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Mixed monosubstituted cyclopentadienyl Ti(IV) derivativeg [ CsH4R)(17°-CsH4SiMes)Ti(SPh)] (R = PPh,
PhP=0, PhP=S) react with carbonylmetal fragments of group 6 to generate heterodinuclear compojtads [(
CsH4SiMes) Ti(u-75:k-P-GsH4PPR) (u-SPhYM(CO)3], [(17°-CsHSiMes)(SPh) Tifu-15:k-P-GsH4PPh) (u-SPh)M-
(COY, [(17°-CsH4P(E)Ph)(175-CsH4SiMes) Ti(u-SPhIM(CO),4] (M = Mo, W; E= O, S) and [(#>-CsHSiMes) Ti(u-
n°:c-E-CsH4P(E)PhB) (u-SPhYM(CO)3] (M = Mo, W; E =S or M = Mo, E = O). All complexes have been
characterized by spectroscopic data. The crystal structureyCHH,SiMes) Ti(u-1°%«-P-GH4PPh) (u-SPhyW-

(CO)4] has been determined by X-ray diffraction techniques, and it was confirmed that the titanium precursor
acts as a tridentate metalloligand. The complex crystallizes in the orthorhombic system in spaderg&up

= 23.081(2) A,b = 14.3046(9) A,c = 11.6892(8) A,z = 4.

in solution of the species#}f-CsH4PPh),Ti(SR),] comparing

to related derivatives f-CsH4SiMes),Ti(SR),], encouraged us

to synthesize the new complex$CsH4PPh)(17°-CsH4SiMes)-

Ti(SPh}] in an attempt to enhance the stability in solution while

maintaining the ability of the PBtgroup to bind other metal.
urthermore, the ease of oxidation of the P atom in tertiary

phosphines coupled with the scarce data on the coordination

chemistry of oxo- or thiophosphorylcyclopentadienyl ligghds

tion of the cyclopentadienyl rings with donor groups might has also prompted us recently to syntheS|ze.the new complexes

provide new coordination modes for the corresponding species[(’75'C5H42(E)Pb)(WS'CE’H“R)T'(SPhH (R = SiMes, P(E)PR;

[(175-CsH4R),Ti(SR)2]. Indeed, in the last years we have reported = — ’S)_ . .

a series of heterobi- and heterotrimetallic species showing Following our research project on the synthesis of hetero-

different chelation modes by usinaf.C=H.PPh),Ti(SR}] (R nuclear complexes using thiolate derivatives of titanocene as
= Ph, Et) derivatives as bié/entagfﬁg;ﬁés. R2TISR) ( metalloligands we wish to report here the reactions of the

Much less effort has been devoted to the synthesis of new COMPlexes WS'E_,CE’H“PP_Q)(WS'_CE’H“SiM%)Ti(sph)ﬂ. and [G7>
titanium(lV) complexes incorporating mixed monosubstituted CsH4P(E)Ph)(7 'S5H4S'M%)T'(Sph>] (E =0, S) with M(CO)
cyclopentadienyl ringé. Among them, the only examples and M(CO} (M = Mo, W) fragments.

available in the literature of titanocene thiolate metalloligands Experimental Section
of this type have been recently prepared by Tike instability

Introduction

Studies carried out on compounds containing SR ligands have
revealed a rich chemistry, arising from the ability of the thiolate
group to bridge a wide variety of metal centéns particular
for titanium(lV), the capacity of titanocene thiolate derivatives
to act as chelate ligands has been well established, specificall
through the sulfur atoms in the absence of additional donor
groups in the complexFollowing this idea, the functionaliza-

All preparative reactions, chromatography and manipulations were
carried out under on atmosphere of argon using standard Schlenk
techniqued. Solvents were dried and distilled under argon before use
according to standard procedufethe syntheses of §f-CsH,PPh)-
(75-CsH4SiMey) Ti(SPhY] and  [(75-CsH4P(E)Ph)(175-CsH4SiMes) Ti-
(SPh)] (E =0, S) have been recently reportefiMo(CO),(NCMe),],°
[M(CO)3(NCMe)]*° (M = Mo, W), [Mo(CO}(nbd)];* and [W(CO)-
(nbd)}? (nbd = bicyclo[2.2.1]hepta-2,5-diene or 2,5-norbornadiene)
were prepared according to literature methods. Microanalyses were
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determined with a Perkin-Elmer 2400 microanalyzer, mass spectra on PPh,, Jw—p = 216 Hz,a isomer),—5.7 (s,PPh, Jw-p = 216 Hz,b

a VG Autospec instrument, and infrared spectra on a Perkin-Elmer 1600isomer) ppm. FAB-MS:m/z = 920 (M"), 864 (M" — 2CO), 836 (M

FT spectrophotometer. NMR spectra were recorded on Bruker AMX- — 3CO).

300 and -400 instruments, with chemical shifts reported in ppm relative  Data for4: vmax (dichloromethane solution) 1943 (s), 1888 (m), 1854

to external standards (TMS féH NMR and HPO, for 3P NMR). (m) (CO) cnt. *H NMR (room temperature, CDgI 6 7.60-7.10

Syntheses. [if>-CsH4SiMes)(SPh)Ti(e-5° k-P-CsH PPhy)(u-SPh- (20H, m, GHs), 5.64 (2H, m, GH4PPh), 5.59 (2H, t,J = 2.2 Hz,
)M(CO)4], M =W (1), Mo (2). A solid sample of [W(COXNCMe),] CsHaSiMes), 5.46 (2H, m, GH,PPh), 4.80 (2H, m, GH,SiMes), 0.20
(0.21 g, 0.57 mmol) was added to a solution of*fCsHiPPh)(;°- (9H, s, CH) ppm.3P{*H} NMR (room temperature, CDg)I6 13.2

CsH4SiMes) Ti(SPh)] (0.25 g, 0.38 mmol) in toluene (20 érat room (s, PPhy) ppm.

temperature, and the resulting mixture was stirred for 1 h. The solvent  Reaction of [(®-CsH4P(E)Phy)(7°-CsH4SiMe3) Ti(SPh),] (E = S,

was then evaporated, and the resulting residue was chromatographed) and [Mo(CO)4(nbd)] in Toluene. A solution of complex [§°-

on silica gel 100. Elution witm-hexane-toluene (1:2) afforded a green  CsHaP(S)Ph)(7°-CsHsSiMes) Ti(SPhy] (0.30 g, 0.43 mmol) in toluene

band corresponding to compourdd which was recrystallized from (25 cn¥) was treated with [Mo(CQjnbd)] (0.13 g, 0.43 mmol) and

n-hexane-diethyl ether (0.17 g, 48%). Comple was isolated stirred at room temperature. After 30 min the reaction led to a mixture

following the same procedure @B h of reaction (yield 83%). of compounds [f>-CsH4P(S)Ph)(17°-CsHaSiMes) Ti(u-SPh)Mo(CO)]
Data forl: Found C, 52.03; H, 4.34. £H3:0,PSSIiTiW requires (5) and [(7>-CsHaSiMes) Ti(uu-17°:1c-S-CsH4P (S)Pl) (u-SPhYMo(CO)]

C, 51.93; H, 4.08vmax (toluene solution) 2009 (m), 1915 (m), 1885 (6). All attempts to isolaté in pure form from the mixture have been

(s), 1867 (m) (CO) crmt. 'H NMR (room temperature, CDgIl 7.85— unsuccessful, and a matching elemental analysis could not be obtained.
7.20 (20H, m, GHs), 6.96 (1H, m, GH4PPh), 6.52 (3H, m, GH.- The same behavior was observed when the reaction was carried out
PPh, CsH,SiMes), 5.66 (1H, m, GH,SiMes), 5.53 (1H, m, GH.SiMey), with complex [¢75-CsHaP(O)Ph)(17°-CsHaSiMes) Ti(SPhy], with com-
5.50 (1H, m, GH4SiMes), 5.45 (1H, m, GH,PPh), 0.19 (9H, s, Ch) pounds [{75-CsH4P(O)Ph)(17°-CsH4SiMes) Ti(u-SPh)Mo(CO)] (7) and

ppm; (—30 °C, CDCl) 6 7.90-7.20 (20H, m, GHs), 6.80 (1H, m, [(17°-CsHaSiMeg) Ti(u-17°-0-CsHaP (O) Pha) (u-SPh)Mo(CO)] (8) being
CsH4PPh), 6.60 (1H, m, GHsPPh), 6.51 (1H, m, GHsPPh), 6.49 detected in this case.

(1H, m, GH.SiMe3), 5.81 (1H, q, GHsSiMes, J = 2.0 Hz), 5.65 (1H, Data for5: vmax (toluene solution) 2018 (m), 1947 (m), 1931 (s),
g, GH4SiMe;, J = 2.6 Hz), 5.49 (1H, quint, 4,SiMe;, J = 2.4 Hz), 1912 (m) (CO) cm'. *H NMR (room temperature, CDg)I 6 7.82—
5.42 (1H, m, GH,PPh), 0.21 (9H, s, CH) ppm.3P{H} NMR (room 7.26 (20H, m, @Hs), 6.50 (2H, m, GH,), 6.40 (2H, m, GH.), 5.98
temperature, CDG) 6 28.8 (s,PPhy, Jw_p = 251 Hz) ppm; £30°C, (2H, m, GH,), 4.94 (2H, m, GH,), 0.36 (9H, s, C) ppm. *P{*H}
CD,Cly) 6 27.1 (s,PPhy, Jw—p = 247 Hz) ppm. FAB-MS:m/z = 948 NMR (room temperature, CDl6 35.9 (s,P(S)Ph) ppm.

(M*), 920 (Mt — CO), 864 (M" — 3CO), 836 (M — 4CO). Data for7: vmax (toluene solution) 2019 (m), 1950 (m), 1935 (s),

Data for2; Found C, 56.91; H, 4.31. H::MoO,PSSiTi requires 1911 (m) (CO) cm*. *H NMR (room temperature, CDgIo 7.75-
C, 57.23; H, 4.30vma (toluene solution) 2015 (m), 1923 (m), 1898  7-24 (20H, m, GHs), 6.85 (2H, m, GH,), 6.61 (2H, m, GHa), 6.15

(s), 1872 (m) (CO) crrt. *H NMR (room temperature, CDgIo 7.90- (2H, m, GHa), 4.51 (2H, m, GH,), 0.23 (9H, s, CH) ppm. *P{*H}
7.15 (20H, m, GHs), 6.95 (1H, m, GH,PPh), 6.52 (3H, m, GH.- NMR (room temperature, CDgl6 21.0 (s,P(O)Pty) ppm.
PPh, CsH.SiMes), 5.63 (1H, m, GH,SiMes), 5.47 (2H, m, GHsSiMes), [(°-CsH4SiMes) Ti(-1°:k-E-CsH4P(E)Phy) (u-SPhpM(CO) 5] [E
5.40 (1H, m, GH4PPh), 0.19 (9H, s, CH) ppm.31P{*H} NMR (room =S,M=Mo (6); E=0,M=Mo(8);E=S, M=W(9)]. Toa
temperature, CDG) 6 38.4 (s,PPhy) ppm. FAB-MS: miz= 860 (M"), dichloromethane solution (20 &rof [Mo(CO);(NCMe)] (0.13 g, 0.44
832 (M" — CO), 776 (M" — 3CO), 748 (M — 4CO). mmol) at room temperature was addeg*{CsH.P(S)Ph)(17>-CsHa-
[(5-CsH4SiMes) Ti( -5 k-P-CsH4PPhy) (-SPhM(CO) 3], M = SiMes)Ti(SPh] (0.25 g, 0.36 mmol), and the resulting solution was
W (3), Mo (4). A dichloromethane solution (10 é&nof [(175-CsHs- stlrred for 15_m|n. After evaporation of the soI_v_ent to dryness the solid
PPh)(175-CsH.SiMes) Ti(SPhy] (0.30 g, 0.46 mmol) was added to residue obtained was chromatographed on silica gel 100. Comigound
another dichloromethane solution (20%mf [W(CO)s(NCMe)] (0.30 was eluted from a mixture-hexane-toluene (1:2) as a violet band.

g, 0.77 mmol) at room temperature. The resulting mixture was stirred Recrystallization frorm-hexane-toluene (1:1) at OC afforded a violet

for 2.5 h, and then the solvent was evaporated to dryness. The solidSolid (0-21 g, 70%). Comple$ was isolated following the same
residue obtained was purified by chromatography on silica gel 100. Procedure. i _ )
Using n-hexane-toluene (2:1) as eluent a green band of complex When the reaction was carried out using [W(G@)Me)] complex

(trace amount) is obtained, anehexane-toluene (1:1) gave a purple 9 was obtained. Elution from toluer¢hf (5:1) and recrystallization
band corresponding 8 (0.27 g, 57%). from dichloromethanemethanol (1:1) at @C yielded 9 as violet

- : . dles.
When the reaction was carried out with [Mo(G@YCMe)] and nee . ) - .
worked up in a fashion similar to that described above a mixture of Data foré: Found C, 55.05; H, 4.48. H:M0O:PSSITi requires

complexeg (trace amount) and was obtained. However, all attempts C, 55.56; H, 4.31vmax (dichloromethane solution) 1951 (s), 1897 (m),

: : : 1809 (m) (CO) cm?; (KBr pellets) 634 (B=S) cnmt. *H NMR (room
tstzjlsiip())erl]rate them failed, and compkexould only be characterized in temperature, CDG) & 7.60-7.15 (20H, m, GHe), 6.22 (2H, m, GHa-

Data for3: Found C, 54.18; H, 4.30. gH370:PSSiTiW+0.5GH:s- PPh), 5.83 (2:H’ m, GH4PPh), 5.51 (2H, 1) = 2.2 Hz, QH4381|M193),
X > . 4.87 (2H, t,J = 2.2 Hz, GH,SiMe), 0.33 (9H, s, Cl) ppm.31P{H}
CHs requires C, 54.05; H, 4.24'ma« (dichloromethane solution) 1941 NMR (room temperature, CD@Id 44.8 (s,P(S)Ph) ppm. FAB-MS:
(s), 1879 (m), 1846 (m) (CO) cm. *H NMR (room temperature, miz = 864 (M), 808 (M*i— 2C0), 780 (M ~'3c0),
(CZDHC':) J6—7.25%_Z|.214Q(E|0gii\/lm,) et 5('265’ ﬁHélT,P%Z;PZ%)é ?‘26;3 Data for8: Yield 62%. Found C, 56.38; H, 4.22 @ MoO:PS-
(2 05H STM .) : é8 (94H sezcllg)- 2 ('_70' oC 4CDCl;) 6 Z 79_’ SiTi requires C, 56.61; H, 4.3%max (dichloromethane solution) 1947
Y on r?*@H') 6.20 (31, 5 é)f = isomen). 5.91 (aH, s, &1 (s), 1890 (m), 1804 (m) (CO) cré; (KBr pellets) 1144 (B-0) cr L.
B i 12 S e ) 0 S IH NMR (room temperature, CDgI 6 7.62-7.16 (20H, m, GHs),
b isomer), 5.67 (2H, s, &4, b isomer), 5.20 (2H, s, &4, a isomer), _
. . 5.99 (2H, m, GH4PPh), 5.84 (2H, m, GH4PPh), 5.55 (2H, t,J= 2.2
4.58 (2H, s, @Ha, bisomer), 4.5 (2H, s, &y, aisomen), 4.45 @H, ) "o Sivey 4 87 (2H, 1,0 = 2.4 Hz, GHaSiMes), 0.20 (9H, s
S, GHs, 2 |somer_), 0‘3.1 (93'14 f Cia isomer), 0.28 (9H, s, C4lb CHs) ppm.3*P{*H} NMR (room temperature, CDg)Id 38.6 (s,P(O)-
|§omer) ppm (rati@/b 1:9).3P{*H} NMR (room temperature, CDg)I Phy) ppm. FAB-MS: m/z = 848 (M*), 820 (M — CO), 792 (M —
& —3.5 (s,PPh, Jw_p = 216 Hz) ppm; 60 °C, CD,Cl,) 6 0.7 (s, 2C0). 764 (M — 3CO). : :
- Data for9: Yield 65%. Found C, 48.63; H, 3.93413:0:PSSIiTiW:
(10) (a) Tate, D. P.; Knipple, W. R.; Augl, J. Mnorg. Chem 1962 1, CH,Cl, requires C, 48.78; H, 3.89)max (dichloromethane solution)

433. (b) Ross, B. L.; Grasselli, J. L.; Ritchey, W. M.; Kaesz, H. D.
Inorg. Chem 1963 2, 1023. 1945 (s), 1887 (m), 1803 (m) (CO) ch (KBr pellets) 630 (F=S)

(11) King, R. B.Organometallic Synthesed\cademic Press: New York, ~ ¢M - *H NMR (room temperature, CDgI 7.98-7.15 (20H, m,
1965; Vol. 1. Ce¢Hs), 6.24 (2H, m, GH4PPh), 5.81 (2H, m, GH,PPh), 5.49 (2H, t,
(12) King, R. B.; Fronzaglia Alnorg. Chem 1966 5, 1837. J = 2.4 Hz, GH4SiMe3), 4.87 (2H, t,J = 2.4 Hz, GH.SiMe3), 0.07
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Table 1. Crystallographic Data foB

empirical  CyoH370sPSSITIW  space group  Pna2;
formula

a A 23.081(2) T,°C 20

b, A 14.3046(9) A 0.71073

c, A 11.6892(8) pealcs Mg NT3 1,584

v, A3 3859.4 (4) u, mm1 3.402

Z 4 R12wR2 0.0462, 0.1214
[l < 271)]

fw 920.63 R2Ryr2P 0.0483, 0.1237
(all data)

*Re, = [2(IFol = IFDVZ(IFol- ® Rur? = {[3(Fo? = FAV 3 (Fo)} 2

(9H, s, CH) ppm; (=60 °C, CD,Cl,) 6 7.61-7.20 (20H, m, GHs),
6.39 (2H, m, GH4PPh), 5.95 (2H, m, GH4PPh), 5.65 (2H, tJ = 2.3
Hz, GH4SiMe;), 4.85 (2H, t,J = 2.2 Hz, GH.SiMes), 0.01 (9H, s
CHs) ppm.31P{H} NMR (room temperature, CDg)Id 46.0 (s,P(S)-
Phy) ppm; (=60 °C, CD,Cl,) 6 46.0 (s,P(S)Ph) ppm. FAB-MS: m/z
952 (M%), 924 (M" — CO), 896 (M- — 2CO), 868 (M — 3CO).
X-ray Structure Determination of Compound 3. A summary of
the fundamental crystallographic data is given in Table 1. A dark red
prismatic crystal was selected. The cell parameters were determined
and refined from the values of 94 reflections. A quadrant of data was
collected at 20°C (Mo Ko radiation ¢ = 0.710 73 A); graphite
monocromator) with a Siemens CCD diffractometer (sealed tube 2.4
kW) via two runs of 0.8 w scans at differenp (—15 < h < 24,15
< k = 14,-3 < | = 13; 6 range 1.6723.38). The number of
reflections collected was 8423. Intensities were corrected for absorption
by applying SADABS progran® The maximum and minimum
effective transmission factors were 0.112 and 0.037, respectively. The

structure was solved by direct methods and least-squares refinement

(based orF?) with SHELXTL using 3125 independent reflections.
Hydrogen atoms were geometrically calculated and fixed. The final
difference map was essentialy featuresless with the highest peak of
1.376 and the hole 0£2.281 e A3, The goodness of fit parameter on

F2 was 1.040.

Results and Discussion

Several examples of heteronuclear compounds formed by
reaction of bis(cyclopentadienyl) bis(thiolate) derivatives of
titanium (IV) and group 6 metal carbonyls are available in the
literature3»15however, analogous complexes containing mixed
monosubstituted rings are unknown.

By reaction of [M(CO)}(NCMe);] (M = W, Mo) and [¢7°-
CsH4PPB)(175-CsH4SiMes) Ti(SPhY] at room temperature, the
compounds  [f5-CsH1SiMes)(SPh) Tig-175:«-P-GH4PPh) (u-
SPh)M(CO)] [M =W (1), Mo (2)] have been obtained as green
solids soluble in most common polar solvents.

The four CO stretching bands observed in the IR spectra at
2009, 1915, 1885, 1867 crh(M = W) and 2015, 1923, 1898,
1872 cnt! (M= Mo) support acis-M(CO), coordination, and

Delgado et al.
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Figure 1. H COSY spectrum of jf5-CsH,SiMes)(SPh)Tige-15:1-P-
CsH4PPh)(u-SPh)W(CQO)] (1) in the cyclopentadienyl region at60
°C in CD.Cls.

Data reported for compound [(SBR)(u-77%«-P-GHsPPh),-
Mo(CO)J* indicate a downfield shift of the ring protons, while

an S,S coordination results in an upfield shift in complexe3 [(
CsHs)2Ti(u-SR)RMo(CO)].2>17 The P,S coordination mode in
compoundd and2 is expected to provoke the two effects before
mentioned. Furthermore, the presence around the titanium atom
of two different rings as well as the coordination to the M(¢O)
fragments of only one of the SPh groups makes the complexes
chiral. The comparison ofH and 'H{31P} NMR spectra of
complexl reveals the coupling of threes84PPh ring protons

to the phosphorus atom. The complete assignment of the
resonances corresponding to each cyclopentadienyl ring was
aided by alH COSY experiment at-60 °C (Figure 1).

The stereochemical nonrigidity in solution of SR ligands in
these type of compounds may affords syn-anti isomers; however,
the IH and 3P NMR spectra of compound at different
temperatures show the presence of only one.

Although some carbonyl complexes of group 6 showing P,S,S
or S,S,S coordination modes have been synthedfz&d.our
knowledge, only a few examples of metallocenes of group 4
have been reported to act as tridentate ligands bridging M{CO)
fragments through P,P,S or P,P,Cl atoms [XMg:x-P-GHg-
PPh),(u-X)M'(CO)] [X = Cl, SMe; M= Ti, Zr; M' = Mo,
w).18

they appear in the same range than those reported for other With these precedents in mind and due to the presence of

Ti—M (M = Mo, W) heteronuclear complexes bearing thiolate
or cyclopentadienylphosphine bridg845The31P NMR spectra
at room temperature fdt and2 display singlet resonances at
28.8 P(3P—183) 251.1 Hz] and 38.4 ppm, respectively,
strongly downfield shifted comparing with the starting material
(—15.7 ppm). The evidence obtained from HB{*H} NMR
and IR spectra suggests linkage of the M(gftagment to the
titanium through the P,S atoms.

In the room temperaturtH NMR, both compounds exhibit
a complex set of resonances for the cyclopentadienyl protons.

(13) SADABS Siemens Energy Automation, Inc: Madison, WI, 1996.
(14) SHELXTL, Version 5; Siemens Industrial Automation, Inc., Analytical
Instrumentation: Madison, WI, 1994.
(15) Kopf, H.; Rathlein, K. H. Angew. Chem1969 23, 1000.
(16) Joshi, K. K.; Wardle, R.; Wilson, V. Anorg. Nucl. Chem. Letf197Q
6, 49.

three donor atoms in the titanium mononuclear precursor
mentioned above, we have also studied its coordination chem-
istry toward group 6 tricarbonyl fragments.

Thus, when the reaction betweemHCsH4PPh)(57°-CsHy-
SiMes)Ti(SPh)] and [M(CO)(NCMe)] (M = W, Mo) was
carried out using toluene as solvent, mixtures of compldxes
or 2 and [(7°-CsH4SiMes)Ti(u-n5«-P-GH4PPh)(u-SPhM-
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(CO)] [M = W (3), Mo (4)], as minor compounds, were multiplet signals at 5.69 and 5.50, and triplets at 5.63 and 4.83
obtained (Scheme 1). After several hours of stirring at room- ppm assigned to4E1,PPh and GH4SiMes protons, respectively.
temperature complexdsor 2 were the only species present in  Resonances attributable to the phenyl and Siki®tons are
solution. This result indicates an initial P,S,S coordination of also present. ThéP and'H NMR spectra recorded at low
the tricarbonyl metal fragments and further conversion from this temperatures show the existence of two isomers in solution (see
facial arrangement to a more stabls-P,S-[M(CO})] coordina- Experimetal Section). The main features of #He and'H NMR

tion mode. We believe that steric constraints imposed by the spectra, as well as the IR carbonyl pattern, for comgiexe

two bulky cyclopentadienyl rings could be responsible for the similar to those previously discuted for compoudid

labilization of one M-S (M = W, Mo) bond and subsequent By contrast with the research carried out on diphenylphos-

carbonylation. phinocyclopentadienyl ligand in different transition-metal sys-
However, we found that the use of dichlorometane instead tems, few studies have been performed with oxo- and thiophos-

of toluene in the above experiments allows to obtaor 4 as phorylcyclopentadienyl groups. We have, therefore, considered

the major compounds. Both complexes are formulated asit particularly interesting to explore the coordination chemisty
dinuclear T-M (M = W, Mo) species with P,S,S bridges, of complexes [§°>-CsH4P(E)Ph)(17°>-CsH4SiMe3) Ti(SPhy] (E =
which has been confirmed by X-ray diffraction study carried O,S), which have recently been prepared by as.an extension
out for 3. of the work previously presented for the complex®fCsHa-
The fac geometry for complexif¢-CsH4SiMes) Ti(u-1°«-P- PPh)(15-CsH4SiMes) Ti(SPh)).
CsH4PPR)(u-SPhYW(CO)4] is also supported by its IR spec- [Mo(CO)4(nbd)] was treated with {-CsH4P (E)Ph)(175-CsHy-
trum. The carbonyl region shows a stromO) A; band at SiMe3)Ti(SPh}] (E = O,S) in toluene at room temperature and
1941 cnrt and two bands of medium intensity at 1879 and 1846 the reaction was followed by IR ari¢H NMR. Initially, after
cm~1 resulting from the splitting of the expected E band when 30 min of stirring, compound {¢-CsH4P(E)Ph)(1°-CsHys-
the symmetry of the complex is lowered. This pattern is very SiMes)Ti(u-SPhYMo(CO)] [E = S (5), O (7)] was detected as
similar to that reported for closely related compounds [CIZr- the major product together with traces off{CsHsSiMes)Ti-
(u-n>:K-P-GsH4PPR),(u-Cl)M(CO)5] 83 (M = Mo, W). The3P (u-15:1-E-CsH4P(E)Ph)(u-SPhYMo(CO)] [E = S (6), O (8)]
NMR spectrum at room temperature of this compound consists and starting material. A few hours later compkgr 8 became
of one singlet signal at+3.5 ppm P(31P—183W) 216 Hz], thus the main product. All attempts to separate both type of
indicating the coordination of the W(C®pnoiety to the PPh compounds by chromatography or crystallization proved to be
group. ThetH NMR spectrum at the same temperature displays unsuccessful. Finally, after 15 h of reaction, the tricarbonyl
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derivatives were the sole species observed in solution. This result
is evidence of the instability of tetracarbonyl specteand 7
through decarbonylation at room temperature, and it is in
contrast with the behavior mentioned before for compouhds
and2. Steric factors related to the proximity of O or S atom of
the phosphorylcyclopentadienyl ligand to the molybdenum
center could account for the higher stabilization of the tridentate
coordination mode.

The IR spectra of complexésand? in toluene present four
bands attributable to a cis-disubstituted molybdenum tetracar-
bonyl complex. Further information concerning the chelation
mode is obtained from theif!P{IH} NMR spectra at room
temperature. Singlet resonances at 35)%fd 21.0 ppm7),
hardly shifted with respect to the starting materfateyeal the
presence of uncoordinated oxo- or thiophosphoryl groups. The
former data support the formulation of compourtdand7 as
titanium—molybdenum heterobimetallic complexes with double
thiolato bridges.

The reaction of [§°>-CsH4P(E)Ph)(7°>-CsH4SiMes) Ti(SPh))]

(E = 0,S) and [Mo(CO)YNCMe);] proved to be a more con-
venient method to obtain derivativ€ésand 8 in high yield as
violet crystalline solids. Both compounds are soluble in toluene,
thf, and dichloromethane, and these solutions are quite stable Table 2. Selected Bond Lengths (A) and Angles (deg) for Complex

They have been identified by both spectroscopic and elemen-3
tal analyses. Their(CO) IR pattern in solution revealed the

Figure 2. ORTEP drawing of compound. Thermal ellipsoids are
shown at the 30% probability level.

Bond Lengths

presence ofac-Mo(CO) moieties. The IR solid spectra show F(i):\év(ll) %-igi(i) VV\\//(ll%g(%) %-8‘1142(14)
bands at 6346) and 1144 cm! (8) assigned to the B E (E nglg—sgzg 2'513% ng(:EBg 1'97(1()13)
= S, O) streching mode. The lowering in these stretching W(1)-S(1) 2:493(3) Ti(LyCp(1) 2047
frequencies is consistent with a slight lengthening of the P W(1)-S(2) 2.509(3) Ti(1}Cp(2) 2.095
bonds upon complexation of the molybdenum atom. T W(1)—P(1) 2.543(3)
{H} NMR spectra at room temperature show a single phos- Bond Andles
phorus resonance, downfield shifted by 9.1 and 15.3 ppm with Cp(1-Ti-Cp(2)  133.09 cg(11—)5(1)—W(1) 118.7(6)
respect to the corresponding precursors. All these data clearly s(1)-Ti(1)-S(2) 100.32(13) C(2BDS(2-W(1) 117.5(4)
indicate afac-E,S,S-Mo(COj (E = S, O) coordination mode S(1)-W(1)-S(2) 99.92(11) C(1BHS(1)-Ti(1) 120.1(5)
in these heterobinuclear complexes. 2(1)—W(1)—P(1) 8(15-%(1(1)) C_(ZBSS(Z)—Ti(l) 16133-785)
Finally, reactions betweenyf3-CsH4P(S)Ph)(1°-CsH4SiMes)- C((g:vv\\//((ll)):lé((ll)) ;1' 4(6()1 ) 'El((ll; Sg)):wgg 79'3583
Ti(SPh}] and tungsten carbonyl fragments were also investi- CE-W(1)-C(2) 9 4:7(6) '

gated. The reaction carried out under several conditions using
[W(CO)4(nbd)] as a reagent did not allow us to obtain any
satisfactory result. By contrast, the reaction with [W(gO)
(NCMe)g] yielded almost inmediately the new heterobinuclear
complex [(7>-CsHaSiMes) Ti(u-75:k-S-GH4P(S)Ph) (u-SPhW-
(CO)4] (9). Analytical and spectroscopic data for compownd

aCp(1) refers to the centroid of the ring formed by C51,C52,-
C53,C54,C55. Cp(2) refers to the centroid of the ring formed by
C61,C62,C63,C64,C65.

The tungsten atom is octahedrally coordinated showing three
are consistent with its formulation as a dinuclearW complex carbonyl ligands in a facial arrangement with a P,S,S bridge
with S,S,S bridges. ThéH and 3P NMR spectra at low  between both metals. The Y8 [2.509(3) and 2.493(3) A,
temperatures indicate the presence of one isomer in solution.W—P [2.543(3) A], and W-C [1.944(14), 2.01(2), and 1.971-
Crystal Structure of [(#55-CsH4SiMes) Ti(u-n°:k-P-CsH 4P- (13) A] bond distances compare well with tHeN(CO)s} o{ -
Phy)(e-SPh)RW(CO)3] (3). Suitable crystals for the X-ray dif-  P(CGHsSMe-2yCH,CH,P(CGHsSMe-2}}] carbonyl metal com-
fraction study were obtained by the slow diffusion of methanol plex which exhibits dac-P,S,S coordination modé?
into a dichloromethane solution of compl&wat room temper- The dihedral angle between SE)i—S(2) and S(1)XW—
ature. An ORTEP drawing of the molecule is shown in Figure S(2) planes of 1 3suggests that the Ti®/ central core is almost
2. Selected bond lengths and angles are given in Table 2. planar. This value is similar to those observed in other binuclear
Titanium atom in [(°-CsH4SiMes) Ti(u-17%k-P-GH4PPh)- Ti(IV) —M complexes [CpTi{«-S(CHy)PPh} 2M]BF4 (n = 2,
(u-SPhW(CO)] shows a pseudotetrahedral coordination sphere M = Cu; n = 3, M = Rh)3 or [Cp,Ti(u-SMepMo(CO)]?*
with angles Cp(L} Ti—Cp(2) and S(1y Ti—S(2) of 133.09 and  and is in contrast with Tigu puckered cores found in [Gp
100.32, respectively. Although there are no data on the Ti(u-SEtpCuL] (L = PPh, 13.2; L = PCy;, 17.92)%or [Cpp-
crystalline structure of complexi[f-CsHsPPh)(#7°-CsHSiMes)- Ti(u-SMepCu(NCMe)]PFs (11°).26
Ti(SPh)], the former angles as well as theT$ [2.474(4) and
2.513(4) A] and T+Cp [2.047 and 2.095 A] bond distances
are in the range reported for other thiolate derivatives of
titanocene [CpTi(SPh}],20 [(175-CsH4SiMes), Ti(SCsFs),],2L and
[Cp:Ti(SMe)].22

(21) Delgado, E.; Hermalez, E.; Hedayat, A.; Tornero, J.; Torres, R.
Organomet. Cheml994 466, 119.

(22) Wark, T. A.; Stephan, D. WOrganometallics1989 8, 2836.

(23) (a) White, G. S.; Stephan, D. \ihorg. Chem 1985 24, 1499. (b)
White, G. S.; Stephan, D. WOrganometallics1987, 6, 2169.

(24) White, G. S.; Stephan, D. VDrganometallics1988 7, 903.

(25) Wark, T. A.; Stephan, D. Winorg. Chem 1987, 26, 363.

(26) Wark, T. A.; Stephan, D. Wnorg. Chem.199Q 29, 1731.

(20) Muller, E. G.; Watkins, S. F.; Dahl, L. B. Organomet. Cheni976
111, 73.
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All mononuclear thiolate derivatives of titanocene which metallocene acting as tridentate ligand for which the crystal
crystal structures have been solved, display the organic groupsstructure has been determined by X-ray diffraction.
of the thiolate ligands in opposite sides of the S{T)—S(2)
plane in an endo(anti) conformation. Heteronuclear species . . .
derived from these precursors have showed a preferential endo- Agknowledgmept. Emanmal support Of. thlg vyork'was
(syn) conformation with the two groups located on the same proyldgd by thg Direccio General de InvestigauiCientfica
side of the TiSM (M = Mo, W) plane. However, an X-ray Y Te?n|ca (Spaln).(PBQS-OZSQ). Thg aut.hors thank _Dr. Esther
diffraction study has been reported on the endo(anti) conforma- G&rc@ and Dr. Miguel A. Ruiz (Universidad de Oviedo) for
tion of compound [CpTi(u-S+-CeHaCl)oMo(CO)].17 As we their assistance with variable-temperature NMR measurements.
can see in Figure 2, compléxexhibits the two phenyl groups
of the thiolate ligands orientated to the same side of the plane  supporting Information Available: An X-ray crystallographic file,

as corresponding to an endo(syn) conformer. TheWibond in CIF format, for the structure determination of compBis available
distance of 3.206(3) A is significantly larger than the sum of on the Internet only. Access information is given on any current
the covalent radii (2.66 A). masthead page.

Compound [§>-CsH4SiMes) Ti(u-7%xc-P-GH4PPh) (u-SPh)W-
(CO) (3) is the first heteronuclear species of a group 4 1C9804972



