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It is well-known that NO binds to the heme groups of Hb,
Mb, and guanylyl cyclase to form (porphyrin)Fe(NO) species.1-3

Appel and co-workers have also shown that nitrosamines (R2-
NNO) bind to ferric liver microsomal cytochrome P450 to give
spectra indicative of (i) binding of the nitrosamine to the
substrate pocket (type I) and/or (ii) binding of the nitrosamine
directly to the sixth coordination site of the heme moiety (type
II).4 Furthermore, they showed that reduction of these ferric
nitrosamine complexes generates iron nitrosyl porphyrin deriva-
tives.4 Six-coordinate (porphyrin)Fe(NO)(SR) thiolate com-
plexes may also form when NO binds to cytochrome P4505 or
NO synthase.6 We recently reported the synthesis of a bis-
(nitrosamine) complex of an iron porphyrin in which the
nitrosamine ligands are bound to the paramagnetic Fe(III) center
via their oxygen atoms.7 We were interested in the extension
of this chemistry to encompass the preparation of nitrosyl and
nitrosamine derivatives of ruthenium porphyrins. We now show
that the readily preparable and air-stable [(OEP)Ru(NO)(H2O)]+

cation is a suitable and convenient precursor to novel diamag-
netic nitrosyl porphyrins containing nitrosamine, thiolate, and
amine ligands.8-10

Reaction of (OEP)Ru(CO) (1) with NO+BF4- in CH2Cl2
generates [(OEP)Ru(NO)]+, which is recrystallized in air to give
the aqua complex [(OEP)Ru(NO)(H2O)]+ (2) in 71% yield
(Scheme 1).11 TheνNO of the complex is at 1853 cm-1 (KBr),
and the linearity of the Ru-NO linkage (171.0(7)°) has been
determined by single-crystal X-ray crystallography.12 Reaction
of 2 with diethylnitrosamine produces the air-stable [(OEP)-

Ru(NO)(Et2NNO)]+ (3) cationic complex in 82% yield.13 The
νNO of the complex at 1847 cm-1 (KBr) is slightly lower than
that for the aqua complex and is consistent with a linear Ru-
NO linkage. IR bands of3 at 1250 and 1201 cm-1 shift to
1233 and 1194 cm-1, respectively, upon substitution with
Et2N15NO. Upon substitution with Et2NN18O, only the band
at 1250 cm-1 shifts (to 1240 cm-1). We thus assign the 1250
and 1201 cm-1 bands asνNdO andνN-N, respectively, of the
coordinated nitrosamine.14-16 Although we could not obtain
suitable crystals of3 for X-ray diffraction studies, we were able
to prepare and isolate the isoelectronic carbonyl analog (OEP)-
Ru(CO)(Et2NNO) (4) in 71% yield by reaction of1 with
diethylnitrosamine.17 The IR spectrum of4 reveals theνCO at
1909 cm-1, and bands at 1300 and 1256 cm-1 that are similarly
assigned asνNdO and νN-N, repectively, of the coordinated
nitrosamine (the use of Et2N15NO shifts these bands to 1286
and 1247 cm-1, whereas the use of Et2NN18O shifts the 1300
cm-1 band to 1287 cm-1 (sh)). The molecular structure of4
(Scheme 1) shows that the nitrosamine ligand is bound through
its oxygen atom to the formally Ru(II) center in anη1-O fashion,
and the nitrosamine NdO and N-N bond lengths of 1.245(11)
and 1.286(11) Å in4 suggest a contribution of the dipolar
-O-NdN+R2 structure similar to that suggested previously for
the bound nitrosamines in [(TPP)Fe(Et2NNO)2]+ClO4

-.7 The
carbonyl ligand in4 is readily displaced by 1 equiv of NO+BF4-

in CDCl3 to give 3 in quantitative yield by1H NMR and IR
spectroscopy. The nitrosamine ligand in3 may then be
displaced by diethylamine in CH2Cl2 to form the nitrosyl amine
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complex [(OEP)Ru(NO)(Et2NH)]+ (5) in 71% yield.18 Complex
5 is also obtained directly from the reaction of2 with
diethylamine in 78% yield.
Although complexes of the form (porphyrin)metal(NO)(SR)

are potential models for the interaction of NO with cytochrome
P450 and NO synthase, no such isolable complexes had been
reported prior to this study. We obtained thermally stable
nitrosyl thiolate complexes by the reaction of2with both alkane-
and arenethiolate anions in THF to produce (OEP)Ru(NO)(SR)
(R ) CH2CF3 (6), C6F4H (7)) in 81% and 73% yields,
respectively.19,20 These nitrosyl thiolate complexes are mod-
erately air-stable, showing no signs of decomposition in air in

the solid state even after 1 week. The IR spectra indicate that
theυNO’s of 6 and7 are at 1782 and 1798 cm-1, respectively.
In concluding, we note that3 and4 are the first mononitro-

samine metalloporphyrin complexes to be reported and are also
the first metal-nitrosamine complexes containingπ-acid ligands
(CO, NO+) to be prepared. Reactions designed for the
activation of the bound nitrosamines and extensions of this work
to the related iron analogs are in progress.

Acknowledgment. G.B.R.-A. thanks the University of
Oklahoma for start-up funds. The research results discussed
in this publication were made possible by the OCAST award
for Project No. HN4-017 from the Oklahoma Center for the
Advancement of Science and Technology. We are grateful to
Ms. Li Chen for technical assistance. We are also grateful to
the National Science Foundation for an instrument grant to
purchase our departmental Siemens P4 diffractometer.

Supporting Information Available: Text giving characterization
data for complexes2-7 and listings of experimental details for the
crystal structure determinations and refinements, thermal ellipsoid
drawings, and tables of atomic coordinates, anisotropic thermal
parameters, hydrogen coordinates, bond distances and angles, and
selected torsion angles and least squares planes for2BF4‚H2O and4
(38 pages). Ordering information is given on any current masthead
page.

IC951600F

(18) Data for5: 1H NMR (CDCl3) δ 10.37 (s, 4H,meso-H), 4.17 (m, 16H,
CH2CH3 (OEP)), 1.99 (t,JHH ) 7 Hz, 24H, CH2CH3 (OEP)), 0.95
(br, 4H, HN(CH2CH3)2), -0.57 (br, 6H, HN(CH2CH3)2), signal of
HN(CH2CH3)2 not observed; low-resolution mass spectrum (FAB)m/z
736 [(OEP)Ru(NO)(HN(CH2CH3)2)]+ (trace), 664 [(OEP)Ru(NO)]+

(100%).
(19) Data for6: 1H NMR (CDCl3) δ 10.29 (s, 4H,meso-H), 4.15 (q,JHH

) 7 Hz, 16H, CH2CH3 of OEP), 1.97 (t,JHH ) 7 Hz, 24H, CH2CH3
of OEP),-2.87 (q,JHF ) 11 Hz, 2H (SCH2CF3)); low-resolution mass
spectrum (FAB)m/z 779 [(OEP)Ru(NO)(SCH2CF3)]+ (2%), 664
[(OEP)Ru(NO)]+ (100%).

(20) Data for7: 1H NMR (CDCl3) δ 10.25 (s, 4H,meso-H), 6.00 (m, 1H,
p-H, SC6HF4), 4.13 (q,JHH ) 7 Hz, 16H, CH2CH3 of OEP), 2.00 (t,
JHH ) 7 Hz, 24H, CH2CH3 of OEP); low-resolution mass spectrum
(FAB)m/z845 [(OEP)Ru(NO)(SC6HF4)]+ (3%), 664 [(OEP)Ru(NO)]+
(100%).

Scheme 1
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