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Summary

The pyrolysis of the heterocycle B,H,N,P,Ph, in the presence of Os;(CO),,
yields the osmium clusters Os,(CO),,(PPh,NHPh) (1), Os,(CO),,(PPh,NHPh),
(2) and HOs,(CO)4(PPh,NHPh)(PPh,NPh) (3) which contain aminophosphine and
phosphincamido fragments as ligands. The molecular structures of 1 and 3 have
been determined by single-crystal X-ray diffraction studies. Crystals of 1 are
monoclinic, space group P2, /c with Z =4 in a unit cell of dimensions e 21.881(12),
b 8.887(6), ¢ 16.348(9) A, B 98.91(2)°. Crystals of 3 are rhombohedral, space group
R3 with Z=6 in a unit cell of dimensions a 21.143(9) A o 106.89(3)°. Both
structures were solved by direct and Fourier methods and refined by full-matrix
least-squares to R = 0.0456 for 2288 observed reflections in 1 and to R = 0.0490 for
4063 observed reflections in 3. The structure of 1 can be regarded as derived from
that of Os,(CO),, by replacing one carbonyl by an aminophosphine ligand (bound
through the P atom). In the structure of 3, one hydride bridges one Os—Os edge of
the triangular metal cluster and a phosphinoamido ligand interacts with all three Os
atoms (with two through the N atom and with the third through the P atom); a
terminal aminophosphine ligand is also present, as in 1.

Introduction
The trinuclear osmium cluster-framework has proved to be a very stable and

versatile system for the coordination of reactive molecular fragments [1,2]. The
commonest feature in the reactions of Os, clusters with organic molecules is the
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metal-promoted cleavage of covalent bonds followed by the incorporation of the
fragments into the Os, cluster [3]. In this paper we report the thermal fragmentation
of a B,N,P, octacycle in the presence of Os,(CO),, to give PN fragments that are
bound to the Os, framework.

Results and discussion

1.5-Bis(diphenylphospha)-2.4,6,8-tetrakis(phenylaza)-3.7-bis(dihydrobora)-cyclo-
octane, accessible from the reaction of PhN=PPh,NHPh and Me,SBH, [4]. pro-
vides electron pairs at the four nitrogen atoms for the coordination to transition-
metal systems, and it should be possible to replace several carbonvl groups n
dodecacarbonyl-triosmium by this ligand.
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However, in the presence of Os;(CO),, the heterocycle disintegrates at elevated
temperatures, and only complexes containing PN fragments are isolated. namely the
trinuclear clusters Os;(CO),,(PPh,NHPh) (1), Os;(CO),,(PPh,NHPh), (2) and
HOs,(CO)(PPh,NHPh)(PPh,NPh) (3). The three compounda are obtained as
air-stable, crystalline solids.

In the mass spectra, the three compounds are characterised by their molecular
ions and the complete series of fragment ions arising from the stepwise loss of CO
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ligands; all the ions display the characteristic isotope pattern of the Os, unit. The
IR and NMR data, given in Table 1, are in accordance with the molecular structures
of 1 and 3. The structure of 2 is based on the spectroscopic characterisation: The 'H
NMR spectrum shows in addition to the aromatic multiplet only one NH doublet
signal indicating the equivalence of the two NH protons. Accordingly, the infrared
spectrum exhibits only a single »(NH) absorption; the typical »(CO) absorption
pattern is consistent with that of Os,(CO),,(PEt;), [5]. In the "'P NMR spectrum
only one broad resonance is observed for the two phosphorus atoms at room
temperature, as observed for Os;(CO),,(PEt;), [5]. For 3, the focalisation of the
hydride ligand as a bridge between the two nitrogen-bridged osmium atoms 1s
consistent with the 'H NMR spectrum, in which the resonance at —13.30 ppm falls
within the typical region for bridging hydride ligands: the multiplicity of this signal.
a doublet of doublets with the inner peaks overlapping to give a triplet-like pattern,
is caused by the *'P-'H coupling with the two phosphorus atoms. The fact that the
two Y'P-'H coupling constants are identical (12 Hz) is due to coincidence. since the
non-equivalence of the two phosphorus nuclet is revealed bv two individual reso-
nances in the *'P NMR spectrum.

In an attempt to develop a straightforward synthesis for the three clusters. we
obtained 1 and 2 in high yields from the reaction of PPh.NHPh with
05,(CO),;(NCMe) and Os,(CO),,;(NCMe),. respectively: complex 3 was obtained
upon heating of 2 under the conditions of the B,H,N,P,Ph,/Os(CO),. pyrolysis.
Apparently, 2 is the precursor of 3. which is formed by loss of CO groups, cleavage
of the N-H bond in the aminophosphine ligand. and transfer of the hvdnde to the
metal framework.

0s,(C0O),,(NCMe) + PPh,NHPh — Os,(CO), (PPh,NHPh) + MeC'N
(1)

05,(C0),,(NCMe), + 2PPh,NHPh - Os,(CO),,(PPh,NHPh), + 2MeCN
(2)

130°C
05,(CO),o(PPh,NHPh, ) — HOs,(CO)s(PPh,NHPh)(PPh.NPh) + 2CO
(3)

The three clusters obey the 18-electron rule. Compound 1 is an analogue of
0s,(CO),;(P'Bu,NH,), which we isolated from the pyrolysis of S(NP‘Bu,) with
0s,(CO),, [6]; the Os;NP framework in 3 is related to the Os,CP framework in
H,0s;(CO),(PEt,CMe), accessible from Os,(CO),, and PEt, [7].

Crystal structures of Os (CO),,(PPh,NHPh) (1) and HOs (CO)(PPh.NHPh)
(PPh,NPh) (3)

The molecular structure of 1 is depicted in Fig. 1 and selected bond distances and
angles are given in Table 2.

The structure of 1 can be regarded as derived from that of Os,(CO),, [8] by
replacing one carbonyl group by the PPh,NHPh ligand which is bound to the Os(1)
atom through the P atom (Os-P bond 2.301(6) ;\). This substitution leaves the
structure of the Os;(CO),, portion virtually unaltered, except that some carbonvls
(both equatonial and axial) undergo slight displacement because of the steric
hindrance of the bulky aminophosphine ligand. The metal triangle is almost
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Fig. 1. View of the Os;(CO);;(PPh,NHPh) molecule with the atomic numbering system (ORTEP
diagram, 50% probability ellipsoids).

equilateral, the Os-QOs distances being 2.855(3), 2.865(2), 2.879(2) A. These dis-
tances agree well with those reported for Os,(CO),, (average value 2.877(3) A).

The structure of 1 is similar to that of Os;(CO),;(P'Bu,NH,) [6] where,
however, the metal-metal bonds are non-equal (2.881(1), 2.900(1), 2.953(1) A and
2.889(1), 2.892(1), 2.925(1) A in the two independent molecules) and the Os—P bond
(2.376(4) and 2.399(4) A in the independent molecules) is much longer than in 1. In
the aminophosphine ligand the P-N and N-C(24) bonds have lengths of 1.72(2)
and 1.39(3) A, and the P-N-C(24) group is almost coplanar with the C(24)-C(29)
phenyl ring (the dihedral angle between them is 173.4°) so that « electron
delocalization can be postulated in all the systems, with the participation of the lone
pair of the amine nitrogen.

The molecular structure of 3 is presented in Fig. 2; seiected bond distances and
angles are given in Table 3.

The structure of 3 can be regarded as derived from that of 1 by replacement of
three carbonyls by the PPh, NPh and hydride ligands. The metal triangle remains
equilateral even through the Os-Os edges (2.798(3), 2.798(3) and 2.801(3) /ﬂ\) are
much shorter than those in 1. The Os(1)-Os(2) edge is doubly bridged by the
hydride, H(1), and by the nitrogen atom, N(2), belonging to the phosphinoamide
ligand which interacts with all three osmium atoms and is also bound to the Os(3)
atom through the P(2) atom (Os(3)-P(2) 2.326(9) /o\). The bridging H(1) and N(2)
atoms are on opposite sides of the metal triangle, displaced from it by 0.79 and
-1.73 A, respectively. Both bridges are symmetrical (Os(1)-H(1) 1.76, Os(2)-H(1)
1.80 A; Os(1)-N(2) 2.24(2), Os(2)-N(2) 2.22(1) A); the Os(1)-H(1)-Os(2) and the
0s(1)-N(2)~0s(2) planes form dihedral angles of 134.3 and 94.2°, respectively, with
the metal triangle.
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TABLE 2

SELECTED BOND DISTANCES (A) AND ANGLES (°) IN THE COMPLEX 1 (with ¢s.d’s in
parentheses)

Os(1)-0s(2) 2.879(2) P-N LI
Os(1)-0s(3) 2.855(3) P-Ci12) [E ST
Os(2)-0s(3) 2.865(2) P--C(18) LR
Os(1)-P 230163 N-C(24 1.39(3)
Os(1)-C(1) [BE ] C{1-00h LA
Os(1)-C(2) Y13y C(2)-02) IR
Os(1-C{3y 1933 Ci31-0(3) Loy
Os(2)-C(dy LER(D) Cidy- 0Oy [T
Os(2)-C(5 1R4(3) (‘(ﬁ) O 5y {IRRIEN
Os(2)-C(6) [V 6)-O(6) T
Os(2)-C(7) 1.90(3) (( 7y~ O(7y LIS
Os(H-C(8) LE713) CERy-O(x; loid)
Os(3)-C(9 LR6¢3 C(9y-0O(% 1804
Os(3)-C(10) 1.94(3) CL -0 iy
Os(3-C(l PR3 ClD-00 Pldid

Os(2)-0s(1)-0s(3)
Os(1)-0s(2)~0s(3)
Os(1)-0s(3)-0s(2)
P-0s(1)-0s(2)
P-0s(1)-0s(3)
P-O«(1)-C(1
P-Os(1)-C(2)
P-0¢(1)~-C(3)
C(L-0s(1)-0s(2)
C{1)-Os(1)-0s(3)
C{H-0s(H)-C(2)
C1H)-0s(1)-C(3)
C(2)-0s(1)~0s(2)
C(2)~0s(1)~-0s(3)
C(2)-0s(1H-C(3)
C(3)-0s(13-0s(2y
C(3)--0s(1)-0s(3)
C(4)-0s(2)-0s(h)
C(y-0s(2)-0s(3}
C(4)-0s(2)-C(5)
C{4)~Os(2)~-C(6)
C{d)~0s(2)-C(7)
C(5)-0s(2)-0s(1)
C(5)-0s(2)-0s(}))
C(5)-0s(2)-C(6)
C(5)-0s(2)-C(7)
C(6)-0s(2)-0s(1)
C(63-0s(2)-Os(3)
C(6)-0s(2)- (N
C(7)-0s(2)-0s(13
C(7)-0s(2)-0s(3)
C(R)~0s(2)-0s(1)

6001y

S9.6(13

60.4(1)

104.0¢2

161.6(2)

96.3(8)

97 1(&)

RE&(7)
158.4(8;
100.8(%)

CERORS!
93.4(10)
93. 77y

T6.2(8)
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90 7Ty
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Os(1y-P-C18y
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Ciiy-P-N
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Os(;) Ceh-O(L
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Os(1)-C3H- O3
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3OSy O3
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The aminophosphine ligand is bound to the Os(1) atom through the P(1) atom as
in 1, but the Os(1)-P(1) distane (2.371(10) A) is longer than the one f‘pund in 1. The
P(1)-N(1) and N(1)-C(21) bond distances are 1.68(3) and 1.39(3) A. respectively.
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SELECTED BOND DISTANCES (A) AND ANGLES (°) IN THE COMPLEX 3 (with es.d.’s in

parentheses)

Os(1)-0s(2)
0s(1)-0s(3)
0s(2)-0s(3)
Os(1)-P(1)
Os(1)-N(2)
Os(1)-C(1)
Os(1)-C(2)
Os(2)-N(2)
0s(2)-C(3)
0s(2)-C(4)
Os(2)-C(5)
Os(3)-P(2)
Os(3)-C(6)
Os(3)-C(N)
O(3)-C(8)
P(1)-N(1)

Os(2)-0s(1)-0s(3)
Os(1)-0s(2)-0s(3)
0s(1)-0s(3)-0s(2)
P(1)-Os(1)-0s(2)
P(1)-Os(1)-0s(3)
P(1)-0s(1)-N(2)
P(1)-0s(1)-C(1)
P(1)-0s(1)-C(2)
N(2)-0s(1)-0s(2)
N(2)-0s(1)-0s(3)
N(2)-0s(1)-C(1)
N(2)-0s(1)-C(2)
C(1)-0s(1)-0s(2)
C(1)-0s(1)0s(3)
C(1)-0s(1)-C(2)
C(2)-0s(1)-0s(2)
C(2)-0s(1)-0s(3)
N(2)—0s(2)-0s(1)
N(2)-0s(2)-0s(3)
N(2)-0s(2)-C(3)
N(2)-0s(2)-C(4)
N(2)-0s(2)-C(5)
C(3)-0s(2)-0s(1)
C(3)-0s(2)-0s(3)
C(3)-0s(2)-C(4)
C(3)-0s(2)-C(5)
C(4)-0s(2)-0s(1)
C(4)-0s(2)-0s(3)
C(4)-0s(2)-C(5)
C(5)~0s(2)-0s(1)
C(5)-0s(2)-0s(3)
P(2)-0s(3)-0s(1)
P(2)-0s(3)-0s(2)
P(2)-0s(3)-C(6)
P(2)-0s(3)-C(7)
P(2)~-0s(3)-C(8)

2.798(3)
2.798(3)
2.801(3)
2.371(10)
2.2402)
1.93(2)
1.85(4)
2.22(1)
1.94(3)
1.87(3)
1.96(3)
2.326(9)
1.87(4)
1.87(3)
1.97(4)
1.68(3)

60.1(1)
60.0(1)
60.0(1)

106.6(2)

166.5(2)
98.6(5)
97.4(10)
91.5(10)
50.8(4)
74.6(5)

104.0(12)

163.4(10)

146.9(11)
95.6(11)
87.7(13)

113.6(9)
92.8(10)
51.5(5)
74.8(5)
98.8(1)

102.4(12)

162.4(9)

110.4(10)

170.3(9)
97.2(13)
93.2(13)

143.7(10)
91.4(11)
88.7(13)

112.1(8)
91.5(9)
71.5(2)
70.5(2)
96.7(11)

101.5(12)

161.8(12)

P(1)-C(9)
P(1)-C(15)
N(1)-C(21)
PQ)-N©)
P(2)-C(27)
P(2)-C(33)
N(2)-C(39)
C(1)-0)
C(2)-0(2)
C(3)-003)
C(H-04)
C(5)-0(5)
C(6)-0(6)
C(N-0(
C(R)-08)

C(6)-0s(3)-0s(1)
C(6)-0s(3)-0s(2)
C(6)-0s(3)-C(7)
C(6)-0s(3)-C(8)
C(7)-0s(3)-0s(1)
C(7)-0s(3)-0s(2)
C(T)-0s(3)-C(8)
C(8)-0s(3)-0s(1)
C(8)-0s(3)-0s(2)
N(1)-P(1)-0Os(1)
N(1)-P(1)-C(9)
N(1)-P(1)-C(15)
C(9)-P(1)-0s(1)
C(9)-P(1)-C(15)
C(15)-P(1)-0s(1)
P(1)-N(1)-C(21)
P(2)-N(2)-0s(1)
P(2)-N(2)-0s(2)
P(2)-N(2)-C(39)
C(39)-N(2)-0s(1)
C(39)-N(2)-0s(2)
0s(1)-N(2)-0s(2)
N(2)-P(2)-0s(3)
N(2)-P(2)-C(27)
N(2)-P(2)-C(33)
C(27)-P(2)-0s(3)
CQ27)-P(2)-C(33)
C(33)-P(2)-0s(3)
Os(1)-C(1)-0(1)
0s(1)-C(2)-0(?)
0s(2)-C(3)-0(3)
0s(2)-C(4)-0(4)
0s(2)-C(5)-0(5)
0s(3)-C(6)-0(6)
0s(3)-C(T)-0(7)
0s(3)-C(8)-0(8)

1.78(2)
1.81(3)
1.39(4)
1.73(2)
1.84(3)
1.84(2)
1.43(4)
1.10(3)
1.13(5)
1.10(4)
1.14(4)
1.09(3)
1.12(5)
1.18(4)
1.11(5)

159.4(11)
100.6(11)
99.5(16)
93.5(16)
99.3(12)
159.1(12)
91.7(16)
94.1(12)
92.8(12)
113.5(8)
106.9(13)
104.2(13)
114.8(10)
104.4(13)
112.1(10)
130.5(19)
98.1(9)
97.4(9)
123.0(19)
121.9(16)
127.5(16)
77.7(6)
97.8(8)
110.5(11)
108.5(13)
117.6(9)
96.9(14)
125.4(10)
171(3)
177(3)
173(3)
172(3)
178(3)
178(3)
176(3)
176(4)
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Fig. 2. View of the HOs3(CO)«(PPh; NHPhyPPh,NPh) molecule with the atomic numbering svstem
(ORTEP diagram. 40% probability cllipsoids)

and as in 1 the P(1)-N(1)-C(21) group is almost coplanar with the C(21)-C(26)
phenyl ring (the dihedral angle being 170.5°).

The structure of 3 can be compared with that of HOs,(CO)4(P'Bu,NHS) [6]. in
which the P'Bu,NHS interacts with the metals through the P atom 10 one Os atom
and through the S atom to the other two. In this case the hydride does not bridge
the same edge as the S atom. and the Os-Os distances in the cluster are very
different: 3.048(1) (hydride bridge). 2.753(1) (sulphur bridge). 2.895(1) A (no
bridge).

Experimental

The reactions were carried out under dry nitrogen and with anhydrous and
N,-saturated solvents. For the preparative thin-layer chromatography plates with
Merck Kieselgel 60 GF 254 were employed. Spectra were recorded with the
following instruments: IR: Perkin-Elmer 297 (solutions) and Beckman 4240 (K Br).
'H and *'P NMR: JEOL FX 90Q. MS: Varian MAT CH7.

Pyrolysis of B,H,N,P,Ph; with Os (COj),,

A solution of 190 mg (0.25 mmoly B,H,N,P,Ph, [4] and 160 mg (0.25 mmol)
Os,(CO),, in 30 ml acetonitrile was placed into a pressure vessel and heated to
130°C for 15 h. The solvent was then evaporated and the residue dissolved in 3 ml
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CH,C1, and separated by TLC (60% cyclohexane, 40% dichloromethane). The two
yellow main bands were taken off and extracted with CH,Cl,. The extracts were
again subjected to thin-layer chromatography: the first fraction (upper band) with a
mixture of 95% cyclohexane and 5% dichloromethane as eluant, and the second
fraction (lower band) with a mixture of 60% cyclohexane, 20% dichloromethane and
20% diethyl ether as eluant. In the first case the main band gave upon extraction
with CH,Cl, pure 1; in the latter case two yellow bands were separated, and after
extraction with CH,Cl, these gave 2 and 3. 1 was recrystallised from pentane
(orange crystals, yield 40 mg, 14%), 2 from dichloromethane (yellow crystals, yield
40 mg, 11%), and 3 from a dichloromethane /pentane mixture (pale yellow crystals,
yield 30 mg, 9%).

Synthesis of 1 and 2 by ligand exchange reactions

A solution of 0.25 mmol Os;(CO),;(NCMe)} [9] or Os,(CO),,(NCMe), [9], and
300 mg (1.1 mmol) PPh,NHPh [10] in 50 m]l CH,Cl, was stirred at room tempera-
ture. After 15 h the solvent is evaporated and the residue dissolved in 5 ml CH,Cl,
and subjected to TLC (60% cyclohexane, 40% dichloromethane). The main band
was extracted with CH,Cl,, and the product recrystallised from pentane or dichlo-
romethane, respectively. Yields: 1 225 mg (78%) and 2 235 mg (67%).

Synthesis of 3 by pyrolysis of 2

A solution of 175 mg (0.125 mmol) 2 in 30 ml acetonitrile was heated to 130°C in
a pressure vessel. After 15 h the solvent was evaporated, and the residue dissolved in
5 ml CH,Cl, then separated by TLC (60% cyclohexane, 40% dichloromethane). The
second band was taken off and the product extracted with CH,Cl,; 3 crystallised
out after concentration of the solution. Yield: 55 mg (32%).

X-Ray data collections, structure solutions and refinements

Crystal data and data collection parameters for the two compounds are given in
Table 4. Unit cell parameters were obtained by least-squares refinement of the
values of 30 carefully centered reflections. The intensity of one standard reflection
was measured after 50 reflections as a check on crystal and instrument stability. No
significant change in the measured intensities was observed during the data collec-
tion for 3, while a decline of about 34% was observed during the time required to
collect the data of 1. A correction for this decay was applied by scaling the
intensities of the standard reflection appropriately. A correction for absorption
effects was applied to the data of 1 and 3 [11] (maximum and minimum transmis-
sion factor values: 1.192 and 0.8137 for 1, 1.1564 and 0.8334 for 3).

Both structures were solved by direct and Fourier methods and refined by
full-matrix least-squares using the SHELX system of programs [12] with initally
isotropic and then anisotropic thermal parameters for the Os,P,O,N and carbon
atoms of the carbonyl groups for 3 and for the Os, P, O and N atoms for 1. The
final Fourier difference map for 3 revealed the presence of solvent molecules
(pentane), but disordered and distributed in several positions, so that neither the
number nor the occupancy factors could be determined precisely. The hydrogen
atoms (except for the hydridic one in 3 clearly localized in the A F map) were placed
at their geometrically calculated positions and included in the final structure factor
calculations with isotropic thermal parameters. The atomic scattering factors, cor-
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TABLE 4

EXPERIMENTAL DATA FOR THE X-RAY DIFFRACTION STUDY OF THE COMPLEXES 1
AND 3

1 R
Formula CyoH{(NO,;0sP Cae H o NLOLOs, P,
Crystal system monoclinic rhombohedral
Space group P2, /C R3
a (A) 21.881(12) 2114390
b (A 8.887(6)
¢ (A) 16.348(9)
a(®) 90 106.89(3
B (%) 9&.91(2)
Y (%) 90
v (AY) 3141(3) TRYS(T
7z 4 &
F(000) 2112 3792
Do (gem ) 2.445 1.763
Mol wt 1156.020 1345293
Cryst.dimens (mm) 0.39x0.47x0.49 { (380,37
Linear absorption, (cm ') 122.34
Diffractometer Siemens AED
Scan type 0,26
Scan speed 3--12°0 /min
Scan width {6 —0.55]— [0 +(0.55+0.3461g6)]°
Radiation Nb-filtered Mo-K (A 0.71073 A)
26 range (°) 5-44 648
Reflections measured + h ok = hoki
Std reflen 1 measured after every 50 reflections
Unique total data 4017 8188
Unique obsd data [7 > 26(T)] 22RR 4063
No. of variables 261 352
R 4.56 4.90)
R, 4.95 372

“ All data refer to the complex 3 without solvent molecules, as the number of them is not definite.

rected for anomalous dispersion, were taken from ref. 13. The function minimized in
the least-squares calculations was Xw |AF |?; unit weights were chosen in all the
stages of the refinement for 3 and in the first stages in 1. then weights were applied
according to the scheme w = K/[a”(F,) + gF;’] with K =0.6235 and g=0.00144.

Final atomic coordinates for the non hydrogen atoms of 1 and 3 are given in
Tables 5 and 6, respectively. Calculated coordinates {or the hydrogen atoms in 1
and 3. coordinates for the pentane molecules in 3, thermal parameters for the
non-hydrogen atoms of 1 and 3, and observed and calculated structure factors for
both structures are available from the authors on request.

All calculations were performed on the CRAY X-MP /12 computer of the Centro
di Calcolo Elettroriico Interuniversitario dell’Italia Nord-Orientale, Bologna and on
the GOULD-SEL 32/77 computer of the Centro di Studio per la Strutturistica
Diffrattometrica del C.N.R., Parma.
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TABLE 5

FRACTIONAL ATOMIC COORDINATES (X 10%) (with e.s.d.’s in parentheses) FOR THE NON-HY-
DROGEN ATOMS OF COMPLEX 1

Atom x y z

Os(1) 2129(1) 2339(1) 2639(1)
0Os(2) 1515(1) —526(1) 2637(1)
0s(3) 1019(1) 1795(1) 1510(1)
P 3060(3) 1963(6) 3483(4)
o) 2282(9) 5691(19) 2427(13)
0(2) 2643(8) 1839(20) 1025(10)
0(3) 1509(9) 2760(23) 4170(12)
o4 2117(10) —2218(26) 4145(15)
O(5) 767(10) —3049(25) 1823(16)
O(6) 2562(9) —1384(19) 1720(12)
o7 493(9) 420(23) 3622(11)
O(8) —277(11) 846(32) 758(15)
0% 1194(11) 4575(26) 497(13)
0(10) 1573(10) —287(21) 309(11)
O(11) 476(9) 3665(26) 2777(13)
N 2978(8) 908(20) 4342(10)
C) 2220(11) 4429(30) 2506(15)
C(2) 2415(11) 1973(27) 1609(16)
C@3) 1743(11) 2570(28) 3619(15)
C4 1873(13) —1614(32) 3576(18)
C(5) 1019(12) —2033(31) 2126(16)
C(6) 2169(13) —971(31) 2038(17)
C(7) 872(12) 163(29) 3204(16)
C(®) 224(15) 1144(36) 1058(20)
C©9) 1093(13) 3509(35) 880(18)
C(10) 1366(12) 476(31) 756(17)
c(11) 687(12) 2935(30) 2316(16)
C(12) 3459(10) 3654(26) 3923(14)
Cc(13) 3116(11) 4517(28) 4393(15)
C(14) 3396(12) 5803(30) 4825(16)
C(15) 3962(12) 6247(21) 4716(16)
C(16) 4297(12) 5397(29) 4204(16)
c(17n 4036(12) 4071(31) 3842(16)
C(18) 3636(10) 989(25) 2974(13)
C(19) 3847(12) 1642(30 2322(16)
C20) 4227(11) 853(28) 1887(15)
Cc@1 4366(12) —693(31) 2070(16)
C(22) 4141(11) —1334(28) 2716(15)
C(23) 3768(10) —530(26) 3159(14)
C(24) 3422(10) 543(24) 5016(13)
C(25) 3198(10) —219(25) 5656(13)
C(26) 3612(12) —624(29) 6371(16)
C@27 4232(10) —365(26) 6431(14)
C(28) 4458(10) 410(26) 5753(14)

C(29) 4041(10) 868(25) 5090(13)
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TABLL 6

FRACTIONAL ATOMIC COORTHNATES ( x 10 (with ex.d s in parenthesest FOR THE NON-HY
DROGEN ATOMS OF COMPLEX 3

/\t(ms

THORY
9O 1S,
9658(16;
8208175 A12(16)
[d41(13 ST
837218 IRIGEE
QU231 R 448Ky
HIZR(2L 4493(21)
924718 IRTHL
TRILLG) 3204(1¢6)
”Hk:(h 1952(1%
Cley T082(15) II2LS)
L7y 643N IR (1Y
LR 593919 P4
C{1N 397519 Y719
C20 659516 1276(16)
(21 704114 i
2y ()7(>U(14) 06014
{23 628318 30L&y
C(24) 6URD(19 333019
{25 62493 (149, 237619
[ ( H GE3G(L T 309&8(16)
27y 96713 [T ET N
,(?8) 1003218 TRA1R
C(29; 1019% 1% SO0(1 9
C{30y 993220 786(20
(RIS 950120 VISt
T3y 932317y 1322017
C(33 10304(15) 216515
C(34) TOTO2(IR) AR
(3% 11379021 2743040
C36) 11624025

{3

. -
RAT2U 1Y 3(1)

TR 618(11

89111} 420(1

TRET(4) 2304

9434¢4) 138R(4)

ELRRISTO 24281

THE4(13) SIS

6649(12)
SO6R(ID
6686{13;
CISWIES]
LGLO2(15)

1077 14

4
TIKTIL6) 7 A LRE RIS

: 24571 ARd
R7S0010y

9364016}
<17<(14x

«\()Hé»( 15

11266235

1694(9) RICE
2108¢1 % !
1086(14)
595(14)
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TABLE 6 (continued)

Atom X y z

C(38) 10568(17) 2672(17) 3684(17)
C(39) 8803(13) 2335(14) 3091(14)
C(40) 8415(16) 2294(16) 2419(16)
C(41) 8445(15) 2890(16) 2295(16)
C(42) 8872(19) 3565(19) 2895(19)
C(43) 9271(17) 3618(17) 3552(17)
Ca4) 9241(14) 3005(15) 3691(14)
Acknowledgements

Financial support by the Deutsche Forschungsgemeinschaft and the Fonds der
Chemischen Industrie (to G.S.-F.) is gratefully acknowledged.

References

1 J. Lewis and B.F.G. Johnson, Gazz. Chim. Ital., 109 (1979) 271.
2 R.D. Adams, Acc. Chem. Res., 16 (1983) 67.
3 AJ. Deeming, in. B.F.G. Johnson (Ed.), ‘Some Reactions of Metal Clusters’, ‘ Transition Metal
Clusters’, Wiley, Chichester, 1980.
4 G. Siuiss-Fink, Chem. Ber., 119 (1986) 2393.
5 B.F.G. Johnson, J. Lewis, B.E. Reichert and K.T. Schorpp, J. Chcm. Soc., Dalton Trans., (1976) 1403.
6 W. Ehrenreich, M. Herberhold, G. Siiss-Fink, H.-P. Klein and U. Thewalt, J. Organomet. Chcm., 248
(1983) 171.
7 A.J. Deeming and M. Underhill, J. Chem. Soc., Dalton Trans., (1973) 2727.
8 M.R. Churchill and B.G. De Boer, Inorg. Chem., 16 (1977) 878.
9 B.F.G. Johnson, J. Lewis and D. Pippard, J. Chem. Soc., Dalton Trans., (1981) 407.
10 W. Wiegribe and H. Bock, Chem. Ber., 101 (1968) 1414.
11 N. Walker and D. Stuart, Acta Cryst., A39 (1983) 158.
12 G.M. Sheldrick, System of Crystallographic Computer Programs, University of Cambridge, 1976.
13 International Tables for X-Ray Crystallography, Kynoch Press, Birmingham, England, Vol. IV, 1974,



