Crystal Structure 1335

CRYSTAL STRUCTURE OF DIBROMO( n*-1,5-CYCLOOCTADIENE)-
PALLADIUM(II)

Petr SEPNICKAL and Ivana GAROVAZ

Department of Inorganic Chemistry, Charles University, 128 40 Prague 2, Czech Republic;
e-mail: 1 stepnic@prfdec.natur.cuni.czcisarova@prfdec.natur.cuni.cz

Received February 19, 199¢
Accepted March 18, 1996

Dedicated to Professor Jaroslav Podlaha on the occasion of his 60th birthday.

The crystal structure of fi¢-CgH;,)PdBr,] has been determined by a single crystal X-ray diffracti
with R = 3.82% for 2 147 independent diffractions. The compound crystallizes with the symme
orthorhombic space group2;2;2; (No. 19) within the following parametera:= 7.0785(5) A,b =
11.1896(9) A,c = 12.514(1) AV = 991.2(1) &, Z = 4. The square planar arrangement of ligar
around Pd(Il) is distorted due to the steric requirements of 1,5-cyclooctadiene in a twisted bo:
formation. Formula units are joined by the weak C2~-HR1(1 +x, y, z2) hydrogen bonds.
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Dienes in dihalogeng(-diene) complexes of the divalent platinum metals can be e:
moved apart from twais-positions and substituted by other ligands. These compot
are accessible by simple substitution reactions and are soluble in some organic sc
Therefore, these complexes of Pt(ll) and Pd(ll) are often used as starting materi
preparations of other coordination species, typically phosphine complexes, not o
the solid state (e.g. réf.but also in situ by preparations of catalytically active syste
(e.g. ref?). According to the Cambridge Structural Database (CSD), the crystal s
tures of [(COD)PtX], where X%, = Cl,, Br,, |,, Ph, PhCI, acac etc. are known till ndw
(COD =n*1,5-cyclooctadiene). Along the palladium analogues, only the structu
[(COD)PdC}] was determined. In this work, the results of the solid state struc
determination for [(COD)PdB} are presented and discussed as a contribution to
completion of the structural data of thg*{diene)palladium(ll) complexes.

EXPERIMENTAL

Synthesis of the Title Compound

The complex was prepared by the standard procédorea preparation of the dihalogemd¢
diene)palladium(ll) and platinum(ll) complexes. The reaction of a solution of ,RdBoncentrated
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hydrobromic acid with excess of 1,5-cyclooctadiene in aqueous ethanol gave a crude produ
substance was purified by the slow diffusion of petroleum ether (b.p. £4@)6@to dichloromethane
solution of the raw product. The pure product was obtained in the form of well-developed rut
microcrystals in the 66% yield. Forglg,,Br,Pd (374.4) calculated: 25.66% C, 3.23% H, 42.68% |
found: 25.66% C, 3.12% H, 42.72% Br. IR spectrum (Nujol): 1 344, 1 311, 1 245, 1 230, 1 173,
990, 903, 864, 819, 786, 762, 678 ¢ifior [(COD)PdBg], ref*: 1 333, 1 172, 1 083, 992, 905, 86:
823, 787, 764, 678 crh cf. [[COD)RNCI}, ref’ 1 325, 1 311, 1 227, 1 210, 1 172, 1 153, 1 0
993, 961, 866, 817, 795, 771 Th

Crystal Structure Determination

The integral intensities were measured on a four-circle diffractometer CAD4-MACHIII at 293(
using graphite monochromatized Makradiation § = 0.71073 A) an®-20 scan. Considering the
large absorption coefficienfy(MoKa) = 9.87 mm?), the intensities were corrected for absorption |
indexation of crystal faces using the standard analytical method (program AGNOSTiCmieiinal
and maximal transmission coefficieffty,;, = 0.181,T,,x= 0.246).

The structure was solved by direct methods (SHELXS86) ngielding the positions of Pd and B
atoms. Other non-hydrogen atoms were identified after following Fourier synthesis. All hydr
atoms were placed and fixed in theoretical positions with the isotropic thermal parameters e
the mean thermal parameter of their bonding partners multiplied by 1.2. The refinement (SHEL
ref) by minimization of the functio@w(| F, | - | F¢ |)2 wherew = [0%(F3) + (0.045P)? + 0.006P]*
andP = (FZ+ 2F%)/3, converged to the values summarized in Table I. The extinction coefficie
was refined to 0.045(1) (empirical correction of thevalues for primary and secondary extinction
incorporated in SHELXL93 in the forrfS™ = F,[1 + 0.00kF2A° sim%(26)]~*4). The coordinates
and the mean thermal factors of non-hydrogen atoms are given in Table Il, the selected intel
distances and angles in Table Ill. Tables of the observed and calculated structure factors, ani
thermal factors of non-hydrogen atoms and isotropic thermal factors of hydrogen atoms in the
ard form of the CIF files produced by SHELXL93, can be obtained from the authors upon req

RESULTS AND DISCUSSION

The crystal structure of the title compound consists of isolated molecules c
bromof*-1,5-cyclooctadiene)palladium(ll). As expected, the ligands around P
form a distorted square (Fig. 1). In order to evaluate this, the centroids of both d
bonds have been defined: CE1 (C1=C2; fractional coordinates 0.3862, 0.0861, O.
CE2 (C5=CS6; fractional coordinates 0.0652, —0.0672, 0.4607). Least-squares
through ligands Brl1, Br2, and centroids CE1, CE2 (—%315.88% + 8.88% — 3.501 = 0)
fails the planarity testx? = 107); the average deviation of defining atoms from t
plane is 0.018 A. The distance of Pd(Il) from ligands L.S. plane (0.017 A) is the -
order, therefore, the central atom remains within the plane of its ligands. The pla
is mainly affected by steric requirements of 1,5-cyclooctadiene. In comparison
exact square coordination in PgB(ref19, given by special position with site syn
metry P4/mmm in the title compound, the ligand polygon is distorted by a symmet
shortening (without torsion) of one edge. The ratio of CE1-CE2 and Br1-Br2 dist:
is 0.83; the angle between lines CE1-CE2 and Br1-Br2 fs Th# substitution of two
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bromine atoms by 1,5-cyclooctadiene leads to slight shortening of two remaining
Br bonds (KPdBr,: 2.444 A; [(COD)PdBj]: Pd—Brl 2.4342(7), Pd-Br2 2.4253(7) A

On the other hand, geometry of 1,5-cyclooctadiene is strongly affected by cool
tion. In agreement with the theory (e.g. ¥8f.the C=C bonds (1.365(8) and 1.375(8) .
are significantly longer than in the non-coordinated molecule (1.333 and 1.334
adduct of Zn(ll) tetraphenylporphyrine complex with 1,5-cyclooctadiene, code SEI
in CSD). The conformation of the non-coordinated 1,5-cyclooctadiene is describ
the torsion angles @-C(n + 1)-Cq + 2)-Ch + 3) 8.2, 66.3, —80.5, -0.5, 8.4, 67.
—82.1 and 0.Dfor n = 1-8, which correspond roughly to the boat conformation of
fully saturated cycfe. In view along the C1-C5 line, the opposite pairs of bonds C1-

TaBLE |
Crystallographic data, data collection and structure refinément

Crystal system, space group orthorhomBi2;2:2: (No. 19)

a 7.0785(5) A

b 11.1896(9) A

c 12.514(1) A

V; Z 991.2(1) &, 4

Dcalc 2.509 g cri®

Dmeas 2.51 g cm® (flotation in aqueous ZnBy

Diffractions for lattice parameters determination 2553 < 32

Crystal dimensions 0.18 0.21x 0.29 mni

Diffraction collected; B range 2 337; 4820<54.0°

h, k, | range -9-.9,0-14,0-15

Diffractions unique 2 147

Diffractions observed along- | > 40 (Fo) criterion 1 937

Standard diffractions 3 monitored every 1 h; intensity fluctuation
4%

F(000) 704

No. of refined parameters 101

Max(A/o) for the last L.S. cycle 0.00

R(F), wR(F?), S for all diffractions 3.82%, 7.18%, 1.12

R(F), WR(FZ), Sfor observed diffractions 2.93%, 6.86%, 1.11

Rint, R(0) 3.09%, 2.55%

Max. and min. heights in findlp map 0.68; —1.22 e & (“ghosts” near Pd and Br)

aRF)—zuF ~F Iy IFo |, WRF? —[z WFS - F2) 1 (3 wiFdY2,
S= [z F - Fc) )/(Nd|ffrs paramg]
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C4-C5, and C5-C6, C7-C8 etc. appears to be overlapped. On coordination, the ¢
mation of G-cycle is changed as well. The multiple bonds of the coordinated 1,5-c
octadiene are perpendicular to the ligands L.S. plane (angles of the C=C bonds"
this plane are 89.8 and 90)4This reorientation ofj>-centers leads to a twist deform:

TasLE Il
Fractional coordinates (. Y0and isotropic thermal parameters (3,182). Ueqis defined as one third
of the trace of orthogonalized tensidg

Atom X y z Uyq

Pd 1469(1) 932(1) 3853(1) 30(1)
Brl —-1390(1) 1003(1) 2774(1) 45(1)
Br2 2537(1) 2775(1) 3032(1) 55(1)
C1 3429(9) 1233(5) 5189(5) 47(1)
c2 4294(8) 488(6) 4477(5) 44(1)
C3 4556(9) —832(6) 4610(6) 57(2)
c4 2909(10) —1586(6) 4184(6) 59(2)
C5 1045(8) —991(5) 4193(5) 44(1)
C6 259(8) —353(5) 5021(5) 47(1)
C7 1188(10) —205(7) 6098(5) 58(2)
C8 2428(10) 888(7) 6185(5) 59(2)

Fe. 1
The [(COD)PdBj] molecule. Thermal el-
lipsoids correspond to the 50% probabilit
level (PLATON, ref%)
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tion of the cycle; the transannular opposite bond®-C(n + 1) and C(4 +)—C(5 +n),
wheren = 1, 2, 3 become overlapped (Fig. 2). The torsion angles are 88.5, -2
46.7,-2.7, 91.0, -33.6, —41.7 and =517 the same order as above.

TasLE Il
Selected interatomic distances (A) and angfés (

Atoms Bond lengths Atoms Angles
Pd-Br1 2.4342(7) Br1—Pd-Br2 89.78(3)
Pd-Br2 2.4253(7) Bri-Pd-C5 91.5(2)
Pd-C1 2.198(5) Br1-Pd-C6 93.7(2)
Pd-C2 2.204(6) Br2—Pd-C1 89.7(2)
Pd-C5 2.213(6) Br2—Pd-C2 93.4(2)
Pd-C6 2.222(5) C1-Pd-C5 95.1(2)

C2-Pd-C5 80.6(2)

C1-Pd-C6 80.9(2)

C2-Pd-C6 88.3(2)
Ci1-C2 1.365(8) C2-C1-C8 127.1(6)
C2-C3 1.498(9) C1-C2-C3 125.9(6)
C3-C4 1.534(9) C2-C3-C4 114.2(5)
C4-C5 1.478(9) C3-C4-C5 115.3(5)
C5-C6 1.375(8) C4-C5-C6 125.9(5)
C6-C7 1.509(8) C5-C6-C7 123.6(6)
C7-C8 1.509(10) C6-C7-C8 114.0(5)
C8-C1 1.485(9) C7-C8-C1 115.3(5)

Fic. 2

Superposition of the 1,5-cycloocta-

diene molecules in [(COD)PdRr

(bold lines) and in the adduct of the c2
Zn(ll) tetraphenylporphyrine complex

with 1,5-cyclooctadiene (code SEM- c1

P1J in CSD, thin lines). The superpo-

sition is defined by C1 atoms

overlap, C1-C2 axis and C1, C2, C5

halfplane (PLUTO, ret?)

C5
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As regard to intermolecular forces, for Br atoms only distances Brk(ly+2—-H2
2.85 A are shorter than van der Waals contact 3.05 A and indicate the weak hyc
bonds (Bri(1 +, Y, 2)...H2—C2 157, Br1(1 +x, y, 2—C2 3.77 A). The Pd atoms ar
involved in Pd-H1(0.5 %, 1.5 -y, —2) 3.11 A and Pd-H8B(1.5% 1 -y, 0.5 +2) 3.25 A
contacts; other distances exceed the sum of the van der Waals radii (3.50 A). F
crystal packing see Fig. 3.

7
by i

— ﬁ e Fic. 3

z Crystal packing scheme foi
[(COD)PdBg]; view along the
crystallographica axis (PLUTO,
ref.13)

This work was supported by the Grant Agency of the Czech Republic, Grants No. 203/96/01
203/93/2463.

REFERENCES

1. Butler I. R., Hobson L. J., Macan S. M. E., Williams D. J.: Polyhed@ri901 (1993).

2. Bailar J. C., jr., Itatani H.: J. Am. Chem. S8, 1592 (1967); Tayim H. A., Bailar J. C., jr.; J
Am. Chem. Soc89, 4330 (1967).

3. Allen F. H., Davies J. E., Galloy J. J., Johnson O., Kennard O., Macrae C. F., Mitchell E
Mitchell G. F., Smith J. M., Watson D. G.: J. Chem. Inf. Comput. $Li.187 (1991).

4. Drew D., Doyle J. R., Shaver A. G. imorganic Synthesef~. A. Cotton, Ed.), Vol. 13, p. 47.
McGraw-Hill, New York 1972.

5. Chatt J., Venanzi L. M.: J. Chem. Sd®57, 4735.

6. Templeton D. H., Templeton L. KKGNOSTIC. Program for Absorption Correctiodniversity
of California, Berkeley 1978.

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



Crystal Structure 1341

7.

8.

12.

13.

Sheldrick G. M.:SHELX86. Program for the Solution of Crystal Structur&siversity of
Gottingen, Gottingen 1986.

Sheldrick G. M.:SHELX93. Program for Crystal Structure Refinement from Diffraction De
University of Gottingen, Gottingen 1993.

. Spek A. L.:PLATON-94 Acta Crystallogr., A46, C34 (1990).
10.
11.

Martin D. S., Bonte J. L., Rush R. M., Jacobson R. A.: Acta Crystallog1, B538 (1975).
Chatt J., Duncanson L. A.: Naturg84, 526 (1959); Elschenbroich Ch., Salzer A
Organometallics — A Concise Introductiop. 258. VCH, Weinheim 1989.

Dopke W.:Dynamische Aspekte der Stereochemie organischer Verbindupg2m0. Akademie
Verlag, Berlin 1979.

Motherwell S., Clegg B.PLUTO, ver. 5.12. Program for Plotting Molecular and Cryst:
Structures University of Cambridge, University of Gottingen, Cambridge, Gottingen 1978.

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



