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Structure of 1-Butene(trimethylphosphine)zirconocene
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Abstract.  (7-1-Butene)bis(77-cyclopentadienyl)(tri-
methylphosphine)zirconium, [Zr(CsHs),(C4Hg)-
{P(CHs)3}], C;7H,,PZr, M, = 353-6, orthorhombic,
Pca2;, a=27-946 (8), b =28-733 (1), ¢ = 14-462 (3) A
V=352 (1)A%, T=293K, Z=8, D,=
1-33 g cm 3, F(000) = 1472, A(Mo Ka) = 0-71069 A
u =689 cm ~!, final R=0046 (wR=0-050) for
3295 unique observed reflections. The C—=C bond of
the coordinated butene ligand is coplanar with the P
and Zr atoms and this plane approximately bisects
the angle made by the planes of the two cyclo-
pentadienyl ligands. There are two molecules in the
asymmetric unit which differ only in the conforma-
tion of the butene ligand.

Introduction. The title compound (1) is prepared in
ca 83% yield from zirconocene dichloride with two
equivalents of n-butyllithium and trimethylphosphine
(Buchwald, Watson & Huffman, 1987; Binger,
Miiller, Benn, Rufinska, Gabor, Kriiger & Betz,
1989; Takahashi, Murakami, Kunishige, Saburi,
Uchida, Kozawa, Uchida, Swanson & Negishi,
1989). Subsequent reactions of (1) with other alkynes
and alkenes such as ethylene and styrene result in

0108-2701/90/060998-04$03.00

substitution of the butene and indicate that this
compound is an ideal starting material for
synthesizing other alkene— or alkyne-zirconocene
complexes. The structures of ethylene(trimethylphos-
phine)zirconocene and styrene(trimethylphosphine)-
zirconocene have already been reported (Binger et
al., 1989) as well as that of stilbene(trimethylphos-
phine)zirconocene (Takahashi et al., 1989). Here we
describe the structure of 1-butene(trimethylphos-
phine)zirconocene and compare it with the structures
of the other known alkene derivatives.

Experimental. Crystals of the title compound were
grown as dark brown prisms from pentane solution.

‘The crystal chosen for data collection was 0-47 x

0-47 x 0-47mm. The unit-cell parameters were
obtained by a least-squares fit to the 6 values of 77
automatically centred reflections (166 < 6 < 20-8°).
4577 intensity data (O0<h <36, 0<k <10, 0<l/<
18) were measured within the range 141 <6<
27-32° on an Enraf-Nonius CAD-4 diffractometer
with graphite-monochromated Mo Ka X-radiation
by a 6-20 scan technique in 48 steps, where the time
spent measuring the background was half that taken

© 1990 International Union of Crystallography
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to measure the peak. The intensity of a reflection and
its e.s.d. were calculated from I=INT — 2(BGL +
BGR) and o(J) = [INT + 4(BGL + BGR)]"?, where
INT, BGL and BGR are the peak intensity, left and
right background counts, respectively. The horizon-
tal detector aperture and the w-scan range varied as
3-0 + 1-05 tand mm and 0-6 + 0-35 tan#°. The inten-
sities of three standard reflections, remeasured every
60 min, showed a variation of 7% during data collec-
tion. Data were corrected for decay, Lorentz-
polarization and absorption effects. The absorption
correction was spherical based on an interpolation
from a table of absorption coefficients (Dwiggins,
1975). o(F) was calculated from o(F)=[o(])* +
(Ik)?)?/2F, where k = 0-02. Of a total of 4577 meas-
ured intensities, 4109 were unique and 3295 satisfied
the criterion I > 2:0a(]). Only the latter were used in
the solution and refinement of the structure.

Computer programs used in this investigation
include modified versions of the data reduction pro-
gram DATAP (Coppens, Leiserowitz & Rabinovich,
1965), the TRACER program for cell reduction
(Lawton & Jacobson, 1965), the structure-factor
least-squares program GFMLX (Hirshfeld; modified
by Coppens, Leiserowitz, Rabinovich, Brauer &
Flack) which is an adaption of ORFLS (Busing,
Martin & Levy, 1962), the distance and angle pro-
grams BONDLA (Dreissig, Doherty & Stewart,
1989) and DAESD (Davis & Harris, 1970), the least-
squares-plane plane program LSQPL (Davenport,
1989), the geometry display program XANADU
(Roberts & Sheldrick, 1976) and the ellipsoid plot-
ting program ORTEP (Johnson, 1976).

The structure was solved by the heavy-atom
method using SHELX (Sheldrick, 1974). Refinement
was by block-matrix least squares (one block per
molecule), where the function minimized was
SIw(AF)); w=1/0(F)* and AF=|F,|—|F|. The
positions of the H atoms were calculated [d(C—H) =
095 A] and included in the refinement with fixed
positions and isotropic thermal parameters (Uy =
0-08 A?). Refinement converged at R = 0-046 (wR =
0-050) for 342 variables and 3295 reflections, and the
value of S = 2-8, indicating a slight underestimation
of the error of an observation of unit weight. In the
final refinement cycle the maximum shift-to-e.s.d.
ratio was 0-1. A correction for the effects of anoma-
lous dispersion for Zr (f' = —2-965, f” = 0-560) and
P (f=0090, f”=0-095) was included in the
structure-factor calculations. Refinement of the
enantiopol parameter (Flack, 1983) indicated the
chosen polar axis to be correct. Atomic scattering
curves were taken from International Tables for
X-ray Crystallography (1974). In the final difference
Fourier synthesis, peaks of —0-7 and +1-0eA3
were observed in the vicinity of the Zr atom. The
results of the X-ray analysis are summarized in
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Table 1. Fractional atomic coordinates and equivaleny
isotropic temperature factors

Ug=(13)X2,U;aaaa;

X y z ch(Az)
Zrla 0-41679 (2) 062143 (7) 0-59313 (6) 0040 (1)
Zrlb 066810 (2)  0-85803(6)  0-50000 0-039 (1)
Pla 0-49585 (9) 0-4592 (3) 0-6335 (2) 0:0617(1)
P1b 0-75066 (9) 09838 (2) 0-4440 (2) 0-054 (1)
Cla 0-4767 (3) 0709 (1) 0-4921 (8) 0-077 (6)
C2a 0-4329 (3) 0794 (1) 0-4693 (7) 0-073 (7)
C3a 0-4351 (4) 0956 (1) 0-463 (1) 0-11(1)
Cda 0-4550 (4) 1.015(1) 0-3698 (8) 0-097 (9)
C5a 0-5464 (4) 0-560 (1) 0-678 (1) 0-11(1)
Céa 0-4916 (4) 0308 (1) 0-7194 (9) 0107 (9)
Cla 0-5257 (4) 0364 (1) 0-5408 (9) 0092 (8)
Clla 0-3367 (3) 0-509 (1) 0-5581 (9) 0078 (7)
Cl2a 0-3573 (4) 0-538(1) 0-4745 (8) 0-080 (7)
Cl13a 0-3967 (4) 0445 (1) 0-4613 (7) 0-080 (7)
Cl4a 0-3996 (4) 0-349 (1) 0-5397 (9) 0-084 (8)
Cl5a 0-3629 (4) 0-389 (1) 0-5982 (9) 0-079 (6)
C2la 0-3641 (3) 0-764 (1) 0-7053 (7) 0-068 (6)
C22a 0-3980 (5) 0-869 (1) 06747 (7) 0-082(8)
C23a 0-4422 (4) 0-826 (1) 0-7057 (9) 0-090 (8)
C24a 0-4345 (5) 0-686 (1) 0-7607 (7) 0-088 (8)
C25a 0-3871 (4) 0-654 (1) 0-7571 (6) 0-069 (6)
Clb 0-7264 (3) 0-7873 (9) 0-6098 (6) 0-060 (5)
C2b 0-6835 (3) 0-7101 (9) 0-6336 (6) 0-054 (5)
C3b 0-6851 (4) 0-534 (1) 0-6366 (6) 0-065 (6)
Cab 0-7103 (4) 0477 (1) 0-7238 (8) 0-101 (9)
C5h 0-7969 (3) 0-850 (1) 0-4047 (9) 0-081 (7)
Céb 0-7508 (5) 1123 (1) 0-3487 (9) 0-090 (7)
C7h 07834 (4) 1.099 (1) 0-5277 (8) 0-094 (8)
Cllb 0-5922 (4) 1.003 (1) 0-523(1) 0092 (9)
Cl2b 0-6080 (6) 0980 (1) 0-607 (1) 011 (1)
C13b 0-6477 (7) 1065 (2) 0-619 (1) 0-12(1)
Cl4p 0-6582 (4) 1-144 (1) 0-538 (1) 0-11(1)
C15b 0-6224 (6) 1-103 (1) 0-4786 (8) 0-10(1)
C21b 06117 (3) 0-704 (1) 0-4028 (6) 0063 (6)
C22b 0-6438 (3) 0-5999 (9) 0-4396 (6) 0060 (5)
C23b 0-6889 (3) 0631(1) 0-4021 (6) 0057 (5)
C24b 06849 (3) 0-750(1) 0-3381 (6) 0057 (5)
C25b 0-6374 (4) 0-796 (1) 0-3400 (6) 0-067 (6)

Tables 1 and 2, which give the final atomic coordi-
nates and selected interatomic distances and angles.
Fig. 1 shows the molecular structure and Fig. 2 the
packing of molecules in the unit cell.*

Discussion. The structure analysis reveals an opened
sandwich structure in which the phosphorus atom
and the C=C bond of the coordinated butene lie in a
plane approximately bisecting the angle at the metal
made by the centres of the two cyclopentadienyl
ligands (Table 2e). There are two molecules in the
asymmetric unit which differ only in the conforma-
tion of the butene group (Table 2¢). The overall
geometry of the molecule is essentially similar to that
observed for all known alkyne- and alkene-
(trimethylphosphine)zirconocene  complexes. The

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52604 (52 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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Table 2. Details of molecular geometry Table 2 (cont.)
D1, D2 and D3 are respectively the midpoints of the cyclo- (d) Selected intermolecular distances (A)
pentadienyl rings (C11—15, C21—25) and the C1—C2 bond. C7a—Cl1b [x,y—1,12] 367 (1)
C7a—CI15b [x,y—1,2] 3-65 (2)
() Selected bond distances (A) C2la—C76  [x—05,2-y,1] 362

Molecule 4 Molecule B C25¢—C22b [1l—-x,1-y,05+2] 3-55 (1)

Zrl—PI 2:689 (3) 2681 (2) (e) Least-squares planes

Zr1—Cl 2:35 (1) 2-357 (9)

Zr1—C2 2:38 (1) 2:364 (8) (i) Definition of planes and maximum deviation (A)

Zr1—Cl11 2:50 (1) 2:49 (1) Molecule 4 Molecule B
Zr1—C12 250 (1) 2:522) 1 Cl1—C12—CI3—C14—C15 0:01 (1) 001 (2)
Zr1—CI3 2:51 (1) 2:56 (2) 2 C21—C22—C23—C24—C25 001 (2) 002 (1)
Zr1—Cl4 2:546 (9) 2:57 (1) 3 Zrl—P1I—C1—C2 0-02 (1) 0-06 (1)
Zr1—Cl5 2:53 (1) 2:51 (1) N .

Zr1—C21 2:52 (1) 2-503 (9) (i) Angles between planes (°)

Zrl—C22 2:520 (9) 2511 (8) Molecule A Molecule B

Zr1—C23 2:52 (1) 2:508 (9) 1-2 494 (5) 513 (6)

Zr1—C24 2:54 (1) 2:570 (9) 1-3 22:5(4) 248 (5)

Zr1—C25 2:529 (9) 2:526 (9) 2-3 27:0 (4) 267 (3)

P1—C5 1-79 (1) 1-831 (9)

P1—C6 1-82 (1) 1-84 (1)

P1—C7 179 (1) 1-82 (1)

C1—C2 1-47 (1) 1-42 (1)

c2—C3 1-42 (1) 1-54 (1)

C3—C4 154 (2) 1-53 (1)

Cl1—CI12 1-36 (2) 131 2)

Cl1—CI5 1-41 (1) 137 2)

Cc12—C13 138 (2) 135 (2)

C13—Cl4 1-41 (2) 1-40 (2)

Cl4—CI5 137 Q) 137 (2)

C21—C2 1-39 (1) 1-39 (1)

C21—C25 : 137 (1) 1-41 (1)

Cc2—C23 137 (2) 1-40 (1)

C23—C24 1-47 (2) 1-40 (1)

C24—C25 136 (2) 1-39 (1)

(b) Selected bond angles (°)
Molecule 4  Molecule B

C2—Zr1—Cl1 361 (3) 34.9 (3) Fig. 1. The molecular structure of the title compound
C2—Zr1—PI 1099 (2) 1083 (2) (molecule A).
Cl—Zr1—P1 738 (2) 735 2)
P1—Zr1—D3 92:0 (1) 909 (1)
P1—Zr1—D2 1030 (1) 1011 (1)
P1—Zr1—DI 102:0 (1) 1037 (1)
D3—Zr1—D2 1131 (1) 1137 (1)
D3—Zrl—D1 1079 (1) 1078 (1)
D2—Zr1—D1 1304 (1) 1307 (1)
C7—P1—C6 1018 (5) 97:5 (5)
C7—P1—CS5 97:6 (5) 1018 (5)
C7—P1—Zrl 1178 (4) 1173 (4)
C6—P1—C5 99-3 (6) 1009 (5)
C6—P1—Zrl 1186 (4) 1199 (4)
C5—P1—Zrl - 1180 (4) 1161 (3)
C2—Cl1—Zrl 731 (5) 728 (5)
Cc3—C2—Cl 1187 (9) 1173 (8)
C3—C2—7Zrl 133-5 (8) 1250 (6)
Cl—C2—7r1 708 (5) 72:3 (5)
C4—C3—C2 114 (1) 1110 (7)
CI5—Cl1—C12 1066 (9) 109 (1)
ci3—cn2—ii 111 (1) 108 (1)
g:g;i:ccg {gg.glgg) }gz 8; Fig. 2. The packing of the tit.le compound in th'e 'unit cell, viewed
C14—C15—Cl1 109 (1) 109 (1) down —b looking towards the origin.
C25—C21—C22 108-3 (9) 1069 (8)
Cc23—Cn—C21 1091 (9) 1080 (7) i .
C24—C23—C22 106 (1) 1091 (7) Zr—P distance at 2685 (6) A (mean) lies between
C25—C24—C23 107 (1) 1064 (8) . .
Cr—C25—Col 109:6 (9) 1094 (8) that found in the ethylene [2 695 (1) A] and the
styrene [2:679 (4) A] complexes (Binger et al., 1989)
(c) Selected torsion angles (A) but is a little shorter than in the corresponding
Molecule 4 Molecule B stilbene structure [2-715 (5) A] (Takahashi et al.,
;:_%rtcc;:ccg Hg-g(g) -}Sg«-g (g) 1989) while longer than in the hexyne derivative
A= R A 2090 [2-658 (1) A] (Buchwald et al., 1987). There appears,

C1—C2—C3—C4 81 (1) 76 (1) however, to be no correlation between this distance
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and the type of the acceptor ligand. The C=C bond
distance of the coordinated alkenes also provides no
explanation for the difference. The average C=C
bond distance of the coordinated butene ligand in
the two independent molecules is 145 (4) A and this
is not significantly different from that of the coordi-
nated ethylene [1-449 (6) A] or that of the coordi-
nated styrene [1-46 (2) A]. The C=C bond distance
in the trans-stilbene complex is, however, 1:38 (2) A,
and since this complex has the longest Zr—P dis-
tance of the series this suggests an inverse rela-
tionship between the C=C and Zr—P bond
distances in these compounds. Although the trend
can be observed in the other complexes the differ-
ences are not significant. In all cases the C—C bond
of the coordinated alkyne or alkene is coplanar with
the Zr and the P atoms. The preference for the
single-faced #r-acceptor ligands to adopt this confor-
mation has been discussed by Lauher & Hoffmann
(1976).

There are no important short intermolecular con-
tacts between non-H atoms. Intermolecular distances
less than 3-7 A are given in Table 2(d).
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Structure of Cobalt Diquinoline Diisothiocyanate
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‘Boris Kidri¢’ Institute of Chemistry, 61000 Ljubljana, Yugoslavia

AND LiuBo GoLic*
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Abstract. Diisothiocyanatobis(quinoline)cobalt,
[Co(NCS),(CoH,N),], M,=433-42, monoclinic,
P2)/c, a=14-834 (2), b=8-435(1), ¢ = 15392 (2) A,
B=9203(1)°, V=1924(1)A3, Z=4, F000)=
884, D, =149(1)Mgm~>, D,=1496Mgm 3,
AMo Ka)=071069 A, x=1109mm™', T=
293 (1) K. Patterson and Fourier methods were used
for solving the structure. The final values for R and
wR were 0-047 and 0-035 respectively for 2356
observed reflections. The Co atom is four-

* To whom correspondencce should be addressed.
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coordinated by two N atoms from the isothiocyanate
groups and two N atoms from the quinoline ligands.

Introduction. The determination of the unit-cell
dimensions and crystal structure of the title com-
pound is part of our research project concerning
the X-ray diffraction and spectroscopic studies of the
halogen and pseudohalogen quinoline complexes of
divalent metals from the transition series (Mirceva &
Goli¢, 1987; Goli¢ & MirCeva, 1988). The structures
of many pyridine complexes of that type are known
but only a few structures of quinoline analogues have
been determined.
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