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Abstract

The trihydrides Cp,MH; (M =Nb. Ta) react with chlorophosphines PR,Cl (R=Me, Ph) affording phosphonium salts
[Cp,MH (PR,H)]*. CI~ (2 (a, b) 2’ (a. b)). Depending on the metal (Nb or Ta) and on the nature of the phosphine substituent (Me or
Ph), deprotonation of these salts leads to hydride phosphino Cp,MH(PR,H) (3 (a. b) 3'a) or hydride phosphido Cp,TaH.(PFh,) (4'b)
metalloligands. These two kinds of complexes are able to bind [M*(CO),] or [M'(CO),] (M’ = Cr, Mo, W) organometallic fragments to
give mono- or di-bridged heterobimetallic systems. The crystallographic analysis of Cp,Ta(HX p-HX u-PMe,)CHCO); (7'aCr) is

reported and discussed. © 1997 Elsevier Science S.A.

Kevwords: Niobium: Tantalum; Metalloligand; Phosphi

bridge: Hydrido bridge; Heterobimetallic complexes

1. Introduction

N heti ategies can be employed to
prepare heterobimetallic systems [1]. Among them, the
use of lloligands is of great because various
bimetallic cc tons are promising through this syn-
thetic way. For some years our group has been research-
ing in this area with phosphido derivatives of group 5
and 6 transition metals and we have reported different
types of phosphido bridged heteronuclear complexes
[2,18-27]. Metallophosphines are easily obtaired by
reacting d> monohydrides Cp,M(L)H (M =Nb, Ta;
L = two electron donor) or dihydrides Cp,MH, (M =
Mo, W) with chlorophosphines PR,Cl. A chlorine nu-
cleophilic displacement involving the basic metallic
centre is assumed to occur in the initial step [3].

In keeping with our i in phosphido derivatives,
we turned our attention to the trihydrides Cp,MH,
(M =Nb, Ta), which are good precursors of highly
reactive unsaturated intermediates [Cp,MH] and are
therefore able to undergo coordination or insertic: reac-
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tions with phosphines. As we have mentioned earlier
[4), and more recently Nikonov et al. [5,28], trihydrides
Cp,MH; give clean reactions with chlorophosphines
PR,Cl. The structure of reactional products (phosphino
or phosphido lex) depends on the nature of M (Nb
or Ta) and on that of phosphorous substituents. In this
paper we wish to report on some studies concerning this
isomerism phenomenor and on the nature of he(erodin—
uclear complexes obtained from these two kinds of
metalloligands.

2. Results and discussion
2.1. Synthesis

Trihydrides 1 and I’ easily react with chlorophos-
phines PR,ClI in toluene at room temperature affording
complexes 2 and 2 as white solids (Scheme 1). The
centrai posmon of the PR,H group is unambiguously
established by 'H NMR spectra (Table 1) which exhibit
an unique resonance for the two M—H protons (doublet
*Jou =75 Hz). The cationic species 2 and 2 can be
related to previously described complexes [6] obtained
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Cp;MH: Cp,M/HP'R—Hlo oM 3 M/I;R
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I'M=Ta 2a 2b 3a 3b a'b
Taj2'a2'p Ta[3'a
Scherms 1.

by protonation of monohydride derivatives
Cp, MH(PR ;). In this case, the acidic treatment leads to
a mixture of symmetric and asymmetric structures with
the phosphorus ligand lying either in the central or in
the lateral position in the plane bisecting that of
Cp/Ta/Cp. Thus, the total regioselectivity of the for-
mation of 2 and 2’ is woith noting. A direct insertion of
chioropitosphiines into the central M-H bond of
Cp,MH;, can so be postulated in order to account for
the formation of ionic complexes 2 and 2’ [5].

Deprotonation of salts 2 gives exclusively niobo-
phosphine complexes 3 independently of the nature of
substituents borne by the phosphorus atom. There is a
difference of chemical behaviour of tantalum salts 2':
the phenyl derivative 2'b gives rise upon deprotonation
to a dihydride phosphido complex 4'b whereas the
methy! salt 2'a leads to the hydride phosphino complex
3a.

The above observations indicate that the cationic
compounds 2 or 2’ contain two competing acidic sites:
one at the metal and other at the phosphorus atom.
Thus, the deprotonation pathway depends on the rela-
tive strengths of these two acidic centres. A more
detailed study of this behaviour will be published in a
forthcoming paper. In order to che:.x the presence of a
tautomeric equilibrium between .ae phosphmo and
phosphido isomers, variable temperature 'H and *'P
NMR studies have been carried out on hydrido-phos-

H ~H o He
- ‘
CpsTa=— PR: CpM T PR~ CpaNb] M(CO)s
SN q oML, N H - MICO), S PRH

8aCr R=Me M'=Cr
8aW R=Me M=W

§4Cr ReMeL,=CUCO,  TCr R=MeMoCr
Vi D ToCr R=Ph M=Cr

R=
6'an R-Ph M'\, Cp\(n(CO)l 'leo R=Ph M-Me

(TM=Nb:7'M=Ta)

Scheme 2.

phino complex 3b. No noticeable amount of the corre-
sponding dihydrido-phosphido tantomer was detected.
A similar trend has been reported by Malisch for
molybdenum compounds [7] while Baker mentions an
easy NMR observation of phosphino-phosphido equilib-
rium for related tungsten system [8].

Both phosphino 3(a,b) and 3a and phosphido 4'b
compounds are able to act as metalloligands. Their
reactions with metal tetracarbonyls M'(CO),L, (M’ =
Cr; L, =NBD; M’'=Mo, W; L = piperidine) lead to
the p-phosphido w-hydrido di-bridged complexes 7 and
7. Similar results are observed when the reactions are
carried out with pentacarbonyls M’'(CO)s(THF) (Scheme
2).

However, small amounts of monobridged complexes
6’aCr and 6'bCr are isolated in addition to complexes
7'aCr and 7'bCr when the tantalum derivatives 3'a and
4'D are allowed to react with [CH{CO);]. Therefore, this
suggests that the initial products of the reaction between
the metalloligands and the [M’(CO),] fragments are in
fact the p-phosphido complexes 6 or 6'. The formation
of a second (hydride) bridge leading to the u-phosphido
p-hydrido derivatives 7 or 7’ results from an easy loss
of one CO ligand at the M’ site in mono-bridged
structures 6 or 6. A tantalum manganese dinuclear

Table 1
‘H and *'P NMR and IR (#(C0)) data for 2(a, b). 2'(a, b), 3(a, b) ¥a, 4'b

Complex 'H(ppm) H *P(*H) (ppm)
Cp Me or Ph

2a° 5.64(s) 1.52(dd) (6.4: 10.8) 5.28 (dhp) (6.4; 365) ~35(s) (D,0)
—2.50(d) (78.5)

2b* 5.80(d) (1.6) 791-7.11 7.74 () (396) 149
—1.68 (d) (76)

2a' 5.84 (s) 1.77(dd) (11: 4) 5.30 (dm) (370) —55¢(s)
- 116 (d) (74)

b 5.81(d () 7.82-7.52 (m) 8.18 (dt) (4; 400) —-6(s)
~0.55 (dd) (4: 72)

3a® 4.47(d) (2.6 1.01 (dd) (6: 8) 4.60 (dh) (6: 304) —5(s)
—17.93(d) 30)

3p* 444 (d) 2.0) 7.70-7.01 (m) 6.74 (d) (321) 60.0(s)
—7.37(9)(25.6)

3a" 435(d) (27 115 (dd) (6; &) 4.95 (dh) (6: 313) —43(s)
—9.35(d)(20)

bt 4.67 ) 7.81-7.15 () 0.02 (@ (57 —47(s)

*CD;COCD;.

C,Dy: J values in Hz in parentheses.
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complex 6'bMn is obtained starting from 4'b and
CpMn(CO),(THF). No transformation of 6'bMn to the
corresponding di-bridged structure could be achieved by
photochemical process. Similar results have been al-
ready observed for molybdenocene—cymantrene system
[2].

The structures of the complexes 7 and 7’ are estab-
lished by their NMR spectroscopic data (Table 2). Two
distinct ' H resonances close to —1 and —11 ppm are
observed for metallic hydrides; that at — 1 ppm corre-
sponds to the terminal hydride while the upfield signal
clearly characterizes the bridging hydrido ligand. Fur-
thermore, the strongly deshielded *'P resonances are
indicative of a significant decreasing of the M—P-M’
angle [9], as a consequence of the p-phosphido p-hy-
drido di-bridged nature of the central four-membered
ring. An illustrative example is given by comparing Ip
chemical shifts for monobridged 6'aCr and di-bridged
7'aCr complexes, which show signals at 8= —86 and
+55 ppm, respectively (A § = 141 ppm). However, such
a low field shift of ca. 140 ppm does not indicate the
presence of direct metal-metal interaction. When a
metal-metal bond is present, as it has been stated for
Nb/Fe or Nb/Cr p-phosphido u-carbonyl complexes
[21,26], the low field shift of *' P resonance accompany-
ing the formation of the second bridge reaches some
230 ppm.

Another kind of mono-bridged bimetallic complex is

fforded by the dimethylphosph lioligand 3a.

Table 2
'H and *'P NMR and IR (»(CO)) data for bimetallic complexes

143

When opposed to {M'(CO),] 3a gives rise, together with
7aCr or 7aW, to the p-hydrido complexes 8aC
8aW, which are isolated as green products after col
chromatography. The bridging nature of hydride ligands
is clearly evidenced by their 'H high-field signals [10}
located at —21.4 and —18.4 ppm, respectively. The
P—H protons of the PMe, H group resonate as doublets
of septuplets at 5.1 and 5.2 ppm (Table 2).

2.2. Structure of Cp,Ta(HN u-HN p-PMe, XCr{(CO),
(7'aCr)

The crysta! structure of 7'aCr is built of discrete
organobimetallic molecules (Fig. 1). The usual de-
formed octahedral geometry is observed for chromi:mn
atom and that of pentacoordinated tantalum may be
considered as a very distorted trigonal bipyramidal
structure with the pseudotrigonal fragment CP,TaP (CP
is the geometrical centre of a C, ring) and with the
axial hydrides forming a Ht-Ta-Hb angle of 122(4)°.
Selected interatomic distances and angles are gathered
in Table 3. N

The Ta—Cr separation of 3.293(1) A is non-bonding.
It is much longer (even if one takes into account the
different sizes of organometallic fragments) than the
Nb—Fe distance of 2.884(2) A observed in dinuclear
Nb™  u-phosphido p-carbonyl Cp,Nb( pz-PPh, X p-
CO)Fe(CO), complex in which the metal-metal bond is
present [21].

Complex  'H(ppm, CD,COCD;) 3'p{'H}(ppm, CD,COCD,) IR (cm™ ‘. THF)
Cp Me or Ph H

6aCr 5.60 (s) 1.64 (d) (5.9) 0.66 (d) (58.0) —86.2(s) 2037 m, 1912 vs, 1896 s

6'bCr 5.48(s) 7.93-7.06 (m) 1.38 () (57.0) —190(s) 2046 m, 1920 vs, 1897 s

6'bMn* 4.71(s) 8.08-7.06 (m) 091 (d)(55.5) 27.1(s) 19085, 1838 s

3.94(d)(1.7)

7Cr 545@(0.7) 18761 —2.06 (dd) (7.0; 28.3) 83.5 (broad) 1987 m, 1892 s, 1864 vs
—11.92(d)(33.9)

ToCr 532(@ 0.7 831-7.18(m) —0.69 (dd) (7.7; 18.0) 138.6 (broad) 1992 w, 1897 5, 1875 5, 1862 s
—12.38 (dd)(7.7: 31.3)

‘7TbMo 534(d)(0.7) 831-7.27(m) —0.68 (dd) (8.4; 23.2) 108.8 (broad) 2003 w, 1895 s, 1884 s, 1859 s
—10.24 (dd) (8.4; 23.2)

oW 539(d)(©.7) 8.32-7.31(m) —1.27(dd) (8.1; 16.9) 99.8 (broad) 1999 w, 1890 s, 18755, 1855 s
1042 (d) 25)

7'aCr 5.48 (s) 1.90 (1) (8.9) - 1.18 (dd) (8.6; 32.5) 55.5(s) 1985 w, 1886 s, 1861 s, 1854 s
—12.73 (dd) (8.6; 30.5)

7aMo 5.53(s) 1.86 (1) (6.9) —0.90 (dd) (8.8; 32.5) 175(s) i998 w, 1890's, 18745, 1855 s
—10.80 (dd) (8.8; 22.6)

7aW 5.58 (s) 1.93 () (8.9) —1.52(dd) (8.8: 32.5) 2.1(s) Jpw =234 Hz 1994 w, 1883 s, 1864 s, 1851 s
—11.24 (dd) (8.8; 17.1)

7'bCr 531(s) 7.29-8.19 (m) 0.35 (dd) (9.1; 24.0) H27(s) 1990 w, 18925, 187255, 1855 s
—13.29(dd) (9.1; 27.2)

8aCr 4.98(d)(2.4) 1.54 (dd) 5.12(dh) (6.2: 318) —6.1 (broad) 2046 w, 1916 vs, 1897 s

16.2:8.7) ~2141
8aW 5.03(s) 1.56 (dd) 5.20(dh)(6.1: 321} —6.1 (broad) 2053w, 1913 vs, 1891 s
(6.4: 84) -18.36

#(CeDy): J values in Hz in parentheses.
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Fig. 1. ORTEP drawing of 7'aCr (50% probability level).

The Ta-P bond length of 2.587(2) A corresponds
well! to that found by Nikonof et al. in the structure of
mononuclear metallophoshine Cp,TaH,PPh, (2.595(3)
A) [28] and (o those observed in metallocenes of Nb™
and Ta™ bearing the PV based PMe,S ligand (~ 2.58
A) {11]. The Ta—P distance in di-bridged structure of
7'aCr is however significantly longer than the Nb"'-P
one in metal-metal bonded complexes Cp,Nb(pu-
PPh, X u-CO)Fe(CO), (249 A) [21] and Cp,Nb( u-
PPh, )(p—CO)Cr(CO);(PMmH) (253 A) [26]. On the
other hand, it is shorter than the Ta™ or Nb™'-P bond
lengths observed in monophosphido bridged bimetallics
Cp' CpTa(COX p-PMe, )W(CO) (PAMP) (2.68 A) [27]
and Cp,Nb(LX p-PPh,)CHCO); (2.68 A) [26]. More-
over, the Ta—P bond length is much shorter than the
Nb-P separation of 2.635(2) A found for the struc-
turally analogous di-bridged NbY complex
Cp, Nb(H)X p-HX p-PPh,)W(CO), [12]. All these ob-
servations indicate that the actual metal (Ta or Nb of
metallocene fragment) — phosphorus bond length de-
pends on many factors, like the formal charge of M (Ta
or Nb), the size of M’ (group 6 metal) and the mono- or
di-bridged nature of bimetallic systems: the influence of
phosphorus substituent (Me vs. Ph) seems to be less
significant.

The Cr—P bond length in (2.284(3) A) is rather short
and may be compared to that found for Nb—~Cr bonded
structure of Cp,Nb{( u-PPh, ) u-CO)CHCO),(PMe, H)

Table 3 .
Selected interatomic distances (A) and angles (deg) for Cp,Ta(HX u-
HX p-PMe, JCKCO), 7'aCr

Distance Angle

Ta-P 2.587(2) P-Ta-HT 61 (4)
Ta-HT 1.60 (Y, P-Ta-HB 64(3)
Ta-HB 1.83(8) HT-Ta-HB 122(4)
Ta-CP! 2.08 CP1-Ta-CP2 134.4
Ta-CP2 208 P-Cr-HB 73(3)
Cr-P 2.284(3) Ta~P-Cr 84.85(8)
Cr-HB L71(9) C5-P-C6 97.8(5)
Ta-Cr 3293 (1) Ta-HB-Cr 137(5)

(231 A) [26}. It is much shorter than in monophosphido
bridged complexes (2.55-2.58 A) [12] and than in the
pentacarbonyl chromium ones CI(CO)5 L (L=PPh,,
2422 A), L= P(GPh),. 2.309 A [13). Such a short
Cr-P bond length seems to be due to the presence of
four-membered ring in Cp,Ta(H)( p-H)( p-
PMe, )JCr{CO), (7'aCr).

The Ta—P-Cr angle (84.8(1)°) reflects well the pres-
ence of di-bridged structure with Ta/P/Cr/H ring
(Nb-P-W = 83.7(1)° in the structure of Nb/W [12])
but does not indicate the metal-metal interaction. The
values of 75.4° (1) [21] and 77.1° (4) [26] were observed
in di-bridged p-phosphido, p-carbonyl structures with
metal—metal bond.

3. Experimental section
3.1. X-ray structure determination of 7'aCr

An irregularly shaped orange crystal of 7’aCr grown
from toluene solution was used for unit cell determina-
tion and data collection, carried out at 296K on an
Enraf-Nonius CAD4 diffractometer. The pertinent crys-
tallographic data are given in Table 4. The routine

Table 4

Crystallographic data for Cp,Ta(HX u-HX p-PMe, }CH(CO), 7'aCr
C oH 0, PCrTa

538.24

monoclinic

Molecular formula
Formula weight, g
Crystal system

Space group P2, /n(No. 14)
Cell dimensions:

@A 8.3181)

b.A 12.953(2)

A 16877(2)

B. deg 90.76(1)

V.R 1818.2

z 4

P grem™? 1.966

F(000) 1032

Radiation, A MMo K @) 0.71073

T.°C 18

Scan type w-28

Scan speed, deg - min~' 1.1-5.6

Scan width, deg. Aw=0.8+0.347tan®
8 Range, deg. 2-25

Linear abs., u, cm™' 66.296

No. of reflections measd. 3590

Decay. % —9.9, corrected
Cut off for obsd. data I123al)

No. of unique obsd.data (NO) 2355

No. of variables (NV) 216

Absorption correction (DIFABS)

Min-max transmission 0.8240-1.4601
R(F) 0.033

Pw(F) 0.035
Weignting scheme 1/o(F) =

[ +(QO04F) )12
GOF. 4.964
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Table 5
Positional parameters and their e.sd. for Cp,Ta(HX p-HX p-
PMe, )Cr(CO), 7'aCr

Atom  x y z B(A)
TA 0.39882(5) 0.22948(3)  0.39876(2) 3.740(8)
CR 0.4967(2) 0.1773(1) 0.21462(8) 4.003)
P 0.5340(3) 0.07812) 0.3252(2) 4.27(6)
HT 0.48(1) 0.137(7) 0.449%(5) 402)"
HB 0.45(1) 0.251(7) 0.296(5) 42"
CP1 0.1509 0.2102 0.4062

CpP2 0.5632 03335 0.4472

[8]] 0.4195(9) 0.3610(5) 0.1109%(4) 6.4(2)
02 0.616(1) 0.0367(7) 0.0874(5) 10.95(3)
03 0.838(1) 0.2465(9) 0.2182(6) 12.5(3)
04 0.185(1) 0.074%7) 0.1713(5) 9.3(2)
Cl 0.448(1) 0.2907(7) 0.1505(5) 44(2)
c2 0.568(1) 0.0916(8) 0.1372(6) 6.73)
Cc3 0.705(1) 0.2210(9)  0.2188(6) 6.7(3)
C4 0.302(1) 0.1144(3) 0.1912(5) 5.5(3)
Cs 0.437(1) —0.0456(7) 0.3396(7) 6.7(3)
Cc6 0.733(1) 0.043(1) 0.3629(8) 9.14)
Ci1l 0.135(1) 0.2397(9) 0.3490(6) 6.4(3)
C12 0.15%1) 0.1383(8) 0.3645(6) 5002
Ci3 0.169(1) 0.1360(9) 0.4469(6) 6.5(3)
Ci4 0.154(2) 0.237(1) 04716(7) 9.9(4)
Cls 0.138(1) 0.300(1) 0.4083(8) 9.4(4)
Cl16 0.624(2) 0.266(1) 0.4840(7) 9.9(4)
C17 0.505(2) 0.3270(9) 0.5972(7) 9.4(4)
Ci8 0.460(2) 0.3979(9) 0.4492(7) 10.7(4)
C19 0.559%(1) 0.380%(8) 0.3836(7) 9.3(3)
C20 0.668(1) 0.2960(9) 0.4074(7) 7303)

CP1 and CP2 are geometrical centers of C5 rings. Starred hydrogen
atoms were refined |sulropncally Amsu(roplcally refined atoms are
given in the form of the i
defined as: (4/3)»[a’+ B(I I) + b7 BQ2+ ¢ B(J 3)+
ablcos g)+ B(1,2)+ aclcos B)* B(1.3)+ belcosa)* B(23))

treatment of the measured data was done by use of the
CAD4-SDP library [14] with neutral-atom scattering
factors taken from the usual sources [15]. The structure
was solved by P and ) diff
Fourier syntheses. After isotopic refinement of the model
on non-averaged data an absorption comrection DIFABS
[16] was applied. All non-hydrogen atoms were then
refined with anisotropic temperature factors. The hydro-
gen atoms of cyclopentadienyl ligands and of the methyl
groups of dimethyiphosphido bridge were placed in
calculated positions in a riding model. Final difference
Fourier map showed two peaks in positions which
might be reasonably assigned to the terminal and bridg-
ing hydrides. Refinement of their positions was success-
ful. Final residuals are given in Table 4 and the atomic
coordinates of non-hydrogen atoms in Table 5.

3.2. Syntheses of the new conplexes

All reactions were carried out under an argon atmo-
sphere with use of dard S The
solvents and eluents were dried and dlsnlled under

argon from and b h i diately be-
fore use. Column chromatography was performed under
argon and with silica gel (70-230 mesh). Cp,MH,
(M=Nb, Ta), M'(CO)(THF) (M'=Cr, Mo, W),
Cr(CO),NBD, M'(CO)(piperidine), (M’ =Mo, W)
were prepared according to literature procedures {17]
PMe,Cl, PPh,Cl (Strem) have been used as received.

Elemental analyses (C, H) were performed by the
Service d’ Analyse de I’Université de Bourgogne (Dijon,
France). 1 were ded on a Nicolet
205 IR-FT. 'H and *'P NMR spectra were recorded on
Bruker AC 200 spectrometer; chemical shifts are given
ix;l ppm relative to Me,Si ('H) or (extemal) H;PO,
C'P).

3.2.1. Synthesis of Cp,M(H,XPR,H)*,Cl~ (M =Nb,
Ta; R = Me, Ph): General procedure

To a solution (20 ml) of Cp,MH, (} = Nb, Ta) (0.5
g) was added PR,C1(1 eq). A solid immediately precip-
itated. After 30 min of stimming the precipitate was
filtered, washed with pentane and dried under vacuum,
affording grey or beige powder (yield 65-75%).

Cp, N(H, XPMe, H)*,CI~ (2a). Anal. Found: C,
43.92: H, 5.72. C ,H,,CINDP calc.: C, 44.68; H, 5.94%.

Cp,Nb(H,XPPh,H)*,CI~ (2b). Amal. Found: C,
59.95; H, 4.85. C, H,,CINBP calc.: C, 59.15; H, 5.19%.

Cp,TalH,X\PMe, H)*,Cl~ (2a). Anal. Found: C,
34.82; H, 4.25. C |, H 4CIPTa calc.: C, 35.10; H, 4.66%.

Cp,Ta(H,XPPh,H)*.Cl~ (Zb). Anal. Found: C,
48.82; H, 4.12. C, H,,CIPTa calc.: C, 49.41; H, 4.33%.

3.2.2. Synthesis of Cp; M(H{PR,H) (M = Nb, R = Me
or Ph; M =Ta, R=Me) and Cp,Ta(H,XPPh,): Gen-
eral procedure

An aqueous solution of KOH was added to the dried
salts Cp, M(H,XPR,H)*,Cl". The mixture was stirred
for 15 min. The product was extracted with 2 X 15 m!
of toluene, and the organic layer was separated and
evaporated yielding an orange red solid (80-90%).

Cp, Nb{HY(PMe, H) (3a). Anal. Found: C, 50.76; H
6.05. C,, H 4NbP calc.: C, 50.37; H, 6.34%.

Cp, N(H)PPh, H) {3b). Anal. Found: C, 64.62; H,
5.53. C,,H,,NbP ‘cale.: C, 64.40; H, 540%.

Cp,Tal H(PMe, H) (3'a). Anal. Found: C, 38.90; H,
4.62. C,,H,,PTa calc: C, 3852; H,
4A85%.Cp2Ta(H3)(PPhZ) {4’'b). Anal. Found: C. 52.73;
H, 4.30. C,,H,,PTa caic.: C, 53.02; H, 4.45%.

3.2.3. Synthesis of Cp,TalH,{ p-PR,)M’L, (R=Me,
M'L, = CrCO);: R=Ph. ML, = CrCOJ);,
CpMn( CO),): General procedure

To a THF solution (30 ml) of Cp,Ta(HXPMe,H)
(0.37 g, 1 mmol) or Cp,Ta(H,XPPh,) (0.50 g, { mmol)
was added an excess (20%) of Cr(CO)(THF) or
CpMn(CO),(THF). The mixture was stirred for 1 h at
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room temperature (the reaction was monitored by IR
spectroscopy). The solvent was removed under vacuum
and the crude reaction product was chromatographed on
silica gel with toluene as eluant. The yellow bimetallic
complexes were obtained with a 55-60% yield.

Cp,Ta(H, M p-PMe, )Cr{CO); (6'aCr). Anal. Found:
C, 36.23; H, 3.27. C;;H ;,CrO,PTa calc.: C, 36.06; H,
3.20%.

Cp,Ta(H, X p-PPh,)CHCO); (6'bCr). Anal. Found:
C, 46.48; H, 3.12. C,;H,,CrOsPTa calc.: C, 46.97; H,
3.21%.

Cp,Ta(H, { u-PPh,)Mn(CO),Cp (6'bMn). Anal.
Found: C, 51.88; H, 4.21. C,yH,;MnO,PTa calc.: C,
51.65; H, 4.04%.

3.2.4. Synthesis of Cp, M(H) u-H( u-PR,)M'(CO), (M
=Nb, Ta; M'=Cr, Mo, W; R= Me, Ph): General
procedure

To a THF solution (30 ml) of Cp,M(HXPR ,H) (0.50
g) or Cp,Ta(H,}PPh,) (0.50 g) was added one equiva-
lent of C{CO),(NBD) or M'(CO)(piperidine),. The
mixture was stirred for 1 h at 40°C (the reaction was
monitored by IR spectroscopy). After cooling, the mix-
wre was filtered and the solvent removed under vac-
uum. The crude reaction product was chromatographed
on silica gel with toluene /THF (1 /1) as eluant. The
red-brown bimetallic complexes were obtained with a
65-70% yield.

Cp, Nb(H) p-H) p-PMe, )CH{CO),; (7aCr). Anal.
Found: C, 40.74; H, 3.90. C,,H CrNbO,P calc.: C,
42.69; H, 4.03%.

Cp, Nb(H) p-H) u-PPi, )CHCO), (7bCr). Anal.
Found: C, 53.66; H, 4.11. CyH,,CrNbO,P calc.: C,
54.37; H, 3.86%.

Cp, N6(H) u-H) pu-PPh, JMo(CO), (7bMo). Anal.
Found: C, 49.92; H, 3.75. C,,H,,MoNbO,P calc.: C,
50.51; H. 5.59%.

Cp, Nb(H) pu-H)( u-PPh,)W(CO), (7bW). Anal.
Found: C, 44.19; H, 3.45. C,H,,NbO,PW caic.: C,
4422, H, 3.14%.

Cp,Ta(H)( u-H) u-PMe, )CH(CO), (7'aCr). Anal.
Found: C, 35.03; H, 3.05. C,(H,,CrO,PTa calc.: C,
35.71: H, 3.37%.

Cp,TalHX u-H) p-PMe, JMo(CO), (7'aMo). Anal.
Found: C, 32.24; H, 2.92. C,,H,;M00,PTa calc.: C,
33.01: H, 3.12%.

Cp,Ta(H)( u-H)( n-PMe, )W(CO), (7'aW). Anal.
Found: C, 28.94; H, 2.65. C,(H ,0,PTaW calc.: C,
28.68; H, 2.71%.

Cp,Ta(H) pu-HX p-PPh,)CHCO), (7'bCr). Anal.
Found: C, 47.25; H, 3.32. C,(H,,CrO,PTa calc.: C,
47.15; H, 3.35%.

3.2.5. Synthesis of Cp,Nb(PMe, H) u-HIM'(CO); (M’
= Cr, W): General procedure

To a svlution of Cp,Nb(H}PMe,H) (0.29 g, | mmol)
in 30 ml of THF was added an excess (20%) of

M'(CO);(THF). The mixture was stirred for 1 h at room
temperature and the reaction was monitored by IR
spectroscopy. The solvent was removed in vacuo and
the crude reaction product chromatographed on silica
gel with toluene as eluant. The green bimetallic com-
plexes were obtained with a 65-70% yield.

Cp,Nb(PMe, H{ p-H)CH(CO); (8aCr). Anal. Found:
C, 42.89; H, 3.92. C;H ;CINbO,P calc.: C, 42.70; H,
3.79%.

Cp,Nb(PMe, HX #-H)W(CO); (8aW). Anal. Found:
C, 23.28; H, 2.88. C;;H ,NbO,PW calc.: C, 33.47; H,
2.97%.

4. Supplementary material

Tables giving bond distances and angles, H atom
coordinates, anisotropic thermal parameters and of the
best planes (7 pages) are available. Ordering informa-
tion is given on any current masthead page.
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