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Abstract: The reaction of rac/mso-(p-n2 712 7H12){N1(n N -C7H 1212 with 2,6-dimethyl-
pyridine (Me,py) affords (Tviezpy‘Ni(nz,*‘lz-C—,ﬁ 12) (1). Complex 1 serves as precursor for
the preparation of the Ni{0)-bis(alkyne) compiexes (Mez*y)Ni(ﬁ2~PhCECSi1‘vie3‘2 {2) and
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two metal centers are bridged by two butadiyne ligands. For 1-3 the molecular structures have

been determined by X-ray crystallography. © 1998 Elsevier Science Ltd. All rights reserved.
Introduction

Complexes of the type (R, P)Nl(PhC*CPh) (R Ph, c-Hex; n = 2, 3) have, for example, not been
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study because tney decompose at 0 eC or below.” The problem of instability has been overcome in the case of
the (R3P)N1(n n -C7H8) (R = Me, Ph) by using the 1,6-heptadiyne ligand as a chelating ligand‘3 There are
also several complexes known in which sterically rigid metal-bis(alkynyl) ligands chelate a L~Ni(0) moiety in
scissor fashionfi MO calculations have shown that the existence of a homoleptic complex Ni(HCECH)3 is
sterically unfavorable,5 but a related complex containing a cyclotriyne does exist.® Various Ni(0)-bis(alkyne)

complexes without additional ligands have also recently been renorted.7

The reasons for doing the work described in this paper are twofold. We were intrigued to know
whether it is nossible to nrenare stable I -_Ni((0)-his(alkvne) compnlexes usine the 2 §-dimethvinvuridine
PU\’L’IUA\/ v yl\/}’“‘\l VMU LW Ad A NA\ ) um\u.u.\_y A ) vvlu[’mt\uﬂ udnlé 3 ¥io) g\ T u‘.llml.ll!lll!llu y V3

(Me,py) ligand and we were interested in how the Me,Si-substituted alkynes PhC=CSiMe, and Me,SiC=C-
C=CSiMe, might act as ligands to L—NI(O) The present study complements previous work on L,Ni(0)-
butadiyne complexes, as well as the coupling reactions of alkynes and substituted butadiynes at [Cp,M] (M =

Ti, Zr) centers.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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Results

(2,6-Me,C;H,NNi*n*-C,H,,) (1)

When 2, 6 dimethvlovridine is added to the colorless pentane solution of rcw/meso-(u-ﬂ2 nz-
(_‘.’.Hl 1| N:(n n -C7H12)}2 at -30 °C, the color turns intensive vellow. After standing at -30 °C vellow
cubes of 1 crystallize in 80% yield (eq 1). Complex 1 melts at 73 °C. The IR spectrum (KBr) reveals a
v(C=C) vibrational band of the 1,6-heptadiene ligand at 1482 cm . The mass spectrum of 1 exhibits the
moiecular ion ai m/e = 261 (35%), which fragmenis by exiruding eiiber the dioiefin to give [(Iviezpy)Ni]+

(165, 43%) or dimethyl-pyridine to afford [(C Hu)NIJ (154, 40%).
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The 'H (200 MHz) and 13C (75.5 MHz) NMR signals of the 1,6-heptadiene ligand of 1 are as

. 1
expected for L—-Nx(n -C,Hln) complexes, 89 ie., seven H and four 13C resonances are observed. The
chemical shifts correspond to those of (C.H N\N;(nz n2-C.H,,). Thus, the ortho methyl substituents of the
> espond Vegiigtiavae g 2SS R LUeRE SR tuents ot the

pyridine ligand in 1 apparently have little electronic effect. Interestingly, the Me,py ligand gives rise to two
methyl resonances luH = 2.53, 2.51; UC =25.4, 25.1) up to 40 °C, indicating that no rotation of the pyridine
ligand about the N-Ni(0) bond axis occurs. The spectra are consistent with a TP--3 Ni(0) coordination, with
Me,py and a chelating 1,6-heptadiene occupying the three sites. The symmetry of the complex in solution is
Cg, with the mirror plane passing through Ni, the central C atom of 1,6-heptadiene, and the Me,py ring plane.

1o and is

The molecular structure of 1 has been determined by a single-crystal X-ray structure analysis
depicted in Figure 1. The 1,6-heptadiene ligand displays the known chair conformation, with the olefinic C

atoms C1, C2, C6, and C7 situated in the TP-3 Ni(0) coordination plane (+ 0.02 A). The pyridine ring plane

lies almost perpendicular (89°) to this plane, in spite of the asymmetric crystal environment (space group

P2.2.2.) Thie arranocement tooether with the rioid ctrmecture af 1 in enlition enooesct gionificant w.dnnatinn
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(2,6-Me C5H3N)N|(n -PhC=CSiMe,), (2)

In order to synthesize pyridine-based L-Ni(0)-bis(alkyne) complexes, we reacted L—-NI(T\ ,'q -C;H,,)
L= py, Me,py 1) with various alkynes RC=CR’ (R, R’ = H, Ph, MchO When yellow (py)Nl(T\Z,T] -
C Hm) reacts with HC=CH in diethyl ether at —-78 °C the solution turns black immediately due to
dccomposxtlon. Reactions with cither PhC:CSﬂ\/Ie3 (=78 °C) or Me381(3="CS1Me3 (20 °C) in pentane afford
red solutions, but no product has been isolated.
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Figure 1. The molecular structure of 1. Selected distances (A) and angles (°) [D1 (D2) is the midpoint
between the atoms C1 and C2 (C6 and C7)]: Ni-C1 1.984(4), Ni-C2 1.982(4), Ni-C6 1.989(4), Ni-C7

1.985(4), Ni-N 1.960(3), Ni-D1 1.857(4), Ni-D2 1.859(4), C1-C2 1.392(6), C2-C3 1.508(6), C3-C4

1.351(5), N-C13 1.352(5), N-Ni-D1
N,C1,C2 1
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Between —60 and -20 °C complex 1 can be isolated unchanged from the reaction mixtures, but above —20 °C
decomposition of 1 occurs. When 1 is reacted with Me,SiC=CSiMe, (pentane, 40 °C) or PhC=CPh (diethyl
ether, =78 °C), the solutions turn red, but here again no product has been isolated.

Complex 1 reacts, however, with PAC=CSiMe, in pentane at 45 °C to produce a red solution, from
which red prisms of 2 crystallize at —78 °C in 80% yield (eq 2). Complex 2 is thermally fairly stable (mp 49 °C
dec). In the IR spectrum (KBr) the alkyne ligands give rise to a stretching band v(C=C) at 1810 cm'l, which

. . . N A . . +
the comnlex eliminates the Me.nv licand, and the lareest observable ion is INi(PhC,.SiMe. ). 1" (m/e = 406
I ompiex eiimmates the Me py ligand, and the largest observabie 10n 18 [ NI(FhC,01MEz), ) (mve = 410,
. . . ¥
3%), which fragments further by cleaving an alkyne ligand to afford [Ni(PhC,SiMe,)]" (232, 3%). In solution

hY
)’
up to 100 °C, no coupling of the alkyne ligands and the Ni center in 2 to give a nickelacyclopentadiene
complex takes place (this holds also in the presence of additional alkyne)."1 This result is in sharp contrast to

2 11

the observed coupling of two PhC=CSiMe, ligands by the titanocene '~ or zirconocene core. !>
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Figure 2. Molecular structure of 2. Selected distances (A) and angles (°) (D1 is the midpoint between the
atoms CI and C2): Ni-Cl1 1.984(2), Ni-C2 1.920(2), Ni-N 1.978(3), Ni-D1 1.847(2), C1-C2 1.263(3),
C2-C3 1.451(3), C1-Si 1.834(2), N-Ni-D1 114.1(1), D1-Ni-D1* 131.8(2), Si-C1-C2 152.9(2),
C1-C2-C3 149.4(2), plane(Ni,N,D1)/(Ni,Si,C1,C2,C3) 23, plane(Ni,N,D1)/(Ni,N,C12-C15) 80, plane(Ni,
$i,C1,C2,C3)/(C2 - C8) 28.

The 300 MHz "H NMR spectrum of 2 (30 °C) is poorly resolved. Broad signals at BH = 7.9-6.7
(13H) can be assigned to the phenyl and pyridine ring protons. A broad pyridine methyl signal is found at EH
= 2.67 (6H) and (partly broad) SiMe, signals are observed in the range 8,; = 0.5 to —0.2 (18H). At -30°C
Prgpnpeny NV JE P —— T N T W Nip—— A L' [y S —. e N £ - |
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picture arises from the 1*°C NMR spectra (30/-30 °C). The spectra nevertheless confirm the composition of
the complex, and indicate, moreover, the presence of various conformers (alkyne ligand rotamers) in solution,
which start to equilibrate when the temperature is raised from —30 to 30 °C.

In order to clarify the bonding situation, the crystal structure of 2 was determined. '° Figure 2 shows
a projection of the molecule onto the mean plane passing through Ni, N, and the midpoint D1 of the bond
C1-C2. The molecule contains an exact (crystallographic) 2-fold axis of symmetry, which passes though Ni,
N, and C14. The nickel atom is TP-3 coordinated by the mtmgen atom of the Me py hsmnd and the C=C

bonds of two alkyne hgands The C atoms of the C=C bonds do not lie in the tngonal plane of the metal, but

PN ok tha A Faeod ﬂa. analas NN ia N0 3 msan nlasns fF +h PR 9= g
arg tw > such that the torsion angle N-Ni-D1-Cl1 is 23°. The mean plane of the pyridine

to the trigonal coordination plane of the Ni atom. It does, however, iie perpendi-
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The substituents on the alkyne groups are bent away from the C=C bond by 30° [C1-C2-C3(Ph)] and 27°
(C2-C1-Si), and similar values are observed for (dlpy)Nl(n’)-Ph(,—(,SMes) (35° and 31°) 4 The angle
DI1-Ni-D1* of 131.8° is larger than the analogous angle in (Phy P)Ni(n“n"-C ,Hg) (125°),” and the Ni-N
distance of 1.98 A in 2 is similar to that found in 1 (1.96 A). The bond distances between Ni and the
substituted alkyne carbon atoms Ni-C2(Ph) 1.92 A and Ni-C1(Si) 1.98 A differ, as expected,’ and are
longer than in (dipy)Ni(n —PhCmCS]Me,) (1.85, 1.89 A). The C=C bond length of 1.26 A is close to the
comparable distance in (dipy)Ni(n> -PhC=CSiMe,) (1.28 A)

spatial requirements of the phenyl substituents. The stabilizing effect of the C=C bond substituents is clearly
nnnnnnnnnn 1. Avrarnnaas tlhha atasca s cleZaos Loy sl lio £ +L s A | R cooaaa tha Yamzoe oo o
mgc €nougn {0 overcome ihe sierc repuision. Tne planarity of the pyriding ligand scems i0 icave enough

space to accommodate t'ne au(yn SiMe, substituents. In contrast to the formation of 2, no reaction occurs
between (Ph P)Nl(n N -C le) and PhC=CS:Me3 (only starting complex is isolated up to 35 °C, even
though the color of the solution changes to red). This is presumably due to the bulk of the Ph,P ligand.

1 complex 1 is reacted with PhC=C-C=CPh or BuC=C- C—CtBu he yellow solution turns black.
No product has been isolated. However, 1 reacts with Me 39iC=C-C=CSiMe, in diethyl ether at ~78 °C to
yield red prisms (51%) of the dinuclear complex 3 (eq 3). While L,Ni(0)-butadiyne complexes have already
been known,h‘”” in complex 3 a (disubstituted) butadiyne ligand is coordinated to a L-Ni(0) fragment for the

first time.

2 / \ i.:' .u.e3Si\=C—‘,=\,s,m.:3
Ve : o

Me,Si SiMe,

Complex 3 melts at 124 °C (dec). In the IR spectrum (KBr) stretching bands v(C=C) are observed at
1890 and 1850 cm™" (free diyne: 2068 cm™). The 400 MHz '"H NMR spectrum (THF-d,, —30 °C) exhibits
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signals for the pyridine para and ortho protons (8, =7.64, 7.19), the pyridine methyl groups (87=2.72), and
1« QNA~  graing IR N 17\ T el 13 AAA srtrim tha olonale
the alkyne ouue3 8roups (Oy = L.17). In i {
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o~ =128.4 (=C ) and 123.9 (=CSi). The spectra confirm the 1 : 1 stoichiometry of Me,py and diyne ligands,
and the IR and °C NMR data indicate that the Me;SiC=C-C=CSiMe; complexation in 3 is weaker than in
L,Ni(0) complexes. 17 However, they give no further clues as to the structure of the complex. After much
effort small crystals suitable for an X-ray analysis were obtained, and the crystal structure was determined.

The results of the analysis are summarized in Figure 3 " which reveals that 3 is a dimer with an
unusual coordination of two diynes to two nickel atoms. Each Ni(0) atom is TP-3 coordinated to one Mennv
ligand and one of each of the C=C bonds of two different butadiyne ligands. The diyne ligands thus tak

I e

he "C NMR spcclnn 1 the signals of the butadiyne ligand are at
i:
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________________ Lo el e al

recludes a detailed u)mpdmun of 3 with other structures. Several features of the structure are, nowcver
significant. The central part of the molecule is not planar, as one would expect, but twisted along the Ni:--Ni
vector such that the local coordination plane of one Ni atom makes an angle of 20(2)° to that of the other.
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ms% 4 & c19
wel

Figure 3. Molecular structure of 3 in the crystal. Selected distances (A) and angles (°): Nil---Ni2 4.189(5),
Nil-C2 1.94(2), Nil-C3 2.00(2), Nil-C7 1.95(2), Nil-C8 2.01(2), Nil-N2 1.99(2), Ni2—C1 1.94(2),
Ni2-C4 1.98(2), Ni2-C5 1.98(2), Ni2-C6 1.93(2), C4-C1-C2 153(2), C1C2-C3 153(2), C5-C6-C7
15 12(3) C6—C7—C8 155(2) C4-C1-C2-C3 -20(4), C5-C6~C7-C8 -34(4), Nil-C2-C1-Ni2 -22(3)
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As a result the complex is chiral, at least in the crystal. The difference in the torsion angles of the bridging
3 o o1 dig 3
diyne entities [C4-C1-C2-C3 -20(4)°, C5-C6-C7-C8 -34(4)°] suggests that the distortion is far from

symmetrical. Indeed, the asymmetry is reflected in the Ni2—-C1-C2-Nil [-22(3)°] and Ni2—-C6-C7-Nil
[—41(3)°] torsion angies, which are aiso significantly different. In spite of this distortion, the Ni coordination
planes defined by Ni, N, and the midpoints of the two C=C bonds remain almost planar [average r.m.s.
deviation 0.009 A] and the Me,py ligands almost perpendicular to their respective metal atom coordination
planes [for Nil 84(3)°, and for Ni2 83(3)°]. The Ni---Ni distance at 4.189(5) Ais too long for an interaction

between the two metal centers.
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Whereas coupling of ethyne ligands with Ni(0) to form nickelacyclopentadienes has previously been
observed when phosphine18 or 1,4—diazabutadi«;‘:nes19 were used as ligands, it has been recognized that mere
coordination of two alkyne ligands at the 7P-3 [L—Ni(O)] fragment does not suffice to induce a coupling

reaction, 2a Tt is st uggest d here that the “naked nickel atom” bears the laropﬁt coupling activ 20 and that the

activity is reduced by any N- P-donor ligand. Furthermore, Ni(0) coupling reactions w1th alkynes
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coupling of the alkyne ligands proceeds.

Nevertheless, the structure of 2 displays the interesting feature of a C, symmetrical distortion of the
C=C bonds about the coordination axis to Ni(0), placing the carbon atoms out of the TP-3 Ni(0) coordina-
tion plane. The structure can be considered to be model for an intermediate in the reaction coordinate when in
a TP-3 L-Ni(alkyne), complex the L—N1 bond is gradually weakened to the extent that the ligand L is finally

cleaved and an L2 Nx(a]kyne)2 complex is formed.
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singly coordinated butadiyne, nor in a L-Ni(butadiyne) complex (cumulene-like structural moieties have been
2

1,22,
observed for eany transition metals™™ ).

Finally, the stability of the (Me2py)N1(all(yne)2 complexes 2 and 3 is opposed to the reacuvuy of
121712

[Cp,Til and [Cp,Zr] centers for which couplmg of the alkynes to form meta]lacyclopentadlenes
or cleavage of the butadiyne central C-C bond?* is favored.
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All reactions have been carried out under argon as a protective gas. Elemental analyses were
performed at the Microanalytisches Labor Kolbe, Miilheim/Ruhr, Uncorrected melting points were measured
under argon in sealed glass capillaries by the melting-point apparatus Biichi SMP-20. 'H NMR spectra were
obtained with Bruker WH 400 (400 MHz), AM 200 (200 MHz), and WP 80 (80 MHz) spectrometers (S mm

D1 UALTL W/ 1vii iz L1 (S0 R

tnhnc\ 13(‘ NMR snactra were measured with Rruker WH 400 AM 200 (100.6. 50.2 MHz S mm tubes) and

N A NAVEAN uyvvt a wWere measured wilh Sruxger wii TUVy LAMYVA LUV (AU VVy I d AVIR Ry J mm l. LRI J, QLI

WM 300 (75.5 MHz, 10 mm tubes) instruments. Solvent was THF-d,, internal standard was TMS. The

aamrnlac 37400 REoRG R = mmmes ad Al Aol o PR a1 T

Mlll[)lt:b weIC prt:pdrt:u under argoin 4t e Lcmpt:r ature the bpeurd were recorded. 1K spectra were recoroeu
on a 7199 FT-IR spectrometer (Nicolet) using KBr peuets or Nujol mulls. EI mass spectra were obtained with
a Finnigan MAT 311A spectrometer and refer to NNL Ni(CDT) was synthesized according to the
literature.?> Due to cocrystallization with CDT the purity of the Ni(CDT) employed was 95% (arithmetical

molecular mass: 233 g/mol).

. 2.2 o2 2
(2,6-Me,C.H, )Ni('n .'n -C,H,,) (1). To the colorless solution of rac/meso-(u-n"n"-C;H ) {Ni(m"n"-
C.._Hi_)}T8 prepared from 2.33 g (10.0 mmol) Ni(CDT) and 2 mL 1,6-heptadiene in 20 ml. of pentane, is
added 1.07 g (10.0 mmol) of 2,6-dimethylpyridine in 20 mL of pentane at eSO °C The reaction mixture tumns

intensive yellow. At —30 °C and after inoculation yellow cubes of 1 crystallize, which are separated from the
mother liquor using a capillary frit, washed twice with pentane (-78 °C), and dried in vacuo; yield 2.10 g
(80%); mp 73 °C. Anal. Calcd for L14H21NN1 C, 64.18; H, 8.08; N, 5.35; Ni, 22.40. Found: C, 64.09;
H, 8.11; N, 5.31; Ni, 22.46. IR (KBr): 1482 cm™ (v, C=C). MS (55 °C): m/e (%) = 261 (35) M*, 165 (43)

[MeZCSHgNNl] , 154 (40) [C7H12N1] , 107 (100) [Me2C5H3N] . 'THNMR (200 MHz, THF-d,, -80 °C):
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@]

8 =2.98 (2H, -CH=), 2.30 (2H, -CH,HCH=), 2.07 (2H, =CH,H), 1.84 (2H, =CHH,), 1.77 (1H, -CH_H-),

1.63 (1, -CHH,-), 0.83 (2H, -CHH,CH=); 7.57 (1H, py,;,), 715 (2H, pyy,)» 253, 251 (each 3H, py-
13 1

CHj). "C{'H} NMR (75.5 MHz, THF-dg, -80 °C): 3 = 68.3 (2C,

-CH=), 47.8 (2C, =CH,), 344 (2C,

~CH,CH=), 31.6 (1C, -CH,-); 159.2, 158.8 (each 1C, py ), 135.8 (1C, pypgr)s 122.0 (2C, Py, 254,
25.1 (each 1C, py-CH,). )

Crystal data for 1: C, 4H21NN1 M, = 262.0 g-mol™, crystal color green-yellow, crystal size 0.25 x

0.42 x 0.56 mm, space group P2,2,2, [No. 19], a=17.117(1), b = 13.069(2), ¢ = 13.376(2) A, V = 1348.9(3)

A3 =129 g cm s M= 14 13 cm , F(000) = 560 e, Z = 4, orthorhombic, Enraf-Nonius CAD-4

diffractometer, scan mode ®-26, [(sin@)/A] . = 0.65 A no absorption correction, 1791 measured

reflections (+h +k,+1), 1769 independent reﬂecuons 1518 observed reflections [/ 2 20(1)]. The structure was

: 27

by full-matrix least-squares”’ on F* for au"“ data with
£,

1
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(2,6~Me2C5H3N)Ni('t'(z'-PhCa(ZSiMes)2 (2). 810 mg (4.66 mmol) of PhCECSiMe3 is added at 20 °C to the
light yellow solution of 610 mg (2.33 mmol) 1 in 10 mL of pentane. Upon heating the mixture for a short
period to 45 °C the color turns into intensive red. Cooling to ~78 °C affords red cubes, which are separated
from the mother liquor using a capillary frit, washed twice with cold pentane, and dried in vacuo at 20 °C;
yield 960 mg (80%); mp 49 °C (dec.). Anal. Calcd for CMH"NN:QLZ C,67.70; H, 7.25; N, 2.72; Ni, 11.41;

Si, 10.92. Found: C, 67.54: H 7.46; N, 2.75: Ni, 11.36; Si, 10.83. IR (KRBr): 1810 ¢cm -1 (v C=

i u Sy ViludT, i3 ANy Lviy ANLy R ReJVUy iy AVUT. LIN \AWAFLJ. AULV Wil VVy S

MS (75 °C): m/e (%) = 406 (3) [M-C HQN] 232 (3) [(PhC—CSLMeg)Ni]+ "H NMR 00 MHz, THF-dg,

7 0O £ 7 [ TOpg | N A 71TQTT QY

9-6.7 (13H, py, Ph), 2.67 (broad, 6H, \,n3 py), 0.5-(-0.2) (18H, leﬁ?,)
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Crystal data for 2: L29t137NN1\12 M = 514.5 g-moi - , crystal color red brown, crystai size 0.35 x
0.39 x 0.39 mm, monoclinic, space group C2/c [No. 15], a = 16.635(4), b = 17.039(1), ¢ = 12.806(3) A, V =
2965.4(9) A’, Dy = 115 gem™, = 7.51 cm™!, F(000) = 109 ¢, Z = 4, Enraf-Nonius CAD-4
diffractometer, scan mode ®-28, [(sin®)/A] . = 0.65 A_i, no absorption correction, 3533 measured
reflections (h,+k,+1), 3382 independent reflections, 2329 observed reflections [7 > 20(1)] The structure was

solved by direct methods (SHELXS- 86)26 and refined by full-matrix least- squares 7 on F? for all data with
Chebyshev weights, R = 0. 04] (obs. data), wR = (0.085 for 155 refined parameters, H atoms ridi

Ao Yol 1 V. LAala) wi 120 ARANG JAZ AR

electron densitv +0.25 eA

glectr 1R5Avy P

{(2,6-Me,CgH,N)Ni}, (11" 1*-Me,SiC=C-C=CSiMe,), (3). A yellow solution of 1.0 g (3.82 mmol) 1 in
10 mL of diethyl ether is treated at 20 °C with 742 mg (3.82 mmol) Me,SiC=C-C=CSiMe, in 5 mL diethyl
ether. While the mixture is stirred at 40 °C for 15 min its color turns into deep red. Upon cooling to -78 °C
red cubes (3) crystallize, which are separated from the mother liquor using a capillary frit, washed with cold
pentane, and dried in vacuo at 20 °C; yield 702 mg (51%); mp 124 °C (dec.). Anal. Caled for
C34H54NNiZSi4: C, 56.67; H, 7.55; N, 3.89; Ni, 16.30; Si, 15.59. Found: C, 55.99; H, 7.58; N, 3.92;
Ni, 16.70; Si, 15.77. IR (KBr): 1890, 1850 cm—1 (v, C=0). 'H NMR (400 MHz, THF—dS, -30°C): 8 =17.64
(2H, py_, ), 7.19 (2H, py,,,,). 2.72 (12H, CH,-py), -0.17 (36H, SiCH,). ’C('H) NMR (100.6 MHz,

para
(2C, py.. ), 122.2 (4C Y 9 QIAC nu CH Y 190 4
r

, p‘Jpara pymem;, <0.57 (5, PY- Lilg), 120.5
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Crystal data for 3: C; Hg N Ni,Si,, M =720.6 g-mol"l, crystal color red brown, crystal size 0.20 x

. 3

0.15 x 0.15 mim, {rigoinal, space 5xuup sz l}{" 1145], a=13. 178(1), c=21 043(2) tﬁ-‘\, V = 3184, 7(5) tx\ R
‘;

Dcal e = 1.143 g-cm ~, 4 = 10.28 cm™ F(OOO) = 560, Z = 3, Enraf-Nonius CAD4 MACHS3 diffractometer,

scan mode w9, [(sin@)/A] = 0.55 A 1, no absorption correction, 3462 measured reflection (<h,+k, i), 3461
independent reflections, 2257 observed reflections [/220(/)]. The structure was solved by direct methods
(SHELXS-86)%% and refined by full-matrix least-squares’’ on F~ for all data, R = 0.079 (obs. data), wR® =
0.203, 323 parameters, H atoms riding, residual electron density +0.82 eA
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