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A family of o-arenoquinone diimine chelates, OgBr (1, L = N-aryl-o-arenoquinone diimine), were isolated

from the reaction of (NE),OsBr and primary aromatic amines, ANH,. These complexes constitute the first
examples of osmium compounds of teenzoquinone diimine family. The above oxidative dimerization reaction

of Ar—NH; was authenticated by the X-ray structure determination of a representative example. The X-ray
structure of OsBit,> (R = H) revealed a cis geometry with respect to two coordinated bromides. The bond
length trends within the chelate as well as the aromatic rings are consistent with a diimine character of the ligand
bound to osmium in its bivalent oxidation state. The complexes showed multiple transitions in near-IR and
visible regions. These are electroactive and undergo multiple electron transfer. Three successive voltammetric
responses, two oxidative and one reductive, were observed. The potential rangi¢ Was—0.8 V vs SCE in

CH3CN solution (Pt electrode). The potentials of the above responses for differently substituted compounds
depend on the HammeRo, parameters of the substitution on L. The EPR spectrum of the electrogenerated
1-electron-oxidized compleka® is described. The electrode potentialslaire compared with those of related
systems. A qualitative correlation between-@¢ bond distances and Os(I11)/Os(ll) formal potentials for the
Os(ll) compounds of three different N,N donors is noted. The synthesis of a mixed-ligand tris chelate, [Os-
(bpy)L2](ClO4)2-H20, is described, involving the reaction of 1 equivlofith 2 equiv of Ag(bpy)™. The redox
properties of the tris complex are reported. Crystal data for bsBR = H) are as follows: empirical formula
C24H20Br2N4Os; crystal system triclinic, space groBf; a = 10.464(6) A,b = 11.778(6) A,c = 12.595(10) A;

o = 103.86(5), f = 112.72(6}, y = 107.79(4); V = 1245.3(10) &; Z = 2; R = 4.46%;R, = 5.21%.

Introduction ties'2 but also due to the considerable mixirzptween metal
and ligand orbitals. We note here that our osmium diimine
compounds represent the first examples of osmium compounds
of the above family. To the best of our knowledge, the only
related knowhosmium compound was an osmium(VIIl) dioxo
species of composition Os(@pda) (opda= o-phenylenedi-
amine).

The selective transformation of organic functions by a metal
is an attractive area of chemical research. In this report, we
introduce examples of the §spromoted oxidative dimerization
reaction of primary aromatic amines, ANH,, leading to
N-aryl-o-arenoquinone diimines (L). The resultant compounds,
OsBrL, (1),belong to the family of complextés® of o-

Results and Discussion

H . . . .
( N\T . A. The Reaction. The reaction procedure consists of heating
/@ >l0sB ry R — a mixture of (NH).OsB¥g (0.2 g) and a large excess of primary
R N* H 1a aromatic amine, ArNH; (0.5 g), at 126-130°C. Chromato-
CH, 1b graphic workup of the reaction mixture afforded OdBt 1
cl 1e (eq i), which was crystallized from a 1:1 dichloromethane
R 0CHy  1d Ar—NH, _
L 2 (NH,),0sBr; 20130 OsBr,lL, 0]

hexane mixture and obtained as dark crystals in ca. 50% yield.
The reaction does not take place in a solvent medium (e.g.,
2-methoxyethanol) using a stoichiometric amount of-AiH,

* Corresponding author. E-mail: icsg@iacs.ernet.in. Fax: 91-33-473- (Experimental Sec_t|on). .
2805. The transformation A+NH, — 1 involves the transfer of 4

® Abstract published irAdvance ACS Abstract$ebruary 15, 1997. electrons and 4 protons. Therefore, a total of 8 electrons and

(1) (a) Hartl, F.; Snoeck, T. L.; Stufkens, D. J.; Lever, A. B.Iforg. ; ;
Chem 1995 34, 3887, (b) Masui, H.. Lever A. B. P.: Dodsworth, 8 protons is released for the formation of 2L. In contrast, the

E. S.Inorg. Chem 1993 32, 258 and references therein. (c) Masui, Metal oxidation levels in starting Os8r and1 differ only by

benzoquinone diimine. This class of complexes exhibit many
interesting properties not only because of their redox propensi-

H.; Lever, A. B. P.; Auburn, P. Rnorg. Chem 1991, 30, 2402. 2 units. The mechanism of the formatfoof 1 in reaction i
(g) Dlarren, L. Finorg. _Cvr\‘/er:]’ 13\77(':1% A <o & Hursth ., has not yet been established. However, we wish to note that
©) B Hossam B Chem Soe. Dafion Trans 1960 315, o' reaction i does not occur in the absence of( N, atmos-
(4) Joss, S.; Hasselbach, K. M.; Buergi, H. B.; Wordel, R.; Wagner, F.
E.; Ludi, A. Inorg. Chem 1989 28, 1815. (6) (a) Attia, A. S.; Bhattacharya, S.; Pierpont, C.I@rg. Chem 1995
(5) (a) Balch, A. L.; Holm, R. HJ. Am Chem Soc 1966 88, 5201. (b) 34, 4427. (b) Pierpont, C. G.; Lange, C. \Rtog. Inorg. Chem 1993
Vogler, A.; Kunkely, H.Angew Chem, Int. Ed. Engl. 198Q 19, 221. 41, 381.
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Os-Promoted Oxidative Dimerization of Aminoarenes

Table 1. Characterization Data

IR2cm™  *HNMR,” ppm electronic® Amax
compd vn-y Vo=N  Owme ON-H nm (, M~1cm?)
la 3200 1590 13.6  115Q650), 900 (780),

605 (4312)

500 (20 020), 375 (7290)
1b 3220 1590 2.4  13.3  119¢860), 880 (930),

620 (5375)

505 (25 900), 378 (8300)
1c 3180 1585 13.7  117§1125), 950 (1620),

620 (7200)

502 (21 580), 385 (9000)
1d 3240 1595 e e 1075 (895), 850 (1030),

6307 (4760)
522 (23 810), 400 (8160)

2In Nujol. ®In CDCl; aromatic proton resonances occur in the
regiond 5—8. ¢ In acetonitrile.? Shoulder.c Not studied.
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Figure 1. ORTEP plot and labeling scheme for OgBrwith all atoms
represented by their 40% probability ellipsoids.

phere). Itis, therefore, proposed that the template synthesis of

L from Ar—NH; presumably occurs via aerial oxidation. It may
be noted that ruthenium- and osmium-promoted oxidation of
amine to imine by @has been documenteih the literature.

B. Formulation and Spectral Characterization. All the
Os—diimine compounds], gave satisfactory analyses. These
molecular complexes are soluble in common organic solvents

and are diamagnetic. Selected spectral data are collected in

Table 1. The N-H stretch occusas a sharp feature of
moderate intensity in the range 3258150 cnT!. The presence
of a stron§ C=N stretch near 1600 cm characterizes the
presence of a diimine chromophore in the compound. TFhe
NMR spectral features of the complexes consist of sharp methyl
resonances (follb) at 6 2—3 and resolved aromatic proton
resonances at lower magnetic fields. TheMresonance was
observedP as a relatively broad singlet near13.5 (width at
half-height 0.06 ppm). Interestingly, each kind of proton of L
gave rise to one signal. Thus, the two ligands linare
magnetically equivalenta 2-fold symmetry axis is, therefore,
required. Due to the unsymmetric nature of L, there ékist
five geometric possibilities for OsBr,. These complexes are
further characterized on the basis of a single-crystal X-ray
analysis of a representative complex, via

The electronic spectral data for the OgdBr complexes are
given in Table 1. The lowest energy transition occurring in
the near-IR region is weak and broad. It appears that it is a
combination of two transitions. By analogy to the assignments
madé-1213for the low-energy transitions in Osgtap) (tap=
2-(mtolylazo)pyridine), this transition is assigned to the partially
allowed singlet-triplet MLCT transitions. The visible-region
strongest band at ca. 510 chis systemetically present in the
spectra of all four complexesl@—d). This band may be
assignet?13to an allowed MLCT (singletsinglet) transition.

(7) (&) March, J.Advanced Organic Chemistry3rd ed.; Wiley-Inter-
science: New York, 1985; p 1034. (b) Hand, R. L.; Nelson, Rl.F.
Am Chem Soc 1974 96, 850. (c) Trahanovsky, W. $xidation in
Organic ChemistryAcademic Press: New York and London, 1973;
Vol. 5, Part B, p 73. (d) Banthorpe, D. V.; Hughes, E. D.; Ingold, C.
J. Chem Soc 1964 2864.
(8) (a) Tang, R.; Diamond, S. E.; Neary, N.; Mares,JFChem Soc,
Chem Commun1978 562. (b) Diamond, S. E.; Tom, G. M.; Taube,
H. J. Am Chem Soc 1975 97, 2661. (c) Lay, P. A.; Sargeson, A.
M.; Skelton, B. W.; White, A. HJ. Am Chem Soc 1982 104, 6161.
(9) Ghosh, B. K.; Goswami, S.; Chakravorty, laorg. Chem 1983 22,
3358.
(10) Kober, E. M.; Caspar, J. V.; Sullivan, B. P.; Meyer, Tinarg. Chem
1988 27, 4587.
(11) Choudhury, S.; Kakoti, M.; Deb, A. K.; Goswami,lyhedron1992
11, 3183.
(12) Ghosh, B. K.; Mukhopadhyay, A.; Goswami, S.; Ray, S.; Chakravorty,
A. Inorg. Chem 1984 23, 4633.
(13) Cheng, H.-Y.; Peng, S.-Mnorg. Chim Acta199Q 169 23.

Table 2. Selected Bond Distances (A) and Angles (deg) and Their
Estimated Standard Deviations fba

Distances
Os—Br(1) 2.519(2) N(1)»-C(1) 1.317(19)
Os—Br(2) 2.523(3) N(2)-C(6) 1.338(19)
Os—N(1) 1.998(11) N(2)C(7) 1.417(15)
Os—N(2) 2.000(11) N(3)-C(13) 1.325(19)
Os—N(3) 1.994(10) N(4)-C(18) 1.312(20)
Os—N(4) 2.017(11) N(4)C(19) 1.458(11)
Angles
N(1)—0s—N(2) 77.9(4) N(3)-Os—N(4) 76.6(4)
Os—N(1)—C(1) 116.7(7) OsN(3)—C(13) 118.2(6)
Os—N(2)—C(6) 115.5(8) OsN(4)—C(18) 117.5(7)
N(1)-C(1)-C(6) 113.6(12) N(3)C(13-C(18) 112.8(12)
N(2)—-C(6)-C(1) 114.1(12) N(4yC(18)-C(13) 113.8(13)

C. Crystal Structure. The final characterization of the
osmium-diimine complex formed from reaction i was made
by a structure determination of OsBp. A view of the
molecule is shown in Figure 1, and selected bond parameters
are collected in Table 2. The coordination sphere involves
OsBnrN4. Two bromides are cis to each other and the aryl-
substituted imine nitrogens are also in relative cis positions. The
imine C—N bond lengths, average 1.323(19) A, are within the
range of values expectEdor the diimine oxidation state of L.
These bonds are much shorter than the tweé\Ningle bonds,
viz. C(19)-N(4) and C(7}-N(2), average 1.437(13) A. More-
over, the G-C bond lengths (average 1.349(26) A) at positions
that would have localized double bonds for the diimine form
of the ligands are significantly shorter than the other@
bond lengths (average 1.418(20) A) in the same ring. Further-
more, each chelate is a good plane, with no atom deviating by
more than 0.07 A, which further confirms localized diimine
character of the ligand L. The ©8r lengths in our complex
compare wel® with the corresponding GBr lengths in
OsBR(C,HsOS). The molecule approximates to overélp
symmetry. The 2-fold axis bisects the Br{is—Br(2) angle,
as well as the N(2yOs—N(4) angle.

D. Redox Properties. The redox behavior of the diimine
complexes], were studied by cyclic voltammetry in acetonitrile
(0.1 M TEAP), in the potential range2.0 to—1.8 V, using a
platinum working electrode. The potentials are referenced to
the saturated calomel electrode (SCE).

(14) (a) Belser, P.; von Zelewsky, A.; Zehnder, Morg. Chem 1981,
20, 3098. (b) Cheng, H. Y.; Peng, S.-Nhorg. Chim Acta 1990
169 23. (c) Pyle, A. M.; Chiang, Y. M.; Barton, J. Knorg. Chem
199Q 29, 4487.

(15) Robinson, P. D.; Hinckley, C. C.; Ikuo, Acta Crystallogr 1989
C45, 1079.
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Figure 2. Segmented cyclic voltammogram of OsBk, in CH;CN
(0.1 M TEAP) at a platinum electrode; scan rate 50 m¥. s
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Figure 3. Segmented cyclic voltammogram of [Os(bpy)CIO4).

H,O in CH:CN (0.1 M TEAP) at a platinum electrode; scan rate 50
mV s™1. The broken line (- - -) indicates that the scan was reversed at
-0.8 V.
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the trivalent oxidation state of osmiunP{dnh 1a™. The trivalent
complexla’ also can be generated by the chemical oxidation

displayed in Figure 2, showed three 1-electron redox processes,s 14 by Br.

in the above potential range. Two of these are reversible and

oxidative in nature, occurring at the positive potential (vs SCE).

The third cathodic response is irreversible and occurs at the

negative potential (eq ii). There are also two more very weak
responses which follow the cathodic response.

e e e
0s'Br,L,” == 0s"Br,L," <= 0s'Br,L, -~
Os'L-LBr,” — decomposition (i)

The two redox processes, viz. | and Il, occurring at the
positive potential (vs SCE) correspdntb the successive
oxidation of the metal center. The process occurring at the
negative potential formally corresponiéto the ligand reduction.
Similar irreversible ligand reductions have been ndtémt
osmium(ll}-dihalo complexes. The potentials of the above
couples all depend linead§on the Hammetf o, parameter
(Supporting Information) of the substitution on L. Indeed there
is a quite large change in the donor character of ligand L over
the above series of substituentsa{-d). There is an anodic
shift as the electron-withdrawing ability of the substituent
increases (Table 2). This shift is quite large. For example,
couple Il shifts from 0.57 Virldto 0.94 V in1lc. The observed
potential, 0.94 V, for thd.c*/1ccouple is notably higha value
which is similar to the highest potential repoftefbr an
Os(II)/Os(I1) couple in OsX¥(bidentate) (X = ClI, Br) systems.

In particular, the formal potential value &€is neary 1 V more
positive than the corresponding valtef OsCh(bpy). The

It is worthwhile to note that a qualitative correlation between
Os—N bond distance and Os(l11)/Os(ll) formal potential exists
in a group of complexes of the type OZKIN), (X = ClI, Br)
where the NN ligand is bpy, tap, or L. The ©N bond distance
in cis-OsBr(bpy), is not known, but it is reasonable to assume
a value of ca. 2.064 A as in [Os(bpy(PFs)2.1° Clearly, the
Os—N distances irlaare comparable to those'ffOsCh(tap)
and are shorter than the ©hl distance in OsBfbpy),. With
increasingz-interactions, the OsN distance is expected to
decrease. Thus, the stronger the-Qsbond, the higher the
potential required for oxidation of the metal. Therefore, it may
be suggested that a short @8 bond distance inla is
responsible for relatively higk°,gs values.

E. Reactivity. In this section, we describe the reaction of
lawith Ag(bpy)™. This type of reaction has been shown to
be particularly usef@d for the synthesis of mixed-ligand tris
complexes, which were, otherwise, not obtainable. It may be
noted that the electrochemistry and photochemistry of tris-
chelated osmium diimines are of interéstReaction iii occurs

OsBrL, + 2Ag(bpy)," — Os(bpy)L,>" + 2AgBr + 3bpy

(iii)

smoothly to yield the mixed tris chelate Os(bpyAt, which
was isolated as its perchlorate salt from the reaction mixture in
a high yield (76%). Interestingly, the compound undergoes five

reversible to quasireversible reductive responses in the potential
range 0 to—2.3 V: —0.11,—0.53,—1.48,—1.86, and—2.23

values of the reaction constants for the above redox processes/ (Figure 3). These reductions are attributed to successive

are as follows: [, 0.13 V; II, 0.18 V; Ill, 0.16 V.
One-electron coulometric oxidation @a at 0.9 V afforded

ligand reductions. Both, diimines and bpy are known to
undergd® two electron reductions. Therefore, a total of six

a brown solution which displayed three voltammetric responses electron reductions of the mixed ligand complex was expected.

(two reductions and one oxidation), coinciding with those of
OsBrL, (R = H). One-electron reduction of the oxidized
solution at 0.5 V regeneratdé. Evidentlyla' retains the gross

We believe that the sixth response in this case occurs beyond
our accessible potential range. The oxidation of the above
complex occurs at a relatively high potential, 1.28 V. We wish

structure of the parent complex. It has not been possible to to note that examples of such a redox series are séarce.

isolate 1at as a pure salt, but its EPR has been studied in
acetonitrile-toluene glass at 77 K. The electrogenerated
complex displays a rhombic EPR spectrum with three distinct
resonances af= 2.693, 2.401, and 1.638, which charactélize

(16) Hammett, L. PPhysical Organic Chemistry2nd ed.; McGraw-Hill:
New York, 1970.
(17) Sullivan, B. P.; Meyer, T. Jnorg. Chem 1982 21, 1037.

(18) Rieger, P. HCoord Chem Rev. 1994 135/136 203.

(19) Richter, M. M.; Scott, B.; Brewer, K. J.; Willett, R. DActa
Crystallogr. 1991, C47, 2443.

(20) Choudhury, S.; Deb, A. K.; Goswami, .Chem Soc, Dalton Trans
1994 1305 and references therein.

(21) Thompson, A. M. W. C.Coord Chem Rev. 1996 152 157.
Schoonover, J. R.; Chen, P.; Bates, W. D.; Dyer, R. B.; Meyer, T. J.
Inorg. Chem 1994 33, 793.
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Table 3. Crystallographic Data fota

empirical formula  G4H20Br.N4Os V, A3 1245.3(10)

fw 712.2 z 2

space group P1 T, K 295

a, 10.464(6) A(MoKo), A 0.71073

b, A 11.778(6) Pcales g CNT3 1,991

c, A 12.595(10) transm coeff 0.3006-1.0000
a, deg 103.86(5) RP % 4.46

B, deg 112.72(6) Ruy.° % 5.21

y, deg 107.79(4) GOF 1.30

3 Maximum value normalized to 2.R= Y ||Fo| — |Fc|l/3|Fol. ¢ Ry
= [SW(|Fol — [Fd)?SWIFoJ2. Wt = 6%(|Fo]) + g|Fo% g = 0.0004
for 1a 4 The goodness of fit is defined as(Fo| — |Fc|)%(no — ny)]*2
wheren, andn, denote the number of data and variables, respectively.

Table 4. Electrochemical Data

cyclic voltammetric daté: E2, V (AE,, mV)°

compd =1t 1r=1 1—1
1 1.58 (100) 0.80 (70) —-0.63
1b 1.52 (120) 0.70 (70) —0.69
1c 1.69 (110) 0.94 (80) —0.42
1d 1.42 (90) 0.57 (70) —-0.76

aConditions: solvent, acetonitrile; supporting electrolyte, TEAP (0.1
M); working electrode, platinum; reference electrode, SCE; solute
concentration, ca. I8 M. ® By, is calculated as the average of anodic
(Eps) and cathodic K,y peak potentialsAE, = Eya — Epe. N = 0.98;
n= Q/Q', whereQ' is the calculated coulomb count for the transfer of
1 electron andQ is the observed coulomb count after exhaustive
electrolysis; oxidation was performed at 1.0 V vs SCE insCN (0.1
M (NEts)(CIOg)).

Table 5. Bond Distances anft®,95 Values

compd O%—N, A E°,0Os(111)/Os(11)), V
OsCh(bpy) 2.064 —0.04
OsCh(tap) 1.974°2.06% 0.96
OsBpL, (R = H) 2.002 0.80'

a0s—N in OsChk(bpy) is assumed to be similar to that in
[Os(bpy}](PFe)2, ref 18.°> Os—N(azo), ref 12° Os—N(py), ref 129 This
work. ¢ Reference 17.Reference 9.

F. Conclusions. A series of O%Br,L, complexes have been
isolated from the reaction of (NjpOsBi and Ar—NH,. This
template synthesis of L represents an example of unusual oxi-
dative ortho-dimerization of an aromatic amine leading to an
N-aryl-o-arenoquinone diimine which is mediated by Os(IV).
The OsBgL, complexes represent the first examples of osmium
complexes of the benzoquinone diimine family. Stron-
teraction has been noted in the complexes, which is reflected
in the short Os-N distance and high osmium(lHosmium(ll)
formal potentials. Silver(l)-assisted substitution of the two cis

Inorganic Chemistry, Vol. 36, No. 7, 19971325

Perkin-Elmer 783 IR spectrophotometer. A Varian E-109C spectrom-
eter fitted with a quartz dewar was used for EPR studies. DPPH
(g = 2.0037) was used to calibrate the specttsl NMR spectra
were recorded in CD@Mwith a Varian VXR 300S spectrometer. TMS
was used as an internal standard. A Perkin-Elmer 240C elemental
analyzer was used to collect microanalytical data (CHN). Electro-
chemical measurements were obtained under a nitrogen atmosphere
on a PAR Model 370-4 electrochemistry system as described ear-
lier.25 All potentials reported in this work are referenced to the satu-
rated calomel electrode (SCE) and are uncorrected for junction
contribution.

Syntheses of ComplexesThe complexes were synthesized by a
general method. Details are given for one representative compound.

Dibromobis(N-phenyl-o-benzoquinone diimine)osmium(ll),
OsBr,L1; (1a). A sample of (NH),OsBg (0.2 g, 0.28 mmol) was
added to
0.5 mL of aniline, and the mixture was heated on an oil bath at-120
130°C for 45 min. The initial blue color gradually changed to violet.
The mass was extracted with chloroform, and ether was added. The
crude product, thus obtained, was purified on a silica gel column
(diameter 1 cm; height 12 cm). A violet band was eluted with a 9:1
chloroform—acetonitrile mixture. Another brown-violet band remained
uneluted at the top of the column. On evaporation of the solvent and
subsequent crystallization from dichloromethahexane (1:1) solution,
shiny green crystals were obtained. Yield: 0.1 g, 50%. Anal. Calcd
for Co4H20BroN4Os: C, 40.44; H, 2.81; N, 7.88. Found: C, 40.60; H,
2.93; N, 7.89.

A similar reaction using a stoichiometric amount of aniline in a high-
boiling solvent, 2-methoxyethanol, failed to affotd. A mixture of
(NH4)20sBg and aniline in a 1:4 molar proportion did react to form
1a, but the yield was very poor (3012%). Most of (NH).OsBrs
remained unreacted.

Other substituted compounds were synthesized similarly. The yields
and the analytical data of the respective compounds are as follows.
1b: yield 0.098 g, 45%. Anal. Calcd forgHsBr.N4Os: C, 43.62;

H, 3.89; N, 7.27. Found: C, 43.54; H, 3.90; N, 7.22c. yield 0.12

g, 50%. Anal. Calcd for &H:sBr.ClsN4Os: C, 33.79; H, 2.11; N,
6.57. Found: C, 33.67; H, 2.10; N, 6.60.d: yield 0.11 g, 47%.
Anal. Calcd for GgH3dO4BroN4Os: C, 40.28; H, 3.59; N, 6.71.
Found: C, 40.34; H, 3.41; N, 6.80.

(2,2-Bipyridine)bis(N-phenyl-o-benzoquinone diimine)osmium-
(I) Perchlorate Hydrate, [Os(bpy)L 2J(ClO4),*H20. To a suspension
of 1a (1 mmol) in methanol (20 cB was added a solution of [Ag-
(bpy)](NO3)-2H,0 (2 mmol) in methanol (20 cf and the resulting
mixture was heated to reflux for 2 h. It was then cooled and fil-
tered through a G-4 sintered-glass funnel to remove insoluble AgCI.
Then the solution was concentrated to 10°@nd was layered over
an aqueous solution of NaClO The deep brown crystals were col-
lected by filtration and dried in vacuo. Yield: 76%. Anal. Calcd for
C34H3000CIoNgOs: C, 44.00; H, 3.24; N, 9.06. Found: C, 44.10; H,
3.21; N, 9.14.

X-ray Structure Determination. X-ray-quality crystals (0.4 0.3

bromides inlaby bpy has resulted in a mixed tris chelate which x 0.25 mnf) of 1a were obtained by slow diffusion of a dichlo-
showed successive 5-electron transfer, presumably at the ligandomethane solution of the complex into hexane. Cell parameters were
center. Ongoing studies in this area indicate that the prospectObta'”ed by least-squares fits of 30 machine-centered reflections.

is bright for generalization of the metal-catalyzed oxidation of
aromatic amines leading to a wide variety of redox-noninnocent
benzoquinone diimine and related complexes.

Experimental Section

Materials. Ammonium hexabromoosmate(lV) was prepared by a
reported methoé? as was the silver complex [Ag(bpyNO3)-2H,0.%
Solvents and chemicals used for syntheses were of analytical grade
Supporting electrolyte (tetraethylammonium perchlorate, TEAP) and
solvents for electrochemical work were obtained as before.

Physical Measurements. A Hitachi 330 spectrophotometer was
used to record electronic spectra. IR spectra was recorded with a

(22) Dwyer, F. P.; Hogarth, J. Wnorg. Synth 1957, 5, 204.
(23) Murtha, D. P.; Walton, R. Alnorg. Chem 1973 12, 368.

Systematic absences afforded the space gfelip Data were col-
lected (3 < 260 < 43°) on a Nicolet R3m/V diffractometer (295 K)
with graphite-monochromated Mo dKradiation ¢ = 0.710 73 A).
Two check reflections measured after every 198 reflections showed
no significant changes in intensity over 25 h exposure to X-rays.
Data were corrected for Lorentpolarization effects and for absorp-
tion (azimuthal scar®f Of the 2953 reflections collected, 2858 were
unique, and 2386 reflections satisfying the criterior 30(l) were

used for structure solution by the Patterson heavy-atom method

(24) (a) Goswami, S.; Chakravarty, A. R.; Chakravorty,liorg. Chem
1981, 20, 2246. (b) Datta, D.; Mascharak, P. K.; Chakravorty, A.
Inorg. Chem 1981, 20, 1673.

(25) Chandra, S. K.; Basu, P.; Ray, D.; Pal, S.; Chakravortylnarg.
Chem 199Q 29, 2423.

(26) North, A. C. T.; Phillips, D. C.; Mathews, F. 3cta Crystallogr
1968 A24, 351.
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