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Reaction of 2-(arylazo)phenols (H,ap-R; R = OCHs, CHs, H, Cl, and NO,) with [Os(PPhj3),(CO),(HCOO),] affords
a family of organometallic complexes of osmium(ll) of type [Os(PPhs),(CO)(ap-R)] where the 2-(arylazo)phenolate
ligand is coordinated to the metal center as a tridentate C,N,O-donor. Structure of the [Os(PPhs),(CO)(ap-H)]
complex has been determined by X-ray crystallography. All the [Os(PPh3),(CO)(ap-R)] complexes are diamagnetic
and show characteristic *H NMR signals and intense MLCT transitions in the visible region. They also show emission
in the visible region at ambient temperature. Cyclic voltammetry on the [Os(PPhs),(CO)(ap-R)] complexes shows
a reversible Os(1l)-Os(lll) oxidation within 0.39-0.73 V vs SCE, followed by a reversible Os(1l1)—Os(IV) oxidation
within 1.06—1.61 V vs SCE. Coulometric oxidation of the [Os(PPhs),(CO)(ap-R)] complexes generates the [Os"-
(PPh3),(CO)(ap-R)]* complexes, which have been isolated as the hexafluorophosphate salts. The [Os"(PPhs),-
(CO)(ap-R)]PFs complexes are one-electron paramagnetic and show axial ESR spectra. In solution they behave as
1:1 electrolytes and show intense LMCT transitions in the visible region. The [0s"(PPhs),(CO)(ap-R)|PFs complexes
have been observed to serve as mild one-electron oxidants in a nonaqueous medium.

Introduction inducing C-H activation of organic molecules and the
a-Present work has originated from our search for such
complex molecules. We have recently synthesized an os-
mium complex, viz. [Os(PRJp(CO)(HCOOY)], which upon

reaction with different bidentate acidic ligands (H-)L

There has been considerable current interest in the utiliz
tion of transition metal complexes for bringing about
interesting chemical transformations of organic substrates.
Such reactions often proceed via a8 activation of the
organic substratg,leading to the formation of reactive affords complexes of type [Os(PHHCO)(LL')(H)], in
organometallic complexes, which finally yields the desired Which the Os(CO)(LD(H) fragment constitutes the equato-
product. Thus, there has been a constant demand forfial plane and the PRItigands occupy mutual trans positions

transition metal complexes that have the potential for (1).* The disposition of the OsH bond in the equatorial
plane ofl suggests that if a phenyl ring can be incorporated

* Author to whom correspondence should be addressed.
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in the bidentate ligand by linking it to the donor atom, which
is cis to the hydride, via one intervening atom ),(then
C—H activation may be possible at the ortho position of the
pendant phenyl ring, leading to cyclometalation of the
modified ligand 8) via elimination of molecular hydrogen.
With this simple strategy of activating phenyHEl bond in
mind, a group of 2-(arylazo)phenold)(have been chosen
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Chem Re. 2001, 213 129. (b) Jia, C.; Kitamura, T.; Fujiwara, Y.
Acc. Chem. Re2001, 34, 633. (c) Ritleng, V.; Sirlin, C.; Pfeffer, M.
Chem. Re. 2002 102, 1731. (d) Pamplin, C. B.; Legzdins, Rcc.
Chem. Res2003 36, 223.

(4) (a) Gupta, P.; Basuli, F.; Peng, S. M.; Lee, G. H.; Bhattacharya, S.
Indian J. Chem2003 42A in press. (b) Nag, S.; Gupta, P.; Peng, S.
M.; Lee, G. H.; Bhattacharya, S. Unpublished results.
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as the target ligands for the present study. Though these

ligands @) are known to bind to metal ions usually as
bidentate N,O-donors forming a six-membered chelate ring

Gupta et al.
Experimental Section

Materials. Commercial osmium tetroxide was purchased from
Arora Matthey, Kolkata, India, and was converted to JJOsBIrg]
by reduction with hydrobromic acitifOs(PPh)3Br,] was synthe-
sized, starting from [NE][OsBr], by following a reported
proceduré.[Os(PPR),(CO)(HCOO)] was then prepared starting
from [Os(PPh)sBr,] as before2 The 2-(arylazo)phenol ligands were
prepared by coupling diazotized para-substituted anilines with
p-cresol. Purification of dichloromethane and acetonitrile and
preparation of tetrabutylammonium perchlorate (TBAP) for elec-
trochemical work were performed as reported in the literatddé.
other chemicals and solvents were reagent-grade commercial
materials and were used as received.

(5),> we have also observed them to bind to metal ions as Preparations of Complexes

bidentate N,O-donors forming a five-membered riig8(It
is this latter coordination mode6) of the 2-(arylazo)-

phenolate ligands that is of relevance to this present study.

Because in this particular coordination mo@g the phenyl

The [Os(PPH,(CO)(ap-R)] complexes were synthesized by
following a general procedure. Specific details are given below for
one complex.

[Os(PPhs),(CO)(ap-H)]. To a solution of Hap-H (25 mg, 0.11

ring of the 2-(arylazo)phenolate ligand remains pendant as mmol) in 2-methoxyethanol (40 mL) was added [Os(§REO),-

shown in 2, it appears perfectly suitable for undergoing
orthometalation {) upon reaction with [Os(PRBJ(CO)-

H;C H H;C N
/M
=N N=
R=0CHj3;, CH3,
H, C,NO, R R
4 5
(6] (0]
AN N
/M /Os
HsC N HiC N
4 : {
R R

7

(HCOOQOYy), affording organoosmium complexes. This strategy
has indeed worked well and reaction of the 2-(arylazo)-
phenols with [Os(PP(COL(HCOO)] truly afforded a
group of organometallic complexes of the expected type, viz.
[Os(PPh)(CO)(ap-R)], where ap-R refers to the coordinated
2-(arylazo)phenolate ligand ih An account of the chemistry

(HCOOQY)] (100 mg, 0.11 mmol). The resulting solution was heated
at reflux for 24 h to produce a deep green solution. The solvent
was then evaporated on a water bath to give a green residue, which
was purified by thin-layer chromatography on a silica plate. When
1:1 hexane-benzene was used as the eluant, a green band separated,
which was extracted with dichloromethane. Evaporation of this
extract afforded [Os(PRJ(CO)(ap-H)] as a green crystalline solid.
Yield: 60%.

All the[Os(PPh),(CO)(ap-R)]Pk complexes were synthesized
by following a general procedure. Specific details are given below
for one complex.

[Os(PPhs),(CO)(ap-H)]PFs. A solution of [Os(PPE),(CO)(ap-

H)] (50 mg, 0.05 mmol) in 50 mL of 1:9 dichloromethane
acetonitrile (0.1 M NHPF;) was coulometrically oxidized at 0.9

V vs SCE. Color of the solution gradually changed from bright
green to olive green during the oxidation. After the electrolysis
was completeQopserved= 5-07 C,Qcaiculaed= 5.06 C), the solution
containing the oxidized complex was evaporated to dryness under
reduced pressure. The dry residue was washed thoroughly with ice-
cold water to remove excess MPFs, leaving the [Os(PR)(CO)-
(ap-H)]PK complex as an olive-green microcrystalline solid, which
was dried under vacuo over®,,. The yield was quantitative.

Physical Measurements

Microanalyses (C, H, N) were performed using a Heraeus Carlo
Erba 1108 elemental analyzer. IR spectra were obtained on a Perkin-
Elmer 783 spectrometer with samples prepared as KBr pellets.
Solution electrical conductivities were measured using a Phillips
PR 9500 bridge with a solute concentration of M. Electronic
spectra were recorded on a JASCO V-570 spectrophotometer.
Emission spectra were recorded on a Spex Flurolog spectrometer.

of these complexes is presented here with special referencéMagnetic susceptibilities were measured using a PAR 155 vibrating

to their synthesis, characterization, and redox properties.
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sample magnetometer fitted with a Walker Scientific L75FBAL
magnet!H NMR spectra were obtained on a Bruker Avance DPX
300 NMR spectrometer using TMS as the internal standard. ESR
spectra were recorded with a Varian E-109C X-band spectrometer
fitted with a quartz Dewar for measurements at 77 K (liquid

(7) Dwyer, F. P.; Hogarth, J. Wnorg. Synth 1957, 5, 204.

(8) Hoffman, P. R.; Caulton, K. GI. Am. Chem. Sod.975 97, 4221.

(9) (a) Sawyer, D. T.; Roberts, J. L., Experimental Electrochemistry
for ChemistsWiley: New York, 1974; pp 16#215. (b) Walter, M.;
Ramaley, L.Anal. Chem 1973 45, 165.



Cyclometalation of 2-(Arylazo)phenols

Table 1. Crystallographic Data for [Os(PBR(CO)(ap-H)]

empirical formula GoHaoN20,0sR
fw 952.58

space group monoclini®2i/c
a A 12.262(3)

b, 19.353(5)

c, A 18.410(4)

p, deg 108.136(16)

V, A3 4151.9(16)

z 4

2 A 0.71073

cryst size, mm 0.2% 0.73x 0.29
T,K 296(2)

w, mmt 3.191

R12 0.0354

WR2 0.0745

GOP 1.020

AR1=3|[Fo| — [Fell/Z|Fol. PWR2= [S{W(Fo? — FAA /3 {W(FoA} V2
CGOF = [S(W(F?2 — FA3I(M — N)]¥ 2 whereM is the number of
reflections andN is the number of parameters refined.

dinitrogen). All spectra were calibrated with the aid of DPRjHH

2.0037). Electrochemical measurements were made using a CH

Instruments model 600A electrochemical analyzer. A platinum disk
working electrode, a platinum wire auxiliary electrode, and an

% C(13)
/[I* }i/l,q &
@B N ‘§l= c(11)

fl (e
A

Figure 1. View of the [Os(PP§2(CO)(ap-H)] complex.

aqueous saturated calomel reference electrode (SCE) were used iable 2. Selected Bond Distances and Bond Angles for

the cyclic voltammetry experiments. A platinum-wire gauge work-
ing electrode was used in the coulometric experiments. All
electrochemical experiments were performed under a dinitrogen
atmosphere. All electrochemical data were collected at 298 K and
are uncorrected for junction potentials.

Oxidation ofN,N-dimethylaniline, 1,2-naphthaquinone-1-oxime,
and [O¢(bpy):Br,] was carried out with all the [JYPPh),(CO)-
(ap-R)]PK complexes. Experimental details for the reaction of each
reductant with one representative complex are given below.

(i) To a solution of [O4 (PPh),(CO)(ap-H)]Pk (11 mg, 0.01
mmol) in acetonitrile (10 mL) was added TBAP (0.34 g, 0.10 mol)
followed by N,N-dimethylaniline (2.4 mg, 0.02 mmol). An instant
color change from olive green to bright green took place and the
solution was studied by cyclic voltammetry.

(i) To a solution of [O4' (PPh),(CO)(ap-H)]Pk (11 mg, 0.01
mmol) in acetonitrile (10 mL) was added 1,2-naphthaquinone-1-
oxime (3.2 mg, 0.02 mmol). The color of the solution immediately
changed from olive green to bright green. Toluene (10 mL) was

[Os(PPR)2(CO)(ap-H)]

Bond Distances (A)

0Os—C 1.863(4) GO 1.144(5)
Os—C(13) 2.042(4) C(BH0(1) 1.324(5)
Os—N(1) 2.054(3) N(1}N(2) 1.282(5)
0Os-0(1) 2.186(3) C(7N(1) 1.402(5)
Os—P(1) 2.3714(13) C(8)N(2) 1.410(5)
Os—P(2) 2.3623(12)
Bond Angles (deg)
P(1-0s—P(2) 174.53(4) C(13Y0s—N(1) 76.55(16)
C—0s—N(1) 175.37(16) N(1)0s-0(1) 77.79(13)
C(13)-0s-0(1) 154.30(14) 0OsC-0 178.4

oxyethanol to afford a group of green complexes of type
[Os(PPR),(CO)(ap-R)] in decent yields. The observed elem-
ental (C, H, N) analytical data of these complexes agree well
with their compositions (Table S1 in the Supporting Infor-
mation). To find out the coordination mode of the 2-(aryl-
azo)phenolate ligands in these complexes as well as the ster-

then added to the solution and the ESR spectrum of the resultanteochemistry of the complexes, the structure of one complex

solution was recorded.

(iii) [Os"(PPh),(CO)(ap-H)]PE (11 mg, 0.01 mmol) and
[OS'(bpy)Br;] (6.6 mg, 0.01 mmol) were taken together in
acetonitrile (20 mL). To the solution TBAP (0.68 g, 0.20 mol) was
added and the resultant solution was studied by cyclic voltammetry.

Crystallography of [Os(PPhg),(CO)(ap-H)]. Single crystals of
[Os(PPR),(CO)(ap-H)] were obtained by slow diffusion of hexane
into a dichloromethane solution of the complex. Selected crystal

of this family, viz. [Os(PPK.(CO)(ap-H)], has been deter-
mined by X-ray crystallography. The structure is shown in
Figure 1 and selected bond parameters are listed in Table 2.
The structure shows that the 2-(arylazo)phenolate ligand
is coordinated to osmium in the expected tridentate fashion
(7). Though relatively less common, this particular coordina-
tion mode of the 2-(arylazo)phenols was observed before in

data and data collection parameters are given in Table 1. Data werdh€ir complexes of some heavier transition metal friwo

collected on a Bruker P4 diffractometer using graphite monochro-
mated Mo ku radiation ¢ = 0.71073 A) by 2—w scans within
the range of 2.41-27.50. X-ray data reduction, structure solution,
and refinement were done using SHELXS-97 and SHELXL-97
programs'® The structure was solved by the direct methods.

Results and Discussion

Reaction of the 2-(arylazo)phenol ligands {ith [Os(P-
Ph)(COR(HCOOY)] proceeds smoothly in refluxing 2-meth-

(10) Sheldrick, G. MSHELXS-97and SHELXL-97 Fortran programs for
crystal structure solution and refinement; University ofti@gen:
Gottingen, Germany, 1997.

triphenylphosphines and a carbonyl are also coordinated to
osmium. Osmium is therefore sitting in alNGO,P, coor-
dination environment, which is distorted octahedral in nature
as reflected in all the bond parameters around osmium. The
coordinated ap-H ligand and the carbonyl have constituted
one equatorial plane with the metal at the center, while the
PPh ligands have occupied the axial positions and hence
they are mutually trans. The ©® and Os-C(carbonyl) and
C—O(carbonyl) distances are all quite norr\Vithin the
Os(ap-H) fragment, the ©<C, Os—N, and Os-O distances

are also quite norma#.6 However, they are slightly longer
than those observed in the similar fragment of the [Os{RPh

Inorganic Chemistry, Vol. 42, No. 17, 2003 5407
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Table 3. H NMR Data of the Complexes

chemical shift in ppri

compound PPh CHjs aromatic protons R
[Os(PPR)2(CO)(ap-OCH)] 7.12-7.40 1.63 5.80(),6.15(d, 8.4% 6.30(s)? 7.03 (d, 8.7 3.50
[Os(PPh)2(CO)(ap-CH)] 7.14-7.45 1.68 5.81(s)6.18(d, 8.4, 6.32(s)? 7.09(d, 8.8) 2.04
[Os(PPh)2(CO)(ap-H)] 7.18-7.50 1.75 5.825.87(s+ d) ¢ 6.42-6.47(d+ t),£7.00(d, 7.5§ 7.11(d, 7.8) 6.45 (t, 7.5)
[Os(PPR),(CO)(ap-Cl)] 7.18-7.55 1.76 5.92(8)6.16(d, 8.4%6.33(s)P 7.13(d, 8.7 —
[Os(PPR)2(CO)(ap-NQ)] 7.20-7.60 1.78 6.01(s)6.20(d, 8.3%,6.40(s¥ —

aMultiplicity (s = singlet, d= doublet, t= triplet) of the signal and the coupling constant (in Hz) are given in parenthesgegration= 1H. ¢ Integration
2H.

Table 4. Electronic Spectral and Cyclic Voltammetric Data

electronic spectral data (emissién)

electronic spectral data (absorption) Ama/Nm quantum cyclic voltammetric daff
compound Amadnm (/M1 cm )2 excitation emission yield (¢) Eu®V (AES, mV)
[Os(PPR)»(CO)(ap-OCH)] 718(3800), 396(7600), 352(10000), 38E000), 258(23000) 352 400 1.76 10°3 0.39(70), 1.06(80)
[Os(PPh),(CO)(ap-CH)]  730(4200), 432(5400), 39(¥200), 356(14200), 259619000) 356 420  0.9% 10°3 0.47(70), 1.15(78)
[Os(PPh)2(CO)(ap-H)] 738(4200), 434(5000), 356(15000), %82000) 356 420 1.8%10°3 0.51(70), 1.25(82)
[Os(PPh)2(CO)(ap-Cl)] 738(4000), 4284000), 396(6200), 358(14100), 27626000) 358 412 1.12 1073 0.54(70), 1.29(80)
[Os(PPR),(CO)(ap-NQ)]  706(3200), 428(6400), 338(6200), 2685500) 338 375 1.8410°3 0.73(70), 1.61(85)

a|n dichloromethane? 1:9 dichloromethaneethanol.¢ Supporting electrolyte, TBAP, reference electrode SCE; scan rate 50 m¥ Shoulder € Ey/,
= 0.5(pa + Epo), WhereEya and Epc are anodic peak potential and cathodic peak potential respectives = (Epa — Epo)-

(ap-Cl)Br] complex'2and this difference in bond lengths is The [Os(PPK(CO)(ap-R)] complexes are soluble in
attributable to the difference in oxidation state of osmium acetone, dichloromethane, and chloroform, producing bright
in the two types of complexes. As all the [Os(BRICO)- green solutions. Electronic spectra of the complexes have
(ap-R)] complexes have been synthesized similarly and theybeen recorded in dichloromethane solution. Spectral data are
show similar properties (vide infra), the other four [Os- presented in Table 4, and a selected spectrum is shown in
(PPh)2(CO)(ap-R)] (R= H) complexes are assumed to have Figure S2 in the Supporting Information. All the [Os(RJ2h
structure similar to the [Os(PBB(CO)(ap-H)] complex. It (CO)(ap-R)] complexes show several intense absorptions in
may be noted here that, though cyclometalated osmium(lll) the visible and ultraviolet regions. The absorptions in the

complexes of the 2-(arylazo)phenols of type [Os(Bap- ultraviolet region are attributable to transitions within the

R)Br] were synthesized before in our laboratdi§there is ligand orbitals and those in the visible region are probably
no precedence in the literature of similar cyclometalated due to metal-to-ligand charge-transfer transitions. Multiple
complexes of osmium(ll). charge-transfer transitions in such mixed-ligand complexes

Magnetic susceptibility measurements show that the [Os- may result from the lower symmetry splitting of the metal
(PPh),(CO)(ap-R)] complexes are diamagnetic, which cor- level, the presence of different acceptor orbitals, and the
responds to the-2 oxidation state of osmium (low spirf,d mixing of singlet and triplet configurations in the excited
S = 0) in these complexesH NMR spectra of the [Os-  state through spinorbit coupling’® To have better insight
(PPh)2(CO)(ap-R)] complexes have been recorded in GDCI into the nature of the absorptions in the visible region,
solution. Spectral data are given in Table 3, and a representaqualitative EHMO calculations have been perforifezh
tive spectrum is shown in Figure S1 in the Supporting
Information. Each complex shows broad signals within-7.1  (11) (a) Majumder, K.; Peng, S. M.; Bhattacharya) SChem. Soc., Dalton

; F@'B Trans.200], 284. (b) Dutta, S.; Peng, S. M.; Bhattacharya].Shem.
75 ppm_for the presence .Of coo_rdlngted P nds. The Soc., Dalton Trans200Q 4623. (a) Lahiri, G, K.; Bhattacharya, S.;
methyl signal of the ap-R ligand is uniformly observed as a Mukherjee, M.; Mukherjee, A.; Chakravorty, Anorg. Chem.1987,

distinct peak near 1.6 ppm. Among the expected aromatic 12) %65 %353- 4 CEE R W, R Wil A Wriht. L. 3
. . . a ICKara, C. E. F.; Roper, . Ry llamson, A.; ngnt, L. J.
proton signals for the coordinated ap-R ligand, most have ™" 55anometallic2002 21, 4862. (b) Rickard. C. E. F.; Roper, W. R.:

been clearly observed while a few could not be detected due  Williamson, A.; Wright, L. J.Organometallics2002, 21, 1714. (c)

; ; ; ; Rickard, C. E. F.; Roper, W. R.; Woodgate, S. D.; Wright, LJJ.
to their overlap with the PRhsignals. In the infrared Organomet. Chen002, 643—644, 169. (d) Pramanik, K.; Shivaku-

spectrum each [Os(PBKCO)(ap-R)] complex shows a mar, M.; Ghosh, P.; Chakravorty, Anorg. Chem200Q 39, 195. (e)
strong band near 1900 ci(Table S1 in the Supporting 5’3512%29‘33(%““#{':& Peng,g. ’g-? iha“aChar%aP?'yhlidm”izf’ﬁ
. . 3 . opinson, . . Inckley, . o uo, A\Cla
Information) due to the coordinated carbon mpnqiddgld Crystallogr. 1988 C44, 1491. (g) Bellachioma, G.; Cardaci, G.:
three strong bands near 520, 695, and 745%indicating w3 IE/I?cchioni, A Zanazlzi. F;I].norg. Chem.1993 32, 547. ’
; 15 13) (a) Gusev, D. G.; Dolgushin, F. M.; Antipin, M. Yorganometallics
the presence of coordinated RHbands!®> Sharp bands are 2002 21 1001, (b) Bario, P.: Esteruelas, M. A:nae, E.

also observed near 1210, 1540, and 1580%nvhich were Organometallics2002 21, 1714.

absent n the [OS(PEA(COLHCOO)] complex, and hence (14 Dlie, 3 W Yeska, L0 Am crem sosonisa ooz,
these are attributed to the coordinated 2-(arylazo)phenolate”™ " New. J. 'Chem.2002 26, 16%’7, ‘(b) Basuli, F.; Peng, S. % '

ligand. ThelH NMR and infrared spectral data of the [Os- ghehl/tltacthartxga, r?Jnorg. éljhngooé 40, 1D12|t6. (cT) Dagsé och Té:lP?g)g,

. . . ML attacharya, . em. S0cC., balton lran .
(Pth)z(CO)(qp_—R)] complexes are therefore consistent with Dutta, S.. Peng, . M.. Lee. G. H.. BhattacharyaJriarg. Chem.
their compositions. 200Q 39, 2231.
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Cyclometalation of 2-(Arylazo)phenols

excitation wavelength corresponding to the lowest energy
Lumo absorption {700 nm) was used, no emission was observed.
However, when an excitation wavelength-e850 nm was
used, all the [Os(PRJ»(CO)(ap-R)] complexes showed
strong emission (Table 4; Figure S2 in the Supporting
Information) within 375-420 nm. This indicates that transi-
tion of a metal electron to LUM®2 (or LUMO+3) leads

to a photochemically excited state, which is much more stable
compared to excitation of a metal electron to LUM& Of
N=N) or LUMO+1 (zz* of CO). The higher stability of the
HOMO photochemically excited state involving LUME2 (or
LUMO+3) may be attributed to the possible delocalization
of the excited electron over the metalated phenyl ring (or
p-cresol ring). Quantum yields¢] of these emissions,
evaluated with reference to [Ru(bglClO,),,'° indicate that

; these complexes are relatively poor emitters.

1 }__‘ " ; Electrochemical properties of all the [Os(RB{CO)(ap-

R)] complexes have been studied by cyclic voltammetry in
dichloromethane solution (0.1 M TBAP). Voltammetric data
Figure 2. Partial molecular orbital diagram of [Os(P§HCO)(ap-H)]. are given in Table 4, and a selected cyclic voltammogram

is shown in Figure S3 in the Supporting Information. Each
computer-generated models of the [Os(BREO)(ap-R)]  complex shows an oxidative response within 6:8973 V
complexes. The results obtained are similar for all the ys SCE, which is assigned to the osmiumg®smium(lil)
complexes. A partial MO diagram for a representative oxidation. This oxidation is reversible, characterized by a
complex is shown in Figure 2, and composition of selected peak-to-peak separatiomE,) of 70 mV, which remains
molecular orbitals is given in Table S2 in the Supporting ynchanged upon changing the scan rate, and the anodic peak
Information. The hlghest OCCUpied molecular orbital (HOMO) current (pa) is almost equa| to the cathodic peak Curréﬂ),(
and the next two filled orbitals (HOMO-1 and HOMO-2) s expected for a reversible electron-transfer process. Com-
have major £ 50%) contributions from the osmiuy, d, parison of the potential of the osmium@psmium(li)
andd,, orbitals. These three occupied orbitals may therefore couple in the [0%(PPh),(ap-R)Brf2and [O4(PPh),(CO)-
be regarded as the osmiugrotbitals. The lowest unoccupied (ap-R)] complexes shows that the bivalent state of osmium
molecular orbital (LUMO), which is rather isolated, has more s much more stabilized (more than 1.1 V) in the present
than 80% contribution from the 2-(arylazo)phenolate ligand group of complexes, which may be attributed to the presence
and is concentrated heavily on the azo<N) fragment.  of carbon monoxide in the coordination sphere instead of
Among the next few vacant orbitals (LUMEL, LUMO+2, the bromide. CO being a strongacid ligand stabilizes the
LUMO+3, etc.), LUMOt1 is primarily centered on the 42 oxidation state of osmium through effectiventeraction.
Carbonyl Iigand, while LUMG-2 and LUMOH+-3 are delo- The [Os(PPBZ(CO)(ap_R)] Comp|exes show a second oxida-
calized over the metalated phenyl ring andpheresol ring, tive response within 1.061.61 V vs SCE, which is also
respectively. The intense and rather isolated absorption inreversible in natureE, ~ 80 mV; iy~ i) and is assigned
the 700-740-nm region may therefore be assigned to the tg the osmium(lil;-osmium(IV) oxidation. The one-electron
charge-transfer transition taking place from the highest filled nature of both the oxidations has been verified by comparing
osmium ¢ orbital (HOMO) to the vacant*(N=N) orbital their current heightsi () with that of the standard ferrocene/
of the 2-(arylazo)phenolate ligand (LUMO). The other ferrocenium couple under identical experimental conditions.
intense absorptions at higher energies may be assigned torhe potential of both the osmium(Hosmium(lll) and
charge-transfer transitions from the osmiyrorbitals to the osmium(lll)—osmium(lV) oxidations has been observed to
higher energy vacant orbitals. As osmium(ll) complexes of pe sensitive to the nature of the substituent R in the
ligands containing strong chromophoric groups often show, 2-(arylazo)phenolate ligand. The potenti&hf) increases
in addition to intense MLCT tranSitionS, interesting lumi- with increasing e|ectron_withdrawing character of the sub-
nescence propertié such properties have also been ex- stituent R. The plot oE;, versuss [¢ = Hammett constant
plored in the [Os(PR(CO)(ap-R)] complexes. The lumi-  of R;2 OCH; = —0.27, CH = —0.17, H=0.00, Cl=0.23,
nescence studies were carried out in 1:9 dichloromethane

ethanol solution at ambient temperature (298 K). When an (18) (a) Gao, F. G,; Bard, A. Lhem. Mater2002, 14, 3465. (b) Baudin,
. B,; DaV|dsson J.; Serroni, S.; Juris, A.; Balzani, V.; Campagna,
S Hammarstron . Phys. Chem R002 106, 4312. (¢) Staffllanl

(16) (a) Pankuch, B. J.; Lacky, D. E.; Crosby, G.JAPhys. Chenil98Q M.; Belser, P.; Hartl, F., Kleverlaan, C. J.; De ColalLPhys. Chem.
84, 2061. (b) Ceulemans, A.; Vanquickenborne, L.JGAm. Chem. A 2002 106, 9242. (d) Ortega, J. V.; Khin, K.; van der Veer, W. E;
So0c.1981, 103 2238. (c) decuritus, S.; Felix, F.; Ferguson, J.; Gudel, Ziller, J.; Hong, B.Inorg. Chem200Q 39, 6038. (e) Juris, A.; Prodi,
H. U.; Ludi, A. J. Am. Chem. S0d98Q 103 4102. (d) Kober, E. M; L.; Harriman, A.; Ziessel, R.; Hissler, M.; El-ghayoury, A.; Wu, F.;
Meyer, T. J.Inorg. Chem.1982 21, 3967. Riesgo, E. C.; Thummel, R. Anorg. Chem.200Q 39, 3590. (f)

(17) (a) Mealli, C.; Proserpio, D. MCACAOVersion 4.0; Italy, 1994. (b) Holmlin, R. E.; Yao, J. A.; Barton, J. Knorg. Chem1999 38, 174.
Mealli, C.; Proserpio, D. MJ. Chem. Educ199Q 67, 399. (19) Alsfasser, R.; Eldik, R. VInorg. Chem.1996 35, 628.
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Table 5. ESR(g Values and Electronic Spectral Values of Osmium(lll) Complexes

electronic spectral data (absorption)

compound o ol Amafnm (/M ~Lcm~1)P
[Os(PPh),(CO)(ap-OCH)IPFs 2.100 1.989 12299800), 944(1300), 746(3100), 420(5100), 378(5400), 34800)
[Os(PPR)2(CO)(ap-CH)IPFs 2.125 1.981 1220800), 988(1100), 742(2200), 4§8400), 376(5900), 3424800)
[Os(PPhR),(CO)(ap-H)IPk 2.138 1.974 12199800), 994(1300), 738(2200), 4§3100), 374(6000), 3425500)
[Os(PPh),(CO)(ap-Cl)]Pk 2.117 1.985 12299900), 980(1200), 746(2400), 488300), 376(7000), 346(6300)
[Os(PPh)2(CO)(ap-NQ)IPFs 2.078 1.992 12291700), 944(2500), 738(3600), 474(5400), 360(4600)

aln 1:1 dichloromethanetoluene at 77 KP In dichloromethane solutiorf.Shoulder.

and NQ = 0.78] is linear for both the oxidations (Figure
S3 in the Supporting Information) with a slope) ©f 0.30
and 0.49 V, respectivelyp(= reaction constant of this
coupleéy). This linear correlation ofEy, versuso with
reasonable slopeg)(clearly shows that a single substituent
on the 2-(arylazo)phenolate ligand can influence the metal-
centered oxidation potential in these complexes in a predict-
able manner.

The electrochemical reversibility of the osmiumt)
osmium(lll) couple indicate that the [®§PPh),(CO)(ap-
R)]" complexes are stable on a cyclic voltammetric time
scale. The relatively low positive potential of this oxidation
suggests that the oxidized complexes should also be stable
on a much longer time scale. To investigate this, all the [Os-
(PPh),(CO)(ap-R)] complexes have been coulometrically
oxidized at appropriate potential in dichloromethane solution
(0.1 M TBAP). The oxidations have been smooth and
quantitative, associated with a color change of bright green
to olive green. The solutions containing the oxidized
complexes show identical cyclic voltammetric responses such
as their respective precursors, except that the couple near
0.4 V now appears as a reductive response. The olive-green
solutions of [O¥ (PPh),(CO)(ap-R)] have been quantita-
tively converted back, upon coulometric reduction at 0.2 V
to the bright green solutions of [(O®Ph),(CO)(ap-R)],
identified by their characteristic electronic spectra. This K with distinct g; and g, signals. A selected spectrum is
shows that in these [Os(PRHCO)(ap-R)I* (n = 0, 1) shown in Figure 3 and the spectral data are given in Table
complexes, interconversion between th2 and+3 states 5. Infrared spectrum of each [EPPh),(CO)(ap-R)|Pk
of osmium takes place without any gross change in stereo-complex is mostly similar to that of its [®&Ph),(CO)-
chemistry. (ap-R)] precursor. Theco stretch is, however, shifted to

Encouraged by the observed stability of the oxidized ca. 1960 cm! (Table S1 in the Supporting Information). A
complexes, they have been generated in a much larger scalgtrong band near 840 crhis displayed by all the [0
by coulometric oxidation of the [O¢PPh),(CO)(@p-R)]  (PPh),(CO)(ap-R)]Pk complexes, which was absent in the
complexes in 1:9 dichloromethanacetonitrile solution  [0d!(PPh),(CO)(ap-R)] complexes, indicating the presence
using NHPFs as the supporting electrolyte and the cationic of the hexafluorophosphate anion. The [Os(BREO)(ap-
[0s" (PPh),(CO)(ap-R)I complexes have been isolated as  Ry|pr; complexes are soluble in acetonitrile, acetone, dichlo-
the hexafluorophosphate salt in quantitative yield. Th¢'fOs  omethane, and chloroform, producing olive-green solutions.
(PPR)(CO)(ap-R)]PE complexes show satisfactory mi-  conductivity studies in acetonitrile solution shows that these
croanalytical data (Table S1 in the Supporting Information). complexes behave as 1:1 electrolytas (= 145-160Q 1
Magnetic susceptibility measurements show that these [Os-.» M-1), as expected. Electronic spectra of these complexes
(PPh)(CO)(ap-R)]Pk complexes are one-electron para- e peen recorded in acetonitrile solution. Each complex
magnetic e = 1.89-1.97 ue), whlch_corresponds o the  ghows si®2 absorptions, two in the near-IR region, two in
+3 state of osmium (low-spirfdS= ) in these complexes.  q yisible region, and twin the ultraviolet region (Table
All the [Os(PPR)(CO)(ap-R)]Pk complexes show axial  g. Figyre S4 in the Supporting Information). The two

ESR spectra in 1:1 dichloromethar®luene solution at 77 absorptions displayed by all the complexes within 1300

| | | |
3200 3450 3700
H (Gauss)

Figure 3. ESR spectrum of [O%(PPh),(CO)(ap-H)]Pk in 1:1 dichlo-
» romethane-toluene solution at 77 K.

] ]
2700 2950

(20) Hammett, L. PPhysical Organic Chemistry2nd ed.; McGraw-Hill:

New York, 1970. (22) In the [O4' (PPh)2(CO)(ap-NQ)]PFs complex a total of five absorp-
(21) Mukherjee, R. N.; Rajan, O. A.; Chakravorty, ilhorg. Chem1982 tions was observed (two in the near-IR, two in the visible, and one in
21, 785. the UV region).
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900 nm are relatively much weaker in intensity and these

Aneasily oxidizable transition metal complex,viz. [Qxpy -

are assigned to transitions within the split components of Bry], has also been used as the reductant. Equimolar

the osmium £ orbitals. The two intense absorptions in the

quantities of [O%(bpy)Br,] and any [OY (PPh),(CO)(ap-

visible region are believed to be due to ligand-to-metal R)]" complex were taken together in acetonitrile (0.1 M
charge-transfer transitions, and those in the ultraviolet region TBAP) and cyclic voltammetry on the resultant solution

are attributable, as before, to intraligand transitions.
The stability of the [O%(PPh),(CO)(ap-R)} complexes

and their reduction potential suggest that they might serve
as mild one-electron oxidants. To check this, reaction of all

the [O¢'(PPh),(CO)(ap-R)] complexes was first carried
out with N,N-dimethylaniline (DMA). Upon addition of
DMA to a solution of any [O4(PPh),(CO)(ap-R)] complex

in acetonitrile (0.1 M TBAP), an instant color change from

olive green to bright green takes place and cyclic voltam-

confirms that the expected redox reaction (eq 3) has indeed
taken place. A reversible one-electron reduction at 0.01 V,

[Os' (bpy),Br,] + [0s" (PPh),(CO)(ap-R)f —
[0s" (bpy),Br,] " + [Os' (PPh),(CO)(ap-R)] (3)
characteristic of [O%(bpy)Br,]*,2¢is observed together with

the reversible one-electron oxidation of [QRPhH),(CO)-
(ap-R)] within 0.39-0.73 V. These redox reactions show

metry on the resultant solution shows a new response at 0.34hat the [O¥ (PPh),(CO)(ap-R)] complexes can indeed

V, which is characteristic dll,N,N’,N'-tetramethylbenzidine
(TMB, 8).2% Evidently, TMB has been produced by one-

HO

~

N

electron oxidation of DMA, followed by a coupling reaction
(eq 1). Conversion of [O§PPh),(CO)(ap-R)T to [OS'-

2DMA + 2[08" (PPh),(CO)(ap-R)] —
TMB + 2 [03'(PPh),(CO)(ap-R)]+ 2H" (1)

(PPh),(CO)(ap-R)] has been confirmed by their spectra in
the visible region. It appears from the current height

function as efficient one-electron oxidants in a nonaqueous
medium.

Conclusions

The present study shows that-@& activation of selective
organic substrates may be easily achieved by their reaction
with [Os(PPR)2(CO)R(HCOO),], leading to the formation of
interesting organoosmium complexes. Such possibilities are
currently under exploration.
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