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[OsV(tpy)(Cl)(NN(CH,)40)] followed by oxidation to the Os-
(V) form (1) by the Os(VI) nitrido compleX.The net reaction is,
2 trans[0s”' (tpy)(CI),(N)](PF,) + 2 HNR, —
trans[0s’ (tpy)(Cl),(NNR,)](PF,) +
'/, trans, trans[(tpy)(Cl),08' (N,)Os' (Cl),(tpy)] + H,NR, "
(2)

trans[Os’(tpy)(CN2(NN(CH,)40)]* has been isolated as its PF
salt and characterized by X-ray crystallographin the structure,

An extensive redox chemistry associated with high oxidation the distorted octahedral arrangement of ligands around the Os
state Ru(lV) oxo complexes has been uncovered by kinetic andatom in the parent nitrido complex is retained. The-OQitpy)

mechanistic studie’s* This includes pathways involving well-
defined, multiple electron transfer such as O-atamn hydride
ion*® transfer. Large bD/D,0 solvent kinetic isotope effects have

bond lengths range from 2.007(8) to 2.116(10) A with the shortest
Os—N bond trans to the hydrazido ligand. The-@¢(hydrazido)
bond length is rather short at 1.865(8) A, the N{N(2) bond

been identified in a series of reactions and interpreted as involving length is 1.235(14) A andOs-N(1)-N(2) is 158.9(12]. These
synchronous transfer of an electron and a proton (proton-coupledfeatures point to OsN(hydrazido) multiple bonding. There are

electron transfer}’” For examplek(H,0)/k(D.0) = 30 + 1 for
the oxidation of hydroquinone @@) to benzoquinone (Q) bgis-
[RuV (bpy)(py)(O)F+ at 20.0+ 0.2 °C.

cis-[Ru" (bpy)(py)(O)F*" + H,Q—
cis-[Ru" (bpy),(py)(OH)I*" + Q

This reaction occurs by sequential Ru( Ru(lll), Ru(lll) —
Ru(ll) steps with rate-limiting proton-coupled electron trangfer.

AG® = —0.87 eV (1)

We report here the existence of a parallel chemistry based on
proton-coupled electron transfer from nitrogen. In this case, the
reaction is between quinone and the morpholine-based protonated

Os(IV) hydrazido complexrans[Os" (tpy)(Cl)(N(H)N(CH,)40)]-
(PR) (tpy = 2,2:6',2"-terpyridine} and occurs withk(H,O)/
k(D,O) = 41.44+ 1.3 at 25.0+ 0.1 °C.

The preparations of a series of Os(V) hydrazido complexes by
reaction between the corresponding Os(VI) nitrido complex and

a secondary amine have been described elseir@neexample,
trans[0s”' (tpy)(CI)2(N)](PFs) undergoes a rapid reaction with
morpholine, HN(CH),O, in CH;CN under argon to giv&rans
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structural similarities with [O¥%(tpy)(bpy)(NN(CH)40)]>" (bpy
= 2,2-bipyridine)*

Cyclic voltammetric measurements in 1:1 (v/v) §&HN:H,O
mixtures 0.1 M in [NO-C;Hg)4](PFs) (TBAH) containingl from
pH 1.0 to 8.0 reveal the existence of a pH-independent Os(VI/V)
couple at 0.81 V versus SSCE and a pH-dependent Os(V/IV)
couple. Based on the pH dependence of Ejg value for this
couple, K, = 3.20+ 0.04 for the equilibrium in eq &

trans[0s" (tpy)(CI),(N(H)N(CH,),0)] " =

trans[0s” (tpy)(Cl),(NN(CH,),0)] + H' (3)
trans[OsV (tpy)(C2(N(H)N(CH,)40)]™ (2) undergoes rapid
oxidation by benzoquinone, Q, to git@ns[Os"(tpy)(Cl)2(NN-
(CH,)40)]* and hydroquinone,
2 trans [0S (tpy)(Cl),(N(H)N(CH,) ,0)]" + Q—

2 trans[0s’ (tpy)(Cl),(NN(CH,) ,0)]" + H,Q
AG°®° = —0.045eV (4)

The kinetics and stoichiometry of this reaction at 2%.@.1°C
were studied in 1:1 (v/v) CECN:H,O at pH 1.0 4 = 0.1 M
KNO3) by following characteristic changes in the absorption
spectra of Os(V) and Os(I¥9under pseudo-first-order conditions
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4 Figure 2. Plot of kx/kp versusyp for the reaction betweetmans[OsV-
[Qlx10"M (tpy)(CN2(N(H)N(CH,)40)](PFs) and benzoquinone in 1:1 (v/v) GAN—
Figure 1. Plot of keps Versus [Q] for the reaction betwedrans[OsV- H20/D0 mixtures (25.0+ 0.1°C, pH 1,4 = 0.1 M KNG;).

(tpy)(Cl)2(N(H)N(CH,)40)](PFs) and benzoquinone in 1:1 (v/v) GEN—
H,0 (25.0+ 0.1°C, pH 1, andu = 0.1 M KNOs). A plot of 1/kgps
versus 1/[Q] is shown in the inset.

respectively. From these datgH,0)/k(D,0O) = 40.0+ 1.6 for
the redox stepkq) and Ka(H.0)/Ka(D,O) = 1.04+ 0.03.

The kinetic analysis reveals a mechanism for net electron
transfer involving preassociation to form an intermediate with
the large value oK, attributable to H-bonding as suggested in
eq 5a. The large magnitude of the kinetic isotope effect points to
synchronous electroerproton transfer in the redox step by proton-
coupled electron transfer. This result is notable for the demonstra-
tion of this pathway at a nitrogen atom and for the magnitude of

(—:3)+ (—}+ (_ _C>+ the kinetic isotope effect.

N X, N . N The importance of proton composition on mechanism is

in benzoquinone. A plot dkys versus [Q] is shown in Figure 1.
As shown by the inset, the data are linearized by a plot lof,dl/
versus 1/[Q] consistent with saturation kinetiks,{ = { (2kiK4-
[HT] + 2kK)/([HT] + Kg)}) and the mechanism,

0sV-N +Q = osVN AN + HO (59) illustrated by the appearance of a second pathway as the pH is
H TH increased. Under pseudo-first-order conditions and with-UV
Q visible absorption monitoring, the variationskg,s with [Q] and
[H*] fit well to the expressiofons= { (2kiK[H™] + 2kK/([H ]
[0SV NGHIN(CH,0)]" + HQ — [0s"(NN(CH,),0)]" + H,Q (rapid) (5b) + Ky} (Figure 2, Supporting Information). These data are

consistent with prior deprotonation at Os(IV) and the intervention
This mechanism is similar in detail to that proposed for the Of & second pathway as illustrated in eqsg6

oxidation of HQ by cis-[Ru(bpy)(py)(O)F*. 0 o
As calculated from the slope and intercept-to-slope ratio of (—‘)Jr (__)
the plot in Figure 1Ka(H,0) = (4.43+ 0.18) x 10* M~* and N N
ki(H,O) = (6.61 £ 0.09) x 103 st at 25.04 0.1 °C. Direct Os™-N_ == osV= + H (6)
evidence has been obtained for the proposed H-bonded adduct at H
high added concentrations of Q, for example, a band at 454 nm k
in the UV-visible spectrum shifts to 424 nm (Figure 1, [0s" (NN(CH,),0)] + Q — [Os"ONNCH) O + O ()

Supporting Information).

The kinetics were also measured in 1:1 (v/v) £:H,0/ v . .« tapid v .
D,0O mixtures. The plot okx/kp versusyp in Figure 2 ky is the [Os"(NN(CH),0)]+ 2H + Q. — [0s"(NN(CHp0)]" + HQ  (8)
rate constant in ¥D/D,O mixtures of mole fraction Dyp.) reveals . _ 1 .
a kx/kp isotope effect of 41.4 1.3 at 25.0+ 0.1 °C, and the Vrr\?;gstzre;eﬁﬁéiG% :0'_12) 6(45122\/ ?or. th':er%rgt re!gg:irgrt]:hemlcal
linearity of the plot implies that a single proton is involv¥d. ' ’
Kinetic studies as a function of benzoquinone were also inves-  acknowledgmentsare made to the Department of Energy under Grant
tigated in 1:1 (v/v) CHCN:D,O (25.0+ 0.1°C, pH 1,4 = 0.1 No. LM 19X-SX 092C for support of this research.
M KNO3). Based on the analysis in egs 5a,b and the data treatment

illustrated for CHCN:H,O in Figure 2, Ko(D,0) andky(D,0) Supporting Information Available: Tables containing crystal data,
are (4.28+ 0.04) x 10° M~* and (1.65+ 0.03) x 1074 s}, supplementary Figure 1, atomic coordinates, isotropic thermal parameters,
bond distances and angles, and packing diagrams (PDF). This material
(14) Albery, W. J.; Davies, M. HJ. Chem. Soc., Faraday Trans1972 is available free of charge via the Internet at http://pubs.acs.org.

167. (b) Albery, W. J. InProton-Transfer ReactionsCaldin, E., Gold, V.,
Eds.; Wiley: New York, 1975; Chapter 9. JA984325F



