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Reaction of OgCO);2 with thionylaniline (Phk=S=0) in refluxing methylcyclohexane producesz@0)(xs-
NPh){us-S) (1) in good yield. When Q£CO)o(NCMe), is treated with Phi=S=0 at room temperature, compound

1 and Og(CO)(us-7%-(PhNLSO)(us-S) ) result. Compound reacts with trimethylamine oxide in the presence

of acetonitrile to give OCO)(NCMe)(us-NPh){s-S) (3). Compoundsl—3 were characterized by mass, IR,

and NMR spectroscopies, and their structures were determined by single-crystal X-ray diffraction. Crystal data
for 1: monoclinic C2/c), a= 16.603(7) Ab = 8.679(4) A,c = 29.009(6) A3 = 102.08(2}, Z=8,R (Ry) =

0.036 (0.039). Crystal data fa: triclinic (P1), a = 9.723(4) A,b = 15.704(4) A,c = 18.455(7) A,a =
113.17(3y, p = 102.48(3}, y = 89.97(3}, Z = 4, R (Ry) = 0.030 (0.026). Crystal data f& monoclinic

(P24/n), a = 18.792(3) A,b = 8.856(3) A,c = 26.210(9) A, = 93.72(2}, Z = 8, R (R,) = 0.066 (0.063).

Introduction sulfido, phenylimido, and thionylaniline ligandsin the present
research, we explored the reactions of thionylaniline with the
analogous triosmium carbonyl clusters, where the stronger
meta-metal bonds might reduce the tendency of the metal
framework to rearrange upon reaction.

As part of our general interest in the systematic chemistry of
homo- and heterocumulene ligands with metal clusters, the
present research explores the reaction of thionylaniline with
triosmium carbonyl clusters. Thionylaniline is a nonlinear
heterocumulene, in which an oxygen atom of,S©replaced
by the imino group£NR). There is evidence in the literature
that the wealth of coordination chemistry displayed by, 8&n General Procedures. All manipulations were carried out under an
be greatly extended by replacing the essentially “innocent” oxo atmosphere of purified nitrogen with standard Schlenk and syringe

species with more stronaly donating arouns such as imino and techniques. Solvents were distilled from the appropriate drying agent
a?kylidene (CCR).! gy g group before usé. Og(CO)2° and Og(CO)(NCMe)!! were prepared by

i 13 i 0,
Thionylamine, RN=S=0, is readily synthesized in good literature methods*C-enriched O£CO) (ca. 10%'3C) was prepared

. . . . by heating a solution of Q€ O}, in decane at 140C for 48 h under
yields by treating a secondary amine, RNWith SOCh.2 The 1.5 equiv of 3CO in a Schlenk flask. Trimethylamin&l-oxide

three binding modes known for complexes of S@ave been  gihydrate (MeNO-2H,0) was purchased from Aldrich and sublimed
observed in the interaction of thionylamine with low-valent (90 °C, 0.1 Torr) before use. Thionylaniline (PE&=0) and thin-
mononuclear transition metal centers:,S-coplanaf, o-S- layer chromatography (TLC) plates (2.5 mm silica gel on glass with
pyramidal® andz-N,S-bidentaté2.52.2.6 However, the coordina- 254 nm fluorescent indicator) from Aldrich were used as received.
tion chemistry of thionylamine with metal clusters has received  Solution infrared data were recorded on a Bomem MB-100 FTIR
little attention. We recently described reactions of triruthenium Spectrometer using a 0.1 mm path length £ail. The'H and**C
carbonyl clusters with thionylaniline, which led to the formation NMR spectra were recorded on a Varian Gemini-300 spectrometer at

of several tri- and tetraruthenium cluster compounds containing 300 and 75.4 MHz, respectively. Electron impact (El) and fast-atom-
P 9 bombardment (FAB) mass spectra were obtained by Dr. D. L. Hung

of the Northwestern University Analytical Services Laboratory on a

Experimental Section
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from the major yellow band gave €§€O0)(us-NPh)(us-S) (1) (150 Table 1. Crystallographic Data for Os3(CO)8¢NPh)(us-S) (1),
mg, 0.16 mmol, 72%). IR (12, vco): 2098 (vw), 2076 (s), 2054  Oss(CO)(us-1>-(PhNRSO)s-S) @), and

(vs), 2013 (vs), 2005 (s), 1997 (m), 1989 (m), 1979 (w)&m?H Os(CO)(NCMe)(uz-NPh)us-S) (3)

NMR (CD,Cl,, 20°C): 8 7.03-6.60 (m, Ph). 3C NMR (CDC}, 20 1 5 3
°C): 6176.8 (2C), 175.5(3C), 173.7 (2C), 170.5 (2C). Mass spectrum —
(ED): m/z951 (M*, 1920s) and successive loss of 9 CO. Anal. Calcd empirical formula. OgC15Hs0oNS - 0$C21H10010N>S,  O%CretsOsN2S

for OsC1sHsONS: C, 19.05: H, 0.53: N, 1.48: S, 3.39. Found: C, 94587 1085.04 98.91

temp,°C —120 —120 —120

19.31; H, 0.29; N, 1.45; S, 2.93. space group C2/c (No. 15)  P1(No. 2) P2,/n (No. 14)

Reaction of Og(CO);o(NCMe), and PhN=S=0O. A 30-mL a A 16.603(7) 9.723(4) 18.792(3)
Schlenk flask containing a sample ofB0)(NCMe), (100 mg, 0.107 b, A 8.679(4) 15.704(4) 8.856(3)
mmol) was purged with N Dichloromethane (20 mL) and thionyla- A 29.009(6) 18.455(7) 26.210(9)
niline (24uL, 0.21 mmol) were adde_d, anc_i the mixture was stirred at g g:g 102.08(2) 1113211é:()’%) 93.72(2)
room temp_erature for 30 min, at which point the IR spectrum showed v, deg 89.97(3)
no absorptions due to g€0)(NCMe),. The solution was concen-  y/ As 4087(2) 2518(1) 4352(1)
trated to ca. 2 mL under reduced pressure and then subjected to TLCz 4
with hexane/dichloromethane (2:1, v/v) as eluant. Isolation of the R(F)a 0.036 0.030 0.066
material from the first yellow band afforded compouh(®20 mg, 0.02 Rw(F)° 0.039 0.026 0.063
mmol, 20%). The second pale-yellow band yielded(O©)(us-17% GOF 2.05 131 2.48
(PhNXSO)@z-S) (2) (19 mg, 0.0175 mmol, 16%). IR (Bl15, vco): Dealo g-cm 3.074 2.862 2.926
2107 (w), 2080 (s), 2049 (s), 2028 (M), 2022 (m), 2000 (s), 1990 (m), » A 0.71069 0.71069 0.71069
1980 (sh), 1976 (w) cm. H NMR (CDCls, 20 °C): 6 7.13-6.40 aR(F) = Y||Fo| — Fc|l/3|Fol. ® Ru(F) = [SW(|Fol — |Fe))¥SWFAY2,

(m, Ph). Mass spectrum (Elyn/z 1090 (M, 1%20s) and successive  w = 4F,2/0%(F ).
loss of 9 CO. Anal. Calcd for @€21H10010N2S,: C, 23.25; H, 0.93;
N, 2.58. Found: C, 23.53; H, 0.71; N, 2.70. A crystalXfsuitable DIFABS®2was applied, which resulted in transmission factors ranging
for X-ray diffraction, was grown from dichloromethane/hexane-20 from 0.50 to 1.00. The data were corrected for Lorentz and polarization
°C. effects. The data were also corrected for profile fitting. A correction
Synthesis of Og(CO)s(NCMe)(us-NPh)(us-S). A 100-mL Schlenk for secondary extinction was applied. The structure was solved by
flask containing O4CO)(u3-NPh){s-S) (1) (120 mg, 0.127 mmol) direct methodS and expanded using Fourier technigéfesThe non-
was purged with B and 10 mL of dichloromethane was added. A hydrogen atoms were refined anisotropically. Hydrogen atoms were
30-mL Schlenk flask was charged with trimethylamiNeoxide (10 included but not refined. The final cycle of full-matrix least-squares
mg, 0.133 mmol) and acetonitrile (10 mL) undey, ind the resulting refinement was based on 2749 observed reflectibrs3.00(1)) and
solution was introduced over a period of 10 min into the flask containing 263 variable parameters.
compoundl. The mixture was stirred under nitrogen at ambient Structure Determination for Os3(CO)o(uz-n>-(PhN),SO)(us-S) (2).
temperature for another 40 min and then evaporated to dryness unde” Yyellow, translucent columnar crystal d having approximate
vacuum. The residue was dissolved in dichloromethane and isolateddimensions of 0.24< 0.21 x 0.09 mm was cut from a larger sample,
by TLC, with dichloromethane/hexane (1:3, v/v) as eluant. The third, mounted on a glass fiber, and aligned on the diffractometer. On the

major yellow band afforded GECO)(NCMe)(us-NPh)(s-S) (3) (63 basis of a statistical analysis of intensity distribution and the successful
mg, 0.066 mmol, 52%). IR (12, vco): 2080 (m), 2045 (vs), 2022 solution and refinement of the structure, the space group was determined
(vs), 2000 (vs), 1987 (w), 1980 (w), 1967 (s), 1953 (w)émIH to beP1. Of the 10 198 reflections, 9872 were uniqi(= 0.044).

NMR (CDCls, 20 °C):  6.99-6.74 (m, Ph), 1.92 (s, CHi Mass The linear absorption coefficient, for Mo Ka radiation is 153.2 crt,
spectrum (FAB): m/z 964 (M", 1%0s), 923 (M — MeCN), and and an empirical absorption correction was applied to the data, resulting

successive loss of 8 CO. Anal. Calcd fOI’30£5H803N2$: C, 20.04; in transmission factors ranging from 0.90 to 1.00. The data were
H, 0.84: N, 2.92. Found: C, 20.35: H, 0.81: N, 3.12. corrected for Lorentz and polarization effects. A correction for
secondary extinction was applied. The structure was solved by direct
methods and expanded using Fourier techniques. Two independent
molecules were refined in the asymmetric unit. The non-hydrogen
gatoms were refined anisotropically. Hydrogen atoms were included
in fixed positions but not refined. The final cycle of full-matrix least-
squares refinement was based on 7182 observed reflectiors (
3.0Q(1)) and 686 variable parameters.
Structure Determination for Os3(CO)s(NCMe)(u3-NPh)(us-S) (3).
A vyellow, transparent, columnar crystal & with approximate
dimensions 0.3% 0.11 x 0.07 mm was mounted on a glass fiber and
aligned on the diffractometer. The systematic absencélafh + |
= 2n) and &0 (k = 2n) uniquely determined the space group to be
P2,/n. Of the 8018 reflections, 7937 were uniqu&.{= 0.108). The
linear absorption coefficient;, for Mo Ka radiation was 176.0 cni.
An analytical absorption correction was applied, which resulted in
transmission factors ranging from 0.13 to 0.32. The data were corrected
- - . for Lorentz and polarization effects. A correction for secondary
fﬁérﬁglgﬁI::”g;g;;gé%ﬁg‘ g;yztﬂﬁ:?;asz; zgg\gifmppﬁz?ge of extinction was applied. The crystal moved during collection and had
o ’ ’ to be recentered. A different scale factor was applied to this second
Structure Determination for Os3(CO)e(us-NPh)(us-S) (1). An data set. The structure was solved by direct methods and expanded
orange, transparent crystalhfhaving approximate dimensions of 0.19
x 0.19x 0.15 mm, was cut from a larger plate, mounted with grease (1) walker, N. S. DIFABS: An Empirical Absorption Correction Program.
on a glass fiber, and aligned on the diffractometer. On the basis of Acta Crystallogr.1983 A39, 158.
the systematic absenceshdl (h + k= 2n) andhOl (I = 2n), packing (13) Sheldrick, G. M. SHELXS-86. IrCrystallographic Computing ;3
considerations, a statistical analysis of intensity distribution, and the Sheldrick, G. M., Kruger, C., Goddard, R., Eds.; Oxford University
successful solution and refinement of the structure, the space group,, . ~ress: Oxford, 1985; p 175.
: . ! . (14) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; de
was determined to b&2/c. Of the 4004 reflections, 3873 were unique Gelder, R.; Israel, R.; Smits, J. M. Mihe DIRDIF-94 program system

(Rnt=0.080). The linear absorption coefficient,for Mo Ka. radiation Technical Report: Crystallography Laboratory, University of
is 187.4 cmt. An empirical absorption correction using the program Nijmegen: Nigmegen, The Netherlands, 1994.

X-ray Structure Determinations. Crystals suitable for X-ray
diffraction were grown from a saturated hexane solutior-30 °C
for compoundl and dichloromethane/hexane-a20 °C for 2 and 3.
The unit cell constant determinations and data collection were performe
on an Enraf-Nonius CAD-4 diffractometer with graphite-monochro-
mated Mo Ku radiation. Lattice parameters were determined from 25
randomly selected reflections withd2ranging from 20.2 to 232
(compoundl), from 21.8 to 27.3 (compound2), and from 21.0 to
24.C (compound3). The data were collected at120 + 1 °C using
the w—6 scan technique to maximumgvalues of 49.9, 52.0, and
49.7 for 13, respectively. Scans of (1.08 0.35 tan6)°® were made
at a variable speed of 3:6.C°/min (in w). The intensities of three
representative reflections, which were measured after every 90 min of
X-ray exposure time, remained constant throughout data collection, so
no decay correction was applied. A summary of relevant crystal-
lographic data foll—3 is provided in Table 1. All calculations were
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using Fourier techniques. Two independent molecules were refined
in the asymmetric unit. Owing to the paucity of data, only osmium,

sulfur, and oxygen atoms were refined anisotropically, while the rest

of the non-hydrogen atoms were refined isotropically. Hydrogen atoms

were included in idealized positions but not refined. The final cycle
of full-matrix least-squares refinement was based on 4169 observed
reflections ( > 3.0Q(1)) and 363 variable parameters.

(a)

Results and Discussion

Syntheses of Compound 1 and Compound 2Treatment
of Og(CO)12 with PhN=S=O0 in refluxing methylcyclohexane
produces OKCO)(uz-NPh)(uz-S) (1) in 72% yield (eq 1). A

E
S

(b)

\(:)S\_ + Ph-N=S=0 ——~
P
N
W \ .
P \, ©

related complex Q$CO)(uz-NSiMes)(uz-S) was previously
prepared from the thermal reaction of {d30), and Me- _ __ .
SIN=S=NSiMe3.15 2120 2040 1850 1880

Reaction of the more labile acetonitrile-substituted complex cm’!
Os3(CO)o(NCMe), with PhN=S=0 affords both compoundi Figure 1. IR spectra in the carbonyl region of (a) 080)y(us-NPh)-
and Og(CO)(us-7>-(PhNLSO)(u3-S) (2) in moderate yields (eq ~ (s-S) (1), (b) O$(COk(us17*(PhNLSO){us-S) (2), and (c) O(CO)-
2). The ratio ofl to 2 depends on the reaction temperature (NCMe)(us-NPh)(s-S) ().

% Transmission

Scheme 1
Me | o
~Oe Ph
S Me AN 2L N
i C >0s of *t PhN=S=0 — N=5
AN | L0
Ph-N=S=0 ——» >o o
os O ¥ h-N=S=0 L = CO, NCMe 5 N
o CO,
I o Ph
PA T\ o N T
N /0\?\ / —\Os——\N// 2 ,//\Os/\\‘
Os Os + N~ N —Ph Os ' o
SRR TR S
5 \\ os_ + Ph-N=S=0
S/ \ > /
, , o}
and is about 1:1 at 28C but increases to ca. 4:1 at 88 \s Ph
(refluxing 1,2-dichloroethane). We recently showed that treating | / |
Rus(CO)o(NCMe), with PhN=S=0 at room temperature yields | = 0sZ ~Npp |
Rus(CO)(us-NPh)(us-S) as the only metal-containing product, —0s ' 1\ / >0\
and a reaction intermediate, RGO)(PhN=S) (via decarboxy- \ l o o >Os/ l\ ~osl_
lation of_ RLg(C_ZO)lO(PhN_=S=O)), was propqsea. A similar s// S\ / \s/ \
conversion might occur in the present reaction to generage Os
(CO)(PhN=S), followed by N-S bond scission to yield. 2 1
When compoundL is heated with a solution of PhNSO, no o )
reaction is observed, so compou@ds probably formed via Characterization of 1. CompoundL forms air-stable, orange

coupling of Os(CO)(PhN=S) with another PhNSO molecule, ~Crystals and has been characterized by mass, IR Hdrehd
accompanied by NS bond breaking (Scheme 1). A plausible *C NMR spectroscopy and by elemental analyses. The El mass
alternative pathway for the formation @fis the successive  SPectrum gives a molecular ion peaknatz 951 for the'®0s;
replacement of the acetonitrile ligands by PhNSO to give Os Metal core with ion multiplets corresponding to loss of nine
(CO)(PhN=S=0),, followed by ligand coupling, decarboxy- ~ carbonyls. The isotopic distribution of the envelope surrounding

lation, and N-S bond scission. the m/z 951 molecular ion matches that calculated for the
formula of 1. The IR absorptions in the carbonyl region bf
(15) Siss-Fink, G.; Thewalt, U.; Klein, H.-Rl. Organomet. Chen1.982 (Figure 1a) show a pattern similar to that recorded fog-Ru

224, 59. (CO)(us-NPh)(us-S),” whereas the triosmium analogue :0s
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Figure 2. 3C NMR spectrum of Of*CO)q(us-NPh)(us-S) (1*) in
CDCl; at 25°C.

T

(COX(ua-NSiMes)(us-S) was found to display a simpler pattern, Figure 3. ORTEP diagram OfOQGCO)g(/Ag-_NPh)(Ms-S) (1). Thermal
with only five absorption peaks ranging from 2065 to 1978 ellipsoids are drawn at the 50% probability level.

cm 115 Table 2. Selected Bond Distances (A) and Bond Angles (deg) for

The 3C NMR spectrum of%3C-enriched Og*CO)q(us- Osy(COp(us-NPh)us-S) (1)
NPh){us-S) (1*, ca. 10%*3CO) in CDCk at 20°C is shown in Distances
Figure 2. The carbonyl carbon resonances split into a 2:3:2:2 0s1-0s2 2.754(1) Os20s3 2.7538(8)
pattern in the range a¥ 177—170, implying a time-averaged Os1-N 2.06(1) Os2N 2.14(1)

. 0s3-N 2.10(1) OstS 2.372(4)
Cs symmetry for the molecule. Thus, the signabat75.5 can 25 2.421(4) 0s35S 2.373(4)
be assigned to the three carbonyl carbons in the central Os- N—c10 1.46(2) OstC1 1.88(2)
(CO); group, which presumably equilibrate via 3-fold rotation. Os1-C2 1.91(2) OstC3 1.85(2)
The signals at 176.8, 173.7, and 170.5 are assigned to the =~ Os2-C4 1.94(2) O0s2C5 1.92(2)
remaining three pairs of carbonyls. It has been shown that the =~ 9S2-C6 1.92(2) Os3C7 1.92(2)
energy barrier for carbonyl 3-fold rotation decreases dramatically s-C8 1.89(2) 0s3C9 1.90(2)
as the coordination number of the metal center changes from 6 Angles
to 716 In 1, the central and external osmium atoms are seven- 0sl-0s2-Os3 78.26(2)  OstOs2-N 47.8(3)
and six-coordinate, respectively. The resonance pattern remains 8%%8%:” zg-g(g) 851}_35’5'\‘2 ‘?2-%(32
unchanged from-65 to+70 °C, with no indication of carbonyl ozl—NiOss 11é.5((€3)) osseN—ozs 81:2543
exchange in the external Os(GQ)nits or Os-Os bond re- Os1-N—C10 122.1(9) 0s2N—C10 127.0(9)
formation within the molecule. In contrast, the variable- 0s3-N—C10 119.3(9) Ost0s2-S 54.10(9)
temperaturé®C NMR study for the analogous complex s 0s2-0s1-S 55.78(9) 0s20s3-S 55.77(9)
(CO)(us-NSiMes)(us-S) consisted of a slow-exchange spectrum ~ 983-0s2-S 54.12(8)  OstS-0s2 70.1(1)
at —40 °C with the carbonyl carbon resonances in a 1:2:2:2:2 85185:053 94.2(1) 0s25-0s3 70.1(1)
) I . . s1-S 74.2(4) N-Os2-S 71.9(3)

pattern, which equilibrated to give a single resonance at ca. 70 N_Qs3-s 73.5(3) 0s20s1-C1  113.4(5)
°C.15 Areversible closing/opening process of the-@s bonds 0s2-0s1-C2 107.1(5) 0s20s1-C3 147.0(4)
was proposed. It is obvious that differences in electron-donating S—0s1-C1 94.1(5) S-0s1-C2 162.6(5)
ability and steric bulk between trimethylsilyl and phenyl groups ﬁ_%ssll_(c::?é 13?-2((8 ’\"ig:i—g% %gggg
g‘;feghihti esﬂg:gglﬁza:é?rc?ézpd Os(COXk(usNSiMes)(us Os1-0s2-C4 82.3(5) 0st0s2-C5  121.6(5)

' . Os1-0s2-C6 143.3(5) 0s30s2-C4  147.6(4)

Crystal Structure of 1. The X-ray structure ol confirms 0s3-0s2-C5 121.8(5) 0s30s2-C6 82.9(4)
local Cs symmetry for the molecular skeleton, which was  S—0s2-C4 129.1(5) S$0s2-C5 91.8(5)
indicated by thé3C NMR. The ORTEP drawing is shown in ﬁ—%sz;%% igg-é(g) ﬁgsigé‘ gg-g(g)
Figure 3, Whilg the selected pond distances Qnd bond angles 0;2_5053_07 112:48 0525053_% 105'_7((4;
are collected in Table 2. This complex consists of an open pg2-0s3-C9 145.7(5) S0s3-C7 94.0(4)
triangular cluster of three Os(C©Ounits with triply-bridging S—0s3-C8 161.4(4) S0s3-C9 102.4(4)
phenylimido and sulfido groups on opposite sites of thg Os N—0s3-C7 162.1(5) N-Os3-C8 96.0(6)
triangle. Compound. is structurally similar to OfCO)(us- N—0s3-C9 101.3(6)

NSiMes)(us-S) 1> Rug(COY(us-NPh)(us-S),” Fex(CO)(us-NTol)-

Sk (M = FeZ® RuZ 09, which contain 50 cluster valence
electrons and require only two metahetal bonds to satisfy
the 18-electron rule on each metal atom.

(u3-S) " M3(CO)(us-NPh) (M = Fel8 Ru9), and My(CO)g(us-

(16) Yeh, W.-Y.; Shapley, J. R.; Ziller, J. W.; Churchill, M. Rrgano-
metallics1986 5, 1757.

(17) Meij, R.; Stufkens, D. J.; Schagen, J. D.; Zwinselman, J. J.; Overbeek,
A. R.; Stam, C. HJ. Organomet. Chenl979 170, 337.

(18) Clegg, W.; Sheldrick, G. M.; Stalke, D.; Bhaduri, S.; Khwaja, H. K.
Acta Crystallogr.1984 C40, 2045.
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Figure 4. ORTEP diagram of Q§CO)(us-1?-(PhNRSO){z-S) (2).
Thermal ellipsoids are drawn at the 50% probability level.

The two osmium-osmium lengths il are about equal, being
2.7544 0.001 A. Each osmium atom is associated with three
terminal carbonyl ligands. The ©€0 distances to the central
Os2 atom, averaging 1.93(2) A, are slightly longer than those
to the external Os3 and Osl atoms, averaging 1.90(2) and
1.88(2) A, respectively. The €0 distances range from
1.11(2) to 1.17(2) A, averaging 1.14(2) A, while the-68—0
angles are in the range 177{1)79(1f. The phenylimido and
sulfido groups cap opposite @faces asymmetrically. The
lengths for Os2 bonds to N and S (2.14(1) and 2.421(4) A,
respectively), are longer than those to the Os3 atom (2.10(1)
and 2.373(4) A) and the Os1 atom (2.06(1) and 2.372(4) A).
This difference is attributed to the formal seven-coordination
around Os2 as compared with six-coordination for the other
two osmium atoms.

Characterization of 2. Compound? forms air-stable, yellow
crystals. The IR spectrum (Figure 1b) shows a pattern of nine
carbonyl stretching peaks, compared with eight noted above for
1. The'H NMR spectrum of2 includes a complex multiplet
ranging fromd 7.13 to 6.40 for the phenyl proton resonances.
The EI mass spectrum shows the parent ionméa 1090
(1920s), corresponding to the masslgblus a PhANSO molecule,
and ions corresponding to the loss of nine carbonyls. The C,
H, and N elemental analyses are consistent with the stoichi-
ometry Og(CO)(PhNSYO. Due to the absence of diagnostic
spectral features to reveal the structure2pfa single-crystal
X-ray diffraction study was performed.

Crystal Structure of 2. There are two crystallographically
independent molecules in the asymmetric unit, which are
structurally equivalent, and the ORTEP diagram of one of these
is illustrated in Figure 4. Selected bond lengths and angles are
collected in Table 3.

Compound? consists of a cluster of three Os(G@youps
which are linked together by one ©8s bond, a triply-bridging
sulfido (S), and a triply-bridging bis(phenylimino)oxé-sulfane
((PhN)S=0) group. The coordination about each osmium atom
can be described as a distorted octahedron. Ifi$h® andus-
7n%-(PhN)SO ligands are counted as four- and six-electro
donors, respectively, the cluster valence electron count is
This electron count requires only one metaietal bond to
provide an 18-electron configuration on each osmium atom, in
agreement with the structural observations.

The osmium-osmium bond distance found f@r(Os2-0s3
= 2.7787(7) A) is significantly shorter than values found in

n

(22) Adams, R. D.; Horvath, I. T.; Sedier, B. E.; Yang, L.-W.

Yeh et al.

Table 3. Selected Bond Distances (A) and Bond Angles (deg) for
Os(CO)(uzn*(PhNRSO)us-S) ()

Distances
0s2-0s3 2.7787(7) OsiN1 2.192(7)
0s1-N2 2.186(7) Os2N1 2.254(8)
0s3-N2 2.233(8) Os%S1 2.421(3)
0s2-S1 2.395(2) 0s3S1 2.400(3)
N1-S2 1.712(8) N2S2 1.758(7)
S2-010 1.455(6) N%+C10 1.46(1)
N2—C16 1.47(1) OstC1 1.95(1)
0Os1-C2 1.91(1) 0s%C3 1.924(9)
0s2-C4 1.89(1) 0s2C5 1.94(1)
0s2-C6 1.90(1) 0s3C7 1.88(1)
0s3-C8 1.94(1) 0s3C9 1.90(1)
Angles
S1-0s1-N1 83.0(2) S+0s1-N2 82.4(2)
S1-0s1-C1 176.5(3) S$+0s1-C2 90.1(3)
S1-0s1-C3 89.6(3) N+Os1-N2 67.3(2)
N1-0Os1-C1 95.2(3) N+0Os1-C2 103.8(3)
N1—-Os1-C3 167.7(3) N2-0Os1-C1 94.2(3)
N2—-0s1-C2 168.9(3) N2-0s1-C3 102.1(3)
C1-0s1-C2 93.2(4) C+0s1-C3 91.7(4)
C2-0s1-C3 85.9(4) 0s30s2-S1 54.67(6)
0s3-0s2-N1 85.3(2) 0s3-0s2-C4 100.5(3)
0s3-0s2-C5 158.3(3) 0s30s2-C6 93.0(3)
S1-0s2-N1 82.3(2) S+ 0s2-C4 155.1(3)
S1-0s2-C5 103.7(3) S+ 0s2-C6 92.9(3)
N1-Os2-C4 94.4(4) N+0Os2-C5 90.4(3)
N1-0Os2-C6 175.0(3) C40s2-C5 101.0(4)
C4—0s2-C6 90.5(4) C50s2-C6 89.5(4)
0Os2-0s3-S1 54.50(6) 0s20s3-N2 85.6(2)
0s2-0s3-C7 92.6(3) Os20s3-C8 153.8(3)
0s2-0s3-C9 102.3(3) S$+0s3-N2 81.9(2)
S1-0s3-C7 97.0(3) S+ 0s3-C8 99.3(3)
S1-0s3-C9 156.6(3) N2-0s3-C7 178.2(3)
N2—-0s3-C8 90.5(4) N2-Os3-C9 94.9(4)
C7—0s3-C8 91.0(4) C#0s3-C9 85.6(4)
C8-0s3-C9 103.9(4) OstN1-0s2 102.5(3)
0Os1-N1-S2 93.1(3) Os:N1-C10 125.6(6)
0s2-N1-S2 115.1(4) 0s2N1-C10 110.8(6)
S2-N1-C10 109.0(6) OsiN2—-0s3 103.6(3)
0s1-N2—S2 92.1(3) OstN2—-C16 124.0(6)
0s3-N2—-S2 114.5(4) 0Os3N2—C16 115.5(5)
S2-N2—-C16 105.2(6) 0s1S1-0s2 92.15(9)
0s1-S1-0s3 92.16(9) 0s2S1-0s3 70.84(7)
010-S2-N1 110.9(4) 016-S2-N2 110.9(4)
N1—-S2—-N2 88.7(4)

the parent compound @€0),* (Os—0s(av)= 2.877(3) A).
Each osmium atom is associated with three terminal carbonyls
in afacial configuration. The average ©€0 distance is 1.91

+ 0.01 A and average €0 distance is 1.14 0.01 A, while

all Os—C—0 angles are close to linear (172.6(8)79(1Y).

The geometry of2 can be viewed as an opened envelope
consisting of an OMN, unit, bridged by u-SO and us-S
fragments. The Os2, Os3, N2, and N1 atoms are essentially
coplanar, as evidenced by their torsional angles {0.70.3"),
and the Os1 atom is tilted 42.703way from this plane. The
dihedral angle between the N82—N2 plane and the Os2
0Os3-N2—N1 plane is 56.5(7) The distances from N1 and
N2 to Os2 and Os3 (2.254(8) and 2.233(8) A) are slightly longer

than the distances from N1 and N2 to Os1 (2.192(7) and 2.186-

(7) A). The N1-S2—010 and N2-S2—010 angles are equal,

52_110.9(4)’, and the N+S2-N2 angle is 88.7(4) indicating a
distorted pyramidal conformation about the S2 atom. The S2
010 distance of 1.455(6) A is characteristic of a suffarygen
double bond. The sulfido ligand bridges the three osmium
atoms unequally, where the bond lengths in decreasing order
are S10sl1= 2.421(3)A, S+0s3= 2.400(3) A, and St
0s2= 2.395(2) A.

Organometallics1983 2, 144.

(23) Churchill, M. R.; DeBoer, B. Glnorg. Chem.1977, 16, 878.



Triosmium Carbonyl Clusters

Synthesis and Characterization of 3. Reaction of OgCO)-
(u3NPh)(us-S) (1) and 1 equiv of MeNO in acetonitrile/
dichloromethane solution affords €80)(NCMe)(us-NPh)(us-

S) (3) in 52% vyield (eq 3). Apparently, electrophilic attack of

Ny

gl \I/\

+ MesNO/MeCN ———

MesNO occurs at a carbonyl ligand to liberate £&hd MgN,
and the empty coordination site is then occupied by a MeCN

Inorganic Chemistry, Vol. 36, No. 20, 1994413

ligand. There was no indication of electrophilic attack of the Figure 5. ORTEP diagram of Q§CO}(NCMe)(us-NPh)@s-S) @3).
amine oxide on the sulfido atom to generate a sulfoxide species.Thermal ellipsoids are drawn at the 50% probability level.

Compound3 forms an air-stable, yellow crystalline solid,
which can be purified by TLC and recrystallization from a
hexane/dichloromethane solution-a20 °C. The FAB mass

Table 4. Selected Bond Distances (A) and Bond Angles (deg) for
Os(CO}(NCMe) (us-NPh)(s-S) (3)

spectrum shows the molecular ion peaknalz = 964, for
1920s, and ions corresponding to loss of an acetonitrile and eight
carbonyls. However, the EI mass spectrum displays the highest
mass amm/z 923, corresponding to the M— MeCN fragment.
The'H NMR spectrum includes a multiplet in the ran6.99-

6.74, assigned to the phenyl protons, and a singlét h92,
assigned to the acetonitrile protons. The IR spectrum in the
carbonyl region (Figure 1c) shows eight absorption peaks
ranging from 2080 to 1953 crd. These carbonyl absorptions
are shifted to lower energy than thoseldfigure 1a), consistent
with the strongew-donor and weaket-acceptor ability of the
NCMe ligand compared with C&:.

Crystal Structure of 3. There are two independent mol-
ecules in the asymmetric unit, which are essentially enantiomers
of each other. The ORTEP drawing of one of these is shown
in Figure 5. Table 4 contains the selected bond lengths and
bond angles. The overall geometry of the complex is similar
to that of the parent compourly except that an acetonitrile
ligand replaces one of the axially-positioned carbonyl ligand
(cisto the Os-Os vector) on the external Os(CQJnits. The
Os—0Os edge adjacent to the acetonitrile ligand {@s2 =
2.806(2) A) is considerably longer than the other edge (©s2
0s3= 2.721(2) A), in agreement with the stronger net donor
strength of the NCMe ligand relative to CO.

The Os2 and Os3 atoms are each linked to three terminal
carbonyl ligands, and Os1 has only two. The<@O lengths
associated with Os1 and Os3 atoms are slightly different, ranging
from 1.81(4) to 1.91(5) A, while those associated with the Os2
atom are more diverse, ranging from 1.74(5) A to 1.99(5) A.
The G-0 distances range from 1.27(5) A (€®3) to 1.09(4)

A (C8—08), averaging 1.16(4) A, and the ©6—0 angles are

in the range 170(3)177(3f. The phenylimido and sulfido
groups triply-bridge the opposite ©&ces asymmetrically, so
that the N2-Os and S%+Os interactions with the central Os2
atom are stronger than those with the external Osl and Os3
atoms. The mean NOs distance to the imido group (2.14

(24) Crabtree, R. HThe Organometallic Chemistry of the Transition Metals
2nd ed.; Wiley: New York, 1994.

0Os1-0s2
Os1-N1
Osl-S1
Osl-C2
02-3s1
Os2-C4
0Os3-N2
0s3-C6
0Os3-C8
N2—-C11

Os1-0s2-0s3

0Os2-0s1-N2
0Os2-0s1-C1
S1-0s1-N1
N1—-0Osl1-N2
0Os1-0s2-N2
Os1-0s2-C4
0s3-0s2-S1
0s3-0s2-C3
0s3-0s2-C5
S1-0s2-C3
S1-0s2-C5
N2—0s2-C4
0s2-0s3-S1
0s2-0s3-C6
0s2-0s3-C8
S1-0s3-C6
S1-0s3-C8
N2—-0s3-C7
0Os1-S1-0s2
0Os2-S1-0s3
Os1-N2—-0s3
Os1-N2—-C11
0Os3-N2—-C11
N1-C9-C10

Distances
2.806(2) 0s20s3
2.03(2) OsEN2
2.32(1) Os3C1
1.89(4) Os2N2
2.44(1) 0s2C3
1.83(4) 0s2C5
2.11(3) 0s3-S1
1.86(4) 0s3C7
1.91(5) N1+C9
1.41(4)
Angles
77.66(6) 0s20s1-S1
50.8(9) 0Os20s1-N1
118(1) 0s20s1-C2
160.4(8) S+ 0s1-N2
90(1) 0s+0s2-S1
48.0(9) 0s+0s2-C3
137(1) 0s+0s2-C5
55.3(3) 0s30s2-N2
151(2) 0s3-0s2-C4
109(1) S+0s2-N2
120(1) S+ 0s2-C4
86(1) N2-Os2-C3
93(1) N2-0Os2-C5
56.4(3) 0s20s3-N2
101(2) 0s20s3-C7
146(1) S+0s3-N2
157(1) S+0s3-C7
100(1) N2-0s3-C6
162(1) N2-Os3-C8
72.2(3) 0s1S1-0s3
68.3(3) 0siN2—-0s2
110(1) Os2N2—0s3
124(2) Os2N2—-C11
121(2) Os:N1-C9
177(3)

2.721(2)
2.11(3)
1.90(4)
2.20(3)
1.74(5)
1.99(5)
2.41(1)
1.81(4)
1.15(4)

55.9(3)
104.6(7)
144(1)

76.5(9)

51.9(2)

80(1)
125(1)

49.4(9)

93(1)
91(1)
101(1)
94.3(3)
81(1)
78(1)
127(2)
171(2)

0.03 A) is longer than the OGN distance to the acetonitrile
ligand (2.03+ 0.02 A).
In previous research, we found that the reaction of thionyl-
aniline with either R&(CO);» or Rus(CO)o(NCMe), produced

Rus(COX(us-NPh)(3-S) as the major product, and the reactivity
observed with OCO), and Og(CO)o(NCMe), is analogous.

In addition, the chemistry of the triruthenium carbonyl clusters



4414 Inorganic Chemistry, Vol. 36, No. 20, 1997 Yeh et al.

with thioanaline produces a pair of Ralusters: RWCO)o thioaniline with triiron carbonyl clusters leads to extensive
(u-CO)(ua1?-SNPh)fe4-S) and RY(CO)o(u-CO)ua-1n>-SNPh)- cleavage of FeFe bonds.

(us-NPh) in low yields. It is possible that analogous high-

nuclearity osmium compounds were simply not separable from Acknowledgment. We are grateful for support of this work
the reaction mixture, but the separation procedure for the by the Department of Energy, Basic Energy Science Program,
osmium complexes appeared to be highly satisfactory, so it is Grant No. DE-FG02-86ER13640. W.-Y.Y. thanks the National
more likely that the difference in products results from the more Science Council of Taiwan for financial support, Grant No.
robust nature of osmium clusters, which suppresses fragmenta-33140F.

tion, and subsequent cluster building, which appears to be ) ) ) o
responsible for the Ruproducts. The more robust nature of Supporting Information Available: X-ray crystallographic files,
0s(CO)» compared to RCO) is well documented in a " CIF format, for compounds—3 are available on the Internet only.
variety of chemistries, where the ruthenium cluster is often found Access information is given on any current masthead page.

to fragment and to cluster-build more readily than@©)». 1C961153J

This difference is generally attributed to stronger-@s

pondsz_s In keeping with the more labile MM bonds for the (25) Deeming, A. JComprehensie Organometallic Chemistry;IPerga-
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