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dimers. Unlike the previously characterized structures, 
each sulfur ligand is unsymmetrically bridged between the 
two Mo ions with Mo-S distances of 2.457 (3) and 2.394 

The most notable feature of the iron interaction is its 
unsymmetrical coordination to the Mo2S, core. Although 
the Fe-S distances of 2.232 (1) and 2.237 (1) 8, are nearly 
equivalent, Fe, is displaced from the plane of the sulfur 
atoms and tilted toward Mol& As a result, the molecule 
contains a relatively short Fe-Mo distance of 2.853 (3) 8, 
and acute Fel-S-MolA angles of 76O. The second Mo ion 
and Fel are bridged by two sulfido ligands in an approx- 
imately planar configuration with a much longer metal- 
metal distance. The short Mo-Fe distance is 0.08-0.15 A 
longer than the distances between these metal ions in most 
of the previously reported sulfido-bridged Mo-Fe clus- 
t e r ~ . ' ~ - ' ~  However it seems reasonable to assume some 
bonding interaction between FelMolA in I because of the 
strong tendency of low-spin Fe(I1) to be six-coordinate. If 
this oxidation state formalism is used, the 18-electron 
Mo(II1) ion can be viewed as an electron pair donor to the 
iron center. This structure provides the first evidence for 
additional bond formation a t  the molybdenum ion in the 
series of tetrasulfido-bridged dimolybdenum complexes. 

Different structures have been characterized or proposed 
when the metal sulfide or the metal carbonyl in eq 1 has 
been varied. In the reaction of (MeCp),V2S4 with excess 
iron ~ a r b o n y l , ~  only one iron was incorporated into the 
cluster to form (MeCp),V2S,Fe(CO), (11). Sulfur ab- 
straction from I1 led to the formation of ( M ~ C P ) ~ V , S ~ F ~ -  
(CO), which was characterized by an X-ray diffraction 
study. The trigonal-bipyramidal M (p3-S)z core involved 
two equivalent F e V  distances (2.82 A) and relatively short 
V(p-S) distances as a means of alleviating electron defi- 
ciency associated with the vanadium ions. The reaction 
of [(CH3)5C5M~S2]2 with CO~(CO)~  has led to the tetrameric 
product [ (CH3),C5MoS2Co(CO)]2.6 The latter complex has 
been proposed to have a cubane-type structure on the basis 
of its diamagnetic nature and by analogy to other sulfi- 
do-bridged systems. Two clusters with butterfly and 
planar Mo2Fez geometries with the formulas Cp2M02Fe2- 
( ~ 3 - s ) ~ ( ~ ~ ~ ~ 3 - c 0 ) 2 ( C o ) ~  have been synthesized by the re- 
action of C ~ , M O ~ ( C O ) ~  with Fe2S2(C0)6.798 The cluster 
reported here is related to the planar isomer by the re- 
placement of two p-CO ligands with p3-sulfido bridges. 
This results in a formal oxidation of the M4 system and 
in the disruption of two of the four Mo-Fe bonds which 
were present in the carbonyl-bridged cluster.8 

The reactivity of I is being compared to that of the 
structurally related Mo dimers with two equivalent or- 
ganodithiolate bridges. Electrochemical studies suggest 
that the introduction of additional metal centers into the 
molybdenum dimers will enable us to develop the chem- 
istry of electron-rich clusters. While complexes of the type 
[CpMoSC,H2,Sl2 do not show any tendency for electro- 
chemical reduction in the negative potential range up to 
-2 V vs. SCE, the cyclic voltammetry of I in acetonitrile 

(3) A. 
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(13) (a) Coucouvanis, D.; Baenziger, N. C.; Simhon, E. D.; Stremple, 
P.; Swenson, D.; Kostikas, A.; Simopoulos, A.; Petrouleas, V.; Papaefth- 
ymiou, V . J .  Am. Chem. SOC. 1980,102,1730. (b) Ibid. 1980,102,1732. 

(14) Tieckelmann, R. H.; Silvis, H. C.; Kent, T. A.; Huynh, B. H.; 
Waszczak, J. V.; Teo, B. K.; Averill, B. A. J. Am. Chem. SOC. 1980,102, 
5550. 

(15) Wolff, T.  E.; Berg, J. M.; Hodgson, K. 0.; Frankel, R. B.; Holm, 
R. H. J .  Am. Chem. SOC. 1979, 101, 4140. 

(16) Armstrong, W. H.; Mascharak, P. K.; Holm, R. H. J .  Am. Chem. 
SOC. 1982, 104, 4373. 

(17) Much longer Mo-Fe distances have been observed in bis(thio- 
late)-bridged dimers, e.g., Cp2Mo(SBu)ZFeC1z.18 

(18) Cameron, T. S.; Prout, C. K. Chem. Commun. 1971, 161. 

reveals that it undergoes a reversible reduction a t  -1.06 
V vs. SCE and a second quasi-reversible reduction at  -1.45 
V. A largely irreversible oxidation is observed near +0.6 
V.19 The dithiometalate bridge of I does not show the 
lability exhibited by the organodithiolate ligands.20 For 
example, no reaction is observed between I and acetylene 
a t  25 OC except in the presence of an oxidizing agent 
(Me3NO). Under the latter conditions [MeCpMoSC2H2S], 
is formed. The competitive reaction of phenylacetylene 
and iron carbonyl with [MeCpMoSSH], yields primarily 
the bis(alkenedithio1ate) complex, but spectral dataz1 
suggest that the mixed bridge derivative (MeCpMo)z- 
(SCHC(Ph)S)(S,Fe(CO),) may also be produced in low 
yields. Further investigations of the reactivity of both the 
sulfur ligands and the metal ions in these systems are in 
progress. 
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(19) Cyclic voltammetry was carried out in acetonitrile/O.l M n- 
Bu4NBF4 with a platinum wire electrode in a conventional three com- 
partment cell. The following data were recorded at a scan rate of 100 
mV/s: E i z  = -1.06 V vs. SCE, A E  = 70 mV, i lip. = 1; EPiz = -1.47 V, 
AE = lBbmV, iw/ipa = 0.9; EpjZ = +0.5 V, d= 200 mV, ipe/ipa N 0.6. 
(The current amplitude of this oxidation is rougly twice that of each 
reduction.) A second irreversible oxidation is observed near +0.8 V. 

(20) Rakowski DuBois, M.; Haltiwanger, R. C.; Miller, D. J.; Glatz- 
maier, G. J. Am. Chem. SOC. 1979, 101, 5245. 

(21) NMR resonances at  7.25 (Ph), 5.14 (Cp), and 2 ppm (CH,) are 
compatible with the mixed bridge complex, but this derivative has not 
yet been isolated in pure form. 

(22) Beurskens, P. T.; Bosman, W. P.; Doesburg, H. M.; Gould, R. 0.; 
VandenHark, Th. E. M.; Prick, P. A. J.; Noordik, J. H.; Beurskens, G.; 
Parthasarathi, V., Computer Program DIRDIFB~, Technical Report 1981/2; 
Crystallography Laboratory: Toernooiveld, 6525 Ed Nijmegen, The 
Netherlands. 
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Summary: Facile cyclometalation of (3-chloropropyl)di- 
cyclohexylphosphine occurs when RhCI(COD)(c- 
Hx,PCH,CH,CH,CI) is treated with the secondary-tertiary 
diphosphine c-Hx,PCH,CH,CH,P(Ph)H in the absence of 
a stronger base. On the other hand, if the same reagents 
are combined at -78 OC in the presence of NEt, and 
allowed to warm to room temperature over a 2-h period, 
a clean synthesis of the chelated triphosphine ligand 
PhP(CH,CH,CH,P-c-Hx,), results. 

Triphosphines that contain trimethylene chains are 
valuable chelating ligands with the larger transition-metal 
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Figure 1. The 31P(1H} NMR spectrum of RhCl(Cyttp) in benzene 
at room temperature. 

ions (e.g., Rh, Pt,  Ir, Ru).' Until recently, the most 
straightforward route to such ligands involved coupling 
reactions via Grignard or alkali-metal reagents, and the 
range of compounds was limited by the stability and 
availability of the R2PCH2CH2CH2Cl intermediates.2 In 
an effort to develop easier routes to a wide variety of 
RP(CH2CH2PR'2)2 and RP(CH2CH2CH2PR'2)2 ligands, we 
have examined metal-assisted coupling of vinyl, allyl, and 
(3-chloropropy1)phosphine units to coordinated secondary 
 phosphine^.^ This report describes the successful, high- 
yield synthesis of PhP[CH2CH2CH2P(C6H11)2]2 on rho- 
dium and the phospharhodacyclopentane formation with 

The ligand PhP(CH2CH2CH2P-c-Hx2)2, Cyttp, was 
synthesized in a two-step process by treating [Rh(p-Cl)- 
(COD)I2 with C1CH2CH2CH2P(C6H11)2 (which cleaves the 
chloride bridges) and then with (C6H11)2PCH2CH2CH2P- 
(Ph)H (c-HxPPH) (eq 1 and 2). The diphosphine c- 

ClCH2CH2CH2P(C6H11)2. 

room temp 
[ Rh(p-Cl) (COD)] 2 + ~ c - H x ~ P C H ~ C H ~ C H ~ C ~  - 

~R~C~(COD)(C-HX~PCH~CH~CH~C~) (1) 
I 

RhCl(C$ttp) (2) 

HxPPH is added to a solution of I and NEt, a t  -78 "C; 
as the reaction mixture warms to room temperature, the 
base (NEt,) deprotonates the coordinated secondary 
phosphine. The resultant phosphido group then displaces 
the chloride from the C-C1 tail of the coordinated c- 
Hx2PCH2CH2CH2Cl ligand and leads to ring closure and 
RhCl(Cytt~).~ The ,lP(lH) NMR spectrum of the resulting 
complex RhCl(Cyttp), which was isolated in 77% yield, 
is shown in Figure 1; the chemical shifts and coupling 
constants of the AB2X pattern are identical with those of 
an authentic sample of RhCl(Cyttp), which was prepared 

(1) (a) Mason, R.; Meek, D. W. Angew. Chem. 1978,90, 195; Angew. 
Chem., Int. Ed. Engl. 1978,17,183. (b) Mazanec, T. J.; Meek, D. W. Acc. 
Chem. Res. 1981, 14, 266. 

(2) (a) Uriarte, R.; Mazanec, T. J.; Tau, K. D.; Meek, D. W. Znorg. 
Chem. 1980, 19, 79. (b) Arpac, E.; Dahlenburg, L. 2. Naturforsch, B: 
Anorg. Chem., Org. Chem. 1980, B35, 146. 

(3) Waid, R. D. Ph.D. Dissertation, The Ohio State University, Co- 
lumbus, OH, June 1982. 

(4) In a different study, we have shown by low-temperature 31P(1HI 
NMR that a similar deprotonation of secondary phosphines coordinated 
to platinum(I1) occurs. In the absence of ClCHzCH2CHzPR2 molecules, 
those platinum phosphide complexes dimerize to give diplatinum phos- 
phidebridged compounds of the type [PtZ(c-HxPP)], (Z = C1, CH,)? In 
the presence of Et3N and CICHzCHzCHzPRz molecules, the platinum 
reactions also produce chelated triphosphine ligands., [Waid, R. D.; 
Meek, D. W., manuscript submitted to Organometallica.] 

(5) Meek, D. W.; Waid, R. D.; Kwoliang, D. T.; Kirchner, R. M.; 
Morimoto, C. N. Inorg. Chim. Acta 1982, 64, L221. 
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Figure 2. The 31P(1H) NMR spectrum of the phospharhodacycle 
Rh~CHzCHzCHzP-c-Hxz)(c-HxPPH) in dichloromethane at 
room temperature. 

by Mazanec and Meek from the tridentate ligand Cyttp 
and [Rh(p-C1)(COD)]2.6 If chelate-ring closure had not 
occurred, the 31P{1H) NMR spectrum of the complex 
RhCl(c-HxPPH) (c-Hx2PCH2CH2CH2C1) would have been 
much more complex than that displayed in Figure 1 be- 
cause the two c-Hx2P groups would be nonequivalent. In 
addition, the corresponding 'H and 13C NMR spectra of 
RhCUCyttp) lack the characteristic peaks of the -CH2Cl 
group. 

When the steps shown in eq 1 and 2 are performed 
without  addition of a base (e.g., NEQ, a different product 
is isolated in which oxidative addition of the carbon- 
chlorine bond to the rhodium atom has occurred. The 
,'P(lH) NMR spectrum of this complex (solvent CH2C12) 
is shown in Figure 2. The spectral parameters for the two 
rhodacyclopentane complexes RhCl2(CH2CH2CH,P-c- 

which can be determined from the ABMX spin system (X 
= lo3Rh), are given in Table I. 

The PA nucleus, which belongs to the five-membered 
phospharhodacyclopentane, is assigned from the low-field 
chemical shift of that nucleus (47.1 ~ p m ) . ~  The second 
half of the AB pattern consists of the doublet of quartets 
centered at -4.29 ppm. The large value of 2Jp pB (406 Hz) 
indicates that the PA and PB nuclei are mutudy trans; the 
trans assignment is supported by the lJRh-pA and lJRh-pB 
values, which are typical phosphorus-rhodium(II1) cou- 
plings for trans phosphine ligands.lbt8 Nucleus PM is 
assigned to the secondary phosphino group of the c- 
HxPPH ligand. The PM multiplet, centered at 14.4 ppm, 
displays ck2JPp  couplings to both PA and PB. In addition, 
the lH-coupled spectrum shows that is 370 Hz. The 
relatively large value of 'JRh-p indicates that P M  is trans 
to a weak trans influence ligan3, i.e., C1; thus, the structure 
of RhC12(CH2CH2CH2Ph-c-Hx2)(c-HxPPH) is that shown 
in Figure 2. The 31P(1H) NMR spectrum of RhC12- 
(CH2CH2CH2P-c-Hx,) (PPH), which results analogously 
from the Ph2PCH2CH2CH2P(Ph)H ligand (PPH), is almost 
identical with that of the c-HxPPH complex discussed 
above. The most significant difference is in the chemical 

. 
I 

Hx~)(c-HxPPH) and R~CI~(CH~CH~CH~P-C-HXJ(PPH), 

I 

I 

1 

(6) Mazanec, T. J. Ph.D. Dissertation, The Ohio State University, 
Columbus, OH, Dec 1978. 

(7) The 31P(1H) NMR spectrum is particularly diagnostic in the as- 
signment of the b(PA), since there is now considerable 31P NMR and 
XIray evidence that t h e  chemical shifts of a phosphorus nucleus incor- 
porated into a five-membered ring experiences a large (20-30 ppm) 
downfield shift, compared to similar monodentate phosphines or to sim- 
ilar phosphorus groups contained in six-membered rings. [(a) Garrou, P. 
E. Chem. Rev. 1981,81, 229 (b) Inorg. Chem. 1975, 14, 14351. 

(8) Pregosin, P. E.; Kuntz, R. W. y31P and ',C NMR of Transition 
Metal Phosphine Complexes"; Springer-Verlag: New York, 1979. 
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shifts of the Ph2P- and c-Hx2P- groups of PPH and c- 
HxPPH, respectively. The lJRh-p coupling constants of 
the PPH and c-HxPPH rhodacycles are consistent with 
a Rh(II1) oxidation state.6v8 

Steric considerations probably dictate that the two most 
bulky phosphorus groups are located trans to one another 
in the resultant rhodacyclopentane. The 31P{1H) NMR 
spectrum of the initial reaction mixture at  low temperature 
is extremely complex; it suggests that several isomeric 
products are formed initially. However, the spectrum 
simplifies gradually over several hours until only the final 
Rh(II1) metallacycle appears. 

The thermal stability of the carbon-chlorine bond 
normally restricts oxidative addition reactions to those 
alkyl chlorides that contain other functional groups which 
activate the C-C1 bond.g Metallacycles have been syn- 
thesized previously from substituted arsines and phos- 
phines that contain an alkyl halide; however, in those cases 
the syntheses have required fairly aggressive reagents. For 
example, cyclometalation with Me2AsCH2CH2CH2X or 
&PCH2CH2CH2X (X = C1, Br) on molybdenum, tungsten, 
iron, nickel, and rhenium organometallic compounds re- 
quires a Grignard reagent (e.g., R2PCH2CH2CH2MgX)10 
or a strong reducing agent (e.g., sodium/mercury amal- 
gam)" to produce cycloelimination in phosphine-substi- 
tuted complexes of the type (OC)4BrMPPh2(CH2),C1 (M 
= Mn, Re; n = 1-4). Also, the dianionic maganese com- 
plexes [ (OC)4Mn1-(PR201-)]2- react with a,w-bis(tri- 
flate)alkanes to give the six-membered heterocycles 
(OC)4MnPR20CH2XCH2 (R = Ph; X = CH2, CMe2, 
CHzCH2).12 In contrast to the reactive functional groups 
noted above, in our reactions the three basic phosphino 
groups (two c-HzzP and one Ph(alky1)PH) apparently 
enhance the nucleophilic character of rhodium(1) to the 
point that facile oxidative addition of the C-C1 bond of 
a coordinated o-chloro-1-(dipheny1phosphino)alkane oc- 
curs. 

In contrast to the facile oxidative addition of the C-Cl 
bond that we observed, Lindner et d.13 recently found that 
[ R h ( ~ - C l ) ( C 0 ) ~ 1 ~  reacts in benzene at  20 "C with similar 
CICHzCHzCHzPRz (R = Ph, Me) molecules with partial 
CO substitution to give the stable intermediate RhC1- 
(CO)(RzPCH2CH2CH2C1),. Formation of the phospharo- 
dacyclopentane required extended periods of heating (e.g., 
48 h in refluxing toluene). However, in a reaction remi- 
niscent of the enhanced reactivity of our rhodium(1)- 
phosphine intermediate, they found that oxidative addition 
of the C-C1 bond does occur at  20 "C with the more basic 
complex Pt(COD)2 to form platinacyclopentane~.'~ The 
implications are (1) that our rhodium(1)-phosphine in- 
termediates RhCl(c-HxPPH)(c-Hx2PCH2CH2CH2C1) and 
RhCl(PPH)(c-Hx2PCH2CH2CH2C1) are significantly more 
nucleophilic than RhC1(CO)(R2PCH2CH2CH2C1)2 and (2) 
that oxidative addition of C-C1 bonds will occur readily 

~ ~~ ~ ~ 

(9) (a) Boag, N. M.; Green M.; Spencer, J. L.; Stone, F. G. A. J. Chem. 
SOC., Dalton Trans. 1980, 1200. (b) Scherer, 0. J., Jungmann, H. J. 
Organornet. Chem. 1981, 153. (c) Bennett, M. A,; Jeffrey, J. C.; Rob- 
ertson, G. B. Inorg. Chem. 1981,20, 323, 330. 

(10) Lindner, E.; Funk, G.; Hoehne, S. Angew. Chem., Int .  Ed.  Engl. 

(11) (a) Mickiewicz, M.; Wainwright, K. P.; Wild, S. B. J .  Chem. Soc., 
Dalton Tram.  1976,262. (b) Lindner, E.; Funk, G.; Bouachir, F. Chem. 
Ber. 1981,114, 2653. (c) Lindner, E.; Funk, G.; Hoehne,S. Ibid. 1981,114, 
2465. 

(12) (a) Lindner, E.; Eberle, H.-J.; Hoehne, S. Chem. Ber. 1981, 114, 
413-422. (b) Lindner, E.; Eberle, H.-J. Angew. Chem., Int. Ed. Engl. 
1980,19,73. (c) Lindner, E.; Eberle, H.-J. J. Organometal. Chem. 1980, 
191, 143. 

(13) Lindner, E.: Bouachir, F.; Fawzi, R.; Hubner, D. J. Organornet. 
Chem. 1982,235, 345. 

is7s,ia, 535. 
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in reactions between nucleophilic metals and coordinated 
(a-chloroalky1)phosphines and -arsines. 
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Summary: The crystal structure of OS,H,(CO)~(S~P~,), 
prepared from OS,H,(CO),~ and Ph,SiH, reveals it to 
contain the formally unsaturated unit Os(p-H),Os (Os-Os 
= 2.7079 (4) A). The 'H and 13C NMR spectra of the 
compound indicate the bridging hydrogens and those CO 
ligands which are bonded to the osmium atoms in the 
OsH,Os unit are fluxional. 

Our interest2 in silyl derivatives of osmium clusters has 
prompted us to investigate the reaction of silanes with the 
formally unsaturated osmium cluster O S ~ H ~ ( C O ) ~ ~  From 
the reaction with Ph,SiH in hexane at  70 OC (in an evac- 
uated sealed flask) the compound Os3H3(C0)&3Ph3) (1) 
has been i~olated.~ The crystal structure of this derivative 
has been solved by conventional X-ray diffraction tech- 
n i q u e ~ . ~  The bridging hydrogen ligands were all located 
although not with great accuracy. As can be seen in Figure 
1, the molecule contains doubly hydrogen-bridged, singly 
hydrogen-bridged, and unbridged osmium-osmium bonds. 
The osmium-osmium vectors O S ( ~ - H ) ~ O S  = 2.7079 (4) A, 
Os&-H)Os = 3.0103 (4) A, and Os-Os = 2.8550 (4) A are 
entirely consistent with these structural  feature^.^ The 
compound is thus similar to the parent compound Os3- 
Hz(CO)lo6 in that it contains the formally unsaturated 
Os(p-H),Os unit. Such groupings are still comparitively 
rare among transition-metal cluster corn pound^.^^' 

(G-Permanent address: Chemistry Department, Ain Shams Univer- 
sity, Cairo, Egypt. 

(2) (a) van Buuren, G. N.; Willis, A. C.; Einstein, F. W. B.; Peterson, 
L. K.; Pomeroy, R. K.; Sutton, D. Inorg. Chem. 1981,20,4361. (b) Willis, 
A. C.: van Buuren. G. N.: Pomerov. R. K.: Einstein, F. W. B. Ibid. 1983, 
22, 1162. 

(3) The reaction period was 7 h, and the compound was separated 
(58% yield) from Os,Hz(CO)lo and 2 by chromatography on silica gel with 
hexane-benzene as the eluant. Data for 1: yellow-orange crystals; mp 
15C-152 "C; IR (hexane) u(C0) 2129 (m), 2079 (a), 2054 (s), 2048 (s), 2038 
(s), 2025 (m), 2007 (ms), 1974 (m) cm-'; MS m / e  1086 (P)+. Anal. Calcd 
for C27H1809Si0s3: C, 29.89; H, 1.67. Found: C, 29.75; H, 1.55. 

(4) Crystal data (at 20.8 "C): space group PLl/c; a = 19.837 (2) A, b 
= 9.983 (1) A, c = 15.385 (1) A, @ = 98.62 (l)', V = 3012.3 A3, Z = 4, ~ 4 4  
= 2.392 g cm-,. Intensity data were collected by line profile analys~s on 
a Picker FACS-I automated diffractometer, graphite-monochromated Mo 
Ka radiation, to give 3951 reflections I > 2 . 3 ~ 4 0 .  The structure was 
solved by heavy-atom methods. Non-hydrogen atoms were refined with 
anisotropic temperature factors. The bridging hydride atoms were re- 
fined in the least squares (fixed U), but the phenyl hydrogen atoms were 
held a t  calculated positions. Final RF = 0.021 and R W p  = 0.025. Bond 
lengths quoted in Figure 1 are without thermal motion corrections. 

(5) Churchill, M. R.; DeBoer, B. G.; Rotella, F. J. Inorg. Chem. 1976, 
15, 1843. See also papers in the series: "Structural Studies on Polynu- 
clear Osmium Carbonyl Hydrides", e.g.: Churchill, M. R.; Bueno, C.; Hsu, 
W. L.; Plotkin, J. S.; Shore, S. G. Inorg. Chem. 1982,21, 1958. 

(6) Broach, R. W.; Williams, J. M. Inorg. Chem. 1979, 18, 314. 
(7) Sherwood, D. E.; Hall, M. B. Inorg. Chem. 1982,21, 3458. 

The 'H NMR spectrum of 1 in toluene-d, solution 
(Figure 2A) showed three equally intense, high-field res- 
onances, at  6 -8.58, -12.29, and -12.42, as expected from 
the solid-state structure. The 'H NMR resonances for 
bridging hydride ligands usually occur in the range -15 to 
-23 pprn., The small upfield shifts (from Me,%) observed 
for 1 can be attributed to the unsaturated nature of the 
cluster.8 It  is interesting that H(C) which is not directly 
involved in the OsH20s bridge also shows this abnormal 
shift. The signals a t  -8.58 and -12.42 ppm exhibited 
1870s-1H couplingsg of 44.1 and 44.9 Hz, respectively, and 
on the basis of this evidence are assigned to the hydrogen 
atoms H(A) and H(B) in the double bridge. (We observe 
a value of 46.9 Hz for this coupling in Os3H2(CO),,.) For 
the signal a t  -12.29 ppm two '870s-'H couplings were 
observed: 31.3 and 35.4 Hz.'O This is interpreted as 
arising from the coupling of H(C) with the two chemically 
distinct osmium atoms Os(1) and 0 4 2 )  although the ev- 
idence is not inconsistent with an asymmetric hydrogen 
bridge." Another interesting facet of the 'H NMR 
spectrum of 1 is that the resonances attributable to H(A) 
and H(B) are sharp singlets (even at  -40 "C) and show no 
evidence of 'H-'H coupling. This suggests there is no 
mixing of the three center-two electron 0sHOs molecular 
orbitals in the OsH20s grouping of 1. 

When a toluene-d, solution of 1 is warmed, the 'H NMR 
signals assigned to H(A) and H(B) broadened indicative 
of exchange between the two sites. Although the broad- 
ening was significant 105 "C (400-MHz operating fre- 
quency), the peaks were still far from coalescence. Fur- 
thermore, attempts to synthesize l specifically labeled with 
deuterium, by the reaction of O S ~ H ~ ( C O ) ~ ~  with Ph3SiD, 
were unsuccessful.12 (Even in the initial stages the 'H 
NMR spectrum of the reaction solution showed three 
equally intense hydride signals due to the product.) This 
suggested that a t  the temperature of synthesis (70 "C) 
there was also exchange between H(C) and the hydrogens 
in the 0sH20s unit which was too slow to be detected by 
NMR line broadening. This was confirmed by spin-satu- 
ration-transfer experiments. At room temperature, irra- 
diation of the signal at  -8.58 ppm caused marked transfer 
to the resonance at  -12.42 ppm (as expected) but not to 
that due to H(C) at  -12.29 ppm (which, in fact, showed 
a positive NOE effect) However, a t  75 "C there was sig- 
nificant transfer to the signal at  -12.29 ppm as illustrated 
in Figure 2B. 

The 13C NMR spectrum (natural abundance) of 1 in 
CDzC12 at  room temperature showed nine resonances 
(180.1, 178.3, 177.3, 175.9, 173.8, 172.2, 172.1, 166.8, 166.6 
ppm) which is, again, what one would expect from the 
solid-state structure. However, in toluene-d, a t  100 "C 
('%-enriched sample) the four signals at  174.0,172.1,166.6, 
and 166.4 ppm remained sharp but the others had almost 
completely collapsed into the base line. These results are 

(8) Humphries, A. P.; Kaesz, H. D. Prog. Inorg. Chem. 1979,25, 145. 
(9) Constable, E. C.; Johnson, B. F. G.; Lewis, J.; Pain, G. N.; Taylor, 

M. J. J. Chem. Soc., Chem. Commun. 1982, 754. 
(10) We have measured the 1870s-1H couplings of OS,(~-H),(CO)~- 

(SiCl,)? as 32.3 and 36.8 Hz (CD2C12 solution). Note also that  Lewis and 
coworkers found lmOs-'H couplings in the range 14.4-38.1 Hz for bridging 
hydride ligands in saturated osmium  cluster^.^ 

(11) The OsHOs bridges as determined by the diffraction study are 
all asymmetric. Because of the large errors associated with the hydrogen 
coordinates, it  cannot be certain that these asymmetries are genuine, 
although it would not be unreasonable in view of the different chemical 
characters of the three osmium atoms. 

(12) Contact with chromatographic material, which is known to cause 
hydrogen-deuterium exchange in Os3Hz(CO)l~3 was avoided in these 
experiments. 

(13) Andrews, M. A.; Kirtley, S. W.; Kaesz, H. D. Inorg. Chem. 1977, 
16, 1556. 
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