J. Am. Chem. S0d.997,119,9691-9698 9691

Dihydrido and Trihydrido Diolefin Complexes Stabilized by the
Os(PiPg)2 Unit: New Examples of Quantum Mechanical
Exchange Coupling in Trihydrido Osmium Compounds

Amaya Castillo, Miguel A. Esteruelas,* Enrique Ohate, and Natividad Ruiz

Contribution from the Departamento de @nica Inorganica, Instituto de Ciencia de Materiales
de Aragm, Universidad de Zaragoza-Consejo Superior dedstigaciones Ciefftcas,
50009 Zaragoza, Spain

Receied January 2, 1997

Abstract: The hexahydrido complex OgtPiPg), (1) reacts with tetrafluorobenzobarrelene (TFB), 2,5-norbornadiene
(NBD), and 1,3-cyclohexadiene to afford Oght-TFB)(PiPgk), (2), OsHx(1*-NBD)(PiPr), (3), and OsH(r*
cyclohexadiene)(PiBx (4), respectively. The protonation &fand3 with HBF, yields [OsH(1*-TFB)(PiPg),]BF 4

(5) and [OsH(n*-NBD)(PiPr)2]BF4 (6). TheH NMR spectra of and6 in the hydrido region at low temperature
display AMpX, spin systemsX = 31P), which are simplified to AM spin systems in théH{31P} spectra. The
values forJayw are temperature dependent, increasing from 13.1 to 35.%Hand from 11.0 to 17.7 Hz6} as
temperature is increased from 190 to 230 K and from 180 to 240 K, respectively. The reactinitloHBF, leads

to the cyclohexenyl complex [Osth3-CeHo)(PiPR)2]BF4 (7), which shows an agostic interaction between the osmium
center and one of the twendoeCH bonds adjacent to the-allyl unit. In solution complex7 is fluxional. The
fluxional process involves the exchange between the relative positions of the hydrido ligands amadiciaH
hydrogen atoms of the cyclohexenyl ligand and, at the same time, the exchange between the CH allyerad the
CH hydrogen atoms inside the cyclohexenyl ligand. The structuféinfthe solid state has been determined by
X-ray diffraction. The distribution of ligands around the osmium atom can be described as a piano stool geometry
with the agostic hydrogen atom and the midpoints of the catfsanbon bonds involved in the-allyl unit forming

the three-membered face, while both the hydrido and phosphine ligands lie in the four-membered face.

Introduction glance, cationic trihydrido diolefin complexes should be good
. . N candidates for showing quantum mechanical exchange coupling.

The chemistry of hydrido complexes of transition metals has  pojyhydrido diolefin complexes have proved to be useful
received increasing attention in recent yeamying to the  models for understanding catalytic processes related to the
possibilities offered by these compounds for the design of hydrogenation of unsaturated organic compounds. However,
homogeneous catalydtand the preparation of other types of  few such species have been isolated, since they appear to be
complexes. thermodynamically and kinetically unstable with respect to the

Transition-metal hydrido complexes represent the first ex- other intermediates of the catalytic cycfedn this context, it
ample of a quantum mechanical exchange interaction betweenshould be noted that the catalytic mechanisms involve multistep
massive particles at high temperature, and the phenomenon igeactions, where the intermediates are connected by equilibria
presently attracting considerable interest. The quantum me-that are highly dependent on the electronic properties and steric
chanical exchange coupling is revealed by abnormally large andrequirements of the catalyst ligands, as well as on the charac-
temperature-dependent hydroggrydrogen coupling constants,  teristics of substrates. Thus, small modifications of these factors
between the hydrido ligands, which increase with decreasing can totally change the direction of the equilibfigzor a given
electron density at the hydride sites. Experimental results showsystem, these changes can produce an increase in the activity
that the magnitudes of the couplings increase in going from and selectivity of the system or, on the other hand, the
neutral to cationic complexes, from third-row to second-row (4) (a) Antirolo, A.. Chaudret, B.. Commenges, G.. Fajardo, M.. Jalon,

metals and as ther-acceptor character of the coligands is F.: Morris, R. H.; Otero, A.; Schweltzer, C. T. Chem. Soc., Chem.
enhanced. Commun1988 1210. (b) Jones, D. H.; Labinger, J. A.; Weitekamp, D. P.
o . J. Am. Chem. Sod989 111, 3087. (c) Zilm, K. W.; Heinekey, D. M.;
In addition, it is well-known that dienes are gogeacceptor Millar, 3. M.; Payne, N. G.; Demou, B. Am. Chem. S04 989 111, 3088.
groups, in particular the tetrafluorobenzobarrelene (TFB), 2,5- (d) Arliguie, T.; Border, C.; Chaudret, B.; Devillers, J.; Poilbanc, R.

norbornadiene (NBD), and cyclohexadiene diolefins, as has beengrgFahgrg;rgae"i%ﬂ? 8. 1308. (&) Hemekey. D. '\"S-‘?Jg"gg‘é' f-l’g"-éggeg)'e'

previously shown in the chemistry of iridiuPn.So, at first Heinekey, D. M.; Payne, N. G.: Sofield, C. Drganometallics 199Q 9,
2643. (g) Arliguie, T.; Chaudret, B.; Jalon, F., Otero, Apea, J. A.;
® Abstract published irAdvance ACS AbstractSeptember 15, 1997. Lahoz, F. JOrganometallics1991, 10, 1888. (h) Heinekey, D. MJ. Am.

(1) (@) Moorl, D.; Robinson, S. DChem. Soc. Re 1983 12, 415. (b) Chem. Soc1991 113 6074. (i) Barthelat, J. C.; Chaudret, B.; Daudey, J.
Kubas, G. JAcc. Chem. Red988 21, 129. (c) Jessop, P. G.; Morris, R. P.; De Loth, Ph.; Poilblanc, RJl. Am. Chem. Sod 991, 113 9896. (j)
H. Coord. Chem. Re 1992 121, 155. (d) Crabtree, R. HAngew. Chem., Heinekey, D. M.; Harper, T. G. FOrganometallics1991, 10, 2891. k)
Int. Ed. Engl.1993 32, 789. (e) Heinekey, D. M.; Oldham, W. Chem. Antifiolo, A.; Carrillo, F.; Fernadez-Baeza, J.; Otero, A.; Fajardo, M.;
Rev. 1993 93, 913. (f) Gusev, D. G.; Berke, HChem. Ber.1996 129, Chaudret, Blnorg. Chem1992 31, 5156. () Jarid, A.; Moreno, M.; Lledg
1143. A.; Lluch, J. M.; Bertfa, J.J. Am. Chem. Soc1993 115 5861. (m)

(2) Chaloner, P. A., Esteruelas, M. A.;"J#o; Oro, L. A.Homogeneous Antifiolo, A.; Carrillo, F.; Chaudret, B.; Fajardo, M.; Fénuiez-Baeza, J.;
HydrogenationKluwer Academic Publishers: Dordrecht, The Netherlands, Laufranchi, M.; Limbach, H. H.; Maurer, M.; Otero, A.; Pellinghelli, M.
1994. A. Inorg. Chem1994 33, 5163. (n) Gusev, D. G.; Kuhlman, R.; Sini, G.;

(3) Hlatky G.; Crabtree, R. HCoord. Chem. Re 1985 65, 1. Eisenstein, O.; Caulton, K. Gl. Am. Chem. Sod994 116, 2685.

S0002-7863(97)00021-8 CCC: $14.00 © 1997 American Chemical Society
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deactivation of the metallic center. Probably no metallic Scheme 1

fragment illustrates this better than the Os(Biunit, as is F

reflected by the catalytic properties of the complex OsHCI(CO)- F ,

(PiPr),” and by the number and type of compounds containing F @‘} F P'Pry

carbon donor ligands, which can be isolated with the OsgRiPr kK I'/‘O|siH

moiety® Therefore, the Os(PiR)e unit is an ideal metallic . F F > H

fragment for making an attempt to stabilize trihydrido diolefin T @‘) F P'Pry

complexes. T F @)
As a part of our work about the osmiurhydrido chemistry,

we have recently reported that the treatment of the hexahydrido PP, P'Pr,

complex OsKH(PiPr), with 2,2-biimidazole (Hbiim) leads to H | _H b @\ <

the trihydrido compound OsffHbiim)(PiPr),, which affords H—/OS\—H _— —Os—y

the heterobimetallic complexes (Pi2H3;0s(u-biim)M(COD) " |i § _Lb i

by reaction with the dimers [M¢OMe)(COD)b (M = Rh, Ir). PP 4 o

These biimidazole derivatives show quantum mechanical ex- ™

change coupling between the hydrogen nuclei of the {stit. P'Pry

The heterobimetallic complexes give rise to larger-HH @ @\ _H

coupling constants than the mononuclear derivative, and the e — \/O'S\H

H—H coupling constants in the heterobimetallic-Qs com- - @ PPry

pound are also larger than those found in the-Rk derivative’ 4

Continuing with our work in this field, we now report the
synthesis of new dihydrido and trihydrido diolefin complexes hexadiene, in toluene under reflux, gives after 24 h colorless
stabilized by the Os(PiRp unit. The trihydrido diolefin  solutions from which the complexez—4 (Scheme 1) were
complexes are the first derivatives of this type which show separated as white solids in good yields-{68%) by addition

quantum mechanical exchange coupling. of methanol. Two equivalents of diolefin are also hydrogenated

) ) to the corresponding monoolefins. Thus, the analysis by gas

Results and Discussion chromatography of the resulting methanol solutions shows the

1. Synthesis and Characterization of Ost{diolefin)- presence of unreacteq diolefin and the corresponding monoolefin
(PiPrs),. Treatment of OskPiPR), (1) with ca. 5 equiv of  in ca. a 1:1 molar ratio.

tetrafluorobenzobarrelene, 2,5-norbornadiene, and 1,3-cyclo- Complexes2—4 were characterized by elemental analysis,
IR, and!H and3'P{*H} NMR spectroscopy. The IR spectrain
Nujol show one or two strong absorptions at about 2006cm

(5) (a) Dragget, P. T.; Green, M.; Lowrie, S. F. W.Organomet. Chem.
1977, 135 C63. (b) Uso, R.; Oro, L. A.; Carmona, D.; Esteruelas M. A.

Inorg. Chim. Actal983 73, 275. (c) Usa, R.; Oro, L. A.; Carmona, D.; attributable to the’(Os—H) vibration, in agreement with ais
Esteruelas, M. A.; Foces-Foces, C.; Cano, F. H.; GaBtanco, S.J. arrangement of these ligands. Th¢ NMR spectra show the
Organomet. Chenl983 254, 249. (d) Usa, R.; Oro, L. A.; Carmona, D.; ; ; e

Esteruelas, M. A.; Foces-Foces, C.; Cano, F. H.; GaBtanco, S.; Vaquez hyd“do. resonances .as one triplet betw .58 and-14.04 .
de Miguel, A.J. Organomet. Cheni984 273 111. (e) Uéa, R.; Oro, L. ppm, with P-H coupling constants of about 30 Hz, suggesting
A.; Carmona, D.; Esteruelas M. A. Organomet. Cheni984 263 109. that both hydrido ligands are chemically equivalent andcése

(f) Oro, L. A; Carmona, D.; Esteruelas, M. A.; Foces-Foces, C.; Cano, F. disposed to the phosphine ligands. According to this, the
H. J. Organomet. Chen1986 307, 83. (g) Fernadez, M. J.; Esteruelas,

M. A. Covarrubias, M.; Oro, L. AJ. Organomet. Chemi986 316, 343. NMR spectrum of2 contains two diolefinic resonances, one
(h) Garéa, M. p,;'|_'qo'ez, A. M. Esteruelas, M. A.; Lahoz, F. J. due to aliphatic protons at 5.10 ppm and the other corresponding
Organomet. Chenil99Q 388 365. (i) Esteruelas, M. A.; Gami M. P.; to the vinylic one at 2.49 ppm. Similarly, thel NMR spectrum

Lépez, A. M.; Oro, L. A.Organometallics1991, 10, 127. (j) Esteruelas,

M. A Nirnberg, O.; Oliva, M.; Oro, L. A.; Werner, HOrganometallics of 3 contains two aliphatic resonances at 0.9€H,) and 2.35

1993 12, 3264. (K) Esteruelas, M. A.; Lahoz, F. J.; Olival.; Otate, E;  (—CH) ppm and one vinylic resonance at 3.71 ppm, andithe

Oro, L. A. Organometallics1995 14, 3486. NMR spectrum of4 displays two vinylic resonances at 4.64
(6) (a) Baudry, D.; Ephritikhine, MJ. Chem. Soc., Chem. Commu@8Q i i 1

250. (b) Baudry, D.; Ephritikhine, M.; Felkin, Hl. Organomet. Chem. and 2.76 ppm and one all.phatlc at1.90 ppm. TRe'H} NMR

1982 224, 363. spectra o and3 show singlets at 31.2) and 32.2 ppm3),

(7) (a) Esteruelas, M. A.; Sola, E.; Oro, L. A.; Meyer, U.; Wermer, H.  Which under off-resonance conditions are split into triplets as a
Angew. Chem., Int. Ed. Endl988 27, 1563. (b) Andriollo A.; Esteruelas,  result of the P-H coupling with two hydrido ligands. Although

M. A.; Meyer, U.; Oro, L. A.; Sachez-Delgado, R. A.; Sola, E.; Valero, 31pf 1 : :
C.; Werner, HJ. Am. Chem. Sod 989 111, 7431. (c) Esteruelas, M. A,; the *'P{*H} NMR spectrum of4 should display an AB spin

Valero, C.; Oro, L. A.; Meyer, U.; Werner, Hnorg. Chem1991, 30, 1159. system pat_tem according to the _Structure proposed for this

(d) Esteruelas, M. A;; Oro, L. A.; Valero, ®rganometallics1991, 10, compound in Scheme 1, only one signal at 28.0 ppm was found

162, (o) Esteruelas, M. A.; Oro, L. A.; Valero, Organometallics1 992 at 20°C and at—40 °C. This signal is also split into a triplet
’(8) (a) Werner, H.; Esteruelas, M. A.; Otto, Brganometallics1986 under off-resonance conditions.

5, 2295. (b) Espuelas, J.; Esteruelas, M. A; Lahoz, F. J.; Oro, L. A.; Ruiz,  We note that the reaction of the tetrahydrido Q$MEtPhR)3

N. J. Am. Chem. S0d.993 115 4683. (c) Esteruelas, M. A.; Lahoz, F. J.; i _ i i i
Oraie. E.. Oro. L A: Zeier, BOrganometalics1994 13 1662, (d) with 1,5-cyclooctadiene has been previously studied. In contrast

Esteruelas, M. A.; Lahoz, F. J.;"pez, A. M.; Ofate, E.; Oro, L. A. to the reactions shown in Scheme 1, treatment of 03EtPh)3
Organometallics1994 13, 1669. (e) Esteruelas, M. A.; Oro, L. A;; Ruiz, ~ with 4 equiv of 1,5-cyclooctadiene, in toluene at 2@during

N. Organometallics1994 13, 1507. (f) Esteruelas, M. A; Lahoz, F. J.; g5 h yields Os(COD)(PEtBJ3 and cyclooctené®
Onate, E.; Oro, L. A;; Valero, C.; Zeier, B. Am. Chem. S0d 995 117, ' .
7935. (g) Esteruelas, M. A.; Lahoz, F. J:pgz, A. M.; Ofate, E.; Oro, L. 2. Protonation of 2 and 3. Treatment of complexe®and

A. Organometallics1995 14, 2496. (h) Esteruelas, M. A.; Oro, L. A;; 3 with the stoichiometric amount of HBFOE® in diethyl ether

\'cla'zfoi_chOfgg”gmgtat”icséw? 1‘t 3:59% Ei) Elszghanna, Ct-? |I|E'S§gr;l§l;%|as' leads to the precipitation of the trihydrido derivatives [@sH
. A, Lanhoz, . J.; Oate, E.; Oro, L. A.; S0l1a, rganometallic . .
14, 4825, () Esteruelas, M. A Goez, A. V.. Lpez, A. M. Oro, L. A, (7*=TFB)(PiPg);]BF, (5) and [OsH(;*-NBD)(PiPr)2 |BF4 (6)

Organometallics1996 15, 878. (k) Esteruelas, M. A.; Lahoz, F. J.” @8, (eq 1) in high yield (80%%) and 75% 6)).
E.; Oro, L. A.; Sola, EJ. Am. Chem. Sod 996 118 89.
(9) Esteruelas, M. A; Lahoz, F. J.] pez, A. M.; Crate, E.; Oro, L. A,; (10) Bell, B.; Chatt, J.; Leigh, G. J. Chem. Soc., Dalton Tran$973

Ruiz, N.; Sola, E.; Tolosa, J. Inorg. Chem.1996 35, 7811. 997.
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Figure 1. Observed variable-temperature &) and (b)*H{3'P} NMR spectra (300 MHz) in CECl, in the high-field region of [Osk{(;*-TFB)-
(PiPR)2]BF4 (5). (c) SimulatedH{3P} NMR spectra.T;, temperatures, and rate constants for the intramolecular hydrogen site-exchange process
are also provided.

F T‘prs 1BF, Tlprs 1BF, Table 1. Coupling Constants as a Function of Temperature for
F H H H 5and6
l’/‘Os/—H ﬂ 2,3 ﬂ. @bos/_._' )
F | N H | \H Jobs(HZ) Jex (HZ)
F PPrs PPra T(K) 5 6 5 6
5) (6)
240 17.7 -3.9
. . . 230 35.9 16.9 —15.0 —-35
The spectroscopic data Bfare consistent with the structure 220 30.1 14.5 —~121 —23
proposed in eq 1. The IR spectrum in Nujol showg@s—H) 210 23.9 13.3 -9.0 -1.7
band at 2164 cm along with the absorption due to the [BF 200 16.9 12.3 —-5.5 —1.2
anion withTd symmetry, centered at 1090 ck In agreement igg 131 111107 —3.6 :g'g

with the mutuallytrans disposition of the phosphine ligands,
at room temperature, th€P{1H} NMR spectrum in dichlo-
romethaned, shows a singlet at 11.5 ppm, which under off- To estimate the hydrogerhydrogen separation between the
resonance conditions is split into a quartet due to theHP hydrido ligands, ther; values of the hydrogen nuclei of the
coupling with three hydrido ligands. Thé&P{1H} NMR OsH; unit were determined over the temperature range-189
spectrum is temperature invariant down to 190 K. However 298 K!1212 Figure 1a indicates that thig (min) values of the
the 'TH NMR spectrum is temperature dependent. At room two types of hydridos W (73 ms) and g (92 ms) do not occur
temperature, the spectrum exhibits in the hydrido region a singleat the same temperature (199 K sHand 210 K (Hy)),
triplet resonance at9.15 ppm with a P-H coupling constant suggesting that the ##Hy exchange has a significant influence
of 17.9 Hz. This observation is consistent with the operation on the observed; times (T:°*9. Between 204 and 189 K, the
of a thermally activated site exchange process, which proceedsHa/Hu exchange process is too slow to obtain accurate rate
at a rate sufficient to lead to a single hydrido resonance. constantsk®") from the simulation, and they were calculated
Consistent with this, lowering the sample temperature leads to from AH* andAS’ (Table 2). In all cases, the obtained values
broadening of the resonance. At very low temperature (240 lead to lifetimesr(Ha) andz(Hwm), which are much more than
K), decoalescence occurs and a pattern corresponding to arihe Ti°*Stime. Under these conditions, we can use egs 2 and
AM X, spin systemX = 31P) is observed, which becomes well 3, to calculateT; values taking into account a slowaHHy
resolved at 230 K (Figure 1a). WitHP decoupling (Figure  exchange Ti® in Table 2)1314

1b) the spectrum is simplified to the expected Adpin system.

The values of the chemical shifts of the A £ —7.8) and M 1fr1°b5(HA) = 1/T1R(HA) — 2/3{ TlR(HM) +7(Hy)} (2
(6 = —10.0) sites show no significant temperature dependence.
However, the magnitudes of the observed-HHv coupling 1f|-1°b5(HM) = UT,R(Hyy) + YL TRHL) + 7(H)}  (3)

constants Jav) are very sensitive to temperature, increasing
from 13.1 to 35.9 Hz as temperature increased from 190 to 230 (11) (a) Earl, K. A.; Jia, G.; Maltby, P. A.; Morris, R. H. Am. Chem.
K (Table 1). S0c¢.1991, 113 3027. (b) Bautista, M. T.; Cappellani, E. P.; Drouin, S. D.;

; : : : Morris, R. H.; Schweitzer, C. T.; Sella, A.; Zubkowski, . Am. Chem.
Line shape analysis of the spectra in Figure 1b allows the Soc.1991 113 4876. (c) Jia, G.. Drouin, S. D.; Jessop, P. G.. Lough, A.

calculation of the rate constants for the thermal exchange process.: Morris, R. H.Organometallics1993 12, 906.
at different temperatures. The activation parameters obtained 95(3%2) ég) %g%bt(rg)e, R. H.; Lavin, MC Bonneviot, 0. _Agn. Cf:hem. S?c.

i i ¥ 1 1 108 4032. (b) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.; Halpern,
from tSr:e_Eynng analysis ar&H” = 11.4 (£0.2) keal mot 3.J. Am. Chem. S0991, 113 4173. (c) Esteruelas, M. A.; Jean, Y ; Llagio
andAS' = 1.6 (+0.6) cal K* mol™*. The value for the entropy A ; oro, L. A.; Ruiz, N.; Volatron, Finorg. Chem.1994 33, 3609.
of activation, close to zero, is in agreement with an intramo-  (13) Equations 2 and 3 have been suggested by V. I. Bakhmutov, and
lecular process, while the value for the enthalpy of activation fhey are an f?gfna?rﬂ?(%f;;)h(géj)iig for the case of the slow dihydrogen
lies in the range reported for similar thermal exchange processes (14) Bakhmutov, V. 1.; Vorontsov, E. V.; Vymenits, A. Baorg. Chem.

in other trihydride- and hydride-dihydrogen derivative$?.11 1995 34, 214,
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Figure 2. Variable-temperatur&H NMR spectra (300 MHz) in CECI; in the high-field region of [Osk{#*NBD)(PiP).]BF, (6). (b) Observed
1H{3P} NMR (300 MHz) and (c) simulated spectiB, temperatures, and rate constants for the intramolecular hydrogen site-exchange process are
also provided.

Table 2. Variable-Temperatur&; (ms) Data Observedr(°®9 and The rate constants for the thermal exchange process at
Calculated T1") Taking into Account the WHw Exchange for different temperatures were calculated by line shape analyses
Complex5 (z (ms); k< (s ) of the spectra of Figure 2b. The activation parameters obtained
T(K) Ti(Ha) T:%(Hw) k" 7(Ha) 7(Hw) Ti(Ha) Ti¥(Hw) from the Eyring analysis araH* = 12.9 @0.2) kcal mot?

204 80 105 5987 167 334 71 123 andAS = 4.5 (£0.5) cal K'* mol™™.

199 73 108 2.885 347 693 69 118 The Ty values of the hydrogen nuclei of the Osthit of 6

196 87 125 1.829 547 1094 83 134 \were determined over the temperature range—18m K. In

189 92 142 0.597 1675 3350 90 145 contrast to those fds, the T,°bS(min) values of the I (64 ms)

and Hy (85 ms) resonances were found at the same temperature
The T1R (min) values calculated in this way are 69 ms for (190 K), suggesting that, in this case, there is not a significant
signal A and 118 ms for signal M, and they are obtained at the influence of H/Hy exchange on th&;°°s (min) values. At
same temperature, 199 K. From these values, we determinel90 K, thek®calculated fromAH* andASF is 0.04 s%, which

the relaxation rate constant due to hydrido dipaléole corresponds to lifetimes(Ha) and t(Hw) of 23 and 45 s,
interactions Ryy), and that due to all other relaxation contribu- respectively. As expected, tiBR (min) values obtained by
tors R*), by using egs 4 and 5, eqgs 2 and 3 from these lifetimes are the same as the observed
T, times. From these values, we determined 1.8 A as the
R,=R*+2R,, =145 gt (4) separation between the hydrido ligands6pfby a procedure
similar to that previously mentioned féx
Ry=R*+R,,=85s" (5) The temperature-dependent coupling constant between the
hydrido ligands of5 and 6 can be readily explicable in terms
where Ry = L/T:R(min)(Ha) for the A resonance anBy = of the exc_hange_coupli_ng between the hydridic protons. From
L/T:R(min)(Hw) for the M resonance. Solving f&®* and Ruy a mechanistic point of view, Limbach, Chaudret, and co-workers

have proposed that the exchange coupling involves a metastable

dihydrogen complex formed by an activated rate process.

Subsequently, rotational tunneling takes place in this dihydro-
6

yields the values 2.5 and 6.0%srespectively. From thiRyy
a hydrido-hydrido separation of 1.7 A was calculatéd.
The spectroscopic data @ are also consistent with the

. . 1
structure proposed for this complex in eq 1. AsSpthe most gen=> )
noticeable features of the IR spectrum in Nujol are tt@s— To rationalize the phenomenon, several theoretical calcula-
H) band at 2147 cmt and the absorption due to the [BF tions have been also carried out. Lledind co-workefs have

studied the quantum mechanical exchange coupling in the

trihydrido complexes lof>-CsHs)HsL (L = PHs, CO) by

combining the construction of ab initio potential energy surfaces
K With a tunneling model using a basis set method. Although

However, the'H NMR spectrum (Figure 2), which is similar the theoretical exchange coupling values obtained in this way
to that of'5 is temperature dependent. At'room temperature should be taken as an approximation that determines their order

the spectrum exhibits in the hydrido region a broad resonance® magnitude, the results suggest, in agreement with the
centered at-9.40 ppm, which decoalesces into an A% spin dihydrogen proposal, that the_se transition-metal trihydrido
system X = 31P) at 250 K and becomes well resolved at 240 COmPplexes may exchange a pair of hydrogen atoms through a
K. In this case, the magnitudes of the obserdgd coupling tunneling path, which involves a M{-H,) transition state.
constants are also temperature dependent, increasing from 11.0 (16) Limbach, H. H.; Scherer, G.; Maurer, M.; Chaudret, Bigew.

to 17.7 Hz as temperature increased from 180 to 240 K. Chem., Int. Ed. Engl1992 31, 1369.
(17) Jarid, A.; Moreno, M.; Lleds, A.; Lluch, J. M.; Bertra, J.J. Am.
(15) Run = 129.18F . Chem. Soc1995 117, 1069.

anion withTd symmetry centered at 1050 chqwhich indicates
that the anion is not coordinated to the metal center. 3HRe

{H} NMR spectrum in dichlorometharg-shows a singlet at
12.0 ppm, which is temperature invariant from 240 to 180
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Along this line, Eisenstein and co-work&tshave calculated
the exchange coupling in OgM(PH3), (X = CI, I) by
determining the eigenstates resulting from the coupling between
the internal rotation and vibration modes, which correspond to
the pairwise hydrogen exchange. The potential has been
calculated by core potential ab initio methods. The ratio
between the calculated exchange coupling constants fer X
Cl and X = | is found to be in good agreement with the
experimental ratio though shifted up in temperature.

As an expansion of their previous wol¥° Heinekey and

co-workers have recently reported an adaptation of the Landes-_

man results from the work done for thide/He system, which
quantitatively models the quantum mechanical exchange cou-
pling observed in certain transition-metal hydrido compleXes.

In this two-dimensional model, for a given temperatukg,is

determined by three parameters characteristic for each compoundcomplex

which are considered temperature invariaaty, andA (eqs 6
and 7).

Jo = (—hal2mn®6?) exp{ —(@*+ A9)/20% (6)

where

6% = [W4r’mv | coth[hw/2KT] (7)
Parameter is the internuclear distance between the hydrido
ligands,v is believed to describe thesHM—Hy vibrational
wag mode which allows movement along thg-HHy inter-
nuclear vector, and is the hard sphere radius of the hydrogens.
The inclusion of this parameter in the model lowers the
probability that the exchange interaction will occur when the
hydrogens are too close to each other.

It has generally been accepted that the quantum mechanica
exchange coupling is manifest in thé NMR spectra of various
metal hydrido complexes according to the following expression:

©)

where Jnag is the portion ofJaw due to the Fermi contact
interaction. The sign adnagis not predicted by eq 8 and may
vary from compound to compound. However, according to the
proposed model for quantum mechanical exchange coupling,
Jex is inherently negative.

By combining eqgs 68, we obtain eq 9, where, for a given
internuclear distance and a given temperatiyg,is determined
bY Jmag 4, andv.

Jam = ‘Jmag_ 23y

Jam + 2[(2vhalAh cothlw/2KT])

exp{ —27°mw (a2 + A%)/h cothfw/2kT]}] (9)

= ‘Jmag

Taking a as the hydrogenhydrogen separation obtained from
the T, experiments, we computed tligy values collected in
Table 1 versus the temperature data5and6. Plots of the
fits are shown in Figure 3. The parameters obtained from the
computer fitting areJnag = 6 Hz, A = 1.1 A, andv = 484
cm L for 5andJmag= 10 Hz,A = 1.0 A, andv = 496 cnt for
6 (Table 3). The determined values &f.g Were then used to
calculate the values of the correspondiagat each temperature
(Table 1), according to eq 8.

The values oflnagagree well with those previously found in
related trihydrido compounds containing the Os(BiPunit,?

(18) Clot, E.; Leforestier, C.; Eisenstein, O’liBsier, M.J. Am. Chem.
Soc 1995 117, 1797.

(29) Zilm, K. W.; Heinekey, D. M.; Millar, J. M.; Payne, N. G.; Neshyba,
S. P.; Duchamp, J. C.; Szczyrba, JJAm. Chem. S0d99Q 112, 920.

(20) Heinekey, D. M.; Hinkle, A. S.; Close, J. 3. Am. Chem. Soc
1996 118 5353.
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Figure 3. Plots of the fits of the JAM versus temperature date5or
and®6.
Table 3. AH, AS, @, Jnag 4, andv for 5 and6
AH* AS a Jnag 4 v
(kcal mol?) (calKimoll) (A) (Hz) (A) (cm™)
5 11.4@0.2) 1.6@06) 1.7 6 1.1 484
6 12.9 ¢0.2) 4.5 ¢0.5) 18 10 10 49

whereas similar values of andA have been reported for the
complexes IrH(17°-CsHs)(PRs) and IrH(17°-CsMes)(PRs).20

3. Protonation of 4. The cyclohexadiene complekalso
reacts with HBE. Treatment of diethyl ether solutions df
with ca. 1 equiv of HBE produces the precipitation of a white
solid in 85% yield. According to the elemental analysis, the
composition of the solid corresponds to a 1:1 adduct of the
fragments Osk{y*-1,3-cyclohexadiene)(Pipp and HBF,,

Although the composition of the solid is similar to those of
the complexe$ and®6, there are pronounced differences between
the 31P{1H} and!H NMR spectra of the white solid and those

f 5and6. At room temperature, as férand6, the 31P{1H}

MR spectrum of the white solid shows a singlet at 34.6 ppm.
However, in contrast to th&P{1H} NMR spectra o5 and6,
this spectrum is temperature dependent: lowering the sample
temperature leads to broadening of the resonance. At 193 K,
decoalescence occurs and a pattern corresponding to an AB
system is observed, which becomes resolved at 163 K. The
IH NMR spectrum is also temperature dependent. At room
temperature the spectrum contains the expected resonances for
the triisopropylphosphine ligands along with two broad reso-
nances at 3.55 ane-6.90 ppm, with an intensity ratio of
approximately 6:5. At 233 K, the resonance at higher field
disappears, and from 213 to 173 K, three new resonances are
again observed at8.86,—12.06, and-17.65 ppm (Figure 4).
The resonance at 3.55 ppm shows a similar behavior. Lowering
the sample temperature leads to broadening of the signal. At
193 K three broad resonances are observed at about 5.7, 5.5,
and 3.7 ppm, along with the two broad resonances of the
triisopropylphosphine protons at 2.2 and 1.1 ppm which partially
hide two signals at about 2.1 and 1.2 ppm. In the IR spectrum
in Nujol the most noticeable features are (1) the presence of
two v(Os—H) bands at 2107 and 2182 cfnand (2) the
absorption due to the [BF anion withTd symmetry centered
at 1070 cni?, which indicates that, in this case, the anion is
also not coordinated to the metallic center.

The above-mentioned spectroscopic data suggest that the
reaction of4 with HBF, affords the dihydrido cyclohexenyl
derivative7 (eq 10), containing an agostic interaction between
the metallic center and one of the two-8& bonds adjacent to
thesr-allyl unit, which exhibits in solution three proton-exchange
processes (Scheme 2).

The endeCH hydrogen atoms adjacent to theallyl unit
are alternately coordinated to the metal center via a 16-electron

(21) Ruiz, N. Ph.D. Thesis, University of Zaragoza, 1994.
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(ppm) (ppm) Figure 5. Molecular diagram of the cation [OSHECsHo)(PiPr);]
a b (7). Thermal ellipsoids are shown at 50% probability.
Figure 4. Observed variable-temperature {e)and (b)*H{3P} NMR
spectra (300 MHz) in CELl; in the high-field region of [Osk{;* the resonance at abot9 ppm to the hydrogen atom involved
CeHo)(PiPB)]BF 4 (7). in the agostic interaction, by comparison of the spectra of Figure
Scheme 2 4 with that previously reported for the complex [RB{CsMes)-
y y {CeHoP(c—CeH11)2}|BF4,22 which contains a cyclohexenyl
AN Ho ,Ha How ,H group coordinated through the carberarbon double bond and

a strong agostic interaction. Several complexes have also been

Os* Os
Hiyw
/—)H /EH /\H identified in which a strong agostic interaction is implied by
A

spectroscopic evidence or structurally characterZed.

To confirm the agostic interaction within compléx we
H carried out an X-ray diffraction experiment on a single crystal
of this complex. A view of the molecular geometry is shown

H *
Hb\o§+ ! Hb\o§+H H\o§+Hb in Figure 5. Selected bond distances and angles are listed in
_/ SHr _/ “H, / “H, Table 4, and crystal data are listed in Table 5.
@ = ( — @ If M(L) andM(2) are the midpoints of the C(19)C(20) and
C(20)-C(21) bonds, respectively, the distribution of ligands
9y H around the osmium atom can be described as a piano stool
How / ° Ho Ha geometry with the agostic H(24b) hydrogen atom and the

/
0{ Os* Os midpoints M(1) and M(2) forming the three-membered face,

\ H \ H \ while both the hydrido and phosphine ligands lie in the four-
QH — Q/ - f ) membered face.
H H* The Os-H(24b) distance of 1.91(6) A and the ©€(24)

H distance of 2.425(6) A confirm the existence of a strong Os- -
H- -C interaction in7. These distances, as well as the Os- -
PiPr, {,.-] e, H(24b)- -C(24) angle of 109(4)are comparable to those found
ﬂ‘Os/H + HBF H\OS (10) for other agostic interactions in stru_cturally reIaFed compo.%s:
|> 95~ 4 o P//\\P‘Pr The Os- -H(24b)- -C(24) interaction results in some distortion
3! H 3

PiPry of the cyclohexenyl ligand. The allylic portion of the ring is
@) ) unsymmetrically bound to osmium; the ©€(19) distance is
shortest at 2.193(5) A, the 6€(20) distance is 2.233(5) A,
cyclohexenyl dihydrido intermediate. The extraction of the and the OsC(21) distance is longest at 2.256(5) A. Although
agostic hydrogen atom from the cyclohexenyl ligand by the a similar situation has been found in the complex{MhCsHs-
metal leads to trihydrido diolefin species relatedSt@nd 6, (CHg)}(CO), % this differs from the geometry seen in many
which exchange the hydrido position. The migration of one of metal allyl complexes in which the allyl ligand is symmetrically
the three hydrido ligands to either terminal end of the bound
diene unit, permitting a degenerate [1,2] metal migration around  (22) Arliguie, T.; Chaudret, B.; Jafp F. A; Otero, A.; Lpez, J. A;

: e Lahoz, F. JOrganometallics1991, 10, 1888.
the ring, produces the exchange of positions between the allyl (23) See. for example: (a) Howarth, O. W.; McAteer, C. H.: Moore, P

andexoCH protons. . _ Morris, G. E.J. Chem. Soc., Chem. Commu981, 506. (b) Lamanna,
Operation of the three scrambling modes together results in W.; Brookhart, M.J. Am. Chem. Sod.981, 103 989. (c) Brookhart, M.;

ili i i i i Lamanna, W.; Humphrey, M. Bl. Am. Chem. Sod 982 104, 2117. (d)
the separate equilibration of (i) alindohydrogens including Brookhart, M- Green. M- L. H: Wong, L. LProg. Inorg. Cherm1988 36

the agostic hydrogen and the two hydrido Iigano!s and (i) all 1 (e) Selnau, H. E.; Merola, J. $. Am. Chem. Sod 991, 113 4008. (f)
exo hydrogens plus the allyl protons. So, the signal at 3.55 Nicholls, J. C.; Spencer, J. LOrganometallics1994 13, 1781. (g)
ppm in the!H NMR Spectrum of7 at room temperature can be Ogasawara, M.; Saburi, MOrganometallics1994 13, 1911. (h) McLough-

: lin, M. A.; Flesher, R. J.; Kaska, W. C.; Mayer, H. Rrganometallics
assigned to the coalescence between the allyl (3 H)exied 1994 13,3816 (i) Spencer, J. L. Mhinzi, G. S. Chem. Soc., Dalton

CH (3 H) protons, while that at6.99 ppm should correspond  Trans.1995 3819. (j) Carfagna, C.; Deeth, R. J.; Green, M.; Mahon, M.
to the coalescence between #redeCH (3 H) protons and the ~ F.; Mclnnes, J.; Perllggrini, S, WoolhOtr]se, Ch.B.CEem. Soc.,, Da:ton

i ; i Trans.1995 3975. Perera, S. D.; Shaw, B. I. Chem. Soc., Dalton
hydrido ligands (2 H). On the other hand, the spectra of Figure 1. 217 g02 3067 ') Galindo, A Gufieez, E.. Monge, A.: Paneque.
4 suggest that, in solution at lower temperature than 173 K, v - pastor, A.: Peez, P. J.: Rogers, R. D.; Carmona, E.Chem. Soc.,

complex7 has the rigid structure shown in eq 10. We assign Dalton Trans.1995 3801.
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Table 4. Selected Bond Lengths (A) and Angles (deg) for the
Complex [OsH(73-CeHo)(PiPR);] BF,4 (7)

Bond Lengths

Os—H(01) 1.57(4) C(19¥C(24) 1.479(7)
Os—H(02) 1.47(7) C(20yC(21) 1.410(7)
Os—P(1) 2.368(1) C(2pC(22) 1.521(7)
Os—P(2) 2.339(1) C(225C(23) 1.515(8)
Os—C(19) 2.193(5) C(23)C(24) 1.534(7)
Os—C(20) 2.233(5) C(195C(20) 1.422(7)
Os—C(21) 2.256(5) C(24yH(24a) 1.02(7)
Os—C(24) 2.425(6) C(24yH(24b) 1.00(6)
Os—H(24b) 1.91(6)
Bond Angles
P(1-0s-P(2) 121.78(4) P(2)0s—C(20) 101.9(1)
P(1y-0s-C(19) 150.0(1) P(2y0s—C(21) 136.9(1)
P(1-0s-C(20) 129.4(1) P(2yOs—H(01) 76(2)
P(1-0s-C(21) 93.6(1) P(2y0s—H(02) 64(3)
P(1-0Os-H(01) 76(2) P(2)-Os—H(24b) 113(2)
P(1-0s-H(02) 73(3) H(01)-Os—H(02) 102(3)
P(1)-Os—H(24b) 99(2) H(02)-Os—H(24b) 84(3)

P(1)-Os—C(19) 87.3(1)

Table 5. Crystal Data and Data Collection and Refinement for
[OsHx(173-CeHo)(PiPR)2] BF, (7)

Crystal Data

formula G4HssBF,OsR
mol wt 680.63
color and habit colorless, irregular prism
cryst size, mm 0.36¢ 0.25x 0.57
symmetry monoclinic
space group P2/c (no. 14)
a A 8.868(1)
b, A 14.115(2)
c A 23.388(2)
o, deg 90
f, deg 96.07(2)
y, deg 90
v, A3 2911.1(6)
A 4
Deaio, g €T3 1.553
Data Collection and Refinement
diffractometer four-circle Siemens-Stoe AED
A (Mo Ko, A; technique 0.710 73; bisecting geometry
monochromator graphite oriented
u, mm? 4.53
scan type /26
260 range, deg X 20 < 50°
temp, K 213
no. of data collcd 5240
no. of unique data 5106 = 0.0444)
no. of params refined 305
R2[F? > 20(F?)] 0.0286
WRP [all data , = 0)] 0.0842
53 0.980

ARi(F) = J|IFol — IFdll/Y|Fol- "WR(F?) = {3 [W(Fo? — FA?/
S IW(FAA} 2 ¢ GOOF= S= {3 [W(Fs? — FA?/(n — p)}¥2 wheren
is the number of observed reflections gmis the number of refined
parameters.

bound to the metal with the shortest-NC bond being to the
central carbod* In the allylic portion of the ring the C(19)
C(20) and C(20yC(21) bond lengths of 1.422 (7) and 1.410
(7) are predictably shorter than the aliphatie C bonds in the
ring which range from 1.515 (8) to 1.534 (7) A. It is noteworthy
that the C(19-C(24) bond length (1.479 (7) A) is also
significantly shorter than the corresponding C(2C)22)
distance (1.521 (7) A) on the opposite side of the ring,
suggesting partial multiple-bond character in the C{A0j24)

bond. A similar feature has been noted in the structure of the

manganese complex NIn3-CgHg(CHg)} (CO).2%¢

(24) Clarke, H. L.J. Organomet. Chenl974 80, 155.
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Concluding Remarks

This study has revealed that the Os(BjfPunit is an useful
fragment in stabilizing polyhydrido diolefin complexes. Thus,
the hexahydrido compound OgRiPr), reacts with tetrafluo-
robenzobarrelene, 2,5-norbornadiene, and 1,3-cyclohexadiene
to afford the dihydrido diolefin derivatives Osfy*-TFB)-
(PiPr)2 (2), OsHy(*NBD)(PiPr), (3), and OsH(5*cyclo-
hexadiene)(PiR)» (4), respectively. The protonation @fand
3 leads to the trihydrido diolefin cations [Osf}*-TFB)-
(PiPr)2]* (5) and [OsH(*-NBD)(PiPr),]* (6), while under
the same conditions, compldxyields the dihydrido cyclohex-
enyl derivative [Osk173-CeHg)(PiP1)2]BF4 (7), which shows
an agostic interaction between the osmium center and one of
the two endeCH bonds adjacent to the-allyl unit. The
trinydrido diolefin cations show quantum mechanical exchange
coupling between the hydrogen nuclei of the @sidit, which
fit into the 2D harmonic oscillator model recently reported by
Heinekey and co-workers.

In the solid state, complexhas a piano stool geometry with
the agostic hydrogen atom and the midpoints of the carbon
carbon bonds involved in the-allyl unit forming the three-
membered face. In solution, the complex is fluxional. The
fluxional process involves the exchange between the relative
positions of the hydrido ligands and tleedeCH hydrogen
atoms of the cyclohexenyl group and, at the same time, the
exchange between the allyl ardoCH hydrogen atoms inside
the cyclohexenyl ligand.

Experimental Section

All reactions were carried out under an argon atmosphere using
standard Schlenk techniques. Solvents were dried using appropriate
drying agents and freshly distilled under argon before u4¢, 3'P
{*H}, and*3C {*H} NMR spectra were recorded on either a Varian
UNITY 300 or on a Bruker 300 AXR spectrometer. The probe
temperature of the NMR spectrometers was calibrated at each temper-
ature against a methanol standard. ForEheneasurements the 180
pulses were calibrated at each temperature. Chemical shifts are
expressed in parts per million upfield from h& (*H and **C) and
85% HPQ; (3P). Coupling constantsl@ndN [N = J(PH) + J(P'H)
or J(PC) + J(PC)] are given in hertz. IR data were recorded on a
Nicolet 550 spectrophotometer. Elemental analyses were carried out
with a Perkin-Elmer 240C microanalyzer. The starting complex®sH
(PiPr), was prepared by published methgéls.

Kinetic Analysis. Complete line shape analysis of the speétta
{3P} NMR was achieved using the program DNMR6 (QCPE, Indiana
University). The rate constants for various temperatures were obtained
by visually matching observed and calculated spectra. The transverse
relaxation timeT, used was obtained from spectra for all temperatures
recorded, from the line width of the diolefin ligand proton resonances.
In complex7 there is a exchange process involving the hydrido ligands
and diolefin protons, so similar values to those obtainedsfand 6
were used. The activation parametavid* and ASF were calculated
by least-squares fit of I&(T) vs 1/T (Eyring equation). Error analysis
assumed a 10% error in the rate constant and 1 K in the temperature.
Errors were computed by published methéts.

Preparation of OsH,(p*TFB)(PiPrs). (2). A solution of OsH-
(PiPr)2 (1) (200 mg, 0.39 mmol) in 10 mL of toluene was treated with
tetrafluorobenzobarrelene (TFB) (442 mg, 1.95 mmol). The mixture
was stirred and heated under reflux for 24 h. The colorless solution
obtained was filtered through kieselguhr and concentrated to ca. 0.1
mL. Addition of methanol caused the precipitation of a white solid.
The solvent was decanted, and the solid was washed twice with
methanol and dried in vacuo. Yield: 285 mg (65%). Anal. Calcd
for CaoHsoFsOsP: C, 48.77; H, 6.82. Found: C, 48.77; H, 6.92. IR

(25) Aracama, M.; Esteruelas, M. A.; Lahoz, F. J.pkea, J. A.; Meyer,
U.; Oro, L. A.; Werner, Hlnorg. Chem.1991, 30, 288.

(26) Morse, P. M.; Spencer, M. O.; Wilson, S. R.; Girolami, G. S.
Organometallics1994 13, 1646.



9698 J. Am. Chem. Soc., Vol. 119, No. 41, 1997 Castillo et al.

(Nujol, cnmY): »(OsH) 2048, 2036.'H NMR (300 MHz, GDs, 20 uL, 0.29 mmol). A white solid was formed. Yield: 168 mg (85%).
°C): 0 5.10 (br, 2 H, CH(TFB)), 2.49 (br, 4 H=CH(TFB)), 2.27 (m, Anal. Calcd for GsHssBF,OsR: C, 42.35; H, 7.85. Found: C, 42.62;

6 H, PGHCH3), 1.12 (dvt,N = 12.8 Hz,J(HH) = 6.9 Hz, 36 H, H, 7.79. IR (Nujol, cm%): »(OsH) 2107, 2182(BF,) 1070. *H NMR
PCHQH3), —14.04 (t,J(PH) = 30.9 Hz, 2 H, Osh). 3P{H} NMR (300 MHz, CDQCly, 20 °C): 6 3.55 (br, 6 H, 3 allyl CH and &xo
(121.42 MHz, @Ds, 20°C): 0 31.9 (s; t under off-resonance conditions, —CH(CsHy)), 2.48 (m, 6 H, PEICHg), 1.32 (dvt,N = 14.1 Hz,J(HH)
PiPg). = 7.2 Hz, 36 H, PCHE3), —6.90 (br, 5 H, OskH and 3endeCH-

Preparation of OsH,(p*NBD)(PiPrs); (3). This complex was (CsHg)). 3P{*H} NMR (121.42 MHz, CDRCl,, 20 °C): d 34.6 (s,
prepared analogously to that describedXostarting from Osk{(PiPg), PiPr). 3P{H} NMR (121.42 MHz, CDRCl,, —80 °C): ¢ 33.0 (br,

(1) (200 mg, 0.39 mmol) and 2,5-norbornadiene (NBD) (2121.95 PiPr). 3P{1H} NMR (121.42 MHz, CCl,, —110°C): 6 28.3, 32.6
mmol). A white solid was formed. Yield: 163 mg (69%). Anal. Calcd (AB systemJpp = 59.3 Hz). 2 *C{'H} NMR (75.43 MHz, CBCl,, 20
for CsHs:OsRB: C, 49.65; H, 8.67. Found: C, 50.01; H, 853. IR °C) 6 47 (br, GHg), 30.1 (vt, N = 26.1 Hz, CHCH,), 19.8 (s,

(Nujol, cm1): »(OsH) 2020. *H NMR (300 MHz, GDsg, 20°C): & PCHCHj).

3.71 (br, 4AH=CH(NBD)), 2.35 (m, 8 H, PEICH; y CH(NBD)), 1.18 X-ray Structure Analysis of Complex [OsHx(3-CeHo)(PiPr3),]-

(dvt, N = 12.4 Hz,J(HH) = 7.1 Hz, 36 H, PCHE3), 0.98 (br, 2H, BF,4 (7). Crystals suitable for an X-ray diffraction experiment were

CH,(NBD)), —12.58 (t,J(PH) = 29.7 Hz, 2 H, Osh). 3P{*H} NMR obtained by slow diffusion of ether into a concentrated solutioniof

(121.42 MHz, GDg, 20°C): 6 32.2 (s; t under off-resonance conditions, CH.Cl,. A summary of crystal data and refinement parameters is

PiPr). C{H} NMR (75.43 MHz, GDs, 20 °C): 6 62.6 (s, Ch- reported in Table 5. The colorless irregular crystal, of approximate

(NBD)), 49.0 (s=CH(NBD)), 48.5 (s, CH(NBD)), 31.6 (vi = 24.9 dimensions 0.36< 0.25 x 0.57 mm, was glued on a glass fibber and

Hz, PCHCHj), 20.0 (s, PCIEH3). mounted on a Siemens-STOE AED-2 diffractometer. Cell constants
Preparation of OsHx(n*1,3-cyclohexadiene)(PiPy), (4). This were obtained from the least-squares fit of the setting angles of 54

complex was prepared analogously to that described, fetarting from reflections in the range 28 26 < 46°. The 5240 recorded reflections

OsH;(PiPr)2 (1) (200 mg, 0.39 mmol) and 1,3-cyclohexadiene (156 were corrected for Lorentz and polarization effects. Three standard
mg, 1.95 mmol). A white solid was formed. Yield: 180 mg (78%). reflections were monitored at periodic intervals throughout data
Anal. Calcd for GiHs,OsR: C, 48.63; H, 8.84. Found: C, 48.60; H, collection: no significant variations were observed. All data were
8.40. IR (Nujol, cmY): »(OsH) 2044, 1920.'H NMR (300 MHz, corrected for absorption using a semiempirigalgcan) method’ The
CsDe, 20°C): 6 4.64 (br, 2 H=CH), 2.76 (br, 2 H=CH), 1.90 (m, structure was solved by Patterson (Os atom) and conventional Fourier
10 H, PGHCH; y —CH,), 1.16 (dvt,N = 11.8 Hz,J(HH) = 7.3 Hz, 36 techniques. Refinement was carried out by full-matrix least-squares

H, PCHH3), —12.64 (t,J(PH)= 29.7 Hz, 2 H, Osh). 3'P{*H} NMR with initial isotropic thermal parameters. Anisotropic thermal param-
(121.42 MHz, GDs, 20°C): 6 28.0 (s, t under off-resonance conditions, eters were used in the last cycles of refinement for all non-hydrogen
PiPR).31P{'H} NMR (121.42 MHz, GDg, —40°C): 6 28.0 (s, PiPJ). atoms. Hydrogen atoms, except the hydridos (H(01) and H(02)) and
13C{*H} NMR (75.43 MHz, GDg, 20°C): 6 65.4 (s,=CH), 43.9 (t, the hydrogens on C(24) (H(24a) and H(24b)), were observed or
J(PC) = 7.2 Hz,=CH), (vt, N = 23.4 Hz, CHCH,), 27.9 (s, CH), calculated (G-H = 0.96 A) and included in the refinement riding on
20.0 (s, PCHKTH3). carbon atoms with a common isotropic parameter. The two hydridos,
Preparation of [OsHs(n*TFB)(PiPrs),]BF4 (5). A solution of H(24a) and H(24b), were located in the difference Fourier maps and

OsHy(*-TFB)(PiPg), (2) (200 mg, 0.27 mmol) in 7 mL of ether was  refined as free isotropic atoms. Atomic scattering factors, corrected
treated with HBE (37 uL, 0.27 mmol). After the mixture was stirred  for anomalous dispersion for Os and P, were implemented by the
for 5 min at room temperature, a white solid precipitated. The solvent program?® The refinement converged & = 0.0286 | > 20(1)] and

was decanted, and the solid was washed twice with ether and dried inwR, = 0.0842 (all datal-? > 0), with weighting parameters= 0.0621
vacuo. Yield: 198 mg (80%). Anal. Calcd forsEis:BFsOsR: C, andy = 5.39. All calculations were performed by the use of the
43.59; H, 6.22. Found: C, 43.21; H, 5.93. IR (Nujol, Th »(OsH) SHELXTL-PLUS?® and SHELXL938 system of computer programs.

2164,v(BF4) 1090. *H NMR (300 MHz, CQCly, 20°C): 6 5.17 (br, :
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