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Refinement

Refinement on F* w = 4F2[0*(FD)

Final R = 0.033 (A/)max = 0.05

wR = 0.041 Apuax =060 e A3

S-168 Apmin = —0.69e A3

1487 reflections Atomic scattering factors

138 parameters from International Tables

All H-atom parameters re- for X-ray Crystallography
fined (1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?)

Ueq = %Z;Eivyai‘a;a;.aj.

x y z Beq
(1) 00 0.0 0.0 1.68 (1)
o) 04383 (3) 0.7143 (2) 0.9298 (3) 2.86(6)
oQR) 0.2980 (4) 0.7944 (2) 0.6267 (3) 2.87(6)
0Q) 02043 (3) 0.0413 (2) —0.1530 (3) 204 (5)
0@) 0.7320 (4) 0.0943 (3) 0.7552 (4) 321(7)
N@) 0.1253 (3) 02183 Q2) 023233 1675
o) 02719 (4) 0.5246 (3) 0.5465 (4) 1.59 (6)
cR) 0.1974 4) 0.4940 (3) 0.3050 (4) 191 (7)
CcQ3) 0.1277 @) 03412(3) 0.1545 (4) 192(7)
C(5) 02012 (4) 02483 (3) 0.4664 (3) 2.10(7)
(6) 02769 (4) 0.3980 (3) 0.6266 (4) 1.96 (7)
c 03431 4) 0.6915 (3) 0.7157 4) 1.94(7)
Table 2. Geometric parameters (A, °)
Cu(1)—0(3) 1.985 (2) C(1)—C(2) 1.386 (3)
Cu(1)—N(@4) 2.004 ) C(1)—C(6) 1386 (3)
on—Cc(n 1251 (3) C(1)—C(T) 1516 3)
0oQ2)—C() 1255 (3) C(2)—C@3) 1.3773)
N@#)—CQ3) 1.345(3) C(5)—C(6) 1.376 (3)
N@4)—C(5) 1343 (3)
03)—Cu(1)—0(3) 180.00 C(6)—C(1)—C(D 121.6 (2)
0(3)—Cu(1)—N(4) 8987(8) C(1)—C(2)—C3) 119.6 (2)
N(@)—Cu(1)—N@4) 180.00 N@)—C(3)—C(2) 1225 (2)
Cu(1)—N@4)—C(3) 119.6 2) N(4)—C(5)—C(6) 1227 )
Cu(1)—N(4)—C(5) 1226 (2) C(1)—C(6)—C(5) 1195(2)
- C(3)—N@)—CO5) 1178 (2) Oo(1)—C(MN—0(2) 1259(2)
C@2)—C(1)—C(6) 1178 2) o(1)—C(N—C(1) 117.72)
C)—Cc1)—C(M) 120.6 (2) 0O(2)—C(N—C(1) 1164 (2)

Data collection, cell refinement: Rigaku MSCJAFC Data Col-
lection and Refinement Soﬁwane (Rigaku Corporation, 1988).
The scan rate was 32° min~" in w and the scan width was (1.68
+ 0.30tand)°. The ratio of peak counting time to background
counting time was 2:1. Programs used to solve structure: MUL-
TAN87 (Debaerdemaeker, Germain, Main, Tate & Woolfson,
1987) and DIRDIF (Beuskens, 1984). All calculations includ-
ing data reduction: TEXSAN (Molecular Structure Corporation,
1985). Refinement was by full-matrix least squares.

Lists of structure factors, anisotropic thermal parameters, H-atom co-
ordinates, complete geometry, bond distances and angles involving H
atoms, and torsion angles have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP 71216
(18 pp.). Copies may be obtained through The Technical Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: OH1018}

©1993 International Union of Crystallography
Printed in Great Britain — all rights reserved
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Structure of [Ru(n® -C7Hs)(acetyl-
acetonato)Cl]

James G. TOERIENT AND JAN L. M. DILLEN

Department of Chemistry, University of Pretoria,
Pretoria 0002, South Africa

(Received 26 August 1992; accepted 22 March 1993)

Abstract

The structure of (acetylacetonato-O,0")chloro(n®-
cyclohepta-1,3,5-triene)ruthenium(Il), [Ru(n®-C,;Hg)-
{HC(COMe),}Cl], was determined. The Ru atom lies
on a crystallographic mirror plane which is coinci-
dent with the molecular mirror plane. The geometry
at the Ru atom is, as expected for ruthenium(Il),
approximately octahedral, with O—Ru—Cl and
O—Ru—O bond angles of 84.1 (1) and 90.4 (1)°,
respectively.

T Present address: Department of Chemistry and Biochemistry,
Rand Afrikaans University, PO Box 524, Johannesburg 2000,
South Affica.
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Comment

The complex was prepared by reacting [{Ru(z°-
CHg)(n-CDCl},] (Winkhaus & Singer, 1967; Miiller,
Kreiter, Mertschenk & Schmitt, 1975) with Nafacac]
(acac = acetylacetonate) at room temperature in
dichloromethane. It is reported that the same com-
plex is formed when Tlacac] is used instead of
Nalacac] (Johnson, Lewis & Ryder, 1977).
Diffraction-quality crystals of [Ru(#®-C;Hg)(acac)CI]
were obtained by the slow evaporation of a dichloro-
methane solution of the complex at room tem-
perature.

A survey of the literature suggests that
[Ru(%°-C;Hg)(acac)Cl} is the first example of a ruthe-
nium complex containing an 7°-bonded cyclohepta-
1,3,5-triene to be characterized by means of X-ray
crystallography. The X-ray structure of a ruthenium
dimer containing an 7°-bonded cycloheptadienyl and
a bridging cycloheptatriene ligand has been reported
(Bau et al., 1973).

The planarity of the olefinic portion of the cyclo-
heptatriene together with the average Ru—C(olefin)
bond length of 2.208 (3) A, indicates 5°-bonding of
the carbocycle. The plane C(5)—C(4)—C(5"), con-
taining the methylene C atom C(4), is bent away
from the plane defined by the olefinic C atoms
?2(25)——(1 (4)2(06)—( (7) and C(7)—C(6)—C(5) by

Fig. 1. ORTEP (Johnson, 1965) diagram of [Ru(7°-C;Hg){acac)CI]
showing the atom-numbering scheme.

Experimental

Crystal data

[RuCKCsH702)(C7Hs)} Mo Ka radiation
M, =3278 A=0.7107 A

1763
Orthorhombic Cell parameters from 25
Pnma reflections
a=13080(3) A 0=1-18°
b=11.667 (7) A p# =149 mm™!
c=178001 (1) A T=296K
v=1195(1) A° Needle
Z=4 0.76 x 0.48 x 020 mm
D, =182 Mgm3 Dark orange
Data collection
Enraf-Nonius CAD4 1555 observed reflections
diffractometer U>o()]
wf20 scans Oax = 30°
Absorption correction: h=0-11
empirical (North, Phillips k=0 — 16
& Mathews, 1968) 1=0-18
Tin = 0.847, Tox = 3 standard reflections
0999 frequency: 60 min
2039 measured reflections intensity variation: 0.3%
1682 independent reflections
Refinement
Refinement on F Apuaz = 086 ¢ A3
l; 'I';ai 1;.02(5).038 Apain = —152e A7
1555 reflections Atomic scattering factors
104 from International Tables
w = o (F,) for X-ray Crystallography
(A/0)max = 0.004 (1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?)

U = %Eiszyai‘aj'a,-.aj.

x y z U,

Ru 0.0462 (1) 02500 0.0486 (1) 0025 m
a 0.0513 (1) 02500 —02594 (2) 0.061 (1)
o 0.15742) 03765 (2) 0.0266 (3) 0.035 (1)
) 02479 2) 03566(3)  —0.0277(4) 0032 (1)
c2) 03123 3) 0.4615 (3) —0.0545 (6) 0.046 (1)
Cc3) 02908 (3) 0.2500 —0.0616 (7) 0.034 (1)
c@) —0.1727 @) 02500 0.0504 (7) 0.042 (1)
o) —0.1015 (2) 0.1489 (3) 0.0455 (5) 0.039 (1)
C(6) —0.0392 (3) 0.1157 3) 0.1786 (4) 0.038 (1)
) 0.0040 (3) 0.1892 (3) 0.3041 (4) 0.038 (1)

Table 2. Selected bond lengths (A) and angles (°)

Ru—Cl 2403 (1) C(1)—CR) 1.501 (4)
Ru—O 2079 (2) Cc(1)—CR) 1.390 (4)
Ru—C(5) 2263 (3) C(4)—C(5) 1503 (4)
Ru—C(6) 2.175(3) C(5)—C(6) 1.375 (5)
Ru—C(7) 2.186 (3) C(6)—C() 1.419 @)
c(1)—0 1278 (3) ch—c7’) 1418 (7)
O—Ru—Cl 84.1(1) C(5)—C4)—C(5") 103.3 3)
O—Ru—0 90.4(1) C@)—C(5)—C(6) 1247 @)
0—C(1)—C(2) 1147 (3) C(5)—C(6)—C(T) 1259 (3)
C2)—C(1H—C3) 1185(3)

Data collection, data reduction and cell refinement: Enraf-
Nonius (1989) Structure Determination Package. Program used
to solve structure: SHELX76 (Sheldrick, 1976). Data were col-
lected in the w/20 scan mode with an w-scan angle of (0.52
+ 0.34tanf)° and a maximum scan time of 1 min. Lorentz-
polarization corrections were made. The structure was solved by
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usual Patterson and Fourier methods, and the non-H atoms re-
fined anisotropically by blocked-matrix least-squares methods
(SHELX76). The H atoms were placed in experimentally deter-
mined positions obtained from the difference maps and refined
with a common isotropic thermal parameter, Uss, = 0.053 (4) A2,

Lists of structure factors, anisotropic thermal parameters, H-atom coor-
dinates and complete geometry have been deposited with the British Li-
brary Document Supply Centre as Supplementary Publication No. SUP
71199 (9 pp.). Copies may be obtained through The Technical Editor,
Intemational Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: HA1028]
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Structure of (n°-Cyclopentadienyl)[1-(2-quin-
oxalinyl)ethene-1,2-dithiolato]cobalt(I1I),
[(%*-CsHs)Co{S,C,H(2-quinoxalinyl)}]

ELAINE M. ARMSTRONG, MICHAEL S. AUSTERBERRY,
Roy L. BEDDOES, MADELEINE HELLIWELL,
JonN A. JOUuLE AND C. DAVID GARNER*

Chemistry Department, University of Manchester,
Manchester M13 9PL, England

(Received 2 December 1992; accepted 6 April 1993)

Abstract

[(9°-CsHs)Co{S,C,H(2-quinoxalinyl)}] has been pre-
pared using a general procedure which allows for the
synthesis of unsymmetrical dithiolenes; the molecular
structure involves a planar cobalt—dithiolene five-
membered ring which is disposed at an angle of 10.6°
to the 2-quinoxalinyl group.
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Comment
(Cyclopentadienyl)(ene-1,2-dithiolato)cobalt  com-
plexes have been prepared in the past; [(n°-

CsH;)Co{S,Cy(CFs),}] (Baird & White, 1966), [(n’-
CsH;)Co{S,C,(CN),}] (Churchill & Fennessey, 1968)
and [(9°-CsHs)Co(S,CsH,4)] (Miller, Brill, Rheingold
& Fultz, 1983) have been characterized by X-ray
crystallography. We have extended the investigation
of these systems, partly because of our interest in the
synthesis of dithiolenes, which resemble the partial
structure of the ligand proposed (Gardlik & Rajago-
palan, 1990) for the cofactor of the oxomolybdo-
enzymes, Moco, (1). The title compound, (3), was
prepared by the reaction of [(1°-CsHs)Co(n*-CsH,,)]

with  4-(2-quinoxalinyl)-1,3-dithiole-2-thione, (2)
(Siedle, 1976), and recrystallized from hexane.
. (i)“ ’s,o
o y 5 ;
LX)
HZN*N/ }” Ho
H OPOH,
(1)
S
hj/‘\' l*CsHgoot" Cot @( S
xylene/reﬂux N

(3)
Cp = cyclopentadienyl

The atomic parameters of (3) are listed in Table 1;
Table 2 lists selected bond lengths and bond angles;
Fig. 1 shows an ORTEP (Johnson, 1965) drawing of
the molecule and the numbering system used in the
tables.

The dimensions of the {(7°-CsHs)Co(S,C,)}
moiety. are similar to those of each of the three
structurally characterized molecules of this type

Fig. 1. ORTEP drawing of [(7°-CsHs)Co{S,C,H(2-quinoxalinyl)}]
showing the numbering scheme used in the tables.
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