3670

Organometallics2006, 25, 3670-3677

Synthesis, Characterization, and Reactivity of
Isocyanidephosphidoniobocene Derivatives: X-ray Diffraction
Structures of New Isocyanideniobocene Complexes,
[Nb(775-CsH4SiMes),(CNR)(PMePhy)]l, R = Xylyl, Cy

Antonio Antifolo,* David Evrard, Santiago GdrziYuste, Antonio Otero,*
Juan C. Pe2z-Flores, Rebeca Reguillo-Carmona, Ana M. Rgaez, and Elena VillaSen

Departamento de Qmica Inorganica, Organica y Biogqumica, Facultad de Qumica,
Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain

Receied March 30, 2006

The reaction of the hydride niobocene complexes [RifsH,SiMes),H(L)] [L = CNBU" (1), CNCy
(2), and CNXylyl (3)] with CIPPh yielded the cationic niobocene complexes [WbCsHSiMes)(PHPh)-
(L)]JCI[L = CNBU" (4), CNCy (5), and CNXylyl (6)]. Treatment of these complexes with NaOH yielded
a new family of phosphidoniobocene derivatives [bCsHiSiMes),(PPh)(L)] [L = CNBu" (7), CNCy
(8), and CNXylyl 9)] by elimination of the hydrogen atom directly bonded to the phosphorus. The
cationic & species [Nb{>-CsHsSiMes)(PRPh)(L)]X [R = Me, X = I, L = CNBU" (10), CNCy (11),
and CNXylyl 12); R = CH,Ph, X= Br, CNBU" (13), CNCy (14), and CNXylyl (15); R = CH,CH,Ph,

X = Br, CNBU (16), CNCy (17), and CNXylyl (18)] were prepared by the reaction of alkyl halides
RX (R = Me, X = I; CH,Ph, X= Br; CH,CH,Ph, X = Br) with 7, 8, or 9 by electrophilic attack on
the phosphorus atom present in the phosphido terminal ligand. In the same way, the rea@twithof
ICH,CH,l or iodine yielded the complex [Nf-CsH4SiMes)o(P(1)Ph)(CNXylyD)]l 5 (19). The insertion
reaction of carbon disulfide into the Nt bond of7, 8, or 9 yielded a new family of diphenylphos-
phidodithioformato complexes with the niobocene system fRIGEH,SiMe;)(x*-S-SC(S)(PPH)(L)]

[L = CNBU"(20), CNCy (21), and CNXylyl 22)]. The molecular structures @fl. and12 were determined
by single-crystal X-ray diffraction studies.

Introduction and relevance, of the scientific publications related to com-
pounds containing this eleméehOf all the phosphorus ligands
known in organometallic chemistry, the newest tyjpalled the
phosphido ligane-has not been widely studied in transition
metal chemistry, particularly with respect to group 5 transition
fnetal complexed.

The number of isocyanideniobocene complexes that have

een characterized by X-ray diffraction methods is very siall.

Hydride complexes of transition metals represent one of the
most important classes of compounds due to their chemical
reactivity and applications in catalysidn recent years our
research group has published several papers concerning th
synthesis, structural characterization, and reactivity of new
niobocene hydrides. Our interest has been focused in importantb
fields of inorganic and organometallic chemistry such as
hydrogen exchange coupling in metallocene trihydride com-

(7) Antifiolo, A.; Carrillo, F.; Gar@-Yuste, S.; Otero, AOrganometallics

plexes? o-bond activation by niobocene hydridésysertion
processes with heterocumulene molecdlesertion processes
with alkynes? the synthesis of dihydrogen complexes in
protonation processésand the synthesis of hydride-olefin
niobocene complex€s.

1994 13, 2761.
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1991 69. (b) Ho, J. W.; Drake, R. J.; Stephan, D. WAm Chem Soc
1993 115 3792. (c) Ho, J. W.; Rousseau, R.; Stephan, D.Okganome-
tallics 1995 14, 4030. (d) Baker, R. T.; Calabrese, J. C.; Harlow, R. L.;
Williams, 1. D. Organometallics1993 12, 830. (e) Hey-Hawkins, E.;

Furthermore, phosphorus plays an important role in organo- Lappert, M. F.; Atwood, J. L.; Bott, S. Gl. Chem Soc, Dalton Trans

metallic chemistry, a fact demonstrated by the huge number,
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The well-known equilibrium between the two extreme pos-
sibilities, isocyanide or carbene coordination mode for the
metal-isocyanide bond! has usually been studied by IR spec-
troscopy techniques, while X-ray diffraction methods provide

unambiguous evidence concerning the coordination mode

(Scheme 1).
With the aim of combining aspects of isocyanide and

phosphidoniobocene chemistry, we decided to prepare new
isocyanidephosphidoniobocene complexes starting from new
hydridoisocyanideniobocene complexes in order to investigate

both their reactivity and chemical similarity with the carbon-
ylphosphidoniobocene derivatives in insertion and alkylation
processe& We also aimed to prepare a significant number of
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These compounds were synthesized by heating7JNG§H4-
SiMes)2(H)3]? in the presence of the corresponding isocyahide
(see Scheme 2).

CIPPh was very smoothly inserted into the Nbl bond of
complexesl—3 to give the ionic phosphine complexes [Nb-
(75-CsH4SiMes)2(PHPR)(L)]CI [L = CNBU" (4), CNCy (), and
CNXylyl (6)]. Complexes4—6 were isolated as air-sensitive
red-orange crystalline solids in high yield-85%) and as red
solids after precipitation from ED. TheH NMR spectra of
4—6 reveal the equivalence of the two cyclopentadienyl rings,
with an asymmetrical environment for the niobium center; four
multiplets betweem® = 5—7 ppm are observed for the protons
of the Cp rings. In addition, thtH NMR spectra of4—6 show
a doublet for the PH moiety (Jpn ~ 370 Hz). The IR spectra
of 4—6 reveal the absence ofidNb—H) band and the existence
of »(P—H) at ca. 2280 cm!. The 3C{!H}, 3'P{1H}, and3'P
NMR spectra are consistent with the observations outlined above

different isocyanide complexes in order to increase the number (S€€ Experimental Section).

of structures of this kind of complexes resolved by X-ray
diffraction studies.

Starting from a well-known methodolo&i* to prepare
phosphidoniobocene complexes [WbCsH4R)(PPh)(L)], herein
we report new isocyanide-containing niobocene derivatives,
namely, [Nbg°-CsHsSiMes),(PPh)(CNR)], as well as their
reactivity in alkylation and insertidf17 processes with elec-
trophilic reagents RX and GSo give cationic 8 18-electron
species [Nbf>-CsHaSiMes),(PRPh)(L)]X and phosphinodithio-
formato-containing complexes [NigtCsH4SiMes)o(«!-S-SC-
(S)(PPR))(L), respectively.

Results and Discussion

We report the synthesis of new phosphorus-containing
niobocene complexes using a new family of hydride isocyanide
niobiocene complexes as starting materials, pRLsH,-
SiMes),H(L)] [L = CNBU" (1), CNCy (2), and CNXylyl Q)].
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(13) Antifolo, A.; Carrillo-Hermosilla, F.; Fernandez-Baeza, J.; Garci
Yuste, S.; Otero, A.; Sechez-Prada, J.; VillaSen E.Eur. J. Inorg. Chem
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helli, M. A. J. OrganometChem 1992 435 55. (c) Antifolo, A.; Fajardo,
M.; Gil-Sanz, R.; L@ez-Mardomingo, C.; Martin-Villa, P.; Otero, A.;
Kubicki, M. M.; Mugnier, Y.; El Krami, S.; Mourad, YOrganometallics
1993 12, 381. (d) Antitolo, A.; Carrillo-Hermosilla, F.; GaferYuste, S.;
Freitas, M.; Otero, A.; Prashar, S.; VilldsenE.; Fajardo, MInorg. Chim
Acta 1997, 259 101.

(16) Antifolo, A.; del Hierro, I.; Fajardo, M.; GaratYuste, S.; Otero,
A.; Blacque, O.; Kubicki, M. M.; Amaudrut, Drganometallics1996 15,
1966.

(17) Antifolo, A.; Fajardo, M.; Gara-Yuste, S.; del Hierro, |.; Otero,
A.; El Krami, S.; Mourad, Y.; Mugnier, YJ. Chem Soc, Dalton Trans
1995 3409.

In the study described here it was envisaged that #fb(
CsH4SiMes)»(PPh)(L)] [L CNBuW (7), CNCy (), and
CNXylyl (9)] would be obtained by deprotonatidof the P-H
bond of4, 5, and 6. Indeed, the preparation of the phosphi-
doniobiocene complexeg 8, and9 was achieved by deproto-
nation of the PHPhligand present in these complexes (eq 1).

+ Na(OH)

[Nb(n®-CsH,SiMe3)2(PHPh)(L)ICI ———  [Nb(n®-C5H,SiMes)o(PPhy)(L]
- NaCl

L= CNBu", 4; CNCy, 5; W0  L=CNBU7; CNCy,8;

CNXylyl, 6 CNXylyl, 9

Complexes’—9 were isolated as air-sensitive yellow-brown
oils, and they are soluble in most organic solvents such as thf,
hexane, pentane, and toluene. Compleke8 were character-
ized by IR and'H, 13C{1H}, and3P NMR spectroscopy. The
IR spectra of7—9 contain one band between 1990 and 2111
cm1, and this corresponds 1{C=N), in agreement with the
linear disposition of the isocyanide ligands. A band correspond-
ing to v(P—H) of the P-H bond was not observed in the IR
spectra, which is consistent with the conversion of the coordi-
nated diphenylphosphine ligand to a new phosphido ligand.
Further evidence for this transformation was provided by the
IH NMR spectra, which did not contain the doublet correspond-
ing to the P-H bond at ca. 7 ppm that is present in the parent
complexest—6.13 Evidence for the presence of a new phosphido
ligand was provided by th&P NMR spectra, which contain a
singlet at ca.0 —10.8 ppm due to the PRHigand!? This
latter signal is at higher field than that in the corresponding
PHPh ligand in complexes4—6, which shows the higher
electron density on the P atom in the neutral phosphido ligand.
At low field the 13C{*H} NMR spectra exhibit one signal
betweend 212 and 217 ppm for the carbon atoms of the
CNR ligands. The spectroscopic data are in agreement with an
18-electron @ niobocene species in which the phosphido
terminal ligand is coordinated as a monoanionic donor ligand.
Thus, the phosphorus atom of the phosphido ligand retains one
electron pair, and this makes it susceptible to further electrophilic
attack. The niobium atom must adopt a pseudo-tetrahedral
structure with both cyclopentadienyl rings bonded im%a
coordination mode to give the typical bent metallocene con-
formation.

Complexes7—9 are excellent starting materials for the
synthesis of a new family of 18 “ecationic niobocene
complexes. In the second part of this article we describe the
reactivity of complexeg—9 toward alkylation processes with
several RX reagents as electrophilic species. The reaction of
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Scheme 2
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(19) rather than the expected dicationic derivatigép(;>-

iodide (Mel), benzyl bromide (BzBr), and phenethyl bromide CsHsSiMes)2(CNXylyl)}2(PhP(CH,CH,)PPR)]I2 (see eq 3).

(PhCHCH,Br), gives & 18 e cationic phosphinoniobocene

complexes [Nb5-CsHsSiMes)2(PRPh)(L)]X [R = Me, X =
I, L = CNBW (10), CNCy (11), and CNXylyl (12): R =
CH,Ph, X = Br, CNBU" (13), CNCy (14), and CNXylyl (L5);
R = CH,CH,Ph, X = Br, CNB{' (16), CNCy (L7), and
CNXylyl (18)] in high yield (see eq 2):

+RX
B —

[Nb(n®-C5H,SiMes)o(PPh,)(L)]
L = CNBu", 7 CNCy, 8; CNXylyl, 9
[Nb(n®-CsH,SiMes)o(PRPh,)(L)IX 2)

R = Me; X=1; L = CNBu", 10; CNCy, 11; CNXylyl, 12
R=PhCH,; X=Br; L=CNBuU", 13; CNCy, 14; CNXylyl, 15
R =PhCH,CH, X =Br L =CNBU", 16 CNCy, 17; CNXylyl, 18

I or 1,2-diiodoethane

[Nb(n®-CsH,SiMes),(PPh,)(CNXylyl] ——————— 3=

9
@ [Nb(n°-C5H,SiMes)a(P()Pha)( CNXylyills  (3)

(19)

The reaction of comple® with I,/Et,O was successful as an
alternative method to obtalt®. The new iododiphenylphosphine
complex was isolated as a deep red air-sensitive solid. The ionic
nature of complext9 was confirmed by measurement of the
molar conductivity Ay = 105.6 Q~1 cm? mol-%), which is
consistent with a 1:1 electrolyt€ The structural characterization
was carried out by both spectroscopic and X-ray diffraction
studies (see Experimental Section).

The IR spectrum shows one band at 2078 §nand this

The formation of these complexes must be considered in corresponds to(C=N) of the G=NXylyl ligand. In the NMR
terms of an alkylation process resulting from electrophilic attack spectra {H and3C) the absence of a resonance in the typical

of the alkyl halide on the nucleophilic P atom of the phosphido egion for the PEP(CHCH,)PPh ligand, corresponding to the

terminal ligand®212

ethylene bridge of the P(GI8H,)P moiety, confirms that this

Complexes10—18 were isolated as deep red air-sensitive |igand is not present. ThEC{H} NMR spectrum shows the

crystalline solids. The low solubility of the complexes in

resonance of the carbon atom of BN Xylyl ligand até 190.3

hydrocarbons, ethers, and aromatic solvents enabled us to isolatgpm. The3P NMR spectrum contains a signal@85.2 ppm

the products very easily in analytically pure form.

due to the iodophosphine ligand (see Experimental Section).

Fortunately, all of the complexes are sufficiently soluble in  These chemical shift values show the effect of the presence of

acetone to allow their NMR spectra to be recorded. The ionic the iodine atom by comparison with the data for compex
nature of complexe40—18 was confirmed by measuring the  This comparison is consistent with the decreasing electronic
molar conductivity (see Experimental Section), and the values density in the phosphorus atodrh.

are consistent with 1:1 electrolyt&. X-ray Diffraction Study of [Nb( 55-CsHsSiMes)(PMePhy)-

Compound4.0—-18were characterized spectroscopically (see (CNCy)]l (11) and [Nb(1°-CsH4SiMes)2(PMePhy)(CNXylyl)]l
Experimental Section). The most significant bands in the IR (12). Crystallographic analyses were carried out on suitable
spectra appear at ca. 2000 Tmand these correspond to single crystals ofl1 and12. The aim of this crystallographic
v(C=N) (see Experimental Section), in agreement with a linear study was to establish the structured dfind12 unambiguously
disposition of the isocyanide ligands. TH® NMR spectra each  and to ascertain the effect of steric hindrance of the isocyanide
contain a broad resonance, and these appear @t 58.ppm alkyl or aryl substitutes on the Nb€N—C bond angle of the
(see Experimental Section). These chemical shift values showisocyanide ligand. To the best of our knowledge, these molecular
the effect that alkylation has on the phosphorus by comparisonstructures represent two of the few examples described for
with the 31P NMR chemical shift of the phosphido terminal niobocene complexes containing an isocyanide moiety.
ligand in complexesg—9. This comparison shows the differ- Single crystals ofl1 and12 suitable for X-ray analysis were
ences in electron density on the P atom. In agreement with theobtained by slow diffusion of diethyl ether into dichloromethane
IR spectra, thé3C{H} NMR spectra ofL0—18 show low-field solutions of the complexes. ORTEP views of the molecular
resonances for the carbon atom of the isocyanide ligandj(ca. structures of complexekl and12 are shown in Figures 1 and
200 ppm) as broad signals, probably due to the quadrupolar2, respectively, and selected bond distances and angles are given
moment of the niobium atom. in Table 1.

The use of 1,2-diiodoethane (IGEH,l) as the alkylating The molecular structures dfl and 12 are typical of bent
reagent with9 gave the cationic iodophosphinoniobocene metallocenes. The niobium geometry is distorted tetrahedral in
triiodide complex [Nbf®-CsHSiMes)(P(1)Ph)(CNXylyD)]l 3 which the centroids of the cyclopentadienyl rings are considered
as occupying one unigue coordination site and the phosphine
and the isocyanide ligands occupy the other two sites. The

(18) Geary, W. JCoord. Chem. Re 1971 7, 81.
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C27,

Table 1. Bond Lengths [A] and Angles [deg] for 11 and 12
Bond Lengths

11 12
Nb(1)-C(1) 2.099(5) Nb(13-C(1) 2.09(1)
Nb(1)—C(25) 2.353(5) Nb(L)}C(31) 2.35(1)
Nb(1)-C(21) 2.356(5) Nb(L)}C(25) 2.335(9)
Nb(1)-C(22) 2.356(5) Nb(1}C(26) 2.35(1)
Nb(1)-C(32) 2.361(5) Nb(1)-C(32) 2.36(1)
Nb(1)-C(31) 2.367(5) Nb(L)yC(27) 2.39(1)
Nb(1)-C(30) 2.393(5) Nb(1)}C(35) 2.413(9)
Nb(1)-C(33) 2.414(5) Nb(1)C(33) 2.41(1)
Nb(1)—C(24) 2.421(5) Nb(L)yC(34) 2.44(1)
Nb(1)—C(23) 2.433(5) Nb(L)yC(24) 2.44(1)
Nb(1)—-C(29) 2.446(5) Nb(L)yC(23) 2.511(8)
Nb(1)—P(1) 2.574(1) Nb(1P(1) 2.59(3)
P(1)-C(8) 1.824(6) P(HC(11) 1.81(1)
P(1)-C(9) 1.829(6) P(1C(17) 1.84(1)
P(1)-C(15) 1.840(6) P(BC(10) 1.84(1)
N(1)—C(1) 1.177(7) N(L)yC(1) 1.16(1)
v N(1)—C(2) 1.46(1) N(1}-C(2) 1.39(1)
ciz c13
) . . Bond Angles
Figure 1. ORTEP view of the molecular structure bf with 30%
probability ellipsoids. Hydrogen atoms have been omitted. 1 12
C(1)-Nb(1)—P(1) 83.2(2)  C(1yNb(1)-P(1) 83.6(3)
C(8)—~P(1)-C(9) 101.8(3) C(IBP(1)-C(17)  102.6(5)
C(8)-P(1)-C(15) 101.0(3)  C(1BP(1)-C(10) 98.3(6)
C(9)-P(1)-C(15) 102.53) C(1AP(1}-C(10)  103.6(6)
C(8)—P(1)-Nb(1) 114.0(2) C(11¥P(1-Nb(l)  116.0(3)
C(9)-P(1)-Nb(1) 120.9(2) C(AAP(1-Nb(l)  119.8(3)
C(15-P(1)-Nb(1)  114.0(2) C(10}P(1)>-Nb(1)  113.8(4)
C(1)-N(1)—C(2) 162.2(8)  C(I¥N(1)-C(2) 164(1)
N(1)—C(1)—Nb(1) 173.1(5)  N(13-C(1)—Nb(1) 173.5(9)
Table 2. Crystal Data and Structure Refinement for
11 and 12
11 12
empirical formula GeHsoINNbPSEp  CagHagINNBPSh
fw 803.73 825.73
temperature (K) 293(2) 293(2)
wavelength (A) 0.71073 0.71073
cryst syst, space group monoclinic, orthorhombic,
P21/C P21212;
I ® a(h) 11.143(5) 10.992(5)
b (A) 14.322(1) 14.390(2)
Figure 2. ORTEP view of the molecular structure B2 with 30% c(A) 24.444(3) 24.683(2)
probability ellipsoids. Hydrogen atoms have been omitted. B (deg) 97.40(1)
volume (A3) 3868(2) 3904(2)
structural parameters for the (g4\Nb unit are very similar in Z, calcd density (g/c) 4,1.380 4,1.405
both complexes (Table 2), and the mutual orientation of the abs coeff (cm?) 12.36 12.27
two Cp rings is intermedie_\te between eclipsed _and staggered Er()?gtos)ize (mm) 15’;?0.“ 01 01.2?(00.“ 0.2
in both compounds. The Si(@Cent(1)}>-Cent(2)-Si(2) angles limiting indices O<h=<14 O<h=<14
are 131.2for 11and 126.8 for 12. The distances between the 0<k=<18 0<k=<18
metal atom and the centroids of the Cp rings fall between _ —32s<1=<31 —32<1=<32
2.057(1) and 2.090(1) A, and the value of the angle Cent(1) no- of refins collected/unique %zggz;ﬁg]t) = 94%%5'2]‘) =
Nb(l)—Cent(?) is between 139.39(33nd 132.71(4)[Cent(1) no. of data/restraints/params 9299/78/495 9411/0/406
is the centroid of C(21)C(25) for 11 and C(23)-C(27) for goodness-of-fit orF2 1.063 0.967
12, Cent(2) is the centroid of C(29)C(33) for 11 and final Rindices | > 20(1)] R1=0.0491,  R1=0.0592,
wR2=0.1403 wR2=0.1280

C(31)-C(35) for12). These values are typical of bent niobocene
derivatives. The Nb(}yP(1) bond distances of 2.574(1) and
2.59(3) A, respectively, are very close to the expected values
for phosphinoniobocene derivativEsThe P(1) atom is pseudo-
tetrahedral. The C+P bond lengths of 1.824(6) A fdrl and

(19) (a) Challet, S.; Kubicki, M. M.; Leblanc, J.-C.; Moise, C.; Nuber,
B. J. Organomet. Chen1994 483 47. (b) Thiygarajan, B.; Michalczyk,
L.; Ballinger, J. C.; Bruno, J. WOrganometallics1996 15, 2588. (c) Bailey,
N. J.; Green, M. L. H.; Leech, M. A.; Saunders, J. F.; Tidswell, H.IM.
Organomet. Chenl997 538 111. (d) Humphries, M. J.; Douthwaite, R.

largest diff peak and hole (&%) 0.924 and-0.806 0.729 and-0.709

1.84(1) A for12fall into the expected range for other methyl
phosphorus bond®.The C(1)-N(1) bond lengths of 1.177(7)
and 1.16(1) A are consistent with the presence of a carbon
nitrogen triple bond! and the C(13-N(1)—C(2) angles are
162.2(8y and 164(1); that is, they clearly deviate from linearity.
This confirms the back-donation of the niobium(I1lj denter

to the isocyanide ligand, with a triple bond remaining between

E.; Green, M. L. HJ. Chem. Soc., Dalton Tran800Q 2952. (e) Nikonov,
G. I.; Crishin, Y. K.; Lemenovskii, D. A.; Kazennova, N. B.; Kumina, L.
G.; Howard, S. A. KJ. Organomet. Chenml997 547, 183. (f) Nikonov,
G. |.; Lemenovskii, Yudorogar, K.; Churakov, A. Yolyhedron1999 18,
1159.

2343.
1996 15, 4884.

(20) Fettinger, J. C.; Keogh, D. W.; Poli, Rorg. Chem.1995 34,

(21) Collazo, C.; Rodewald; D.; Schmidt H.; Rehder@@ganometallics
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Scheme 3
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M(x2-S,8-(SC(S)PPhy))  M(k'-P-k'-S-(SC(S)PPhy))  M(k'-S-(SC(S)PPh,)) M(k'-P-(SC(S)PPh,))
a b c d

C(1)—-N(1), but in these cases, the contribution of the carbene 'H NMR and3C NMR have demonstrated to be a useful tool
form in the interaction with the niobium center is small (see to distinguish between the coordination modes of the dithio-
Scheme 1). The results of this analysis are in agreement withformate ligand in20 and 21 versus23. The most significant
the IR data in solution (see Experimental Section). difference betwee20/21 and 23 in the spectra is the number
The cyclohexylisocyanido and the xylylisocyanido ligands of signals corresponding to the cyclopentadienyl ligands. In fact,
are bonded to niobium at a lateral position in the major theH NMR spectra show four multiplet resonances 26—
coordination plane at the front sector of the bent-metallocene 22, for the mentioned ligand, whereas only two are present for
wedge [C(1)3Nb—C(11)= 107.3(3}]. In both complexes the  23; this observation is consistent with the absence or presence
—C=N substituent is oriented in an equatorial position in order of a symmetry planed{) respectively through the niobium
to decrease steric repulsive interactions between the phenyl ringscenter. Similarly there are five and three signalsZor22 and
of the phosphine. 23, respectively, in thé3C NMR spectra of the cyclopentadienyl
In the last part of this article we will describe the insertion ligand of the niobocene system. Both fieNMR and'3C NMR
reaction of Cginto the Nb-P bond of complexeg—9 to yield spectra are consistent with the formulas [Nb}E-SC(S)(PPh)
the products in which the diphenylphosphinodithioformato for 20—22 and [Nb]-(2-SS-SC(S)(PP§)) for 23.12
ligand, PRP(S)CS, is coordinated to the niobium cenf@rOf Two possibilities can explain the formation of the diphe-
all the possible coordination modes to a metal center, the onenylphosphinodithioformato ligand. (i) The insertion reaction
expected for the diphenylphosphinodithioformato lig&{dee goes via a four-centered transition state to give the corresponding
Scheme 3) is the S-monodentate coordination nedtiat exists new ligand. (ii) The transition state is formed by nucleophilic
in the new diphenylphosphinodithioformatoniobocene b( attack by the lone electron pair of the phosphorus atom at the
CsH4SiMes),(k1-SC(S)(PPR)(CNR)] [R = Bu" (20), Cy (21), carbon atom of the carbon disulfide, followed by the interaction
and Xylyl (22)]. of one of the noncoordinated sulfur atoms with the niobium
The complexes were prepared by stirring of a mixtur& of  metal center with simultaneous cleavage of the-Rbbond.
and8 with carbon disulfide for few days. In this way, we were As far as the mechanism for the formation of comp?&ds
able to isolate complexe0—22 as air-sensitive red solids after  concerned, this could occur by attack of the noncoordinated S
the appropriate workup. When the reaction mixture in thf was atom of thex!-S-diphenylphosphinodithioformato ligand 20
stirred over a longer period of time, the solution became green and 21 to the Nb center and the simultaneous elimination of

and the solvent was removed to give complex fNbCsH- the CNR ligand to give the-SS-diphenylphosphinodithiofor-
SiMes)y(«*-SS-SC(S)(PPR)], 23. mato coordination mode in milder conditions as reported for
other related compoundg2 13
+cs
[Nb(n5-CsH4SiMes)(PPhy)(L)] . ]
L = CNBu", 7 CNCy, 8; CNXylyl, 9 Conclusions
[Nb(n®-CsH,SiMes)y(x'-S-(SC(S)PPhy))(L)] (4) We have prepared new phosphidoniobocefnasd8, which
) contain isocyanide as an ancillary ligand, starting from hydride
L = CNBu", 20 CNCy, 21; CNXylyl, 22 niobocenesy, 2, or 3) and CIPPhthrough the formation o,

. o ) ) 5, or 6 and subsequent reaction with sodium hydroxide. The
_ The new diphenylphosphinodithioformatoniobocene deriva- g|ectrophilic attack of alkyl halides on the phosphorus atom of
tives 20—23 were isolated as air-sensitive solids and were the phosphido ligand i, 8, or 9 allowed the isolation of a

chargcterized by IR and NMR spectroscopy (see Experimental o\ family of ¢ cationic niobocene speci@®—19. The X-ray
Section). _ o molecular structures daf1 and 12 were determined, and they
The IR spectra 020—22 display a characteristic band at ca.  4re members of a small family of metallocenes of early transition
1000 cn1, which corresponds to the(C=S)**3and another  e(a15 with isocyanide ligands. Finally, we studied the reactivity
band at 2040 cm' corresponding to the CNR group. The phosphido-containing niobocene complex&s8, and 9
presence of a PR(S)CS ligand is confirmed by a resonance  ,yard C$, It was found that an insertion process into the-¥fb
in each of the’’P{*H} NMR spectra ab 40.3, 27.2, and 18.6  ,,ond occurs to give complexe20, 21, and 22, in which a
for com;olexeszo, 21, and 22, respectively (see Experimental phosphinodithioformato ligand is present.
Section).
Compared with théP chemical shift for compoundg-9,
the relatively low-field shift of each resonance R0—22is in
agreement with the different chemical environments for the General Procedures. All reactions were carried out using

Experimental Section

phosphorus atoms in the complexés. Schlenk techniques. Oxygen and water were excluded through the
- use of vacuum lines supplied with purified.N'oluene was distilled
(22) (2) Hey-Hawkins, E.; Lappert, M. F.; Atwood, J. L.; Boot, S.JG.  from sodium. Hexane was distilled from sodium/potassium alloy.

Chem. Soc., Chem. Comma@87, 421. (b) Yih, K.-H.; Lin, Y.-C.; Cheng, . L .
M.-C.; Wang, Y.J. Chem. Soc., Dalton Tran$995 1305. () Yih, K.-H.. Diethyl ether and THF were distilled from sodium benzophenone.

Lin, Y.-C.; Cheng, M.-C.; WangJ. Chem. Soc., Chem. Commui993 All solvents were deoxygenated prior to use. [lbCsHSiMes),-
1380. (H)a,2 [Nb(17°-CsH4SiMes).H(L)] ¢ (L = CNCy (2), CNXylyl (3)),
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[Nb(7°5-CsH4SiMes)o(PHPR)(L)]CI*® (L = CNXylyl (6)), and
[Nb(775-CsHaSiMes)(PPh)(L)] 22 (L = CNXylyl (9)) were prepared

Organometallics, Vol. 25, No. 15, 2008675

Preparation of [Nb(n5-CsH4SiMes)»(PPhy)(L)] [L = CNBuU"
(7) and CNCy (8)]. A solution of [Nb(5-CsH,SiMes)o(PHPR)(L)

as described in the literature. Deuterated solvents were dried over]Cl [L = CNBU" (4) and CNCy §)] (0.87 mmol) in toluene (30

4 A molecular sieves and degassed prior to use. GIPEKRBU,,
CS;, Mel, (CsHs)CHBr, (CeHs)CH,CH,Br, and b were used as
supplied by AldrichH, 13C, and®!P NMR spectra were recorded

mL) was treated with 0.5 M aqueous NaOH (1.72 mL, 10% excess).
The mixture was vigorously stirred. Withi h the precipitate had
dissolved and the organic phase had turned dark brown. The toluene

on a Varian Innova 500 MHz spectrometer at ambient temperature solution was filtered and evaporated to dryness. The product was

unless stated otherwist, 13C, and3!P NMR chemical shifts
values) are given in ppm relative to the solvent sig#idl ¢3C) or
standard resonance¥R, external 85% EPOy). IR spectra were

obtained as a yellow-brown oil in 80% yield for bothand 8.
Complex 7.1R (Nujol): » (cm™1) 2111, 1817 (&N). *H NMR
(500 MHz, GDeg): ¢ 0.09 (s, 18 H, 9¥le3), 0.65 (t,3Jun = 5 Hz,

recorded on a Perkin-Elmer 883 spectrophotometer as Nujol mulls 3 H, CH5), 1.02, 1.14 (m, 2 H-CH,—CH,), 3.16 (t,3J44 = 5 Hz,

on Csl windows.
Preparation of [Nb(5-CsH4SiMes),(H)(CNBu™] (1). CNBU"

2 H, CN—CHy,), 4.46, 4.70, 4.75, 5.31 (2H, each a complex signal,
CsH,SiMe3), 6.99, 7.14, 7.65 (each a complex signakHg).

(0.091 mL, 0.067 g, 0.800 mmol) was added by syringe to a solution 13C{1H} NMR (125 MHz, GDs): 0 0.6 (SMe3), 13.6 CH3), 20.5,

of [Nb(#7°%-CsH4SiMes)2(H)s] (0.80 mmol) in THF (40 mL). The
mixture was stirred at 343 K for 2 h. The resulting red-brown
solution was filtered and evaporated to dryness. Comfleas
isolated as a red oily material after maintaining it under vacuum
for a lengthy period (yield: 95%).

Complex 1.IR (Nujol): v (cm™1) 1715 (Nb-H), 2089, 1811
(C=N). IH NMR (500 MHz, GDeg): 6 —5.85 (s, 1 H, Nb-H), 0.25
(s, 18 H, SMej3), 0.75 (t,3J4y = 5 Hz, 3 H, Hy), 1.25, 1.42 (m,

2 H, CH,—CH,), 3.20 (t, 2 H, CN-CH,), 4.38, 4.56, 4.89, 5.13
(2H, each a complex signal8;SiMes). 13C{*H} NMR (125 MHz,
CeDg): 0 0.7 (SMes3), 13.6 (CHa3), 20.5, 30.5 CH,-CH,), 51.0
(CN—CHy), 87.7, 91.7, 92.0, 94.0 €, exact assignment not
possible CsH,SiMes), 94.6 (G, CsH4SiMes), 264.0 (CNBU). Anal.
Calcd for G1H3sNNbSL: C, 55.85; H, 8.04; N, 3.10. Found: C,
55.76; H, 8.13; N, 3.20.

Preparation of [Nb(5CsHsSiMes)(PHPhy)(L)ICI [L
CNBU" (4) and CNCYy (5)]. To a solution of [Nb§>-CsH,SiMes),-
H(L)] [L = CNBu" (1)] (0.55 mmol) in EtO (40 mL) was added
CIPPh (125uL, 0.70 mmol) by syringe. A red-orange precipitate
formed immediately. When sedimentation was complete, the
solution was filtered and the residue was washed wiOHER x
20 mL) and dried in vacuo. Complekwas obtained as an orange
solid in 80% yield. Complexs was obtained in 80% yield by
following the same process as fér

Complex 4. Ay (Q71 cm? mol™): 92.1. IR (Nujol): v (cm™?)
2245 (P-H), 2111 (G=N). 'H NMR (500 MHz, acetonek): o
0.02 (s, 18 H, Ve3), 0.95 (t,%Jyy = 5 Hz, 3 H, CH3), 1.45, 1.76
(m, 2 H, CH,—CH,), 4.09 (t, 2 H, CN-CH,), 5.11, 5.14, 5.41,
5.70 (2H, each a complex signalgtLSiMes), 7.27 (d, 3up =
357 Hz, MPh), 7.48 (m, 2 H, GHs), 7.68 (m, 8 H, GHs).
13C{1H} NMR (125 MHz, acetonek): ¢ 0.0 (SMes), 13.6
(CH3), 20.5, 30.5 CH,—CH,), 47.2 (CN-CH,), 92.5, 99.0, 100.6
(C¥5, exact assignment not possibl€sH,SiMes), 99.3 (C,
CsH4SiMes), 122.7, 125.3, 131.2, 139.4¢Hs). 31P{*H} NMR
(202 MHz, acetonek): 6 32.8 (s,PHPh). 3P NMR (202 MHz,
acetonedg): 6 32.8 (d,%Jpy = 357 Hz,PHPhy). Anal. Calcd for
Cs3H4eCINNDPS): C, 58.97; H, 6.85; N, 2.01. Found: C, 58.56;
H, 6.23; N, 2.30.

Complex 5.Ay (271 cn? mol=1): 108.1. IR (Nujol): v (cm™1)
2250 (P-H), 2108 (G=N). 'H NMR (500 MHz, CDC}): ¢
0.15 (s, 18 H, 9¥e3), 0.80-2.06 (m, 10 H, GH;1), 4.10 (m,
1H, HY, CsH1g), 4.88, 4.95, 5.11, 5.48 (2H, each a complex signal,
CsH4SiMes), 7.50 (d,34p = 325 Hz, FHPhy), 7.40-7.68 (M, GHs).
13C{H} NMR (125 MHz, acetonek): 6 0.1 (SMey), 23.6, 24.6,
32.8 CsH11), 56.9 (G, CsH19), 90.8, 98.5, 98.6, 100.2 EC, exact
assignment not possibl€sH,SiMes), 99.1 (G, CsH,SiMes), 128.9,
129.1, 130.4, 132.40gHs). 3'P{*H} NMR (202 MHz, CDC}): o
32.2 (s,PHPh). 3P NMR (202 MHz, acetonels): 6 32.2 (d,*Jpy
= 325 Hz,PHPh). Anal. Calcd for GsH4sCINNbPS}: C, 60.20;

H, 6.93; N, 2.01. Found: C, 59.96; H, 6.73; N, 2.10.

(23) Antifolo, A.; Garca-Yuste, S.; Lopez-Solera, M. |.; Otero, A’rEe-
Flores, J. C.; Reguillo-Carmona, R.; VilldasenE.J. Chem. Soc., Dalton
Trans.2006 1495.

32.5 (-CH,—CH,—), 51.1 -CN—CH,—), 87.7, 91.7, 92.1, 94.0
(C275, exact assignment not possibl€sH;SiMes), 89.3 (G,
CsH4SiMes), 115.0, 123.0@Hs), 153.6 (d,%Jcp = 30.0 Hz, Gyso
of CgHs), 214.1 C=N). 31P{*H} NMR (202 MHz, GD¢): 6 —4.2
(s, PPhy). Anal. Calcd for GsH4sNNbPSp: C, 62.34; H, 7.13; N
2.20. Found: C, 62.35; H, 7.21; N, 2.21.

Complex 8.1R (Nujol): » (cm™1) 2098, 1830 (&N). *H NMR
(500 MHz, GDg): 6 0.11 (s, 18 H, S¥le;), 0.80-1.62 (m, 10 H,
CeHa11), 3.49 (m, 1H, K, CgH1y), 4.54, 4.82, 4.84, 5.41 (2 H, each
a complex signal, §H,SiMes), 6.90, 7.15, 7.65 (m, each a complex
signal, GHs). 3C{*H} NMR (125 MHz, GDe¢): ¢ 0.6 (SMey),
23.9, 25.1, 33.3@sH11), 57.2 (G, CgH11), 91.9, 99.0, 99.3, 102.7
(C25, exact assignment not possibl€sH,SiMes), 95.2 (G,
CsH,SiMes), 124.1, 133.8, 134.106Hs), 154.1 (d,Ncp = 33.0 Hz,
CipsoCeHs), 212.2 C=N). 31P{1H} NMR (202 MHz, GDe): 6 —3.3
(PPhy). Anal. Calcd for GsH4ssNNbPSp: C, 63.52; H, 7.16; N,
2.12. Found: C, 63.45; H, 7.21; N, 2.28.

Preparation of [Nb(35-CsHSiMes),(PRPh,)(L)]X [R = Me,

X =1, L = CNBu" (10), CNCy (11), and CNXylyl (12); R=
CH,Ph, X = Br, CNBu" (13), CNCy (14), and CNXylyl (15); R

= CH,CH2Ph, X = Br, CNBu" (16), CNCy (17), and CNXylyl
(18)]. To a solution of [Nb§>-CsH,SiMes)»(PPh)(L)] [L = CNBU'

(7), CNCy 8), and CNXylyl 9)] (0.83 mmol) in dry toluene (30
mL) was added an excess of the appropriate alkyl habdmpthyl
iodide (1:10) (1.17 g, 0.51 mLp = 2.28 g/mL, 8.30 mmol)g,
benzyl bromide, (1:10) (1.42 g, 0.98 mp,= 1.44 g/mL, 8.30
mmol); and7, 1-(2-bromoethyl)benzene (1:10) (1.53 g, 1.14 mL,

p = 1.34 g/mL, 8.30 mmol)]. In each case the reaction mixture
was stirred at room temperature for 2 h. During this time the
solution changed to a deep red color. The solvent was evaporated
under vacuum to dryness. The resulting solid was recrystallized
by dissolving it in dichloromethane and placing a layer of diethyl
ether above it in a Schlenk tube. Deep red crystals began to grow
within a few days. The resulting solid was filtered off to give a
deep red solid in 88685% vyield for10, 11, 12, 13, 14, 15, 16, 17,
and18.

Complex 10.Ay (7 cnm? mol~1): 95.2. IR (Nujol): v (cm™1)
2053 (G=N). 'H NMR (500 MHz, acetonel): ¢ 0.25 (s, 18 H,
SiMe3), 1.01 (t,%Jyy = 5.5 Hz, 3 H,—CHs), 1.53, 1.92 (m, 2 H,
—CH,—CHy—), 4.27 (t,3Jun = 5.5 Hz, 2 H, CN-CHy), 2.25 (d,
2Jyp = 7.8 Hz, 3 H,Me), 4.37, 4.73, 5.02, 5.35 (2H, each a com-
plex signal, GH4SiMe3), 7.53 (m, 10 H, @Hs). 13C{1H} NMR
(125 MHz, acetonek): 6 0.2 (SMe;), 15.2 (—CHj), 22.6
(—CH,—CH,;—CHj), 24.5 (—CH,—CH,—CH,), 48.1 (CN-CH,—),
18.2 (d,YJcp= 27 Hz,Me), 89.6 (C, CsH4SiMes), 90.8, 95.2, 96.3,
99.3 (G5, exact assignment not possib&H,SiMe;), 116-129
(CeHs), 133.8 (d,Jcp = 33 Hz, Gyso CeHs), 203.2 C=N).
31P{1H} NMR (202 MHz, acetonek): o 41.4 PMePhy). Anal.
Calcd for G4H4gNNbPSh: C, 52.51; H, 6.22; N, 1.80. Found: C,
52.79; H, 6.32; N, 1.70.

Complex 11.Ay (271 cm? mol~1): 90.3. IR (Nujol): » (cm™1)
2074 (G=N). *H NMR (500 MHz, acetonel): 6 0.25 (s, 18 H,
SiMes), 1.30-1.95 (m, 10 H, GHa1), 2.65 (d,2Jyp = 7.3 Hz, 3 H,
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Me), 4.5 (m, 1 H, H CgHy4), 4.75, 5.09, 5.35, 5.67 (2H, each a
complex signal, €H;SiMe3), 7.03, 7.34, 7.76 (M, &s). 13C{1H}
NMR (125 MHz, acetonek): 6 0.0 (SMe;3), 15.8 (d, Jcp = 30
Hz, Me), 13.8, 20.4, 47.1 (exact assignment not possiBiel:1),
68.8 (C, CgHiy), 98.8, 99.2, 100.5 (€5, exact assignment not
possible,CsH4SiMes), 92.5 (G, CsH4SiMes), 129.4 (d,3Jcp = 9
Hz, CmetaOf CeHs), 131.2 CGHs), 133.3 (d,chp: 16 Hz, Gytho of
CeHs), 134.5 (d,Ycp = 34 Hz, Gyso Of CeHs), 205.2 C=N).
S1IP{1H} NMR (202 MHz, acetonek): 6 40.5 PMePhy). Anal.
Calcd for GgHsolNNbPSh: C, 53.80; H, 6.27; N, 1.74. Found: C,
53.70; H, 6.30; N, 1.72.

Complex 12.Ay (271 cn? mol™1): 99.0. IR (Nujol): v (cm™1)
2031 (G=N). H NMR (500 MHz, CDC}): ¢ 0.18 (s, 18 H, SVley),
2.16 (d,2Jyp = 8.0 Hz, 3 H,Me), 2.39 (s, 6 H, El3 of Xylyl),
458, 5.05, 5.15, 5.56 (2H, each a complex signgHSiMe;),
7.18, 7.24, 7.39, 7.41 (m, each a complex signgii4L 13C{'H}
NMR (125 MHz, CDCh): 6 0.2 (SMey), 19.3 CH; Xylyl), 19.3
(d, Yecp = 29 Hz, Me), 91.8, 98.9, 100.2, 100.6 {C, exact
assignment not possibleZsH,SiMe;), 101.9 (G, CsHsSiMes),

ATdla et al.

0.93 (t, 8Jyy = 5.3 Hz, 3 H, —CHjy), 1.22, 1.42 (m, 2 H,
_CHZ—CHZ_), 4.20 (t,?’JHH =50 Hz 2 H, CN‘CHz), 3.6 (d,
2J4p = 7.4 Hz, 4 H, —CH,—CH,—Ph), 4.83 (4H, a complex
signal, GH;SiMe;), 5.01, 5.58 (2H, each a complex signal,
CsH4SiMes), 6.55-7.70 (m, GHs). 3C{*H} NMR (125 MHz,
CDCl): 6 0.2 (SMe3), 13.6 (—CHj3), 20.4, 25.5 { CH,—CH,—),
47.6 (—CN—CH,—), 34.0 (d,2Jcp = 28 Hz,—CH,—CH,—Ph), 93.5
(CL, CsHsSiMes), 90.5, 99.1, 99.7, 99.9 £C°, exact assign-
ment not possibleCsH,SiMe;), 126.0-134.0 Cg¢Hs), 140.0 (d,
ep = 35.0 Hz, Gyso CeHs), 181.7 C=N). 3P{1H} NMR (202
MHz, CDCk): ¢ 50.6 (s, P(CH,Ph)Ph). Anal. Calcd for
C43HseBINNbPS): C, 60.98; H, 6.67; N, 1.65. Found: C, 60.81;
H, 6.71; N, 1.72.

Complex 17.Ay (71 cn? mol™): 103.2. IR (Nujol): v (cm™1)
2047 (G=N). 'H NMR (500 MHz, acetonel): ¢ 0.14 (s, 18 H,
SiMe3), 1.41-2.70 (m, 10 H, GHai4), 2.50 (s, 4 H—CH,—CH,—
Ph), 3.79 (m, 1 H, MCgHy3), 4.01 (d,2J4p = 6.5 HZ, 2 H,—CH>—
CH,—Ph), 4.72, 5.10, 5.53, 5.85 (2H, each a complex signal,
CsH4SiMes), 6.90-7.90 (m, 15 H, GHs). 13C{1H} NMR (125 MHz,

127.5,128.7, 128.8, 128.9, 130.9, 131.1, 131.3 (exact assignmeniCsD¢): 6 0.2 (SMe3), 16.8, 22.4, 41.0GeH11), 66.1 (G, CeH11),

not possibleCeHs), 135.5 (d,*Jcp = 37.5 Hz, Gyso CeHs), 198.1
(C=N). 3P{*H} NMR (202 MHz, CDC}): 6 38.3 (s,PMePh).
Anal. Calcd for GgH4gINNbPSh: C, 55.27; H, 5.86; N, 1.70.
Found: C, 55.08; H, 5.72; N, 1.82.

Complex 13.Ay (271 cn? mol™Y): 92.0. IR (Nujol): v (cm™1)
2043 (G=N). 'H NMR (500 MHz, CDC}): 6 0.22 (s, 18 H,
SiMes), 1.23 (t,3J4y = 5.3 Hz, 3 H,—CHj3), 1.32, 1.52 (m, 2 H,
—CH;—CH,—), 3.98 (t,%J4y = 5.0 Hz, 2 H, CN-CH,), 3.80 (d,
2)yp = 7.4 Hz, 2 H,—CH,—Ph), 4.75, 5.19, 5.33, 5.74 (2H, each
a complex signal, 8H,SiMe;), 6.55, 7.35, 6.96, 7.05, 7.20 (m, exact
assignment not possible ¢8s). 13C{H} NMR (125 MHz,
CDCl): 6 0.2 (SMe3), 15.5 (—CHa), 23.4, 25.5 { CH,—CH,—
CHg), 45.3 CN—CH,—), 43.1 (d,%Jcp = 28 Hz, —CH,—Ph),
89.3 (C, CsH4SiMes), 95.2, 96.6, 98.6, 102.5 EC°, exact assign-
ment not possibleCsH;SiMes), 129.0-133.0 CsHs), 135.6 (d,
ep = 35.0 Hz, Gpso CeHs), 202.5 C=N). 3P{1H} NMR (202
MHz, CDCk): o6 56.4 (s, P(CH,Ph)Ph). Anal. Calcd for
C40Hs,BrNNbPS}: C, 59.55; H, 6.45; N, 1.74. Found: C, 59.80;
H, 6.61; N, 1.72.

Complex 14.Ay (27t cn? mol™1): 103.0. IR (Nujol): v (cm™)
2058 (G=N). 'H NMR (500 MHz, acetonak): ¢ 0.23 (s, 18 H,
SiMe;), 1.30-2.22 (m, 10 H, GH1y), 3.89 (m, 1 H, H CeHay),
3.96 (d,2Jyp = 6.5 Hz, 2 H,—CH,—Ph), 4.82, 5.09, 5.44, 5.70 (2
H, each a complex signal s8,SiMes), 6.71-7.90 (m, 15 H, GHs).
13C{1H} NMR (125 MHz, acetonek): ¢ 0.3 (SMes), 15.8, 22.5,
42.3 (GH11), 71.2 (G, CgH1y), 41.4 (d,XJcp = 25 Hz,—CH,—Ph),
89.2, 93.8, 99.9, 103.5 &, exact assignment not possible,
CsH4SiMes), 94.7 (G, CsH4SiMes), 129.0-133.0 CeHs), 135.6 (d,
ep = 35 Hz, Gyso Of CgHs). 3P{H} NMR (202 MHz, GDg): 6
55.5 (s, P(CH,Ph)Ph). Anal. Calcd for G,HssBrNNbPS}: C,
60.57; H, 6.54; N, 1.68. Found: C, 60.62; H, 6.68; N, 1.71.

Complex 15.Ay (271 cn? mol™1): 95.5. IR (Nujol): v (cm™1)
2038 (G=N). *H NMR (500 MHz, CDC}): 6 0.17 (s, 18 H, 9¥le3),
2.42 (s, 6 H, Clz3 Xylyl), 3.74 (d,2J4p = 6.4 Hz, 2 H,—CH,—Ph),
4.67, 5.13, 5.26, 5.72 (2H, each a complex signgHSiMe;),

33.5 (~CH,-CH,—Ph), 44.3 (d}Jcp = 25 Hz, —CH,—CH,—Ph),
92.4, 93.6, 102.4, 104.5 C, exact assignment not possible,
CsH4SiMes), 97.8 (G, CsH4SiMes), 128.0-131.1 CgHs), 134.2
(d, Wep = 35 Hz, Gpso CeHs), 201.4 C=N). *P{1H} NMR (202
MHz, Cg¢D¢): 6 53.2 (s, P(CH,CH,Ph)Ph). Anal. Calcd for
C43HseBrNbPSp: C, 60.98; H, 6.67; N, 1.65. Found: C, 61.15; H,
6.54 3.21; N, 1.44.

Complex 18.Ay (271 cm? mol~1): 95.0. IR (Nujol): v (cm™1)
2034 (G=N). *H NMR (500 MHz, CDC}): ¢ 0.15 (s, 18 H, Vley),
2.25 (s, 6 H, G5 of Xylyl), 2.56 (s, 2 H,—CH,—CH,—Ph), 3.38
(dt, 2Jyp = 7.2 Hz,3Jyy = 5.8 Hz, —CH,—CH,—Ph), 4.68, 5.07,
5.23, 5.76 (2H, each a complex signakHzSiMes), 6.96 (t,3Jun
= 7.3 Hz, 2 H, HharaOf CeHs), 7.20 (d,3Jun = 7.2 Hz, 4 H, Hitho
of CgHs), 7.18 (s, 3 H, Hiomof Xylyl), 7.40 (t, 3J4y = 7.3 Hz, 4
H, Hmeta Of CeHs), 7.42-7.70 (m, 5 H, Ph)13C{1H} NMR (125
MHz, CDCk): ¢ 0.1 (SMes), 19.0 CH; of Xylyl), 30.9 (d, 2Jcp
= 5.8 Hz, —CH,—CH,—Ph), 34.6 (d,XJcp = 19.0 Hz,—CH,—
CH,—Ph), 92.1, 98.7, 100.4, 100.9 G, exact assignment not
possible CsH,SiMes), 101.6 (G, CsH4SiMes), 126.7, 127.9, 128.9,
133.0, 132, 129.2, 129.6, 130.0, 130.4{fof Xylyl), 132.3 (d,
2Jcp = 15 Hz, Gyrino Of CsHs), 134.8 (Gpso OF Xylyl), 140.3 (d,XJcp
= 30 Hz, Gyo CeHs), 199.3 C=N). 3P{1H} NMR (202
MHz, CDCkL): ¢ 50.5 (s, P(CH,CH,Ph)Ph). Anal. Calcd for
C4sHsBrNNbPS}: C, 62.20; H, 6.26; N, 1.61. Found: C, 62.32;
H, 5.98; N, 1.54.

Preparation of [Nb(#5-CsH4SiMez),(P(1)Ph2)(CNXylyl) 113
(19). Method 1. To a solution of [Nbf®-CsHsSiMes),(PPh)-
(CNXylyD](9) (0.45 g, 0.74 mmol) in dry toluene (30 mL) was
added an excess of 1,2-diiodoethane [}CHl; (1:10) (2.23 g;
1.05 mL;p = 2.13 g/mL; 7.40 mmol)]. The reaction mixture was
stirred at room temperature for 2 h. During this time the solution
changed to a deep red color. The solvent was evaporated under
vacuum to dryness. The remaining solid was crystallized by
dissolving it in dichloromethane and placing a layer of diethyl ether
above it in a Schlenk tube. Deep red crystals began to grow within

6.52, 6.91, 7.03, 7.39, 7.19, 7.17, 7.45, 7.32 (m, each a complexa few days. The resulting product was filtered off to give a deep

signal GHs). 13C{*H} NMR (125 MHz, CDC}): ¢ 0.7 (SMey),
19.8 (CH3 lyl), 39.9 (d,Jcp = 29.0 Hz,—CH,—Ph), 93.36, 98.95,
100.96, 101.59 (£, exact assignment not possib&H,SiMes),
102.14 (G, CsH,SiMey), 127.81 (Gyso OF Xylyl), 128.27, 128.65,
128.78 (Grom Of Xylyl), 130.63, 131.69, 133.70 (ho Creta and
Cpara of CGHs), 132.7 (d,lJcp = 37.5 Hz, Gpso of C6H5), 201.1
(C=N). 31P{H} NMR (202 MHz, CDC}): 6 53.3 (s,P(CH,Ph)-
Phy). Anal. Calcd for G4sHs,BrNNbPSp: C, 61.82; H, 6.13; N,
1.64. Found: C, 61.85; H, 5.99; N, 1.63.

Complex 16.Ay (271 cnm? mol™%): 96.7. IR (Nujol): v (cm™)
2106 (G=N). *H NMR (500 MHz, CDC4): ¢ 0.13 (s, 18 H, Siley),

red solid in 85% yield.

Method 2. To a solution of [Nbg®>-CsHsSiMes),(PPh)-
(CNXylyD] (9) (0.50 g, 0.83 mmol) in dry toluene (30 mL) was
added an excess of in diethyl ether (1:2) (0.42 g, 1.66 mmol).
The reaction mixture was stirred at room temperature for 2 h. During
this time the solution changed to a deep red color. The solvent
was evaporated under vacuum to dryness. The resulting solid was
crystallized by dissolving it in dichloromethane and placing a layer
of diethyl ether above it in a Schlenk tube. Deep red crystals began
to grow within a few days. The resulting solid was filtered off to
give a deep red solid in 80% vyield.



Isocyanidephosphidoniobocene Detives

Complex 19.Ay (71 cm? mol1): 105.6. IR (Nujol): v (cm™1)
2078 (G=N). *H NMR (500 MHz, CDC}): 6 0.33 (s, 18 H, ile3),
2.56 (s, 6 H, ®i3 of Xylyl), 4.62, 5.91 (2H, each a complex signal,
CsH,SiMes), 5.34 (4H, a complex signal, s8,SiMes), 7.53 (m,
13 H, Hyom0f CeHs and Xylyl). 13C{1H} NMR (125 MHz, GDg):

0 1.0 (SMe3), 20.3 CH3 of Xylyl), 94.5, 101.8, 103.7 (€5, exact
assignment not possibléZsH,SiMe;), 104.6 (G, CsHsSiMes),
128.6, 129.1, 133.6 (fom Of Xylyl), 133.4 (G, of Xylyl), 129.3
(Cpara and Cineta of C6H5), 136.0 (d,z-]cp = 12 Hz, Gutho of CGH5),
138.0 (d,%Jcp = 24 Hz, Gyso Of CeHs), 190.3 C=N). 31P{1H}
NMR (202 MHz, GDe¢): 6 85.2 (s,P(I)Phy). Anal. Calcd for
Cs7H4sls/NNBPSh: C, 37.30; H, 3.81; N, 1.18. Found: C, 37.26;
H, 3.64; N, 1.09.

Preparation of [Nb(#5-CsHsSiMes),(k*-S-SC(S)(PPh))(L)] [L
= CNBuU" (20), CNCy (21), and CNXylyl (22)]. A mixture of
[Nb(75-CsHaSiMes)o(PPR)(L)] [L = CNBu" (7), CNCy (), and
CNXylyl (9)] (0.93 mmol) was treated with a stoichiometric amount
of C$, (0.07 g, 0.06 mL,o = 1.26 g/mL; 0.93 mmol), and the
mixture was stirred in dry THF (30 mL) at room temperature for
4 h. During this time the solution changed color from yellow-brown
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CagHisNNbPSSI: C, 60.06; H, 5.97; N, 1.84. Found: C, 60.17;
H, 6.11; N, 1.89.

Preparation of [Nb(#5-CsH4SiMes),(k?-S,S-SC(S)(PPh))] (23).

A mixture of [Nb(;5-CsHsSiMes) (x-S SC(S)(PPR)(L)] [L =
CNBuU" (20), CNCy (21), and CNXylyl 22)] (0.56 g, 0.82 mmol)

and dry THF (20 mL) was stirred at room temperature for 15 days.
During this time the solution changed color from dark red to dark
green. The solvent was evaporated under vacuum to dryness. The
dark green oily residue was extracted with hexane (5 mL). The
solid was filtered off to give 90% yield d23.

Complex 23.IR (Nujol): v (cm~%) 1000 C=9). *H NMR (500
MHz, CsDg): 6 0.23 (s, 18 H, Ves), 4.94, 5.09 (m4 H each a
complex signal, gHsSiMes); 6.55 (t,3Jyy = 7.2 Hz, 2 H, GHs),
6.80 (d,%Jun = 7.1 Hz, 4 H, GHs), 7.53 (t,3Jyn = 7.1 Hz, 4 H,
CeHs). 3C{*H} NMR (125 MHz, GDg): 0 0.4 (SMe3), 105.9
(C1, CsH4SiMes), 97.8, 105.3 (€73, exact assignment not possible,
CsH4SiMes); 124.3, 125.7, 129.7CHs), 141.8 (d,*Jcp = 23.00
Hz, CeHs), 244.0 (d,"Jcp = 20.00 Hz,CS,). 3P NMR (GsDg): 6
2.03 PPhy). 31P{*H} NMR (202 MHz, GDg): ¢ 2.03 (q,3Jpn =
7.30 Hz,PPhy). Anal. Calcd for GoH3gNbPSSI;: C, 55.97; H,

to dark red. The solvent was evaporated under vacuum to dryness6.11. Found: C, 56.00; H, 5.93.

The dark red oily residue was extracted with hexane (5 mL). The

X-ray Crystallographic Structure Determination of 11 and

resulting solution was filtered and evaporated to dryness. The deepl2. Single crystals of a red block dfl and red prismatic crystals

red oil was dissolved in hexane (5 mL) and kept &C5for 10 h.

A microcrystalline dark purple-red solid was obtained. The solid
was filtered off to give 82%, 85%, and 80% yield 0, 21, and

22, respectively.

Complex 20.IR (Nujol): v (cm™1) 2098 (G=N), 1100 (G=S),
630 (C-S).H NMR (500 MHz, GDg): ¢ 0.10 (s, 18 H, SVey),
0.93 (t,3J4y = 5.3 Hz, 3 H,—CHjy), 1.12, 1.42 (m, 2 H-CH,—
CH,—), 4.40 (m, 2 H, CN-CH,), 4.63, 4.82, 5.20, 5.48 (2H, each
a complex signal, €H;SiMe;), 6.90-7.70 (m, GHs). 13C{1H}
NMR (125 MHz, GDg): 6 0.2 (SMe3), 13.6 (—CHs), 20.4, 25.5-
(_CHz—CHz_), 47.6 (_CN_CHZ—), 34.0 (d, 1Jcp = 28 Hz,
—CH,—CH,—Ph), 92.6 (€, CsH,SiMes), 92.3, 94.0, 96.0, 99.9
(C?75, exact assignment not possiblesH,SiMes), 126.0-134.0
(CsHs), 140.0 (d,XJcp = 35.0 Hz, Gpso CeHs), 185.5 C=N), 260.3
(d, Wcp= 45.5 Hz,CS,). 3P{'H} NMR (202 MHz, GDg): 6 40.3
(s, P(CH,Ph)Ph). Anal. Calcd for GsH4sNNbPSSi,: C, 60.06;

H, 5.97; N, 1.84. Found: C, 60.11, 33.35; H, 6.11, 3.21; N, 1.72.

Complex 21.IR (Nujol): v (cm™1) 2050 (G=N), 1089 (G=S),
625 (G-S). *H NMR (500 MHz, GDg): 6 0.06 (s, 18 H, SVle),
0.90-1.60 (m, 10 H, GH11), 3.39 (q,%Jun = 5.0 Hz, 1 H, H of
CeHy11), 4.79, 4.91, 5.27, 5.29 (2H, each a complex signal,
CsH4SiMes), 7.00 (d,33u = 7.0 Hz, 4 H, Hyno of CeHs), 7.77 (1,
3Jyy = 7.4 Hz, 4 H, Bheta Of CeHs), 7.93 (1,334 = 7.5 Hz, 2 H,
Hpara Of CeHs). 23C{H} NMR (125 MHz, GDs): 6 0.4 (SMey),
23.7,23.9, 32.8QeH11), 58.5 (G of CgHyy), 92.6 (G, CsHaSiMey),
95.9, 100.9, 101.9, 103.7 {C, exact assignment not possible,
CsH4SiMes), 125.6, 128.3, 129.2%Hs), 135.0 (dXJcp= 33.0 Hz,
Cipso Of CeHs), 198.2 C=N), 261.5 (d,Jecp = 45.5 Hz,CS,).
31P{1H} NMR (202 MHz, GDg): 6 27.2 (s,PPhy). Anal. Calcd
for C3gHs/NNbPSSi: C, 58.59; H, 6.42; N, 1.90. Found: C, 58.60;
H, 6.45; N, 1.92.

Complex 22.1R (Nujol): v (cm™1) 2042 (G=N), 1100 (G=S),
630 (C-S).*H NMR (500 MHz, GDg): 6 —0.03 (s, 18 H, Siley),
2.19 (s, 6 H, Cl3 of Xylyl), 4.82, 5.09, 5.19, 5.38 (2H, each a
complex signal, gH,SiMes), 6.70 (s, 3 H, Homof Xylyl), 6.99 (t,
3Jun = 7.2 Hz, 2 H, Hara0f CsHs), 7.05 (d,%3uy = 7.0 Hz, 4 H,
Hortho Of CeHs), 7.75 (t,3Jun = 7.2 Hz, 4 H, Hheta Of CeHbs).
13C{1H} NMR (125 MHz, GDg): 6 0.8 (SMes), 19.9 CH; of
Xylyl), 97.1, 101.4, 102.9, 105.2 @5 exact assignment not
possible,CsH,SiMes), 95.8 (G, CsHSiMes), 127.7, 127.9, 129.7
(S, Goara Cieta @and Gyino Of CgHs), 133.9, 135.4, 135.8 (S,afem Of
Xylyl), 141.2 (s, G of Xylyl), 141.6 (d, 3cp = 23 Hz, Gyso Of
CeHs), 214.3 (s,C=N), 262.6 (d,"Jcp = 46.5 Hz,CS,). 31P{1H}
NMR (202 MHz, GDg): ¢ 18.6 (s, PPhy). Anal. Calcd for

of 12 were placed in a NONIUS-MACH3 diffractometer equipped
with graphite-monochromated MocdKradiation ¢ = 0.71073 A).

The crystal data, data collection, structural solution, and refinement
parameters for both compounds are given in Table 2. Intensity data
were collected using an/26 scan technique. Examination of two
standard reflections, monitored after 60 min, showed no sign of
crystal deterioration. Data were corrected for Lorentz and polariza-
tion effects, and semiempirical absorption correction (psi-scans)
was madé* The structures were solved by direct methods using
the SIR92 computer prograthcompleted by subsequent difference
Fourier syntheses, and refined by full matrix least-squares proce-
dures (SHELXL973¢ on F2. All non-hydrogen atoms were refined
with anisotropic thermal parameters. The hydrogen atoms were
placed using a “riding model” and included in the refinement at
calculated positions. Compourd exhibited a rotational disorder

of the SiMe groups with a 50:50 occupancy ratio. Furthermore
the cyclohexylisocyanide ligand appeared disordered over two
distinct sites in 50:50 ratio.

The single crystals obtained for compouhf diffracted par-
ticularly poorly and were of rather poor quality. For this reason
only a rough model of the structure could be obtained. Crystal
data: monoclinicP2y/n, a = 21.397(2) Ab = 11.022(2) Ac =
19.600(3) A,8 = 107.19(1Y; V = 4416(1),Z = 4.
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