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Chemistry of vinylidene complexes
15.* Transmetallation of u-vinylidene MnPd complexes.
Synthesis, X-ray diffraction analysis, and mass spectrometric study

of the (n°-CsHs)MnFe,(u3-C=CHPh)(CO)g cluster™
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The reaction of Cp(CO)>Mn=C:=CHPh (1) with Pd(PPh;), followed by the replacement
of the PPh, figands by diphosphines Phy,PtCH,),PPh; (dppe) or Ph,P(CH,):PPh; (dppp)
{(where dppe s bis(diphenviphosphino)ethane and dppp is 1.3-bis(diphenylphosphino)propane)
afforded the binuclear complexes Cp(CO):MnPd(p-C=CHPh)(dppe) (2a) and
Cp(COYMnPd(p-C=CHPh)(dppp) (2b), respectively. The reactions of 2a and 2b with
Fe (COj)g gave the trinuctear complex CpMnFes(j;-C=CHPh)NCO); (3). Competitive
transmetaifation took the second pathway to yield clusters containing the PdFe; and Pdfe,
cores. Complex 3 was also formed in the rhermal reaction of compound 1 with Fey(CO)q.
Complex 3 was studied by IR spectroscopy, 'H and 3C NMR spectroscopy. mass-

spectrometry. and X-rav diffraction analvsis.
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mass spectrometry, X-ray diffraction analysis.

Heterometallic complexes containing the bridaing
vinviidene figands u,,-C=CRR" (# = 2—4: Rand R™ =
H. alkyl, ary¥l, efc.) attract attention as models of cata-
lytic systems and as starting compounds for the prepara-
tion of new polvmetallic materials.2+3

Over a period of years we performed svstematic
studies of processes of successive assembly of hetero-

* For Part 14, see Refl L

**In this country. the chemistry of vinvlidene complexes
originated at the laboratory headed by K. N. Anisimov with
the encouragement and active assistance of A. N. Nesmevanov.
At this laboratory. the acetvlene-vinylidene rearrangement,
which is presently a general procedure for the synthesis of
vinviidene complexes of Groups IV—X transition metals, has
been discovered. the ability of the metallaallenic M=C=C
system to add the second metal atom has been found. and
heterometaltic p-vinylidene complexes have been prepared for
the first time. The development of this field of chemistry
would be impossible without stimulating interest in vinylidene
compounds expressed by Yu. T. Struchkov. At the laboratory
headed by him. the structures of new compiexes have been
unambiguously established, and these investigations are being
continued. The chemistry of vinvlidene complexes has been
further developed at the laboratory headed bv A A. loganson
at the Krasnoyarsk Institute of Chemistry. The present work
was dedicated to the blessed memory of these outstanding
scientists.

metallic p-vinylidene clusters from mononuciear (A)
and binuclear (B) precursors (Scheme 1).2
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Starting from the phenvivinyiidene derivative of ci-
manthrene, viz., CptCO)Mn=C=CHPh (1).* a series
of complexes of type B, which contain the vinylidene
bridge incorporated into the three-membered cyclic

———

group Mn—M (u-C=CHPh) (where M° = Mn.+5
Re® Rh. Pd.3 or Pt% were prepared. The general
character of reactton [ {Scheme 1) was confirmed by
many examples of the addition of M -containing species
to the metallaallenic M=C=C system (A) (M = Mn,
Rh, or Os: M~ = Cr, Mo, W. Fe. or Cu).3 Generally,
complexes of type Bare stable and are formed from
complexes of tvpe A in high vields. The cxception is com-
plex 6a. which is spontaneously converted into the 1s0-
meric compound n*-[Cp(CO),MnC{CO)CHPh[Fe(COY;
(6) of the “trimethylencimethane type” (Scheme 2).1°

Further metallation of binuclear MnPt complexes
{reaction 2, Scheme 1) afforded trimetallic us-vinvlidene
complexes of types € (the MnFePt triangular core) and
C’ (the MnFePt chain).!12 The chain of converstons
A - B - C was performed for complexes containing
ligands, such as CO. PPh;. phosphites. or dppm (dppm
is bistdiphenylphosphinoymethane), with M°~ = Pt
atoms.

Transmetallation reactions in which the third M~
metal atom replaces either the Mn atom (reaction J,
Scheme 1) or the M~ atom (reaction <) are more iypical
of MnM’ complexes of type B. Thus the reaction of
Cp(CO),MnPt(p-C=CHPh)}(P—P) (P—P = dppe!3 or
dppp.14 where dppe is bis(diphenylphosphino)ethane and
dppp is 1.3-bis(diphenylphosphino)propane) with
Fey(CO), afforded the (P—P)PtFe;(1;-C=CHPR(CO)q
clusters (reactions 3 and 5). whereas transmetallation of
Cp(CO);MnRh(u-C=CHPh)Acac)(CO) under the ac-
tion of FeszO).ﬂ took pathway 4 (sec Scheme 1) to
form MnFe complex 6.

Several examples of transmetallation of p-vinylidene
complexes were reported in the literature. -3 The forma-
tion of the tetranuclear CpFeCoy(ny-C=CHiy)(u-
C0)(CO); cluster from [Cp(COYFely(n-C=CH,;)(p-CO)
and Coy(CO)y involves the replacement of one of the
Fe-containing fragments by the carbonyvlcobalt moi-
ety.1330 The ability of the uj-vinvhdene complexes
FeCos(113-C=CHR)(CO)o to undergo transmetallation
was used in the synthesis of the trimetallic clusters
L,MFeCo(u;-C=CHR)}CO)¢ tM = Mo. W, or Ni; R =
alkyl or Ph) and Cp,Ni;Fe(u;-C=CHRNCO);.17-18

We chose palladium-containing complexes B as ob-
jects of further studies devoted to the regularities of
mectallation and transmetallation processes.

Two competitive directions of transmetallation. viz..
the replacement of Mn by Fe (reaction J) and the
replacement of Pd by Fe (reaction 4). were observed for
the first time in the reaction of Cp(CO),MnPd(u-
C=CHPh)(dppe) (2a) with Fes(CO)y (see Schemes |
and 2).1% In both cases, transmetallation is accompanied
by the attachment of additional Fe-containing groups
(reactions 5 and 6, respectively). Processes 7, 3, and §
result in the transier of the vinviidene figand from the

Mn atom to the PdFe; cluster system to form
(dppe)PdFe(1,-C=CHph)(CO)q (4a).11% The predom-
inating scquence of reactions 4 and 6 affords the
CpMnFe,(u;-C=CHPIWCO)g complex (3).

The behavitor of complex 2a. which has no analogy
in the chemistry of vinylidene complexes, raises a num-
ber of questions. It was of interest to find out how a
change in the ligand environment about the Pd atom
affects the direction of further conversions of MnPd
complexcs of type B as well as to examine the possibility
of the synthesis of MnFe,-containing complex 3 from |
or 6 without participation of palladium compounds. The
present work was devoted to elucidation of these ques-
vons. The structure and the properties of the
CpMnFe,(p;-C=CHPh)(CO); complex (3) have been
briefly reported previously. 119 In this work, the mass
spectrum and the crystal and molecular structure of this
complex are discussed in detail.

Results and Discussion

With the aim of revealing the effect of the nature of
the ligands at the Pd atom on the direction of further
conversions of complexes containing the Mn—Pd bond,
we  studicd the reaction of Cp(CO),MnPd{pu-
C=CHPh)(dppp) 2b) with Fe;(CO)y. The brown
CpMnFe,(p;-C=CHPh)(CO) complex (3) along with
two new complexes, viz.. the dark-green (dppp)PdFz;(ny-
C=CHPh)}(CO)y complex (4b) and the violet
{dppp)PdFex(CO) complex (5b), were isolated from a
mixture of the reaction products by chromatography on
a column with A};O; (Scheme 2). This reaction shows a
general resemblance to the reaction of Cp(CO),MnPd(u-
C=CHPh)(dppe) (2a) with Fe,(CO)o!¥ and gives prod-
ucts of the same three structural types.

The above-mentioned reactions differ in the ratio of
the vields of the products. In the reaction of compound
2a with Fey(CO)q, the ratio between the yields of the
PdFe; (42) and MnkFe; (3) clusters was at most 1 : 6
throughout the range of the variable conditions {the
ratio of the initial reagents, the temperature, and the
reaction time). In the reaction of compiex 2b with
Fe,(CO)y, an increase in the temperature to 30—70 °C
led to an increase in this ratio to 1 : 1.5, ie.. reactions 3
and 4 {Scheme 1) became virtually equially probable.
Whatever conditions were used, the yields of PdFe,-
containing complexes 52 and 5b were low (<5%).

On the whole, it can be stated that the replacement
of the dppe ligand by the more electron-donor dppp
ligand results in the strengthening of the palladium—
manganese and palladium—vinylidene bonds in the
MnPd complex.

The compositions and structures of complexes 4b
and 5b were established by elemental analysis and IR
and NMR spectroscopy. A detailed comparison of the
spectral parameters of complexes 4a and 5a with the
characteristics of the (dppe)PtFe;{u,-C=CHPh)}(CO)y
and (dppe)Ptle;{CO)g complexes, respectively, whose
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structures have been established by X-ray diffraction
analysis.!3 led to the conclusion that the structures of
the palladium complexes and of the corresponding plat-
inum complexes are identical.! The fact that the region
of stretching vibrations of the carbonyl groups in the IR
spectrum of complex 4b is very similar to that of com-
plex 42 as well as the fact that the spectra of complexes
Sb and 3a are identical (sce the Expenimental section)
provide convincing proof that the structures of the pair
of homologs 4a and 4b as well as of the pair of com-
pounds 3a and 5b are the same.

The CpMnFe(1;-C=CHPhKCOJ4 complex (3) was
crystallized from hexane as brown needles stable under
ambient conditions. Compound 3 was studicd by X-ray
diffraction analysis. fR spectroscopy. 'H and PC{'H}
NMR spectroscopy., and mass spectrometry.

The IR spectrum of the CpMnFe,(u;-
C=CHPh)}{CO)g complex (3) in C,H; has seven v(CQ)
bands in the region of 2073—1873 ¢m™}, which is
indicative of a low symmetry of the molecule. Two weak
bands at 1913 and 1873 cm™' can be assigned to vibra-
tions of the scrmbridging and bridging CO groups (see
below). The frequency of the latter is close to the
frequencies of the u-CO groups in the spectra of the
uy-phenylvinviidene  complexes  CpMnFePt(us-
C=CHPh)COjn'-Ph,PCH,P(=0)Ph,] (7. 1870 cm™~1}12
and Fe;(u;-C=CHPh)(CO) o (8. 1892 ecm™").20 In
the IR spectruimn of  the CpMnFes(ps-
HC=CCOOMe){COQ)s complex (9).2} the frequencies of
the bridging CO groups (1835 and 1820 cm™!) are
substantially lower due to the weaker electron-with-
drawing effect of methyl propiolate compared to that of
vinylidene.

The proton resonance of the =CHPh group in the
'H NMR spectrum of complex 3 is manifested as a fow-
ficld singlet at & 7.83, which is typical of complexes with
bridging vinvlidene ligands.?-3

in the DC{'H! NMR spectrum of compound 3,
signals for the C{1) and C{2) atoms are obscrved n the
regions {at 3 306.13 and 97.01. respectively) typical of
trinuclear complexes with pa-C{1)=C{2)HR ligands (R
= H or Ph).23 One singlet signal at & 211.64 corre-
sponds to the CO groups at the Fe atoms. and the
signals at 6 232.86 and 237.04 correspond to the u-CO
groups. In the PC{'H} NMR spectrum of complex 8,
ten carbonvl groups give one broad singlet at § 210.40.%0

It was of considerable interest to elucidate the ques-
tion of whether the CpMnFe(u3-C=CHPhWCO)g clus-
ter (3) can be prepared directly from
Cp(CO)»Mn=C=CHPh (1) by adding two carbonyliron
fragments to the latter as well as from the

+{Cp(CO)MnC(COICHPh]Fe(CO); complex (6).

The existence of equilibrium between two isomeric
forms. viz.. T“trimethvlenemethane” form 6 and
u-vinylidene form 6a (see Scheme 2), in solutions of
complex 6 gave impetus to a search for the possibility of
the conversion of 6 into 3. The existence of this equilib-
rium is evidenced by the presence of several additional
strong v(CO) bands in the IR spectrum of a solution of
complex 6 as well as by additional signals in the 'H and
13C NMR spectra in the regions corresponding to the
u-C=CHPh and Cp ligands. However, attempts to syn-
thesize compound 3 from complex 6 failed.

With the aim of converting complex 1 into com-
pound 3. various carbonyliron complexes were exam-
ined. it appeared that complex 1 did not react with
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Fe (COYy». The reaction of complex 1 with

Fe(CO),(THF) in THF was terminated at the stage of

formation of complex 6 and did not proceed further.
The addition of catalytic amounts of Pd(PPh;); or
Cp(COYMnPd(u-C=CHPR)(PPhj;)> did not change the
situation. We succeeded in preparing complex 3 in low
vield onlv in the reaction of complex 1 with an excess of
Fes(CO)q in boiling heptane (see the Experimental sec-
tion).

Mass-spectrometric study of complex 3

The mass spectrum  of the CpMnFes(u;-
C=CHPh)(CO)¢ complex (3) has a molecular ion peak
M* at m/z 338, Further decomposition of this molecutar
ion upon clectron impact occurs with successive elimi-
nation of eight CO groups to form the corresponding
10ns.

Elimination of the manganese atom and then the
iron atom from the |CsHsMnFey(CiHg)l " ion with m/z
334 affords ions with m/z 279 and 223, respectively.
Further decomposition of the [CsHs(CyHg)Fes]™ ton
with m/z 279 proceeds with elimination of acetylene and
then of the {C<H:] fragment to form ions with m/z 233
and 188, respectively.  Fragmentation ot the

JCsHsFetCgHy)[ ™ ion with m/z 223 proceeds with elim-
ination of either the [CsHs] species or the [CyHg}
species to form tons with m/z 158 or 121, respectively.

The most tntense peak in the spectrum of complex 3
belongs to the phenvivinylidene (or phenylacetylene)
jon [CyHy 1™ with m/g 102 (100%). It should be noted
that the spectrum has also an intense (92%) peak of the
ferrocene ion [(CsHs)-Fel™ with m/7 186 due, apparent-
ly, to thermal decomposition of the compound in the
vicinity of the fonization chamber of the mass spectrom-
eter.

i X-ray diffraction study of
(T]D-C5H5)I\/IHFEZ(}{;-C:C}IPTI)(CO)S (3)

The molecular structure of complex 3 is shown in
Fig. 1. The principal geometric parameters are given in
Tables 1 and 2. The structure of compound 3 was
compared with the structures of the known complexes
CpMnFePt{u;-C=CHPh){CO)4in'-Ph-PCH,P(=0)Ph,]|
(1)1 Fej(u;-C=CHPh)(CO),p  (8).2  and
(T15<C5H5)1\/1nFC;(U}'HC*CCOON‘C)(CO)S (9)“
(Scheme 3).

Two iron atoms and the manganese atom in complex
3 form an isosceles triangle (Mn(1)—Fe(1), 2.633(2) A:
Mn(h—Fe(2). 2.669(2) A: and Fe(1)—Fe(2), 2.569(2)
A). Recently. we have found!? the similar Mn—Fe bond
lengths (2.676 and 2.692 A for two independent mole-
cules) in complex 7 containing the Mn—Fe—Pt chain as
the central fragment. Fe—Fe distances similar to the
Fe(1)—Fe(2) distance in complex 3 were observed in

o 0(19)

Fig. 1. Structure of the CpMnFe,(1-C=CHPh)(CO)g complex (3): a, the overall view of the molecule; b, the projection onto the
plane of the MnFe» triangle. The second position of the uy-C=CHPh ligand is indicated by double lines.
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Table 1. Principal bond lengths () in molecule 3

Table 2. Bond angles (w) in molecule 3

Bond diA Bond dy: Angle wjdeg Angle w/deg
Fe(l)—Fei2) 2569 Feth—Mn(l)  2.633(2) Fe(2)—Fe(D=Mn(l) 6143 Fe()—C(1H—Mn(!) 881 (3)
Fe(2)—C(9)  L.736¢11) Fef2)—Ce10)  L775(10) Fethy—Fe(2)--Mn(1)  60.82(3) Fe(2)——C(h—Mneh) $8.2(4)
Fe(2)—Mnei)  2.669(2) Mn{1--C(H 1.939%(9) Fet)—Mn{l)--Fe(2) 7.75(3) ChH—C(H—Cith 134(2)
Fet)—C(l)y L877(11) Mn(H)—Ct3y  1.779(10) C(D~Fe(h—Fe(2) 47 .4(3) C(H—C(2)—-Ci11") 133(2)
Fe()—C(2") 2.45¢0) Mn(1)—C4y 1.783(9) Cil)—Feif)y—Mndl) 46.9(3) C(3)—Fe({)—Mn() 40.6(2)
Fe(h—Ci{3) 2.444012) Mn(H—C(Cp) 2.13(1)— C(h—Fe{2)—Fe(l) 46.8(3) C(d)—Fe(2)—~Mn( i) 40.312)
Fethy—C(3) L1.790(10) 2.17(1) C(1y—Fe(3—Mn() 36.6(3) C(3)—Mn(li—Fe(hH 63.4(4)
Fe(ty—C(e)y  1.798(12) C--0 L) — Cih—Mn(h—Fe(l) . 45.0(3) C(d)—Mn(1)--Fe(2) 64.1(3)
Fe(1)—C(7)y 1.777(13) Fiscn) Cily—=Mn(l)--Fe(2) 43.3(3) O(3)—C(3)—=Mn(ly 163.7(12)
Feiy—Cthy  1.896(10) Cih—C) 1.26¢2) COH—-C(hH—Fe(by 134.49) O3)——C{3)—Fei D) 120.3¢10)
Fe(2)y—C(2) 2.3502) CihHh—C(2" 1.33(2) C27)—=C(i)~—Fet ) 974D Mnr(1)-—C(3)—Fe(D) 76.004)
Fe()—Cidy  2.475(1D) Ci2)~-Carh L3N C()—Cily—Fet2) 93.9(1)) O(4)—C(4)—Mn(1) 164.6(9)
Fet2)—C(8) £.794(9) C2H-Ceii 1.43(3) C2)—C()—Fe(2) 133.5(M O($H)—C{H)—Fe(2) 119.7¢(7)
Fe(1)—C(—Fe(2) 85.8(4) Mn(1—C(4)—Fe(2) 75.6(3)
C(H—-C(hH—Mn(l) 137.5(10) O—C—Fe 177¢1)~
C(2)—Cih—-Mncl) 138.1(9) 1792
wy-vinvlidene complex 8 (2.597. 2.384, and forms o-bonds with the Mn(1) and Fe(l) atoms and a

2.562 A).10 In the complex with the methyl propiolate
ligand 9.2' both Mn—Fe bond lengths (2.561 and
2.577 Ay are ~0.1 & smaller than those in molecule 3.
and. on the contrary, the Fe—Fe¢ bond length (2.679 A)
is ~0.1 A larger.

Scheme 3
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The phenvivinvlidene ligand C=CHPh in molecule 3
is located above the MnFe, triangle and is disordercd
over two positions with equal occupancies. viz., C(2)—
CID...C16) and C(2)—C(117)...C(167) (the latter is
indicated bv double lines in Fig. 1). Hence, molecule 3
in the crystal can be considered as a superposition of two
molecules. In the first of them, the vinylidene fragment

n-bond with the Fe(2) atom, whereas this fragment in
the second molecule forms o-bonds with the Mn(1) and
Fe(2) atoms and a n-bond with the Fe(l) atom
(Mn(D—C(D. 1.939(9) A; Fe(DH—C(1), 1.877(11) A:
Fe(2)—C(1), L.896(10) A: Fe(1)~—C(2"), 2.45(2) A; and
Fe(2)—C(2), 2.35(2) A).

The Mn—C(1) s-bond length in compound 3 is
close to the length of the corresponding bond in com-
plex 712 (1.95 and 1.96 A for two independent mole-
cutes). Similar Fe—C(1) o-bond lengths were observed
in complex 8 (1.92 and 1.91 4).20

A distinguishing feature of the structure of complex 3
is that the interaction of the metal atom. which 1s
n2-coordinated by the C(1)=C(2) bond of the vinvlidene
ligand, with the C(2) atom is substantially weaker than
the interaction with the C(1) atom (the average differ-
ence between the Fe—C(l) and Fe—C(2) distances 1s
0.5 A). In other u;-vinylidene complexes, the n?-bond-
ing is more symmetrical. For example, in complex g
as well as in the ruthenium complex Ru;(u;-
C=CHPh)(u-H),(CO)q. which have been studied re-
cently.22 the differences between the corresponding dis-
tances are 0.22 and 0.25 A, respectively.

The lengths of the C(1)=C(2) double bond in two
molecules 3 (1.26(2) and 1.35(2) A) are somewhat smaller
than the usual bond lengths in us-vinvlidene complexes
(1.37—1.43 3).23 In complexes 7!2 and 8,20 the
C(1)=C(2) bond lengths are typical of this mode of
coordination of the vinylidene ligand (1.42 and 1.38 A,
respectively).

In complex 3, the angle between the plane of the
phenyl substituent and the plane passing through the
C(1). C(2), and C(11) atoms is 40° (for the second
orientation of the phenylvinylidene ligand, this angle is
34°).

Each iron atom in complex 3 is coordintaed by three
terminal CO ligands. Both carbonyl groups (C(3)O(3)
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and C($H)O(4)) at the manganese atom act as sepnbndg-
ing ligands. The Mn—CO distances (the average valuc is
1.78¢1) A) are substantially shorter than the Fe—CO
distances (Fe(1)...C(3) and Fe¢(2)...C(4) are 2.44(1) and
2.48(1) A, respectively). The Mn(1)—C(3)—0(3) and
Mn{ 1)--C(3)—0¢4) bond angles are 164(1) and 163(1)°.
respectively.

Apparently, the presence of two semibridging CO
groups (instcad of one bridging group and one semibridg-
ing group according to the requirements of the electro-
neutrality of the complex) in molecule 3 is a conse-
quence of a superposition of two molecules containing
the phenyivinylidene ligand in different orientations.
Attempts 1o reveal the disordered positions of these
carbonvt groups in the course of structure refinement
faifed.

The parameters of the bond between the Cp ring and
the Mn atom are typical of cimanthrene dernivatives. The
distance from the Mn(l) atom to the centroid of the
CUH—C{21) ring is 1.79 A. The angle between
the plane of the MnFes triangle and the plane of the
C{17)—C(2h) ring is 63°.

Therefore, a new tvpe of the chemical behavior of
complexcs B (two competitive pathways of transmetatla-
tion are realized) is observed in the reactions of the
CpMnPd(-C=CHPhYCO)»(P—P) compounds (P—P
= dppe (2a) or dppp (2h)) with Fe,(CO)q. In the first
pathway. the vinylidene ligand retains the bond with the
Mn atom, whereas in the second pathway the bond with
the Pd atom is retained. The replacement of the dppe
ligand by the more efectron-donor dppp tigand results in
the strengthening of the Mn—Pd and Pd—vinylidene
bonds, which is reflected in the ratio between the contri-
butions of the competitive processes but does not change
the overall picture of the reaction.

Apparently, the mechanism of formation of the
CpMnFey(1u-C=CHPh)YCO)g complex is more compli-
cated than that represented by the formal sequence
of reactions /. 4, and 6 in Scheme 1. Even under severe
conditions, complex 3 is formed from compound 1
and Fe»(CO)q in low vield and is not formed from com-
pound 6, which indicates thar palladium playvs a specific
role in the synthesis of this compound. The unusual
behavior of palladium-containing complexes B in process-
es of the block svathesis of clusters is still not completely
understood and calls for further investigation.

Experimental

All operations were carried out under an argon atmo-
sphere. Anhydrous solvents saturated with argon were used.
The CptCOY-MnPd(u-C=CHPh)(dppe) (2a) and
Cp(COIMnPd(u-C=CHPh}dppp) (2b) complexes were pre-
pared by the reactions of CptCOY,LMnPd(u-C=CHPh){PPhy),
with dppe and dppp. respectively, according to a procedure
reported previously.! The synthesis and the characteristics of
the (dppe)PdFestuy-C=CHPhI(CO), (4a) and
(dppe)PdFe;(CO) (52) complexes have been described previ-
ously.} Chromatography was performed with the use of neutral

aluminum oxide {(Brockman 1), The course of the reaction was
momitored by TLC on Silutol plates.

The IR spectra were recorded on a Specord IR-73 instru-
ment. The 'H (400.13 MHz)., SCUH} (100.61 MH2). and
MPIY (161,98 MHz) NMR spectra were measured on a
Bruker AMX-400 spectrometer. The mass spectra were obtain-
ed on an MS-890 imstrument {KRATOS): the ionizing voltage
was 70 Vi the temperature of the inlet system was 150 °C.

The reaction of n>-cyclopentadienyldicarbonyl(u?-(phenyD)-
ethenylidene)bis(diphenylphosphinopropane)manganesepailadium,
Cp(COY,MnPd(u-C=CHPh)dppp (2b), with nomacarbonyidi-
iron, Fe,(CO)g. FeiCOg (2.565 g, 7.05 mmol) was added to
a solution of compound 2b (0.935 ¢, t.17 mmol) in benzene
(40 mL). The reaction mixture was heated with stirring at 70
*C for 30 min, filtered through an ~0.5-cm ALO; layer, and
concentrated /n vacuo. The oily residue was dissolved ina | : 1
hexane—benzene mixture (3 mL) and chromatographed on a
column with Al,O;. The vellow fraction containing dppp and
CpMn(CO); was eluted with a2 3 : | hexane—benzene mixture.
Then the brown (hexane—benzene. 3 : 1), violet (hexane-—-
benzene. 1 : 1), and green (hexanc--benzene. | @ 3y fracuons
were successively eluted. After removal of the solvent and
recrvstallization from hexane, brown crystals of CpMnFey(u;-
C=CHPh(CO)q (3} were obtained from the brown zone in a
vield of 0.350 g (53%). Found (%): C. 40.91: H, t.84: Mn.
9.85: Fe, 20.02. C ot yFesMnQ,. Calculated (%) C, 40.86;
H, 1.79: Mn, 9.86: Fe. 20.97. IR (C¢H ), v/em™h 2073 s,
2032 v.s, 2010 5. 1995 m. 1973 m, 1913 w, 1875 w (CO). 'H
NMR ((CD}):C()), 8 5.6% (s. 5 H. CjH_;‘l 7.74 (t, | H. P'H
CoHs. Juy = 7.6 Hzyo 7.85 (1, 2 H, m-H, CeHq. Jyy =
6.8 Hz). 7.86 (s, | H. C=CHCHs): 8.19 (d. 2 H. 0-H. C Hx,
Junw = 7.6 Hz). PC{{HI NMR ({CD;y),CO), & 91.79 s,
CsHs): 97.01 (s, C=C(2)HCHs): 127.80, 128.51, and 129.31
(all s. p-C. m-C, and 0-C. CgHq): 143,42 (s, ipso-C, CgHs);
211.64 (s. Fe—COy; 232.86 and 237.04 (both s, u-CO): 306.18
(s. C(H=CHC Hs). MS(EL 70 eV). m/c ([ (56 538 {M]”
(0.3). 330 [M = COJ™ (0.1, 302 (M — 2 COY™ (0.3). 474
(M = 3 COJ* (0., 446 (M = 4 COJ* (0.2). 418 [M -
SCOLT (2.4), 390 {M ~ 6 COJ™ (2.4). 362 [M — 7 COJ™ (1.4),
334 (M — 8 COJ™ = {CsHsMn(CgHg)Fey|™ (3.4), 27
[CsH:Fe,CyHgl® (2.4), 253 (CiHo(CHpFe ]t (0.6). 223
[CsHsFeCyHgl™ (4.0, 188 ((CoHFea)™ (1.2). 158 [FeCqHy)™
(2.1, 121 [CsHsFe]™ (24.1), 102 [CgH, ™ (100.0).

The violet zone was concentrated to 2 mL. After reprecip-
itation with hexane, the violet complex (1,1,1.1.2.2.2,2-0octa-
carbonyl)-[3-n-bis(diphenylphosphino)propane- PP’ |- triangulo-
ditronpalladium(2Fe—Pd, Fe— Fe), (dppp)PdFe ,(CO)q (5b), was
obtained in a yield of 0.005 g (<!%). Compound Sb was
identified by IR spectroscopy (CH,Cis), v/em™': 2049 s,
2000 v.s. 1964 s, 1945 sh, 1885 w.br (CO). (IR of
tdppe)PdFe.(CO)g (5a). viem™': 2052 s, 2002 vis, 1969 s,
1955 5. 1909 w.br (CO).)

After reprecipitation with hexane, dark-green crystals of
(£,1.1,2.2.2.3.3.3-nonacarbonyl)-uy-f 1 -n2.2.3.4-n ' - (phenyl)-
ethenylidene]-[4-n2-bis(diphenyiphosphino)propane- PP’ |-
bis(triangulo)-triironpalladium(2Fe— Pd,2Fe— Fe, Fe—Fe),
(dppp)PdFe (ny-C=CHPh)(CO}, (4b). were obtained in a vield
of 0.339 g (28%). Found (%). C, 50.23: H. 12.99; P. 6.02.
CyH32Fe 0P, Pd. Calcutated (%): C, 50.77; H. 3.08; P, 5.9¢6.
IR (CH,Chy, v/em™h 2050 s, 1998 sh. 1989 s, 1933 w.br
(CO). (IR of (dppe)PdFe;(u,;-C=CHPh)(CO)g (42) (CH.Cly),
viem™V: 2049 5, 2002 sh. 1988 5. 1929 w.br (CO)Y). JIP{TH}
NMR (CD,Cl), & —4.23 (d, | P, *Jpp = 158 Hz); ~2.08 (d,
! P, *Jpp = 138 Hz).

The reaction of (n°-cyclopentadienyldicarbonyl(phenyl)-
ethenylidene)manganese, Cp(CO);Mn=C=CHPh (1), with
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Fe,(CO)q. Compound 1 {0.200 ¢, 0.72 mmol) and FesCO)q
(11,968 g, 2.66 mmol) were mixed with heptane (20 mL). which
was warmed 10 30 °C. The reaction nuxture was refluxed with
stirming for | h and then filtered. The filtrate was chromaro-
graphed on a column with Al,O;. The yellow zone containing
CpMn(CO); (0.039 g, 20%) and two yellow-green zones con-
taming small amounts of nmdentified products were succes-
sively eluted with a 3 @ | hexane—benzene mixture. Then the
brown zone was eluted with a 3 : | hexane—benzene mixture.
The lurter was concentrated. After recrystallization from hex-
ane, brown crystals were obtained i a yield of 0.040 g (10%).
These crystals were identified as CpMnFe,(ji3-C=CHPh)(CO)q
(3) based on the IR spectral data.

X-ray diffraction study of the complex (1.1,2.2.2,3.3.3-
octacarboayl)-(1-n-cyclopentadienyl) -uy-{1,2-1",3-n2-(phe-
nyb)ethenylidene}-triangulo-manganesediiron( 2 Fe— Mn, Fe— Fe¢)
(3). Biuck needle-like crystals of CpMnFe, (1;-C=CHPO)(CO)q
obtained by crystaliization from CCly as well as {rom
CCly—hexane (1 : 1) or pentape—ether—dioxane (5 : 4 @ D)
mixtures were identical. A well-fuceted single crystal obtained
from a CCl;—hexane mixture was chosen jor X-ray diffraction
study.

Crystals of Cy H OgFeMny (M = 357.94) are orthorhom-
bic, at 20 ~C a = 13.492(4). & = 13 1HNT). ¢ = 10.309(4 A,

"= 2102(2) A%, space group Pna2,. Z =4, doye = 1.763 g cm ™,

[ntensities of 2338 independent reflections were measured
on an automated Stemens P3/PC diffractometer at 20 °C
(~Mo-Ka radiation, graphite monochromator, 45, = 23°).
Absorption was ignored (p(Mo-Ka) = 20.0 cm™!). The struc-
ture was solved by the direct method. The coordinates and
anisotropic thermal parameters of all nonhydrogen atoms (ex-
cept for the carbon atoms of the disordered fragment. which
were refined sotropically) were refined by the least-squares
method based on Fly,,. The hvdrogen atoms were placed in
caleulated positions and refined using the riding model.

The final values of the R tactors were as follows: R, =
0.048 (calculated based on Fy, using 1423 reflections with
/> 2661, wRy = 01355 bused on Fl, for all 2285 reflections
used at the final stage of the refinement. All calculations were
performed on a PC with the use of the SHELXTL PLUS 3
program package.?3

We thank P. V. Petrovskii, N. 1. Pavlenko, and A. L.
Rubailo for recording the NMR and IR spectra and for
helpful discussion. This work was financtallv supported
by the Russian Foundation for Basic Research (Project
Nos. 99-03-33027 and 97-03-33783a) and by the Kras-
novarsk Region Science Foundation (Grant 6F0177).
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