Inorg. Chem.1999, 38, 3329-3336 3329

Formation and Redox Reactivity of Osmium(ll) Thionitrosyl Complexes

El-Sayed El-Samanody,* Konstantinos D. Demadis Laurie A. Gallagher,’
Thomas J. Meyer,*" and Peter S. White'

Department of Chemistry, Venable and Kenan Laboratories, CB 3290, University of North Carolina at
Chapel Hill, Chapel Hill, North Carolina 27599-3290, and Nalco Chemical Company,
Global Water Research, One Nalco Center, Naperville, lllinois 60563-1198

Receied December 18, 1998

Reaction between [O¥tpm)(Clx(N)](PFes) (tpm = tris(1-pyrazolyl)methane)lj or Os’'(Tp)(Cl)(N) (Tp =
hydrotris(1-pyrazolyl)borate anion2Xand CS + N3~ in acetone gives the corresponding thionitrosyl complexes,
~“SCN, and N. There is an extensive reactivity chemistry of the thionitrosyl group it {@s1)(CI(NS)](PF;)
(3b). Reaction betweeBb and PPhoccurs with S-atom transfer to give [®&pm)(Clp(NPPhR)]™ and S=PPh.

3b undergoes chemical or electrochemical reduction to give the correspondingn@®sine complex and 4$.
O-atom transfer from &NMes to 3b occurs to give O%(tpm)(Clp(NSO). Competitive NO/NSH exchange and
S?- transfer occur in the reaction between [Q@pm)(Cl)(NS)](BF:) (3¢) and NO' to give a mixture of [O%-
(tpm)(CI:(N)]™ and [0 (tpm)(Cl}(NO)]*.

Introduction we reported a new procedure for the preparation of Os
thionitrosyl complexes based on a reaction betweéfth @sido
complex and Cgin the presence of .6

We report here an extension of the thionitrosyl synthetic
chemistry to the preparation of OFp)(CH(NS) (Tp is
hydrotris(1-pyrazolyl)borate anion) and the existence of an
extensive redox chemistry based on the NS ligand irf {(psn)-

There is an extensive transition metal nitrosyl chemistry with
many examples and a variety of reactions based on the
coordinated ligand.There is also a related thionitrosyl chem-
istry. Although less well developed, it is extensive with well-
defined examples for CAP Mo,2° W,2¢ Mn,2° Re3ad T¢ 3
Rujfac and Os'h The synthetic aspects of thionitrosyl
chemistry have been described in various reviewRecently,

(5) (a) Roesky, H. W.; Pandey, K. Kidv. Inorg. Radiochem1983 26,
337. (b) Kelly, P. F.; Woollins, J. DPolyhedron1986 5, 606. (c)
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(CN2ANS)I" (tpm is tris(1-pyrazolyl)methane). Ligand structures
are illustrated in Figure 1.
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Figure 1. Ligand structures: tprs tris(1-pyrazolyl) methane; Tg=
hydrotris(1-pyrazolyl)borate anion.
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0,t, ande, respectively. A plot ok.ps Vs [PPh] was linear from 0.050
to 0.250 M. From the slopé&(25 °C, CHCN) = 40+ 1 M1 L

Synthesis and Characterization.The following salts and com-
pounds were prepared by literature procedures:V'[@sn)(Cl)(N)]-
(PR) (1) [08"(tpm)(CIL(N)J(PFs) (1%).f OS(TP)(CNN) (2),°
Os/'(Tp)(CH2(**N) (2%),° tris(1-pyrazolyl)methane (tpni¥, and bis-
(triphenylphosphoranylidene)ammonium azide (PPN

[Os! (tpm)(CI) 2(NS)](SCN) (3a).A quantity of [0 (tpm)(CIx(N)]-
(PFs) (1; 200 mg, 0.31 mmol) was dissolved in 10 mL of acetone. To
this solution was added 20 mL of gSollowed by a solution of (PPN)-
N3 (190 mg, 0.32 mmol) in 20 mL of acetone dropwise with stirring at
room temperature ovea 2 hperiod. A green solid formed as the
reaction proceeded. It was filtered off, washed with acetone a@, Et
and air-dried. Yield: 120 mg (65%). Anal. Calcd for;810Cl.NsOsS
(MW 579.94): C, 22.76; H, 1.74; N, 19.32. Found: C, 22.29; H, 1.95;
N, 18.86. Infrared (cm', KBr disk): »(*N=S) 1320 (vs)y(tpm) 1508,
1445, 1409, and 1289(C=N) 2035.

[Os! (tpm)(CI) 2(**NS)](SCN) (3a*). This salt was prepared by the
same method by using [@¢tpm)(Cl)%(**N)](PFs) (1*) as the starting
material. Infrared (cmt, KBr disk): v(**N=S) 1284.

[Os" (tpm)(CI) 2(NS)](PFs) (3b). This salt was readily obtained from
[Os'(tpm)(CIR(NS)](SCN) @a) by anion metathesis in water. For
example, 50 mg (0.086 mmol) &a was dissolved in 10 mL of D
containing excess NiPFs. The resulting reaction mixture was stirred
for 5 h, during which time an olive green precipitate formed. It was

H
]
GO

tpm

Experimental Section

The following compounds and salts appear in this study:'[@sn)-
(CN2A(N)I(PFe) (1), [Os"(tpm)(ClR(*N)](PFs) (1*), Os"(Tp)(CI)z(N)
(2), Os'(Tp)(Cl(*N) (2*), [OS'(tpm)(CI(NS)I(SCN) @a), [Os'(tpm)-
(CN*NS)I(SCN) @a*), [Os'(tpm)(ClR(NS)](PF) (3b), [Os' (tpm)(Cl)-
(*NS)|(PF) (3b%), [OS'(tpm)(CI:(NS)](BFs) (3¢), Os'(Tp)(Cl)(NS)
(4), O8(Tp)(Cl(**NS) @*), [0s" (tpm)(CI(NPPH)]PFs (5), [Os"-
(tpm)(ClR(NH3)IPFs (6), O" (tpm)(Cl)p(NSO)2H,0 (7), Og" (tpm)(Cl)-
(**NSOY2H,0 (7*), and [O4(tpm)(Cl)(NO)IBF, (8).

Abbreviations used in the text include the following: tpm, tris(1-
pyrazolyl)-methane; Tp, hydrotris(1-pyrazolyl)borate anion; PRis-
(triphenylphosphoaranylidene) ammonium cation; TBAH, tetra-

butylammonium hexafluorophosphate. filtered off, washed with KO, and recrystallized from GEN/ELO.
Materials. Osmium tetroxide X 99%) and potassium hydrotris(1-  vield: 40 mg (70%). Anal. Calcd for GH1CLN;SOsPE (MW
pyrazolyl)borate were purchased from Alfa-AESAR. Deuterated sol- 666.93): C, 18.02; H, 1.51; N, 14.71. Found: C, 17.93; H, 1.65; N,
vents and isotopically labeled reagents were purchased from Cambridge; 4.35. Uv-vis (CHsCN) Amax, NM €, M~ cm™): 636 (160), 434 (210),
Isotope Laboratories. TBAH ([MBu)](PFe)), was recrystallized three 300 (1.61x 10%), 274 (1.95x 10%), 220 (3.10x 10%. Infrared (cnt?,
times from boiling ethanol and dried under vacuum at 1€0for 2 KBr disk): v(1N=S) 1317 (vs)»(tpm) 1508, 1444, 1409, and 1284;
days. All other chemicals were of reagent grade and used without furtherv(p_F) 831.
purification. [Os" (tpm)(Cl) 2(3NS)](PFs) (3b*). This salt was prepared by the
Measurements Electronic absorption spectra were acquired by using same method as f@b except that [Otpm)(Cl)(*3NS)](SCN) Ba*)
a Hewlett-Packard model 8452A diode array spectrophotometer. FT- was used as the stating material. Infrared (§ri&Br disk): v(:3N=S)
IR spectra were recorded on a Mattson Galaxy Series 5000 instrument1284 (vs).
at 4 cm! resolution. Proton NMR spectra were recorded on Bruker [Os' (tpm)(Cl) 2(NS)](BF) (3¢). This salt was prepared by the same
AC200 (200 MHz) spectrometer. Elemental analyses were performed method as for [OYtpm)(Cl}(NS)](PF;) (3b) except that the reaction
by Oneida Research Services, Inc. (Whitesboro, NY). Electrochemical was carried out in CEDH with addition of KBF. Yield (65%). Infrared
measurements and electrolyses were conducted by using a PAR modefcm-, KBr disk): »(*N=S) 1316 (vs)y(tpm) 1508, 1445, 1410, and
273 potentiostat and a three-compartment cell. For aqueous voltam-1285;(B—F) 1060 (vs).H NMR (200 MHz, CQCN): d/ppm 6.51
metry, a 2.0 mm diameter glassy carbon disk working electrode (t, 1H), 6.82 (t, 2H), 7.88 (d, 1H), 8.09 (d, 1H), 8.26 (d, 2H), 8.45 (d,
(Bioanalytical Systems, West Lafayette, IN) was used. For nonagqueous2H), 9.21 (s, 1H)
measurements, the working electrode was a 1.0 mm platinum disk. The  0g! (Tp)(Cl)»(NS) (4).A quantity of O¥'(Tp)(Cl)(N) (2) (200 mg,
surface of the glassy carbon electrode was polished with diamond pastey 40 mmol) was dissolved in 10 mL of acetone. To this solution was
before use. All potentials are referenced to the saturated sodium chlorideadded 20 mL of C§ followed by a solution of (PPN)N(240 mg,
calomel electrode (SSCE, 0.24 V vs NHE) unless otherwise noted at 9.41 mmol) in 20 mL acetone which was added dropwise while stirring
room temperature and are uncorrected for junction potentials. In all at room temperature for 3 h. During the addition of the azide, the color
cases, the auxiliary electrode was a coil of platinum wire. The solution of the reaction mixture changed from orange to dark green, and a green
in the working compartment was deoxygenated by nitrogen bubbling. solid was formed. This solid was filtered off, washed with acetone and
UV —visible measurements, with photodiode array detection for rapid then EtO, and air-dried. Yield: 140 mg (65%). Anal. Calcd fogtGo-
kinetic experiments, were carried out on a Hi-Tech SF-61DX2 double- CI,N,OsBS (MW 520.98): C, 20.73; H, 1.93; N, 18.81. Found: C,
mixing, stopped-flow apparatus with fiber optic coupling to a Hamamat- 19.64; H, 1.72; N, 17.28. UV¥vis (CHsCN) Amax, M (€, M~L cm™):
su L2194-02 75 W xenon arc lamp. The system was interfaced with a 646 (120), 436 (150), 288 (2.1%5 10%), 252 (1.53x 10%, 222 (3.00
personal computer by use of the KinetAsyst 2.0 software program. The x 10%. Infrared (cni?, KBr disks): v(24N=S) 1284 (vs)y(B—H) 2528
temperature of solutions during kinetic studies was maintained by use (vs); »(Tp) 1502, 1407, and 1320.
of a Neslab RTE-110 circulating water bath. Os' (Tp)(Cl) 2(**NS) (4*). This compound was prepared by the same
The kinetics of the reaction between [@pm)(NS)(Cl}](PFs) and method by using O%(Tp)(Cl)}(**N) (2*) as the starting material.

triphenylphosphine were studied by adding equal volumes of %.22
1073 M [Os"(tpm)(NS)(CIY](PFs) and 0.050, 0.100, 0.150, 0.200, and
0.250 M PPh Absorbance changes were monitored.a= 636 nm
for [0S (tpm)(NS)(CI}](PFs). Under pseudo-first-order conditions with
[PPh] > [OS'(NS)], the reaction was first order in [®&NS)']. The
pseudo first-order rate constakd,s, was determined by fitting the data
to eq 1,

Am —
I”[ﬁ = —kond 1)

with kops = K[PPH]. In eq 1,Aq, A, andA., are the absorbances at time

Infrared (cm?, KBr disks): v(*>N=S) 1247 (vs).

[OsV! (tpm)(Cl) (NPPhg)I(PFs) (5). A quantity of [Od(tpm)(Cl)-
(NS)](PFs) (1b) (120 mg, 0.18 mmol) was dissolved in 20 mL of &H
CN. PPh (95 mg, 0.36 mmol) was added as a solid in one portion

(8) Demadis, K. D.; EI-Samanody, E.-S.; Coia, G. M.; Meyer, TJ.J.
Am. Chem. Sod 998 121, 535.

(9) (a) Crevier, T. J.; Mayer, J. Ml. Am. Chem. S0d.998 120, 5595.
(b) Crevier, T. J.; Mayer, J. MAngew. Chem., Int. EdL99§ 37,
1891. (c) Crevier, T. J.; Lovell, S.; Mayer, J. M.; Rheingold, A. L.;
Guzei, I. A.J. Am. Chem. S0d.998 120, 6607.

(10) (a) Huchel, W.; Bretschneider, Ber. Chem1937, 9, 2024. (b) Byers,
P. K.; Canty, A. J.; Honeyman, R. T. Organomet. Cheni99Q
385, 421.
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while stirring, causing an immediate change in color from green to Table 1. Summary of Crystal Data, Intensity Collection and
brown. The reaction mixture was stirred for 30 min. Addition of 150 Structure Refinements Parameters for'[@sm)(CI)(NS)](BF)
mL of anhydrous BO caused precipitation of a brown precipitate,  (3c), and O8(Tp)(CI)}(NS) @)

which was filtered off, washed with D, and air-dried. Yield: 135 3c 4

mg (83%). Anal. Calcd for &H2sCl,N;OsRFs (MW 897.05): C, 37.51;
H, 2.81; N, 10.94. Found: C, 37.73, H, 2.82, N, 11.22.-UXs (CHs-

empirical formula  GgH10CI2N7OsSBR CyH10Cl2.11N6 86059 8B
99

CN) Zman N €, M- ): 516 (L15), 390 (4.43 10), 302 (7.83 2" 10.4435(15) Si20(5)
X 103), 228 (163>< 104), 216 (186)( 104) Infrared (le, KBr b(A) 11:9036(17) 1.2.8192(9)
disks): v(tpm) 1436, 1405, and 1276(N=P) 1108 (vs)»(P—F) 833 c(R) 14.1321(20) 8.4385(6)
(vs). The elemental analyses and spectroscopic properties of thisq (deg) 90 90
material compare well with an authentic sample of 'f@pm)(Cl)- S (deg) 90 114.416(1)
(NPPR)](PFs) prepared by an alternate synthetic rotite. 7 (deg) 90 90
[0s" (tpm)(Cl) (NH3)](PFs) (6). A quantity of [0 (tpm)(CIR(NS)]- Vv (A?) 1756.8(4) 762.68(9)
(PFs) (3b) (200 mg, 0.3 mmol) was dissolved in 50 mE® M HCI. Z 4 ) 2 -
Several pieces of amalgamated zinc were added, and the mixture wasCTyst syst orthorhmbic monoclinic
space group Pmnb P1

stirred vigorously for 30 min. Thg color of the reaction mixture tu_rned cryst size (mm) 0.3% 0.15x 0.10 0.30x 0.10 x 0.05

from dark green to pale yellow with the smell of$igas. Excess zinc - g/cn) 2299 2.260

was removed by filtration, and solid NFFRs in excess was added to  iffractometer Siemens CCD Smart Siemens CCD Smart
the filtrate. Evaporation of the mixture to 10 mL by rotary evaporation radiation Mo Ko (1 =0.710 73 A) Mo ko (A =0.710 73 A)

and cooling at 3C for 1 h caused precipitation of a tan compound. It  collection temp —100°C —100°C

was filtered off and recrystallized from GEN/E%O. Yield: 115 mg abs coetﬁlcient 7.73 8.85

(60%). UV—vis (CHsCN): Amax NM €, M~1 cm™1) 320 (6.60x 109), . é‘ogm 114205 485.97

290 (9.10x 10%), 204 (1.26x 10%. Infrared (cn1?, KBr disks): v- 2é ()dge) 50 60
max

(N—H) 3338, 3256 (tpm) 1512, 1445, 1409, 1279(P—F) 850. The o of total 15707 90405

spectroscopic and electrochemical properties of this material compare reflections
well with an authentic sample of [@gtpm)(Cl)(NH3)](PFs) prepared no. of unique 1649 4172
by an alternate synthetic route. reflections

Os'" (tpm)(Cl) (NSO)2H,0 (7). A quantity of [O4 (tpm)(CI}(NS)]- no. of refined 1028 1852

(PRs) (3b; 180 mg, 0.27 mmol) was dissolved in 100 mL of §HN. reflections

To that solution was added a 10-fold excess of trimethylariioxide nmoergélifgigtirs 0'113162 0'1%237
dihydrate as solid. The reaction mixture was stirred for 30 min. During g (gp)2 3.2 3.2
this time, the color of the reaction mixture turned from green to brown R, (%)° 3.8 3.3
with formation of a fine gray precipitate. It was isolated by filtration  goodness of fft 0.61 181
and thoroughly washed with GBN and E£O. Yield: 130 mg (84%). deepest hole (e —0.970 —1.910
Anal. Calcd for GoH10CloN/0sSO2H,O (MW 573.98): C, 20.91; H, highest peak (e/3 2.040 3.8

2.46; N, 17.08. Found: C, 20.79; H, 2.30; N, 16.84.-t\s (DMSO)
Jmase NM (€, M~1 cm™Y): 556 (35), 468 (130), 350 (3.1@ 10%), 290
(7.54 x 10%). Infrared (cmt, KBr disk): vadNSO) 1197 (vs)ys(NSO)
1024 (vs),0(NSO) 538 (w);v(tpm) 1508 (vs), 1438 (vs), 1408 (vs),
1270 (vs). (BFs) (3c) were obtained by layering a GAl, solution with EtO.

Os'" (tpm)(Cl)2(**NSO)-2H,0 (7*). This compound was prepared  Single crystals of G%Tp)(CI)(NS) @) were obtained by slow diffusion
by the same method by using [@®m)(CI):(**NS)]PF; as the starting of EtO into a DMF solution. Crystal data, intensity collection
material. Infrared (cmt, KBr disk): va**NSO) 1182 (vs)ps(**NSO) information, and structure refinement parameters for the structures are
1010 (vs),0(**NSO) 524 (w). provided in Table 1. The structures were solved by direct methods.

Reaction of [Od!(tpm)(Cl)2(NS)](BF4) (3c) with NOBF.. A The remaining non-hydrogen atoms were located in subsequent
quantity of [Od(tpm)(CI(NS)](BFs) (150 mg, 0.24 mmol) was difference Fourier maps. Empirical absorption corrections were applied
dissolved in 10 mL of CKCN. NOBF, (170 mg, 1.45 mmol) was added  with SADABS. The ORTEP plotting program was used to computer
as a solid while stirring. The reaction mixture was stirred for 30 min generate the structures shown in Figures 2 aAtiF/drogen atoms
during which time the color turned from green to dark orange. The were included in calculated positions with thermal parameters derived
reaction mixture was taken to dryness by rotary evaporation to give a from the atom to which they were bonded. All computations were
dark orange oily material. It was treated with 60 mL of £H# and performed by using the NRCVAX suite of prografisAtomic
filtered, leaving an unidentified orange oily material on the frit. The scattering factors were taken from a standard sébiared corrected
solution was reduced in volume to 5 mL by rotary evaporation. Addition for anomalous dispersion. The final positional parameters along with
of 100 mL of anhydrous ether caused precipitation of an orange product. their standard deviations as estimates from the inverse matrix, tables
It was collected by filtration, washed with £, and air-dried. The  of hydrogen atom parameters, anisotropic thermal parameters, and
product was shown to be a mixture of [@®m)(ClL(NO)](BF4) and observed/calculated structure amplitudesFoand4 are available as
[Os"(tpm)(ClI)(N)](BF4) in ~1:4 ratio as shown by electrochemical  Supporting Information. Selected bond lengths and angl&s ahd4
measurements (see blow). Anal. Calcd fesHGoCl.N7Op 20sBR (MW are given in Tables 2 and 3.
580.20) (for a 1:4 mixture): C, 20.73 H, 1.74; N, 16.97. Found: C,
20.40; H, 1.68; N, 17.06. Infrared (crh KBr disk): »(NO) 1870 (vs); Results
zgggﬂ )(VIS?B (vs), 1446 (vs), 1408 (vs), 1288 (vs), 1261 (véB—F) Synthesis and Characterization.The preparation and prob-

When this reaction was repeated with!@S as starting material, able mechanism of formation of the thionitrosyls based on the
the same product mixture was obtained. Infrared GrKBr disk): reaction between an adduct between @8d N~ with the O¢!
»(NO) 1872 (vs).

X-ray Structural Determinations. Data Collection, Solution, and
Refinement of the Structures.Single crystals of [Otpm)(Cl)(NS)]-

3aR= 3 (|Fo — Fel)/3|Fol. ® Ry =[S (WIFo — Fe)3W(Fo)?*2 ¢ GoF
= [XW(Fo — Fo)%(no. of reflections— no. of parametersyf.

(13) Johnson, C. KORTEP: A Fortran thermal ellipsoid plot program
Technical Report ORNL-5138; Oak Ridge National Laboratory: Oak
Ridge, TN, 1976.

(11) El-Samanody, E.-S. Demadis, K. D.; Meyer, T. J.; White, P. S. Work (14) Gabe, E. J.; Le Page, Y.; Charland, J.-P.; Lee, F. L.; White, P. S.
in progress. Appl. Crystallogr 1989 22, 384.

(12) El-Samanody, E.-S. Demadis, K. D.; Meyer, T. J.; White, P. S. (15) International Tables for X-ray CrystallographiKynoch Press: Bir-
Manuscript in preparation. migham, UK, 1974; Vol. IV.
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Figure 2. ORTEP digram (30% probability ellipsoids) for the [Os
(tpm)(CIR(NS)]" cation in3c.

=

Figure 3. ORTEP digram (30% probability ellipsoids) for G$p)-
(CN2(NS) (4) as a cocrystal with 11% OTp)(Cl)s.

nitrido complexes was discussed earfidihe net reaction for
the tpm complex is

[0s" (tpm)(CIL(N)] " + CS, + N, —
[0S (tpm)(CI)L,(NS)]" + "SCN+ N, (2)

Molecular Structures. ORTEP diagrams with labeling
schemes for the cation in [©&pm)(Cl)(NS)](BF,) (3¢) and
O<d!(Tp)(CN2(NS) @) are shown in Figure® and3 respectively.
The crystal of3c has well-separated [®&pm)(Cl(NS)]"
cations and BF anions.3c resides on a crystallographically
imposed mirror plane that includes one pyrazolate ring (trans
to the NS), the Os center, and the N3igand. The Os-N(S)
and N-S bond lengths are 1.780(14) A and 1.489(15) A,
respectively.00s—N—S is virtually linear at 179.3(9) The
Os—Cl bond length is 2.355(3) A, and ©4(ring) bond lengths
range from 2.083(8) to 2.086(13) A. Bond lengths in the
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Table 2. Selected Bond Distances (A) and Bond Angles (deg) for
[0S (tpm)(CIx(NS)](BFs) (3¢); Labeling as in Figure 2

Bond Distances

Os(1)-CI(1) 2.355(3) Os(IyN(11)a 2.083(8)
Os(1)-Cl(1)a 2.355(3) Os(HN(21) 2.086(13)
Os(1)}-N(1) 1.780(14) S(LrN(1) 1.489(15)
Os(1)-N(11) 2.083(8)
Bond Angles
Cl(1)-0Os(1)-Cl(1)a 89.57(10) Cl(1)aOs(1}-N(21) 87.7(3)
Cl(1)—Os(1)-N(1) 95.5(3)  N(1)Os(1)-N(11) 93.3(4)

Cl(1)-Os(1-N(11)  91.92(24) N(1}Os(1)-N(1l)a  93.3(4)
Cl(1)-Os(1)-N(11)a 170.92(25) N(BHOs(1)}-N(21) 175.5(5)
Cl(1)-Os(1-N(21)  87.7(3) N(11)}Os(1}-N(1l)a 85.2(3)
Cl(1)a-0s(1)-N(1)  95.5(3) N(11}Os(1)}-N(21) 83.4(4)
Cl(1)a-Os(1)-N(11) 170.92(25) N(11)aOs(1)-N(21) 83.4(4)
Cl(1)a-0s(1)-N(11)a 91.92(24) Os(BN(1)-S(1)  179.3(9)

2 The bond distances and angles labeled a arise from the existence
of a mirror plane between the two chlorides and two pyrazolyl rings.

Table 3. Selected Bond Distances (A) and Bond Angles (deg) for
O<!(Tp)(CI)2(NS) (4); Labeling as in Figure 3

Bond Distances

Os(1)-Cl(1) 2.325(18) Os(1yN(11) 2.086(5)
Os(1)-Cl(2) 2.3541(16) Os(BH)N(21) 2.125(5)
Os(1)-CI(3) 2.3457(18) Os(HN(31) 2.066(6)
Os(1)-N(1) 1.800(8) S(1yN(1) 1.493(8)
Bond Angles
Cl(1)-Os(1)-Cl(2) 95.6(4) CI(3y-Os(1-N(31) 174.68(16)
Cl(1)-Os(1)-CI(3) 89.3(4) N(1)}Os(1)y-N(11) 89.2(3)
Cl(1)—0Os(1)-N(1) 6.5(5) N(1}Os(1)-N(21) 170.6(3)
Cl(1)-Os(1)-N(11) 91.1(4) N(1)Os(1)-N(31) 89.7(3)
Cl(1)-Os(1)-N(21) 175.0(4) N(11yOs(1)>-N(21) 83.87(20)
Cl(1)-Os(1)-N(31) 96.0(5) N(11}Os(1)>-N(31) 88.85(20)
Cl(2)—0s(1)-CI(3) 89.44(6) N(21)}Os(1)-N(31) 83.76(21)
Cl(2)—0Os(1)-N(1)  97.53(23) Os(yCl(1)—S(1) 142.3(13)
Cl(2)—0Os(1)-N(11) 173.23(15) Os(3)CI(1)—N(1) 20.8(16)
Cl(2)—0Os(1)-N(21) 89.35(14) S(HCl(1)—N(1) 122.1(25)
Cl(2)—0Os(1)-N(31) 90.34(15) CI(1}S(1)-N(1) 19.0(9)
CI(3)—0Os(1)-N(1)  95.55(25) Os(yN(1)-Cl(1) 152.7(20)
CI(3)—0Os(1)-N(11) 90.75(15) Os(H)N(1)—S(1) 166.9(5)
CI(3)—0s(1)-N(21) 90.93(15) CI(1}N(1)—S(1) 38.9(18)

The crystal of neutradt includes two molecules: ®&pm)-
(C1)2(NS) (89%) and O¥(Tp)(Cl)s (11%). In the initial stages
of refinement[JOs—N—S appeared to be abnornally acute. This
angle and the large thermal ellipsoid of the thionitrosyl N
indicated cocrystallization with another very similar molecule.
It was brought to our attentidhthat in the synthesis of Us
(Tp)(CN2A(N) (2), O8V(Tp)(Cl)s often appears as a contaminant.
Reevaluation of the collected data and re-refinement of the
structure with the aforementioned composition yielded satisfac-
tory and reliable metric featureSlOs—N—S is slightly bent at
166.9(5y. The Os-N(S) and N-S bond lengths are 1.800(8)
and 1.493(8) A, respectively. The ©€l bond lengths are
2.3541(16) and 2.3457(18) A, and ©N(ring) bond lengths
range from 2.066(6) to 2.125(5) A. Note that the longest-Os
N(ring) bond length is found trans to the thionitrosyl ligand.
The discrepancy in GsN(ring) bond lengths i is in contrast
to the analogous bond lengths3g which are virtually identical.
Bond lengths in the pyrazolate rings are unremarkable and are
consistent with those found in several Tp literature exanfpies.

(17) Crevier, T. J.; Mayer, J. M. Personal communication.

pyrazolate rings are unremarkable and are consistent with those18) (&) Koch, J. L.; Shapely, P. Arganometallics1997 16, 4071. (b)

found in several literature structurést2.16

(16) Llobet, A.; Hodgson, D. J.; Meyer, T.lhorg Chem199Q 29, 3760.

Schrock, R. R.; Lapointe, A. MOrganometallics1993 12, 3379. (c)
Lapointe, A. M.; Schrock, R. R.; Davies, W. M. Am. Chem. Soc.
1995 117, 4802. (d) Gunnoe, T.; Sabat, M.; Harman, W.DAm.
Chem. Soc1998 120, 8747.
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Figure 4. UV —visible spectra of [OYtpm)(CI(NS)](PF;) (3b) (A)
and O4(Tp)(CI(NS) (@) (B) in CHsCN. Expanded views of the spectra
from 360 to 760 nm are shown as inserts.

Spectroscopy. UV—vis data for the new products are
summarized in the Experimental Section, and spectBbaind
4 are shown in Figure 4. Bands of low absorptivity appear in
the visible region at 636 and 432 nm £ 160 and 210 M?
cm L, respectively) for3b and at 646 and 434 nne & 160
and 210 M1 cm™) for 4, as well as typicak—z* (tpm or Tp)
bands in the U\

In the IR spectra of the 8\S and ONS forms of [O4-
(tpm)(CIR(NS)](PF) (3b) and OE(Tp)(Cl)(NS) @) in the
region 1356-1200 cnt? (Figure 1 in the Supporting Informa-
tion). v(N=S) appears as a sharp band at 1317 cfor 3b. It
is shifted to 1287 in thé®N-labeled analogue. Fa¥, v(N=S)
appears as a split band at 1288 and 1284'cand is shifted to
1253 and 1249 cnt in 4*. The value ford compares well with
the value for O%(Tp)(CI)2(NS) prepared by another synthetic
route®

Low-intensity bands also appear in the region54Q0 cnt?!
(Figure 2 in the Supporting Information), which are shifted by
~15 cnrlin 15N-labeled complexes. More specifically, f8b
bands appear at 495 and 482 dmwhich are shifted to 482
and 468 cm! in 3b*. For 4, these bands appear at 512, 484,
and 451 cm' and are shifted to 499, 470, and 433<rn 4*.

A characteristic band appears at 2035 érfor the SCN°
counterion in3a, at 2050 cm® in (PPN)(SCN), obtained as a
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byproduct of the reaction betwe@rand C$ with added (PPN)-
Ns. v(B—H) in 4 appears at 2505 crh.

Transition metal complexes containing the thiazato ligand
(NSO") have characteristic NSO bands in the regions 1260
1118, 1096-1010, and 6368515 cnt?, which are assigned to
vadNSO), v¢(NSO), andd(NSO), respectivel§e1°In the IR
spectrum of O¥4(tpm)(CI(NSO) (7), these bands appear at
1197, 1024, and 534 crh and are shifted id®N-labeled7* to
1182, 1010, and 524 crh

The O¥NS complexes are diamagnetic. From theNMR
spectrum of3c in CDsCN, a series of resonances appears
characteristic of the tpm ligand:2°

Reactivity. A series of NS-based reactions were investigated
for [OS! (tpm)(ClR(NS)]*.

Reaction with PPhs. A rapid reaction occurs upon mixing
excess PPhand 1b in CH3;CN. The products of the reaction
were [O¥'(tpm)(CI(NPPR)](PFs) and S=PPh.

[08 (tpm)(CI)(NS)]" + 2PPh—
[08" (tpm)(CI),(NPPh)] " + S=PPh (3)

Triphenylphosphine sulfide ¢SPPh) was extracted with
Et,O, and after evaporation of the solvent, was isolated as a
powder. An IR spectrum of this material in KBr showed
characteristic bands for=8PPh at 1306, 1101, 714, and 517
cm™%, which match to those of an authentic sample (Aldrich).
[0SV (tpm)(ClR(NPPh)](PFs) was identified by elemental analy-
sis and by its UV~visible spectrum withtlmax = 390 nm ¢ =
4400 M1cm™1). With one equivalent of PRhthe reaction
products were 0.5 SPPh, [OsVY(tpm)(CI(NPPR)]*, and
unreacted thionitrosyl as shown by BVisible measurements.
Formation of [O¥/(tpm)(CI(NPPH)]* as the final product is
expected if the nitrido complex [Ftpm)(Cl(N)]T is an
intermediate. The reaction betweenVOsitrido and PPh is
known to be rapid!

[0s" (tpy)(CI),(N)]" + PPh — [0s" (tpy)(CI),(NPPR)]

k (25°, CH,CN) = (1.4+ 0.8) x 10" M 's* @

Based on the results of the kinetics study, with PRkexcess,
the rate law is

—d[Os(NS)]

o = KOS(NST[PPh] = k;,{Os(NS)]

(5)
From the slope of a plot dépsvs [PPh], k(25 °C, CH,CN) =
40+ 1 Mtsh

Reduction by Amalgamated Zn.In 3 M HCI, over Zn(Hg),
in the presence of aif,b undergoes a reaction over a period of
~1/2h. The product was identified as [tgpm)(Cl)(NHa)]-
(PRs) by the appearance of its characteristi¢'@3s' and 0%/
Os" couples aE;y, = — 0.36 and+ 0.95 V vs SSCE in 3 M
HCI as measured by cyclic voltammef/in the net reaction,
Od'-NS* is reduced to O5-NH3 and HS.

(19) (a) Bohle, D. S.; Hung, C.-H.; Powell, A. K.; Smith, B. D.; Wocadlo,
S. Inorg. Chem.1997 36, 1992. (b) Tiwari, R. D.; Pandey, K. K.;
Agarwala, U. Clnorg. Chem1982 21, 845. (c) Pandey, K. Kinorg.
Chim. Actal991 182 171. (d) Pandey, K. K.; Nehete, D. T.; Tewari,
S. K.; Rewari, S.; Bhardwaj, RPolyhedron1988 7, 709.

(20) Llobet, A.; Doppé#, P.; Meyer, T. JInorg. Chem.1988 27, 514.

(21) (a) Demadis, K. D.; Bakir, M.; Klesczewski, B. G.; Williams, D. S.;
White, P. S. Meyer, T. Jnorg. Chim. Actal998 270, 511. (b) Bakir,
M.; White, P. S.; Dovletoglou, A.; Meyer, T. Inorg. Chem.1991
30, 2835.
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[0S (tpm)(CI),(NS)]" + 5H" + 3Zn(Hg)—
03! (tpm)(CI),(NHy) + H,S + 3Zr*" (6)

and HS detected by its characteristic odor. In the presence of
air, the ammine complex undergoes@idation to O% —NHs™.

03'(tpm)(CI),(NH) + H' + 1/20,—
[08" (tpm)(CI)(NH,)] " + 1/2H,0 (7)

Reaction with O=NMes;. Reaction occurs between [tOs
(tpm)(CI(NS)](PFs) (1b) and trimethylaminéN-oxide in CHs-
CN upon mixing, with precipitation of a gray solid from the
solution. The solid was characterized ag'@pm)(Cl)(NSO)
by elemental analyses and IR (Experimental).

Reaction with NO™. When 1c was allowed to react with
excess NOBFin CH3CN, a color change occurs from green to
deep orange over a period of 5 min. The products were identified
as a mixture of [OYtpm)(Cl(NO)](BF4) and [OF' (tpm)(Cl)-
(N)](BFy4) as follows.

(1) In the IR spectrum, an intense band #NO) appears at
1870 cml. For comparisony(NO) in trans[Os' (tpy)(Cl).-
(NO)]" appears at 1868 crhi?? When the reaction was repeated
with Os45NS*, there was no IR shift in/(NO) in the [Os-
NOJ* product.

(2) In cyclic voltammograms of the product mixture in gH
CNin 0.1 M TABH (Figure 3 in the Supporting Information),
characteristic waves for the t@N,)Og!" /0" (N,)Od' and O¢'-
(N2)O<'/O5'(N,)OS! couples of (tpm)(CHOS'(N2)OS! (Cl)o(tpm)
appear at;, = +0.77 and+0.12 V. Theu-N, complex is
known to be formed by electrochemical reduction of {Qpm)-
(CH(N)]+ at Epc = —0.47 V in CHCN.58

[0s" (tpm)(CIL(N)] " + e —
1/2(tpm)(CI,0s'(N,)Os'(Cl),(tpm) (8)

(3) A new wave also appearskt, = — 0.10 V, which based
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200 pA
0s"(tpm)(CI)»(NH3) /\
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[0s"(tpm)(C)2(NS)]"
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Figure 5. Cyclic voltammograms of [O%tpm)(Cl)}(NH3)](PFs) (6)
and [0 (tpm)(Clx-(NS)](PF) (3b) in 3 M HCI. Glassy carbon disk
working electrode at 200 mV/s vs SSCE.

Cyclic voltamograms of [Q€tpm)(CIR(NS)]* (3b) and [O4!-

on related nitrosyl complexes, can be assigned as an NO-basedtPM)(CI2(NH3)]* (6) in 3 M HCl are shown in Figure 5. For

reduction?3
[0S (tpm)(CI),(NO)]" + e — Os'(tpm)(CI),('NO)  (9)

From the relative peak currents, the relative amounts df{Os
(tpm)(Cl(NO)]* and (tpm)(CROS'(N2)Os!(Cl),(tpm) are~1:
2, and the initial [O%(tpm)(ClR(NO)]* to [Os” (tpm)(Cl}(N)] ™
ratio is ~1:4.

Electrochemistry. There is no evidence for oxidation 8b
or 4 to the solvent limit of~2 V. Reductions of [OYtpm)-
(CN2(NS)I™ (3b) and OE(Tp)(CNHz(NS) (@) in CHCN are
chemically irreversible and occur B = —0.41 V for 3b and
Epc = —0.77 V for 4. On a reverse, oxidative scan, there is
evidence for reoxidation dp, = —0.20 V for 3b and atEp, =
—0.68 V for4. There is no sign of additional product waves in
the voltammograms after reduction. A reduction waverfans
[Os!(tpy)(CD(NS)]™ atEy, = —0.30 V has been reported under
the same experimental conditioh$he reduction waves appear
to be thionitrosyl ligand-based reductions. Analogous waves
have been reported for &sNO complexeg?

(22) Williams, D. S.; White, P. S.; Meyer, T. J. Am. Chem. Sod.995
117, 823.

(23) (a) Murphy, W. R., Jr.; Takeuchi, K. J.; Meyer, T.JJ.Am. Chem.
Soc.1982 104 517, (b) Pipes, D. W.; Meyer, T. Jnorg. Chem.
1984 23, 2466. (c) Ooyama, D.; Nagao, H.; Ito, K.; Nagao, N.; Howell,
F. S.; Mukaida, MBull. Chem. Soc. Jpri997 70, 2141.

6, reversible waves for the ®$0d' and O&/0s" couples
appear akEj;, = —0.36 andt 0.95 V vs SSCE, respectively as
reported earlier for [O%(tpm)(Cl(NH3)]* prepared by another
route!? In a solution containingb, an initial reductive scan
reveals a multielectron wave &,. = —0.47 V. Upon scan
reversal, waves for the ®#0s' and O4//Os" couples of O%-
(tpm)(ClIx(NH3) are observed. On the basis of these results,
electrochemical reduction @b occurs by

[0S (tpm)(CI(NS)]" + 66 + 5H" —
0s'(tpm)(CI)(NH,) + H,S (10)

In voltammograms of DMSO solutions containing'@gpm)-
(CDH2(NSO) (7), a reversible O%/0Os' couple appears &, =
—0.40 V vs SSCE. On the oxidative side, an irreversible
0d'—0sY wave appears &y, = +0.90 V.

Discussion

The synthetic procedure for preparation of!'Qionitrosyl
complexes is based on the formation of the unstable 5-thio-
1,2,3,4-thiatriazolate ring anion, @%;~, which is known to
decompose to giveSCN, N, and 8.24 In the presence of
nitridos 1 or 2, nucleophilic attack on O%=N by the thiolato
portion of the ring takes place with sulfur atom transfer. This
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Scheme 1
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[Os" (tpm)(CI),(NPPh;)]* + S=PPhy

A
i . CH;CN | 2PPh,
[Os ™ (tpm)(CD,(NO)]
NO” I +_O=NMe, m
+ ‘m[os (tpm)(CDr(NS)] ————> Os " (tpm)(C),(NSO)
(05 (pm)(CDL,(N)]" 3 HyCN
HCI1 | Zn(Hg)
v

0s"(tpm)(C1),(NH;) + H,S

102

[OSm

is accompanied by reduction of ®go0 Od' and formation of
the corresponding thionitrosyl complexg®or 4.7

Several O% thionitrosyl complexes have been characterized
by infrared measuremenitsThe usual range for(N=S) is
1400-1150 cnt?, andv(N=S) for 3b and4 at 1317 and 1288
cm~1 fall into this range. For comparison(N=S) appears at
1310, 1295, and 1270 crhin Os(NS)(CI}(PPh),,52trans[Os-
(NS)(Cl)(tpy)]T,6 and Os(NS)(CI)(OEPY (OEP= 2,3,7,8,12,-
13,17,18-octaethylporphyrinato anion).

Low-intensity bands foBb and4 appear in the region 540
420 cnm® which shift~15 cn? in N-labeled complexes. A
related series of bands appear at 495, 454, and 221 ton
[Os(NS)(NSCI)(CI)]~ which have been assigned to the normal
modesv{(Os—N), v,{Os—N), andd(Os—NS) 26

As shown in Figure 4, two bands of low absorptivity appear
in the visible for both3b and4. In a molecular orbital scheme,
with the Os-NS bond axis defined as dr—a*(NS) mixing is
dominated by @ and d, with the dy (in-plane) orbital

(tpm)(CD,(NH;)]"

is 1.495 A2’ The Os-N—S bond angle is almost linear at 179.3-
(9)° in [OS' (tpm)(CI(NS)I* and at 166.9(9)in Os!(Tp)(Cl),-
(NS). The Os-N(Tp) bond lengths cis to NS are 2.086(and
2.066(6), while the trans bond length is 2.125{%)onsistent
with a trans effect exerted by the thionitrosyl ligand. In fOs
(tpy)(CN2(NS)TH,” the Os-N(tpy) bond distance trans to NS is
2.032(7) A. It is 2.079(7) A for cis. This difference is a
characteristic feature of the structural chemistry of metal
terpyridine complexes and the strained metalpyridine
coordinatiorf-822

Reactivity. A summary of the thionitrosyl reactions docu-
mented here is given in Scheme 1. These results reveal a
versatile and extensive redox chemistry of the thionitrosyl group
in [Os!(tpm)(Clx(NS)]*.

The reaction between [®&pm)(CI)(NS)T" (3b) and PPh(eq
3) reveals the ability of the NS group to transé&eS atom to
PPh. There is a well-precedented reactivity, examples being

orthogonal to the dominant interaction. Based on this orbital Ru(NS)(CIy(PEtPh), + PEt,Ph—

scheme, the visible bands can be assigned to the transitions

dyy—m1* and dy—mo*. The splitting between these bands of
7400 cnTlis a consequence of low symmetry and spambit

Ru(N)(Cl),(PELPh)+ S=PELPH?® (11)

coupling at Os. Related low-intensity bands have been reportedMo(NS)(S,CNMe,); + PBu; —

for cis- and trans[Os' (tpy)(CI)2(NO)]*™ at 480 nm é = 120
M~1cm™1) and 575 nm{ = 250 M~ cm™1).22

The Os-N(thionitrosyl) bond lengths are 1.780(14) A for
3cand 1.800(8) A fod. They fall in the range 1.731(4)1.834-
(7) A for Og' thionitrosyl complexe&¢ consistent with sp

hybrdization with the NS ligand is treated as a 3-electron donor.

The multiple bond character of the ©&l bond is in agreement
with the short Os'N bond distances. The NS bond lengths
of 1.489(15) and 1.493(8) A fa8c and4 and are comparable
to bond distances in other thionitrosyl compleX&52The N-S
bond lengths are also consistent with largely'N®aracter by
comparison with the NScation in which the N-S bond length

(24) (a) Lieber, E.; Pillai, C. N.; Ramachandran, J.; Hites, RJDOrg.
Chem.1957 22, 1750. (b) Lieber, E.; Oftedahl, E.; Reo, C. N. R.
Org. Chem.1963 28, 194. (c) Browne, A. W.; Hoel, A. B.; Smith,
G. B. L.; Swezey, F. h]. Am. Chem. S04923 45, 2541. (d)Carbon
Disulphide in Organic Chemistnbunn, A. D., Rudorf, W.-D., Eds.;
Ellis Horwood Ltd.: New York, 1989.

(25) Cheng, L.; Chen, L.; Chung, H.-S.; Khan, M. A.; Richter-Addo, G.
B.; Young, V. G., JrOrganometallics1998 17, 3853.

(26) Weber, R.; Mier, U.; Dehnicke, K.Z. Anorg. Allg. Chem1983
504, 13.

Mo(N)(S,CNMe,), + S=PBu,? (12)

Os(Tp)(CIK(NS) + 2PPh—
0$Y(Tp)(CI),(NPPh) + S=PPh’® (13)

The results of the kinetic study reveal that S-atom transfer is
facile. The mechanism presumably involves initial S-atom
transfer,

[0S (tpm)(CI),(NS)]" + PPh,—
[0s” (tpm)(CI)L(N)] " + S=PPh, (14)

followed by attack of a second PPtn the intermediate nitrido
complex. This reaction is known to be rapid.

(27) Barrow, R. F.; Warm, R. J.; Fitzerald, A. G.; Fyoffe, B. Drans.
Faraday Soc1964 60, 294.

(28) Bishop, M. W. Chatt, J.; Dilworth, R. J. Chem. Soc., Dalton Trans.
1979 1.



3336 Inorganic Chemistry, Vol. 38, No. 14, 1999 El-Samanody et al.

[0s" (tpm)(CI),(N)]* + PPh— The last reaction investigated was between'[@sn)(Cl)-
(NS)I* (3c) and NO" in CH3CN. In this case, there are two

[08" (tpm)(CIL(NPPR)] " (15) products, the nitrido complex, [®'$tpm)(CI)2(N)1+, and the
nitrosyl complex, [O%(tpm)(Cl),(NO)]*, in a ratio of ~4:1.
When discussed in this way, the reaction with PRfers a ~ Based on the products, there appears to be a competition
S-atom reactivity for bound NS consistent with the expected between NO/NS' exchange and NOattack on the S atom of
No~=S’+ electronic distribution in bound NS An alternate  the thionitrosyl ligand although we have no evidence for [NOS]

mechanism, which we cannot rule out, would involve rate- ©f the products of its further reactions.

limiting attack on N, followed by S-atom transfer. [0 (tpm)(CDLN)]* + [NOS]
+ + *'NO+
1 , PPhy | (tpm)(CI0s—N=S§ (16) O (pm)(CDoNS)] 4‘_7 1 + (20)
Os (tpm)(CD,(NS)]” ——> {,Ph} [Os™(tpm)(CD2(NO)]
PP On the basis of the labeling study, which utilized {Q@pm)-
——> [0s"(tpm)(CD,(NPPhy)]" + S=PPhy (CI)2(15NS)]*, the N atom of the nitrosy! originates in NO
_ _ _ The suggestion of competitive attack on sulfur is based on the
With added amalgamated zinc as reductar8iM HCI, the  appearance of the ®snitrido complex as a product. This is an

sulfur atom undergoes a net reduction according to eq 6 to giveinteresting reaction in that extraction of S occurs to give back
Od'—NH; followed by & oxidation to O% —NHs*. This the starting nitrido complex.
reaction is analogous to the known reduction of nitrosyl to  NO*/NS* exchange in transition metal thionitrosyls is also

ammine under reducing conditions in polypyridyl complexes known in the literature. Examples include
of ruthenium and osmium in which nitrosyl-ammine intercon-

version is reversiblé? CpCr(Co)(NS) + ONCI— CpCr(NO)ZCIZQ 1)
[M(tpy) (bpy) (NO)[* e Os(NS)(CI)(PPh), + NO* — Os(NO)(CI)(PPh)®® (22)
py)(bpy e, —5H", +H,0 Condluc
(M = Ru or Os) onclusions
[M(tpy)(bpy)(NH 3)]2+ (17) The results of the reactivity studies provide an interesting

comparison with related nitrosyls. The redox chemistry of the

Reduction of the nitrosyl ligand in these complexes has been MOyl group in the relatively electron deficient coordination
proposed to occur by a series of stepwise intermediates, [Os_eny_lronment of polypyrldyl_complexes is dominated by nucleo-
(tpy)(bpy)(NHO)E*, [Os(tpy)(bpy)(NHO)IZ*, [Os(tpy)(bpy)- philic attack at the coordinated N atom. In the case of the

(NH,OH)J2", and reduction of thionitrosyl may follow an thionitrosyl ligand there is a different internal electronic
analogous éourse distribution in which the S atom is relatively electron deficient.

The reaction between [®&pm)(CIR(NS)* (3b) and tri- Reacti_on with PPho_r NOfr _results in S-atom tr_an_sfer an_d re-
methylamineN-oxide reveals that the S atom can also be formation of the starting nitrido complex. The th|on|trosy! I|ganq
oxidized by O-atom transfer fromN-oxides with formation of can also be_ Ox'd'Z.Ed fur_ther as shown by the reaction with
0s''NSO. There are several metal-thiazato complexes in the fimethylamineN-oxide. Finally, both the coordinated nitrosyl
literature. Examples in Os chemistry include formation of Os- and thlor!|trosyl "9.3”0'5 shar.e the ab'."ty to undergo. reduction
(NSO)(X),(PPh), (X = CI, Br) by reaction of sulfur with Os- under acidic conditions to give coordinated ammonia.
(NO)(X)3(PPh), in benzené¢ There are also examples of Acknowledgmentis made to the National Science Founda-
metal-thiazato formation by oxidation of metathionitrosyl tion under Grant No. CHE-9503738 for support of this research.
complexes by dioxyge#d The example found here appears to E.-S.E.-S. thanks the Egyptian Government for the data col-
be the first which utilizes aiN-oxide reagent. The initial step  lection Grant. We also thank Drs. James M. Mayer and Thomas

presumably involves O-atom transfer and formation o Gs J. Crevier at the University of Washington for sharing results
an intermediate. prior to publication and interesting discussions.

' " Supporting Information Available: Portions of infrared spectra
[Os (tpm)(CIL(NS)]" + O=NMe; — with isotopic shifts for3b, 4, 3b*, and4 in the regions 13501200

v and 540-420 cn'%; cyclic voltammogram of the product of the reaction
[Os (tpm)(CI)Z(NSO)r + NMe; (18) betweerBcand NO', additional details of the crystallographic analysis
of the compound8c and4, fully labeled ORTEP diagrams; and tables

on the ba_sis of _the (-_Z‘leCtroch_em!caI me?;_lsuremenﬂg,i@a of atomic coordinates, isotropic thermal parameters and bond distances
powerful oxidant in this coordination environment and once and angles. This material is available free of charge via the Internet at
formed, is presumably reduced to'Oby released NMg http://pubs.acs.org.
[08" (tpm)(CIL(NSO)]" + NMe, — IC981449K
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