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C5 0.2192 (6) -0.1444 (4) 0.4572 (6) 0.053 
C6 0.0437 (5) 0.3313 (3) 0.6014 (5) 0.037 
C7 0.4685 (5) 0.2546 (4) 0.3574 (5) 0.037 
CI0 0.1520 (4) 0.3969 (3) 0.3719 (4) 0.027 
CI1 0.2351 (5) 0.4619 (3) 0.3180 (5) 0.032 
C12 0.1670 (5) 0.5119 (3) 0.2087 (5) 0.041 
C13 0.0426 (5) 0.4780 (3) 0.1932 (5) 0.042 
C14 0.0317 (5) 0.4075 (3) 0.2939 (5) 0.032 
C20 0.2518 (4) 0.2441 (3) 0.1591 (4) 0.029 
C21 0.3066 (5) 0.3102 (3) 0.0726 (5) 0.035 
C22 0.2084 (5) 0.3432 (4) -0.0254 (5) 0.041 
C23 0.0959 (5) 0.2988 (4) -0.0029 (5) 0.038 
C24 0.1216 (4) 0.2376 (3) 0.1109 (5) 0.032 
C30 0.3085 (5) 0.3664 (3) 0.6270 {4) 0.031 
C31 0.4046 (5) 0.3096 (4) 0.6890 (5) 0.039 
C32 0.4974 (5) 0.3468 (4) 0.7836 (5) 0.049 
C33 0.4956 (5) 0.4406 (4) 0.8158 (5) 0.050 
C34 0.4010 (6) 0.4993 (4) 0.7532 (6) 0.050 
C35 0.3079 (5) 0.4617 (3) 0.6594 (5) 0.038 
C40 0.3901 (4) 0.0772 (3) 0.2384 (5) 0.030 
C41 0.5018 (5) 0.0375 (4) 0.2940 (6) 0.051 
C42 0.5453 (6) -0.0454 (4) 0.2404 (7) 0.062 
C43 0.4754 (6) -0.0905 (4) 0.1346 (6) 0.051 
C44 0.3617 (6) -0.0535 (4) 0.0829 (6) 0,053 
C45 0.3197 (5) 0.0305 (4) 0.1325 (5) 0.042 
B 0.7528 (6) 0.2818 (5) 0.1201 (7) 0.048 

Table 2. Selected bond 
Pd--PI 2.266 (1) P2---C(Cp) 
Pd--P2 2.245 (I) P2---C(Ph) 
Pd--OI 2.054 (3) C----C'(Cp)a, 
Pd--O2 2.031 (3) C--C(Cp)mm 
Fe---C(Cp h, 2.035 C--C(Cp )max 
Fe--C(Cp)min 2.009 (4) 01--C2 
Fe--C(Cp)m,~ 2.053 (4) O2--C4 
PI---C(Me) 1.813 (4) C1--C2 
P1--C(Cp) 1.801 (4) C2--C3 
PI---C(Ph) 1.812 (4) C3---C4 
P2--C(Me) 1.805 (4) C4--C5 

PI--Pd--P2 92.70 (4) C(Me)--P1---C(Ph ) 
PI--Pd--O1 89.17 (9) C(Cp)--PI--C(Ph) 
PI--Pd---O2 177.8 ( l ) Pd--P2--C(Me) 
P2--Pd---O 1 174.34 (9) P d - - P 2 ~ ( C p )  
P2--Pd---O2 87.97 (9) Pd--P2--C(Ph) 
O1--Pd--O2 90.4 (1) C(Me)---P2--C(Cp) 
P d - - P I ~ ( M e )  108.5 (1) C(Me)--P2--C(Ph) 
Pd--P I--C(Cp) 120.8 (I) C(Cp)--P2---C(Ph) 
Pd--PI--C(Ph) 113.8 ( I ) Pd--O1--C2 
C(Me)--PI--C(Cp) 101.7 (2) Pd--O2--C4 

lengths (A) and bond angles 
.778 
.811 
.421 
.406 
.437 
.290 
.269 
.502 
.382 

1.388 
1.517 

104.7 (2) 
105.6 (21 
114.4 11) 
114.0 (I) 
111.8 (1) 
106.0 (2) 
105.0 (2) 
104.8 (2) 
124.4 (3) 
125.7 (3) 

(2) 
1) 
I) 
1) 
I) 
I) 
1) 
I1 
1) 
I) 
I) 
1) 

(1) 
(1) 
(1) 
(2) 
t2) 
(2) 
(1) 
(1) 
(2) 
(2) 
(2) 
(2) 
(I) 
(2) 

(°) 
(4) 
(4) 

(7) 
(6) 
(5) 
(5) 
(6) 
(7) 
(7) 
16) 

The structure was solved by Patterson and difference Fourier 
methods. All non-H atoms were refined anisotropically. In the 
final full-matrix refinement H atoms were included as riding 
in standard positions (C--H -- 0.98 ,A.). 

Data collection: CAD-4 Sofm'are (Enraf-Nonius, 1977). 
Cell refinement: CAD-4 Software. Data reduction: BEGIN in 
SDP (Frenz, 1978). Program(s) used to solve structure: FOUR 
in SDP. Program(s) used to refine structure: LSFM in SDP. 
Molecular graphics: PLATON (Spek, 1994). Software used to 
prepare material for publication: CIF VAX in MoIEN (Fair, 
1990). 

We thank Dr U. Englert for advice with the structural 
work. This work was generously supported by VEBA 
OEL AG and the Fonds der Chemischen Industrie. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: JZ1104). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI  2HU, England. 
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Abstract  

The title complex, bis(#-phenylimido)bis[dichlorobis- 
(tetrahydrofuran)zinc], [Zr2C14(C6H5N)2(C4H80)4], con- 
tains two octahedral Zr TM ions which are connected by 
two bridging phenylimido ligands. The Zr coordina- 
tion polyhedra have significantly different geometries. 
In one, the chloro ligands are cis, while in the other 
they take up trans positions. Both Zr TM ions are situated 
on a twofold axis. 

Comment  

Complexes containing Z r - - N  bonds are predominantly 
octahedral [ZrX,,Lm] adducts formed by the reaction 
between a monodentate or polydentate amine and a 
zirconium halide (Fay, 1987). Various homoleptic di- 
alkylamido complexes involving zirconium and other 
early transition metals are also known (Bradley & 
Chisholm, 1976). 

The title compound, (I), is a dimer in which two 
phenylimido ligands bridge two Zr TM ions via N atoms 
(Fig. 1). The N 1 - - Z r l  and N1- -Zr2  distances [2.068 (2) 
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and 2.051 (2).~,, respect ively]  are qui te  s imilar  to those 
found  in [ (#-NtBu)Zr(NMe2)2]2  (Nugen t  & Harlow, 
1979). Both  Zr a toms  lie on the diad axis at x = ½, z = 
¼ (Table 1), wi th  a Z r l . . - Z r 2  d is tance  of  3 .1466 (8) ,~,, 
and each has dis tor ted octahedra l  coordina t ion .  The  
coord ina t ion  sphere  o f  Z r l  conta ins  two cis-chloro 
l igands [ C l l - - Z r l  2.5141 (10 )k ,  and C l l - - Z r l - - C l l  i 

1 96.56 (6) °; s y m m e t r y  code:  (i) 1 - x, y, ~ - z], whereas  
that o f  Zr2 has two  trans-chloro l igands [C12- -Zr2  
2 .4880 (11) ,~, and C12--Zr2-- -C12 i 165.19 (5)°].  

. . .  

" " O  " /  CI O 
C I .  N ..- / 

"Zr " ,, z~ / - -  
C I "  N "  O " 

o cl / j . - \  / 

/ 

(I) 

The  oc tahedra l  coord ina t ion  o f  each metal  ion is c o m -  
p le ted  by two te t rahydrofuran  O atoms,  wi th  Z r l - - O l  
and Z r 2 - - O 2  dis tances  o f  2.216 (2) and 2.325 (2) ,&, re- 
spect ively.  In the rec tangular  N 1 - - Z r l - - N  l ' - - Z r 2  core,  
the Z r l - - N 1 - - Z r 2  angle  is 99.61 (10) °, whi le  the N 1 - -  
Z r I - - N 1  i and N 1 - - Z r 2 - - N 1  i angles  are 79.98 (14) and 
80.80 (14) °, respect ively.  

c c4 
C2 C5 

Fig. 1. A view of the title complex with 30% probability displacement 
ellipsoids. H atoms have been omitted for clarity. 

Zr l  
E x p e r i m e n t a l  zr2 

N-Allylphenylamine (5.38g, 43.8mmol)  was dissolved in Ell c12 
tetrahydrofuran and the solution was cooled to 198 K. An ol 
equimolar amount of butyllithium (2 M in hexane) was added 02 

and the mixture was warmed slowly to room temperature. 
After removal of the tetrahydrofuran solvent, the lithium amide 
was dissolved in toluene (100 ml) and zirconium tetrachloride 
(4.78 g, 20.5 mmol) was added with vigorous stirring. The 
solution was refluxed for 60 min and then filtered to remove 
precipitated LiCI. Pentane (5 ml) was added to the filtrate 
which was then cooled to 273 K. Yellow prismatic crystals 
suitable for single-crystal measurements were obtained after 
24 h. All reaction steps were carried out under an argon 
atmosphere using standard Schlenk techniques. The crystal 
used for the X-ray measurements was mounted on a fibre 
using the oil-drop method (Kottke & Stalke, 1993). 

Crystal data 

[Zr2Cl4 (C6Hs N)2(CaHsO)4 ] 
Mr = 794.88 
Monoclinic 
P2/c 
a = 9.431 (2) ,g, 
b = II.270 (2) k, 
c = 15.781 (3) ,~, 
/3 = 91.13 (3) ° 
V = 1677.0 (6) ~3 
Z = 2  
D, = 1.574 Mg m -3 
Dm not measured 

Data collection 
Rigaku AFC-7S diffractom- 

eter 
co-20 scans 
Absorption correction: 

scan (North, Phillips 
& Mathews, 1968) 
Tmi, = 0.874, Zmax = 

1.000 
3292 measured reflections 
3292 independent reflections 

Mo Kc~ radiation 
)~ = 0.71069 ~, 
Cell parameters from 25 

reflections 
0 = 5 -20  ° 
# = 0.974 m m -  
T = 193 (2) K 
Prismatic 
0.40 × 0.35 × 0.25 mm 
Yellow 

2974 observed reflections 
[I > 2or(/)] 

0max = 26.51 o 
h =  -11  --+ 11 
k = 0 ---~ 14 
1 = - 1 9 - - + 0  
3 standard reflections 

monitored every 200 
reflections 

intensity decay: 0.3% 

Refinement 

Refinement on F 2 
R(F) = 0.0362 
wR(F 2) = 0.0896 
S = 1.037 
3292 reflections 
266 parameters 
H atoms refined isotropically 
w = 1/[cr2(F, 2) + (0.0461P) 2 

+ 1.5053P] 
where P = (F, 2, + 2F,2)/3 

( / S t / O ' ) m a x  = 0 . 0 8  

Z~pma× = 0.68 e ~ - 3  
Aprntn = --0.62 e ,a, -3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) 

= (1/3)E,Y]jUija~aTai.a ;. Ueq 

x y z Ueq 
I/2 0.89729 (3) I/4 0.03005 (12) 
I/2 0.61809 (4) I/4 0.03371 (12) 
0.61759 ( I I ) 1.04575 (9) O. 15545 (6) 0.0623 (3) 
0.32231 (I0) 0.58964(8) 0.13314(6) 0.0549(2) 
0.3151 (2) 0.9197(2) 0.16266(14) 0.0441 (5) 
0.6148 (3) 0.4591 (2) 0.18721 (14) 0.0471 (5) 
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NI 0.4015 (3) 0.7567 (2) 0.3091 (2) 0.0363 (5) 
CI 0.3065 (3) 0.7369 (3) 0.3753 (2) 0.0374 (7) 
C2 0.3463 (4) 0.7604 (3) 0.4598 (2) 0.0503 (8) 
C3 0.2556 (5) 0.7353 (4) 0.5253 (3) 0.0692 (12) 
C4 0.1249 (5) 0.6859 (5) 0.5087 (3) 0.079 (2) 
C5 0.0832 (4) 0.6649 (5) 0.4271 (3) 0.0704 (13) 
C6 0.1725 (4) 0.6887 (4) 0.3598 131 0.0514 (9) 
C7 0.3110 (4) 0.9320 (6) 0.0714 (2) 0.0698 (I 3) 
C8 0.1585 (4) 0.9520 (5) 0.0456 (2) 0.0579 (10) 
C9 0.0827 (4) 0.9704 (5) 0.1270 (3) 0.0627 ( 11 ) 
CI0 0.1688 (4) 0.9006 (5) 0.1893 (3) 0.0647 (12) 
C11 0.6223 (4) 0.4341 (4) 0.0962 (2) 0.0496 (8) 
C12 0.7460 (6) 0.3513 (6) 0.0864 (3) 0.0768 (14) 
C 13 0.8101 (5) 0.3348 (5) O. 1727 (3) 0.0683 ( 11 ) 
C14 0.6901 (6) 0.3618 (4) 0.2300 (3) 0.(/684 (12) 

Table 2. Selected geometric parameters (A, °) 
Zrl--N 1 2.068 (2) Zr2--N 1 2.051 (2) 
ZrI--OI 2.216 (2) Zr2--O2 2.325 (2) 
ZrI~Cll  2.5141 (10)  Zr2---C12 2.4880(11) 
Zrl. • .Zr2 3.1466 (8) NI--C1 1.407 (4) 

N li--Zrl--N1 79.98 (14) N l--Zr2--O2 178.14 (9) 
Nl--Zrl--Ol '  99.31 (9) 02'--Zr2--02 79.19(12) 
NI--ZrI--O1 90.75 (9) N I--Zr2---CI2 97.51 (71 
Oli--ZrI--OI 166.89 (13) N I'--Zr2---C12 93.75 (7) 
N I--Zr I---C1 I' 92.00(7) O T - - Z r 2 ~ I 2  84.50(61 
NI--Zrl--CII 169.98 (7) O2--Zr2---CI2 84.11 (6) 
Oli--Zrl--Cll 86.69 (7) CI2'--Zr2--CI2 165.19 (5) 
OI--Zrl---CII 84.59 (6) CI--N 1--Zr2 121.2 (21 
CIIi--Zrl--Cll 96.56(6) CI--NI--Zrl  139.0 (2) 
N1--Zr2--N 1' 80.80(14) Zr2--N I--Zrl 99.61 (10) 
N 1--Zr2--O2' 100.03 (9) 

Symmetry code: (i) 1 - x, y, ½ - z. 

Data  col lect ion:  MSC/AFC Diffractometer Control Software 
(Molecu la r  Structure  Corpora t ion ,  1993a). Cel l  ref inement :  

MSC/AFC Diffractometer Control Software. Data  reduct ion:  
TEXSAN (Molecu la r  Structure  Corpora t ion ,  1993b). Pro- 
gram(s)  used  to solve structure:  SHELXTL/PC (Sheldrick,  
1990). Program(s)  used  to refine structure:  SHELXL93 
(Sheldrick,  1993). Molecu la r  graphics:  SHELXTL/PC. Soft-  
ware  used  to prepare  mater ia l  for publ icat ion:  SHELXL93. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1234). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
The P--Se bond length of 2.194 (1).~, indicates seleno- 
phosphonium character, rather than that of a triphenyl- 
phosphine selenide complex. The W atom displays 
'piano-stool'ocoordination with a W--Se bond length 
of 2.658 (1) A. 

Comment 
Recently, we reported the first crystal structure of 
an organoselenophosphonium salt, namely [Ph3PSeMe]- 
(CIO4) (Jones & Th6ne, 1994). This compound was ob- 
tained by the reaction of Ph3PAuC1 with Me2Se2 in the 
presence of AgC104. An analogous reaction employing 
the organotungsten diselenide [Cp(CO)3W]:Se2 (Cp is 
715-cyclopentadienyl) instead of Me2Se2 led to the title 
compound, (I), in low yield. 

\, ~ .  - '- '~. 

, ~ '.. Se CO 
• - ..... ~ ,  

\,~"" ~ ~ ,  "~, 
CO 

''~, '\ CO 

(I) 

ClO 2 

The cation is shown in Fig. 1; the structure 
of the selenophosphonium moiety is very simi- 
lar to that in [Ph3PSeMe] +. The Se atom dis- 
plays slightly distorted pseudo-tetrahedral geometry 
[P--Se(I)--W(1) 111.43(4)°], and the P--Se bond 
length of 2.194(1)A is only slightly shorter than 
that of 2.205(2)A observed in [Ph3PSeMe] +. Cor- 
responding P--Se bond lengths in A5-organoseleno - 
phosphoranes are considerably longer [2.273(2)A 
in (MeO)I~(Se)C(CF3)2N=CNMe2 ~Burger, Ottlinger, 
Frank & Schubert, 1978), 2.243 (1)A in (p-O2NPhO)- 
(ph)(p-CIPhSe)l~(NMe)C(~)l~Me and 2.239 (2),~ in 
(PhSe)(C1)(Me)I~(NMe)C(~O)lqPh (Pinchuk, MOiler, 
Th6nnessen, Shermolovich, Jones & Schmutzler, 1995)]. 
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