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Abstract

The reaction of Os ,(CO)¢( u-1), with P(dba}PPh ), or P(PhCCPhXPPh,), affords three novel complexes Os,(CO), _ ( n-D,(PPh;),
[n=1(2), n=2 (4)] and OsPt,(CO),( u-COX p-D,(PPh,), (3). 2 and 3 were characterized by X-ray analysis. The isotopically pure
]87052(CO)6( p-I), was also used in the synthesis of the corresponding complexes 2'—4' to study their structures in solution. It was
determined that the OsPt,(CO),( u-COX u-D,(PPh,), cluster is symmetric in solution whereas in the solid-state it has an asymmetric
structure which may be explained by the different disposition of the u-I ligands around the OsPt,-triangle. 'J(Os—Os), *J(Os—P),
'J(Pt-Pt), ' J(Pt—P), and *J(P-P) coupling constants have been determined. © 1997 Elsevier Science S.A.
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1. Introduction

One of the most logical strategies for the synthesis of
heterometal cluster complexes is to build them using
low-nuclear fragments, for example by the addition
reaction of a coordinatively unsaturated metal fragment
across a metal-metal bond or the substitution reaction
of anionic ligands by a carbonyl metalate anion [1].
These methods have been successfully used by us in the
synthesis of the iron—osmium clusters Os, Fe(CO),,( -
X), (X =OH, D starting from binuclear carbonyl os-
mium halides [2].

The present paper is devoted to the synthesis and
structural study of the homo- and heteronuclear com-
plexes Os,(CO)¢_ ( u-1),(PPhy), [n=1(2), n =2 (4)]
and OsPt,(CO),( u-CO)X p-D),(PPh,), (3), resulting
from the reaction of Os,(CO)(u-1), with
Pi(dba)(PPh,), (dba = dibenzelidenacetone) or Pt(PhC-
CPh)(PPh,),. The isotopically pure '*’Os,(CO)/( u-1),
was used as the starting complex as well as the com-
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pound with a natural isotope content. The presence of
several magnetically active nuclei C'p, "0s, Py in
the compounds makes NMR an effective method for
studying their structures in solution. Furthermore, when
introducing the magnetically active '° Os isotope into
the complexes, we hoped to obtain novel data on #7105
NMR, in particular to determine 'J(**’0s—"*'0s),
L1(*¥0s-Pt), 2J(**’0s-P), and *J(**’0s—P) coupling
constants.

2. Results and discussion

The mononuclear complexes Pt(dba)(PPh,), and
P(PhCCPh)}(PPh,), were used for the synthesis of a
platinum-osmium heterometal cluster using
0s,(CO)((u-I), as the starting building block. The
analogous Pt(alkene)(PPh,), complexes have been used
extensively in the synthesis of heterometallic platinum-
containing clusters [3].

The interaction of Os,(CO)((u-D, (1) with one
equivalent of Pt(dba)(PPh,),), obtained in situ at room
temperature, results in a single compound, which de-
composes during chromatography on silica. At 80°C,
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this reaction affords two novel complexes which may be
separated by chromatography:

2PPh,, 20°C 05,(COXI, 80°C
Pt(dba), —  Pi(dba)(PPh,), = —
benzene ) benzene
(CO),(PPY)
I
o] N (1)
(0C),0: Os(C0),
7 \ (PPRyP: PyPPR,)
PPk, co
2)
3

The mass spectrum of the main product displays the
parent ion at m/z 1040 (on 20s) with a subsequent
loss of five CO ligands, corresponding to
0s,(CO),(PPh, X 1), (2). IR and *' P{' H} spectral data
(see Section 3 and Table 1) correlate well with this
formulation. The structure of this complex was solved
conclusively by X-ray analysis (Fig. 1).

The crystal structure of Os,(CO)(u-I), (1) was
previously described in Ref. [4]. Compound 2 is a
product of the substitution of the carbonyl group dis-
posed along the Os—-Os vector in 1 by the PPh, ligand.
The geometrical characteristics of 1 and 2 such as
0s-0s, Os-1, Os—C bond lengths, and angles between
Os, 1 planes, differ insignificantly.

Apart from stretching bands about 2000cm ™', the IR
spectrum of 3 displays a CO stretching band at
1766 cm ™" implying the presence of at least one bridg-
ing or semibridging CO group. It is impossible to obtain
more detailed information on the complex from IR
spectra. Also, the mass spectrum of this compound, in
contrast to that of 2, does not contain the expected

Table 1

'P('H} and '’Pt{' H} NMR spectra of Os,(CO)5(PPh,) u-1), (2),
05,(CO),(PPh),( u-D), (), and PL,OS(CO),( u-COXPPh,),( D),
(3) and their '*’Os-labeled analogues in CDCI,

Compound &(P) * 8(P) ®  Coupling constants (Hz)

2(2) 8.6 ' J(0s—P)= 2189
2 J(Os-P) = 12.6
'J(0s—0s) = 21.7 or 5.4,
2J(0s—P)=5.7 <,
*J(P-P)=5.40r21.7,
'J(Os—P)=217.4°¢
33) 39[P(3)] —4396 'J(Pi-P)=5728
42,8 [P(1,2)] 2J(P—P) = 615 [P(1), P(2)] ¢
2 J(Pt-P) = 34 [P(3)]
' J(0s~P) = 219 [P(3)]
2 J(0s~P) = 13 [P(1), P(2)]
*J(P-P) = 35
" J(Pt—PV) = 3550 + 50

195

44) 8.6

Relative to 85% H,PO,.

Relative to 2M H, PtCl, solution in 2M HCL
The signs of ' J(Os,P) and *J(Os,P) are opposite.
2JPLP(1)), *J(PLP(2)) > 0

=S Y

Fig. 1. Molecule Os,( u-1),(CO)s(PPh,) (2) (50% probability ther-
mal ellipsoids when possible).

parent ion. Because of this, the main structural informa-
tion was obtained from the X-ray analysis.

The molecular structure of 3 is shown in Fig. 2. Only
a few cluster compounds with OsPt, and RuPt, cores
have been structurally characterized previously:
MPt,( u-CO),(PPh,),(CO), (M = Os, 5a [5]; M=Ru,
5b, [6]), RuPt,( u-CO),(PMePh,),(CO), (6 [7]) and
OsPt,( u,n*-CH,CCCH;X(PPh,),(CO); (7 [8]D. All
these, except for the latter, contain the Pt( u-CO)Pt
fragment. The molecular structures of 5a and 6 seem to
be similar to that of 3. But there is a difference in their
electronic structures. In 5 and 6 every u-CO ligand at
the Os—Pt bond donates two cluster valence electrons
(CVE) to the cluster core [9)], whereas in 3, u-I ligands
donate three CVE each. Therefore 3 has a different

Fig. 2. Molecule OsPt,( u-COX p-),(CO),(PPh;); (3) in projection
on OSPt, plane (40% probability thermal ellipsoids).
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Table 2

Bond distances for 3-3C¢H,,

Atoms Bond length (A) Atoms Bond length (A)
Os(1)-P(1) 2.796(2) Os(1)-C(11) 1.75(4)
Os()-Pi(2) 2.852(2) Os(1)-C(12) 1.87(3)
Pt(1)-Pt(2) 2.685(2) Pt(1)-C(12M) 1.97(3)
Os(1)-I(1) 2.769(2) Pt(2)-C(12M) 1.94(3)
Os(1)-12) 2.787(2) c(11)-0011) 1.24(3)
P(1-I1)  2.694(2) C(12)-0(12) 1.13(3)
P{2)-I(2) 2.745(2) C(12M)-0O(12M) 1.17(3)
Os(1)-P(3) 2.380(8) C(18)-C(28) 1.38(7)
Pt(1)-P(1)  2.248(8) C(29)-C(3S) 1.50(11)
Pt(2)-P(2) 2.250(8) C(38)-C(38)?  1.07(13)

* Atom is transformed by symmetry operation 1 — x, 1 — y, — z.

number of CVE to 5a and 6: 46 (18 from ligands, 8
from Os and 2 X 10 from Pt) and 44 (16 from ligands, 8
from Os and 2 X 10 from Pt) respectively. All these
clusters are electron-deficient compounds since a trian-
gle metal core must have N =48 according to the
effective atomic number (EAN) rule [10].

The different electronic structures of 3 and 5a and 6
mentioned above cause differences in the ligand coordi-
nation sphere: in Sa and 6 the PPh; ligand at the Os
atom occupies an axial position with respect to the
OsPt, plane and all u-CO lie practically in this plane;
however, in 3, all PPh; ligands are in the equatorial
position and both u-I lie in the semiaxial and axial
positions.

The most interesting feature of complex 3 is that the
-1 ligands are coordinated asymmetrically: the angles
between the OsPt, and OsPtl planes are 42° and 85° for
I(1) and I(2) respectively; the bond lengths in
Os(1Pt(1I(1) and Os(1)P(2)I(2) triangles are also dif-
ferent (Table 2). Compounds 5a,b and 6 are more
symmetrical when compared with 3: the difference be-
tween the two Os—Pt bond lengths are 0.056(2) A,
0.009(1) A, 0.007(1) A and 0.022(2) A for 3, 5a,b and 6
respectively. A possible reason for this is, in our opin-
ion, the disposition of the PPh, ligands. These ligands
at Pi(1) and Pt(2) lie asymmetrically with respect to the
line between the Os atom and the center of the Pt—Pt
bond (Fig. 2). They have a different conformation: the
angles between the phenyl ring planes are 88.6, 64.6,
95.0° and 108.7, 62.8, 109.5° for P(1)Ph; and P(2)Ph,
respectively. A possible reason for this is the steric
hinderance between the bulky w-I and PPh, groups in
the same molecule along with the intermolecular
C(Ph) - - - C(Ph) contacts of 3.40-3.50 A. It should be
taken into account that the equatorial coordination of
the PPh, ligand at the Os atom may also cause a steric
‘pushing’ of the u-I ligands out of OsPt, plane. In the
molecular structure of 3 there are some C(Ph)- - -1
contacts shorter than the sum of van der Waals radii
(3.8 A [11D: I(1) --- C(116) of 3.664 and
I(2) - - - C(336) of 3.738 A. In brief, we conclude that

the asymmetrical turning of the PPh; ligands through
the intramolecular interactions results in the asymmetri-
cal coordination of the iodine atoms. The latter may be
a reason for differences in the Os—Pt, Os—I and Pt-I
bond lengths. As for compounds 5a and 6, they have the
equatorial u-CO ligands symmetrically coordinated to
both Os—Pt bonds in agreement with the larger symme-
try of the OsPt, triangle.

A possible reason for the formation ui ic lage
amount of 2 in high yield during the reaction might be
the facile substitution of CO by PPh,, which is present
in a free state in the solution due to the preparation of
Pt(dba)(PPh;), in situ from Pt(dba), and PPh;. To
avoid this, the reaction of Os,(CO)¢(u-1), was con-
ducted using Pt(PhCCPh)(PPh,),. However, this reac-
tion again results in a large amount of 2 together with 3
and one new product whose IR spectrum contains
stretching bands of terminal CO groups only. The mass
spectrum of this product displays the parent ion at
m/z 1274 (on "*?Os) with the subsequent loss of four
CO ligands, correspondlng to 0s,(CO),( u-D,(PPh,),
(4). The *'P{'H} spectrum reveals a singlet whose
chemical shift (8.63 ppm) almost coincides with that of
2. This fact proposes that the phosphine ligands coordi-
nate to different osmium atoms:

0s,(C0)1,. 80°C
Pt(PhCCPh)(PPh.,), >

benzene
Os(CO),(PPh3)
I I + I / N
- ()
(0020314\1’0«00)2 (PPhy) PyPPR)
7 X ~—
K PP, co
L=CO () 3)

PPh, (4)

The analysis of reactions 1 and 2 permits the sugges-
tion that complex 2 is not the product of the direct
substitution of CO by PPh; in Os,(CO)( u-I),. The
product is more likely to be that of the decomposition of
an intermediate ‘Os,Pt(CO)(PPh,),( u-1),” forming in
the first step of the interaction of Os,(CO)¢( u-1), with
Pt(dba)(PPh,), or P{PhCCPh)(PPh,),.

"*70s-labeled analogues (2’ 4’) of complexes 2-4
were obtained starting from ' OSZ(CO) (u-D, for a
more effective study of their structures in solution by
NMR techniques.

The chemical shifts of the phosphorus atoms in
clusters 2, 4, 2, and 4' are essentlally the same within
experimental error (8 8.6ppm). *'P{'H} spectra of 2
and 4 are singlets. The small downfield shift of the
PPh, ligand resonance with respect to that of free
triphenylphosphine [12] (A8 15.1 ppm) is consistent
with the coordination of PPh; to the osmium atom
[8.13].
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The *' P{'H} spectra of 2' and 4’ are more informa-

tive and allow a determination of the nuclearities of the
compounds. Thus, the *'P{'H} spectrum of 2’ is a
doublet of doublets, corresponding to the ASX (A =P)
spin system due to the presence of the P—Os—Os unit in
the molecule. The measured values of 'J(Os—P) and
J(Os P) are given in Table 1. The magnitude of
'J(0s-P) (218.9Hz) is close to coupling-constants pre-
viously determined in the complexes OsH (PEt,Ph),
and cis-OsCl,(CO),(PBuPr,), (166Hz and 149.3Hz
respectively) [14].

According to the classification ]E) ?osed by Bemn-
stein, Pople and Schneider [15] the *"P{ H} spectrum of
4' is ascribed as that of a AAXX' spin system due to
the presence of the P-Os—Os—P unit containing four

T T T T T T
6.0 7.0 8.0 9.0 10.0 11.0

ppm

Fig. 3. Expenmental (CDCl,, room temperature) (A) and simulated
(B) *'P{'H} NMR spectra of 4'.

magnetically non-equivalent nuclei. The spectra of this
type are characterized by the identical A- and X-sub-
spectra containing ten separate peaks. The analysis of
the distances between peaks of the outer and inner
quartets in the *' P{' H} spectrum of 4' makes 1t possible
to determine four auxiliary parameters: L ="J(POs) —
J(POs) K= J(OsOs) +°J(PP), M ='J(0OsOs) —
J(PP) N= J(POS)+ J(POs). Based on these it is
possible to calculate all four characterizing spectrum
coupling constant analyses of the second-order spectrum
by a common method [15). It is appeared that the
' J(Os—P) and >J(Os—P) cou Iphng constants (Table 1) to
be opposite in sign. The J(Os—P) value in 4 was
chosen by coincidence with that of ' J(0s-P) in 2' The
remaining two coupling constants ' J(Os—Os) and *J(P-
P) are assigned as 21.7Hz and 5.4Hz respectively.
However, in this case it is impossible to make an
unambiguous assignment of the coupling constant val-
ues. The validity of the analysis is confirmed by the
close correspondence of the experimental spectrum to
that simulated on the basis of the measured parameters
(Fig. 3).

The method of analysis of the platinum compound
spectra is based on the fact that the real spectrum is a
superposition of the spectra corresponding to iso-
topomers arising from the statistical distribution of Pt in
the different sites in the molecule. For molecule 3, with
two platinum atoms, the 1sotopomer content is as fol-
lows: 44% of molecules contam no '>Pt nuclei (3a), in
44.6% one of the atoms is a *>Pt nucleus (3b), and in
11.4% both atoms are '*>Pt nuclei (3¢).

For convenience, let the platinum and phosphorus
atoms in cluster 3 (CO, I ligands and Ph groups are
omitted for clarity) be numbered as follows:

P3

o N,

It is apparent from the spectrum of 3 (Fig. 4) that the
molecule contains two types of PPh, (639 and
42.8 ppm) in a 1:2 ratio. The multiplet with & = 3.9 can
be assigned to the PPh, group coordinated on the
osmium atom [P(3)], and the second multiplet corre-
sponds to the triphenylphosphine groups coordinated to
the platinum atoms (P(1) and P(2)). For phosphine
groups coordinated to platinum atoms the resonances of
the PPh, phosphorus atom are generally shifted down-
field 25-70 ppm relative to the free ligand [8,16-21].
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The doublet splitting of the most intense resonance,
corresponding to the P(1) and P(2) nuclei of isotopomer
3a allows the immediate determination of *J(P(1,2)-
P(3)) = 35 Hz. The significant difference in the P(1)
and P(2) chemical shift relative to that of P(3) makes it
possible to interpret the spin systems of 3a, 3b and 3¢
as AM, AAMX, and AAMXX' (X = Pt) respectively.
Thus, the subspectra of the P(1)-Pt(1)-Pt(2)~P(2) unit
of isotopomers 3b and 3¢ are reduced to spectra of the
AAX and AAXX' types in which each component is
further split to a doublet on the P(3) sPin. The pseudo
first-order of the *'P{'H} and '"Pt{'H} spectra for
isotopomer 3b caused by the high magnitude of ' J/(Pt—P)
[22] permits the determination of all coupling constants
except that of 'J(PtPt). The value of the latter and the
relative signs of 'J(Pt-P) and *J(Pt-P) were estab-
lished from '*Pt{'H} spectra of isotopomer 3¢ (Table
1).

All components in the *' P{'H} spectrum of cluster 3'
are further split to doublets by the '*’Os nucleus spin.
The measured values of the '*’Os—’P coupling con-
stants are given in Table 1. Unfortunately, the ' J(Pt—Os)
coupling constant failed to be established owing to the
low resolution of the '*>Pt{'H} spectrum (see Section
3). However, it is apparent that its magnitude does not
exceed 10Hz. The small value of 1J(Pt—Os.) might be
caused by a strong trans-influence of the triphenylphos-
phine groups which are coordinated on Pt in 3 practi-
cally trans to the PtOs bonds (PPtOs angles are 154 and
164°). The validity of the analysis is confirmed by a
good agreement between the experimental and calcu-
lated spectra.

The data in Table 1 deserve further comment. The
chemical shift of Pt in cluster 3 falls into the region
which is characteristic of a formal charge on the plat-
inum atom of (0) [13]. According to X-ray analysis data
for 3, Pt(1) and Pt(2) as well as P(1) and P(2) atoms
have a different symmetry in the solid-state. The equiv-
alence of the chemical shifts and coupling constants
from the NMR spectra is indicative of the identical
environments of the corresponding phosphorus and plat-
inum atoms in solution. We propose that the cluster
symmetry in solution is effectively increased by rapid
dynamic processes such as intramolecular vibrations or
an exchange of the ligands. A stereochemical non-rigid-
ity of metal carbonyl clusters is observed quite often
[23,24].

A correlation between a 'J(PtP) magnitude and the
Pt—P bond distance has been previously reported in
phosphine Pt(IV) and Pt(II) complexes [25] and in
dimeric P«I) complexes with a bridging ddpm ligand
[26]. We have decided to reveal the presence of such a
correlation for complexes in which platinum has a zero
formal oxidation state. Numerous data on the 'J(PtP)
constants, mostly concerning cluster Pt(0) complexes
[17,18,22,27-32], provide this. The results are given in

6000 -

5000

40007

J(PtP), Hz

3000

1000 :ﬂﬂ-n-n—rﬂ-h-rrrh-rrmﬂ-rv-rﬁ-rrmm-n-n-rn-n—rm-n
215.0 220.0 225.0 ,230.0 235.0 240.0
d(PtP), Ax100

Fig. 5. Correlation of 'J(Pt—P) values with Pt—P bond distances for
Pt(0) cluster compounds. Dotted sign denotes OsPt,( u-COX u-
1),(CO),(PPh,), (this work).

Fig. 5. In spite of the significant point spread of the
plot, caused by a high sensitivity of the coupling con-
stants to a relative disposition of substituents around
phosphorus and platinum atoms, it is apparent that the
correlation between 'J(PtP) and the metal-phosphine
bond length is also present in the case of Pt(0).

The chemical shift value and the relationship of the
'J(Pt—P) and J(PtP) values found for 3 allow the
platinum atoms to be assigned by the formal ‘0’ charge
in this cluster.

3. Experimental section
3.1. General procedures

The reactions were carried out under an argon atmo-
sphere using freshly distilled solvents. The starting
compounds, Os,(CO),( u-D, [33], P«(dba), [34], and
Pi(PPh,),(PhCCPh) [35] were prepared by the previ-
ously described procedures. The reaction course was
monitored by thin layer chromatography (TLC) on Silu-
fol plates. The preparative chromatography was per-
formed on a silica ( & 40/100) column.

IR spectra were obtained on a Specord IR-75
spectrophotometer, the electron impact mass spectra
were obtained on a MX-310 mass spectrometer at an
ionizing voltage of 70eV.

Approximately 0.02M1~' solutions of the cluster
comPlexes in CDCl, were used to obtain NMR spectra.
3'P{'H} and "*’Pt{' H} spectra were recorded on a Bruker
SXP-4-100 spectrometer (36.46MHz and 19.29 MHz
respectively) with the sample spinning and the field
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stabilization on the signal of the solvent deuterium.
Ppt spectra were also recorded on a Bruker CXP-300
(64.22 MHz). In this case the sample tube was orien-
tated perpendicular to the solenoid axis to avoid the
sensitivity loss caused by the use of the saddle coil. As
a result, the resolution in the spectrum was ca. 10Hz
due to an impossibility of the sample spinning. The
chemical shifts (+0.5 ppm), positive downfield, have
been recorded relative to the external standards (85%
H,PO, and 2M H,PtCl, solution in 2N HCI for *'P
and Pt respectively) and are given in Table 1. The
coupling constants ( +2 Hz) are given in the same table.
All spectra were recorded at room temperature. The
spectra simulation was made using the NMRCAL program
which is available from the spectrometer producer.

3.2. The reaction of Os,(CO),( u-1), with Pr(dba), and
PPh,

To 0.148 g (0.223 mmol) Pt(dba), in 20 ml benzene,
a solution of 0.120g (0.458 mmol) PPh, in 15ml ben-
zene was added dropwise over a period of 1h. After
that, 0.181 g (0.225 mmol) Os,(CO)(( u-1), was added
to the resulting solution. TLC (hexane:benzene = 2:1.5)
revealed that only one product was present in solution
after 1h stirring at room temperature. IR spectrum of
the reaction mixture: (v,, cm™") 2125w, 2112s, 2071s,
2049s, 2035sh, 2022vs, 2005sh, 1979m, 1949s, 1712w.
The solution was refluxed for 2 h, evaporated to dryness
and the solid residue chromatographed on a silica col-

Table 3
Crystallographic data of 2 and 3-3C.H,,
2 3
Formula C,H\51,0,0s,P CoHs,1,0,0sP, Pt
Molecular mass 1036.52 1748.11
Crystal system monoclinic monoclinic
a(A) 25.14(2) 21.073(4)
b () 12.243(7) 15.533(3)
c(A) 18.70(1) 18.753(3)
B (deg) 114.32(5) 109.86(2)
Volume (A3) 5245(6) 5773(2)
plcalc) (gem ™) 2625 2011
Space group, Z C2/c, 8 P2, /c. 4
Diffractometer Syntex P2, CAD-4
Radiation CuKa, A=15418A MoKa, A=0.7107A
wem™") 373.50 82.25
Transmission 0.248, 3.142 0.115, 0.850
(min, max)
Crystal size (mm*) 0.25x0.20x0.13 0.25x0.20x0.018
Crystal color orange yellow-orange
Crystal shape hexagonal plate plate
26 range (deg) 3-100 3-45
Reflections total ~ 3705/2174 F} >0  8210/3617 F2 > 2o
/used
R(F) 0.0723 for abs. 0.0567 for obs.
wR(F?) 0.1912 for all 0.1077 for all

Table 4 .
Atomic coordlnates (X 10*) and equivalent thermal parameters (A’
x10*)in 2

Atom x y Z Uiso /eq !
0s(1) 2689(1) 601(1) 6557(1) 10(1)
0s(2) 3787(1) 206(1) 7650(1) 15(1)
(1) 2975(1) 1029(2) 8125(1) 31(1)
1(2) 3013(1) —1487(2) 7128(1) 26(1)
c(11) 2762(14) 252(24) 5656(17) 10(7)
o1 2830(12) 29(21) 5076(16) 45087
Cc(12) 2728(15) 1973(26) 6385(18) 16(8)
0(12) 2819(14) 2939(25) 627317) 65(9)
CcQ1) 3996(16) 1625(28) 7667(19) 24(9)
oQ1) 4233(14) 2477(25) 7708(17) 62(9)
c@2) 4153(15) —296(24) 7079(18) 14(8)
0(22) 4402(13) —~603(24) 6683(17) 62(9)
C(23) 4339(19) ~337(32) 8577(24) 42(11)
0(23) 4686(14) —624(23)  9245(17) 59(8)
P(1) 1655(4) 435(7) 6030(5) 14(2)
ca1n 1320(13) 644(22) 6720(16) A7)
C(112) 881(14) 1398(24) 6554(18) 15(8)
C(113) 644(15) 1550027) 7144(18) 24(9)
C(114) 835(19) 922(34) 7779(24) 52(12)
C(115) 1307(18) 179(31) 7944(23) 38(10)
C(116) 1521(16) 73(25) 7385(18) 19(8)
Cc(121) 1378(13) —872(22) 5623(15) A7)
Cc(122) 848(16) —1277Q27)  5660(19) 24(9)
C(123) 636(18) —2310(28)  5274(20) 31(10)
C(124) 884(16) —2908(30)  4898(20) 28(9)
C(125) 1371(19)  —2449(33)  4862(23) 48(12)
C(126) 1601(19)  —1468(32)  5153(22) 45(11)
C(131) 1256(15) 1378(26) 5255(18) 18(8)
C(132) 876(15) 1006(28) 4539(19) 23(9)
C(133) 561(16) 1721(28) 3937(21) 28(9)
C(134) 664(20) 2841(36) 4097(26) 52(12)
C(135) 1039(17) 3225(31) 4746(21) 33(10)
C(136) 1410(20) 2448(31) 5358(24) 41(11)

* Defined as 1/3 of the trace of normalized Uj; tensor.

umn (hexane:benzene = 2:1.75). The fractions were in
order: yellow, Os,(CO)( u-D, (1) (6.5 mg); bright-yel-
low, Os,(CO),( u-1),(PPh,) (103 mg, 66.4%) (2); red,
Pt,0s(CO);( p-1),(PPh,), (85mg, 33.25%) (3). For
0s,(CO)( u-1),(PPh,) (2): IR spectrum (veo, cm™',
hexane): 2075s, 2012s, 1992s, 1949m. Mass spectrum
displays the parent ion with m/z1040 ('*>Os). For
Pt,0s(CO),( u-1),(PPh,), (3): IR spectrum (v, cm ™,
CCl,): 2005s, 1944m, 1766m.

3.3. Reaction of Os,(CO),(pu-1), with PAPPh,),(PhC-
CPh)

0.067 g (0.084 mmol) Os,(CO),( u-I), and 0.0762g
(0.085 mmol) P(PPh,),(PhCCPh) in 10ml benzene
were stirred at room temperature for 30min and then
heated to reflux for 1h. The solution was evaporated to
dryness and the residue was chromatographed on silufol
plates (hexane:benzene = 1:1) to afford bright-yellow,
Os,(CO),( u-D,(PPh,) (2) (49.4mg, 57%); dark-yel-
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Table 5

Atomic coordinates (X 10*) and equivalent thermal parameters (AZ

x10%) in 3-3C¢H,,
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Atom x - a
0s(1) 7461(1) —644(1) 1863(1) 37(1)
Pu(1) 8569(1) 458(1) 2427(1) 42(1)
Pi(2) 7352(1) 1088(1) 2311(1) 44(1)
()] 8679(1) —1195(1) 2889(1) 54(1)
12) 6892(1) —246(1) 2964(1) 60(1)
can 7803(17) —706(17) 1135(15) 61(10)
o(11) 8048(11) —706(15) 619(12) 82(8)
Cc(12) 6731(15) -71(18) 1166(19) 55(9)
0(12) 6285(11) 222(14) 706(12) TA(T)
Cc(12M) 8067(13) 1501(18) 1963(14) 41(7)
0(12M) 8165(10) 2078(13) 1614(11) 68(6)
c3s) 5137(42) 4531(45) —1343(49)  340(51)
c@s) 4961(52) 4447(61) -70341D)  297(5T)
c(3s) 5212(22) 5095(60) —79%67) 263(43)
P(1) 9614(4) 1014(6) 2880(4) 49(2)
c(111) 10204(14) 419(17) 3639(20) 56(10)
Cc(112) 10396(16) 642(24) 4378(17) 76(12)
C(113) 10819(15) 129(30) 4973(20) 72(12)
Cc(114) 11035(19)  —604(32) 4761(26) 96(15)
Cc(115) 10854(20)  —896(26) 4051(27) 107(15)
C(116) 10413(16)  —382(24) 3463(20) 77(11D)
c(121) 9614(15) 2104(19) 3239(18) 55(9)
c(122) 9151(14) 2366(24) 3548(17) 72(11D)
C(123) 9166(18) 3221(26) 3827(21) 92(14)
c(124) 9652(23) 3745(24) 3832(19) 86(12)
C(125) 10093(16)  3489(24) 3508(20) 72(11)
Cc(126) 10100(18)  2645(25) 3236(16) 72(11)
Cc(131) 10030(16)  1121(22) 2168(15) 61(9)
c(132) 9633(15) 1311(26) 1440(19) 102(15)
C(133) 9947(23) 1518(32) 902(22) 141(20)
C(134) 10628(19)  1394(25) 1114(24) 104(15)
Cc(135) 11013(17)  1196(23) 1796(23) 85(12)
C(136) 10707(19)  1085(23) 2352(17) 74(11)
P(2) 6798(4) 2312(5) 2364(5) 48(2)
c1D 5885(15) 2262(22) 2015(14) 50(9)
Cc(212) 5504(18) 2962(24) 1762(16) 82(12)
Cc(213) 4789(20) 2919(30) 1498(18) 96(14)
C(214) 4476(18) 2208(27) 1519(21) 82(13)
Cc(215) 4861(19) 1478(24) 1744(21) 89(12)
C(216) 5543(15) 1513(23) 1992(17) 69(10)
c(221) 6989(15) 2761(22) 3307(20) 64(10)
c(222) 6734(15) 3507(22) 346(0(20) 65(9)
C(223) 6901(18) 3836(22) 4168(22) 68(10)
C(224) 7349(20) 3470(24) 4752(23) 88(13)
C(225) 7602(17) 2655(27) 4669(19) 90(12)
C(226) 7423(17) 234((18) 3910(20) 67(10)
Cc(231) 7009(15) 3162(20) 1809(21) 67(11)
C(232) 7512(20) 3700(23) 2167(23) 91(13)
C(233) 7769(29) 4404(35) 1736(40) 186(35)
C(234) 7419(36) 4307(36) 1070(46) 229(52)
C(235) 6945(31) 3817G37) 592(23) 198(33)
C(236) 6682(17) 3266(29) 1030(18) 117(17)
P(3) 6951(4) —2031(5) 1624(4) 40(2)
C(311) 6037(12)  —1954(17)  1215(13) 33(7)
C(312) 5669(17)  —2126(21)  1684(18) 69(10)
C(313) 4940(19)  —2040(23) 1346(21) 79(12)
C(314) 4666(200  —1736(30) 614(24) 118(16)
C(315) 5066(15)  —1596(22) 198(17) 70(11)
C(316) 5734(14)  —1662(21) 507(15) 58(9)
Cc(321) 7195(17)  —2699%(20) 934(16) 53(9)
C(322) 7878(17)  —2741(17)  1038(15) 54(9)
C(323) 8110(14) 3277(19) 576(17) 63(10)

Table 5 (continued)

Atom x y z Uy *

C(324) 7652(17) —3639(19) —26(15) 54(9)
C(325) 6999(15) —3651(18) —127(14) 42(8)
C(326) 6747(16) —-314521) 329(18) 67(10)
C(331) 7104(14) —2805(19) 2404(14) 40(8)
C(332) 6935(18) —~3648(19) 2253(19) 66(11)
C(333) 7007(17) —4226(21) 2814(20) 75(11)
C(334) 7268(17) —3982(19) 3564(18) 67(10)
C(335) 7447(14) —3171(19) 3733350 5008
C(336) 7356(12) —2578(17) 313117 45(8)

a

Defined as 1/3 of the trace of normalized U;; tensor.

low, Os,(CO),( u-1),(PPh,), (4) (21 mg, 19.7%); red,
Pt,0s(CO),( w-,(PPh,), (3) (21mg, 14.75%). For
0s,(C0),( u-D,(PPh,), (4); IR spectrum (v,, cm™',
CCl,): 2022s, 1987m, 1952s. Mass spectrum displays
the parent ion with m/z 1274 ("> Os).

3.4. Synthesis of "’ Os-labeled complexes 2, 3' and 4’

The synthesis of 2', 3' and 4 was performed analo-
gously to 2, 3 and 4 using '*’0s,(CO),( u-D, and
P(PPh),(PhCCPh) as starting compounds. R; values
and IR spectra of obtained complexes correspond to
those previously obtained.

3.5. Structure determination

The structures of Os,(CO)s( u-D),(PPh,) and
Pt,0s(CO),( u-D,(PPh,), were proved by single crys-
tal X-ray structural analysis of the single crystals of 2
and 3- 2+C H,, obtained from hexane:CH,Cl, and hex-
ane:ether mixtures respectively (Table 3). Stability of
the crystals during diffraction experiments was con-
trolled by measuring three check reflections. Their in-
tensities showed no significant variations. Absorption
corrections were taken using information on crystal size
and shape for 3 and the DIFABS program [36] for 2. At
the absorption correction all unobserved reflections were
excluded from the subsequent calculations. Structures
were solved by direct methods using the SHELXS-86
program [37] and refilled by full-matrix least squares

Table 6

Bond distances for 2

Atoms Bond length (A) Atoms Bond length (A)
0s(1)-0s(2) 2.717(3) 0s(2)-C(21) 1.814)
os(D-K1)  2.765(3) 0s(2)-C(22) 1.78(3)
Os(D-12)  2.760(3) 0s(2)-0(23) 1.84(4)
Os(D-P(1)  2.379(9) C(11)-0(11) 1.20(3)
Os(1)-0(11) 1.82(3) Cc(12)-0(12) 1.244)
Os(N-C(12) 1.72(3) C1-021) 1.19(4)
0s(2)-1(1) 2.730(3) C(C2)-0(22) 1.21®
0s(2)-1(2) 2.733(3) C(23)-0(23) 1.24(9)
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method using the SHELXL-93 program [38] using ob-
served reflections only.

In 3 all non-hydrogen atoms were refined anisotropi-
cally using independent observed reflections. Os and Pt
atoms were distinguished taking into account their lig-
and environment. Some phenyl rings and solvent
molecule undergo high thermal motions. Qur attempts
to resolve possible disorder were unsuccessful. The
structure of 2 was refined in anisotropic approximation
for the Os, I and P and isotropic for the remaining
atoms using all independent reflections. We were un-
able to refine anisotropic thermal parameters for C and
O atoms in 2 due to the high absorption effect. Hydro-
gen atoms in both cases were refined in rigid body
approximation. Atomic coordinates are given in Tables
4 and 5, and selected bond lengths are in Tables 2 and
6. Tables of thermal parameters, hydrogen atom coordi-
nates and full lists of bond distances and angles have
been deposited at the Cambridge Crystallographic Data
Centre.

It should be mentioned that diffraction data for 2
given in Table 3 were measured from the orange hexag-
onal-plate single crystal. But the crystallization product
also contained a small portion of yellow long needle-like
plates. For one of them with size of 0.05 X 0.12 X
0.25mm’ a full set of diffraction data were measured.
The cell parameters, atomic coordinates and geometrical
characteristics calculated were found to be close to
those for 2 within +3¢ range. The difference in color
may be probably conditioned by dichroism or imperfec-
tion of the crystals.
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