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Reaction of Ti{7?-CsHsSiMes-1-N(CHz)o:NRR'} Cly with Nb(#%-C5H4SiMe;Cl1)Cly affords the
tethered heterodinuclear complexes TiCly{ ?-CsH,SiMes-1-N(CHy)2-«-NRR'} Nb(775-CsH,SiMeo-
CDCly, which are thermally unstable in solution and evolve to render an equimolar mixture
of Ti(75-CsH4SiMe2C1)Cl; and the corresponding cyclopentadienyl-amido niobium compounds,
Nb{5°-CsH4SiMey-17-N(CHjz):NRR'} Cls. These compounds are straightforwardly obtained from
the reaction of Nb(7°-CsH4SiMesCl)Cly with 1 equiv of the appropriate diamine, NHy(CHy),.-
NRR/, in the presence of 2 equiv of NEt3, in high yield. In this reaction, the presence of the
functional pendant chain plays a central role not only in determining the course of the
reaction but also in stabilizing the final product, from both an electronic and a steric point
of view. The molecular structure of Nb{#°-CsH,SiMey-#-N(CHs)s-7-NHy}Cl; has been

determined by X-ray diffraction methods.

The preparation of bimetallic compounds has received
a great deal of interest,! as they allow the option of
cooperative interactions between the two metal centers,
which may result in unique reactivity when compared
with their mononuclear analogues.?? Group 4 bimetallic
complexes have featured interesting structures* and
small-molecule reactivity.b

While cyclopentadienyl-silyl-amido complexes of group
4 metals have been extensively studied as alternatives
to the classical dicyclopentadienyl MCpoXs catalyst
systems,5~8 stable and well-characterized constrained-
geometry compounds of the group 5 metals remain very

elusive.?10 This effect probably arises from a lack of
suitable synthetic approachs!! to produce the labile
cyclopentadienyl-silyl-amido-Nb system.?

We have recently reported the synthesis of the
tethered dinuclear cyclopentadienyl-silyl-amido tita-
nium complex Ti{7?-CsH4SiMes--N(CHg)—}Cl2!2 by
reaction of Ti{n?-CsHsSiMes--N(CHg)o:NH2}Cly (1a)
with Ti{#5-C5H4SiMesCl}Cls.13 The ability of complex
la to react as an organic amine made it an attractive
candidate for the production of heterobimetallic com-
plexes.!* Consequently, we decided to explore the use
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of complexes 1 as precursors for tethered heterobime-
tallic cyclopentadienyl-silyl-amido titanium-niobium com-
plexes.

Herein we describe the synthesis and characterization
of new heterobimetallic titanium-niobium complexes,
TiClo{ 75-CsH4SiMeg--N(CHg)o-«-NRR'} Nb(1°-CsH,SiMey-
C1)Cly (NRR' = NHy; NHMe), and their thermal decom-
position products, which are the new cyclopentadienyl-
silyl-amido niobium compounds with a pendant amino
group, Nb{7?-CsHsSiMey-n-N(CH3):NRR'}Cls (NRR' =
NH,; NHMe). Moreover, we report a suitable and facile
synthetic method to generate such a family of stable
niobium constrained-geometry derivatives in high yield.
The structure of Nb{#5?-CsHSiMey-1-N(CHg)s-7-NHg}-
Cl; is reported.

Reactions of Ti{75-C5HsSiMes-1-N(CHs):NHR'} Cl; (R’
= H, 1a; Me, 1b) with the chlorosilyl-substituted cyclo-
pentadienyl niobium compound Nb(?-C5H4SiMeyCl)-
Cl4*® (2) in deuterated solvents were conducted in
Teflon-valved NMR tubes and investigated by NMR
spectroscopy. Complexes 1 react with an equimolar
amount of Nb(?-C5sH4SiMesC1)Cly at room temperature
to afford the heterobimetallic derivatives TiCly{#?-CsHy-
SiMeg-17-N(CHy)o-x-NHR'} Nb(17°-C5H4SiMeaC)Cly (R’ =
H, 3; Me, 4), by coordination of the amino nitrogen to
the niobium atom in the position ¢rans to the cyclopen-
tadienyl group (Scheme 1).16 These complexes are
formed almost quantitatively, as judged by NMR spec-
troscopy, although the lack of thermal stability in
solution prevents their isolation; consequently they have
been characterized only spectroscopically.

The NMR features of 3 and 4 are consistent with the
proposed heterodinuclear structure. The 'H NMR spec-
tra show two sets of signals for CsH4SiMe2Cl and CsHy-
SiMeyoN moieties along with AA'BB'KK’' and AA'BB'K
spin systems for the methylene and amino protons,
respectively, for 3 and 4. The pronounced downfield shift
of the amino protons, with respect to those found in
complexes 1a and 1b (6 4.30 and 3.94),'217 indicates that
the NHR' group is fairly strongly coordinated to the
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niobium atom. The most striking feature of the 13C{1H}
NMR spectra is the significant upfield shift observed
for the cyclopentadienyl ipso-carbon (6 ~ 109) that
confirms the cyclopentadienyl-amido disposition around
the titanium atom.!®

When a solution of 3 or 4 in CDCl; or Cg¢Dg is left at
room temperature, these compounds evolve cleanly (4
faster than 3) to give an equimolar mixture of Ti(z°-
CsH4SiMeoCl)Cl3 and new cyclopentadienyl-amido nio-
bium compounds, Nb{#5-CsH,SiMes-1-N(CH3);NHR'} -
Cls (R' = H, 5; Me, 6) (Scheme 1). To the best of our
knowledge, these complexes are the first example of
stable constrained-geometry niobium compounds with
a pendant amino functionality.

Formation of 5 and 6, from the heterobimetallic
compounds 3 and 4, globally entails the transfer of the
N(CHg2);NHR' moiety from titanium to niobium. Such
transformations may be proposed to occur through
direct exchange of ligands or via the aminolysis of Nb—
Cl and Si—Cl bonds with subsequent cleavage of the
Si—N and Ti—N bonds by the HCI evolved in the first
step of this process.!2:20

To distinguish between these two possibilities, the
reaction of 2 with cyclopentadienyl-amido titanium
complexes containing a nonprotic pendant amino func-
tionality was explored. Thus, reaction of Nb(7°-CsHjy-
SiMe,C1)Cly with 1 equiv of Ti{ °-CsH4SiMes-1-N(CHg)o-
NRR'}Cl; [NRR' = NMe,, 7; (C5sH4N)-2, 8]21 at room
temperature immediately gives the corresponding cy-
clopentadienyl-amido niobium compounds, Nb{#5-C5H;-
SiMez-ﬂ-N(CHz)QNRR'} Clg [NRR’ = NMez, 9; (C5H4N)-
2, 10] (Scheme 1). Although the expected intermediate
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adduct is not now observed, this result suggests that
the reaction proceeds through a transmetalation route.

Further evidence for the direct transfer pathway is
the regiospecific formation of 6 from 4 since an ami-
nolysis process in which the MeN—H is involved should
yield the formation of niobium amido derivatives featur-
ing a Nb—NMe bond.

To gain insight into this process, the transformation
of 8 into 5 was monitored by 'H NMR spectroscopy over
a period of time. Spectroscopic analysis reveals, along
with the signals corresponding to the starting material
and the final products, a new set of resonances assign-
able to a reaction intermediate.22 Although the nature
of this intermediate cannot be unambiguously estab-
lished from the spectroscopic study, the NMR data do
provide relevant information. Thus, a broad resonance
observed at ¢ 5.20 arising from the two protons of the
amino group indicates that this pendant group remains
unperturbed and coordinated to niobium. The formation
of this intermediate species indicates that the reaction
proceeds in a sequential manner. Taking into account
the length of the side chain, the process presumably
implies, in the first step, exchange of a Nb—CI bond.
Preferential intramolecular transmetalation should give
an amido intermediate?® (A, Scheme 2), with subsequent
exchange between [Ti]Si—N and [Nb]Si—Cl bonds to
afford the constrained-geometry niobium complex. Al-
ternatively, a preferential dehalosilylation reaction
should give rise to a bridged imido compound?* (B,
Scheme 2), which could then be converted into the final
complex through chlorination of the Ti—N bond by
reaction with Si—Cl bond.??

Although the cyclopentadienyl-amido niobium com-
pounds are formed almost quantitatively, the difficulty
of isolating them from the reaction mixture as analyti-

(22) '"H NMR (300 MHz, CDCls, 25 °C): ¢ 0.71, 0.88 (s, 2 x 6H,
SiMes), 3.36, 4.30 (m, 2 x 2H, CHy), 5.20 (brs, 2H, NHy), 6.67, 6.82,
7.26, 7.40 (brm, 4 x 2H, CsHy).
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cally pure samples results in modest yields. In view of
such a result and taking into account the interest in
this type of niobium complex, we sought a more conve-
nient alternative synthetic route. In a procedure analo-
gous to that used to synthesize the titanium congeners,!2
aminolysis afforded the cyclopentadienyl-amido niobium
compounds, Nb{7?-CsH4SiMeg-7-N(CHy),-7-NRR'} Cl;3 (n
=2, NRR' = NHsy, 5; NHMe, 6; NMeg, 9; (CsH4N)-2, 10;
n =3, NRR' = NH,, 11) by reaction of Nb(#°-CsHSiMey-
CDCly with 1 equiv of the corresponding organic di-
amine, NH2(CH,),NRR' (n = 2, NRR' = NHy; NHMe;
NMesy; (C5sH4N)-2; n = 3, NRR' = NHy), in the presence
of 2 equiv of NEtz (Scheme 3).

The formation of these constrained-geometry com-
plexes contrasts with the result achieved when a paral-
lel reaction is performed using a primary amine, in
which the most thermodynamically stable imido deriva-
tive Nb(?-C5H4SiMeoC)(NR)Cl, is formed, 10 signifying
the importance of the pendant donor chain in reactions
of this type.!® Furthermore, in contrast to the charac-
teristic lability found in the few examples of constrained-
geometry niobium compounds reported,? a remarkable
characteristic of these complexes is their notable photo
and thermal stability. We therefore propose that the
presence of the amino group plays a critical role not only
in determining the course of the reaction but also in
stabilizing these complexes, from both an electronic and
a steric point of view.

The NMR features of these complexes support the
proposed structure. In contrast with the 'H NMR
spectra of 5, 9, 10, and 11, which are consistent with
the presence of a mirror plane, the spectrum of 6,
[Nb{#5?-CsH4SiMey-n-N(CHg)o-y-NHMe} Cls], is in agree-
ment with a chiral species, as evidenced by the two
multiplets for each pair of diastereotopic methylene and

Scheme 3

@ SiMe,Cl

ILb c + 2NEt3, toluene [Lb /
+ NHy(CHp),NRR' N
ay \Cl - 2[NHE]Cl a« ‘\ N
Cl Cl rrN C!

= (CHp),

n=2,NRR' = NH,, 5 ;NRR = NHMe, 6
NRR = NMe;, 9; NRR = (CsHyN)-2, 10
n=3,NRR' = NH, 11



5856 Organometallics, Vol. 24, No. 24, 2005

Figure 1. ORTEP representation of the molecular struc-
ture of 11 together with the atomic numbering system.
Thermal ellipsoids are drawn at the 30% probability level.
Selected bond lengths (A) and angles (deg): Nb(1)—N(1)
2.005(2), Nb(1)—N(2) 2.282(2), Nb(1)—Cl1(1) 2.5005(7), Nb(1)—
Cl1(2) 2.5493(8), Nb(1)—CI(3) 2.4798(8), Nb(1)—Cg 2.1468,
Si(1)—N(1) 1.766(2), Cg(1)—Nb(1)—N(1) 100.98.

ring protons, and methyl groups on silicon. This spec-
troscopic behavior undoubtedly indicates that the amino
functionality is fairly rigidly coordinated to the niobium
atom since such bonding disposition prevents racem-
ization at the amino nitrogen. Furthermore, the pro-
nounced downfield shift of both the amino protons (6
4.68), for 5 and 11, and the ortho proton of the pyridyl
group (0 10.09), in the case of 10, is also in agreement
with such a bonding interaction. On the other hand, the
IBC{H} and 2°Si NMR spectra confirm the constrained
geometry for these complexes, as evidenced by the
upfield shift observed for both the cyclopentadienyl ipso-
carbon and the silicon with respect to the rest of the
ring carbon resonances and the silicon resonances found
for chlorosilyl-substituted cyclopentadienyl niobium
compounds,!® respectively.

The molecular structure of compound 11 was verified
by X-ray diffraction studies on a single crystal (Figure
1). The coordination geometry around the niobium
center can be described as pseudo-octahedral, where the
equatorial plane is defined by the amido nitrogen and
the three chlorine atoms, while the apical positions are
occupied by the cyclopentadienyl ring and the amino
nitrogen. Although analogous constrained structures are
known for titanium,!? no examples have been found in
the literature for niobium.

The Cg(1)—Nb(1)—N(1) (Cg = centroid of the Cp ring)
bond angle of 100.98° is similar to that found in the
constrained-geometry compound [Nb(75-CsH4SiMeg-7!-
NAr)(NAr)Cl], being more acute than those reported for
unbridged amido ligands (106.60—116.67° range).26 As
in group 4 metal constrained-geometry cyclopentadi-
enylsilyl-n-amido complexes, the Nb(1), Si(1), N(1), and
C(6) atoms are coplanar,!? confirming a trigonal planar
environment for the amido nitrogen; however the Nb—
N(1) distance (2.005(2) A) is longer than those reported
for nonbridged amido niobium derivatives, indicating
lower m-bonding contribution.?6 In the structure, the
coordination of the NHy group is clearly shown, the Nb—

(26) (a) Humphries, M. J.; Green, M. L. H.; Douthwaite, R. E.; Rees,
L. H. J. Chem. Soc., Dalton. Trans. 2000, 4555.
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N(2) distance being 2.282(2) A, within the single-bond
range (1.95—2.35 A).

In conclusion, a suitable and straightforward syn-
thetic route to prepare and isolate constrained-geometry
derivatives of niobium in high yield is described. The
presence of the pendant amino group is electronically
and sterically necessary for the formation and stabiliza-
tion of such complexes. Furthermore, the synthesis of
new types of tethered heterobimetallic titanium-niobium
complexes, TiClo{ 7°-CsH4SiMeo-n-N(CHy)o-k-NRR'} Nb-
(75-C5H4SiMesCl)Cly (NRR' = NHy; NHMe), and their
thermal decomposition products is reported.

Experimental Section

Synthesis of TiClg{ 1]5-C5H4SiMe2-1]-N(CHz)z-K-NHz} Nb-
(35-CsH4SiMe2C1)Cly (8). A CgDs solution (0.3 mL) of Ti{#?-
CsH4SiMe2N(CHg)2-n-NHy} Cly (0.03 g, 0.1 mmol) was added
to a CgDs solution (0.3 mL) of Nb(3>-C5H4SiMesC1)Cl; (0.04 g,
0.1 mmol) at room temperature. The color of the reaction
mixture instantaneously darkened. The reaction mixture was
analyzed by NMR spectroscopy, and product formation was
essentially quantitative. 'H NMR (300 MHz, C¢Dg): 6 0.16 (s,
6H, SiMexN), 0.75 (s, 6H, SiMexCl) 3.48, 4.05 (t, J = 11,68
Hz, 2H, m, 2H, NCH>CH:NHy), 5.16 (brs, 2H, NHy), 6.09, 6.34,
6.65 (m, 2 x 2H, m, 4H, CsH,). *C{'H} NMR (75 MHz, C¢Ds):
0 — 2.6 (SiMe2N), 2.7 (SiMe2Cl), 47.7 (CH2NHy), 57.9 (TiNCHy),
109.3 (CsH4sN—Cipso), 124.3, 126.5, 132.0, 132.4, 135.1 (C5H,).

Synthesis of TiCly{7°-C;HsSiMes-5-N(CHz)2-k-NHMe} -
Nb(#5-CsH4SiMe2C1)Cly (4). A method similar to that used
for 8 was adopted by using Ti{7°-CsHsSiMe:N(CHy).--NHMe} -
Cls, 1b (0.02 g, 0.064 mmol), instead of la. The reaction
mixture was analyzed by NMR spectroscopy, and product
formation was essentially quantitative. 'TH NMR (300 MHz,
CsDg): 0 0.79 (s, 6H, SiMesN), 0.92 (s, 6H, SiMexCl), 2.96 (brs,
3H, NMe), 3.15, 3.26 (brm, 2 x 2H, NCHy;CH:NH), 5.27 (brm,
1H, NH), 5.89, 6.20, 6.39, 6.97 (m, 4 x 2H, CsHy).

Synthesis of Nb{#%-C;H,SiMe2-n-N(CHy)2-n-NHs} Cl; (5).
Method a: A toluene solution (20 mL) of Ti{7°-CsHsSiMez-1-
N(CH3):NHs}Cls (0.56 g, 1.87 mmol) was added to a toluene
solution (20 mL) of Nb(7°-C5H4SiMesC1)Cl; (0.73 g, 1.87 mmol)
at room temperature. The reaction mixture was stirred for 48
h, when the toluene was removed under vacuum and the
resulting solid washed with n-hexane (5 x 10 mL). The yellow
residue was characterized as 5 (0.1 g, 0.27 mmol, 15%). Anal.
Calcd for C9H16CIsNoNbSi: C, 28.47; H, 4.25; N, 7.37. Found:
C, 28.83; H, 4.35; N, 7.16. 'H NMR (300 MHz, CDCl3): 6 0.52
(s, 6H, SiMey), 3.68 (m, 2H, CH2NH,), 4.04 (s, 2H, NbNCHy),
5.12 (brs, 2H, NHy), 6.96, 7.02 (m, 2 x 2H, C5H,). 18C{'H} NMR
(75 MHz, CDCls): 6 —4.4 (SiMeo), 45.7 (CH:NHjy), 60.0
(NbNCHy), 102.8 (CsHy-ipso), 125.3, 128.4 (CsH,). *Si NMR
(59.5 MHz, CDCl3): —8.5 (SiMey).

Method b: A toluene solution (10 mL) of NHo(CH3)2NH; (0.08
mL, 1.19 mmol) and NEt3 (0.32 mL, 2.3 mmol) was added to
a dark red solution of Nb(n>-CsH4SiMesC1)Cl; (0.45 g, 1.14
mmol) in toluene (20 mL). The color of the reaction mixture
immediately changed to green. The reaction mixture was
stirred for 3 h. The solid formed was collected by filtration and
toluene removed under vacuum. The residue was extracted
into toluene (2 x 10 mL), and the resulting solution was
concentrated (10 mL) and cooled to — 20 °C to afford 5 in 86%
yield (0.37 g, 0.98 mmol).

Synthesis of Nb{#5-CsH,SiMe2-n-N(CHs)2-n-NHMe} Cl;
(6). Method a: A method similar to method a used for 5 was
adopted by using 0.50 g (1.60 mmol) of Ti{#n*-CsHsSiMes-1-
N(CH3):NHMe} Cl; in place of 1la. Yield: 10% (0.06 g, 0.16
mmol). Anal. Caled for C10H1sCIsNoNbSi: C, 30.51; H, 4.61;
N, 7.11. Found: C, 31.1; H, 4.9; N, 7.01. 'H NMR (300 MHz,
CeDg): 0 0.00, 0.40 (s, 2 x 3H, SiMey), 2.49, 2.90, 3.12, 3.20
(m, 4 x 1H, CH>), 2.93 (d, %J = 5.97 Hz, 3H, NMe), 5.28 (brm,
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1H, NH), 6.63, 6.67, 6.81 (m, 1H, 2H, 1H, C;H,). *C{'H} NMR
(75 MHz, C¢Dg): 6 —5.4, —4.3 (SiMey), 40.7 (CH2NHy), 55.1
(NMe), 55.3 (NbNCHy), 102.9 (CsH4-ipso), 124.0, 127.1, 127.8,
128.4 (C;Hy). 2°Si NMR (59.6 MHz, CDCl;): —8.4 (SiMes).

Method b: A method similar to method b used for 5 was
adopted by using 0.15 mL (1.70 mmol) of N-methylethylene-
diamine in place of ethylenediamine. Yield: 83% (0.55 g, 1.40
mmol).

Synthesis of Nb{7%-C;H;SiMe;z-n-N(CH_)2-n-NMe,} Cl;
(9). Method a: A method similar to method a used for 5 was
adopted by using 0.70 g (2.13 mmol) of Ti{#*-CsHsSiMesN-
(CHg)2-n-NMeg} Cly in place of la. Yield: 8% (0.07 g, 0.17
mmol). Anal. Caled for C11HgoClsNoNbSi: C, 32.41; H, 4.95;
N, 6.87. Found: C, 32.36; H, 4.99; N, 7.0. 'H NMR (300 MHz,
CDCls): ¢ 0.53 (s, 6H, SiMey), 3.07 (s, 6H, NMe,), 3.30, 3.93
(t, %J = 5.7 Hz, 2 x 2H, CHy), 6.92, 7.03 (m, 2 x 2H, C;H,).
1BC{'H} NMR (75 MHz, CDC]l;): 6 —4.5 (SiMey), 52.9 (NMey),
55.3, 62.8 (CHy), 103.4 (CsH4-ipso), 125.1, 130.9 (CsHy). 2°Si
NMR (59.6 MHz, CDCl3): —9.3 (SiMey).

Method b: A method similar to method b used for 5 was
adopted by using 0.37 mL (3.37 mmol) of N,N'-dimethyleth-
ylenediamine in place of ethylenediamine. Yield: 77% (1.06
g, 2.60 mmol).

Synthesis of Nb{#°-C;H,SiMe2-n-N(CHz)s-5-(C5H,N)-2} -
Cls (10). Method a: A method similar to method a used for 5
was adopted by using 0.56 g (1.55 mmol) of Ti{#5-CsHsSiMe2-
7-N(CHy)2(C5H4N)-2} Cl; in place of 1a. Yield: 23% (0.16 g, 0.35
mmol). Anal. Caled for C14H1sCIsNoNbSi: C, 38.07; H, 4.11;
N, 6.34. Found: C, 38.67; H, 4.60; N, 6.68. '"H NMR (300 MHz,
CDCls): 6 0.58 (s, 6H, SiMey), 3.60, 3.82 (m, 2 x 2H, CHj),
7.13, 7.14 (m, 2 x 2H, CsHy), 7.22 (m, 1H, 6-C;H4N), 7.27 (m,
1H, 5-C5H,N), 7.72 (m, 1H, 4-CsH4N), 10.09 (m, 1H, 3-CsH4N).
BC{'H} NMR (75 MHz, C¢Dg): 0 —4.2 (SiMes), 36.5, 53.1
(CHy), 109.7 (Cs5H4-ipso), 127.7, 129.0 (CsHy), 121.8, 125.2,
139.1, 155.8, 160.7 (C5H4N). 2Si NMR (59.6 MHz, CDCls):
—10.3 (SiMey).

Method b: A method similar to method b used for 5 was
adopted by using 0.20 mL (1.59 mmol) of (2-pyridyl)ethylamine
in place of ethylenediamine. Yield: 15% (0.10 g, 0.23 mmol).

Synthesis of Nb{#75-CsH,SiMez-n-N(CHz)s--NH} Cl; (11).
A method similar to method b used for 5 was adopted by using
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0.11 mL (1.31 mmol) of propylenediamine in place of ethyl-
enediamine. Yield: 78% (0.40 g, 1.02 mmol). Anal. Caled for
C15H20CI3sNoNbSi: C, 30.51; H, 4.61; N, 7.12. Found: C, 30.13;
H, 4.77; N, 7.34. 'TH NMR (300 MHz, C¢Ds): 6 —0.03 (s, 6H,
SiMey), 1.34, 2.51,2.97 (m, 3 x 2H, CH3), 4.58 (brs, 2H, NH,),
6.69, 6.84 (m, 2 x 2H, C;H,). *C{'H} NMR (75 MHz, CDCls):
0 —5.3 (SiMey), 26.9, 40.1, 55.1 (CHy), 107.3 (CsH4-ipso), 126.2,
127.9 (C5H,).

X-ray Crystallography. Crystal data for 11: (C10H1sClsNg-
NbSi), M, = 393.61, monoclinic, space group P2;n, a =
14.3848(15) A, b = 7.5381(7) A, ¢ = 15.2675(13) A, g =
110.582(10)°, V = 1549.8(3) A3, Z = 4, pcaca = 1.687 g cm~3,
F(000) = 792, Mo Ka radiation (1 = 0.71073 A), u = 1.352
mm™ 1. Yellow crystal (0.21 x 0.14 x 0.11 mm). Data collection
was performed at 200(2) K on a Nonius KappaCCD single-
crystal diffractometer. Crystal structure was solved by direct
methods and refined using full-matrix least squares on F2.27
All non-hydrogen atoms were anisotropically refined. Hydro-
gen atoms were geometrically placed and left riding on their
parent atoms, except for H(21) and H(22), whose positions and
thermal parameters were refined independently. The final
cycle of full matrix least-squares refinement based on 3547
reflections and 162 parameters converged to a final values of
R1(F? > 20(F%) = 0.0326, wRy(F? > 20(F?)) = 0.0633, R1(F?) =
0.0568, wR2(F?) = 0.0687. Final difference Fourier maps
showed no peaks higher than 0. 453 nor deeper than —0.651
e A3,
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