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The dihydride-olefin complex Osk;2-CH,=CHEL)(CO)(PPr). (2) reacts with HSiPh to give OsH(SiHPh)-
(CO)(PPr3), (3). The molecular structure & has been determined by X-ray diffraction (monoclinic, space
groupP2;/c with a = 16.375(2) Ab = 11.670(1) A,c =18.806(2) A8 = 107.67(1y, andZ = 4) together with

ab initio calculations on the model compound QEBIH3)(CO)(PH).. The coordination geometry around the
osmium center can be rationalized as a heavily distorted pentagonal bipyramid with one hydrido ligand and the
carbonyl group in the axial positions. The two other hydrido ligands lie in the equatorial plane, one between the
phosphine ligands and the other between the SjHffbup and one of the phosphine ligands. Complecan

also be prepared by reaction of OgPHH,BH,)(CO)(PPrs); (4) with H,SiPh. Similarly, the treatment of with

HSIiPHh affords OsH(SiPh)(CO)(PPr): (5), while the addition of HSiPh to4 in methanol yields Osp{ Si(OMe)-

PH (CO)(PPrs), (6). Complex2 also reacts with HGeRand HSnR to give OsH(GeRs)(CO)(PPr), (GeRs =

GeHPh (7), GePh (8), GeEg (9)) and OsH(SnRs)(CO)(PPrs); (R = Ph (L0), "Bu (11)), respectively. In solution,
compounds3 and5—11 are fluxional and display similaiH and3!P{1H} NMR spectra, suggesting that they
possess a similar arrangement of ligands around the osmium atom.

Introduction OsHCI(CO)(PPr,), + HSIiEt, —

The fact that the 5d metals form stronger bonds than their Os|-|z(SiEt3)C|(CO)(|jPr3)2r>
3d and 4d counterparts with the ligands typically involved in . 5 .
catalytic transformations has led in the past to the general Os(SIEYCI(n-H,)(CO)(PPry), (1)

assumption that reactions involving third-row transition metal ) . )
complexes are too slow for catalytic cycles and are thus of no basic knowledge of the leading factors of the catalytic cycles,

practical use in catalysis. Over the last few years, a number of that is, the elementary steps of the catalysis. Therefore, in
interesting examples of organic transformations catalyzed by connection Wlth the hydrosilylation reactions, thg additions of
third-row transition metal complexes have emerged in the Silanes, and, in general, of group 14 element hydrido compounds
literature, indicating that a judicious choice of the mefajand to trans_|t|on metz_al hydrido complexes are elementary reactions
system may also lead to active third-row catalystn this of considerable intereS¢ _ _ .
respect, we have reported examples, from the iron triad, which Ve recently reported that the reaction of the five-coordinated
show that not only iron and ruthenium but also osmium form hydrldo—carbongl complext with "BuLi affords7the dihydrido
complexes which behave as good catalysts for the addition of COMPlex OsH(7*-CH=CHEN)(CO)(PPr). (2).” Continuing
silanes to terminal alkynés* Thus, the five coordinate  °Ur stu_dy on the interaction of_osmlurhy_dndo complgxes Wlth
hydrido—carbonyl complex OsHCI(CO)(Pr). (1) was found potentially useful molecules in catalysis, we have investigated

to be a very active and highly selective catalyst for the addition € addition of group 14 element hydrido compounds to the
of triethylsilane to phenylacetylene. The catalytic reaction dinydrido OsH(;7*-CH=CHED(CO)(PPry), (2). During this

proceeds via the silyidihydrogen intermediate Os(SHEEI(17%- study, we have isolated complexes of general formulag(Bst)-
H)(CO)(PPrs),, which is formed according to eq?2l. (CO)(PPry), (E = Si, Ge, Sn). Compounds of the type MLgH

. . ' i i ' 8,9
The design of new catalysts and new processes requires dCre) are relatively scarce in the iron triad. Schuberal®®
ave described the synthesis and the spectroscopic properties

of the iron—trihydrido—silyl complexes Fek{SiRs)(PRs); and

T Universidad de Zaragoza, CSIC.
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§ Universitat Autmoma de Barcelona. (5) Ojima, I. The Chemistry of Organic Silicon Compoundatai, S.,
® Abstract published im\dvance ACS Abstractsanuary 15, 1996. Rappoport, Z., Eds.; Wiley: New York, 1989; Chapter 25.
(1) Chaloner, P. A.; Esteruelas, M. A.; Joo, F.; Oro, L.Hamogeneous (6) Esteruelas, M. A.; Lahoz, F. J.; OliwaM.; Ohate, E.; Oro, L. A.
Hydrogenation Kluwer Academic Publishers: Boston, MA, 1994. Organometallics1995 14, 3486.
(2) Esteruelas, M. A.; Oro, L. A.; Valero, @rganometallics1991, 10, (7) Albéniz, M. J.; Buil, M. L.; Esteruelas, M. A.; Lgez, A. M.; Oro, L.
462. A.; Zeier, B.Organometallics1994 13, 3746.
(3) Esteruelas, M. A.; Lpez, A. M.; Oro, L. A.; Tolosa, J. 1J. Mol. (8) Knorr, M.; Gilbert, S.; Schubert, W. Organomet. Cheni.988 347,
Catal. A: Chem1995 96, 21. C17.
(4) Sachez-Delgado, R. A.; Rosales M.; Esteruelas, M. A.; Oro, L1.A. (9) (a) Schubert, U.; Gilbert, S.; Mock, &hem. Ber.1992 125 835.
Mol. Catal. A: Chem1995 96, 231. (b) Procopio, L. J.; Berry, D. HJ. Am. Chem. S0d.991, 113 4039.

0020-1669/96/1335-1250$12.00/0 © 1996 American Chemical Society



Oxidative Addition to Osk(72-CH,=CHEL)(CO)(PPr), Inorganic Chemistry, Vol. 35, No. 5, 1994251

(@ (b) (©

355 K 900000 s
431 ms
273 K /\ A A\ 6100 s’
sk e oo s
254 ms

257 ms -1
2wk N N s

283 ms
284 ms R
213K 198

M T LA ARRR LR RN AR RARRRRARRRRRRS
9 -10 -1 9 10 !

Figure 1. Variable-temperature 300-MHi NMR spectra in the high-field region of OsBiHP)(CO)(PPr), (3) in tolueneds: (a) *H; (b)
IH{31P}; (c) simulated.

FeHs(SiRs)(CO)(dppe) (dppe= PhhPCHCH,PPh) and the (a

)
iron—trihydrido—stannyl derivatives FeliSnR;)(PRs)3, which
have a pseudotetrahedral heavy-atom skeleton. The same
skeleton has been found in the rutheniutrhydrido—silyl
compound Rubk(SiMes)(PMe&s)s.° Related rutheniumtri-
| JAM

hydrido—silyl derivatives have also been synthetized by Kono
et al,'% Haszeldineet al,'* and Caultoret al'? As far as we (b
know, ruthenium-trihydrido—stannyl and iror- and ruthenium-
trihnydrido—germyl complexes have yet to be reported.

In this paper we report the synthesis and characterization of [\
the first trihydrido-silyl, trihydrido—germyl, and trihydride-
stannyl compounds of osmium. Moreover, the trihydrido T ——— —
germyl complexes are also the first examples of compounds of -9 -10 -11 ppm
this type in the iron triad.

Figure 2. 'H NMR spectra in the high-field region of OsH

Results and Discussion (SIHPh)(CO)(PPr), (3) in tolueneds: (a) *H {H }; (b) H.

Silyl Derivatives. The dihydrido-1-butene complex Og- _The*H and®P{*H} NMR spectra are temperature dependent.
CH,=CHEL)(CO)(PPr), (2) reacts with 2 equiv of bSiPh in Figure 1 shows théH and*H{3!P} NMR spectra in the hydrido

hexane to give a colorless solution, from which the trihydrido ~ "€gion as a function of the temperature. At 193 K ti¢>'p}
silyl complex OsH(SiHPB)(CO)(PPr), (3) was isolated as a  NMR spectrum (Figure 1b) shows a singlet&t1.18 ppm and

white solid in 75% yield. another apparent singlet&8.11 ppm, with a relative intensity

In the IR spectrum of3 in Nujol, the most noticeable ratio Qf 1:2. These signals are split into a triplet with aHlp
absorptions are those corresponding to the vibrati¢8s—H), coupling constant of 15 Hz and into the AB part of a second
»(Os—H), andv(CO), which appear at 2075, 1995, and 1890 °rder ABXY splitting pattern (Figure 1a) as a result of theHp
cmL, respectively. At room temperature, tHél NMR coupling. When the temperature is raised, both resonances

spectrum shows the expected resonances for the triisopropyl-c?alesce to give finally a triplet at 355 K. At 193 K, th#°-
phosphine ligands and the phenyl groups of the diphenylsilyl {*H} NMR spectrum show_s a broad resonance between 35 and
ligand, along with a triplet at 6.52 ppnie = 12.1 Hz) 39 ppm. The spectra of Figure 1 suggest that compleas a

assigned to the SiH proton, and a broad resonance-3.65 rigid structure only at low temperature. In this structure the
ppm due to the three hydrido ligands. TB®{H} NMR _hydr|d0 ligands are chemically |neqU|v_aIent, and one _of them
spectrum contains a singlet at 37.3 ppm. is not coupled with the other two, as is proved by Figure 2,
which shows that irradiation of the signal-aL1.18 ppm leaves
(10) Kono, H.; Wakao, N.; Ito, K.; Nagai, \d. Organomet. Chenl977, unaffected that at-9.11 ppm.
132 53. In order to determine the structure &fan X-ray diffraction

(11) ?93‘75;91'?2”%2% N.; Malkin, L. S.; Parish, R. ¥.Organomet. Chem.  ayperiment on a single crystal of this compound was carried
(12) Poulton, J. T.; Sigalas, M. P.; Eisenstein, O.; Caulton, KInGtg. out. Unfortunately, from the X-ray diffraction study, it was

Chem.1993 32, 5490. not possible to locate the hydrido positions. Figure 3 shows a
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H(5)

cle)
Figure 3. Molecular diagram of compleS.

Table 1. Selected Bond Lengths (A) and Angles (deg) for the
Complex OsH(CO)(SiHPh)(PPr), (3)

Os-P(1) 2.362(2) 0sC(1) 1.916(9) H(8)
Os—P(2) 2.389(2) c(o 1.142(11) ; i ;
Osi 2.448(2) Figure 4. MP2 optimized structure of complex Os(8iHz)(CO)(PH;)..
_ - Table 2. Most Important Optimized Geometrical Parametarfsthe
P(1-Os—P(2)  146.06(7)  OsSi—C(26) 115.0(3) .
P(1-Os-Si 117.91(7)  OsSi—H(04) 110(2) Complex OsH(SiH:)(CO)(PH).
P(1)-0Os-C(1) 96.8(3) C(20)Si—C(26) 105.5(3) Os-P(1) 2.362 H(2y-H(3) 2.459
P(2)-Os-Si 91.23(7) C(20¥ Si—H(04) 102(2) Os—P(2) 2.388 H(2)-H(1) 2.217
P(2)-0s-C(1) 89.7(2) C(26)Si—H(04)  105(2) Os-Si 2.448 H(2)--H(3) 3.227
Si—0s-C(1) 107.7(2) 0OsC(1)-0 178.1(7) 0Os—C(1) 1.916 Si-H(1) 2.528
Os—Si—C(20) 117.2(3) Cc(1)-0 1.142 Si-*H(2) 3.981
Os—H(1) 1.685 Si--H(3) 1.869
view of the skeleton of the molecule. Selected bond distances  Os—H(2) 1.668
and angles are listed in Table 1. Os-H(3) 1.655
The heavy atom skeleton 8fcan be described as a distorted P(1-Os-P(2) 146.1 C(1¥Os-H(2) 96.2
trigonal pyramid with the carbonyl ligand in the axial site. The P(1)-Os-Si 117.9 Si-0s—C(1) 107.6
silicon and both phosphorus atoms are at the base sites, with Eg)):gs—ﬁgg gﬁg g‘rgs—:% 12%-?
ili S— . =0s— .
the silicon _ano_| one of the t\ivo phgsphorus at(_)_ms Eent away P(1)-Os-H(2) 254 S-Os—H(3) 29,7
from the axial ligand (P(1yOs—C(1) = 96.8(3}, Si—Os—C(1) P(1)-Os-H(3) 70.7 C(1)-Os—H(1) 1781
=107.7(2)). The angles between the basal ligands are-P(1) P(2)-Os-Si 91.2 C(1y-0s—H(3) 86.9
Os—P(2)= 146.06(7j, P(1)-Os—Si= 117.91(7), and P(2) P(2-0s-C(1) 89.8 H(1}-0s—H(2) 82.7
Os—Si = 91.23(7). P(2}-0s—H(1) 88.4 H(1)}-Os—H(3) 94.8
Theoretical studies with geometry optimization have proved  P(2)-Os-H(2) 70.7 H(2)-0s—H(3) 152.3
P(2)-0s—H(3) 136.9

to be efficient locating hydrido positions in transition metal
complexed3 For example, the full structural determination of aDistances in A, angles in deg. Heavy atoms fixed at the positions
the complex Re{SiHPh,)(CO)(PMePh), for which only the found in the X-ray determined values of O£BiHPH,)(CO)(PPr)..
position of the heavy atoms were determined by X-ray diffrac-
tion, was achieved by means alp initio calculations4 With tions in the OsECSi core. Thus, one of the hydrido ligands is
this precedent in mind, we have carried abtinitio calculations ~ trans to the carbonyl group (C(2Ps—H(1) = 178.T), while
at the MP2 level, in order to locate the hydrido positions in the others lie between P(1) and P(2) (H(2)) and between P(1)
complex 3. For this purpose the triisopropylphosphine and and Si (H(3)).
diphenylsilyl ligands were replaced by Rlnd SiH, respec- The hydroger-hydrogen separations between the hydrido
tively. The positions of the heavy atoms were fixed at the values ligands (more than 2.2 A) and tfie values shown in Figure 1
determined by X-ray diffraction, and energy gradient optimiza- rule out the possibility of the existence of a dihydrogen ligand.
tion techniques were used to find the position of the hydrido However, the eventual presence ofigHSIR; group is more
ligands. Different starting geometries were tested, all converg- arguable. The hydrido ligand H(3) is near the silicon ator-(Si
ing to the same structure. Figure 4 presents this optimized H(3) = 1.869 A) but with a very elongated distance, compared
structure, and Table 2 summarizes the most significant geo-to the normal Si-H bond length (1.48 A). The SiH distances
metrical parameters. in compounds formulated ag-HSiR; are in the range 1:7

In agreement with théH NMR spectrum of3 at 193 K, the 1.8 A6 and in general their structures resemble more closely
theoretical calculations localized the hydrido ligands in chemi- those of oxidative addition products than thosez@omplexes

cally inequivalent positions, which correspond to vacant posi- With an unstretched SiH bond!’ The bond angles in the model
compound Osk(SiHz)(CO)(PH), (Table 2) can be hardly

(13) Lin, Z.; Hall, M. B. Coord. Chem. Re 1994 135/136 845 and assigned to an octahedron as should correspond to the presence
references cited therein. of an #2-HSiRs; ligand. On the contrary, all the geometrical

14) Lin, Z.; Hall, M. B. Inorg. Chem.1991, 30, 25609. . . o
El5g A full ‘geometry optimigzation of complex OsSiHs)(CO)(PH): parameters are more consistent with heptacoordination around

yielded a very similar geometry to that obtained with the frozen heavy-
atom skeleton, differences being smaller than 0.05 A in the bond (16) Schubert, UAdv. Organomet. Chenl99Q 30, 151.
distances and5in the bond angles. (17) Crabtree, R. HAngew. Chem., Int. Ed. Endl993 32, 789.
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the metal atom. Moreover the angles between the metal, thethe CO group and the H(1) hydrido ligand. If it were a regular
silicon atom, and the silyl hydrogens (H(10), H(11), and H(12)) PB, the other five ligands (P(1), P(2), H(2), H(3), and Si) would
are roughly tetrahedral (between 109 and °}1Whereas the lie in the equatorial plane, with interequatorial ligand angles of
angles between H(3), Si, and the silyl hydrogens deviate much72 and 144. Taking XY as the equatorial plane, the P(2) and
more from the tetrahedral ones (H{3i—H(12)= 151.5). The H(3) ligands are in the plan&(= 0.01 and 0.09 A, respec-
environment of the silicon atom & is also tetrahedral with tively), H(2) and P(1) are slightly bent away from this plade (
bond angles between 117.1(2) and 102(gyable 1). In = —0.18 and—0.28 A, respectively) and the silicon atom is
addition, it should be mentioned that for hydriddiphenylsilyl far from the regular PB positiorz(= —0.75 A). P(2)-Os—Si
compounds, there exists a relationship between th&i€C and P(1}-Os—Si angles are 91.2 and 117,9espectively. An
angle of the diphenylsilyl ligand and the extent of the oxidative alternative is to describe the model compound as a distorted
addition. Thus, for the complexes I5s(SiHPh)(PMes)s!8 and capped trigonal prism, with H(2) as a capping ligand, P(1), P(2),
RuH(SiHPB)(CO)(PBu,Me),!® the angles E&Si—C are H(1), and C (from CO) atoms forming the capped quadrilateral
102.5(4) and 102.5(3) A, respectively, and the-Bihas been face, and Si and H(3) forming the edge of the CTP. However,
fully oxidatively added to the metal, whereas in the complexes as it corresponds to different bond lengths, the four ligands of
CrH(SiHPh)(178-CeMeg) (CO),2° Mn(15-CsHsMe) (H)(SiHPh)- the quadrilateral face are not in a plane. The dihedral angle
(CO)(PMe), Mn(;5-CsMes)(H)(SiHPh)(CO),2t and Tigp®- between the planes P@RP(2)-H(1) and P(2)-H(1)—C is 28.8.
CsHs)2(H)(SiHPh)(CO)(PMe)?2 the related angles are Therefore, we think it is more reasonable to describe the
105.9(2), 106.4(2), 107.0(1), and 105.4(Xespectively, and coordination polyhedron of the model compound Q&iHs)-

the Si-H bonds interact in an agostic fashion. For com@ex (CO)(PH),, and consequently 08, as a heavily distorted
the value of the angle C(285i—C(26) determined by X-ray  pentagonal bipyramid.

diffraction is 105.4(3). On the basis of the above mentioned ~ Complex3 can also be obtained by reaction of the octahedral

considerations, we formulate compl&ss a trihydride-silyl— compound OsHf2-H,BH)(CO)(PPrs), (4) with H,SiPh in
osmium (IV) derivative, although possibly with some residual methanol as solvent (Scheme 1). Through this route, complex
Si—H interaction. 3was isolated in 70% yield. Similarly, the treatmentdafith

Having formulated comple8 as a heptacoordinate osmium HSiPh affords OsH(SiPh)(CO)(PPrs), (5), while the addition
derivative, we can try to relate its structure, on the basis of the of H3SiPh to a suspension d@fin methanol yields Osg{ Si-
theoretical calculations, to the most common regular polyhedra (OMe),Ph; (CO)(PPr), (6), containing a dialkoxysilyl ligand.
found in seven-coordinate molecules: pentagonal bipyramid The (dialkoxysilyl)iridium (111) compounds Irb{ Si(ORLPH} -
(PB), capped octahedron (CO), and capped trigonal prism (CO)(PCys) (R = Me, Et,Pr) have been recently prepared by
(CTP)% None of these three ideal coordination polyhedra a similar procedur&* Previously, Caulton and co-workers had
reproduces accurately the bond angles presented in Tables Ieported that the reaction of Cp*RUiffRPh)(OCHCFs) with
and 2. The most clear structural features of the model H,SiPh gives two products, one of which is the alkoxysilyl
compound Osk{SiHz)(CO)(PH), is the trans disposition of derivative Cp*Ru(FPr,Ph)H{ Si(OCHCFs)Phy} .25
Complexesb and 6 were isolated as white solids in 75 and
(18) Zarate, E. A.; Kennedy, V. O.; McCune, J. A; Simons, R. S.; Tessier, 65% yield, respectively. In the IR spectra in Nujol th@©s—

C. A. Organometallics1995 14, 1802. ;
(19) Heyn, R. H.; Huffman J. C.. Caulton, K. Glew J. Chem1993 17, H) and»(CO) absorptions appear at 200gnd6), 1890 &),

797. and 1900 §) cm™1. The spectrum 06 also contains a strong
(20) Schubert, U.; Miler, L.; Alt, H. G. Organometallics1987, 6, 469. band at 1075 cm!, which was assigned to the(Si—O)
(21) Schubert, U.; Scholz, G.; Mar, J.; Ackermann, K.; Wgde, B.; ; i 24,26 1 31pf1

Stansfield, R. F. DJ. Organomet. Chemi986 308 303, vibration: The H and 3P{'H} NMR spectra of these
(22) Spaltenstein, E.; Palma, P.; Krentzer, K. A.; Willoughby, C. A.; Davis,

W. M.; Buchwald, S. LJ. Am. Chem. S0d.994 116, 10308. (24) Esteruelas, M. A.; Lahoz, F. J.; OlivaM.; Omate, E.; Oro, L. A.
(23) (a) Muetterties, E. L.; Guggenberger, LJJAmM. Chem. Sod.974 Organometallics1994 13, 4246.

96, 1748. (b) Drew, M. G. BProgr. Inorg. Chem1977, 23, 67. (c) (25) Johnson, T. J.; Coan, P. S.; Caulton, K.I@rg. Chem.1993 32,

Hoffmann, R.; Beier, B. F.; Muetterties, E. L.; Rossi, A. Rorg. 4594,

Chem.1977, 16, 511. (d) Kepert, D. LProgr. Inorg. Chem1979 (26) Esteruelas, M. A.; Nmberg, O.; Oliva, M.; Oro, L. A.; Werner, H.

25, 41. Organometallics1993 12, 3264.
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compounds show a dependence on temperature similar to that 927 ms
previously described fd8. At room temperature, thdd NMR A
spectrum of5 in the hydrido region shows a broad resonance

centered at-9.76 ppm. At 193 K this resonance is converted

into a triplet at—9.39 ppm, with a P-H coupling constant of 073 K
20.5 Hz, and the AB part of a second-order ABXY splitting

pattern centered at9.92 ppm. At room temperature, the

NMR spectrum of6 in the high field region shows a triplet at 408 ms

—10.89 ppm with a PH coupling constant of 8.8 Hz, while at 253 K
193 K, it contains again a new triplet at10.04 ppm, with a 290 ms 280 ms
P—H coupling constant of 20.0 Hz and the AB part of a second-

order ABXY splitting pattern centered at10.95 ppm. At room ____#/L_____/\______ 233 K
temperature, théP{1H} NMR spectra show singlets at 24.6 234 ms 297 ms

(5) and 30.06) ppm. At 193 K, these singlets are broad. The

above-mentioned spectroscopic data suggesbtaatl6 present )\ 213 K

a coordination polyhedron around the osmium atom similar to

293 K

3. 306 ms 250 ms
Germyl and Stannyl Derivatives. The dihydride-olefin
complex2 also reacts with bGePh, HGePh, and HGeEf to k 193 K
give the corresponding trihydridegermyl derivatives7—9
according to eq 2. f T T ' ! T 1
-9.5 -10.0  -105 -11.0 -11.5  ppm
PiPr, H Figure 5. Variable-temperature 300-MH# NMR spectra in the high-
H co H | P'Prs field region of OsH(GeEg)(CO)(PPrs), (9) in tolueneds.
H>0s<l +HGeR, ——— >05<—p_-| C =Ny @
F|,‘Pr Et RaGe lo PPrs under off-resonance conditions split into quartets due to thig P
3

coupling. At 193 K, both singlets are broad.
RyGe = GeHPh,(7), GePhy(8), GeEts(9) Complex2 also reacts with and HSnpPhand HSABus The
products of the reactions are the trinydriektannyl derivatives
Complex7 was isolated as a yellow oil in quantitative yield, OSH(SnPR)(CO)(PPr). (10) and OsH(SMBu3)(CO)(PPr).
and characterized biH and31P{1H} NMR spectroscopy. At (11), WhICh are formed according to eq 3. We note that the
room temperature thtH NMR spectrum in toluenég shows dihydride-distannyl complex Osp{SnMe}(CO)(PPh), has
the expected resonances for the triisopropylphosphine ligandsP€€n previously synthetized, by oxidative addition of HSpMe
and the phenyl groups of the diphenylgermy! ligand, along with t© OSH(SnMe)(CO)(PPh)2.2
a triplet at 5.78 ppm, with aPH coupling constant of 11.7
Hz, assigned to the GeH proton and a triplet at-9.80 ppm, | y T PP,
with a P-H coupling constant of 15 Hz. Below room H>05<°° +HSNR, ——= ~NosZn . — @
temperature, a broadening of the latter triplet is observed. The" | la Rssn l\pim Bt
variable temperature 300-MHE, study of the signal at-9.80 PPrs co
ppm gives ar;(min) of 270 ms at 253 K, in agreement with 2
the trihydrido character of. At room temperature thé'P-
{*H} NMR spectrum shows a singlet at 38.9 ppm, which

becomels broad at 193 K. isol hi lids i complex11 was isolated as an orange oil in quantitative yield.
Complexes8 and 9 were isolated as white solids in 68)( | the |R spectrum ofL0, the most noticiable absorptions are

and 60% 9) yield. In the IR spectra in Nujol the(Os—H) the »(Os—H) and»(CO) vibrations, which a
. , ppear at 2080 and
andy(CO) absorptions appear at 19 and 1957 ) and at 1966 cn1l, respectively. In the high field region, tAel NMR

1867 @) and ;87'0 Q)fCI’TH respectively. The tempﬁratl#re spectra of both compounds are similar. At room temperature,
dependent behavior of tHeél NMR spectrum oB is as that o they show triplets at-9.90 (p_y = 15.1 Hz,10) and—10.72

7. At room temperature, the spectrum contains in the hydrido (Jpn = 13.5 Hz,11). Satellites due to the Sn isotopes are

region a triplet at=9.63 ppm fp—y = %HZ)’ which is broad 555 gpserved near these resonances. The values of tHe Sn
at 193 K'. However, ac.co.rdlng to the NMR _spectrum9 coupling constants are 52.20) and 68.1 {1) Hz. Below room
behaves in a manner similar to the dialkoxysilyl comp@x o herature, a broadening of the triplets is observed. The triplet
(Figure 5). Atroom temperature the hydrido resonances appeary 1 gives finally, at 178 K, two broad resonances at about
as only one bro_ad triplet aHO-“l. ppm. Below room —10 and—11 ppm with an intensity ratio of 1:2. At room
temperature, the s.lg?]nal broadensl,.to give fmally?KQa triplet . temperature théP{*H} NMR spectra show singlets at 39.3

at —11.20 ppm with a P-H coupling constant o 21 Hz, an (10) and 34.0 11) ppm along with the satellites due to the Sn
the AB part of a S(_acond order AB)_(Y spin system centered at isotopes, with P-Sn coupling constants of 69.2@) and 33.4
~9.90 ppm. In this case, the variable temperature 300-MHz 1y i, " ynder off-resonance conditions, both singlets are split
Ty study rules out also the possibility of dihydrogen association j; quartets due to the -/H coupling. At 193 K, both

for the trihydride moiety. The spectra of Figure 5 indicate that resonances are broad. ' '

pomp_lex9 has, as do_compouncnsS, an_d6, three chemically . The behavior in solution of the three types of compounds
inequivalent hydrido ligands, one of which does not couple with MHa(ERs)(CO)(PPR), (E = Si, Ge, Sn) described is similar

the other two. Therefore, we assume that the structures of theg,qesfing that all of them have the same arrangement of ligands
trihydrido—germy! derivatives’—9 are the same as the struc- around of the osmium atom. However, the interactions of the
tures of the trihydride-silyl complexes3, 5, and 6. In

agreement with this, th&'P{'H} spectra of8 and9 at room (27) Clark, G. R.; Flower, K. R.; Rickard, C. E. F.; Roper, W. R.; Salter,
temperature show singlets at 358 &and 27.7 ) ppm, which D. M.; Wright, L. JJ. Organomet. Chenl993 462, 331.

2

P'Pry

R = Ph(10), "Bu(11)

Complex10was isolated as a white solid in 75% yield, while




Oxidative Addition to Osk(72-CH,=CHEL)(CO)(PPr),

silyl, germyl, or stannyl groups with one of the three hydrido
ligands of the complexes merits further consideration. In
solution, complexes3 and 5—11 are fluxional, with the
chemically inequivalent hydrido ligands interchanging their
positions?® Because the hydrido exchange must involve the
cleavage of the hydridesilyl, —germyl, or—stannyl residual
interaction and the $&—H bond energies decrease in the
sequence St Ge > Sn2° one might expect a higher barrier of
activation for the fluxional process in the silyl and germyl
compounds than in the stannyl derivatives. In fact, the
enthalpies of activation for the silyl and germyl compleges
(10.6+ 0.2 kcal mot?) and9 (11 + 0.4 kcal mot?) are higher
than the enthalpy estimated for the stannyl derivaii@éabout

6 kcal mol?).

Concluding Remarks

This study has revealed that the dihydrigdefin complex
OsHy(72-CH,=CHE1)(CO)(PPrs), reacts with RE—H to give
the corresponding OS¥ER3)(CO)(PPr), (E = Si, Ge, Sn),
which can be formulated as derivatives of osmium (IV) with a
weak H-E agostic interaction.

For the three types of compound the arrangement of the
ligands around the osmium atom is the same. In the solid state

and in solution at very low temperatures the coordination
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(b) A suspension of Oshj-H,BH,)(CO)(PPr), (100 mg, 0.18
mmol) in 5 mL of methanol was treated with,&iPh (70 uL, 0.36
mmol) and the mixture stirred fdl h atroom temperature. A white
solid was formed. The solvent was decanted and the solid washed
with methanol and dried in vacuo: yield 91.4 mg (70%). Anal. Calcd
for Cs1Hs¢OOsSRSI: C, 51.36; H, 7.78. Found: C, 51.21; H, 8.29. IR
(Nujol, cm™): »(Si—H) 2075, v(0Os—H) 1995, +(CO) 1890 (s). *H
NMR (300 MHz, GDg): 6 8.07 (d, 4HJ4—n = 6.9 Hz,0-C¢Hs); 7.38
(dd, 4H,J4-1 = Ju—w = 9.1 Hz,m-C¢Hs); 7.15 (overlapped with the
signal of benzenes, p-CeHs); 6.52 (t, 1H,Jp—y = 12.1 Hz, Si-H);
2.21 (m, 6H, PE@ICHy); 1.12 (dvt, 36HN = 14.1 Hz,Jp_y = 7.2 Hz,
PCHQH3); —9.65 (br, 3H, OBl3). 3P{*H} NMR (121.421 MHz,
CeDe): 0 37.3 (S)

IH NMR (tolueneds, 193 K) in the hydride regiond —11.18 (t,
1H, Jp-y = 15.0 Hz);—9.11 (2H, AB part of a second order ABXY
spin system).

Preparation of OsHs(SiPhg)(CO)(P'Pr3), (5). A suspension of
OsH@?-H,BH,)(CO)(PPrs), (120 mg, 0.22 mmol) in 5 mL of methanol
was treated with HSIRH{172 mg, 0.66 mmol). After the mixture was
stirred for 20 min at room temperature, a white solid precipitated. The
mixture was decanted and the resulting white solid repeatedly washed
with methanol and dried in vacuo: yield 140 mg (75%). Anal. Calcd
for C37He0OOSRSI: C, 55.47; H, 7.55. Found: C, 55.53; H, 8.03. IR
(Nujol, cm): 1¥(Os—H) 2000, »(CO) 1890. H NMR (300 MHz,
CeDe): 0 8.03 (d, 6H,JH7H =6.6 HZ,O-C6H5); 7.02 (m, 6H,I’T'I-C5H5);

7.27 (t, 3H,J4-n = 7.1 Hz; p-CeHs); 1.88 (m, 6H, PEICH3); 1.01
(dvt, 36H,N = 12.9 Hz,J-4 = 6.9 Hz, PCH®3); —9.76 (br, 3H,

polyhedra can be described as a very distorted pentagonalog_|3)_ 3P[1H} NMR (121.421 MHz, GDg): & 24.6 (s).

bipyramid with a hydrido ligand and the carbonyl group in the

1H NMR (tolueneds, 193 K) in the hydride regiond —9.92 (2H,

axial positions. The other two hydrido ligands lie in the Ap part of a second order ABXY spin system)9.39 (t, 1H,Jp_y =
equatorial plane, one between the phosphine ligands and thexg 5 Hz).

other between the & group and one of the phosphine ligands.
In solution at room temperature all compounds are fluxional.

Preparation of OsHs{ Si(OCH?3),Ph} (CO)(P'Pr3), (6). A suspen-
sion of OsH(2-H,BH)(CO)(PPr3), (120 mg, 0.22 mmol) in 4 mL of

In conclusion, we report the synthesis and characterization methanol was treated withs8iPh (166 mg, 0.3 mmol) and the mixture

of the first trihydrido-silyl, trinydrido—germyl, and trihydride-
stannyl derivatives of osmium(lV). The trihydridgermyl

stirred fa 1 h atroom temperature. The solution was stored-@8
°C for 24 h . A white solid was formed. The mixture was decanted

for the iron triad.

Experimental Section

General Considerations. All reactions were carried out under an

vacuo: yield 137 mg (65%). Anal. Calcd forfi50;0sRSi: C,
45.7; H, 7.96. Found: C, 45.86; H, 9.06. IR (Nujol, th »(Os—
H) 2000,»(CO) 1900,(Si—0) 1075 (s). *H NMR (300 MHz, GDg):
0 8.05 (d, 2H,Jy-n = 6.6 HZ,O-C6H5); 7.35 (dd, 2HJ4-n = 6.6 Hz,
Jv-n =75 HZ,rﬂ-CeHs); 7.19 (t, 1H,J4-n = 7.5 HZ,p-CeHs); 3.66

argon atmosphere by using Schlenk techniques. Solvents were dried(S, 6H, S=OCHj); 1.99 (m, 6H, PEICHy); 1.08 (dvt, 36HN = 13.1

and purified by known procedures and distilled under argon prior to
use. The starting complexes Oghf-CH,=CHEL)(CO)(PPr), (2)” and
OsH?-H2BH,)(CO)(PPr), (4)%° were prepared by a published method.
Physical Measurements.NMR spectra were recorded on a Varian
UNITY 300 or on a Bruker AXR 300 spectrometer at room temperature

unless stated. Chemical shifts are expresed in parts per million, upfield

from Si(CHs)4 (*H) and 85% HPO, (**P{*H} NMR spectra). Coupling
constants) andN (N = J(HP) + J(HP)) are given in Hertz. Th&;

experiments were performed on a Varian UNITY 300 spectrometer mixture was stirred fo6 h atroom temperature and concentrated

with a standard 186-7—90° pulse sequenceT; values are given in

Hz, Jp-4 = 7.1 Hz, PCH®3); —10.89 (t, 3H,Jp-1 = 8.8 Hz, O#i3).
31p{1H} NMR (121.421 MHz, GDg): 6 30.0 (s).

IH NMR (tolueneds, 193 K) in the hydride regiond —10.95 (2H,
AB part of a second order ABXY spin system)10.04 (t, 1HJp-n =
20.0 Hz).

Preparation of OsHz(GeHPh,)(CO)(P'Pr3), (7). A solution of
OsHy(172-CH,=CHEL)(CO)(PPr), (ca. 200 mg, 0.35 mmol) in 5 mL
of hexane was treated with,8ePh (159.6 L, 0.70 mmol). The

n
vacuo to dryness, leaving a yellow oitH NMR (300 MHz, GDe):

milliseconds (ms). Infrared spectra were recorded on a Perkin-Elmer ¢ 8.02 (dd, 4HJy-n = 6.6 Hz, Jy—r = 1.0 Hz,0-CeHs); 7.31 (t, 4H,
783 spectrometer using Nujol mulls on polyethylene sheets. C and H 3, = 6.6 Hz,Jy_p = 7.2 Hz,m-CsHs); 7.18 (m, 2H,p-CeHs); 5.89

analyses were carried out on a Perkin-Elmer 240C microanalyzer.
Preparation of OsH;(SiHPh,)(CO)(P'Pr3)2 (3). The complex can
be prepared by using two different procedures.
(a) A solution of Osk(57%-CH,=CHELt)(CO)(PPr), (ca. 200 mg,
0.35 mmol) in 5 mL of hexane was treated withSiPh (135.6uL,
0.70 mmol). The mixture was stirredrfé h atroom temperature and

(t, 1H, Jp—n = 11.5 Hz, Ge-H); 2.19 (m, 6H, PEICH5); 1.04 (dvt,
36H,N = 14.1 Hz,Jp-y = 7.1 Hz, PCH®3); —9.72 (t, 3H,Jp-n =
14.9 Hz, Os$i3). 3P{*H} NMR (121.421 MHz, @D¢): 6 38.9 (s).
H NMR (tolueneds, 193 K) in the hydride regiond —9.72 (br,
3H).
Preparation of OsHs(GePh)(CO)(PPr3), (8). A solution of

concentrated in vacuo to dryness. Addition of methanol to the resulting OsHy(172-CH,=CHE1)(CO)(PPry), (ca. 150 mg, 0.261 mmol) in 5 mL
residue gave a white solid. The mixture was decanted and the resulting ¢ hexane was treated with HGePHL59 mg' 0.522 mmol). The
white solid was washed with methanol and dried in vacuo: yield 190.3 ixiure was stirred fo6 h atroom temperature, and a white solid was
mg (75%). formed. The solvent was decanted and the solid washed with hexane
and dried in vacuo: yield 137 mg (62%). Anal. Calcd fosiso-
(28) Because the chemical shift of the triplets is more dependent upon the GeOOsR: C, 52.55; H, 7.15. Found: C, 53.05; H, 7.40. IR (Nujol,
nature of the ERgroups than the chemical shift of the ABXY systems,  cpyl): 3(Os—H) 1966, »(CO) 1867. 'H NMR (300 MHz, GDg): o
we assign the triplets to the corresponding H(3) hydrido ligands. 8.03 (d. 6H.Jyn = 7’5 Hz.0-CeHe): 7.56 (m. 6H.m-C H’ -7.93 (t
(29) (a) Jackson, R. Al. Organomet. Cheni979 166, 17. (b) Woo, H. 3y J( el "3'5 ﬂz o )j 1(;2 (5%] o Ig(EiCH,)' o 8652(’1“' 3654’
G.; Freeman, W. P.; Tilley, T. DOrganometallics1992 11, 2198. 1 OH-H — D P-Lefs); L. » OFh 3)s Y- ’ ’
N=12.3 Hz,Jp-4 = 7.2 Hz, PCH®3); —9.63 (t, 3H,Jp-1 = 15 Hz,

(30) Werner, H.; Esteruelas, M. A.; Meyer, U.; Wrackmeyer,@em.
Ber. 1987 120, 11. OsHg). 3P{H} NMR (121.421 MHz, GDg): 6 35.6 (s).
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Table 3. Crystal Data and Data Refinement for
OsH(CO)(SiHPR)(PPr), (3)

formula: G;HscOP.SiOs temp=20°C
a=16.375(2) A A=0.71073 A
b=11.670(1) A o (calcd)= 1.406 g cn?
c=18.806(2) A u=3.87 mnt?

B =107.67(1) R = 0.0452

Z=4 R\ = 0.0489

fw = 725.02 S =1.603

space groupP2;/c (No. 14)

AR = J|[Fo — FI/3Fo. " Ry = Y (W"|[Fo — FI)/(3W2F,). ¢ S=
{SW|[Fo — F1®/(M — N)}*¥2, whereM is the number of observed
reflections and\ is the number of data.

I1H NMR (tolueneds, 193 K) in the hydride regiond —9.63 (br,
3H).

Preparation of OsH;(GeEt)(CO)(PPrs), (9). A solution of
OsHy(7?-CH,;=CHEL)(CO)(PPr3), (ca. 150 mg, 0.261 mmol) in 5 mL
of hexane was treated with HGgE126L, 0.783 mmol). The mixture
was stirred fo 1 h atroom temperature and concentrated in vacuo to

Buil et al.

reflections were corrected for Lorentz and polarization effects. Three
orientation and intensity standards were monitored every 55 min of
measuring time; no variation was observed. Reflections were also
corrected for absorption by an empirical mettidd.

The structure was solved by Patterson (Os atom) and conventional
Fourier techniques. Refinement was carried out by full-matrix least-
squares methods with initial isotropic thermal parameters. Anisotropic
thermal parameters were used in the last cycles of refinement for all
non-hydrogen atoms. Hydride ligands were not located or refined
appropriately. Hydrogen atoms were observed or calculated(&

0.97 A), and included in the refinement riding on carbon atoms with a
common isotropic thermal parameter. Atomic scattering factors,
corrected for anomalous dispersion for Os and P, were taken from ref
32. FinalR andR, values were 0.0452 and 0.0489. All calculations
were performed by use of the SHELXTL-PLUS system of computer
programs’®

Computational Details. All calculations were performed with the
GAUSSIAN 92 prograni* A molecular orbital ab initio method with
introduction of correlation energy through the second level of the
Mgeller—Plesset (MP2) perturbational approach was appfieBixcita-

dryness. Addition of methanol to the resulting residue gave a solid. ions concerning the lowest energy electrons were excluded in the MP2
The mixture was decanted and the resulting orange solid washed withcalculations (frozen core approach). Effective core potentials (ECP)
methanol and dried in vacuo: yield 109.8 mg (60%). Anal. Calcd Were used to represent the 60 innermost electrons (up to the 4d shell)

for CsHeeGeOOsR: C, 42.8; H, 8.62. Found: C, 42.93; H, 8.56 IR
(Nujol, cm3): »(Os—H) 1957, »(CO) 1870. H NMR (300 MHz,
CéDe): 0 2.01 (m, 6H, PEICH;); 1.15 (dvt, 36HN = 13.8 Hz,Jp_1

= 6.9 Hz, PCHCI3); 0.99 (t, 9H,Ju—n = 7.5 Hz, H3); 0.72 (q, 6H,
Ji_n = 8 Hz, (Hy); —10.41 (br, 3H, Ol5). 3P{'H} NMR (121.421
MHz, CsDg): 6 27.7 (S).

IH NMR (tolueneds, 193 K) in the hydride region:d —11.20 (t,
1H, Jp-n = 21 Hz); —9.90 (t, 1H, AB part of a second order ABXY
spin system).

Preparation of OsH;(SnPhs)(CO)(P'Pr3), (10). A solution of
OsHy(572-CH;=CHEL)(CO)(PPr3), (ca. 200 mg, 0.35 mmol) in 5 mL
of hexane was treated with HSnPt244.1 mg, 0.70 mmol). The
mixture was stirred for half an hour at room temperature and

of the osmium aton? as well as the 10-electron core of the phosphorus
and silicon atom&’ The basis set used for the osmium atom was that
associated to the pseudopotentfalyith the valence doublé-(341/
321/21) contraction included in the program (LANL2DZ basis %kt).
For the phosphorus and silicon atoms, a valence doliblasis set36
with a (21/21) contraction was used, supplemented with a polarization
d shell for each atorf# The hydrogen atoms directly attached to the
metal were described also with a valence doubleasis set supple-
mented with a polarization shell (6-31G*%. Finally, the remaining
atoms, carbon, oxygen, and the hydrogen atoms attached to the
phosphorus and silicon atoms, were described with the 6-31G basis
set#0
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