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The reaction of the cyclopentadienyl-silyl-amido titanium compound/fFiCsH4SiMey-1-N(CH),-
1-NHg} Cl;] with group 5 metal monocyclopentadienyl complexes [MCR] (M = Nb, Ta; Cff = CsH,-
SiMe; (Cp), CsMes (Cp*)) afforded the heterobimetallic complexes [TH3}>-CsH4SiMex-17-N(CHy),-
k-NH2} MCpRCl4] (M = Nb, C* = Cp, 2a; Cp*, 2b; M = Ta, Cf* = Cp, 3a; Cp= Cp*, 3b). Compounds
2 evolve at room temperature to give a three-component mixture, the chlorosilyl-substituted cyclopen-
tadienyl titanium compound [T#f-CsH,SiMe,CI)Cls], the corresponding mononuclear amido-amino,
[NbCPR{ NH(CHy,),-17-NH_} Cl3] (CpR = Cp, 4a; Cp*, 4b), and the dinuclear imido niobium complexes
[{NbCERClo} 2(-N(CHy)-1-N)] (CpR = Cp, 5a; Cp*, 5b). In contrast, the analogue tantalum complexes
thermally degraded, when €p= Cp' at normal temperature, whereas wherRGpCp* at temperatures
higher than 50C, they gave a unique tantalum complex, the corresponding mononuclear amido-amino
derivative [TaCB{NH(CH,),-n-NH3}Cl3] (CpR = Cp, 6a Cp*, 6b). Alternatively, these group 5
complexes were prepared by direct reaction of the monocyclopentadienyl derivatives with the corresponding
organic diamine, in the appropriate proportion and reaction conditions. Tantalum amino adducts were
observed as intermediate species in the course of such reactions, and even the dinuclear derivative
[{ TaCp*Cl} 2(u-NH2(CH,),NH_)] (8) could be isolated. Hydrolysis of the dinuclear imido compbex
yielded the tricyclic tetranuclear niobium oxo derivatiy&lpCp Cl(u2-O)} 4(Cl)2(u3-O)] (9), which displays
an asymmetrical structure as a consequence of the triply connected oxygen site. These compounds were
characterized by elemental analysis and NMR spectroscopy, and the crystal structaesdp were
determined by X-ray diffraction methods.

Introduction amido- and imido-based ZiegleNatta olefin polymerizatiof?—1°
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these groups have been widely used as convenient ancillary or
supporting ligands to stabilize high-oxidation-state early-transi-

tion-metal complexe$:® Consequently, recent decades have

witnessed significant progress in the organometallic chemistry

of half-sandwich imido complexes of group 5 me#4is3 which
has largely been stimulated by the isolectronic relatior?éfifp

between these complexes and the very well known group 4 bent

metallocenes extensively used as Zieglsatta catalystgé—+!

Among the various methods developed for the synthesis of

compounds of this kind, simple and efficient routes are the
reactions of metal halides with lithium amides or organic
amines%25:30

We have recently explored the reaction of cyclopentadienyl-
silyl-amido titanium derivatives [Ti;5-CsHsSiMex-17-N(CHy),-
NRR?} Cl;]#243with the chlorosilyl-substituted cyclopentadienyl
niobium compound [Nbf-CsH;SiMe;Cl)Cl,],3° which proceeds
by the direct transfer of the formal imido ligand [N(@eNRR]2~
from titanium to niobium (Scheme 1), affording the first example
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of a stable constrained-geometry niobium complex, {{i¥b
C5H4S|MG[7]'N(CH2)2NRR’} C|3 .44

In view of such results, we were interested in probing whether
the imido functionality may be similarly transferred to group 5
metals to form terminal imido derivatives, when there is no
chlorosilyl substituent on the cyclopentadienyl ring. Thus, we
investigated the reaction between{ifi-CsH4SiMex-17-N(CH,),-
1n-NH2} Cl;] and different cyclopentadienyl group 5 metal
compounds. To achieve such a goal, niobium and tantalum
compounds that contain either the trimethylsilylcyclopentadienyl
(Cp) or the pentamethylcyclopentadienyl (Cp*) ligand were
chosen as starting materials, allowing a suitable and straight-
forward synthetic route to generate new mononuclear or
dinuclear amido, imido, and amino derivatives of group 5 metals.
Formation of the heterodimetallic [Tigh;>-CsH4SiMey-7-
N(CHa)2-«-NHz} MCpRCl,] is spectroscopically detected, and
syntheses of the amido complexes with a pendant amino group
[MCpR{ NH(CH,)2-7-NHR} Cl3] (M = Nb, Ta; Cff = Cg, Cp*;
R = H, Me), the tethered dinuclear imido niobium derivatives
[{NbCERCly} 2(u-N(CHy)2-5-N)], the amino tantalum complex
[{ TaCp*Cl} 2(u-NH2(CH,)2NH2)], and the tetranuclear niobium-
oxo compound{NbCgCl(u2-O)} 4(Cl)2(u3-O)] are reported in
this paper.

Results and Discussion

Synthesis and Chemical Behavior of Heterodinuclear
Complexes.Reactions of monocyclopentadienyl group 5 metal
compounds [MCRBCly] (M = Nb, Ta; Cf® = CsH4SiMes (Cp),
CsMes (Cp*)) with the cyclopentadienyl-silyl-amido titanium
complex [T{ 75-CsHsSiMex-1-N(CH,)2--NHz} Cl;] (1) were
conducted in Teflon-valved NMR tubes in deuterated solvents,
which allowed straightforward spectroscopic characterization
of the heterodimetallic complexes [Ti€h®-CsHSiMey-1-
N(CHz)z-K-NHz}MCpRC|4] (M = Nb, Cﬂq = Cp, 23, Cp*, 2b;

M = Ta, C®® = Cp, 3a Cp*, 3b) (Scheme 2), consistent with
their heterodinuclear nature. TAel NMR spectra show two
sets of signals for the cyclopentadienyl rings Rgmd “GHg4-
Si”) along with an AABB'KK' spin system for the methylene
and amino protons. The signals for the amino protons appear
downfield shifted (more pronounced for niobium compouds
than for the tantalum derivative8) with respect to the
resonances found in compléx(é 4.30)#3 indicating that the
NH. group is fairly strongly coordinated to the group 5 metal.
In addition, the significant upfield shift observed in th€-
{H} NMR spectra for the carbon atoipso-CsHsSiMe:N (0

(44) Maestre, M. C.; Tabernero, V.; Mosquera, M. E. G.; Jieg G.;
Cuenca, TOrganometallic2005 24, 5853-5857.
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~ 109) confirms that the titanium atom retains its initial
constrained dispositio#: 4447

As previously reported for analogous counterpartsNi,**

CpR = Cp!, 6a; Cp*, 6b

The tantalum complexes are comparatively more stable with
respect to aminolysis reactions than the analogous niobium
derivatives, consistent with the lower Lewis acidity of tantalum.

these dinuclear species are quantitatively formed (as observeddence, while the evolution dais observed in solution at room

by NMR spectroscopy), although a lack of thermal stability in

temperature, the similar compl&b remains unperturbed over

solution prevented their isolation, as they evolved to a range of a prolonged period of time and is only transformed upon heating

products in a short period of time. Prolonged standin@ of
CDCl; or CsDg at room temperature resulted in the formation
of a three-component mixture. Along with the titanium com-
pound [Ti°-CsH4SiMe,Cl)Cl3], the presence of two niobium

at temperatures above 30. However, despite repeated attempts
to isolate 3b as an analytically pure substance, intractable
mixtures were always obtained. The different stability observed
in complex3b, compared t8Ba, can be ascribed to the higher

derivatives is observed, the mononuclear amido-amino com- electron donor power of the pentamethylcyclopentadienyl ligand.

pounds [NbCB{NH(CH,)>-n-NH_} Cl3] (CpR = Cp, 4a, Cp*,
4b) and the dinuclear complexegNbCPRClo} 2(u-N(CHy)2-17-
N)] (CpR = Cq, 5a; Cp*, 5b), which contain two tethered imido
functionalities. A ratio of 1(Ti-compound):0.5(amido-amino):
0.25(diimido) is obtained (Scheme 3).

In chlorinated solvents, compouriaffords a mixture of
compounds, from which two complexes are unambiguously
identified. Along with unidentified products the presence of [Ti-
(7°-CsH4SiMe,CI)Cl3] and the corresponding mononuclear
amido-amino [TaC® NH(CHy),--NH3} Cl3] (CpR = Cp, 63

These results reveal that the evolution reaction pattern for Cp*, 6b) (Scheme 4) is observed.

the heterodinuclear FiNb complexes depends markedly on the

nature of the substituent on the cyclopentadienyl ring bonded

to the niobium atom. When the niobium derivative with a

“SiMe,ClI” substituent on the Cp ring is studied, a direct transfer

of the “HoN(CHy)2N” unit from titanium to niobium regiospe-
cifically yields the constrained geometry complex {BCsHa-
SiMex-17-N(CH;),NH3} Cl3] as the unique niobium produttin
contrast, the absence of aSIl bond on the cyclopentadienyl

Reactions of Monocyclopentadienyl Niobium and Tanta-
lum Derivatives with Diamines. The reactions described above
were scaled-up, although the difficulty in isolating the different
components of the reaction mixtures as analytically pure samples
resulted in modest yields. Therefore, we sought a more
convenient alternative synthetic route. In a procedure analogous
to that used to synthesize the niobitfmand titanium conge-

ligand determines that the reaction should evolve through an Nersi***aminolysis reactions of [MCJtl,] in aromatic solvents

aminolysis process of NbCI bonds with the consequent
liberation of HCI. The formation of the two different niobium
complexes 4 and5) from the heterobimetallic compoun@s

afforded the mononuclear amido-amino derivatives [NATH-
(CHz)2-»-NHR} Cl3] (M = Nb, R= H, Cp} = Cp, 4a; Cp*,
4b; R = Me, ClR = Cp*, 4bMe; M = Ta, R=H, ClR = Cp,

entails a proton-scrambling process. Generation of the amido-6a Cp*, 6b; R = Me, C = Cp*, 6b"¢) and, in the particular
amino- and bis-imido-bridged compounds proceeds respectivelycase of niobium, the dinuclear compleXNbCECla} a(u-
by gaining one proton and the losing the protons contained in N(CHz)2-17-N)] (Cp? = Cg, 5a) by treatment of [MCBCl] with

the initial moiety “HN(CH,)oN".

(45) Ciruelos, S.; Cuenca, T.; G®z, R.; Gmez-Sal, P.; Manzanero,
A.; Royo, P.Organometallics1996 15, 5577-5585.

(46) Gamez, R.; Gmez-Sal, P.; Mafh, A.; Nufez, A.; del Real, P. A;;
Royo, P.J. Organomet. Cheni.998 564, 93—100.

(47) Cuenca, T.; Royo, FCoord. Chem. Re 1999 195 447—-498.

the appropriate amount of the corresponding ethylenediamine
in toluene in the presence of NHiScheme 5).

The different propensity of NbCl and Ta-Cl bonds to
undergo aminolysis was again made evident in these reactions.
Thus, while the reaction of [NbC@ls] with 0.5 equiv of
NH2(CH,)2NH> in the presence of 4 equiv of NEyields the
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tethered dinuclear imido compleda, a similar reaction with

mediate adducts were not observed even when the reactions

the tantalum derivative never goes beyond the amido-amino were carried out in the absence of MEIn this case, the
compounds, even when an excess of triethylamine is used (theethylenediamine reagent itself acts as a base and the amido-

dinuclear imido derivativéb cannot be prepared through this
reaction either). When the reaction of [TaCp#[Gkith 1 equiv
of NHy(CH,),NHMe was monitored by*H NMR (C¢Ds or
CDCl), formation of the intermediate adduct [TaCpiCl
{NH,(CH),NHMe}] (7) was observed; this was slowly con-
verted into the final amido-amino derivatiaMe, [ITH NMR
(400 MHz, GDg) for [TaCp*Cls{ NHx(CH,):NHMe}] (7): o
0.03 (brs, 1H, MMe), 1.92 (m, 2H, E,NHMe), 1.93 (s, 3H,
NHMe), 2.35 (s, 15H, Cp*), 3.36 (m, 2H, TaNH{), 5.14 (brs,
2H, NHy). 13C{H} NMR (400 MHz, GDg): 6 13.2 (GMes),
35.5 CH.NHMe), 44.1 (NHVe), 52.1(TaNHCH,), 132.4 Cs-
Mes).] In a preparative scale-up, reaction of [TaCp#@iith 2
equiv of NH(CHy).NHMe in aromatic solvents gave a mixture
of the two isomers [TaCHNH(CH,),-n-NHMe} Cl3] (6bV€) and
[TaCp*{ NMe(CH,),-n-NH3} Cls], which evolved into a pure
sample of6bMe when the mixture was dissolved in chlorinated
solvents. JH NMR (400 MHz, GDe) for [TaCp*{ NMe(CHy),-
7-NHz} Cls]: 0 2.14 (s, 15H, Cp*), 2.45 (m, 2H,K:NH,), 3.13
(s, 3H, TaNMe), 3.53 (t,J = 6 Hz, 2H, TaNMeC,), 4.26 (brs,
2, CHNH,). ¥3C{*H} NMR (100.13 MHz, GDg): 6 12.9
(CsMes), 42.1 CHoNHy), 52.9 (TaNMe), 67.7 (TaNM&H)),
126.4 CsMes).] Treatment of [TaCp*CJ] with 0.5 equiv of
ethylenediamine in the absence of M Efforded the dinuclear
adduct { TaCp*Cl} 2(«-NH2(CH2)2NH>)] (8) as a crystalline,

amino derivativeg were straightforwardly formed, along with
unreacted starting material.

Both types of niobium complexegt (and 5) are formed
guantitatively, although only compoundswere isolated as
analytically pure solids. Instead, the extremely air- and moisture-
sensitive compoundsprecluded an accurate elemental analysis,
with decomposition occurring in a matter of seconds. In fact,
all attempts to crystallizéesa were unsuccessful and gave
mixtures of hydrolysis products, of which the main constituent
is the tetranuclear niobium-oxo compoudNpCp Cl(uz-O)} 4
(Ch2(uz-0)] (9), isolated by crystallization, and although it could
not be characterized by NMR, as it was insoluble in all common
deuterated solvents, its structure was unambiguously established
by X-ray diffraction studies on a single crystal (see below). The
tetranuclear nature 09 is noteworthy since hydrolysis of
monocyclopentadienyl complexes of niobium, under mild
experimental conditions, usually renders dinuclear ox{&es.
Such unusual behavior may be related to the dinuclear nature
of compound5a.

The NMR spectroscopic features of these complexes support
the proposed structur€ symmetry is established from thkl
NMR spectra for compoundéa, 4b, 6a, and6b (see Experi-

(48) Andreu, A. M.; Jdlo, F. A,; Otero, A.; Royo, P.; Lanfredi, A. M.

orange solid, in hlgh yleld (Scheme 6) This complex was M.; Tiripicchio, A. J. Chem. Soc., Dalton Tran$987, 953-956.

(49) Bottomley, F.; Keizer, P. N.; White, P. S.; Preston, KCOFgano-

isolated and completely characterized by NMR Spectroscopy metallics1999 9. 1916-1925.

and elemental analysis. In contrast, analogous niobium inter-

(50) Bottomley, F.; Karslioglu, SOrganometallicsl992 11, 326-337.
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Table 1. Selected Bond Distances (A) and Angles (deg) for
Complexes 4a and 9

Compound4a
Nb—N(1) 1.992(4)  Cg-Nb—N(1) 102.5
Nb—N(4) 2.255(5)  Nb-N(1)—-C(2) 122.9(3)
Nb—CI(1) 2.511(1)  Nb-N(1)-H(11) 117(3)
Nb—CI(2) 2.488(1) C(XN(1)-H(11) 120(3)
Nb—CI(3) 2.487(1)  C(3FN(4)—Nb 112.9(3)
N(@)—H(@41)y-CI(8) 2.57(5)  C@FN(4)-H(41) 115(3)
N(4)—H(42)}--Cl(2)  2.72(6)  C(3yN(4)-H(42)  111(4)
Compoundd
Nb(1)-O(1) 1.885(3) Nb(1}O(1)-Nb(3)  110.68(16)
Nb(1)-0(3) 1.999(3) Nb(3yO(2)-Nb(2)  145.62(16)
Nb(1)-0(2) 2.164(3) Nb(3}O(2)-Nb(1)  98.94(13)
Nb(1)-CI(11)  2.4363(13)  Nb(2}O(2)-Nb(1) 95.16(13)
Nb(1)-Cl(12)  2.5806(12)  Nb(2}O(3)-Nb(1)  107.09(15)
Nb(2)-0(3) 1.870(3) Nb(4-O(4)-Nb(2)  161.93(19)
O Nb(2)-0(4) 2.023(3) Nb(3}O(5)-Nb(4)  155.05(19)

Figure 1. ORTEP-style representation of the molecular structure Nb(2)—0(2) 2.052(3)

of complex 4a as determined by single-crystal X-ray crystal- ~ Nb(2)-Cl(2) 2.3976(14)

lography. Thermal ellipsoids are given at the 50% probability level. “Eg*g% %ggggg

mental Section). The spectra 4bMe and6bMe are consistent ﬁﬁgﬁ_gg ;ﬁf?f-f()m

with chiral species demonstrated by the presence of two Nb(4)-0(4) 1.813(3)

multiplets for the diastereotopic methylene protons in the Nb(4)-O(5) 2.000(3)

correspondingH NMR spectra and the expected resonances mggf&_g:&‘g g'ﬁﬁggg

for the Cp* ring and methyl protons on silicon. This spectro-
scopic behavior undoubtedly indicates that the NHMe is fairly
rigidly coordinated (the NMe proton appearing as a broad
signal and the NMle hydrogens as a doublet) to the metal atom of 4ain the lattice. The molecular structure shodsto be a
since such a bonding disposition prevents racemization at themononuclear species with a pseudo-octahedral coordination
amino nitrogen. The downfield shifted resonance observed for geometry around the niobium atom. The'@pd the chelating
the amino functionality protons also supports such a bonding ligand showmercoordination, with the amino nitrogen virtually
interaction. There was a notably higher chemical shift found transto the cyclopentadienyl group, a structural disposition that
for the amido proton (NId > 9 and Tad > 7) with respect to resembles that found for the constrained geometry complex [Nb-
other alkylamido derivatives of niobium and tantalum (normally {7°-CsHsSiMez-17-N(CHz)z-77-NHz} Cla].*4
in the regiond ~ 6—8 andd ~ 5)5! Such spectroscopic The Cg-Nb—N1 (Cg= centroid of the Cp ring) bond angle
behavior can be attributed to the chelating disposition of the of 102.5 is close to those found for the constrained geometry
amido-amino ligand that forces the amido proton to approach compounds [Nfy>-CsHaSiMer7-N(CHy)s-17-NHz} Cl]44(100.98)
the C® ligand, locating this proton close enough to the and [Nb{>-CsHsSiMern*-NAr)(NAr)CI]32 (100.76) and is
cyclopentadienyl ring to experience the influence of its magnetic appreciably more acute than those reported in complexes bearing
anisotropy. The structural characterizationdafconfirms this a normal monodentate amido group (106.60 116.67
observation gide infra). range)?’1.24The location of the amino nitrogen in the axial
The spectroscopic behavior & is relatively simple and position (Cg-Nb—N4 ~ 176.3), where coordination to the
supports a dinuclear species containing two spectroscopicallyniobium atom seems to be optimal, and the chelating nature of
equivalent C-symmetry metallic fragments. ThéH NMR the amido-amino ligand force the amido nitrogen out of the
spectra show, along with the characteristic signals for th@ Cp plane described by the three chlorine atoms, forward of the
ligand, a sharp singlet ai 3.63 and 3.97 for5a and 5b, cyclopentadienyl ligand, according to the NMR spectroscopic
respectively, and integration shows four protons assigned to theobservations. The amido and amino ligands have structurally
two magnetically equivalent methylene groups of the bridged different No—N—C linkages, distinguishable by differences in
chain. The high symmetry of compouBgrobably resultsina  both the NB-N bond lengths and the coordination environment
IH NMR spectrum that displays only three signals, with integrals at the nitrogen centers. As described above, the amido ligand
in the ratio 30:4:4 for the pentamethylcyclopentadienyl, meth- is placed in the equatorial plane, allowing the filled p orbital
ylene, and amino protons, respectively. on the N(1) to overlap with the unique-acceptor orbital
For all of these complexes, structural features similar to those remaining on the niobium, located in this plane. The short-Nb
described fromtH NMR spectroscopy can be deduced from N(1) bond distance (1.992(4) A) is in the reported range for
the 13C{IH} NMR spectra, consistent with the proposed Nb—N bonds with an appreciable multiple-bond character
formulation and with the expected peaks observed in the region (1.935-2.102 A)5! and the planar environment of the N(1)
of the spectra typical of derivatives of this type. atom, with the sum of the angles around it close to°3&0d
Structural Studies. The molecular structures of compounds hence sphybridized, suggests a perceptible Mjp-Nb(dr)
4a and 9 were determined by X-ray diffraction studies on a interaction. The coordination of the pendantNtioup is clearly
single crystal. The molecular structure4zis shown in Figure shown with a Nb-N(4) distance of 2.255(5) A, within the
1, and key bond distances and angles are listed in Table 1. Thesingle-bond range (2.262.40 A)52-55
crystal contains half of a molecule of benzene for each molecule

aesd’s are given in parentheses.

(52) Chesnut, R. W.; Fanwick, P. E.; Rothwell, l.IRorg. Chem1988
27, 752-754.

(53) Jayaratne, K. C.; Yap, G. P. A.; Haggerty, B. S.; Rheingold, A. L,;
Winter, C. H.Inorg. Chem.1996 35, 4910-4920.

(51) Humphries, M. J.; Green, M. L. H.; Leech, M. A.; Gibson, V. C.;
Jolly, M.; Williams, D. N.; Elsegood, M. R. J.; Clegg, W. Chem. Soc.,
Dalton Trans.200Q 4044-4051.
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Figure 2. ORTEP view of9 with 30% probability ellipsoids. Details of the coordination environment of Nb(1) and Nb(4) are shown.

Although all of the Nb-Cl distances are in the normal range
for this type of bond, the NbCI(1) bondtransto the amido

the flattening of one of the butterfly wings. The core structure
of 9 could be regarded as an “asymmetrical butterfly” where

group (2.511(1) A) is somewhat elongated compared with the one of the wings is defined by a six-membereds®bring,

cis chloro bond (average 2.487(1) A).

while the second one consists of two fused four-membered

Of particular relevance are the two weak hydrogen bonds Nb2O; rings sharing an NbO moiety.
observed, which are nevertheless strong enough to introduce The diverse coordination geometry shown by the two wing-

molecular recognition and self-assembly in the solid staté.
Thus, molecules ofaform infinite N—H---Cl hydrogen-bonded
chains that propagate along the crystallograghaxis. Each
molecule donates two NH---Cl hydrogen bonds and accepts
two, which at 2.57(5) and 2.72(6) A can be classified as
“intermediate” (intermolecular contact in the range 2:2295
A).58.59

Analysis of the X-ray data reveaBsto be a tricyclic tetra-
nuclear niobium oxide{[NbCp Cl(u2-O)} 4(Cl)2(us-O)] that dis-

tip niobium atoms undoubtedly reflects the presence of the triply
connected oxygen site (see Figure 2). While Nb(4) is a five-
coordinate center with e@s disposition, Nb(1) shows a pseudo-
octahedral coordination geometry with both chlorine atoms
mutually trans and the oxygems-O in an axial position. The
closing of the Nb(1) (u2-O)—Nb bond angles (Nb(HO(3)—
Nb(2) [107.09(15)] and Nb(1)-O(1)—Nb(3) [98.94(13)]) and

the contraction of the Nb(¥)Nb(adjacent) distances [3.1132-
(7) and 3.1902(7) A] with respect to the corresponding values

plays an unsymmetrical structure (Figure 2). The crystal contains found around the Nb(4) atom (Nb(4D(4)—Nb(2) [161.93-

half of a molecule of hexane (highly disordered) for each
molecule of9 in the lattice. This structure is particularly relevant

(19)], Nb(4)—O(5)—Nb(3) [155.05(19)], and Nb(4)-Nb-
(adjacent) [average 3.770 A]) are unequivocally a consequence

because it is one of the scarce examples of clusters with moreof the Nb(1)-O(2) bond presence. Both the Nb¢i(>-O)—

than three niobium or tantalum atorf$?.66-63 Selected bond

distances and angles for the structure are listed in Table 1.
Complex 9 features a tricyclic structure defined by two

CpP'NbCI and two CfNbCI, building units linked through four

Nb angles and the Nb(3Nb(adjacent) distances fall in the same
ranges as those found in niobium triangular clusters.

The triply connected oxygems-O shows a significantly
distorted pyramidal geometry, a rare structural feature, with two

peripheral double oxo bridges and an intraannular triple oxo Nb—O—Nb angles remarkably more acute, Nb{D(2)—Nb-

bridge. The core of clusté& resembles those found in several
tetranuclear titanium oxides, TICpR(u2-O)} 42X 2(12-0)],846%and

(3) [98.94(13)] and Nb(1)-O(2)-Nb(2) [95.16(13)], than the
third, Nb(2)-O(2)—~Nb(3) [145.62(163. While the first two

has been described as a butterfly structure. However, in thisangles are within the values reported forugO group in
case, the internal oxo bridge connects three of the niobium atomstrinuclear niobium oxides, the latter is even more obtuse than
(us-0), causing a notable distortion that becomes apparent inthat found foru,-O ligands in these very derivatives. This

(54) Corbin, R. A.; Dusick, B. E.; Phomphrai, K.; Fanwick, P. E.;
Rothwell, I. P.Chem. Commur2005 1194-1196.

(55) Cotton, F. A.; Shang, M. YJ. Cluster Scil994 5, 467—479.

(56) Desiraju, G. RAcc. Chem. Re®002 35, 565-573.

(57) Steiner, TAngew. Chem., Int. EQ2002 41, 48-76.

(58) Aullon, G.; Bellamy, D.; Brammer, L.; Bruton, E. A.; Orpen, A.
G. Chem. Commuril998 653-654.

(59) Adams, N.; Bigmore, H. R.; Blundell, T. L.; Boyd, C. L.; Dubberley,
S. R.; Sealey, A. J.; Cowley, A. R.; Skinner, M. E. G.; Mountfordirrg.
Chem.2005 44, 2882-2894.

(60) Gibson, V. C.; Kee, T. P.; Clegg, W. Chem. Soc., Chem. Commun.
199Q 29-30.

(61) Jernakoff, P.; Debellefon, C. D.; Geoffroy, G. L.; Rheingold, A.
L.; Geib, S. JOrganometallics1987, 6, 1362-1364.

(62) De la Mata, J.; Fandos, R.; ®ez, M.; Ganez-Sal, P.; Mafhez-
Carrera, S.; Royo, FOrganometallics199Q 9, 2846-2850.

(63) Leichtweis, I.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H. G.
Chem. Ber1991, 124, 253-257.

asymmetry is also manifested in the Nfus-O) distances; thus,
the us-O ligand lies ca. 0.1 A closer to the niobium atoms at
the “butterfly hinge” [average 2.042 A] than to the niobium
atom at the tip of the wing; moreover the Nb{k)(2) distance
[2.164(3) A] is within the range observed for a dative covalent
bond [2.16-2.39 A range]. The double oxygen bridges in the
core are markedly asymmetric; thus, for each Nb center, one of
the Nb—O distances is between 0.12 and 0.20 A longer than
the other. These long and short distances are located in
alternating positions along the perimeter core. The long length
values are in the same range as those observed in trinuclear

(64) Palacios, F.; Royo, P.; Serrano, R.; Balcazar, J. L.; Fonseca, |.;
Florencio, F.J. Organomet. Chenl989 375 51-58.

(65) Babcock, L. M.; Klemperer, W. Gnorg. Chem1989 28, 2003~
2007.



Niobium and Tantalum Complexes Bearing Metiditrogen Bonds

niobium complexes, while the small NI distances are even
shorter than those found in niobium dinuclear oxo derivatives,
where a significant-bonding contribution has been propo$éd.

The Nb—Cl lengths are reasonably similar. The one exception
is the Nb(1)}-ClI(12) distance of 2.5806(12) A, which is
considerably longer than the other NBI distances, averaging
2.417(1) A. In addition, this chlorine deviates 0.557 A from
the Nb(1)O(2)Nb(4) plane that halves the core and is signifi-
cantly closer to the Nb(2) center (2.950 A) than to Nb(3) (3.440
A). This asymmetry is also reflected in the Nhb distances,
with Nb(1) 0.08 A closer to Nb(2) than to Nb(3).

In the molecular packing, the molecules are arranged in
H-bonded chains along the crystallograptieaxis due to
C—H---Cl interactions between the chlorine atoms bonded to
Nb(1) in atrans disposition to the Cp of adjacent molecules.

Conclusions

The formation of new types of tethered heterobimetallic
titanium—niobium and titaniumtantalum complexes [TiGl
{175-CsH4SiMey17-N(CHy)2-x-NHz} MCpRCl,] (CpR = Cp, Cp*)

Organometallics, Vol. 26, No. 17, 20@&249

at room temperature. The color of the reaction mixture instanta-
neously darkened. The reaction mixture was analyzed by NMR
spectroscopy, and the formation2d was essentially quantitative.
IH NMR (300 MHz, GDg): 6 0.18 (s, 6H, SiMeN), 0.25 (s, 9H,
SiMe;3), 3.54 (m, 2H, NCHCH,NH,), 4.10 (t,J = 5,8 Hz, 2H,
NCH,CH,;NH,), 5.19 (brs, 2H, NH), 6.10, 6.35, 6.63, 6.84 (two
AA'BB' spin system, 4 2H, 2 x CsHy). 13C{*H} NMR (75 MHz,
CiDg): 0 —2.6 (SiMeN), —0.1 (SiMe), 47.5 (CHNH,), 58.0
(TINCH,), 109.3 (GH4SIiN-Cipso, 124.3, 126.4, 132.0, 132.4,
135.1 (GHy).

Synthesis of [TiICh{#5-CsH4SiMe,-1-N(CH)-«-NH 2} Nb(#°-
CsMes)Cly] (2b). A method similar to that used f@awas adopted
by using [Nb{®-CsMes)Cl,] (0.037 g, 0.1 mmol) to giveb. *H
NMR (300 MHz, GDg): 6 0.20 (s, 6H, SiMgN), 2.05 (s, 15H,
Cp*), 3.55 (m, 2H, NCHCH,NH,), 4.11 (t,J = 5,7 Hz, 2H, N®,-
CH:NH,), 4.96 (brs, 2H, NH), 6.11, 6.35 (AABB' spin system, 2
x 2H, GsHy).

Synthesis of [Ticlz{7’]5-C5H4SiM€2-7’]-N(CH2)2-K-NH2}Ta(ﬂs-
CsH,4SiMe3)Cly] (3a). A CDClz solution (0.3 mL) of [T{#>CsHs-
SiMe;N(CHy)2-n-NH2} Cly] (0.03 g, 0.1 mmol) was added to a
CDCls solution (0.3 mL) of [Tag5-CsHsSiMes)Cly] (0.046 g, 0.1

has been described. These species evolve through differenfnmol) at room temperature. The reaction mixture was analyzed
pathways from those described for the analogues complexes with?y NMR spectroscopy, and the formation 8 was essentially

a chlorosilyl-substituted cyclopentadienyl ring on the group 5

guantitative IH NMR (300 MHz, CDC}): ¢ 0.36 (s, 9H, SiMg),

metal. In addition, a suitable and straightforward synthetic route 0.57 (s, 6H, SiMg), 3.59 (m, 2H, NCHCHNH,), 4.56 (t,J = 5.7

to prepare and isolate mononuclear amido-amino complexes of

niobium and tantalum, dinuclear imido derivatives of niobium,
and amino compounds of tantalum in high yield is described.
The structure of an unusual tricyclic tetranuclear niobium oxide
[{NbCpCl(u2-O)} 4(Cl)2(u3-O)], which displays a rare unsym-
metrical triply connected oxygen site, is also reported.

Experimental Section

Hz, 2H, NCH,CH,NH,), 4.83 (brs, 2H, NH), 6.57, 6.79 (AABB’
spin system, 2« 2H, GHy), 7.03 (m, 4H, GH,).

Synthesis of [TICh{7°-CsH4SiMe,-1-N(CH),-«-NH 2} Ta(#®-
CsMes)Cly] (3b). A method similar to that used f@&awas adopted
by using [Ta®-CsMes)Cly] (0.046 g, 0.1 mmol) to givesb. H
NMR (300 MHz, CDC}): ¢ 0.58 (s, 6H, SiMgN), 2.56 (s, 15H,
Cp*), 3.54 (m, 2H, NCHCH,NH,), 4.56 (t,J = 6.0 Hz, 2H, NGH,-
CH:NH,), 4.61 (brs, 2H, NH), 6.57, 7.01 (AABB' spin system, 2
x 2H, GsHa). 13C{*H} NMR (75 MHz, CDCE): 6 —2.1 (SiMeN),

All manipulations were performed under an atmosphere of argon 13.2 (GMes), 46.5 (CHNH>), 58.8 (TINCH,), 109.4 (GH4SiN—
using standard Schlenk and glovebox techniques. The solvents wereCipso), 124.3, 126.7 (6Hs), 132.9 CsMes).

purified by distillation under argon before use by employing the

Synthesis of [Nb{%-CsH4SiMes)(NH(CH 2),-7-NHy)Cl3] (4a).

appropriate drying/deoxygenated agent. Deuterated solvents wer@\iethod a. A toluene solution (20 mL) of [Fiy5-CsHaSiMer1-

stored over activatt4 A molecular sieves and degassed by several
freeze-thaw cycles. NE# (Aldrich) was distilled before use and
stored ove 4 A molecular sieves. NHCH,),NH, (Aldrich) and
NH2(CH,),NHMe (Aldrich) were purchased from commercial
sources and used without further purification.{[ifi-CsHSiMe,-
7-N(CHp)2-7-NH2} ClJ], 3 [NbCpP Cly], 8 [NbCp*Cly],62686{ TaCPCl,), 67

and [TaCp*C}]7®"t were prepared as previously described. El-

emental analyses were performed on a Perkin-Elmer 240B mi-

croanalyzer. Some of the analytical values found deviatet¥4
C) due to their air sensitivity and difficulties in the manipulation
of samples. NMR spectra were recorded on Varian Unity FT-300

N(CH,).NHz} Cl;] (0.50 g, 1.67 mmol) was added to a toluene
solution (30 mL) of [Nbf5-CsH4SiMes)Cly] (0.62 g, 1.67 mmol)
at room temperature. The reaction mixture was stirredtth and
concentrated under vacuum to ca. half volume. After standing at
room temperature for 24 h, pale green crystaldafprecipitated
from the solution, which were collected and dried under vacuum
(0.31 g, 0.78 mmol, yield 47%).

Method b. A toluene solution (20 mL) of Nk{CH,),NH; (0.09
mL, 1.34 mmol) and NEt(0.20 mL, 1.40 mmol) was added to
dark green solution of [Nly-CsH4SiMes)Clg] (0.5 g, 1.34 mmol)
in toluene (30 mL). The color of the reaction mixture immediately

and Bruker AV400 spectrometers, and chemical shifts are referencedchanged to dark green. The reaction mixture was stirred for 3 h

to the residual proton and carbon signals of the solvent.
Synthesis of [TiCh{#5-CsHSiMez-7-N(CH3)2-x-NH 2} Nb(#°-
CsH,4SiMe;)Cly] (2a). A CgDg solution (0.3 mL) of [T{#°-CsHy-
SiMe;N(CH,),-1-NH} Cly] (0.03 g, 0.1 mmol) was added to gl
solution (0.3 mL) of [Nb{5-CsH4SiMes)Cl4] (0.037 g, 0.1 mmol)

(66) Skripkin, Y. V.; Eremenko, I. L.; Pasynskii, A. V.; Volkov, O. G.;
Bakum, S. I.; Porai-Koshits, M. A.; Antsyshkina, A. S.; Dikareva, L. M.;
Ostrikova, V. N.; Sahkarov, S. G.; Struchkov, Y.Sw. J. Coord. Chem.
(Engl. Transl) 1985 11, 995-1002.

(67) Bunker, M. J.; Decian, A.; Green, M. L. H.; Moreau, J. J. E.;
Siganporia, NJ. Chem. Soc., Dalton Tran$98Q 2155-2161.

(68) Herrmann, W. A.; Kalcher, W.; Biersack, H.; Bernal, I.; Creswick,
M. Chem. Ber1981, 114, 3558-3571.

(69) Yasuda, H.; Okamoto, T.; Nakamura, A.Gkganomet. Syntt1.988
4, 20-22.

(70) Burt, R. J.; Chatt, J.; Leigh, G. J.; Teuben, J. H.; Westerho§. A.
Organomet. Cheml977, 129 C33-C35.

(71) Sanner, R. D.; Carter, S. T.; Bruton, W.JJ.Organomet. Chem.
1982 240, 157-162.

and the white solid formed collected by filtration. The solution was
concentrated (20 mL) and cooled t620 °C. After filtration,
recrystallization from toluene/hexane gad&in 96% vyield (0.51
g, 1.29 mmol). Anal. Calcd for gH20CIsNoNbSi: C, 30.35; H,
5.10; N, 7.07. Found: C, 30.61; H, 5.20; N, 6.9A. NMR (300
MHz, CDCL): 6 0.38 (s, 9H, SiMg), 3.63 (m, 2H, G,NH,), 4.10
(m, 2H, NbNH,), 5.12 (brs, 2H, NH), 6.66, 6.95 (AABB' spin
system, 2x 2H, GHy,), 10.23 (brs, 1H, NbNCH,). B3C{'H} NMR
(75 MHz, CDCE): 6 0.15 (SiMe), 43.9 (CHNH,), 61.7 (NbN-
HCH,), 123.7, 123.9 (6H,), 128.7 (GH4-ipso).

Synthesis of [Nb®>-CsMes)(NH(CH ),-17-NH2)Cl3] (4b). Method
a. A method similar to method a described #a was adopted by
using [Nb{®-CsMes)Cl,] (0.30 g, 0.81 mmol). Compourdb was
obtained as an orange, microcrystalline solid in 31.3% yield (0.1
g, 0.25 mmol).

Method b. A method similar to method b described #e was
adopted by using [Nigf-CsMes)Cly] (0.30 g, 0.81 mmol) to give
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4b. Yield: 86.3% (0.1 g, 0.25 mmol). Anal. Calcd forEl,,ClsN-

Nb: C, 36.62; H, 5.64; N, 7.11. Found: C, 37.03; H,5.77; N, 6.76.
IH NMR (300 MHz, CDC}): ¢ 2.22 (s, 15H, Cp*), 3.35 (m, 2H,
CH,NHy), 4.07 (m, 2H, NbNHE1,), 5.07 (brs, 2H, NH), 8.96 (brs,
1H, NbNHCH,). 23C{H} NMR (75 MHz, CDCE): 6 13.0 (GMe),
43.6 (CHNHy), 60.8 (NbNCH), 127.6 CsMes).

Synthesis of [Nb@®-CsMes)(NH(CH )--NHMe)Cl 5] (4bVe).

A method similar to method b described féa was adopted by
using NH(CH,),NHMe (0.05 mL, 0.57 mmol) and [Npf-CsMes)-
Cly] (0.21 g, 0.57 mmol) to givébMe, Total yield: 78.8% (0.18 g,
0.45 mmol). Anal. Calcd for GH,4CIsNoNb: C, 38.30; H, 5.95;
N, 6.87. Found: C, 38.17; 6.35 H,; 6.34 A NMR (300 MHz,
CDCly): 6 2.12 (s, 15H, @Mes), 3.06 (d,J = 5.6 Hz, 3H, NHVie),
3.21, 3.34 (m, % 1H, CH,NHMe), 3.90 (m, 2H, NbNHEl,), 5.30
(brs, 1H, NHMe), 8.99 (brs, 1H, NbNCHj,). 133C{*H} NMR (75
MHz, CDCL): 6 13.2 (GMes), 40.7 CH,NHMe), 53.9 (NHVe),
57.0 (NbNCH), 127.5 CsMes).

Synthesis of [Tag®CsHSiMes)(NH(CH )>-7-NH>)Cl3] (6a).
Method a. A dichloromethane solution (20 mL) of [{#>-CsHy-
SiMey7-N(CHy),NHz} Cl;] (0.39 g, 1.30 mmol) was added to a
dichloromethane solution (50 mL) of [TigitCsH4SiMes)Cly] (0.60
g, 1.30 mmol) at room temperature. After stirring was continued

for a week, the volatiles were removed under vacuum and the

resulting solid washed with toluene (5 10 mL). The yellow
residue was identified &8a (0.22 g, 0.46 mmol, 35% yield).
Method b. A toluene solution (20 mL) of NK{CH,),NH, (0.066
mL, 0.98 mmol) and NEt(0.14 mL, 1.0 mmol) was added to a
dark green solution of [T#f-CsH,SiMe;)Cly] (0.45 g, 0.98 mmol)
in toluene (60 mL). After stirring for 3 h, the solution was filtered

and volatiles were completely removed. The residue was extracted

into toluene (2 x 20 mL), and the solution obtained was
concentrated (30 mL) and cooled t620 °C. After filtration,
recrystallization from toluene/hexane gaé@in 82% yield (0.39
g, 0.80 mmol). Anal. Calcd for gH,oCIsN.SiTa: C, 24.83; H,
4.17; N, 5.79. Found: C, 24.97; H, 4.35; N, 6.168. NMR (300
MHz, CDCk): ¢ 0.35 (s, 6H, SiMg), 3.60 (m, 2H, G.NH,), 4.33
(m, 2H, TaNHGQH,), 4.87 (brs, 2H, NH), 6.43, 6.75 (AABB' spin
system, 2x 2H, GsHy), 8.45 (brs, 1H, TaNICH,). 13C{'H} NMR
(75 MHz, CDCk): 6 0.12 (SiMe), 43.7 (CHNH,), 7.3 (TaN-
HCH,), 121.3, 121.4 (6H,), 125.6 (GH4-ipso).

Synthesis of [Ta®CsMes)(NH(CH ,),-17-NH5)Cl3] (6b). Method
a. A dichloromethane solution (20 mL) of [{#°-CsHsSiMey-#-
N(CH,).NH,} Cl;] (0.26 g, 0.87 mmol) was added to a dichlo-
romethane solution (50 mL) of [Ta$-CsMes)Cl,] (0.40 g, 0.87
mmol). The solution was stirred for 2 weeks at®@X) when volatiles
were completely removed. The residue was washed witaxane
(5 x 20 mL) and extracted into toluene 50 mL). The resulting
solution was concentrated and cooled-t80 °C to afford 6a in
51% yield (0.21 g, 0.44 mmol).

Method b. A method similar to method b described & was
adopted by using [Tgf-CsMes)Clg] (0.24 g, 0.66 mmol) to give
6b. Yield: 76% (0.1 g, 0.50 mmol). Anal. Calcd for, §1,,Cl3N,-
Ta: C,29.92; H,4.61; N, 5.81. Found: C, 30.05; H, 4.98; N, 5.64.
1H NMR (300 MHz, CDC}): ¢ 2.29 (s, 15H, Cp*), 3.54 (m, 2H,
CH3NH>), 4.24 (m, 2H, TaNHEl,), 4.84 (brs, 2H, NH), 7.35 (brs,
1H, TaNHCH,). 3C{1H} NMR (75 MHz, CDC}): 0 12.4 (GMes),
43.6 (CHNH,), 59.9 (NbNCH), 124.2 CsMes).

Synthesis of [Taf>-CsMes)(NH(CH ,)-7-NHMe)Cl 3] (6bMe).
A method similar to method b described f6a was adopted by
using NH(CH,),NHMe (0.058 mL, 0.65 mmol) and [Taf-Cs-
Mes)Clg] (0.30 g, 0.65 mmol) to givésbMe. Yield: 76% (0.24 g,
0.50 mmol). Anal. Calcd for GH,,CIsN,Ta: C, 31.50; H, 4.89;
N, 5.65. Found: C, 31.40; H, 4.61; N, 5.3%4 NMR (300 MHz,
CDCl): 6 2.29 (s, 15H, Cp*), 3.17 (dJ = 6 Hz, 3H, NHVe),
3.25, 3.46 (m, 2x 1H, CH,NHMe), 4.07, 4.16 (m, 2x 1H,
TaNHCH,), 5.02 (brs, 1H, &Me), 7.40 (brs, 1H, TaNCH,). 13C-
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{H} NMR (75 MHz, CDCE): 6 12.6 (GMes), 40.5 (NHMe), 53.2
(TaNHCH,), 54.9 CH,NHMe), 124.2 CsMes).

Synthesis of of [Nb(#7°-CsHsSiMes)Clz} 2(u-N(CH2)2-1-N)]
(5a). A toluene solution (10 mL) of NK{{CH,),NH, (0.045 mL,
0.67 mmol) and NEt(0.75 mL, 5.36 mmol) was added to a solution
of [Nb(#5-CsH,SiMes)Cly] (0.50 g, 1.34 mmol) in toluene (20 mL).
After overnight stirring, the initial dark green color changed to
orange-brown and a white solid precipitated. The suspension was
filtered, volatiles were removed, and the brown residue was
extracted inton-hexane (5x 20 mL). The yellow filtrate was
concentrated to ca. 60 mL and cooled-t80 °C. After filtration,
recrystallization from toluene/hexane geéhe@as a yellow solid in
58% vyield (0.25 g, 0.39 mmol). Anal. Calcd for gEl30CIsNNb,-

Sip: C, 32.84; H, 4.60; N, 4.25. Found: C, 31.20; H, 4.24; N, 3.01.
The isolated pale orange solid consisted mainly5af but it
contained some irremovable decomposition products, which pre-
vented us from obtaining a correct elemental analysis, though
satisfactory spectroscopy data were obtaifdedNMR (300 MHz,
CsDg): 0 0.22 (s, 18H, SiMg), 3.63 (s, 4H, El,), 6.23, 6.39
(AA'BB’ spin system, 2< 4H, GH,). BC{*H} NMR (75 MHz,
CsDg): 0 —0.56 (SiMe), 67.1 (CH), 113.7, 122.7 (€H,), 134.6
(CsHy-ipso).

Synthesis of {Nb(#%-CsMes)Cl2}2(u-N(CH2),-1-N)] (5b). A
toluene solution (20 mL) of [Tin®-CsHsSiMe,-1-N(CH,),NH,} -

Cl,] (0.24 g, 0.80 mmol) was added to a toluene solution (30 mL)
of [Nb(#°-CsMes)Cl,] (0.30 g, 0.81 mmol) at room temperature.
The reaction mixture was stirredrfd h and cooled to- 20 °C.

After removing the precipitated solidHf), the resulting yellow
solution was taken to dryness and the solid residue was recrystal-
lized from toluene/hexane to giveb as a pale orange solid in 5%
yield (0.013 g, 0.02 mmol). Anal. Calcd for,&134Cl;NoNby: C,
40.39; H, 5.25; N, 4.28. Found: C, 37.96; H, 4.20; N, 3.12. The
isolated pale orange solid consisted mainlybbf but it contained
some irremovable decomposition products, which prevented us from
obtaining correct elemental analysis, though satisfactory spectros-
copy data were obtainedtd NMR (300 MHz, GDg): ¢ 1.78 (s,
30H, Cp*), 3.97 (s, 4H, &),).

Synthesis of { TaCp*Cl 4} 2(u-NH2(CH3).NH>)] (8). A toluene
solution (20 mL) of NH(CH,).NH, (0.03 mL, 0.44 mmol) was
added to a yellow solution of [Taf-CsMes)Cl,] (0.40 g, 0.88
mmol) in toluene (50 mL). After being stirred for 1 h, the resulting
solution was concentrated (30 mL) and cooled-20 °C. After
filtration, recrystallization from toluene/hexane ga/as an orange
microcrystalline solid in 84.1% yield (0.36 g, 0.37 mmol). Anal.
Calcd for GoH3gClgNLTap: C, 27.07; H, 3.93; N, 2.87. Found: C,
26.62; H, 4.19; N, 2.97*H NMR (300 MHz, CDC}): ¢ 2.58 (s,
30H, Cp*), 3.67 (M, 4H, €l,), 4.50 (m, 4H, NH). 13C{H} NMR
(75 MHz, CDCE): ¢ 13.4 (GMes), 46.5 (CH), 133.0 CsMes).

Synthesis of{ Nb(#°-CsH4SiMe3)(Cl)(u2-0)} 4(Cl) 2(uz-O) (9).
When a pentane or hexane solutionsafwas allowed to stand in
dry ice for several weeks, a crop of pale yellow crystal® efas
formed. Anal. Calcd for gHs,ClgNbsOsSis: C, 31.67; H, 4.33.
Found: C, 31.63; H, 4.50. The isolated pale yellow solid consisted
of 9 according to the elemental analysis data and the X-ray
diffraction studies, but it was insoluble in all deuterated solvents,
which prevented us from obtaining satisfactory spectroscopy data.

Single-Crystal X-ray Structure Determination of Compounds
4a:0.5(GHe) and 9-0.5(CeH14). Crystal data and details of the
structure determination are presented in Table 2. Suitable single
crystals of4a for the X-ray diffraction study were grown from
benzene. A clear, colorless needle was stored under perfluorinated
ether, transferred in a Lindemann capillary, fixed, and sealed.
Preliminary examination and data collection were carried out on
an area detecting system (NONIUS, MACHB,CCD) at the
window of a rotating anode (NONIUS, FR591) with graphite-
monochromated Mo & radiation ¢ = 0.71073 A). The unit cell
parameters were obtained by full-matrix least-squares refinement
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Table 2. Crystallographic Data for 4a and 9

4a:0.5(GsHe) 9-0.5(GH14)
formula Q3H23CI3N2NbSi Q5H5905C|68i4Nb4
fw 434.68 1256.52
color/habit colorless/needle yellow/prism
cryst dimens, mih 0.10x 0.13x 0.41 0.25x 0.20x 0.03
cryst syst monoclinic triclinic
space group RZ (no. 14) P1 (no. 2)
a A 15.0441(5) 7.6685(7)
b, A 8.9527(4) 14.7194(16)
c, A 14.3759(6) 23.0373(19)
o, deg 90 80.411(7)
f, deg 109.386(2) 82.007(7)
y, deg 90 81.343(7)
Vv, A3 1862.45(13) 2517.4(4)
z 4 2
T, K 123 200
Dcalca g CNTS 1.581 1.658
u, mmt 1.156 1.337
F(000) 884 1262
6 range, deg 2.6925.31 3.58-27.50
index rangest, k, 1) +18,410,+17 49,419,429
no. of refins collected 9138 20936
no. of indep refingRinc 3314/0.033 11 283/0.0810
no. of obsd refins 2990 6841

(1> 20(1))
no. of data/restraints/  3314/0/273 11 283/0/484
params

R1/WR2 ( > 20(1))?
R1/wR2 (all dat&)
GOF (onF?)2

largest diff peak and
hole, e A3

0.0388/0.0958
0.0449/0.0982
1.236
+0.84/-0.45

0.0559/0.0802

0.1218/0.0933
0.986
+0.802+0.712

AR1= 3 (IFol = IFel[)/ |Fol; WR2 = { 3 [W(Fo” — F)2/ T [W(Fo?)?]} %
GOF = {3 [W(Fo> — F)3/(n — p)}2

of 25 339 reflections. Data collection was performed at 123 K

(Oxford Cryosystems) within & range of 2.69 < 6 < 25.3T.
Four data sets were measured in rotation scan moduswithw

= 1.0°. A total number of 9138 intensities were integrated. Raw
data were corrected for Lorentz, polarization, and, arising from the
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Pentium 4 PC, with the STRUX-V system, including the programs
PLATON, SIR92, and SHELXL-97%777

Suitable single crystals &for the X-ray diffraction study were
grown from hexane. A yellow crystal was selected, covered with
perfluorinated ether, and mounted on a Bruker-Nonius Kappa CCD
single-crystal diffractometer equipped with graphite-monochromated
Mo Ka radiation ¢ = 0.71073 A). Data collection was performed
at 200(2) K. Multiscaf® absorption correction procedures were
applied to the data. The structures were solved, using the WINGX
packag€? by direct methods (SHELXS-97) and refined by using
full-matrix least-squares againsg (SHELXL-97).72-77 All non-
hydrogen atoms were anisotropically refined, except for the carbon
atoms in a very disordered hexane molecule. Hydrogen atoms were
geometrically placed and left riding on their parent atoms except
for the hydrogens in the disorder solvent molecule that could not
be placed. Full-matrix least-squares refinements with 484 parameters
were carried out by minimiziny w(F.2 — F¢?)? with the SHELXL-
97 weighting scheme and stopped at shift/ferf.001. The final
residual electron density maps showed no remarkable features.

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary publica-
tion nos. CCDC-641147p-0.5(GHe)] and CCDC-6360159-0.5-
(CsH14)]. Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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