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and two with Pt" (Spagna & Zambonelli, 1973; Dubey,
1976), but there is a considerable discrepancy concern-
ing the important C=C bond lengths in these latter two,
chemically very similar, compounds.

Fig. 2 shows the unit cell of compound (2). There are
no close contacts between the individual Ni atoms
and/or alkynes which could be interpreted in terms of
initial steps of the catalytic reaction discussed above.

One of the authors (RD) wishes to thank the Fonds
der Chemischen Industrie, Frankfurt, for a grant.
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Abstract, M,.= 1421.9, triclinic, P1, a =10-236 (2),
b=10-395(3), c=19-267(2) A, o =82.64 (1), B=
75.27 (1), y=82-44 (2)°, V=1955.9A% Z=2, D,
=2.415Mgm=3, D, not measured, A(Mo Ka)=
0-71073 A, u=67-52mm~!, F(000)=2696, T=
293 K. Final R = 0-0377 for 4357 observed indepen-
dent reflections. Two essentially similar but independent
metal—carbonyl clusters contain Ru, octahedra capped
by two Cu atoms on opposite trigonal faces. Three
terminal carbonyl ligands are bound to each Ru atom,
and a toluene molecule is #-bonded to each Cu atom.
Cu—Ru distances average 2:66 (6) A. Ru—Ru dis-
tances range from 2-87 to 2-94 A,

Introduction. The title compound has an identical
Cu,Ru, core stoichiometry to that found in
(CH,;CN),Cu,Ru,C(CO),, (Bradley, Pruett, Hill, An-
sell, Leonowicz & Modrick, 1982; Ansell, Leonowicz,
Modrick & Bradley, 1981), and might be expected to

0108-2701/84/030365-04$01.50

have a similar structure. We report here that in fact the
cluster has a radically different geometry to its
carbide-containing analog.

Experimental. Material synthesized by reacting
[PPh,),N],[Ru,(CO),] with [Cu(CH,CN),]J[BF,] in
dry acetone; after extraction from evaporated reaction
solution with methylene chloride, crude product
recrystallized from warm toluene to give crystals
suitable for X-ray examination. Crystal with dimen-
sions 0-20 x 0:19 x 0-23 mm mounted in a thin-walled
Lindemann capillary tube, Enraf~Nonius CAD-4 dif-
fractometer, Mo Ka radiation monochromated by a
graphite crystal in incident beam. Indexing on 25
centered reflections with intensities ranging from weak
to very intense gave lattice parameters. Total of 7092
reflections measured in 6/20 scan mode, 0 < 8 < 25°,
range of hkl: 0-12, —12-12, —20-22; scan begun
0-75° below calculated 26 position for Ko, and
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terminated 0-75° above calculated Ka, angle; total
background counting time half scan time and evenly
divided on either side of the peak. 4357 independent
reflections regarded as observed with I > 3.00(F)?
where I=S(C—RB) and o(F)>=[S*C + R?B) +
(kD??, where C = total counts recorded during scan,
R = 2.0 =ratio of scanning time to total background
B, S =scan rate (varied between 4° and 20° min~?')
and k = 0-05, a factor introduced to reflect instrumen-
tal stability. From these data structure factors and their
e.s.d.’s computed using |F,| = (I/Lp)"? and o(F,) =
o(D)/2\F,|ILp, where Lp is the Lorentz—
polarization correction. Three reflections checked

(C¢H,CH;),Cu,Ru4(CO),q

periodically during data collection showed no
substantial decrease in intensity. Corrections for ab-
sorption not made since y-scan data showed effect to
be small. Positions of Cu and Ru atoms found using
direct methods (SDP; Enraf-Nonius, 1980) on the
11/60 computer; remaining non-H atoms located by
subsequent difference Fourier calculations, alternated
with cycles of least-squares refinement. During latter
stages of refinement it was found that the C atoms in
the two toluene molecules associated with one Cu,Rug
cluster gave large parameter shift/e.s.d. ratios which
prevented the refinement from converging. Using a
combination of the idealized atomic positions and those

Table 1. Positional and isotropic thermal parameters (A%

Cluster 4 Cluster B
x y z Beo/Biso x y z Beo/Biso Ave. B
Ru(l) 0-8055 (1) —0-0618 (1) —0.01956 (7) 1.9895* Ru(7) 0-5745 (1) 0-9404 (1) 0-39433 (7) 2.2482* 2:119
Ru(2)f 0-9434 0-1387 0-01560 2.03176* Ru(8) 0-2959 (1) 0-9593 (1) 0-48581 (7) 2.46907* 2.250
Ru(3) 1-0784 (1) —0.0149 (1) —0-10484 (7) 2.26999% Ru(9) 0-4848 (2) 11438 (1) 0-49355 (8) 2.91337* 2.592
Ru(4) 1-0328 (1) ~0-2523 (1) —0-00964 (7) 2.17976* Ru(10) 0.6788 (1) 0-9303 (1) 0-52011 (7) 2.50781* 2.344
Ru(5) 0-8969 (1) —0-0932 (1) 0-11030 (7) 1-82075* Ru(11) 0-4927 (1) 0.7457 (1) 0-51218 (7) 2-13909* 1.980
Ru(6) 1-1719 (1) —0-0472 (1) 0-02550 (7) 2.00302* Ru(12) 0-4024 (1) 0-9506 (1) 0-61073 (7) 2.57039* 2287
Cu(1) 0-8591 (2) 0-1524 (2) —0-1057 (1) 2.74553* Cu(3) 0-3824 (3) 1.1350 (2) 0-3785 (1) 3.25560* 3.000
Cu(2) 1-1105 (2) —0-2669 (2) 0-1124 (1) 3.18608* Cu(4) 0-5861 (2) 0.7538 (2) 0-6270 (1) 3.17094* 3.179
0(14) 0-7132) —0-130(2) —0-1449 (8) 4.8(3) 0(74) 0.471 (1) 0-874 (1) 0-2711 (6) 2.7(2) 3.8
O(1B) 0.658 (1) —0-282 (1) 0-0663 (7) 3.3(2) 0O(7B) 0-719 (1) 1-146 (1) 0-2819 (7) 3.3(2) 3.3
o(10) 0-539 (1) 0-112 (1) 0-0101 (7) 3.6 (3) 0(70) 0-827 (1) 0-755 (1) 0-3540 (8) 4.2 (3) 3.9
0(24) 0-682 (1) 0-320 (1) 0-0391 (8) 4.8(3) 0(84) 0.051(2) 1-156 (2) 0-5163 (9) 5.7(4) 5.3
0(2B) 0-989 (1) 0-219 (1) 0-1535(7) 3.8(3) O(8B) 0-101 (1) 0-809 (1) 0-5960 (7) 3.9(3) 3.9
0(20) 1.054 (1) 0-380 (1) —0-0754 (7) 3-1(2) 0(8C) 0-174 (2) 0-869 (2) 0-3733 (9) 5-1(3) 4.1
0(34) 1.001 (1) —0-047 (1) —0.2404 (7) 3.6 (3) 0(%4) 0-621(2) 1.348 (1) 0-3866 (8) 4.9(3) 4.3
0O(3B) 1-344 (1) —0-187(1) —0-1543 (6) 2.1(2) 0(98) 0-608 (1) 1-243 (1) 0-5995 (8) 4.8 (3) 3.5
0(30) 1-188 (1) 0-224 (1) —0-1966 (7) 3.2(2) 0(90) 0-260 (1) 1.364 (1) 0-5102 (8) 4.6 (3) 3.9
0(44) 0-907 (1) —0-489 (1) 0-0651 (8) 4.1 (3) 0(104) 0-795 (1) 0-993 (1) 0-6380 (7) 4.2 (3) 4.2
0O(4B) 1.299 (1) —0-419(1) —~0-0567 (7) 3.7(3) 0(10B) 0-908 (1) 0-709 (1) 0-5067 (7) 3.6 (3) 3.7
0(40) 0-959 (1) —0:333(1) —0-1367 (7) 3.7(3) 0(100) 0-857(2) 1-126 (2) 0-4187 (8) 5-1(3) 4.4
0(54) 0-619 (2) 0-042 (2) 0-1596 (8) 4.9 (3) 0(114) 0-715 (2) 0-526 (2) 0-4849 (10) 6-7(4) 5.8
O(5B) 0-989 (1) —0-037 (1) 0-2402 (7) 4.0(3) O(11B) 0-324(2) 0-553(2) 0-6141 (9) 6-1(4) 5.1
0(50) 0-755 (1) —0-318 (1) 0-1981 (8) 4.7(3) 0o(110) 0-417 (1) 0-640 (1) 0-3918 (7) 4.1(3) 4.4
0(64) 1.269 (1) —0-007 (1) 0-1570 (7) 3.7(3) 0(124) 0-243 (2) 0-763 (2) 0-7144 (8) 5:2(3) 4.5
0(6B) 1.300 (1) 0-199 (1) —0-0466 (7) 3.5(3) 0O(12B) 0.176 (1) 1-163 (1) 0-6511(7) 3.8(3) 3.7
0(6C) 1-451 (1) —0-193 (1) —0-0201 (7) 4.0 (3) 0(120) 0-507 (2) 1-044 (2) 0-7266 (11) 7-1(5) 5.6
C(14) 0-750 (2) —0-092 (2) —0-1022 (9) 2:3(3) C(74) 0-513(2) 0:911(2) 0-3171 (12) 4.6 (5) 3.5
C(1B) 0-722 (2) —0-194 (2) 0-0317 (13) 5.0(5) C(7B) 0-650 (3) 1.055 (3) 0-3334 (16)  .6-9(7) 6-0
C(10) 0-633 (2) 0-030 (2) 0-0155 (11) 3.7(4) C(70) 0-732 (2) 0-820 (2) 0-3751(9) 2.7(3) 3.2
C(24) 0-775 (1) 0-244 (1) 0-0284 (8) 1.8 (3) C(84) 0-158 (2) 1-101 (2) 0-4982 (10) 3.1(3) 2.5
C(2B) 0-975 (2) 0-175(2) 0-1054 (12) 4.2 (4) C(8B) 0-179 (1) 0-857 (1) 0-5573 (8) 1.9 (3) 31
C(20) 1-022 (2) 0-290 (1) —0.0392 (8) 2.0(3) C(8C) 0.231(3) 0-898 (3) 0-4185 (15) 6-0 (6) 4.0
C(34) 1-029 (2) —0-059 (2) —0-1877 (9) 2.9 (3) C(94) 0:591(2) 1:261 (2) 0-4251 (9) 2.2(3) 2.6
C(3B) 1-248 (2) —0-126 (2) —0-126 (10) 3.3(4) C(9B) 0-563 (2) 1-196 (2) 0-5612 (9) 2.6 (3) 3.0
C(30) 1-147 (1) 1-142 (1) —0-1584 (7) 1.4 (2) C(90) 0-345(2) 1.282 (2) 0-5006 (10) 334 2.4
C(44) 0-961 (2) ~0-394 (2) 0-0493 (11) 4.0 (4) C(104) 0-747 (1) 0-967 (1) 0-5994 (8) 1.7(3) 2.9
C(4B) 1.199 (2) —0-350(2) —0-0439 (11) 3.8(4) C(10B) 0-824 (2) 0-797 (2) 0-5105 (12) 4.8 (5) 4.3
C(40) 0-986 (2) —0-296 (2) —0-0899 (8) 2.1(3) C(10C) 0-774 (3) 1-052 (3) 0-4580 (14) 5.8 (6) 4.0
C(54) 0-735(2) —0-002 (2) 01408 (9) 2.8(3) C(114) 0-644 (2) 0-621 (2) 0-4954 (12) 4.0 (4) 3.4
C(5B) 0-964 (1) —~0-078 (1) 0-1910 (8) 1-9 (3) C(11B) 0-420 (2) 0-618 (2) 0-5834 (10) 3.5(4) 2.7
C(5C) 0-820 (2) -0-229 (2) 0-1616 (13) 4.6 (5) C(110) 0-450 (2) 0-693 (2) 0-4326 (11) 3.8(4) 4.2
C(64) 1.215(2) —0-019 (2) 0-1114 (12) 4.2 (4) C(124) 0-309 (1) 0-819 (1) 0-6785 (6) 0-7(2) 2.5
C(6B) 1-247 (1) 0-106 (1) —0.0273 (7) 1:3(2) C(12B) 0-264 (2) 1.088 (2) 0-6293 (10) 3.0(3) 2.2
C(6C) 1.334 (1) —0-166 (1) 0-0081 (8) 1.6 (2) C(120) 0-477 (1) 1-000 (1) 0-6821 (8) 1-9 (3) 1-8
c(1) 0-826 (2) 0-253 (2) —0-2091 (10) 3.1(3) c(15) 0-389 1:279 0-2832 4.5 (5) 3.8
c(2) 0-814 (2) 0-358 (2) —0-1667 (9) 2:2(3) C(16) 0-335 1.365 0.3363 12:3 7.3
c@3) 0-684 (2) 0-405 (2) —0-1301 (11) 3.8(4) ot} 0-197 1:370 0-3718 12:0 7.9
Cc@) 0-578 (3) 0-349 (3) —0-1306 (14) 5:3(5) c(18) 0-113 1-290 0.3542 12:0 8.7
C(5) 0-593 (2) 0-241(2) —0-1690 (10) 3.4(4) c(19) 0-167 1.204 0-3011 3.5(4) 3.5
C(6) 0-714 (2) 0-194 (2) —0-2106 (11) 3.8(4) C(20) 0305 1-199 02656 2.5(3) 3.2
c(7) 0-672 (2) 0-528 (2) —0-0862 (12) 4.1(4) c(1) 0-141 1.459 0.4268 12-0 8.1
C(8) 1.126 (2) —0-391(2) 0-2094 (11) 3.6 (4) C(22) 0-582 0-600 0-7148 5.0 (5) 4.3
C(9) 1.149 (2) —0-505 (2) 0-1719 (13) 4.8 (5) C(23) 0-668 0-498 0-6809 3.6 (4) 4.2
C(10) 1-292 (2) —0-528 (2) 0-1305 (9) 3.0(3) C(24) 0-805 0-513 0-6500 3.3(4) 3.2
C(11) 1.396 (2) —0-454 (2) 0-1358 (9) 2.8(3) C(25) 0-856 0-630 0-6531 12.0 7-4
Cc(12) 1.359 (3) —0-346 (3) 0-1814 (16) 6-9(7) C(26) 0-771 0-732 0-6870 12:0 9.5
C(13) 1.226 (2) —-0-316 (2) 0-2152 (11) 4.0 (4) c@7 0-633 0-717 0-7179 8-1(8) 61
C(14) 1.343 (3) —-0-652 (3) 0-0922 (15) 6-1(6) C(28) 0-894 0-408 0-6148 7.3(7) 6.7

* Beq =372, 2,Uat afa.a;.
t Atomic parameters fixed during refinement.
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obtained from the refinement as a criterion, positional
coordinates from these 14 atoms were then computed
and fixed. During last cycles of refinement 495
parameters were varied, which included positional and
anisotropic thermal parameters and anomalous-
dispersion corrections for four Cu and 12 Ru atoms,
positional and isotropic thermal parameters for the 36
CO and two ordered C;,H,CH, ligands, and some
isotropic thermal parameters for the remaining two
disordered C¢H CH, ligands. Refinement converged to
R =0.0377, R,,=0-0531, § = 1-617. The small peaks
in final difference Fourier map (<0-9 e A%) appeared to
be associated either with the H atoms in the toluene
ligands or with the heavy metals in the cluster. It was
not considered worthwhile to continue refinement
including the H atoms. Quantity minimized w(lF,| —
|F,1)?> where w=1/0(F,)* with o(F,) defined above.
(4/0)max = < 0-01. Largest peaks in final difference
Fourier map <0-9 e A3 The form of the extinction Fig. 2. Average metal-metal bonds (A) within the Ru,Cu,
correction applied was F(I + gI.)~! where the param- framework in (C¢H;CH;),Cu,Rug(CO);q.

eter g was refined in the least squares and converged to
a value of 0-12073 x 10~ Atomic scattering factors
from Cromer & Waber (1974); anomalous-scattering-
factor corrections (Cromer, 1974) included in least-
squares calculations. SDP (Enraf—Nonius, 1980) used
for all calculations.

Fig. 3. The Cu,Ru, core in (CH;CN),Cu,RuC(CO),.

Discussion. The final positional and isotropic thermal
parameters are listed in Table 1.*
(C¢H;CH;),Cu,Rus(CO),; possesses two crystal-
lographically independent but essentially similar
molecules (Fig. 1). Each has a bimetallic Cu,Ru, core
(Fig. 2) which consists of a distorted octahedron of six
atoms, each bearing three terminal carbonyls. Two
opposite (trigonal) faces of the Rug octahedra are
capped by Cu atoms, each bonded to a toluene
molecule. The distal arrangement of the Cu atoms is
in contrast to their adjacent positions in
(CH,CN),Cu,Ru,C(CO),, (Bradley er al, 1982),
shown in Fig. 3, but analogous to their location on
opposite trigonal faces of the trigonal prismatic Rhg
core in the Rh—Cu cluster (CH;CN),Cu,Rh((CO),,

* Lists of major bond lengths and angles, structure factors and

08¢ o anisotropic thermal parameters have been deposited with the British

T CLusTER B Library Lending Division as Supplementary Publication No. SUP

38988 (36 pp.). Copies may be obtained through The Executive

Fig. 1. The atomic configuration of the two (C¢H,CH,),Cu,Ru,  Secretary, International Union of Crystallography, 5 Abbey
(CO); clusters. Square, Chester CH1 2HU, England.
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(Albano, Braga, Martinengo, Chini, Sansoni &
Strumolo, 1980). The mean Cu—Ru distance for the
four Cu atoms in the two independent clusters is
2-66 (6) A compared with 265 (9) A in (CH,CN),-
Cu,Ru,C(CO),,. The Ru—Ru bonds in the octahedral
core fall into two groups. Those on the opposite
copper-capped trigonal faces [Ru(1)—Ru(2), Ru(l)—
Ru(3), Ru(2)—Ru(3) and Ru(4)—Ru(5), Ru(4)—Ru(6),
Ru(5)—Ru(6)] have significantly longer bond lengths
than the Ru—Ru distances between these faces
[2-93 (2) A as compared to 2-87 (2) A]. This effect was
difficult to _identify in (CH,CN),Cu,RusC(CO),
because of the asymmetry of the cluster, where the
range of Ru—Ru distances was wide (2-798-3-072 A),
with the long Ru—Ru bond (3-072 A) associated with
both Cu atoms. All 18 carbonyls on each cluster are
essentially terminal with Ru—C—O angles ranging from
150-170°. This contrasts with the geometry of the
starting material [Rug(CO),4]>~ (Jackson, Johnson,
Lewis, McPartlin & Nelson, 1979) which contains two
Uy-bridging carbonyls and two u,-bridging carbonyls.
The toluene molecules on each of the four Cu atoms are
disordered to some degree. This results in only Cu(l)
and Cu(4) with the expected u,-bonding mode usable in
the refinement.

The difference between the structures of the two
bimetallic clusters (CH;CN),Cu,Ru,C(CO),, and
(C¢HCH,),Cu,Ru4(CO),, is striking. In both cases,
the Ru atoms form an octahedral core. In the former

Acta Cryst. (1984). C40, 368-370

(C4H;CH;),Cu,Ru(CO),5

carbide-containing cluster the Cu atoms occupy adja-
cent positions on the Rug core, and are directly bonded
to one another (Bradley et al, 1982), whereas in the
non-carbide analog, the two Cu atoms are found on
opposite faces of the Rug octahedron. This may reflect
the spatial constraints imposed by the presence of 18
carbonyls in the latter case, in comparison to the
relatively flexible carbonyl configuration allowed in the
former, where the local perturbation caused by the
presence of two adjacent heterometal atoms is more
easily accommodated.
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Abstract.
16-786 (8),

M, = 437-66,
b=12-922 (8),

monoclinic, A42/a, a=
c=9.089 WA, B=
106-80 (4)°, V=1887-34 A%, Z=4, D,=1.540,
D,=1536Mgm=3, A(Cu Ka)=1-5418 A u=
2.38 mm~', F(000) = 896, T =293 K. Final R = 0-043
for 1500 observed visually estimated reflexions. The Zn
atom lies on a twofold axis and coordinates tetrahe-
drally to two O atoms of the dimethyl-4-pyrone ligands,
and to two O atoms of nitrato groups.

Introduction. The synthesis of the title compound was
described originally by Hill (1971). Its properties have
been studied by spectroscopic and other physical

.0108-2701/84/030368-03%$01.50

methods (Briggs & Hill, 1969, 1970) and this work
was undertaken to provide conclusive structural infor-
mation particularly concerning the Zn coordination.
Similar determinations have been concluded for the
corresponding Cu and Cd complexes.

Experimental. Sample prepared by Dr A. E. Hill of this
Polytechnic; slightly unstable crystals ca 0-5 x 0-5 x
0-1 mm, m.p. 421 K, which decompose in air within a
few weeks. D,, by flotation in organic liquids. Lattice
parameters from high-angle reflexions on Weissenberg
photographs; intensity data from 0k/, 0/ - h11], and
hkO levels on a Stoe integrating Weissenberg camera

© 1984 International Union of Crystallography



