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The chemistry of nitric oxide, NO, is attracting widespread
interest, from environmental to biological chemistdAs a free
radical, NO reacts rapidly with other odd-electron species, such
as superoxide and alkyl radicals, and reversibly dimerizes@.N
NO can be oxidized to NOor to NG, (by formal addition of
O*7). Reduction of NO to MO commonly occurs via deoxygen-
ation of NbO,, often in a metal-mediated procesReported here
is the first example of reduction of NO to,® that occurs by
one-step nitrogen-atom transfer.

Stirring a benzene solution of the osmium nitrido complex
TpOs(N)Ch (1)* under ~0.75 atm of NO for 24 h results in
stoichiometric conversion to 0 and the osmium nitrosyl
complex TpOs(NO)GI (2)° (eq 1; Tp = HBpz, hydrotris-
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(pyrazolyl)boratef. The osmium stoichiometry was determined
by 'H NMR and the NO was detected by gas-phase IR. The IR
spectrum of NO at moderate pressures@.10 Torr), using a
low-resolution PE1600 FT-IR, shows broad R and P branches,
with maxima at 2214 and 2238 ctand a minimum at 2224
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cm! (the unobserved Q-branch position; Figure 1). The yield of
N.O was 90+ 10%, based on a Beer's law calibration at 2224
cm! and subtraction of the residual,® present in the NO
reactant (Figure 1, inset)Kinetic data obtained bjH NMR in
CD,Cl, under 3 atm of NO (pseudo-first-order conditions) are
consistent with first-order decay af Reducing the pressure by
a factor of 3 increases the half-life by roughly the same factor.
Reactionl thus appears to be first order in bdtland NO, with
rate constank ~ 3 x 10*Mtstat 21°C8

There are two reasonable types of mechanisms for reaction 1.
The nitrosyl compleX could be formed by oxygen atom transfer
to the nitrido ligand inl, analogous to the conversion bfto 2
by MesNO (eq 2)? In reaction 1, the source of oxygen could be
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from an NO-derived species such as bound or fre®,N
Alternatively, addition of NO to the nitrido ligand would form
the osmium-N,O complex, [TpOs(NNO)G] (Scheme 1). Loss
of N,O would give [TpOsGJ], which would be converted t@
by the excess NO present. AXiN-labeling experiment can
distinguish the two pathways because the first incorporates the
nitrido ligand into the nitrosyl group, while the second converts
the nitrido ligand into the terminal nitrogen of the,®l The
reaction of TpOsSEN)Cl,* with 1“NO supports the second pathway
(Scheme 1), as only TpG4O)Cl, is formed by IR and mass
spectroscopies{10% Os{®NO)]. Gas-phase IR spectra of the
volatiles from the reaction show both the residd&N“NO
impurity in the NO (unobserved Q branch at 2224 éand a
new feature at lower frequency whose R branch overlaps with
the P branch oftN*NO (Figure 1, bottom). The Q branch
minimum of the new feature at 2201 cfragrees at this level of
resolution with the 2202.5 cm reported for'SN'“NO.1°

Direct, rate-limiting attack of NO on the nitrido ligand fis
consistent with the apparent bimolecular kinetics. Facile dissocia-
tion of N,O from [TpOs(NNO)CY] is reasonable given the lability
of the one known MO complext:12 Attempts to observe anj®
complex by running the reaction under®l (g) gave a more
complex reaction mixture including precipitate(s) which have not
yet been characterized. When the reactiod pfus NO is run in
80% CD.Cl,/20% CC}, instead of CRCl,, the major product is
TpOsCk (3),%* with only a 5% yield of2. The inclusion of some
CCl, solvent appears to cause a small increase in the rate of
disappearance df. These results support the intermediacy of
[TpOsClh] which can be trapped either by NO or by GC3cheme
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IR and*H NMR spectra matched those of independently prepared (12) Alternatively, bound BD could be displaced by NO or CCI
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Figure 1. (a) Gas-phase IR spectra of the residugDhh the NO reactant
(lower trace) and the larger amount ofMin the volatiles after reaction
with TpOs(N)Ch (upper trace). Inset: Beer's law plot at 2224 ¢m(b)
Gas-phase IR spectrum of the volatiles from Tg@¢)Cl, plus “NO.

Scheme 1

h + NO —— [TpOs('SNNO)Ch}

[TpOsClzl + 'SN=N=0
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1). [TpOsC}OTI]~, which is an alternative source of [TpOs[|
also reacts with NO and C¢to give 2 and 3, respectively?
Nitrogen atom transfer from a metal nitrido to another metal
is well precedented, but to our knowledge this is the first
example of N-atom transfer to a nonmetal substrate. The
electrophilic and oxidizing character @fseems to be important
to the NO addition reaction. TpOs(N)(OAgcwhich reacts with
BPh in the same manner ds'® also appears to form a nitrosyl
complex on treatment with NO. This is based on the reaction
mixture showing an IR band at 1869 ch However, the less
electrophilic TpOs(N)P4t is unreactive with NO (as is Mn(N)-
(salen}9).1” In the reverse direction, Cummins et al. have reported
the remarkable removal of a nitrogen atom fromONby a
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Scheme 2
TpClOs=N + NO

[TPCLOs] + NoO
AH < +20 kcal mol™!

J D(Os=N)

DIN-NO) =

-1
[TpClz0s] + N + NO 115 keal mol

molybdenum-tris(amido) complex, in a reaction that appears to
require two molybdenum centefs.To our knowledge, the
analogous addition of NO to a metabxygen multiple bond to
give a nitrite complex is not known, although photolysis of metal
nitrite complexes can give N® and the addition of NO to
coordinated dioxygen has been descriffed.

The relatively facile transfer of N frork to NO provides an
upper limit on the O=N bond strength. The reactidnt NO =
[TpOsCh] + N,O has a barrier in the forward directiacxG* =
22 kcal mof? so it is conservative to estimateG® < +20 kcal
mol~. SinceAS’ ~ 0 eu for this equilibriumAG® = AH°.
Adding N to NO to give NO is exothermic by 114.9 kcal mdl?*
Coupling these values in a thermochemical cycle gbéds=
N) < 135 kcal mot? (Scheme 2).

The ability of 1 to add NO is consistent with the general
reactivity of this class of osmium(VI) nitrido complexes: reactions
typically involve both reduction of the osmium and bond
formation to the nitrido ligand. For instance, o induces N-N
coupling, forming [TpCJOs" (N,)OS'Cl,Tp]~, and amines and
carbanions add to the nitrido ligand to form reduced hydrazido
and amido complex&=’? In a number of ways the chemistry of
1is the reverse of the reactivity of the Cummins molybderum
tris(amido) systen® coupling vs cleavage of Nand formation
vs consumption of BD by nitrogen atom transfer. The reactivity
inversion reflects the underlying thermochemistry, that molyb-
denum(lll) amides are strongly reducing and thesibbond is
very strong (155.3t 3.3 kcal mot* 2% while osmium(VI) nitrido
complexes such akare oxidants and have weaker=€ls bonds
(<135 kcal mot?).
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