bands in the 17501780 cnr? 2 T2 14~
region are characteristic of Roussin’s red “estefi~SR)- Me\m _Me Me\ﬂ/Me

[Fe(NOY],, a ubiquitous side product of all thiolatéron NN ( )

nitrosyls in excess N&3* These products have not been (S S) s s

isolated, and their exact nuclearity is as of now unknown.
Earlier studies of iron nitrosyls and a bidentate dithiolate

OiN N_ o
. o
©)

(A) (B)

found a tetranuclear struc_ture_containin_g a_dime_r of Roussin’s (bme-pda) (bme-eda) (bmb-pda)
red, an analogue of which is a possibility with theS) N, N-dimethy-N, N N, N-dimethyl-N, N N, N“bis(2-mercapto-
dithiolate |igand§_ bis(2-mercaptoethyl)-  bis(2-mercaptoethyl)- isobutyryl)-o-phenylene-
. . 1,3-propanediamine ethylenediamine diamine
Vis—UV Spectra.As previously reported for the (bme- i P ; Y
igure 2.

pda)Fe(NO) and (bme-eda)Fe(NO) complexes2, and3 ) ) .
have charge-transfer bands in t@20-350 nm range and ~ 9roup. The displacement of iron from the besShplane is
a d—d transition band at630 nm in the vis-UV spectra® ca. 0.48 A in the diazacycle derivatives and slightly less in
Molecular Structures from X-Ray Crystallography. the open—chair_1 bme-pda derivative (0.41 A). The cobalt
Crystals of complexe® and 3 were obtained by vapor displacement is even less, 0-30.37 /1\: The molecular
diffusion of pentane into ChCl, solutions at 5°C. For ~Structures of complexes 4,andS show disorder in the NO
complexest and5, a solvent-layering technique was used. 9roup; for the latter two, that disorder is torsional in
Crystallographic data for the structures are given in Table character; for complex3, the disorder is also in the
2. The molecular structures of complex&s3, 4, and5 are [Fe-N—O angles, refined to be 152.4t@nd 144(3). The
shown in Figures 2 and 3 as 50% thermal ellipsoid plots. JFe-N—0 = 148.7(2) in complex2 is similar to that of
Selected bond distances, angles, and atom displacement§oMplex1, 151.7(5.% A feature apparently common to all
from planes are given in Table 3; full listings are given in Structures of this type is the orientation of the NO bond-
Supporting Information. For comparison, data for complex Vector toward the thiolate region of the;84 donor set. In
1 and the (bme-pda)Fe(NO) complex of Lippard et ate fact, the dihedral angles defined by the intersection of
also listed in Table 3. N—M-—S and O-N—M planes are typically less than 20
The structures of all the #;M(NO) (M = Fe, Co) F_igure 5. For comple®, which shows no M-NO torsional
complexes are approximately square pyramids with the M disorder, the NO bond vector largely eclipses the-Sdond

residing above an $$, plane and capped by an apical NO Vector! o o
All structural features of the mesocyclic ligand derivatives

(30) Schedit, W. R.; Frisse, M. E. Am. Chem. Sod.975 97, 17-21. are typical of this class of &, ligands, and metric (distance)
(31) Schedit, W. R.; Duval, F. Neal, T. J.; Ellison, M. &. Am Chem. ; tAoni ;
S00.2000 122 4651-4659. data are unremarkable. The iron-to-nitrogen distance of
(32) Schedit, W. R.; Hoard, J. L. Am. Chem. Socl973 95, 8281 Fe-NO averages to 1.71 A in ¢$,)Fe(NO) (NS, = bme-
8288. daco, bme*-daco, and bme-dach) and is 1.70 A in the open-

(33) (a) Butler, A. R.; Glidewell, C.; Johnson, I. L.; Walton, J. C. . . . .
Polyhedron1987, 6, 2085-2090. (b) McDonald, C. C.; Phillips, W. chain analogue, (bme-pda)Fe(NO). An interesting difference

D.; Mower, H. F.J. Am. Chem. So965 87, 3319-3326. (c) Basosi, between the diazacycle complexes vs the open chain deriva-

R.; Gaggelli, E.; Tiezzi, E.; Valensin, @. Chem. Soc., Perkin Trans. ; ; : _ _
21975 423-428. (d) Jezowska-Trezebiatowska, B.; JezierskiJA. tives is the reversal inIN—Fe—N and DS Fe-S angles.
Mol. Struct.1973 19, 635-640. (e) Bryar, T. R. Eaton, D. Can. J. For complexesdl, 2, and 3, the former is smaller than the
Chem.1992 70, 1917-1926. i i i i i i i
(34) (@) Thomas, J. T,; Robertson, J. H.; Cox, EA@Gta Crystallogr.1958 l_?rt]ter.WIthha gajorbdlffelilenc,eil al'rlsl(lng. Inr:he d};‘g\lh dlfnvstlve'
11, 599-604. (b) Glidewell, C.; Lambert, R. J. Chem. Soc., Dalton at I1s, the 2-carbon N-to-N link pinches théN—Fe—

Trans.1989 2061-2064. (c) Glidewell, C.; Harman, M. E.; Burst-  angle to 79 and opens thélS—Fe—S angle to 95 see
house, M. B.; Johnson, I. L.; Motevalli, M. Chem. Res. (S)988 - - :
212-213(M) 1676-1690. (d) Cai, J.; Mao, Sliegou Huaxue 983 Supporting Information, Figure S1. In contrast, the open-

2, 263-267. chain derivatives for both Fe and Co find the-NI—N
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Table 3. Selected Distances and Angles of Complekeéome-daco)Fe(NO)2, (bme*-daco)Fe(NO)3, (bme-dach)Fe(NO}, (bme-daco)Co(NO)5,
(bme-pda)Co(NO); and'Ee(NOy

compound 1 2 3 L'Fe(NOy 4 5
M-S (A) 2.239(2) 2.2105(7) 2.2172(7) 2.240(3) 2.2152(17) 2.2115(5)
2.253(2) 2.2408(7) 2.2456(7) 2.209(3) 2.2339(16) 2.2180(5)
M—N(N2S,) 2.069(5) 2.0599(18) 2.0001(2) 2.082(7) 2.036(4) 2.2094(14)
2.072(5) 2.0816(18) 2.025(2) 2.093(8) 2.041(4) 2.20598(13)
M-NO (A) 1.707(6) 1.714(2) 1.705(2) 1.697(9) 1.765(4) 1.7818(14)
N—O (A) 1.094(4) 1.174(3) 1.167(18) 1.146(9) 1.173(7) 1.164(10)
1.23(3) 1.160(16) 1.148(5)
M(NS;) disp? 0.4839 0.4792 0.4896 0.414 0.3717 0.3078
N(1)n2s2)dis? —0.0765 —0.0174 —0.0601 0.0145 —0.0448 —0.1310,
N(2)n2s2) disp 0.0762 0.0175 0.0600 —0.0146 0.0447 0.1298
S(1)n2s2)dispf —0.0700 0.0164 0.0468 —0.0146 0.0451 0.1192
S(2)n2s2) dispf 0.0697 —0.0164 —0.0467 0.0147 —0.0450 —0.1180
ON—M—Nn2s2) 86.99(19) 87.65(8y 79.03(9y 94.1(3)° 87.91(17)y 95.80(5y
ON—M—Nno) 101.76 101.758 101.97 98.5 97.5 94.20
OM—-N-0O 151.7(5) 148.74(17) 152.4(6) 155.2 129.6(8y 130.1(3y
144(3y 128.7(4y 126.7(10)
0s-M-S 88.11(8) 86.32(3y 94.91(3y 86.4(1y 88.63(7) 85.75(2)

aSee Figures 3 and 4 for molecular structuréds=Lbme-pda, see ref P.disp is defined as the displacement of Fe from the beS Nlane.cN and S

atoms displacements from the bestSMplanes.

(a) 2o
| sl
ch  ce N
c3)
Y
cli3)
(b)

e
cla) \\\\"‘,ﬂ@ c3)
N\

Figure 3. (a) Molecular structures of compleX (bme*-daco)Fe(NO),
and (b) complex3, (bme-dach)Fe(NO), with thermal ellipsoids drawn at
50% probability level.

angles at 99and 94, respectively, while the SM—S angle
is contracted to 86in both.
The packing diagrams of complex&s-3 show obvious

(a) ;) @

[,
c(7) Cie

(b)

Figure 4. (a) Molecular structures of complek (bme*-daco)Co(NO),

and (b) complexs, (bme-pda)Co(NO), with thermal ellipsoids drawn at
50% probability level.

with O-++O separations of 3.4 and 5.2 A for compl&xs.1

and 6.2 A for complex2; and 3.6 and 4.5 A for compleX
These may be seen by viewing down thexis and with
the a axis horizontal to the plane of paper (see Supporting
Information, Figure S2). There are no obvious close inter-
molecular interactions that might suggest a packing force

alignments of hydrophobic and hydrophilic regions. Thus, influence on the distinctive NO orientation over the-8
the NO ligands lie between two adjacent Fe(NO) complexes bond vector.
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Figure 6. EPR spectra of (a) compleXand (b) complex3 at 298 K in
CH.ClI; solution.

Electrochemical Studies. The cyclic voltammograms
(CVs) of the (NS;)M(NO) compounds (M= Fe, Co; NS,
= bme-dach, bme-daco, bme-pda, bme*-daco) were exam-
ined at room temperature in GEl, containing 0.1 Mh-Bu,-
NPFs with a glassy carbon working electrode. The complete
CVs at 200 mV/s scan rate are presented in Figures7 and 8,
and potential and reversibility data from CVs are given in
Magnetism and EPR Data.Complexesl, 2, and3 are Table 4.
paramagnetic and show a single isotropic signal in their EPR  As seen in Figure 7a, the (bme-dach)Fe(NO) complex
spectra withg values of 2.05, 2.04, and 2.05, respectively. undergoes one reversible reductionEak = —1.13 V and
Figure 6 displays the room-temperature spectra of (bme*- one irreversible oxidation &, = 0.52 V within the solvent
daco)Fe(NO), compleg, and (bme-dach)Fe(NO), complex window. The separation in peak potentialef, = |Epa —
3. The former show$“N hyperfine coupling resulting in a  Ep for the reduction aEy > = —1.13 V is 182 mV, and this
triplet with hyperfine coupling 12.2 G, which is evidence Vvalue is comparable to that determined for the £Eg/Cp*-
for the residence of the odd electron in a molecular orbital Fe" couple used as an internal reference. In addition, the
with substantial NO character and delocalization within the anodic-to-cathodic peak current ratig/(p) for this reduction
{Fe(NO}’ moiety. These EPRy values and hyperfine is 0.87, indicative of the chemically reversible reduction.
couplings have also been observed for the (bme-pda)Fe(NO)Furthermore, as indicated by linearity in the plotigfvs

Figure 5. Vertical view (eclipsing N and M of M-NO unit) of ball-and-
stick structures of (bme*-daco)Fe(NO) and (bme-daco)Co(NO).

and (bme-eda)Fe(NO) complex&®.Interestingly, the Fe v12, this reduction process is diffusion-controlled. Hence,
porphyrin nitrosyl complex, (TPP)Fe(NO), in toluene has an the overall electrochemical data suggest that the reduction
almost identical signal, a triplet with values around 2.05 at Ei = —1.13 V is a diffusion-controlled, chemically
and hyperfine coupling from“N of 17.4 G35 While the reversible, one-electron-transfer process.

Spectrum of3 does not show distinct hyperﬁne Coup"ng' Similar redox behaviors have been observed for the

the irregular shape of the resonance is possibly due to apreviously reported neutral four-coordinate,g@yNi com-
mixture of isomeric forms derived from NO binding on either Plexes. For example, (bme-dach)Ni undergoes one reversible
side of the NS, plane (the 2-carbon or 3-carbon atom N-to-N  reduction at ca-—1.9 V and one irreversible oxidation at ca.

linked side). The cobalt complexesand5 of E—F notation ~ 0.36 V (referenced t&,, of Cp,Fe/CpFe" = 400 mV) in
{Co(NOY8, as well as the analogous cobalt porphyrin CHsCN solution. These processes have been assigned to the

nitrosyl complexes, are diamagnetic and EPR sitef. one-electron Ni/Ni' couple (eq 1), and the oxidation of
thiolate to the thiyl radical, respectivel§As the NS, ligands
(35) Wayland, B. B.; Olson, L. WJ. Am. Chem. Sod974 96, 6037 are not expected to be easily reduced, the reduction activity
6041. for the (N.S;)M(NO) complexes are presumed to occur at
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(a) (bme-dach)Co(NO)
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Ejp=-110V
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15 1 05 0 05 -1 A5 =2 V vs Ag/AgCI
V vs Ag/AgCI Figure 8. CVs of 2.0 mM CHCI, solution of (a) (bme-dach)Co(NO), (b)
) . . /
Figure 7. CVs of 2.0 mM CHClI, solution of (a) (bme-dach)Fe(NO), (b) (bme-daco)Co(NO), and (c) (bme*-daco)Co(NO) in 0. nHBUNPFs with

(bme-daco)Fe(NO), and () (bme*-daco)Fe(NO) in 0. hBUNPF; with a glassy carbon electrode at scan rate of 200 mV/s. All potentials are reported

i 1 *Fat =
a glassy carbon electrode at scan rate of 200 mV/s. All potentials are reportedgegaé“\//e\}g ﬁg/lﬁggll ;;Ieccg(gs using Cgire/CpFe” as referenceyz

relative to Ag/AgCI electrode using Cge/Cp*%Fe’ as referenceHy, =
0.00 V vs Ag/AgCl in CHCIy).

Table 4. Potential and Reversibility Data from Cyclic Voltammetry for
. N2S)M(NO) (M = Co, Fe) Compounds in Gigl,, 0.1 M n-BusNPFs
the M(NO) moiety. Thus, for the (bme-dach)Fe(NO) com- étz 2)00( m\,)/s( Scan Rate) P ?

plex, the reduction &, = —1.13 V is reasonably assigned

. . reduction oxidation
to metal-nitrosyl-centered reduction (eq 2), whereas the V) fret <econd

process aEp, = 0.52 V is assigned to sulfur-based oxidation. compound ( AE”(ZmV))b indipc  oxidn  oxidn
1,48 — il (bme-dach)Fe(NO) —1.13 (182) 0.87 0.52
Ni"(d®) + e = Ni'(d?) 1) (bme-daco)Fe(NO) ~ —1.19(176)  0.84  0.54

(bme*-daco)Fe(NO)  —1.27 (173) 0.87 0.531 1.158
N,S{Fe(NO}'+ e = N,S,{Fe(NO}® 2) (bme-dach)Co(NO) ~ —1.10(160) 0.82  0.56
(bme-daco)Co(NO)  —1.19(185)  0.70  0.53
8 0 (bme-pda)Co(NO) -1.12(198) 0.82 055

N,S{Co(NO}“+ e = N,S,{Co(NO} 3) (bme*-daco)Co(NO) —1.28(162)  0.74 050 125

. . a All potentials are reported relative to Ag/AgCI reference electrode using
Shown in Figure 7, the CV of (bme-daco)Fe(NO) also cp,Fe/CpiFe as referenceBy, = 0.00 V vs Ag/AgC! in CHCL).
reveals redox processes similar to those of the (bme-dach)-b InstrumentalR compensation was not used to minimize teh uncompensated
i in the solution. The separation in peak potentials is comparable to
Fe(NO) complex, whereas the (bme*-daco)Fe(NO) complex iRdrop in tf i
' . . ) that determined for the CpFe/Cp*%Fet couple used as an internal reference.
undergoes one reversible reduction and two partially revers-c this value is for half-potentialfyz) (AE (mV) = 130, ipdipa = 0.53).
ible oxidations. The cathodiE/, value observed for (ome- ¢ This value is for half-potentialyz) (AE (mV) = 140, ipdipa = 0.59).
daco)Fe(NO) differs little from the (bme-dach)Fe(NO); " Ths value s for haif-potentialuz) (A (V) = 114, Tpdpa = 0.30).
however, theE;, (cathodic) for (bme*-daco)Fe(NO) is

(36) ggggidt' W. R.; Hoard, J. L1. Am. Chem. Sodl973 95, 8281~ significantly more negative. The latter result is consistent
(37) Richter-Addo, B. B.: Hodge, S. J.; Yi, G.-B.: Khan, M. A.; Ma, T.. With the greater electron-donating ability of the thiolate
ggggélgggke, E. V.; Guo, N.; Kadish, K. Nhorg. Chem1996 35, sulfurs which have gem-dimethyl groups. Such an observa-

tion was noted in comparisons of the"Nicouple in (bme-

(38) Farmer, P. J.; Reibenspies, J. H.; Lindahl, P. A.; Darensbourg, M. Y. : ) .
daco)Ni (ca.—1.9 V) vs (bme*-daco)Ni (ca—2.1 V) in

J. Am. Chem. S0d.993 115 4665-4674.
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CHzCN solution?®® It is also noteworthy that the first
oxidation events for the three {8&)Fe(NO) compounds

and [PPN][NQ] in MeOH solution. The brown solution
darkened, and an(NO) absorption at 1670 cm, assigned

show little difference and no recognizable trend. As these to (bme-daco)Fe(NO), developed in the IR spectra over the
oxidations are assumed to be sulfur-based, such a result icourse of 4.5 h. No further IR changes occurred after 16 h

not unexpected. The CVs of the analogous)NCo(NO)
complexes are shown in Figure 8. In general, all theSgN

of stirring. The product was isolated in low yiele:10%),
and no optimization was attempted.

Co(NO) compounds undergo redox processes similar to those As the photolability of NO-deactivated NHase is an

of the (N'S;)Fe(NO) complexes. For example, the CV of

important characteristic of the naturaj$iFe(NO) complex

the(bme-dach)Co(NO) complex reveals one reversible reduc-in the nitrile hydratase active site, we attempted photolysis

tion atEy, = —1.10 V and one irreversible oxidation Bf,
= 0.56 V. As in the case of (d;)Fe(NO), these redox

of the (N'S;)Fe(NO) complexes in MeOH solutions in Pyrex
glass using a Hg-vapor lamp. The w8V spectral monitor

processes are also assigned to metal-nitrosyl-centered reduasf this mixture found the same position and intensity of bands
tion (eq 3) and sulfur-based oxidation, respectively. Interest- after a 4 hphotolysis reaction (see Supporting Information,
ingly, the (bme*-daco)M(NO) complexes display two oxi- Figure S3). The stability of the ¢$,)Fe(NO) complex under
dation events whereas all other complexes show only one.stringent photolysis conditions is consistent with properties
As these have gem-dimethyl groups, the possibility of of iron mononitrosyl complexes synthesized by Mascharak,
sequential production of stabilized thiyl radicals should be Kovacs, Artaud, and Grapperhaus ef?#f4! From their
further explored. Yet another notable feature discovered in studies, it has been proposed that a thiolate ligand trans to
the electrochemical studies is the fact that redox potentialsNO is a requirement for the observed photolability of
observed for (MS;)Co(NO) are almost identical to those of Fe—NHasela1b41
(N2S,)Fe(NO) containing the corresponding3dligand. This The NO-inactivated FeNHase active site structure shows
result is remarkable given the differencesi{NO) values  two cysteine sulfurs are post-translationally modified to
and M—N—0O angles for Co vs Fe. sulfinate (RS@") and sulfenate (RSQ.-1%2As the sulfinate
Chemical Reactivity. Aspects of the reactivity of the  and sulfenate may play a key role in hydration of nitrile in
[(N2S)Fel and (NS;)Fe(NO) complexes were studied as NHasé and as the nickel-bound &, ligands based
follows. As nitrosothiols (RSNOs) are considered to be NO on diazacycles bme-daco and bme-dach readily form
transfer agents in biological systems, the potential for S-oxygenated!3fthe potential for oxygen uptake by sulfur
[(bme*-daco)Fejto serve as an NO acceptor from the stable in the (N.S,)Fe(NO) complexes was explored. In fact, there
nitrosothiol PRCSNO was explored. Thus, 1:1 mixtures in was observed no color or IR spectral changes following an
CH,Cl, solutions at room temperature were monitored by overnight Q gas purge of a CkCl, solution of (bme-daco)-
IR spectroscopy. Over the course of 4 days in the dark or Fe(NO). Further attempts to produce sulf-oxygenated prod-
following exposure to strong sunlight for 5 h, the IR spectra ucts with pressures of £ or O-atom sources such as
showed no evidence of NO transfer yielding the§yFe-  4-chloropyridine oxide, or kD, in CH,Cl, or MeOH gave
(NO). On addition of [Cu(CHCN)4]BF4, however, there was  either negative results or decomposition to insoluble com-
an immediate color change from brown-green to dark brown- pounds. Studies by Mascharak ettprovide evidence that
red. After overnight stirring, the solvent was removed by carboxamido nitrogens as in the natural EgerCys,
vacuum and the residue was redissolved in,Clkll The tetraanionic NS; ligand of NHase are required to stabilize
solution IR showed a/(NO) absorbance at 1648 cf Fe’™ sulfinate and sulfenaté.|t should be mentioned that
indicating formation of (bme*-daco)Fe(NO). This result is  direct reaction of [(NS;)Fé'], dimers with molecular @or
consistent with the known Cu(l)-catalyzed decomposition of pyridine oxide results in formation ofcfoxo)[(N2S;)Fée"],
nitrosothiols (RSNOs) to release NO and form disulfide complexese That is, Fe-based oxygenation is preferred over
compounds in solution (eqs).*° Thus, the formation of  S-oxygenation, and in the NO-bound form, theyFe is
the (bme*-daco)Fe(NO) results from the copper-catalyzed protected from @ sensitivity.
production of free NO in solution. Similar results were

obtained for [(bme-daco)Fg] Conclusions and Comments

The (NNS;)M(NO) complexes (NS, = bme-daco, bme*-

+ . + —
Cu” + RSNO— C™ + RS +NO “) daco, bme-dach; M= Fe, Co) can be directly synthesized
CE" + RS CU" + RS ) by reaction of [(NS;)M] . with NO gas, producing thermally
stable, non-photolabile complexes indicating the predilection
2RS =RSSR (6) of the NuS, donor set for such MNO moieties. Solid-state

structures have shown that all {B)M(NO) complexes are
in square pyramidal geometry, with the M displaced out of
the NS, planes by 0.3 (Co) to 0.5 (Fe) A. The bent#—O

For comparison to iron porphyrin complexes which are
known to react with N@ to form porphyrin iron nitrite
complexes® we examined the reaction of [(bme-daco}Fe]

(40) (a) Nasri, H.; Wang, Y.; Huynh, B. H.; Schedit, W. R.Am Chem.
S0c.1991 113 717-719. (b) Finnegan, M. G.; Lappin, A. G.; Schedit,
W. R. Inorg. Chem.199Q 29, 181-185. (c) Wei, Z.; Ryan, M. D.
Inorg. Chim. Acta2001, 314, 49-57. (d) Wolak, M.; Eldik, R. V.
Coord. Chem. Re 2002 230, 262-282 and references therein.

(39) (a) Williams D. L. H.Chem. Commun1996 32, 1085-1091. (b)
Al—=Sa’doni, H.; Ferro, AClin. Sci.200Q 98, 507-520. (c) Lee, J.;
Chen, L.; West, A. H.; Richter-Addo, G. EChem. Re. 2002 102,
1019-1066.
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apexes are oriented toward the sulfur atoms with a distinctive hydratase. In agreement with the conclusion of Artaud et
and, as of now, unexplained alignment of the NO bond vector al.;*? there is no obvious barrier to the binding of NO in
over one M-S bond. To our knowledge, the X-ray diffraction cobalt-NHase as is found in the deactivated form of iron
studies of the (B5;)Co(NO) complexes reported here are NHase. An argument to the contrary can, of course, be based
only the second and third for such neutral compounds while on the fact that the dianionicJS, analogues in this study
several are known for the 4S,—iron mononitrosyl com- result in neutral complexes in which the metals are in a more
plexes?® The OFe—N—O bond angles are in the range of reduced state than in the NHase which derive from tetraan-
144—-152. In contrast, the cobalt nitrosyl analogues show a ionic ligands, containing carboxamido nitrogens, stabilizing
greater bend, with adCo—N—O angle of 127130 oxidized Fe(NO) states, and apparently promoting the
consistent with a more-electron-rich configuratidrCo- sulfoxidation that was not observed here.

(NO)}8 as compared tpFe(NO}’. A reasonable expectation Finally, the similarity between the (porphyrin)M(NO)
is that the diamagnetic cobalt complex expresses a majorderivatives and the (};)M(NO) complexes herein, estab-
contribution from a CH—(NO") configuration, and the lished through comparisons of EPR spectral properties,

paramagnetic iron complex is represented by-R&Os). magnetism, ana(NO) IR data, is of noté? In view of the
While the infrared spectra are in agreement with this enormous influence of porphyrins as a class of ligands in
assignment, with/(NO) values of the (B5;)Co(NO) com- coordination and bioinorganic chemistry, further studies of
pounds some 50 cm lower than the analogous {&)Fe- the scope of the P&, ligands and their potential for various
(NO) derivatives, the electrochemical data present a conun-applications as have been appropriate forpdrphyrins is
drum. The reduction potentials, assignef@o(NO)}8 + e~ warranted.

- 9 7 - = 8 . .
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laboratory project.

All aspects of the structures and physical properties of the
(N2S)M(NO) compounds indicate the great similarities of
Co and Fe within this coordination environment, consistent
with the presence in nature of two metallic forms of nitrile
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