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Abstract-The calculated parameters of the steric and electronic structure and shielding constants ofh2-
(3-penten-2-one)Fe(CO)4, h2-(3-penten-2-one)M(CO)5, h4-(3-penten-2-one)Fe(CO)3, andh4-(3-penten-2-one).
M(CO)4 (M = Cr, Mo, W) nicely agree with the experiment. Coordination of thea-enone with transition
metals significantly distorts the conjugation between the C=C and C=O bonds.

It is believed by some authors that the reactivity of
a heteropolyene ligand is affected byp complexation
with a transition metal only inhn complexes with low
n [1, 2]. In this case the metal is considered as a pro-
tective group blocking the most active multiple bond
of the polyene. We have shown previously [3, 4] that
a-enones containing one or several aromatic frag-
ments, when coordinated in theh2 or h4 mode to Cr,
Mo, or W, react with dialkyl hydrogen phosphites by
the scheme of the Abramov reaction, whereas with
free a-enones the process follows the pattern of the
Pudovik reaction (hydrophosphorylation of the C=C
bond).

The similar reactivity of the coordinated enones,
independent of the coordination mode, cannot be ex-
plained in terms of the concept of the protective role
of metal. Probably, bonding with the metal center
affects the geometric and electronic structure of the
a-enone ligand. To reveal changes in the structure of
a-enones due top complexation, we performed a
theoretical study by the SBK (ECP) method of a seri-
es of heterodienep complexes:h2-(3-penten-2-one)-
tetracarbonyliron(0); h4-(3-penten-2-one)tricarbonyl-
iron(0); h2-(3-penten-2-one)pentacarbonylchromi-
um(0), -molybdenum(0), and -tungsten(0); andh4-(3-
penten-2-one)tetracarbonylchromium(0), -molybde-
num(0), and -tungsten(0).

To study the structural and energy parameters of
the compounds, we chose the ECP (SBK) basis in
which the electrons of the inner shells are described
by the Stevens3Basch3Krauss model potential. In this
method we used the 6331G basis for hydrogen atoms
and the quadro- and tri-zeta basis sets for thes, p, and
d shells of heavy atoms. For heavy atoms we used the

d-polarizing function. In this basis we performed the
complete geometry optimization [5].

The magnetic properties of molecules were deter-
mined by the nonempirical method of gradient-invari-
ant atomic orbitals (GIAO) used for calculating the
shielding constants [6]. The GIAO method is based on
the perturbation theory in calculations of the magnetic
shielding. The procedure was developed by Ramsey
[739] who obtained the following expression for the
component of the nuclear magnetic shielding tensor
for a particular case when the origin of the coordinate
system is fixed on the nucleus under consideration:
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n = [r6n0p6n] is the orbital moment; in
the latter expressionp6n is the operator of the momen-
tum of the nth electron, andEn is the energy of the
nth excited state.

The problem of the dependence on the position of
the origin was solved by London who used the so-
called gradient-invariant atomic orbitals, or London
orbitals [10]. They have the form
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whereYv̀ is the orbital of the atom whose position in
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Table 1. M3C and C3O bond lengths,A
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

ECP/SBKa ³ Experimentb ³ Calculationc

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄ
complex ³ M3C ³ C3O ³ M3C ³ C3O ³ M3Cd ³ C3O

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄ
M = Fe

h2-[CH3CH=CHC(O)CH3]Fe(CO)4, e-CO ³ 2.026 ³
1.140

³ ³ ³ ³
h2-[CH3CH=CHC(O)CH3]Fe(CO)4, a-CO ³ 2.174 ³ ³ 1.827e ³ 1.152e ³ 1.823/1.843f ³ 1.162f

h4-[CH3CH=CHC(O)CH3]Fe(CO)3 ³ 2.060 ³ 1.137 ³ ³ ³ ³
M = Cr

h2-[CH3CH=CHC(O)CH3]Cr(CO)5, e-CO ³ 1.961 ³
1.151

³ ³ ³ ³
h2-[CH3CH=CHC(O)CH3]Cr(CO)5, a-CO ³ 2.014 ³ ³ 1.914g ³ 1.140g ³ 1.770/1.861h ³ 3
h4-[CH3CH=CHC(O)CH3]Cr(CO)4 ³ 2.241 ³ 1.141 ³ ³ ³ ³

M = Mo
h2-[CH3CH=CHC(O)CH3]Mo(CO)5, e-CO ³ 2.076 ³

1.144
³ ³ ³ ³

h2-[CH3CH=CHC(O)CH3]Mo(CO)5, a-CO ³ 2.133 ³ ³ 2.063i ³ 1.145i ³ 2.005/2.065h ³ 3
h4-[CH3CH=CHC(O)CH3]Mo(CO)4 ³ 2.050 ³ 1.148 ³ ³ ³ ³

M = W
h2-[CH3CH=CHC(O)CH3]W(CO)5, e-CO ³ 2.070 ³

1.150
³ ³ ³ ³

h2-[CH3CH=CHC(O)CH3]W(CO)5, a-CO ³ 2.156 ³ ³ 2.058i ³ 1.148i ³ 2.020/2.057h ³ 3
h4-[CH3CH=CHC(O)CH3]W(CO)4 ³ 2.040 ³ 1.152 ³ ³ ³ ³
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄ
a Results of this work.b Experimental data for internuclear distances in homoligand carbonyls M(CO)x.

c Results of the theoretical
study of acetylenep complexes (CH=CH)M(CO)x.

d The first figure corresponds to the carbon atom of CO axial with respect to
coordinated acetylene, and the second figure, to equatorial CO molecules.e Data of gas-phase electron diffraction [14].f BLYP3
ECP calculations [15].g Neutron diffraction data for the crystalline phase [16].h MP2/II calculations [17].i Data of gas-phase
electron diffraction [18].

of the electron is described by the radius vectorr6,
and A6n = [H60r6] is the vector potential of the mag-
netic field on the nucleus. This method is widely used
to describe the second-order magnetic properties of
of atoms and molecules.

The GIAO calculations using the coupled Hartree3
Fock method, performed for the first time by Ditch-
field [11], allowed the requirements to the basis size
to be considerably reduced. The GIAO method was
substantially improved by using a procedure similar
to analytical differentiation [12, 13].

The M3C bond lengths for coordinated carbonyl
ligands, obtained by calculation and available from
the literature, are given in Table 1. It is seen that the
M3C bond lengths for equatorial CO groups are nicely
consistent with the experimental values for homolig-
and carbonyl complexes of the corresponding chromi-
um-subgroup metal complexes. Deviations from the
experimental values are from 0.005 to 0.05A, which
shows that the method is quite applicable for calcula-
tions of these organometallic compounds. According
to [14], the metal3carbonyl ligand bond lengths in the
equatorial plane of ap complex differ insignificantly
from those in the homoligand carbonyl complexes.
The M3C bond with the CO molecule in the trans

position relative to thea-enone ligand is 0.0530.1 A
longer than those with the equatorial CO molecules.
This fact is consistent with the results of theoretical
studies of the complexes (alkyne)M(CO)x [16, 18] and
with the experimentally observed [15] trans influence
of the unsaturated ligand in organometallic com-
pounds, which is stronger than that of the carbonyl
ligands. On the whole, the geometric parameters of
thep complexes of chromium subgroup metals, deter-
mined by us, are better consistent with the experiment
than the bond lengths obtained in the previous MP2/II
calculations of organometallic compounds of chromi-
um-subgroup metals [18].

The calculated M3C and C=O bond lengths in the
iron complexes are worse consistent with the experi-
ment than those in the complexes of the chromium-
subgroup metals. The calculated M3C bond length for
the equatorial CO molecule differs from the experi-
mental value for Fe(CO)5 by 0.2 A; the C3O bond
length also differs significantly (by 0.01A). This may
be due to two factors: errors of the used method of
the effective shell potential and different nature of
iron p complexes as compared to those of chromium-
subgroup metals.

The limitations of the method of the effective shell
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Table 2. Theoreticala and experimentalb 1H and 13C NMR chemical shifts inp complexes of 3-penten-2-one and
4-methyl-3-penten-2-one with molybdenum and chromium
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Complex

³ d, ppm ³ dC, ppm
ÃÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ >C=CH3 ³ 3C(O)3CH3 ³ >C=CH3 ³ >C=CH3 ³ µ3COc

ÃÄÄÄÄÄÂÄÄÄÄÄÅÄÄÄÄÄÂÄÄÄÄÄÅÄÄÄÄÄÂÄÄÄÄÄÅÄÄÄÄÄÂÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
³ calcd.³ exptl. ³ calcd.³ exptl. ³ calcd.³ exptl. ³ calcd.³ exptl. ³ calcd. ³ exptl.

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
h2-(Enone)Cr(CO)5 ³ 3.92 ³ 3.86 ³ 2.02 ³ 2.18 ³ 66 ³ 63 ³ 85 ³ 85 ³ 188/204 ³ 191/200
h2-(Enone)µ°(CO)5 ³ 3.68 ³ 3.74 ³ 2.00 ³ 2.13 ³ 70 ³ 68 ³ 78 ³ 80 ³ 193/211 ³ 195/207
h4-(Enone)Mo(CO)4³ 3.50 ³ 3.45 ³ 2.15 ³ 2.07 ³ 72 ³ 75 ³ 95 ³ 93 ³ 192 ³ 196
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
a The chemical shifts were calculated by theGIAO method, with the geometry of the 3-penten-2-onep complexes optimized by the

SBK method.b The chemical shifts were determined experimentally forp complexes of 4-methyl-3-penten-2-one.c The first figure
corresponds to the axial CO molecule, and the second, to the equatorial CO molecule.

potential in calculations of the geometric and energy
parameters of compounds of Period III elements [16,
17] was repeatedly noted in the literature. The errors
originate from unjustified complete neglect of the
interaction of the inner electron shells of the heavy
atom with the valence shells of ligands for elements
with small atomic radii. Thus, the method of the
effective shell potential gives more accurate results for
elements of Period IV and especially Period V.
Indeed, the geometric parameters obtained by us for
organometallic compounds of molybdenum and tung-
sten are better consistent with the experiment than
those for the chromium compounds.

Another cause of the observed effect is more sig-
nificant rearrangement of the iron carbonyl complex
on coordination ofa-enone. As a result, the M3CO
bond lengths in thep complex significantly differ
from those in Fe(CO)5. This assumption is supported
by the fact that the calculated length of the bond
between iron and the carbon atom of the enone double
bond (2.100A) is close to the length of the bond with
the carbon atom of coordinated acetylene (2.140A)
reported in [16].

The chemical shifts of the carbon and hydrogen
atoms in chromium and molybdenum complexes of
3-penten-2-one, calculated by us from the chemical
shielding parameters by the GIAO method and deter-
mined experimentally forp complexes of 4-methyl-3-
penten-2-one, synthesized by us, are listed in Table 2.
The calculated chemical shifts of the carbon atoms
of the CO group and double bond and of the vinyl
protons are well consistent with the experiment. The
random deviations of the calculated values from the
experiment may be due to limited accuracy of the cal-
culation procedure and also to the fact that the calcu-
lations and experimental determinations were per-
formed with different (though structurally related)

a-enones. Thus, the SBK and GIAO methods used for
optimization of the geometric structure of molecules
allow adequate determination of the geometric and
physicochemical parameters of organometallicp com-
pounds.

The bond lengths, bond orders, and bond and tor-
sion angles in free and coordinated 3-penten-4-one,
calculated by us, are listed in Table 3. Coordination
brings about significant changes in the geometric and
electronic structure of thea-enone. For theh2 com-
plexes, the length of the double bond increases by
0.0530.15 A; this increase is especially pronounced
in elements with smaller atomic radii. Thus, inh2-(3-
penten-2-one)tetracarbonyliron(0) the length of the
coordinated double bond is 1.521A, which corre-
sponds to the length of the C3C bond between sp3-
hybridized carbon atoms. The order of the C=C bond
decreases on coordination, especially in the iron and
chromium complexes. This is probably due to the fact
that the radius of Period III elements allows chemical
bonding between the metal andp ligand by both
donor and acceptor mechanisms. The chromium and
iron complexes, in terms of the Dewar3Chatt3Dun-
canson model are structurally more similar to the
metallacyclopropane boundary resonance structure.
For elements of Periods IV and V, the transfer of the
p-antibonding electrons of the enone ligand to the
vacantd orbitals of Mo or W becomes the predomi-
nant process; as a result, the bond orders and bond
angles in 3-penten-2-oneh2-coordinated to W do not
change significantly relative to the free state. In all
the h2 complexes of 3-penten-2-one, except that with
W, the planarity of the C=C3C=O fragment is dis-
torted: The torsion angle between the C=C and C=O
ring planes is 15.5o332o. This fact, along with a sig-
nificant decrease in the bond orders, suggests distor-
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Table 3. Bond orders, bond and torsion angles, and interatomic distances in free and coordinated 3-penten-2-one,
calculated by the SBK method
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Complex
³ Bond order ³ Bond and torsion angles, deg
ÃÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÅÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄ
³C43C5³ C33C4³ C23C3³ C23O ³ C13C2³C5C4C3³C4C3C2³C1C2C3³ C1C2O³C3C4C2O

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄ
3 ³ 1.032³ 1.940³ 0.906³ 2.047³ 1.036³ 122.2³ 123.1³ 114.9³ 123.1³ 0

h2-[CH3CH=CHC(O)CH3]Fe(CO)4 ³ 1.066³ 0.951³ 1.012³ 1.831³ 1.012³ 118.7³ 119.9³ 116.7³ 122.0³ 15.5
h2-[CH3CH=CHC(O)CH3]Cr(CO)5 ³ 1.047³ 1.580³ 0.899³ 2.014³ 0.963³ 116.8³ 115.9³ 120.8³ 119.4³ 32.1
h2-[CH3CH=CHC(O)CH3]Mo(CO)5³ 1.021³ 1.791³ 0.863³ 2.021³ 1.005³ 118.7³ 116.9³ 121.0³ 119.4³ 29.8
h2-[CH3CH=CHC(O)CH3]W(CO)5 ³ 1.027³ 1.831³ 0.911³ 2.016³ 1.000³ 125.3³ 121.4³ 118.5³ 121.3³ 2.4
h4-[CH3CH=CHC(O)CH3]Fe(CO)3 ³ 1.001³ 1.085³ 1.485³ 1.141³ 1.034³ 118.4³ 116.8³ 121.5³ 116.5³ 3.2
h4-[CH3CH=CHC(O)CH3]Cr(CO)4 ³ 1.049³ 1.487³ 0.933³ 1.090³ 0.972³ 114.0³ 122.3³ 123.6³ 119.4³ 9.1
h4-[CH3CH=CHC(O)CH3]Mo(CO)4³ 1.038³ 1.563³ 0.881³ 1.741³ 0.970³ 114.9³ 116.2³ 118.6³ 121.3³ 11.7
h4-[CH3CH=CHC(O)CH3]W(CO)4 ³ 1.061³ 1.241³ 0.886³ 1.642³ 1.036³ 124.0³ 130.8³ 126.1³ 115.4³ 73
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÅÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄ

Complex
³ Interatomic distance,A
ÃÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ
³ C13C2 ³ C23O ³ C23C3 ³ C33C4 ³ C43C5

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ
3 ³ 1.506 ³ 1.219 ³ 1.485 ³ 1.336 ³ 1.481

h2-[CH3CH=CHC(O)CH3]Fe(CO)4 ³ 1.516 ³ 1.263 ³ 1.510 ³ 1.521 ³ 1.523
h2-[CH3CH=CHC(O)CH3]Cr(CO)5 ³ 1.507 ³ 1.238 ³ 1.506 ³ 1.484 ³ 1.541
h2-[CH3CH=CHC(O)CH3]Mo(CO)5 ³ 1.508 ³ 1.233 ³ 1.509 ³ 1.390 ³ 1.524
h2-[CH3CH=CHC(O)CH3]W(CO)5 ³ 1.531 ³ 1.233 ³ 1.501 ³ 1.370 ³ 1.510
h4-[CH3CH=CHC(O)CH3]Fe(CO)3 ³ 1.522 ³ 1.357 ³ 1.467 ³ 1.518 ³ 1.522
h4-[CH3CH=CHC(O)CH3]Cr(CO)4 ³ 1.516 ³ 1.355 ³ 1.390 ³ 1.510 ³ 1.538
h4-[CH3CH=CHC(O)CH3]Mo(CO)4 ³ 1.533 ³ 1.248 ³ 1.487 ³ 1.387 ³ 1.524
h4-[CH3CH=CHC(O)CH3]W(CO)4 ³ 1.463 ³ 1.264 ³ 1.536 ³ 1.406 ³ 1.566

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ

tion of conjugation between the double bonds in the
a-enone.

The changes in the geometric and electronic struc-
ture of thea-enone onh4 coordination are much more
difficult to interpret. The length of the double bond
increases, especially in the Fe (1.518A) and Cr
(1.510 A) complexes; in the W (1.406A) and Mo
(1.387 A) complexes this effect is considerably less
pronounced. The bond orders also decrease, and the
C3C and C3O bonds in the enoneh4-coordinated to
Fe and W can be regarded as single bonds. For the Cr
and Moh4 complexes, the order of the C=C bond is
close to 1.5. Thus, in theh4 complexes the order of
the C=C bond is lower than in theh2 complexes. The
order of the C=O bond also decreases, especially in
the Fe and Cr complexes. As in the case ofh2 coordi-
nation, the planarity of the C=C3C=O fragment is
distorted: The C=C3C=O torsion angle varies from 3o
to 73o, monotonically increasing with increasing radi-
us of the metal atom. That is, in theh4 complexes
with Mo and W thea-enone molecule significantly

changes its geometry to provide binding with the
metal center via both double bonds.

Changes occurring in the geometric and electronic
structure ofh4-coordinated 3-penten-2-one as com-
pared to the free ligand suggest distortion of the con-
jugation between the double bonds. Thus, we can con-
clude that the main factor responsible for changes in
the reactivity ofa-enones atp coordination [234] is
distortion of the conjugation in the heterodiene.

To check this assumption, we estimated the energy
differences between the conformations of 3-penten-2-
one in the free state and in the complex. We found
that on coordination the enthalpy of formation of the
enone increases, with the destabilization varying with-
in 9367 kJ mol31; this fact unambiguously indicates
that the energy gain due to conjugation of the double
bonds is lost.

For h2 complexes the destabilization energy de-
creases, and for theh4 complexes increases with
increasing radius of the metal. This fact suggests that
the most significant changes in the reactivity of
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heterodienes ath2 andh4 coordination should be ob-
served in the case of metal atoms of small and large
radius, respectively.

EXPERIMENTAL

The IR spectra were taken on a Specord M-80
spectrophotometer (mulls in mineral oil). The1H
NMR spectra were recorded on Varian Unity-300
(299.94 MHz), Bruker-100 (100 MHz), and Bruker
Gemini-200 (199.827 MHz) spectrometers at 25oC in
C6D6, CDCl3, and CD3OD; the chemical shifts were
determined relative to the residual proton signals of
the deuterated solvents. The solution concentrations
were 0.731.5 wt %. The13C NMR spectra were taken
on a Varian Unity-300 spectrometer (75.4 MHz); the
chemical shifts were determined relative to the CDCl3
signals. Calculations by the GAUSSIAN 94 program
[6] were performed in the Institute of Organic and
Physical Chemistry, Russian Academy of Sciences
(Moscow).

All experiments were performed in an argon at-
mosphere.

h
2-(4-Methyl-3-penten-2-one)pentacarbonyl-

chromium(0). To a solution of 0.56 ml of 4-methyl-
3-penten-2-one in 7 ml of THF, we added 1 g of
Cr(CO)6. The mixture was irradiated with UV light
from a highpressure mercury lamp for 8 h. The color-
less crystalline product that precipitated on cooling
was filtered off and washed with hexane; yield 35%,
mp 1723176oC (dec.). IR spectrum,n, cm31: 1560
(coordinated C=C bond), 1720 (C=O bond in 4-
methyl-3-penten-2-one, not involved in coordination),
1990, 1970, 1940, 1920, 1900 (coordinated CO
molecules).1H NMR spectrum,d, ppm: 3.86 (C=CH
bond coordinated to Cr).13C NMR spectrum,dC,
ppm: 191, 200 (coordinated CO molecules), 63, 85
(coordinated C=C bond).

h
2-(4-Methyl-3-penten-2-one)pentacarbonyl-

molybdenum(0) was prepared similarly from 0.56 ml
of 4-methyl-3-penten-2-one in 7.0 ml of THF and 1 g
of Mo(CO)6. Yellowish substance, yield 42%, mp
1683171oC (dec.). IR spectrum,n, cm31: 1555 (co-
ordinated C=C bond), 1720 (C=O bond in 4-methyl-3-
penten-2-one, not involved in coordination), 1995,
1980, 1960, 1930, 1910 (coordinated CO molecules).
1H NMR spectrum,d, ppm: 3.74 (C=CH bond coordi-
nated to Mo).13C NMR spectrum,dC, ppm: 195, 207
(coordinated CO molecules), 68, 80 (coordinated C=C
bond).

h
4-(4-Methyl-3-penten-2-one)tetracarbonyltung-

sten(0).A mixture of 1 g of Mo(CO)6, 6 ml of aceto-
nitrile, and 0.56 ml of 4-methyl-3-penten-2-one was

refluxed under argon for 2 h. The resulting light yel-
low crystalline precipitate was filtered off and washed
with hexane; yield 68%, mp 1733177oC (dec.). IR
spectrum,n, cm31: 1575 (coordinated C=C bond),
1700 (coordinated C=O bond in 4-methyl-3-penten-
2-one), 1990, 1970, 1920, 1900 (coordinated CO
molecules).1H NMR spectrum,d, ppm: 3.45 (C=CH
bond coordinated to molybdenum).13C NMR spec-
trum, dC, ppm: 196 (coordinated CO molecules), 75,
93 (coordinated C=C bond).
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