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Abstract

New platinum-containing heterodinuclear complexes with methyl and 1,2-bis(diphenylphosphino)ethane (dpe) ligands have been
prepared by metathetical reactions of PtMe(NO;Xdpe) with Na[ML,]: ML, = MoCp(CO), (1); WCp(CO), (2); Mn(CO)s (3);
FeCp(CO), (4); Co(CO), (5). The molecular structure of (dpe)MePt—-FeCp(CO), - THF (4 - THF) has been determined by X-ray
crystallography: the geometry at Pt is square planar and the FeCp(CO), moiety has a piano-stool type structure. Thermolysis of 4
in C¢Dg at 70°C for 2 h gives MeFeCp(CO), (8) in 30% vyield, but other dinuclear complexes are thermally stable under these
conditions. Methyl migration to produce 8 was accelerated by the addition of electron-deficient olefins such as acrylonitrile and
fumaronitrile. From the kinetic study, a mechanism involving two pathways is proposed: one is direct thermolysis from 4 to 8, while
the other is the associative reductive elimination of 8 from the olefin-coordinated intermediate 9.
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1. Introduction

Heterodinuclear complexes and heterometallic clus-
ters continue to attract interest not only as a class of
models of active sites in heterogeneous bimetallic cata-
lysts but also as potential precursors in homogeneous
catalysis [1]. We have reported the synthesis of
(cod)RPt-MCp(CO), [2] and (PPh,),(COXstyryl)Ru—
MCp(CO); [3] via the metathetical reactions of
Na[MCp(CO),] (M = Mo, W) with PtRX(cod) (cod =
1,5-cyclooctadiene; R = alkyl, aryl; X =Cl, NO;) or
Ru(styry)CI(COXPPh;),, and the molecular structures
of (cod)PhPt—-MCp(CO); (M = Mo, W) have been de-
termined [2b,4]. It was notable that the organic groups
on Pt migrated to Mo or W on thermolysis as well as
on interaction with CO, tertiary phosphines and elec-
tron-deficient olefins such as acrylonitrile. In the pre-
sent work, a series of Pt-containing heterodinuclear
complexes with methyl and 1,2-bis(diphenylphos-
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phino)ethane (dpe) ligands has been prepared by simi-
lar metathetical reactions. The characterization and
chemical reactivity of the new complexes are also de-
scribed. During the course of our continuing investiga-
tion concerning heterodinuclear organometallic com-
pounds, Braunstein et al. reported the preparation of
some PPh; analogues, (PPh;),MePt-ML, [ML, =
MoCp(CO);, WCp(CO);, Mn(CO)s, Co(CO),] from
PtMe(OCIO;XPPh;), and Na[ML,] [5].

2. Results and discussion

2.1. Synthesis and characterization of (dpe)MePt—ML
Reactions of PtMe(NO,Xdpe), prepared in situ from
PtMeCl(dpe) and AgNO,, with excess amounts of
sodium salts of carbonylmetalate anions in THF under
N, gave new heterodinuclear complexes in fairly good
vields [eqn. (1)]. These complexes were obtained as
crystals by recrystallization from THF /hexane or ben-
zene /hexane. Complexes 1-5 exhibit high air stability
as solids. The melting points (dec.) of 1 and 2 are much
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higher than those of the cod analogues (cod)MePt—
MoCp(CO); (6) and (cod)MePt-WCp(CO), (7); 1, 175
vs. 6, 116°C; and 2, 207 vs. 7, 105°C. Satisfactory results
for elemental analyses were obtained for 1, 3-5 and it
is suggested that 4 contains a THF molecule in the
crystal, as demonstrated by H NMR spectroscopy and
X-ray crystallography. The molar electric conductivities
of 1-5 were quite low, suggesting that they are not
ionic complexes but neutral ones. Acidolysis of 1-5 with
conc. H,S0O, produced CH, in 68-98% yield, confirm-
ing the presence of methyl groups.

THF
PtMe(NO,)(dpe) + Na[ML, ] — =T

(dpe)MePt-ML,, (1)
(1-5)

1: ML, = MoCp(CO),

2: ML, = WCp(CO),

3: ML, = Mn(CO);,

4: ML, = FeCp(CO),

5: ML, = Co(CO),

Selected "H NMR and IR data of 1-5 are summa-
rized in Table 1. In the "H NMR spectra of the C4Dj
solutions, resonances due to the methyl groups were
observed as triplets with 195pt satellites for 1-4 and as
a doublet of doublet for 5. The triplets were derived
from the accidental coincidence of *J(P-H) values for
the methyl protons and two phosphorus nuclei of dpe.
The difference in magnetic circumstances for the two P
nuclei indicates that the geometry at Pt is square
planar. The 2J(Pt-H) values of Me for 1 (60 Hz) and 2
(58 Hz) are smaller than those for the cod analogues 6
and 7 (both 75 Hz) [2], implying that the frans influ-
ence of dpe is stronger than that of cod [6). Cp protons
in 1, 2 and 4 appeared as singlets at 4.2—-4.7 ppm. The
ortho protons of Ph in the dpe ligands were separated
as two sets of signals at 7.7-7.9 ppm, each with 4H
intensity. This result shows that the two phosphorus

TABLE 1. Selected 'H NMR and IR data for complexes 1-5

nuclei in dpe are not magnetically equivalent because
of the Me groups and the ML, moiety trans to them.
In comparison to 6 and 7, the resonances for the Me
and Cp protons in i and 2 were shifted downfield,
suggesting a lower electron density at Pt and Mo (or
W).

The IR spectra of 1 and 2 exhibited »(CO) bands at
approximately 1900 and 1800 cm !, whose frequencies
were similar to those for Na[MoCp(CO),] and Na[W-
Cp(CO),]. Complex 5 also gave »(CO) bands similar to
those of Na[Co(CO),]. These data suggest that the
back-bonding from Mo (or W, Co) to CO is strong in 1,
2 and §. Thus, the oxidation states of the metals are
expected to be close to Pt and M® (M = Mo, W, Co),
although the formal ones are counted as Pt! and ML
In contrast, the »(CO) bands of 3 were shifted to
higher frequencies compared to Na[Mn(CO);], imply-
ing weak back-bonding from Mn to CO. The v(CO)
frequencies of 4 (1926; 1869 cm~!, KBr) were at a
position intermediate between those of K[FeCp(CO),]
(1871; 1794; 1783 cm ™!, THF) [7a] and of MeFeCp-
(CO), (2005; 1945 cm~', KBr). These IR data show
that the back-bonding from Fe to CO in 4 is not so
strong as that in the Pt—-Mo and Pt-W analogues 1 and
2. A related chloroplatinum-iron complex (PPh,),Cl-
Pt-FeCp(CO), had much higher »(CO) frequencies
(2050; 2002 cm ™!, Nujol) [7b] than 4, which is probably
due to the electron-withdrawing effect of the Cl ligand.

Bryndza et al. also reported the formation of com-
plexes 1 and 2 from (dpe)MePtOMe and Cp(CO); MH
(M =Mo, W) [8]. However, the complexes were not
isolated and details of the preparation and characteri-
zation were not reported either.

2.2. Molecular structure of (dpe)MePt—-FeCp(CO), - THF
(4- THF)

Complex 4- THF has been subjected to a single-
crystal X-ray diffraction study. The crystallographic
data are summarized in Table 2, selected bond dis-
tances and angles are listed in Table 3 and an orTEP

Complex 1H NMR * IRY

Me Cp »(CO) (cm™1)

8 (ppm) 2)(Pt-H) (Hz) J(P-H) (H2) & (ppm)
(dpe)MePt—MoCp(CO); (1) 1.44(t, 3H) 59.7 6.1 4.63 (s, 5H) 1907; 1795
(dpe)MePt—-WCp(CO); (2) 1.64 (t, 3H) 57.6 6.8 4.59 (s, 5H) 1894: 1797; 1782
{dpe)MePt—Mn(CO); (3) 1.42 (1, 3H) 623 6.4 2038; 1946; 1905; 1866
(dpe)MePt-FeCp(CO), (4) 1.59 (1, 3H) 69.5 6.6 4.25 (s, 5SH) 1926; 1869
(dpe)MePt—Co(CO), (5) 1.17 (dd, 3H) 572 7.8,5.8 2034; 1956; 1881; 1855

® In C4Dg at room temperature.
® KBr disk.



TABLE 2. Crystallographic data for (dpe)MePt-FeCp(CO),-THF

Formula C,3H 4,04 P,FePt
M (g mol~1) 857.6

Crystal system triclinic

Space group P1

a(A) 12.166(6)

b(A) 18.002(14)

c(A) 9.451(4)

a®) 97.64(7)

BO) 101.70(4)

y©®) 114.82(5)

V(A% 1783(2)

VA 2

Dy (@cm™) 1.60

Radiation (A) Mo Ka, 0.71069
w(Mo KeXem™1) 8.73
Temperature room temp.
26(°) 3<20<55
Scan type 20/w

No. of data collected 8800

No. of obs. reflections for refinement

6642(| F,] > 30| F, ]

R® 0.0655

R,® 0.0799

S 1.89

Method of phase determination direct method

® R=Y[|F, |- |F,Il/T|F,l.
* R, =[ZWIIE, |- | F,IP)/Ew(| F, 1]/

drawing is depicted in Fig. 1. The Pt-Fe distance is
2.685(1) A, which falls in the range of the Pt—Fe single
bond distances observed in the related Pt-Fe com-
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Fig. 1. orTEP drawing of (dpe)MePt-FeCp(CO), - THF.
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TABLE 3. Selected bond distances and angles for (dpe)MePt-
FeCp(CO), - THF

Bond distance (A)

Pt-Fe 2.685(1) Pt—P(1) 2.282(2)
Pt-P(2) 2.227(2) Pt-C(1) 2.154(8)
Fe-C(28) 2.140(9) Fe-C(29) 2.118(9)
Fe-C(30) 2.092(9) Fe-C(31) 2.05(1)
Fe-((32) 2.10(1) Fe-((33) 1.741(8)
Fe-C(34) 1.75(1) 0(1)-0(33) 1.15(D)
O(1)-C(34) 1.15(1)

Bond angle (°)

Fe-Pt-P(1) 95.35(6) Fe-Pt-C(1) 90.2(3)
P(1)-Pt-P(2) 85.92(7) P(2)-Pt-C(1) 88.5(3)
Pt-Fe-C(33) 97.9(3) Pt—Fe-C(34) 74.4(3)

Q(33)-Fe-C(34) 92.1(4) Fe-C(33)-0(1)  175.0(9)
Fe-C(34)-0(2) 177.49)

plexes (2.5-2.8 A) [9]. The Pt—C(1) (CH,) distance of
2.154 (8) A is slightly longer than those in the other
Pt''-Me complexes (2.08-2.12 A) [10}. The geometry
at Pt is typically square planar, and the FeCp(CO),
moiety has a piano-stool type structure. These geomet-
rical features around both metals are consistent with
the electronic configurations and oxidation states of d®
Pt' and d® Fe®, as suggested by the spectroscopic
results. The Pt-P(1) distance trans to Me is longer
than the Pt—P(2) distance trans to Fe, reflecting a
stronger trans influence of Me than that of FeCp(CO),.
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For the Cp ligand, the Fe~C(31) distance of 2.05(1) A
is shoorter than the other four Fe—C distances of 2.10-
2.14 A, although the latter four are almost the same
values as those for related complexes such as
FeCp(CO),[C4H,(CN),] [11] and (CO),CpFe(CH ,-
COML,, [ML, = NiCp(CO) and Mn(CO);] [12]. This
difference in Fe-C(Cp) distances is probably due to
the steric repulsion between Cp and the Ph groups of
dpe. For three legs of the piano-stool, the Pt—Fe—C(34)
angle of 74.4(3)° is substantially smaller than the other
two angles of Pt-Fe-C(33) and C(33)-Fe-C(34)
[97.9(3) and 92.1(4)°, respectively]. Thus, a weak inter-
action seems to exist between the C(34)-0O(2) ligand
and Pt. However, the Pt...C(34) distance of 2.78 Ais
long for a p-CO ligand, and the Fe~C(34) and C(34)-
O(2) distances are not lengthened in comparison to
Fe-C(33) and ((33)-0(1). In addition, the Fe-C(33)-
O(1) and Fe—-C(34)-0O(2) bond angles are 175.0 and
177.4°, respectively, indicating that the CO ligands are
not bent. These data suggest that the CO ligands
coordinate to Fe essentially in a terminal fashion.

2.3. Reactivity of the heterodinuclear complexes 1-5
The reactions of 1-5 with I, result in cleavage of
the Pt—M and Pt—Me bonds. The products and their
yields are summarized in Table 4. Typically, 4 in C,D,
was treated with 1 equiv. I, for 12 h when the 'H
NMR spectrum of the solution showed the formation
of (dpe)MePtl (38%), 1FeCp(CO), (25%) and Mel
(11%) [eqn. (2)]. On the other hand, reaction of 4 with
excess I, for 60 h gave Mel (71%), IFeCp(CO), (77%)
and yellow precipitates, but (dpe)MePtI was not ob-
served in the solution. These results indicate that the
iodolysis of Pt—Fe and Pt—Me bonds apparently occurs

TABLE 4. Products and their yields in the iodolysis of (dpe)MePt-ML,, ?
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at the same time, but that the Pt-Fe bond is more
easily cleaved than the Pi—Me bond. In the presence of
excess I,, the Pt-Me bond in (dpe)MePtI is further
cleaved to give Mel and (dpe)Ptl,, the latter not being
detected by '"H NMR spectroscopy due to the low
solubility in C4Dg. Similarly, the Pt-M and Pt-Me
bonds were cleaved at the same time for 1-3. We
previously demonstrated that the iodolysis of the Pt—
Mo and Pt-W cod analogues 6 and 7 proceeds by a
mechanism involving initial formation of an MePt!
species which further gave Mel and Ptl,(cod) [2a). A
similar stepwise process may be operative in the pre-
sent reactions, but the reactivity of the dpe derivatives
1-5 toward Mel is higher than that of 6 and 7.

(dpe)MePt-FeCp(CO), + I, ——
(dpe)MePtI + IFeCp(CO), + Mel (2)

We found previously that Pt-Mo and -W complexes
6 and 7 in C,D; underwent methyl migration, i.e.
reductive elimination of Me and MCp(CO),, to give
MeMCp(CO), in 45-73% yield after 2 h at 70°C [2b].
Accordingly, the thermolysis reactions of 1-5 have
been examined under the same reaction conditions.
Only 4 afforded MeFeCp(CO), (8) in 30% vyield [eqn.
(3)], but no reaction took place with the other com-
plexes 1-3 and 5. Since cis-dialkylplatinum(II) com-
plexes apparently do not eliminate R-R readily [13],
this result shows a promotion effect of the FeCp(CO),
fragment on the reductive elimination. On the other
hand, it is shown that other metal fragments such as
MoCp(CO);, WCp(CO);, Mn(CO), and Co(CO), have
a negligible effect. The lower activity of 1 and 2 than
the cod analogues 6 and 7 in the thermolysis reactions
probably results from a higher thermal stability, as

Complex (mmol) I, (equiv.) Time (h) (dpe)MePtl (%) IML, (%) Mel (%)
(dpe)MePt—MoCp(CO), (1) 0.0124 0.75 0.5 12 14 5
1 12 41 98 39
excess 48 0 18 56
(dpe)MePt-WCp(CO), (2) 0.0190 1 12 61 62 10
excess 12 0 <1 67
(dpe)MePt-Mn(CO); (3) 0.0161 1 3 0 0 12
1 48 31 0 17
excess 12 0 0 75
(dpe)MePt-FeCp(CO), (4) 0.0140 1 3 30 33° 9
0.0248 1 12 38 25°¢ 11
0.0248 excess 60 0 77 )
(dpe)MePt—Co(CO), (5) 0.0192 1 12 nd. ¢ 0 35
excess 12 nd. ¢ ] 79

? In C4Dy at room temperature.
® [FeCp(CO),1,, 24%.

¢ [FeCp(CO),1,, 36%.

4 Not determined.
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Fig. 2. UV-vis spectral changes for 4 in the presence of acrylonitrile
(AN). Solvent, THF; temperature, 38.5°C; [4]= 8 x 105 M; [AN]=
7.46x1072 M.

demonstrated by the higher melting points (dec.) of 1
and 2 relative to 6 and 7, as described above.

(dpe)MePt-FeCp(CO), —— MeFeCp(CO),  (3)

The methyl migration reactions were promoted by
CO: reaction of a C4Dg solution of 4 with CO (1 atm)
for 3 h at room temperature afforded 8 (8% yield) and
[FeCp(CO),], (trace), although 8 was not formed at
room temperature in the absence of CO. Complex 3
gave MeMn(CO); (11%) and MeCOMn(CO); (27%)
under the same reaction conditions. In contrast, no
reaction took place with complexes 1, 2 and §, even in
the presence of CO.

Acceleration of methyl migration was also observed
when olefins such as acrylonitrile (AN) and fumaroni-
trile (FN) were added. Typically, treatment of a C4Dy
solution of 4 with 5 equiv. AN at room temperature for
2 h gave 8 in 26% yield [eqn. (4)]. The Pt product was
(dpe)Pt(AN), which could be isolated in a large scale
experiment. The yield of 8 increased up to 96% after
78 h, when (dpe)Pt(AN) was formed in 75% yield. This
result strongly supports the suggestion that in the pre-
sent methyl migration reactions the Pt product is es-
sentially the Pt° complex. We suggest that acceleration
is due to coordination of the m-acidic ligands to Pt,
resulting in the reductive elimination of 8 [14]. No
reaction was observed for 1-3 and 5 at room tempera-
ture, but 3 gave MeMn(CO) (17%) after 1 h at 50°C.

(dpe)MePt-FeCp(CO), + AN ——
(4)
(dpe)Pt(AN) + MeFeCp(CO), (4)
(8)

2.4. Mechanism of methyl migration in (dpe)MePt-
FeCp(CO), (4)

The methyl migration in complex 4 in the presence
of AN was examined in detail. In UV-vis spectroscopy,

(4) (8)
E 1.5+
o
Q
2| &
ey 1.0r
a0
e
=
]
(=}
jramy 0.5r
e,
c
0 ; . ) . R
0 50 100 150 200 250

Time / min.

Fig. 3. First-order plot for the reaction of 4 with acrylonitrile (AN).
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Fig. 4. Dependence of k,, on the concentration of olefin.

a THF solution of 4 gave an absorption band at 322 nm
which was not observed for the precursors
PtMe(NO;Xdpe) and Na[FeCp(CO),]. We postulate
that the band should be ascribed to the Pt—-Fe bond.
Accordingly, reaction of 4 with AN was followed by
UV-vis spectral changes (Fig. 2). In Fig. 2, an isos-

TABLE 5. Pseudo-first order rate constants for the reaction of 4
with olefin

Olefin 2 [Olefin] [4] Temp. Kk ops
Mx10) (Mx10% C) (71 x10%)
FN 0.284 3 37.3 0.780
0.562 3 39.0 1.21
1.03 4 38.2 1.38
2.13 8 38.0 1.49
2.58 4 38.3 1.63
391 4 37.0 1.86
5.34 6 38.8 1.91
5.73 4 38.0 1.82
7.84 5 38.5 2.14
AN 0.096 3 37.6 0.572
0.518 3 38.0 0.840
0.749 2 37.2 0.938
1.34 3 38.0 0.953
2.97 3 375 1.15
4.13 3 39.0 1.29
5.15 1 39.0 1.35
5.65 1 38.1 1.39
9.16 6 38.0 1.37
VAc 0.792 4 38.0 0.671
2.04 4 38.2 0.817
4.87 4 37.9 1.13
7.02 6 38.0 1.10
9.09 5 38.0 1.10

? FN = fumaronitrile; AN = acrylonitrile; VAc = vinyl acetate.

0.8 1.0

bestic point appears at 292 nm, indicating the absence
of stable intermediates other than 4 and 8. The rate of
formation of 8 was obtained by monitoring the de-
crease in concentration of 4, and the resulting first-
order plot was a straight line (Fig. 3). From the slope
of the line, a pseudo-first-order rate constant (k)
was obtained (Table 5). Reactions of 4 with fumaroni-
trile and vinyl acetate were conducted in a similar
manner. Plots of k., versus concentration for the
three olefins yielded curves (Fig. 4) in which k
approached a constant value with an increase in the
olefin concentration. As shown in Fig. 4, acceleration
of methyl migration by the olefins occurs in the follow-
ing order: fumaronitrile > acrylonitrile > vinyl acetate.
This is the same order as the electron deficiency for
the three olefins, as indicated by the Alfrey—Price e
value [15]: fumaronitrile (e = 1.96) > acrylonitrile (1.20)
> vinyl acetate (—0.22).

From these results, we propose a mechanism for
methyl migration in 4 in the presence of AN. This
involves two pathways (Scheme 1): one is a direct
thermolysis from 4 to 8, and the other an associative
pathway via an AN-coordinated intermediate (9). A
fast equilibrium is assumed to exist between 4 + AN
and 9. According to Scheme 1, the rate of formation of
8 can be expressed as:

d[8]/dt = (k, + k,K[AN]) /(1 + K[AN])
x([Pt]o - [8])

= kobs.([Pt]O - [8]) (5)
where [Pt], is the total concentration of platinum and
kobs.= (k1+k2K[AN])/(1 +K[AN]) (6)
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Scheme 1. Proposed mechanism for the methyl migration in 4.

Equation (6) agrees well with Fig. 4 derived from the
experimental results. We suggest that the contribution
of K in eqn. (6) is sufficiently large to give the curves
shown in Fig. 4. It is likely that the reductive elimina-
tion of 8 from 9 is accelerated by a decrease in the
electron density of Pt, resulting from an increase in the
back-bonding from Pt to AN.

In Fig. 4, the value of k_ at [olefin] =0 corre-
sponds to the rate constant for thermolysis (k,). Note
that in Fig. 4 the concentration of 4 is of the order of
four or five times smaller than that of the olefin (see
also Table 5). Thus, the curves in Fig. 4 show that
direct thermolysis is more effective than the associative
pathway at molar ratios of [olefin] up 4 up to ca. 100.
In addition, Fig. 4 and eqn. (6) imply that the k, values
for the three olefins become constant at larger concen-
trations of olefin. Since k, is larger than k,, this
implies that reductive elimination from 9 to 8 is greater
than direct thermolysis.

In summary, a series of Pt-containing heterodinu-
clear complexes with methyl and 1,2-bis(diphenylphos-
phino)ethane (dpe) ligands has been prepared. These
complexes have been characterized by IR and NMR
spectroscopy, elemental analysis and chemical reac-
tions, and the structure of (dpe)MePt-FeCp(CO), has
been determined by X-ray crystallography. The new
complexes are more stable thermally than their cod
analogues, but the Pt-Fe complex undergoes methyl
migration on thermolysis at 70°C to give MeFeCp(CO),.
Such methyl migration is accelerated by CO and olefins,
e.g. acrylonitrile and fumaronitrile. Kinetic investiga-
tion of the migration has been performed and a reac-
tion mechanism is proposed.

3. Experimental details

3.1. General

All manipulations were carried out under a nitrogen
or argon atmosphere using standard Schlenk tech-
niques [6,16]. Solvents were dried over and distilled
from appropriate drying agents under N,: hexane, ben-
zene, toluene, diethyl ether and THF from Na/benzo-
phenone ketyl; CH,Cl, from P,Os. Acrylonitrile and
vinyl acetate were dried over CaCl, and vacuum-dis-
tilled under N,. Fumaronitrile was used as received.
NMR solvents were freeze—-pump-thaw degassed and
vacuum-transferred from appropriate drying agents
(C¢D¢ from Na; CDCl, from P,0O;). PtMeCl(dpe) [17],
Na[MoCp(CO),] [18], Na[WCp(CO),] [18], Na[FeCp-
(CO),] [19], Na[Co(CO),] [20] and Na[Mn(CO);] [21]
were synthesized according to literature methods. NMR
spectra were obtained on a JEOL FX-200 spectrome-
ter ('H, 199.5 MHz). IR spectra were measured in a
JASCO FT-IR 5M spectrometer. UV-visible spectra
were obtained on Hitachi 320A and Shimadzu UV-120-
02 spectrophotometers. Elemental analyses were per-
formed with a Yanagimoto CHN Autocorder MT-2.
Molar electrical conductivity was measured on a TOA
Conduct Meter CM-7B. Gas chromatography was car-
ried out using a Shimadzu GC-8A instrument.

3.2. Synthesis of (dpe)MePt-ML  (1-5)

A typical procedure for (dpe)MePt-FeCp(CO), -
THF (4-THF) is given. To a THF solution of
PtMeCl(dpe) (198.2 mg, 0.308 mmol) was added AgNO,
(52.3 mg, 0.308 mmol). Stirring at room temperature
for 2 h gave a colorless solution with a white precipi-
tate of AgCl. To the filtered solution, a THF solution
of Na[FeCp(CO),] prepared in situ from [FeCp(CO),],
(101.8 mg, 0.288 mmol) and Na/Hg, was added at
—30°C and the mixture stirred for 3 h. The resulting
solution was evaporated to dryness and the resulting
dark red solids extracted with toluene. After the fil-
tered solution was again evaporated to dryness, the
solids were extracted with THF and addition of hexane
gave red cubic crystals. The crystals were washed with
cold hexane and dried under vacuum (146.2 mg); yield,
60%; m.p. 160°C (dec.). Analysis: Calc. for
C33H 4, O,P, FePt: C, 53.22; H, 4.70%. Found: C, 53.06;
H, 4.82%. Molar electric conductivity A (in THF at
r.t), 0.012 S cm? mol~! UV-vis.: 322 nm (e =ca.
30000 M~ ! cm~1!). IR and 'H NMR: see Table 1.

Other complexes 1-3 and 5 were prepared by simi-
lar methods and their yields, melting points, analytical
data and molar electric conductivities are given below.

(dpe)MePt-MoCp(CO), (1): Green-yellow crystals
from benzene / hexane; yield, 89%; m.p., 175°C (dec.).
Analysis: Calc. for C;H;,0,P,MoPt: C, 49.25; H,
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3.78%. Found: C, 49.22; H, 4.03%. A (in THF at r.t.),
0.024 S cm? mol ..

(dpe)MePt-WCp(CO), (2): Yellow crystals from
benzene/ hexane; yield, 74%; m.p., 207°C (dec.). This
complex was identified by spectroscopic methods (see
Table 1). A (in THF at r.t.), 0.011 S cm? mol 1.

(dpe)MePt-Mn(CO); (3): Orange cubic crystals from
benzene / hexane; yield, 79%; m.p., 165°C (dec.). Anal-
ysis: Calc. for C4,H,,0;P,MnPt: C, 47.83; H, 3.39%.
Found: C, 47.11; H, 4.14%. A (in THF at r.t.), 0.061 S
cm? mol ™1,

(dpe)MePt-Co(CO), (5): Orange cubic crystals from
benzene / hexane; yield, 93%; m.p., 170°C (dec.). Anal-
ysis: Calc. for C;H,,0,P,CoPt: C, 47.76; H, 3.62%.
Found: C, 47.07; H, 3.44%. A (in THF at r.t.), 0.19 S
cm? mol 1.

Acidolysis of 1 was performed by the following pro-
cedure. Compound 1 (12.2 mg, 0.0137 mmol) was placed
in a Schlenk flask fitted with a serum cap and the
system was degassed. Conc. H,SO, (100 x1) was added
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room temperature, CH, (89%) was detected by GC
methods. Yields of CH4 for 2-5:2, 98%; 3, 80%; 4,
70%; 5, 68%.

3.3. X-Ray crystallography of (dpe)MePt-FeCp(CO),-
THF (4 - THF)

A crystal of a suitable size was sealed in a thin-glass
capillary under N,. The intensity data were collected at
room temperature on a Rigaku AFC-5R four-circle
diffractometer. The structure was solved and refined
using the cRYSTAN program system (Rigaku) with no
absorption correction being applied; 8800 unique re-
flections, of which 6642 (| F,| >3 | F,|), were ob-
served. The structure was solved by the direct method
and refined by a full matrix least-squares procedure.
All the non-hydrogen atoms were refined anisotropi-
cally. Hydrogen atoms were included in the calculation,
but they were not refined. Final R (R,,) = 0.066 (0.080).

3.4. Iodolysis of 1-5

Iodolysis was performed in NMR sample tubes.
Typically, the procedure for 4 is given. C,D, was
vacuum-transferred to an NMR sample tube contain-
ing 4 (19.5 mg, 0.0248 mmol), and dioxane (1 ul) as
internal standard was added to the solution. After the
'"H NMR spectrum of the solution had been measured,
I, (6.3 mg, 0025 mmol) was added and the reaction
was followed by 'H NMR spectroscopy. For the prod-
ucts and their yields, see Table 4.

3.5. Thermolysis of 1-5
C¢Dg was vacuum-transferred to an NMR sample
tube containing 4 (9.6 mg, 0.012 mmol) and dioxane (1

wuD) as internal standard was added to the solution.
After the 'TH NMR spectrum of the solution had been
measured, the sample tube was heated for 2 h at 70°C.
The tube was cooled to room temperature and the 'H
NMR spectrum measured: MeFeCp(CO), (30%). No
reaction took place with 1-3 and 5 under the same
conditions.

3.6. Reaction of 1-5 with CO

Reactions of 1-5 with CO were performed in NMR
sample tubes. Typically, the procedure for 4 is given.
C¢Dg was vacuum-transferred to an NMR sample tube
containing 4 (10.6 mg, 0.0135 mmol) and dioxane (1 u1)
as internal standard was added to the solution. After
the '"H NMR spectrum of the solution had been mea-
sured, CO gas (1 atm) was introduced. The sample
tube was allowed to stand for 3 h at room temperature
and the 'H NMR spectrum again measured: 8 (8%),
[FeCp(CO), 1, (trace). Under the same reaction condi-
tions, 3 gave MeMn(CO); (11%) and MeCOMn(CO),
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the same conditions.

3.7. Reaction of 1-5 with olefins

Reactions of 1-5 with olefins were performed in
NMR sample tubes. Typically, the procedure for 4 with
acrylonitrile is given. C4Dg was vacuum-transferred to
an NMR sample tube containing 4 (9.7 mg, 0.012
mmol) and dioxane (1 wl) as internal standard was
added to the solution. After the '"H NMR spectrum of
the solution had been measured, acrylonitrile (1 wl)
was added by means of a hypodermic syringe. The
sample tube was allowed to stand for 2 h at room
temperature and the 'H NMR spectrum again mea-
sured: 8 (26%). After 78 h, the yields of 8 and
(dpe)Pt(AN) were 96 and 75%, respectively. No reac-
tion took place with 1-3 and 5 under the same condi-
tions.

The reaction of 3 with acrylonitrile at 50°C was
performed as follows. Compound 3 (9.6 mg, 0.012
mmol) was dissolved in C;D, in an NMR sample tube
and dioxane (1 nl) and acrylonitrile (1 ©1) added to the
solution. The sample tube was heated for 1 h at 50°C,
then cooled to room temperature and the 'H NMR
spectrum again measured: MeMn(CO), (17%).

To isolate (dpe)Pt(AN), the following reaction was
conducted. To a THF solution of 4 (103.3 mg, 0.132
mmol) was added AN (180 ul, 2.57 mmol). After
stirring for 20 h at room temperature, addition of
hexane to the solution gave yellow-brown solids. The
solids were extracted with THF and addition of hexane
gave brown crystals. These crystals were washed with
hexane and dried under vacuum (19.8 mg); yield, 23%:;
m.p., 113°C (dec.). Analysis: Calc. for C,oH,,NP,Pt: C,
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53.87; H, 4.21; N, 2.17%. Found: C, 53.53; H, 4.35; N,
2.22%. IR (KBr) (cm~1); 2198 (CN). '"H NMR (200
MHz, C¢Dy)é: 6.9-8.0 (m, dpe C,H); 2.4-3.0 (m, 3H,
CH,=CHCN); 1.7-2.2 (m, 4H, dpe CH,) ppm.

3.8. Kinetic study of methyl migration in 4 in the pres-
ence of AN

An optical cell attached to a Schlenk flask was used
for measurement of the UV -vis. spectra under a nitro-
gen atmosphere. To the Schlenk flask containing 4
(0.0001 mmol) was introduced THF (3-5 ml) by vac-
uvum-transfer, the volume of added THF being esti-
mated from the weight. A known amount of AN (10—
250 ul) was added to the solution by means of a
hypodermic syringe and the concentration of AN pre-
cisely calculated. The temperature of the cell was kept
constant at 38.0 + 1.0°C using an EYELA NCB-110
circulator. The reaction was monitored by means of the
electronic absorption spectra over the range 250-600
nm and the decrease in the absorbance of the peak at
322 nm was used to calculate In([Pt],/((Pt], —[8]).
First-order plots of In((Pt},/([Pt},— [8]) versus time
gave straight lines, the pseudo-first-order rate con-
stants (k) being estimated from the slopes.

4. Supplementary materials available

The atomic parameters, temperature factors of the
non-hydrogen atoms, bond distances and bond angles,
observed and calculated structure factors (25 pages) for
the X-ray crystallography of 4 are available from one of
the authors (S.K.).
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