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Abstract. C,;H,sNOsRu,, M,=51545, ortho-
rhombic, Pcab, a= 12828 (1), b=16-813 (1), c=
34324 (2) A, V=74029@8)A} Z=16, D,=
185 gecm ™%, A(Mo Ka) =0-71073 A, u = 16:3cm ™,
F(000) = 4032, T=295K, R=0-038 for 5117 reflec-
tions with > 2-50(I). The two crystallographically
independent molecules are essentially identical except
for one torsion angle. The Ru—Ru bond is bridged
asymmetrically by both a hydride atom and an N-
isopropyl cinnamaldimin-4-yl ligand.

Introduction. Transition metal hydrido complexes are
believed to be the key intermediates in important
catalytic processes like hydrogenation, hydrofor-
mylation, hydrocyanation, and double-bond migra-
tion of olefins (see e.g. Crabtree, 1988). The presence
of hydrides in combination with unsaturated ligands
on transition metal carbonyl moieties affords an
opportunity to study the chemical and structural
properties of such crucial species in detail.

In the course of our study on the coordination and
reactivity of monoazadienes (R'CH=CHCH=NR?)
on transition metal carbonyls we recently reported
the preparation of a series of linear tetranuclear
clusters, Ru,(CO),o[R'C=CHCH=NR?], (la: R' =
Me, R?=i-Pr; 1b: R' =Me, R?>=c-Hex; lc: R' =
Me, R*>=t-Bu; 1d: R' =Ph, R?*=i-Pr; le: R' = Ph,
R?=¢-Bu) (Polm, Mul, Elsevier, Vrieze, Christo-
phersen & Stam, 1988; Mul, Elsevier, Polm, Vrieze,
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Zoutberg, Heijdenrijk & Stam, 1990). These clusters
are formed in high yield by thermolysis of
Ru,(CO)¢{[R'C=CHCH,NR?]. In one case an inter-
mediate, a dinuclear hydrido complex,
HRu,(CO)s[Ph—C=CHCH=N-i-Pr] (2d), could be
isolated. We now report the crystal structure of this
dinuclear hydrido complex.

Experimental. The air-sensitive title compound was
prepared by thermolysis of Ru,(CO)Ph—C=
CHCH,N-i-Pr] in refluxing heptane and purified by
chromatography on silica employing hexane/
dichloromethane (9/1) as the eluent (Mul e al.,
1990). Crystals suitable for X-ray diffraction work
were grown by cooling a concentrated hexane solu-
tion at 243 K. X-ray data for a light-brown crystal
(0-12 x 0-25 x 0-63 mm), sealed in a Lindemann-
glass capillary, were collected on an Enraf-Nonius
CAD-4F (diffractometer using Zr-filtered Mo Ka
radiation. Lattice parameters and their e.s.d.’s were
derived from the setting angles of 25 SET4 reflections
(14 < < 18°). The space group was determined
from the observed systematic absences. A total of
9711 reflections [0 < 27-5°; w/20 scan; Aw = 0-60 +
0-35tan(#)°; 0 < h <16, 0<k <21, 0</<44] were
scanned. Three reference reflections (204, 220, 012)
showed a small linear decay of 1% during the 132 h
of X-ray exposure time. The intensities were correc-
ted for Lp for the small decay and for absoprtion
(Gaussian integration; grid 8 x 8 x 8; corrections
122 to 1-49), resulting in a set of 5117 unique
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reflections with 7> 2-5¢(1). Variance o*(]) calculated
based on counting statistics plus a term (P1)?, where
P (=0-04) is the instability constant as derived from
the excess variance in the reference reflections
(McCandlish, Stout & Andrews, 1975). The structure
was solved by Patterson methods (SHELXS86; Shel-
drick, 1986). Refinement was carried out by full-
matrix least-squares techniques on F with SHELX76
(Sheldrick, 1976) on a MicroVAX cluster. All non-H
atoms were refined with anisotropic thermal param-
eters. The two hydride H atoms were located from a
difference density map and their positions refined
with one common isotropic thermal parameter. All
other H atoms were introduced on calculated posi-
tions (C—H =0-95A) and their positions refined
with fixed geometry with respect to their carrier
atoms with two separate isotropic thermal param-
eters. Convergence was reached at R = 0-038 [wR =
0-044, w™'= o*(F)], 5117 reflections, 472 param-
eters, S=351; (A0O)max=03, —040<4p
<076 e A™3, the highest peaks being within 1 A
from Ru and interpreted as residual absorption arti-
facts. Atomic coordinates and equivalent isotropic
thermal parameters are given in Table 1.* Scattering
factors of Cromer & Mann (1968), corrected for
anomalous dispersion (Cromer & Liberman, 1970)
were used. Geometrical calculations and illustrations
were performed with the programs PLATON and
PLUTON of the EUCLID package (Spek, 1982).

Discussion. The orthorhombic unit cell contains six-
teen discrete molecules of the title compound. Fig. 1
shows one of the two crystallographically indepen-
dent molecules with adopted numbering. Selected
data on the geometry have been assembled in Table
2. The differences in the geometry of the molecules
are minor (except for one dihedral angle, see below),
and therefore only the data pertaining to molecule
(1) will be discussed with those for -molecule (2) in
square brackets where appropriate.

The molecule consists of a (CO),Ru—Ru(CO);
core in which the Ru(11)—Ru(12) bond is asym-
metrically bridged by hydride H(1): Ru(11)—
H(1) 199 (5) [1-94 (5)] A, Ru(12)—H(1) 1-68 (5)
[1-60 (5] A, Ru(11)—H(1)—Ru(12) 96 (2) [100 3)]°.
The latter bond length represents a ‘normal’ metal—
hydride distance of (r,, + 0-3) A. (r,, is the covalent
radius of the metal: rg, = 1-40 A). Based on valence
electron count for Ru(11) and Ru(12) a terminal
position of H(1) might be expected, but as in many

* Lists of structure factors, anisotropic thermal parameters
complete bond distances and bond angles, and H-atom param-
eters have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 53446 (58
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

C,7HsNOsRu,

Table 1. Final coordinates and equivalent isotropic
thermal parameters (A?) of the non-H atoms and their
e.s.d.’s in parentheses

U = (1/3)2,5,U,;a*a*a, a;.

x y z Uy
Ru(11) 0-04640 (4) 0-10520 (3) 0-11645 (1) 00414 (2)
Ru(12) ~0-00649 (4) 0-00498 (3) 017599 (1) 00431 (2)
o(11) 0-2476 (4) 0-1700 (3) 00832 (2) 0-085 (2)
0(12) —0:0607 (4) 0-0872 (3) 0-0364 (2) 0085 (2)
0(13) —0-0544 (4) 0-2684 (3) 0-1198 (2) 0082 (2)
0(14) =0-1351 (4) —0-1450 (3) 0-1750 (2) 0-092 (2)
o(15) =01134 (5) 00399 (4) 02518 (2) 0-101 (3)
N(1) 0-1003 (4) —=0-0116 (3) 01277 (1) 0-046 (2)
C(101) 0-1011 (5) 0-1835 (3) 01983 (2) 0-048 (2)
C(102) 00104 (5) 02241 (4) 0-2086 (2) 0-056 (2)
C(103) 0-0146 (6) 0-2927 (4) 0-2302 (2) 0-067 (3)
C(104) 0-1081 (7) 0-3237 (4) 0-2422 (2) 0072 (3)
C(105) 01977 (6) 0-2850 (5) 02331 (2) 0076 (3)
C(106) 0-1954 (5) 02163 (4) 02111 (2) 0061 (3)
C(107) 0-1011 (4) 01112 (3) 0-1740 (2) 0-044 (2)
C(108) 0-1601 (4) 00452 (4) 0-1861 (2) 0-048 (2)
C(109) 0-1570 (5) —0-0210 (4) 01612 (2) 0-051 (2)
C(110) 0-1073 (5) —0-0801 (4) 0-0998 (2) 0-058 (2)
C(111) 0-1971 (7) —0-0639 (5) 0-0719 (2) 0-085 (3)
C(112) 0-0056 (7) —0-0978 (5) 00791 (3) 0088 (4)
C(113) 0:1724 (6) 0-1466 (4) 0-0951 (2) 0053 (2)
C(114) =0-0219 (6) 0-0885 (4) 0-0658 (2) 0059 (2)
C(115) =0:0171 (5) 0-2070 (4) 0-1182 (2) 0-055 (2)
C(116) —0-0844 (5) —0-0883 (4) 0-1747 (2) 0058 (2)
C(117) —0:0740 (5) 00278 (4) 02224 (2) 0-061 (2)
Ru(21) 0-59212 (4) 0-00535 (3) 0-13331 (1) 00391 (2)
Ru(22) 065478 (4) —0:09626 (3) 0-07596 (1) 0-0405 (2)
oQ21) 0-3888 (4) 00776 (3) 01600 (2) 0082 (2)
0(22) 0-6797 (4) —0-0248 (3) 0-2158 (1) 0-085 (2)
0(23) 0-7084 (4) 0-1625 (3) 0-1341 (1) 0076 (2)
0(24) 07777 (5) 02479 (3) 00844 (2) 0092 (2)
0(25) 0-7908 (4) =0:0692 (3) 0-0062 (2) 0084 (2)
N(Q2) 0-5313 (4) —0-1087 (3) 0-1189 (1) 0-044 (2)
C(201) 0-5679 (5) 0-0882 (3) 0-0508 (2) 0-042 (2)
C(202) 0-6645 (6) 0-1185 (4) 0-0410 (2) 0-060 (2)
C(203) 06745 (6) 0-1887 (4) 00194 (2) 0069 (3)
C(204) 0-5857 (7) 0-2286 (4) 0-0082 (2) 0074 (3)
C(205) 0-4908 (6) 02001 (4) 00177 (2) 0-068 (3)
C(206) 0-4808 (5) 01298 (4) 00382 (2) 0052 (2)
C(207) 0-5547 (4) 00151 (3) 0-0745 (2) 0038 (2)
C(208) 04947 (4) —0:0475 (3) 0-0591 (2) 0-046 (2)
C(209) 0-4853 (5) —0-1144 (3) 0-0829 (2) 0-046 (2)
C(210) 0-5099 (5) —0-1780 (3) 0-1447 (2) 0-056 (2)
C(211) 04113 (7) —0-1598 (5) 0-1680 (2) 0-086 (3)
CQ212) 0-5991 (7) —=0-2009 (5) 0-1701 (3) 0091 (3)
C(213) 0-4655 (5) 0-0516 (3) 0-1506 (2) 0-051 (2)
C(214) 0-6477 (5) —0-0168 (4) 01857 (2) 0-056 (2)
C(215) 0-6659 (5) 01039 (4) 01345 (2) 0-051 (2)
C(216) 07286 (5) —0-1922 (4) 00814 (2) 0-060 (3)
CQ17) 07392 (5) —0:0780 (4) 00329 (2) 0-056 (2)

Fig. 1. View of the molecule with adopted numbering.
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Table 2. Selected bond lengths (A) and bond angles (°)

n=12)
The hydrido meta! carbonyl part
) (2) (1) (2)
Ru(nl}—Ru(r2)  27342(6) 27276 (6)  C(nl13}—O(nl)  1-119(9) 1123 (8)
Ru(nl)—C(n13)  1907(7) 1897(6)  C(nl4—O(n2)  1:124(9) 1120 (8)
Ru(r)—C(nld)  1967(7) 1970 (7))  C(nl5—O@m3)  1-1398) 1-126(8)
Ru(nl)—C(n15)  1-897(7) 1909 (7)  C(nl6)—O(nd)  1-154(8) 1133(9)
Ru(n2)—C(n16)  1860(7) 1880(7)  C(n1T—O(ns)  1:147(9) 1140 (8)
Ru(n2—C(nl7)  1853(7) 1858 (7)
The metal ligand part
Ru(n1)—N(n) 2117(5) 2129 (5) Ru(m2—C(n07T)  2:258 (5) 2:271 (5)
Ru(nl)—C(n07)  2:098(6) 2:083 (5) Ru(n2)—C(n08) 2268 (5) 2286 (5)
Ru(n2—N(n) 2168 (5) 2173 (5) Ru(n2—C(n09)  2:202 (6) 2:208 (6)
The ligand part
C(n01)—C(n07)  1474(8) 1483(7)  N(m—C(n09) 11369 (8) 1373 (8)
C(n07)—C(n08)  1-406 (8)  1-407 (7) N(n)—C(n10) 1:501 (8) 1-490 (8)
C(n08)—C(n09) 1405 (9) 1-395(8)
(1) (2)
Ru(a1)—C(n13y—O(n1) 1784 (6) 1777 (6)
Ru(n1)—C(n14y—0(n2) 1729 (6) 176:0 (6)
Ru(n1)—C(n15—0(n3) 1791 (6) 1780 (6)
Ru(n2—C(n16)—O(n4) 177:4 (6) 1764 (6)
Ru(n2)—C(n17)—O(n5) 1774 (6) 1779 (6)
Ru(n1)—N(n)—Ru(n2) 7928(17) 7870 (17)
Ru(nl)—C(n07)—Ru(n2) 7767 (18) 7745 (17)
Ru(n1)—N(n}—C(n09) 1157 (3) 1155 (4)
Ru(nl)—C(n07)—C(n08) 1149 (4) 1155 (4)
Ru(n2—N(n—C(n09) 731 (3) 732 (3)
Ru(n2)—C(n07)—C(n08) 723 (3) 726 (3)
C(n01)—C(n07—C(n08) 1189 (5) 1185 (3)
C(n07)—C(n08y—C(n09) 1154 (5) 1155 (5)
C(n08)—C(n09)—N(n) 1158 (6) 1157 (5)
C(n09)—N(n)}—C(n10) 1145 (5) 1137 (5)
C(r07—Ru(n)—C(nld) 1710 (3) 1696 (3)
N(m)—Ru(n1}—C(n15) 1662 (2) 1656 (2)
C(n07)—Ru(m2)—C(n16) 1739 (2) 1740 (2)
N(m)—Ru(n2)—C(n17) 1682 (2) 168'5 (2)

other di- and polynuclear transition metal carbonyl
complexes an (asymmetrically) bridging position is
preferred (Bau, Teller, Kirtley & Koetzle, 1979). The
bridging position of the hydride was confirmed
chemically, since no H/Cl exchange was observed in
a reaction with tetrachloromethane. Rapid H/CI
exchange would be expected if a terminal hydride
was present in (2d).

The Ru(11)—Ru(12) bond is further bridged by a
formally  seven-electron-donating  o-N, o-C,
n?-C=N, 75*-C=C bonded N-isopropyl cin-
namaldimin-4-yl ligand. The interatomic distances
within the N=C—C=C skeleton of this unsaturated
organic fragment are comparable to those found in
the seven-electron-donating  N-isopropyl  cro-
tonaldimin-4-yl ligands present in Ru,(CO),([MeC=
CHCH=N—i-Pr], (la) and Ru;(CO){[Me—C=
CHCH=N—i-Pr], (3a) (see Table 3), and indicate
extensive electron delocalization in the cin-
namaldimin-4-yl backbone (Polm ez al., 1988; Mul,
Elsevier, Vrieze, Smeets & Spek, 1988). The N(1),
C(109), C(108) and C(107) atoms define a plane
(deviations < 0-01 A) with C(101), C(110) and
Ru(11) deviating by 0-03, 0-12 and 0-33 A, respec-
tively. The dihedral angle between this plane
N(1)C(109)C(108)C(107) and the N(1)Ru(11)C(107)
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Table 3. Comparison of some pertinent bond distances
in (1a), (2d) and (3a)

Suffixes to the atoms refer to the general N=C,,—C,=C,

moiety.

(1a) (2d) (3a)
Ru(Il)—Ru(12) 27084 (4)  2:7342(6)  2:704 (1)
Ru(11)—C, 2048 (3) 2:098 (6) 2:049 (5)
Ru(11)—N 2123 (2) 2117 (5) 2093 (4)
N=C,, 1-358 (3) 1369 (8) 1-386 (7)
C—C. 1-405 (5) 1405 (9) 1:40 (1)
C.=C, 1417 (4) 1-406 (8) 1-401 (8)
Ru(12—N 2311 3) 2168 (5) 2123 (4)
Ru(12Cin 2300 (4) 2:202 (6) 2128 (5)
Ru(12—C, 2311 (3) 2268 (5) 2:189 (5)
Ru(12—C, 2362 (3) 2258 (5) 2217 (8)

plane is 11-5 (4)°. Corresponding angles in (1a) and
(3a) are 4-4 and 11-0°. The dihedral angle between
the N(1)C(109)C(108)C(107) plane and the phenyl
plane of 50-3 (3) [58-3 (3)]° and the C(101)—C(107)
distance of 1-474 (8) A, which corresponds to a
standard C(sp?)—C(sp?) single bond (Burke-Laing &
Laing, 1976), indicate that there is little or no conju-
gation between between these two 7 systems.

The Ru(11)—C(107) bond length of 2:098 (6) A is
somewhat longer compared to its counterparts in
(1a) and (3a). This might be ascribed to the presence
of the phenyl group on C(107) instead of a methyl
group as in (la) and (34). This phenyl group might
(when compared to the methyl group) decrease the
effective 7 overlap between the relevant Ru(11) 4
orbital and the 7* orbital located on C(107) to some
extent. However, one would then expect a certain
amount of 7 interaction between C(101) and C(107),
which is not observed. Other effects, e.g. steric repul-
sion between the phenyl group and C(115)=0(13) or
the presence of the bridging hydride, might also be
responsible for the observed lengthened Ru(l11)—
C(107) bond. The bond distances of the cin-
namaldimin-4-yl ligand in (2d) to Ru(12) are inter-
mediate compared to the relevant bond lengths in
(l1a) and (3a) and can be ascribed to increasing
back bonding from Ru(12) to the monoazadienyl
ligand in the series (1a) < (2d) < (3a) (Table 3).

In general, bridging hydride ligands cause an
increase of the metal-metal distance in ruthenium
complexes by ca 0-2 A. This effect, however, strongly
depends on other bridging ligands present (Bruce,
1982). The Ru(l1)—Ru(12) distance in (2d) of
2-7342 (6) A is only slightly longer than those found
in (1a) and (3a) [2-7084 (4) and 2-704 (1) A, respec-
tively], indicating that the bridging hydride only
marginally influences the intermetallic distance in
(24d).

The ruthenium—carbon distances in the Ru(l1)
(CO); unit of (2d) are similar to those in (la) and
(3a). Thus, the Ru(11)>C(114) distance of
1-967 (7) A is significantly longer than the Ru(11)—
C(113) and the Ru(l11)—C(115) distances, which
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amount to 1-907 (7) and 1-897 (7) A, respectively.
This can be ascribed to the large trans influence
exerted by C(107).

We wish to thank Professor Dr K. Vrieze for his
stimulating interest. The investigations were sup-
ported in part (ALS, WPM) by the Netherlands
Foundation for Chemical Research (SON) with
financial aid from the Netherlands Organization for
Scientific Research (NWO).
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Structure of Bis(2,3-butanedione dioximato)[(.S)-1-cyanoethyl]-
(dimethylphenylphosphine)cobalt(III) at 298 and 223K

BY YUkO KosmMa, SEIKO IWASAKI AND YU OHASHI

Department of Chemistry, Tokyo Institute of Technology, O-okayama, Meguro-ku, Tokyo 152, Japan

AND SHOE BABA AND YOSHIAKI OHGO

Niigata College of Pharmacy, Kamishinei-cho, Niigata 950-21, Japan

(Received 28 May 1990; accepted 18 July 1990)

Abstract. [Co(C,H;N,0,),(C;H,N){P(CH),(CHs)}],

M, =481-37, monoclinic, P2;; T=298K, a=
9-5074 (9), b=14265(1), c=8-5947(8)A, B=
10171 (1)°, V=114137(2 A%, Z=2, D, =

1-40 g cm™>, F(000) = 574, u(Mo Ka)=9-02cm™!,
A=0-71069 A, R=0-053 for 2570 observed reflec-
tions; T=223K, a=9-486(4), b=14-068 (3), c =
8-808 (3) A, B =101-27 (3)°, ¥ =1126'5(6) A%, Z=
2, D,=142gcm™> u(Mo Ka)=908cm™!, R=
0-027 for 1987 observed reflections. The crystal
shows crystalline-state racemization at 298 K.
During the early stages of data collection, about
30% of the chiral cyanoethyl group was inverted.
The initial structure was obtained at 223 K, since the
rate of the racemization became sufficiently low.

Introduction. It has been reported that the chiral
l-cyanoethyl (cn) group in some crystals of the
bis(dimethylglyoximato)cobalt(II) (dimethylglyoxi-
mato = 2,3-butanedione dioximato) (cobaloxime)

0108-2701/91/020300-04$03.00

complex is racemized by X-ray exposure keeping the
single-crystal form (Ohashi, 1988). The process of
racemization has been found to be divided into three
modes (Tomotake, Uchida, Ohashi, Sasada, Ohgo &
Baba, 1985), of which the first mode is the simplest,
since the crystal has only one molecule in its asym-
metric unit so that the reactive cn group is separated
from the other cn groups in the crystalline lattice.
Three crystals have been observed to proceed
via the first mode: [(R)-1-cyanoethyl][(S)-a-methyl-
benzylaminejcobaloxime,  R-cn-S-mba  (Ohashi,
Yanagi, Kurihara, Sasada & Ohgo, 1981), [(S)-1-
cyanoethyl][(S)-a-methylbenzylamine]cobaloxime, S-
cn-S-mba (Ohasi, Sasada & Ohgo, 1978) and
[(R)-1-cyanoethyl](pyrrolidine)cobaloxime, R-cn-
pyrr (Tamura, 1986). The present crystal, S-cn-dmp,
also belongs to the first mode. The racemization rate
was so high that the chiral cn group was racemized
during data collection. Therefore, the initial structure
was obtained at 223 K. The present paper reports the
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