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Abstract

Pentacarbonyltrimethylphosphitetungsten(0)
reacts photochemically with cyclooctatetraene to give
a tricarbonyltrimethylphosphite(n®-cyclooctatetra-
ene)tungsten(0) complex, which exists in both facial
and meridional isomeric forms.

Introduction

Cyclooctatetraene, COT, can bond to transition
metals in an unparalleled variety of ways. It may act
as a mono-olefin, as a 1,3- or 1,5-diene, as a 1,3,5-
triene or as a tetraene system. In addition, examples
of o-bonding and m-allyl bonding are known in
COT-metal compounds. In its complexes with the
group 6B metals, COT adopts preferentially 1,3,5-
triene (hexahapto) systems. So it forms the M(CO);-
(n%-COT) complexes with chromium, molybdenum
and tungsten [1-3]. The one exception of this
general behavior was the Mo(CO)4(n*-COT) com-
plex which has been synthesized from Mo(CO);-
(n%-COT) by CO insertion [4]. We have recently
reported the synthesis of the stable tungsten ana-
logue, W(CO),4(n*-COT), by UV irradiation of hexa-
carbonyltungsten(0) in the presence of COT at low
temperature [5].

The presence of a bulky donor ligand such as
trimethylphosphite in the complex would be
expected to affect the coordination ability of the
COT ligand. In order to investigate this effect in
the case of the group 6B metals, we studied the
reaction of M(CO)s[P(OCH;3);] (M: Cr, Mo, W)
with COT. Since the UV irradiation of M(CO)s-
(PR3) in the presence of olefin proved a convenient
means of synthesizing carbonyl—donor ligand—
olefin—metal complexes [6], the pentacarbonyl-
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Fig. 1. The two possible isomers of the tricarbonyltrimethyl-
phosphite(n4-cyclooctatetraene)tungsten(O) complex.

trimethylphosphitemetal(0) was irradiated in the
presence of COT in an inert solvent. Only the tri-
carbonyltrimethylphosphite(n*-COT)tungsten(0)
complex was isolated as a product of the photochem-
ical reaction:

hy, 253 K

n-pentane

W(CO); [P(OCH;)3] (n*-COT) + 2CO

W(CO)s [P(OCH;);] + COT

The complex has a pseudooctahedral structure
and exists in two isomeric forms depending upon the
relative position of the trimethylphosphite ligand
with respect to the COT ligand (Fig. 1).

Experimental

All reactions and purifications were performed
under a prepurified nitrogen atmosphere. Solvents
were distilled from sodium or phosphorus pentoxide.
The pentacarbonyltrimethylphosphitetungsten(0) was
prepared according to the published procedure
71.
[ IR-spectra were recorded on a Perkin-Elmer
297 spectrophotometer. The 'H, *C and *P NMR
spectra were recorded on a Bruker WP 200 spectro-
meter operating in the FT mode.
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A solution of 300 mg pentacarbonyltrimethyl-
phosphitetungsten(0) and 1 cm® cyclooctatetra-
ene in 100 cm® n-pentane was irradiated at 253 K
for three hours using a mercury UV lamp (TQ
150, Quarzlampen GmbH, Hanau/B.R.D.). After
the filtration of the solution, the solvent and the
excess cyclooctatetraene were removed by evapora-
tion in vacuum, leaving a yellow residue which was
redissolved in dichloromethane and transferred to
a chromatography column filled with silicagel and
n-pentane. Eluting the--column with a mixture
of dichloromethane:n-pentane (1:5) gave a yellow
band. The yellow eluate was evaporated in vacuum.
The residue was dissolved in 10 cm?® n-pentane.
Upon cooling, the solution yielded yellow crystals
which were dried in vacuum to yield 240 mg or 80%
of W(CO)3[P(OCH3)3](C3HB) (Found: C, 338%,
H, 3.45%. C14H1706PW requires C, 339%, H,
3.46%).

Results and Discussion

The IR-spectrum of the tricarbonyltrimethyl-
phosphite(n*-cyclooctatetraene)tungsten(0) com-
plex shows five absorption bands for the CO stretch-
ings (Fig. 2), indicating that the complex exists
in both mer- and fac-isomeric forms. Since one of
the five peaks has comparatively high intensity,
an absorption band of the fac-isomer apparently
overlaps with one of the three absorption bands of
the mer-isomer. The assignment of absorption bands
to the isomers is based on the intensity distribution
and the relative positions of the bands [8]. The CO
force constants were calculated from the carbonyl
stretching frequencies using the Cotton—Kraihanzel
approximation [9]. The CO stretching frequencies
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Fig. 2. The IR spectrum of W(CO)3[P(OCH3)3](n*-COT) in
the region of CO stretchings recorded from n-pentane solu-
tion.
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TABLE I. The CO Stretching Frequencies and the CO Force
Constants of mer- and fac-W(CO)3[P(OCH3)3] (na-COT).
ky refers in fac- and mer-isomers to the CO ligand which is
trans to trimethylphosphite or to a double bond of COT
respectively. k, refers to the remaining CO groups. k is the
average of k; and k.

vco em™ ) CO Force constants
Nm™h)
A'(l) A'(QQ) A" k, k, k

mer- 1930 1877 1883 1444 1457 1450
fac- 1977 1945 1877 1400 1564 1482

and CO force constants are listed in Table I. The
average k values are lower than that of the tetra-
carbonyl(n®-COT)tungsten(0) complex [5], indi-
cating the effect of the trimethylphosphite ligand
on bonding in the complex.
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Fig. 3.The "H NMR and '"H—{*'P} NMR spectra of the tricar-
bonyltrimethylphosphite (n4 -cyclooctatetraene) tungsten (0)
complex in toluene-dg at room temperature.
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The 'H NMR spectrum of the complex consists
of 10 signals which are split due to the proton—
phosphorus as well as proton—proton coupling.
For simplification of the complicated 'H NMR
spectrum a heteronuclear decoupling experiment
was undertaken [10]. Both the 'H NMR and
IH—{3'P} NMR spectra of the complex are given
in Fig. 3. and on a larger scale in Fig. 4. The signals
are distinguished into two groups based on their
relative intensities and structures, each corres-
ponding to one of the two isomers of the complex.
Because of the m-competition, the protons of the
trimethylphosphite ligand in the fac-form are
expected to resonate at a lower magnetic field
than those in the mer-form. Therefore the higher
chemical shift for the trimethylphosphite is assign-
ed to the fac-isomer. The signals of the olefinic
protons were assigned by considering the spin sys-
tems in both isomers. From the relative intensities
of the trimethylphosphite signals of mer- and fac-
isomers, the equilibrium composition of the solution
was found to be 33% mer- and 67% fac-isomer. The
assignment of signals to the olefinic protons is based
on their chemical shifts and fine structures. The 'H
NMR chemical shifts and the coupling constants are
given in Table II.

The *C—{'H} NMR spectrum of the complex was
recorded from its toluene-dg solution and is given
in Fig. 5. For the carbon atoms of the COT ligand
two signal groups are distinguishable, each consist-
ing of four signals. The four signals between 132—
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137 ppm are to be assigned to the uncoordinated
catbon atoms and the other four signals between
79-96 ppm to the coordinated carbon atoms of
the COT ligand. In each group, the signals of lower
intensities are assigned to the mer-isomer and the
other ones to the fac-isomer. Furthermore, the
consideration of the doublet structure of some signals
and the chemical shift values enables us to make the
complete assignment of the signals to the individual
carbon atoms of the COT ligand in both isomers.

For the carbon atoms of the trimethylphosphite
ligand, the *C—{*H} NMR spectrum shows two
doublets at 51.75 and 52.06 ppm due to the '3C-
3P coupling. The doublet of lower intensity at
higher magnetic field is readily assigned to the
mer-isomer, which has the trimethylphosphite ligand
in a position trans to a double bond having less 7-
accepting ability than carbon monoxide. In the car-
bonyl region of the *C-NMR spectrum, four doublets
are observed due to the **C—*'P coupling. The assign-
ment of the signals to carbonyl groups in both
isomers is based on the chemical shift values and the
relative intensities of the signals. The *C NMR chem-
ical shift and '*C—3'P coupling constant values are
given in Table IHI. The resonance frequencies of the
carbon atoms are shifted to higher magnetic field on
coordination as expected [11].

The *P—{'H} NMR spectrum of the complex
was also recorded from its toluene-dg solution by
using H3PO, as external reference. It shows two
singlets at 148.22 and 139.84 ppm with their tung-
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Fig. 4. The 'H NMR (above) and lH—{31P} NMR (below) spectra of the complex on a larger scale.



150

S. Ozkdr, A. Erdogan and C. G. Kreiter

TABLE II. 'H NMR Chemical Shifts (in pfm, relative to TMS as internal reference), J31p_1y and Jiy 1y Coupling Constants
(Hz) of mer- and fac-W(CO)3 [P(OCH3)3] (n -COT) in Toluene-dg at Room Temperature.

5 (ppm) Ja1p_1y (Hz) Jig—ty (Hz)
Hye 4.12 9.5 H;—Ha=Hs —Hg=9.1
Hys 4.25 1.0 H;—Hg=Hg-H,= 1.8
fac- H3q 5.95 1.3 H,-H3;=H4—H¢= 1.6
Hog 6.09 4.0 Hy—H3=H4-Hs=1.4
P(OCH3)3 3.42 10.8 H,—Hg=Hg-Hg= 1.3
Hy, 4.60 3.5 H,—Hy=H,-Hg=1.4
H3,8 587 - HZ*H8=H1~H3= 12
mer- H4‘7 6.19 0.8 H3;-H;=H;-Hg= 8.3
Hs 6 4.02 0.8 Hy~Hg=Hg—Hq= 2.0
P(OCH3); 3.33 11.4 Hy-Hg=Hs—H,=1.4
P(OC
f f
m f
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Fig. 5. The 3C—{"H} NMR spectrum of W(CO)3 [P(OCH3)3 ] (n*-COT) in toluene-dg at room temperature.

sten satellites with Jlgaw_alP values of 491 and
346 Hz for the mer- and fac-isomers respectively.
The assignment of signals to the isomers is based on
the relative signal intensities. The comparison of the
relative intensities of the *'P—{'H} NMR signals
confirms the equilibrium composition of 67% fac-
and 33% mer-isomers calculated from the 'H NMR
signal intensities. The P NMR chemical shift of
trimethylphosphite is shifted toward lower magnetic
field upon coordination as observed in a large number
of phosphine and phosphite complexes [12, 13].

Conclusion

The IR and NMR spectral data indicate that the
W(CO);3[P(OCH3);5] (n*-COT) complex exists both
in fac- and mer-isomers. Since the NMR spectra of
the complex do not show any significant change
with the temperature between 173-353 K, both
isomers are said to be rigid, which is a property of
the complexes with unconjugated diene ligands [14].
The presence of a donor ligand such as trimethyl-
phosphite in the complex affects the coordination
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Edward Arnold, London, 1967.
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ability of the COT ligand. Although the cycloocta- 84, 4432(1962).
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