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We recently described a novel preparation of the cyanoimido ligand set (N-C=N2?"/N—(H)C=N"/N=C—NH,°) rather than by
ligand by coordination sphere assembly in the reactions betweentwo as in the di-oxo case.

cyanide ion and the Os(\nitrido complexesmer[OsY' (bpy)- The oxo-like behavior extends to reactions with a variety of
(Ch3(N)] (mer[0s'=N]) (bpy = 2,2-bipyridine) andrans[Os"'- organic reducing agents in net multielectron-transfer reactions.
(tpy)(CD(N)]* (trans[OsV'=N]Y) (tpy = 2,2:6',2"-terpyridine), When benzyl alcohol (PhGIDH) is added taner[Os"'=N—-C=
eqgs 1 and 2. N]* (generated by electrolysis afer[OsV=N—C=N]~in 0.1 M
BusNPFR/CH;CN with n = 2 atE,p,= 2.05 V, V versus SSCE), a
mer—[OSV'EN] + CN — mer—[Os'V=Na—CENﬁ]_ 1) rapid reaction occurs with quantitative formation mer[OsV—

N=C—NH,]* as shown by spectral monitoringfax = 430 nm
trans[0s"=N]" + CN” — trans[0s"=N,~C=N,] (2) with € = 5.15 x 10* M~* cm* for the mer[OSY —N=C—NH_]*
product). The results of a kinetics study with Ph@bH in pseudo
The reaction with CN is one of a number of examples involving first-order excess and stopped-flow spectrophotometric monitoring
formal N--transfer from O¥=N to nucleophile$:? show that the rate law is first order in each reagent W(@H;CN,
There are at least formal electronic relationships between the 25.0+ 0.1°C) = (8.6 + 0.2) x 1* M~1s71, eq 4.
Os(IV)—cyanoimido products and analogous high oxidation Ru and
Os-oxp' complexes. Thesg include multiple bonding to thg mgFaI, mer—[OsV'EN—CEN]+ + PhCH,OH CHCN
the ability to undergo multiple electron transfer, and the availability

of nonbonding electron pairs for donation. In thg-NC=N;?2- mer[0s'N=CNH,] " + PhCHO (4)

ligand, there are accessible electron pairs at both thard the The organic benzaldehyde product was extracted from the reaction

Nj positions. solution with hexane and identified by GC-MS. These results are
We describe here results which demonstrate that Os(MDs- consistent with the rate law and stoichiometry in egs 4 and 5.

(V)—, and Os(IV)-cyanoimido complexes have thermodynamic

and reactivity properties reminiscent of Ru and Os-oxo analogues. rate= kbenzy[mer-osVIEN—CEN+][PhCI—iZOH] (5)

This similarity may create the basis for a new family of multielec-

tron redox reagents. There are a series of interesting mechanistic questions about the

In 1:1 (v/v) CHCN:H,O (1.0 M in KNO; and/or NHPF), the redox step for this reaction that remain to be answered. One is the
lower oxidation state couples (Os(V/IV), Os(IV/Ill), and Os(lll/  possible magnitude of thi,a’-CH/CD kinetic isotope effect which
I)) are pH-dependent. The results are summarized irfEie-pH could be large given the isotope effects found for related oxo
diagram in Figure 1. The results of the pH-dependent electrochemi- reactions:
cal study are extended only to pH 8 because a reversible chemical We also investigated the formal NCN-group transfer reactivity
change or changes occur in the complex at higher pH's. Proton of the cyanoimido ligand by analogy with the well-established O-

contents are indicated on the diagram witlY ©8l—C=N°/OsV= atom transfer reactivity of the oxo ligaffidlhe reaction between

N(H)—C=N?° as an abbreviation for the couple in eq 3. trans[OsV=N—C=N] and PPhin eq 6 is also first order in each
reagent and occurs wittpprh{ DMF, 25.0+ 0.1°C) = 4.06+ 0.02

mer[0s'=N-C=N]°+e +H" — M~1s™1. The nitrilic, N-bound Os(Il}-(N-cyano)iminophosphorano

mer—[O§V=N(H)—CEN]° ?) producttrans[Os'(tpy)(Cl)2(NCNPPR)] (trans[Os'—N=C—N=
PPHh]), was isolated in 95% yield and characterized by elemental

For purposes of comparison, tlig,—pH diagram forcis-[Os"'- analysis, cyclic voltammetry, and infraredy and3'P NMR, and
(bpy):(0),]?" in HO (u = 1.0 M at 254 2 °C) is also shown in UV —visible spectroscopieé.In CH;CN under N at 45°C for 24
Figure 14 In these diagrams, breaks in tke,—pH curves occur h, trans[Os'=N=C—N=PPh] undergoes solvolysis to form the
where there are proton changes (at thg for one of the partici- solvento complextrans[Os' (tpy)(Cl),(CHsCN)],2> and (N-cyano)-
pating oxidation states). iminophosphorane (=C—Ns=PPh), which was identified by

There is a remarkable similarity between the t&g,—pH GC-MS and*P NMR (9, DMSO-ds = 25.7 ppm) spectroscopy.
diagrams both in the appearance of accessible couples from Os-Direct evidence for Mattack andrans[Os'—N=C—N=PPh] as
(VI/V) to Os(llI/Il) and in the potential ranges over which they the product comes froftN-labeling and IR measurements in Nujol
occur. However, the extensive multiple oxidation state chemistry mulls?®
found for the Os-cyanoimido complex is supported by a single

CH,CN
V_N_C= =
IThe Associate Director for Strategic Research. trans[Os N C_N] + PP}%
Dynamic Experimentation Division. Il N=—(_ N—
8 Chemistry Division. trans[Os' —N=C N_Ppm (6)
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Figure 1. Ey versus pH (Pourbaix) diagram famer[OsV (bpy)(CI(NCN)]~ in 1.0 M KNOs and/or NHPFs 1:1 (v/v) CHCN:H,O (V versus SSCE) as
compared to that focis-[Os! (bpy)(O)z]?" in H2O.

Examples of Pd and Pt complexes containing nitrilic N-bound approaches to the preparationshdyano)iminophosphoranes#\
N=C—N=PPh 8 have been reported but were prepared by com- C—N=PRs) andN-cyanoaziridines (C—NR;). These stepwise
pletely different synthetic routes. For example, [PH&)(PPh)- assembly methods offer a potentially general route to (cyano)imino-
(NCCH)]CIO,4 (C—P = 0-CH,CgH4P(0-CH3CsHa)2) undergoes sub-  aza-phosphorus(V) compourtiand families of biologically active
stitution with the preformed ®C—N=PPh ligand to give agents such as cyanoaziridine and azimexéne.
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The versatility of this new family of oxidants was demonstrated

by studying the analogous reaction with the Os{@yanoimido
analoguemer[0s’(bpy)(CI(NCN)] (mer[Os'=N—C=N]). When
cyclohexene in CECN is added to electrochemically generateelr
[08'=N—C=N] (in 0.1 M BuyNPF/CH;CN with n = 1 atEa,,=
1.6 V, V versus SSCE), a rapid reaction occurs to giex[Os" —
N=C—NCgH1(], eq 1179 After 3 h at 45°C under N, this product
undergoes solvolysis to givaer[Os" (bpy)(Cl)s(NCCHz)] (mer
[Os" —=N=C—CHj])1° and the organid\-cyanoaziridine <=C—
NCeHo.

®)

©

CH;CN
— trans-[Os
2

(10)

CHyCN
—  mer-[Os
minutes

mer—[OsV:N-C =N] +

m-NEC-N@] 11y
CHyCON o
——  mer-[Os"-NCCH3] + N=C-N: (12)
C,3h

45°C,

mer-[Os‘"-Nzc-Nj:j]

These OsN-cyanoaziridino complexes are the first well-char-
acterized examples of transition metal complexes containing the
cyanoaziridino ligand. Our results demonstrate a remarkable versa-
tility in redox behavior for the cyanoimido \-C=N;2~ ligand.
The existence of multiple oxidation states with different proton
contents and reactivities based on Os(VI), Os(V), and Os(IV) offers
a new family of oxidants for a variety of organic reactions which
have access to multiple pathways. Our results also provide novel
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Supporting Information Available: Text containing characteriza-
tions (PDF). This material is available free of charge via the Internet
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