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Triosmium dinitrido-bridged compounds §§).ClsL¢ (L = 3-picoline, 4-ethylpyridine, 4ert-butylpyridine) have
been prepared via the thermolysis of the terminal nitrido complexes Os(M)&tray structural studies of GEN).-
Clg(4-Etpy) and Og(N).Clg(4-t-Bupy) reveal a linear QgN). unit with multiple bonding significantly localized
in the outer osmiumnitrogen bonds in O&=N—0gY—N=0s’. A simple model of bonding and electronic structure

consistent with the solid-state structures is discussed.

Introduction

An enormous variety of high oxidation state transition-metal

nitrido compounds are known# In comparison, there are fewer

electron-rich metallonitrides, that is, nitrido compounds incor-

porating metal centers with d-electron counts greater that d
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This can be viewed as a straightforward consequence of the

need for empty d-orbitals for productive metalitrogen

multiple bonding, especially in terminal metal nitrido complexes,

L,M=N. However, a situation in which electron-rich transition
metals circumvent this constraint is in polynuclear nitrido-
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bridged species. General classes of such compounds can be c

identified: (1) hetero- and homometallig-nitrido complexes

Figure 1. Examples from general classes of electronic-richXd?)

including a high oxidation state transition metal center capable metal nitrido complexes (see text).

of multiply bonding with the nitrido ligant2° (e.g.,A in Figure
1); (2) cluster complexes in whicl,-nitrido ligands 6 = 3)
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have access to empty cluster orbit&ig® (e.g.,B in Figure 1);
(3) uz-metallonitrides with readily populated nonbonding, (
and ry) molecular orbital¥—54 (e.g.,C in Figure 1).
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The latter type of compound is intriguing because of the M,N and MsN, species as both models and building blocks for
analogy between polynuclear metallonitrides and conjugated larger electron-rich metallonitride oligomers and polymers. In
organic polyenes such as polyacetyl€hiateresting predictions  a 1991 report on NN coupling by osmium(VI) nitrido
about geometric and electronic structure have been put forwardcompounds, Ware and Taube showed that thermolysis of Os-
for electron-rich metallonitrides. For example, calculations (N)Cls(4-Mepy)®® (1a) in a noncoordinating solvent resulted
suggest that metallonitride polymers with & d? will adopt in formation of Og(N)Clg(4-Mepy)>® (2a). This [Og(N),]®*
symmetrically bridged structurésrather than the very asym-  compound is related to species such ag@s(N)-Cli1(NHs)3]
metrically bridged structures found to date for structurally and “Claus’ salt” Og(N)>(NHz)4(OH)s(OH,), studied by Griffith
characterized linear chain metallonitricds®® More generally, and co-workers in the 1970%:31 Spectroscopic and analytical
control over the nature of M(N)M interactions should be possible data support formulation of such compounds as dinitrido-bridged
via control of the metal electron count and electronic structure. trimetallic complexes. However, there is a noticeable lack of
These ideas, plus our longstanding interest in the nitrido ligand structural confirmation of this formulation and minimal infor-
as a bridging group to link transition metals in polynuclear, mation on the bonding and electronic structure. We report herein
oligomeric, and polymeric speciés/¢> %8 sparked our interest  our initial studies of the pyridine-substituted triosmium dinitrido
in the study of electron-rich polynuclear metallonitrides. system and provide, for the first time, details on the structures

Our initial focus has been on new and known ruthenium and and bonding of electron-rich M, compounds.
osmium nitrido-bridged compounds. We are interested in using
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ClsL, dissolved in dichloromethane (260 mL), the vessel is
pressurized to 45 psi with argon, and the mixture is heated with stirring.
(Caution! Appropriate safety precautions should be taken working with
glass apparatus under pressuréfter the time indicated, the solution

is allowed to cool to room temperature and depressurized, and the
volume reduced under vacuum (to ca. 3 mL). In a slight modification
of the reported purification procedures, any yellow solid Q&1°7?
present is removed by filtration, and the resulting dark orange-brown
solution is loaded onto a silica gel column (202 cm) prepared in
dichloromethane foRb or 2d or in dichloromethane/1% methanol for
2c. Elution with this solvent initially produces a yellow band containing
any additional OsGL.3%? Further elution under Npressure with
dichloromethane/10% acetone @b, dichloromethane/1% methanol
for 2c, and dichloromethane fd2d produces a red-brown band that,
upon removal of solvent and recrystallization from dichloromethane/
diethyl ether or dichloromethane/toluene, affords purg(l)sClsLs.

0s5(N)2Clg(3-Mepy)s (2b). Compoundlb (380 mg, 0.765 mmol)
afforded 135 mg ofLb (37% of starting Os, 49% vyield based on eq 2
below) afte 1 d at 100°C. 'H NMR: 6 9.09 (s, 4 H), 8.93 (dJ = 6,
4 H),8.90 (s, 2 H),8.72 (d =6, 2 H), 7.34 (dJ =8, 4 H), 7.11 (dd,
J=6and 8, 4 H), 7.04 (d) = 8, 2 H), 6.62 (ddJ = 6 and 8, 2 H),
2.08 (s, 12 H), 2.03 (s, 6 H). IR (Nujol): 1610, 1580, 1246, 1201,
1112, 1070, 1036, 974, 919, 875, 827, 795, 722, 694, 663 498, 425,
376, 323, 277. MSmVz 1440 (OsN,ClgLe) ™, 1405 (OsN.CliLe)™, 1312
(OsNCliLs)*, 1279 (OsNClgLs)t, 1221 (OsNCl7L4)*, 1183 (OsN,-
ClsL4)*, 1091 (OsN,CleLs)*, 1001 (OsNClaLs)t, 945 (OsNClsLa)*,
908 (OSNC|4L4)+, 460 (OSNCsz)+. Anal. Calcd for GGH42C|3N3-
Os: C, 30.01; H, 2.94; N, 7.78. Found: C, 30.14; H, 3.02; N, 7.56.

Os3(N)2Clg(4-Etpy)s (2¢). Compoundlc (504 mg, 0.714 mmol)
afforded 120 mg oRc (45% of starting Os, 60% vyield based on eq 2
below) after 14 h at 95C. *H NMR: ¢ 9.09 (d,J = 6, 8 H), 8.90 (d,
J=26,4H),7.06(dJ=6,8H),6.69(dJ=6,4H),274(ql=
8,8 H),253(q)J=28,4H),1.24(tJ=8,12H),1.14 (tJ=8,6
H). IR (KBr): 1622, 1506, 1436, 1232, 1063, 1038, 971, 834. MS:
m/z 1524 (OgNClgLe)*, 1489 (OsN.CliLe)™, 1382 (OsN.CliLs)™,
1348 (OsNxClgLs)™, 1277 (OsNCl7L4)", 1240 (OsNCleL )™, 1133
(O%N2C|5L3)+, 1073 (OSNC|4L5)+, 1001 (OSNC|5L4)+, 966 (OS-
NClyL4)*, 490 (OsSNCIL,)*. Anal. Calcd for G:Hs.ClsNgOss: C, 33.08;

H, 3.57; N, 7.35. Found: C, 32.97; H, 3.52; N, 7.27.
Os3(N)2Clg(4-t-Bupy)s (2d). Compoundld (250 mg, 0.430 mmol)
afforded 35 mg o2d (14% of starting Os, 19% vyield based on eq 2

below) afte 6 d at 80°C. *H NMR: ¢ 9.12 (d,J = 7, 8 H), 9.09 (d,
J=7,4H),7.21(dJ=7,8H),6.91(dJ=7,4H), 1.24 (s, 36 H),
1.08 (s, 18 H). MS:m/z 1694 (OsN.ClsLe)*, 1657 (OsN.Cl:Le)™,
1522 (OsNCliLs)*, 1489 (OsN2CleLs)", 1389 (OsN,Cl;L4)", 1352
(O%N2C|5L4)+, 1217 (O§N2C|5L3)Jr and (OSNC|4L5)+, 1113 (OS—
NClsLg)*, 1078 (OsNClsLs)™, 546 (OsNCILp)*". Anal. Calcd for
CssH7eClsNgOss: C, 38.30; H, 4.64; N, 6.62. Found: C, 38.63; H, 4.72;
N, 6.24.

X-ray Diffraction Studies. Crystals were oil-mounted on a glass
fiber under a stream of coldN® Determinations of Laue symmetries,

Newton et al.

Table 1. Crystallographic Data for Q&N).Cls(4-Etpy) (2¢) and
Os5(N):Clg(4-t-Bupy)s (2d)

2c-2tol 2d-2tole2CH,Cl,
chem formula GsH70ClgNgOss C70HgeCl1oNgOss
1709.40 2047.56
space group C2/c 14,222
a A 31.374(3) 17.4716(13)
b, A 12.1153(12) 17.4716(13)
c, A 21.252(2) 26.435(4)
B, deg 130.958(5) 90
vV, A3 6100.4(10) 8069.5(16)
Z 4 4
T,K 158 158
A, A 0.710 73 0.710 73
Pealcas g CNT 3 1.861 1.685
u, mm? 6.627 5.153
transm coeff 0.60160.6976 0.19760.2369
WR22 0.0580 0.0850
R1° 0.0274 0.0325

AWR2 = [FW(Fe® — F&)7 Y W(Fo)M2 P R1= 3 ||Fo| — [Fell/3[Fol-

Table 2. Selected Bond Distances (A) and Angles (deg) for
Os(N):Clg(4-Etpy) (2¢) and Og(N)2Clg(4-t-Bupy)s (20)

2c 2d
OS)uter_Nnitrido 1719(3) 1702(9)
Osnner—Nhitrido 1.895(3) 1.911(9)
OSJUter_prridine 2107(3), 2102(3) 2112(7)
OSnner—Npyridine 2.104(3) 2.118(8)
Osouter—Clcis 2.3730(10), 2.3605(10) 2.368(2)
OSnner—Cleis 2.3900(12), 2.3886(12) 2.394(3)
O&uteWCItrans 2-4176(9) 2.431(3)
Osyuter—Nnitrido—OSnner 17943(13) 180
NnitridofoSnneranitrido 1776(2) 180
Niirigo—OSoute—Npyrigine ~~ 92.46(12), 91.56(12) 91.7(2)
Nhitrido— OSouter—Cleis 94.60(10), 94.06(10) 95.29(6)
Nnitrido_oSJuter_Cltrans 17838(10) 180
Nnitrido_OSnner_prridine 90-13(11), 89-91(11) 90
Nhitrido—OSnner— Cleis 88.80(9), 91.20(9) 90

throughout the analysés.Crystallographic data are summarized in
Table 1; selected metrical data are given in Table 2.
Os3(N).Clg(4-Etpy)s-2tol (2¢-2tol) (tol = Toluene).Yellow crystals
were obtained by cooling a dichloromethane solutiorofo which
toluene had been added. Data were collected on a Siemens P4 rotating
anode diffractometer. The diffraction symmetry was @/ith systematic
absence$kl for h + k= 2n + 1 andh0l for | = 2n + 1. The two
possible monoclinic space groups a@e and C2/c; it was later
determined that the centrosymmetric space gr6@f was correct.
The molecule is located on a 2-fold rotation axis. Hydrogen atoms were
located from a difference-Fourier map and included with isotropic
thermal parameters, except for those on the ethyl carbons of the N(3)

crystal classes, unit cell parameters, and the crystal orientation matrixespyridine ring which were included using a riding model. There are

were carried out according to standard technidtiesensity data were
collected using a@w scan technique with Mo & radiation. The raw
data were processed with a local version of CARESS&jbsequent
calculations were carried out using the SHELXTL progrémll data
were corrected for absorption and Lorentz and polarization effects and

two molecules of toluene solvent present per formula unit. At
convergence, wR2 0.0580 and GOF= 1.031 for 460 variables refined
against all 8898 unique data. (As a comparison for refinemerf,on
R1 = 0.0274 for those 6920 data with, > 4.00(F,).)
OS3(N)2C|3(4-t-BUpy)6'2tO|'2CH2C|2 (2d'2t0|'2CH2C|2). Red-

were placed on an approximately absolute scale. The structures Wereprange crystals were obtained by cooling a dichloromethane solution

solved by direct methods and refined Ehby full-matrix least-squares

of 2d to which toluene had been added. Data were collected on a

techniques. The analytical scattering factors for neutral atoms were usedsiemens P4 diffractometer. The noncentrosymmetric tetragonal space

(72) Edwards, K. D.; Doherty, N. M. Work in progress.

(73) Hope, H. InExperimental Organometallic ChemistiWayda, A. L.,
Darensbourg, M. Y., Eds.; ACS Symposium Series 357; American
Chemical Society: Washington, DC, 1987; pp 2%562.

(74) XSCANS Software Users Gujdeersion 2.1; Siemens Industrial
Automation: Madison, WI, 1994.

(75) Broach, R. WCARESSArgonne National Laboratory: Argonne, IL,
1978.

(76) Sheldrick, G. MSHELXTL Siemens Analytical X-ray Instruments:
Madison, WI, 1994.

group 14,222 was chosen and later determined to be correct. The
molecule is located on a site of 222 symmetry. There are two molecules
of dichloromethane and two molecules of toluene solvent present per
formula unit; each is located on a 2-fold axis. The toluene is disordered
as are the three methyl carbons of tieet-butyl group on the N(2)
pyridine ring; all disordered atoms were included with partial site
occupancies. Hydrogen atoms associated with disordered carbons were

(77) International Tables for X-ray Crystallographiluwer: Dordrecht,
Holland, 1992; Vol. C.
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not included in the refinement; the remaining hydrogen atoms were
included using a riding model. At convergence, wR20.0850 and
GOF = 1.119 for 224 variables refined against all 2634 unique data.
(As a comparison for refinement di R1 = 0.0325 for those 2344
data withF, > 4.00(F,).)

Results

Compounds of formula Os(N)ell, (L = nitrogen donor
ligand) have been known for some ti#f&’8-80 Ware and Taube
reported the synthesis of Os(NYCI-Mepy), (1a) and Os(N)-
Cl3(4-t-Bupy) THF (1d-THF) from NBuw[Os(N)Cl] and the
substituted pyridin€? Using their method, we have extended
the series of Os(N)@GL, compounds to L= 3-picoline (Lb)
and 4-ethylpyridineXc) (eq 1). The reactions proceed smoothly

NBu,[Os(N)Cl] + 2L—  Os(N)CLL,  + NBu,CI
la(L = 4-Mepy)
1b (L = 3-Mepy)
lc(L = 4-Etpy)
1d (L = 4-t-Bupy)
@

to produce the osmium(VI) nitrido complexes in decent purified
yields. Compound$a—d are readily identified and characterized
by IH NMR and IR spectroscopy and by mass spectrometry. In
our hands, samples @fl, previously reported as a THF adduct
Os(N)Ch(4-t-Bupy) THF % contain variable fractional amounts
of THF (typically 0.2-0.5 equiv).

Ware and Taube reported the thermolysislafto yield
Os3(N)2Clg(4-Mepy) (28) accompanied by formation of Nand
OsCly(4-Mepy) with the stoichiometry shown in eg® Starting

40s(N)ClL,— Osy(N),ClsLy +OsCLL,+ N, (2)
la 2a(L = 4-Mepy)
%b 2b (L = 3-Mepy)
15 2c(L = 4-Etpy)

2d (L = 4-t-Bupy)

from 1b—d, we have likewise used thermolysis to prepare
Os(N).ClgLe, where L is 3-picolineZb), 4-ethylpyridine 2c),
or 4tert-butylpyridine @d) (eq 2). Compound8b—d are readily
identified and characterized B NMR spectroscopy, by mass
spectrometry, and by elemental analysis.

Details of the conversion of to 2 merit comment. Ware
and Taube report performing the thermolysislafproducing
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Figure 2. Drawing of Og(N).Cls(4-Etpy) (2¢) with 50% probability
thermal ellipsoids for non-hydrogen atoms.

Figure 3. Drawing of Og(N).Cls(4-t-Bupy)s (2d) with 50% probability
thermal ellipsoids for non-hydrogen atoms.

2a in dichloromethane solution under argon pressure. This is Compound®b—d exhibit normaltH NMR spectra consistent
presumably to increase the reflux temperature of this otherwise with diamagnetic compounds having two pyridine ligands
low-boiling solvent. We have found that formation2proceeds coordinated to each of two equivalent outer osmium atoms and
under a variety of conditions, vacuum through pressure, from one unique inner osmium atom, as proposed by Ware and Taube.
room temperature through heating to 120, producing2 in FAB mass spectra fa2b—d support this formulation showing
yields that vary from poor to excellent depending on the system two series of peaks with appropriate isotope envelopes for
and conditions. Additionally, we note that the reaction is triosmium dinitrido (OsN2CliLy)* and diosmium nitrido (Os
sensitive to the presence of various reagents and impufities. NClL,)* fragments, plus the monoosmium nitrido fragment
The best yields are obtained for £ 4-picoline due to an (OsNCLL,) " that is also observed as the major peak in the FAB
advantageous combination of stability, solubility, and chro- mass spectra df. X-ray crystal structures dfc-2tol and2d-
matographic properties. Low solubility in the £ 3-picoline 2tol-2CH,Cl, confirm this formulation and provide further
system limits conversion and yields. Decreasing thermal stability details of the structure and bonding.

of reaction mixtures for L= 4-ethylpyridine and, especially, The molecular structures @c,d (Figures 2 and 3, Table 2)
4-tert-butylpyridine leads to competitive decomposition. Also are very similar. Each molecule contains three octahedral

for L = 4-ert-butylpyridine, chromatographic separation of
products is less straightforward, decreasing isolated yields.

(78) Pawson, D.; Griffith, W. PJ. Chem. Soc., Dalton Tran$975 417—
423.

(79) Wright, M. J.; Griffith, W. P Transition Met. Chenl982 7, 53—58.

(80) Chin, K.-F.; Cheung, K.-K.; Yip, H.-K.; Mak, T. C. W.; Che, C. M.
J. Chem. Soc., Dalton Tran&995 657-663.

osmium centers connected in an essentially lineag(N)s
structure. The pyridine and chloride ligands on adjacent osmium
atoms are closer to eclipsed than staggered (dihedral angles:
Npy—O0s—0Os—Npy = 27.4, 29.6° in 2¢, 35.6° in 2d; Cl—Os—
Os—Cl =27.2,28.2 in 2¢, 34.6° in 2d). This imparts a helical
twist to the ligand sets about the three osmium atoms. The
pyridine ligands adopt a common arrangement found at octa-
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hedral metal centers, trans to each other, with their rings twisted Lo L cl L g L cl L al L al
almost perpendicular to each other and staggered relative to the Cl—OMVI=N~ 05 <N=OW_Cl Gl OS/=N—ObV—N=0s'—Cl
other metat-ligand bonds. orf o’ | p% o’ o’ o’

The bond distances (Table 2) suggest that the multiple L L L L L
bonding is significantly localized in the outer osmittmitrido (a) (b)
bonds. The Qste—Nnitido distances suggest a triple bond, albeit L L L L L L
at the long end of the range of reported terminal=Ois IR C Lo
complexes (1.5251.703 A, average 1.631 &}.Consistent with C'*/OIS":N:/O‘S'VtN:/OlsV—CI CI—/Ols'V:N:/o ;w:N:/olsw—cn
Osoute—Nhnitrido Multiple bonding, typical distortions are observed " | C° | CI" [ S M
to the ligand set about the outer osmium atom&aul: there © )

is a statistically significant lengthening of the-©8I bonds trans

to the nitrido ligands versus the other-©8l bonds, and the
pyridine and chloride ligands on the outer osmium atoms are
bent away from the nitrido ligand (Table 2). Theifas—Nnitrido
bond distances are short for single bonds (cf. the-Rg
distances ir2c,d) but longer than the GsN=0Os distances in
O(N)(S;CNMey)s (1.752, 1.763 Af7Blikely reflecting a small
degree of Ogner—Nnirido Multiple-bond character.

Figure 4. Possible valence structures and associated metal oxidation
states for2.

Discussion

—— M
Formation of the triosmium dinitrido-bridged compounds
Os3(N)2ClsLg (2a—d) from the terminal nitrido compounds Os-
(N)ClsL, (1a—d) is a general reaction for several alkylpyridine
ligands. Thus, Ware and Taube’s chemistry provides a synthetic
route to a family of electron-rich polynuclear metallonitrides.
The reaction requires formal reduction of osmium(VI)lin
to produce2 plus osmium(lV) in OsCL,, accompanied by
oxidation of nitrido ions to dinitrogen (eq 3j.The oxidation
4Cl—Os=N —= C'_/OSEN_OS_NEOS_C' * Figure 5. Qualitative depiction ofr-symmetry and nonbonding d
o’/ cl 1 Cl I'_ cl l orbitals of Ms(N)aL 1.
40s" 4 N> 0s'0sV0os" 2 N* Hoffman, and Stifale involving the analogy between transition-
metal nitrides and organic polyen®&sTheir model for bonding
L g in M3N, complexes can be illustrated as follows. For linear M
CI—O§iC| + N (N)2L14 (idealizedDg4n, symmetry), metatnitrogensz-bonding
2 . .
(©) between the porbitals on the nitrogen atoms,(and g on

c each N) and the dorbitals on the metal atoms,4cand 4, on

each M) produces five pairs of degenerate perpendicular
s-symmetry molecular orbitals with the nodal patterns shown
in Figure 5 and associated energy ordering. Note that there are
also three gorbitals (dy) (symmetry-adapted combinations in
D4y not shown in Figure 5) perpendicular to the;W4 axis.
Each of the nitrido ions contributes two pairssoElectrons to
the bonding picture, effectively filling the fourr-bonding
molecular orbitals as shown in Figure 5. The node at the inner
metal atom in two of the four occupied-orbitals is required
by symmetry and leads to a concentrationwebonding in the
outer metat-nitrogen bonds, comparable to the localization of
z-bonding in the pentadienyl catidA.This picture fits the
structurally characterized complex B{W).Cl14]%~, which has
three octahedral®ungsten(VI) centers connected in a linear
dfashion via bridging nitrido ligands and adopts a structure with
7-bonding localized in the outer bonds QW —Nnitido = 1.81,
1.86 A vS Whner—Nnitrido = 2.01, 2.12 A2 Wheeler, Hoffman,
and Stiale report overlap populations from extendedckel
calculations on [W(N)2Cl14]?~ consistent with the pentadienyl
analogy?® Similarly, the one other structurally characterized
homometallic MN2 compound, [Mg(N)2(S;CNEb)¢](PFs)s,

osV 2N°

states in2a were given as O€sV0s’ by Ware and Taul5@
on the basis of earlier assignments by Griffith and co-workers
for related compound®:3 This assignment is consistent with
the molecular structures reported here according to simple
bonding models. Possible valence structureftrat balance
the anionic (3-) charge of the nitrido ligand with various
combinations of osmium oxidation states are illustrated in Figure
4. For example, valence structuaeshows two molecules of
the osmium(VI) nitrido compound forming dative bonds to a
central osmium(ll) center. Our interpretation of the structure
of 2 as involving localized multiple bonding of the nitrido ligand
to the outer osmium atoms plus a small degree of multiple-
bond character to the inner osmium atom is best represente
by a combination of the O©sVO0s'’ valence structurels and
cin Figure 4, weighted much more heavily towdrdNote that
early reports of [O£N)2]"" (n = 6—8) and [Ru(N)z]®"
complexes have usually depicted the multiple bonding as
delocalized (variations on andd).30:3!

The localization ofz-bonding in2 can also be understood
using the model of electronic structure put forward by Wheeler, (82) Truong, T.; Gordon, M. S.; Boudjouk, Rrganometallics1984 3,

484—487.
(81) From the Cambridge Structure Database, April 1998 release: Allen, (83) Godemeyer, T.; Dehnicke, K.; Fenske,D Naturforsch1985 40B,
F. H.; Kennard, OChem. Des. Autom. New993 8, 1 and 33-37. 1005-1009.
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also involves three dmetal centers and follows the same other metal centers forming nitrido-bridged species is well

structural pattern (Mgyer—Nnitrido = 1.65, 1.66 A vs M@ine— established, 13.67.8589 gnd partial electron transfer between

Nhirido = 2.12, 2.14 A) to an even greater extreffie. metal centers in such nitrido-bridged compounds is kn#wn.
With application of this model t&, there are five nonbonding  These ideas offer the intriguing possibility that electron-rich

metal d-orbitals (the two empty, and three emptygorbitals polynuclear metallonitrides (e.g2) might be prepared by

in Figure 5) that can accommodate ten d-electrons, as is theaddition of & terminal metallonitrides (e.gl) to appropriate
case for2. Completely filling these sets of nonbonding orbitals starting complexes (e.g., @bl)ClsLs’9), an area we are now
should not effect a structural change, maintaining localization actively pursuing.
of thesr-bonding in the outer OsN bonds based on the nature
of the filled m-bonding orbitals. Note that if these five Acknowledgment. We gratefully acknowledge support of
nonbonding metal d-orbitals had equal contributions from the thiS work by the National Science Foundation (Grants CHE 93-
three osmium atoms, then each metal would formally hdie 3 21196 and 97-12775). C.N. thanks the Fulbright Scholar
d electrons. However, from the pentadienyl anal#f#the two Program for partial support.
7in orbitals of My(N)zL14 should have a somewhat greater g pnorting Information Available:  X-ray crystallographic files
contrlbut_lon_ from the inner me_rtal atom than fr_om an outer metal in CIF format for the structure determinations of:08),Cls(4-Etpy):
atom (this is not shown in Figure 5). Applying this ideaZo 2tol (2¢-2tol) and Og(N);Clg(4-t-Bupy)e-2tol-2CH,Cl, (2d-2tol-2CHy-
places more nonbonding d-electron density from the filigd Cly). This material is available free of charge via the Internet at
on OSmner than Ogyer consistent with the @-d*—d2 electron http://pubs.acs.org.
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It is interesting to consider the general relationship between
electron-rich di- and triruthenium and -osmium nitrido-bridged . —
compounds #-d*—d® [M3(N)2]8" and d—d* [M2(N)]>". The (85) é:lhgétt' J.; Dilworth, J. RI. Chem. Soc., Chem. Comm(@74 517
former can be thought of as being formed from the latter upon (86) Beuter, G.; Englert, U.; Stnée, J.Z. Naturforsch.1988 43B, 145—
coordination of a terminalM(N)] 3+ unit plus partial electron - ﬁ‘& h R W. Shusta. J. M. Wil S. R: Shaplev. P. A
transfer. Coordination of terminal metal nitrido compounds to ( )Orzr:n?,ﬁgfa||iéﬁ9§l 151,51%'71_'16;6_ 180N, . s Shapiey, . A
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