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Abstract

A series of new vinylsilane complexes of the type [W(CO)s(n>-H,C=CHSiR3)] (1a—e) and trans-[W(CO)4(1n>*-H,C=CHSiR3),]
(2a—e) (R = Me, OMe, OCH,CH,OMe, and Cl) have been synthesized photochemically and characterized by IR and 'H, '*C
and ?°Si NMR spectroscopy. The values of the coordination shifts of the vinylic protons and carbons, Ad = & (free vinylsilane) — &
(coordinated vinylsilane), strongly suggest that trimethylvinylsilane (a) is coordinated more loosely to the tungsten atom in com-
pounds of type 1 and 2 than other vinylsilanes (b—e). The strongest dn—n* interaction takes place between the carbonyltungsten moi-
ety and trichlorovinylsilane. Analysis of >*C NMR data of vinylsilane compounds revealed that the electron-donating methyl
substituents and the electron-withdrawing chlorine substituents at the silicon atom cause opposite deviations from the ideal symmet-
rical n%-coordination of vinylsilane to the tungsten atom. The bis(vinylsilane) complexes 2a—e are shown to exist in several isomeric

forms, whose solution dynamics were investigated by variable-temperature "H NMR studies.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Vinylsilanes are convenient reagents in the synthesis
of new silicon-containing compounds due to their trans-
formation in transition metal-catalyzed reactions such
as metathesis, cross metathesis, and hydrosilylation [1].
Some fundamental steps in their rearrangements with
transition metal can be nicely modeled by the use of
n%-vinylsilane complexes. As a consequence, the coordi-
nation chemistry of vinylsilane towards transition met-
als has received increasing attention. A number of
vinylsilane complexes have been synthesized and charac-
terized in recent years [2]. To date, isolable transition-
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metal vinylsilane complexes have been restricted to Co,
Rh, Fe, Ru, Pt, and Ni. The vinylsilane complexes of
group 6 metals still remain very scarce [3].

It has long been known that photolysis of group 6
metal carbonyls M(CO)g in the presence of olefin pro-
duce [M(CO)q_,(n*olefin),] (n=1-3) complexes [4].
We have recently reported the photochemical synthesis
and characterization of several tungsten(0) carbonyl
complexes that contain one or two olefin ligands [5].
These compounds were prepared by photochemical sub-
stitution of carbonyl ligands in W(CO), by cyclic and
acyclic olefins. We now report the extension of this strat-
egy to the preparation of vinylsilane compounds of the
type [W(CO)s(n*-H,C=CHSiR;)] (la—e) and trans-
[W(CO)4(n*-H,C=CHSIiR3),] (2a—e), R =Me, OMe,
OCH,CH,0OMe, and Cl. It is very interesting to com-
pare the effect of substituents at the silyl groups on the
structure and reactivity of the m*coordinated vinyl
group in compounds of tungsten(0).
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2. Results and discussion

2.1. Synthesis 0f[W(C0)5(n2—H2C=CHSiR3)] (la—e)
and trans-[ W(CO) 4(y*-H,C=CHSiR3),] (2a—e)
complexes

By a method similar to the one we described for the
synthesis of [W(CO)s(n>-olefin)] and trans-[W(CO),-
(n-olefin),] complexes [5], involving the photochemical
substitution of CO in W(CO)¢ by olefin, we prepared the
new n’-vinylsilane complexes of tungsten(0) (Scheme 1).
However, as some photochemical decomposition of
vinylsilane compounds always occurs, only a moder-
ate-to-low yield was obtained. The new compounds
la—e and 2a-e are very easily soluble in hydrocarbon
solvents but not very stable. Decomposition of the pen-
tacarbonyl compounds (la—e) occurs much faster than
the tetracarbonyl ones (2a—e). This led to problems in
obtaining pure samples suitable for elemental analysis.
Characterization of compounds la-e and 2b-e by
NMR spectroscopy was possible only in a mixture
containing free vinylsilane and compounds 1 and 2.
Chromatography on silica resulted in substantial
decomposition and hydrolysis. In one attempt, chro-
matographic separation yielded a small portion of 2d
for independent characterization. Pure crystals of 2a
and 2e were obtained by slow vacuum sublimation.

In all IR spectra of the pentacarbonyl compounds
la-e, the CO stretching vibration pattern is almost iden-
tical with respect to frequencies as well as relative inten-
sities and is in an agreement with a Cg4, symmetry of the
W(CO)s moiety (Fig. 1A). As expected and in accord
with a D,,; symmetry of trans-bis(olefin)tetracarbonyl
compounds of tungsten [4,5], one strong v(CO) band
in the region between 1953 (2a) and 1971 cm™' (2e)
and two very weak ones in the region 20801990 cm ™'
were detected in the IR spectra (KBr pellets) of com-
pounds 2a-e (Fig. 1B). The W-C-O deformation mode
was found between 600 and 560 cm ', The weak bands
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Scheme 1. Photochemical synthesis of vinylsilane complexes of
tungsten(0).
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Fig. 1. (A) IR spectrum in the v(C=O) region obtained after 1 h
irradiation of n-heptane solution of W(CO)s in the presence of
H,C=CHSiMe;. (B) IR spectrum in the v(C=O0) region obtained after
dissolving the pure compound 2a in n-heptane. The bands are labeled
as follows: 0, W(CO)g; 1, [W(CO)s(n*H,C=CHSiMe,)] (1a); 2, trans-
[W(CO)4(n>-H,C=CHSiMes),] (2a).

in the region 1300-1250 cm ™' can be assigned as the
v(C=C) stretching vibration, whose wavenumber is
about 300 cm ™' lower than that observed for the unco-
ordinated vinylsilane. This suggests substantial weaken-
ing of the olefinic bond due to rehybridization towards

sp°.

2.2. Structure of vinylsilane complexes of tungsten(0) in
solution observed by NMR studies

The n?-coordination of vinylsilane in compounds of
type 1 and 2 is confirmed by the observation of coordi-
nation shifts of vinyl protons and carbons signals,
Ao =6 (free vinylsilane) — 0 (coordinated vinylsilane).
In the '"H NMR spectra, three vinyl hydrogens give rise
to three multiplets in the region 4-3 ppm for 1la—e and in
the region 3-1.5 ppm for 2a—e, each integrated as one
proton (Fig. 2, Table 1). The multiplets are mutually
coupled, which is clearly seen in the "H-"H COSY spec-
trum. Thus, for 1a all the three vinyl protons are ob-
served as a doublet of doublets with proton-proton
coupling constants of 16.9, 11.9, and 2.7 Hz — consider-
ably smaller than those observed for uncoordinated
trimethylvinylsilane, viz. 20.3, 14.6, and 3.8 Hz, respec-
tively. The highest coordination shift is observed for
the H® protons, that is at the methine carbon, which
may indicate more rearrangement around this carbon
atom (=CHY®), involving partial rehybridization toward
sp’ and an increase in shielding compared with the
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Fig. 2. The vinyl region of the "H NMR spectrum (500 MHz, CDCl5)
of a freshly prepared sample containing le and 2e in the molar ratio
1.7:1. The vinyl proton signals of 1e and 2e are labeled as follows.

methylene carbon. For compounds la-e the value of
Adn. (ppm) depends upon the substituents at the silicon
atom and decreases in the order: 3.0 (CI)>2.8
(OMe) = 2.8 (OCH,CH,OMe) > 2.5 (Me). The coordi-
nation shift, Adc (ppm), for the methine carbon (=CH)
changes in a similar order: 74.5 (Cl) > 71.1 (OMe) >
70.1 (OCH,CH,OMe) > 66.3 (Me), as for the methylene
carbon (=CH,): 82.7 (Cl) > 72.4 (OMe) > 71.3 (OCH,-
CH,OMe) > 63.9 (Me). The values of the coordination
shifts strongly suggest that trimethylvinylsilane (a) is
coordinated more loosely to the tungsten atom in com-

pounds of type 1 than other vinylsilanes (b—e). The
strongest interaction occurs between the pentacarbonyl-
tungsten moiety and trichlorovinylsilane in 1le. The same
conclusion can be drawn from analysis of the chemical
shifts and coupling constants of carbonyl ligands in
3C NMR spectra of 1a—e. The highest value of 'Jyc
149 Hz, is observed in the >C NMR spectrum of la
for the signal at 6c = 199.82 of the CO ligand trans to
the vinylsilane ligand, and the smallest value of 'Jyc
141 Hz, for the signal of CO at dc = 199.32 in the spec-
trum of le. A similar trend was observed for the signal
of the mutually frans carbonyl ligands in the '*C
NMR spectra of compounds 1a—e and 2a-e (Table 2).
The four carbonyl groups of 1la resonated at
195.24 ppm with a 'Jwe value of 126 Hz, while for le
the corresponding signal was detected at 193.33 ppm
with a 'Jyc value of 124 Hz. The four carbonyl ligands
of the bis(vinylsilane) compounds exhibited signals be-
tween ca. 198 ppm ('Jwc = 126 Hz) for 2a and ca.
194 ppm ('Jwe = 118 Hz) for 2e. These data clearly
show the better m-acceptor properties of trichlorovinylsi-
lane towards the d,; orbitals of tungsten compared with
trimethylvinylsilane. Additionally, for compounds 1b—e,
the coordination shift (Adc) for the methylene carbon
(=CH,) is larger than for the methine carbon (=CH),
and the difference between them increases from 1b to
le, reaching the value of 8.1 ppm for le. However, for
compound 1a a higher value of the coordination shift
is observed for the methine carbon (Adc = 66.3 ppm)
and a smaller value for the carbon of methylene group
(Adc = 63.9 ppm). These data nicely illustrate the oppo-
site effect of the electron-donating methyl and the elec-
tron-withdrawing chlorine substituents at the silicon
atom, resulting in different deviations from the ideal
symmetrical n%-coordination of vinylsilane (Scheme 2).

Table 1

'H NMR data (25 °C, CDCl,) for vinylsilane complexes of the frans-[W(CO)s(n*H>C=CHSiR3),] (2a—e) type*

-SiR; Ad (ppm) (multiplicity) J (Hz) d0 (ppm)
H® H* H° Other protons Jeave  Juese  Juamw  H® O H* HC

-SiMes 2.83 (d) 2.36 (d) 1.86 (dd) 0.16 (s); Me 14.3 12.6 0.8 3.1 33 4.3
2.82 (d) 2.35(d) 1.84 (dd) 0.15 (s 14.3 12.6 0.8 3.1 33 4.3

-SiMe(OMe), 2.73 (d) 242 (d) 1.62 (dd) 3.56 (s); OMe 13.8 124 - 33 34 4.3
2.70 (d) 241 (d) 1.58 (dd) 0.28 (s 13.8 12.4 - 3.4 3.5 4.4

~Si(OMe)s 271(d)  237(d) 149(dd)  3.63 (s); OMe 13.4 13.4 - 34 36 43
2.67 (d) 2.36 (d) 1.48 (dd) 13.4 134 - 34 3.6 4.3
2.63 (d) 2.34 (d) 1.45 (dd) 13.4 13.4 - 3.4 3.6 4.3

“Si(OCH,CH,OMe);  2.65(d)  238(d) 151 (dd)  3.92(t), Juu=5.1; OCH, 142 13.3 - 34 36 44
2.61 (d) 2.37 (d) 1.48 (dd) 3.45 (t), *Jyy = 5.1; CH,O 14.2 13.3 - 3.5 3.7 4.4
2.58 (d) 2.35(d) 1.45 (dd) 3.30 (s); OMe 14.2 13.3 - 3.5 3.7 4.4
2.55(d) 2.33 (d) - 14.2 13.3 - 3.5 3.7 -

-SiCl; 2.92 (d) 2.60 (d) 2.28 (dd) 13.2 12.3 2.9 33 3.6 4.0
2.85(d) 2.59 (d) 2.25 (dd) 13.2 12.3 2.9 3.4 3.7 4.0
2.83 (d) 2.57 (d) 2.18 (dd) 13.2 12.3 2.9 34 3.7 4.1
279(d)  2.56(d)  2.17 (dd) 13.2 12.3 2.9 34 37 41

A The most intense signal in the group is underlined.
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Table 2
13C NMR data (25 °C, CDCl;) for vinylsilane complexes of the trans-[W(CO)4(n2-H2C=CHSiR3)2] (2a-e) type®
~SiR3 Aé (ppm) (J (Hz)) 06 (ppm)
CO (YJew) =CH,("Jen, Ve Jew)  =CH(Jen,Yen Jew) Other carbons =CH, =CH
—SiMe; 198.37 (119)  38.46 (160, 6.3, -) 36.33 (135,34, -) 0.77 ("Jesi = 50 Hz) Me 92.4 104.0
198.29 (121) 0.63 ({Jcsi = 52 Hz) Me
—-SiMe(OMe), 196.91 (119)  36.65 (162, —, — 29.31 (133, —, -) 50.36 (Jcp = 142 Hz) OMe 98.7 103.2
35.44 (162, —, -) 28.97 (133, —, -) 0.99 ("Jey = 119 Hz) Me 99.9 103.6
28.78 (133, —, -) 103.8
-Si(OMe)3 196.35 (121)  36.53 (160, 3.3, -) 23.77 (140, 3.3, -) 50.87 (1Jen = 143 Hz) OMe 101.0 103.8
196.29 (121)  36.40 (160, 3.3, -) 23.35 (138, 3.3, -) 101.2 104.2
196.15 (121)  35.26 (160, 3.3, -) 23.30 (140, 3.3, ) 102.3 104.3
35.10 (160, 3.3, -) 23.04 (138, 3.3, -) 102.4 104.5
-Si(OCH,CH,0OMe);  196.21 (121)  36.34 (160, 4.4, -) 24.12 (138, 2.2, -) 73.39 ({Jey = 140 Hz) CH,O  101.0 104.4
196.10 (120)  36.19 (160, 4.4, -) 23.71 (138, 2.2, -) 61.98 ({Jcy =143 Hz) OCH,  101.2 104.8
195.89 (121)  35.05 (160, 4.4, -) 23.44 (138, 2.2, -) 58.67 ('Jcy = 141 Hz) OMe 102.3 105.0
34.93 (160, 4.4, -) 102.4
-SiCly 194.14 (118)  35.67 (163, 3.6, 9.3) 32.75 (145, —, 14.6) 103.6 98.4
194.10 (118)  35.17 (163, 3.6, 9.3) 32.34 (145, -, 15.9) 104.1 98.8
194.01 (118)  33.73 (161, 3.6, 10.6) 32.32 (144, —, 14.6) 105.5 98.8
32.21 (145, -, 15.9) 98.9

% The most intense signal in the group is underlined.

It should be noted that the asymmetrical n*-coordina-
tion of vinyl ligands was theoretically predicted more
than twenty years ago and then experimentally observed
for vinyl ether and vinylamine complexes [6].

The coordination shift for the H® proton observed in
"H NMR spectra of compounds 2a—e is about one ppm
higher than for compounds la—e and varies little with
the substituent change: 4.4 (OCH,CH,OMe) > 4.3
(OMe) > 4.3 (Me) > 4.1 (Cl). The coordination shifts,
Adc, detected for compounds of type 2 showed a similar
trend to that observed for the pentacarbonyl com-
pounds of type 1. The largest value of Adc, 105.5, was
obtained for the methylene carbon (=CH,) of trichloro-
vinylsilane in compound 2e, while for compounds 2a—d
a similar value of Adc was observed for the methine
carbon (=CH). The smallest Adc value of the methylene
carbon (92.4 ppm) and the largest difference (11.6 ppm)
between the coordination shifts for the vinyl =CH, and
=CH carbons was detected for compound 2a (Table 2).
This may suggest a very asymmetrical n*-coordination
of trimethylvinylsilane to the tungsten atom in 2a but
with a deviation opposite to that observed for com-
pound 2e (Scheme 2). Tungsten satellites due to the cou-
pling between the vinyl carbons and the '*W nuclei

H, SiR,
H, SiR;  Hw \SiR el
o NG 3 Ho /
= ~ o
H ‘ Ny H H/ ‘
w W
I I I

Scheme 2. Deviations (II) and (III) from ideal symmetrical (I) n’-
coordination of vinylsilanes to the tungsten atom.

were detected only in the C NMR spectra of com-
pounds le and 2e (Table 2). That is in agreement with
the description of the W-n? bond as metallacyclopro-
pane [7], with a high component of the W-C &-bond,
attributable to the degree of increase in hybridization
of the vinyl carbon toward sp® The slightly larger value
of "Jw cu than 'Jyw o detected for 2e excellently
proves the claim of a higher component of the W-C
o-bond in the W-CH-SiCl; moiety. Although for the
analogue bis(propene) compound the values of 'Jw_cpn
10.2 Hz, and 'Jw_cm» 12.7 Hz, lie in a similar range as
for 2e [5b], the 'Jw crovalue is slightly greater than
!Jw_cu indicating that the asymmetry of metallacyclo-
propane in bis(propene) compound is opposite to that
in 2e.

A comparison of the NMR data for the vinylsilane
complexes 1a and 2a with those for the previously inves-
tigated propene and 1-butene analogues reveals that the
Adc values for the vinylsilane carbons are more than
10 ppm larger, suggesting that the dn—n* interaction of
the tungsten atom with the trimethylvinylsilane ligand
is stronger than with propene and 1-butene [Sb]. While
the Adc values of vinyl carbon signals observed for com-
pound 2a are larger than those recently obtained for Co
[2a,2b], Rh [2¢,2d,2e,2f], and Ni [20] complexes with this
ligand, the difference between the coordination shifts,
Adc, of both vinyl carbons (=CH and =CH),) has a sim-
ilar, over 10 ppm higher value for the methine carbon.
This indicates a stronger dn—m* interaction of the metal
atom with the methine carbon in all these trimethylvi-
nylsilane complexes. However, this conclusion does
not agree with the observed bond lengths for the
structurally characterized vinylsilane complexes [2b,2¢e].
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M-CH bonds have been found to be longer than M-CH,
ones by ca. 0.05 and 0.03 A in [(CsMes)Co(n>-H,C=
CHSiMes),] [2b] and [(CsMes)Rh(n?-H,C=CHSi-
(O'Pr)3),] [2e], respectively. This can be explained by
the fact that the X-ray detected bonding asymmetry re-
sults from a combination of other factors, such as the
component of the M-C o-bond, steric effects (the pres-
ence of a bulky silyl substituent), electronic configura-
tion of the transition metal, and the geometry of the
compound.

2.3. Dynamic NMR studies of trans-[ W(CO) 4(n*-H,C=
CHSiR;),] (2a—e) complexes

As was theoretically predicted a long time ago [8], for
all X-ray analyzed crystals of bis(olefin)tetracarbonyl
complexes of tungsten(0), a characteristic trans-orthogo-
nal orientation of the two olefin bonds, eclipsed to the
respective  OC-W-CO axes of the square—planar
W(CO), moiety, was observed [4b,41,4j,5¢c]. However,
in solution, due to possible rotation of the olefin ligands
around the W-(n-olefin) bond, such compounds show
dynamic behavior, and their NMR spectra are tempera-
ture dependent [4b,5a,5b,5¢,5d]. Bis(vinylsilane) com-
plexes, like other trans-bis(monosubstituted olefin)
complexes, can exist in two isomeric forms, A and B,
whose presence results from different orientations of
the vinyl group in one molecule of vinylsilane with re-
spect to the other molecule of vinylsilane and the car-
bonyl ligands (Scheme 3). Isomers A and B cannot be
interconverted by internal rotation about the metal-ole-
fin bond, while B’ and B” are two rotamers of isomer B,
which interconvert rapidly on the NMR timescale. In
isomer A, the two H® protons are nonequivalent, conse-
quently A exists as two enantiomers, which are intercon-
vertible by the rotation of 180°. These isomers give
virtually identical IR spectra but are clearly distinguish-
able by 'H and '*C NMR spectra. In the '"H NMR spec-
trum of the trimethylsilane complex 2a, two sets of vinyl
proton signals for isomers A and B are observed at room
temperature (Fig. 3). By integration of vinyl resonances
it was possible to estimate the molar ratio of isomers A

SR,
/\SiR .
o8 /‘ 0"’ o ) SR,
c c© % | O
i
0 \‘ © d ‘\Co OC/\L\CO
\> \’SiR3
SiR,
SiR,
A
B' B"

Scheme 3. Different orientations of vinylsilane ligands in molecules of
trans-bis(vinylsilane)tetracarbonyl complexes of tungsten.

and B at about 1:0.8. These two isomers of complex 2a
are detected by ">*C{'H} NMR spectroscopy due to two
very narrow resonances of carbonyl ligands (6 = 198.37
and 198.29) and two methyl carbon signals at 6 =0.77
and 0.63 at room temperature. The '"H NMR spectrum
of compound 2a at —60 °C showed four very well re-
solved doublets (*Jypne = 12.6 Hz) of almost equal
intensity due to H® protons of rigid isomers (Fig. 3).
Other proton signals are not so well resolved.

The variable-temperature '"H NMR spectra of 2a in
toluene-dg solution evidenced its dynamic properties
too. The signal of the H® proton appears as one dou-
blet at 2.68 ppm with a *Jypge of 12.6 Hz at 25 °C.
Upon warming the toluene-dg solution of 2a in the
NMR probe to +50 °C, the H® signal becomes shar-
per, and two doublets can be detected at 2.70 and
2.69 ppm in a ratio of 1:0.8, due to isomers A and
B. A further temperature increase leads to the sharp-
ening of the signal, and 2 Jtams of 0.9 Hz can be ob-
served in the signals of the H®* and H® protons.
Upon lowering the temperature to —80 °C, broadening
and then decoalescence, and sharpening of the vinyl
proton signals can be seen. The well resolved signals
of the H® proton at 2.69, 2.64, 2.60, 2.59 ppm (dou-
blets with *Jippe of 12.6 Hz) in an approximate ratio
0.5:1:0.5:0.8 can be detected.

However, the NMR spectra of the other vinylsilane
complexes 2b—e, are more complicated. Both 'H and
13C NMR spectra showed the presence of four signals
of the CH® group in an approximate ratio of
1:0.8:0.5:0.5 at room temperature (Tables 1 and 2). All
these spectra change significantly upon lowering the
temperature, indicating that the complexes are dynamic,
but four signals due to the CH® group are observed at
—60 °C by 'H and '>C NMR spectroscopy. When com-
paring the *C{'H} NMR spectra of compound 2d at 25
and —40 °C, one can see a very small difference between
the chemical shifts and intensities of four =CH, and
four =CH carbon signals. The latter signals are only
better resolved at —60 °C.

It is very difficult to explain what is the origin of such
dynamic behavior and what kinds of rotamers are rigid
at —60 °C. The expected ratio of two enantiomers A and
the two rotamers, B’ and B”, should be 1:1:1:1. Another
type of dynamic process, such as rotation of the silyl
group about the C-Si single bond adjacent to the
C=C bond, may lead to a different orientation (eclipsed
or staggered) of the silyl group in relation to the C=C
bond (Scheme 4) [9]. It is very likely that the hindered
rotation of the silyl group in compounds 2b—e makes it
possible to observe eclipsed (e) and staggered (s) rota-
mers of both isomers A and B of these compounds.

While the precise temperature of coalescence (7)
cannot be calculated from those spectra, it is clear that
trans-bis(vinylsilane) complexes are very flexible in
solution.
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Fig. 3. The vinyl region of variable-temperature "H NMR spectra (500 MHz, CDCls) of trans-[W(CO)4(n>-H,C=CHSiMe;),] (2a).

2.4. Trends in the *°Si NMR of vinylsilane complexes

The coordination shift, Ads; (ppm), of silicon reso-
nance in the ?Si{'"H} NMR spectra of vinylsilane com-
plexes of type 1 and 2 vary over a 50 ppm range (Table
3), but several trends are apparent. First of all, the value
of Ads; (ppm) depends on the substituents at the silicon
atom. If there are strongly electron-donating groups

such as a methyl group at the silicon atom, n*-coordina-
tion to the tungsten atom leads to a shift of silicon res-
onance towards lower field (Adg; = —10.7 for 1a and
—13.2 ppm for 2a). The n*-coordination of trichlorovi-
nylsilane to the tungsten atom, as in le and 2e, has the
opposite effect on the chemical shift of the silicon reso-
nance, which shifts considerably upfield compared with
free vinylsilane (Adg; = 18.8 for 1e and 40.8 ppm for 2e).
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(e) torsion angler (C=C-Si-R') = ca. O°

(s) torsion angler (C=C-Si-R!) = ca. 18(°

Hgir, SR,
| H
w

W
(e) ()

Scheme 4. The eclipsed (e) and staggered (s) conformers of vinylsilane.

2.5. Conclusions

A major problem in elucidating the exact mechanism
of a catalytic reaction is to characterize the structure and
reactivity of thermally unstable intermediates formed
along the reaction coordinates. Photolysis of organome-
tallic compounds is one of the best tools for preparing
thermally unstable intermediates. The results described
here clearly show that a photochemical substitution of
CO by vinylsilane in W(CO)¢ can be used in the synthe-
sis of thermally unstable vinylsilane carbonyl complexes
of tungsten(0).

The bis(vinylsilane) complexes 2a—e are very flexible
in solution and their dynamic behavior was followed
by '"H NMR spectroscopy.

The NMR studies of vinylsilane complexes in solu-
tion revealed a significant asymmetry in n-coordination
of vinylsilane. Investigation of the effect of this asymme-
try on the reactivity of vinylsilane is in progress.

3. Experimental
3.1. General information

The synthesis and manipulation of all chemicals were
carried out under an atmosphere of nitrogen using stan-
dard Schlenk techniques. Solvents and liquid reagents
were pre-dried with CaH, and vacuum transferred into
small storage flasks prior to use. Trimethylvinylsilane
(a) (Aldrich), dimethoxymethylvinylsilane (b) (ABCR),
trimethoxyvinylsilane (¢) (Aldrich), tris(2-methoxyeth-
oxy)vinylsilane (d) (Fluka), and trichlorovinylsilane (e)
(ABCR) were used as supplied. IR spectra were mea-
sured with a Nicolet-400 FT-IR instrument. 'H,
»Si{'H}, '*C NMR (proton coupled and decoupled),
13C DEPT, and two-dimensional 'H-'"H COSY and
'"H-'3C HMQC NMR spectra were recorded with a
Bruker AMX 300 or 500 MHz instrument. All chemical
shifts are referenced to residual solvent protons for 'H
NMR (6 7.24 CDCls; 7.20 benzene-dg 2.10 toluene-dg)
and to the chemical shift of the solvent for '*C NMR
(0 128.00 benzene-ds 77.00 CDCls; 20.4 toluene-ds.
The photolysis source was an HBO 200W high-pressure
Hg lamp.

3.2. Photochemical synthesis of vinylsilane complexes of
tungsten

Photochemical reaction involving W(CO)s and
vinylsilane, carried out in alkane solution at room
temperature, was monitored by IR spectroscopy. In
a typical experiment, a solution of W(CO)s (0.1 g,
0.28 mmol) and vinylsilane (ca. 0.2-0.4 g, 1.4 mmol)
in freshly distilled n-heptane (30 cm®) was irradiated
through quartz at room temperature. During the irra-
diation, the color of the reaction mixture changed
from yellow to dark brown. After different times of

Table 3

2Si{'H} NMR data (25 °C, CDCl;) for vinylsilanes and their complexes of tungsten(0)

No. Compound J (ppm) AS (ppm)*

a H,C=CHSiMe; —6.91

b H,C=CHSiMe(OMe), —14.83

c H,C=CHSi(OMe); —55.19

e H,C=CHSIiCl; -3.16

la [W(CO)s(n*H>C=CHSiMe;)] 3.75 —10.66

le [W(CO)s5(n*-H>C=CHSICls)] —21.99 +18.83

2a trans-[W(CO)4(n>-H,C=CHSiMe),] 6.29 —13.20

6.42 —13.33

2b trans-[W(CO)4(nz-HzCZCHSiMe(OMe)Q)z] -21.93 +7.10

2c trans-{W(CO)4(n*-H,C=CHSi(OMe)3),] —47.45 -7.74
—47.67 —7.52

2d trans-[W(CO)4(n>-H,C=CHSi(OCH,CH,0Me);),] —53.38 —7.37
—53.20 —17.55

2e trans-{fW(CO)4(n*-H,C=CHSIiCl;),] —43.98 +40.82

2 A§ = § (free vinylsilane) — 6 (n>-coordinated vinylsilane).
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photolysis (1-3 h) the solvent was removed under vac-
uum at room temperature, the residual solid dissolved
in CDCl; or toluene-ds (0.7 cm®), and the resulting
solution transferred to the NMR tube. The solution
analyzed immediately by 'H NMR showed the pres-
ence of vinylsilane pentacarbonyl (la—e) and tetra-
carbonyl compounds (2a-e) whose molar ratio
depended on the time of photolysis. In reaction of
W(CO)¢ with trichlorovinylsilane, after 2 h of photol-
ysis, the molar ratio of compounds le and 2e detected
by '"H NMR in CDCI; solution was 1.7:1. However,
le undergoes decomposition, and after 13h in the
same NMR tube, the molar ratio of compounds le
and 2e was 1.1:1. Separation of 1 and 2 was possible
by slow fractional sublimation in vacuum in the tem-
perature range from 20 to 60 °C.

3.2.1. [W(CO)s(n’-H,C=CHSiMe;)] (1a)

IR (vco, cm™'; n-heptane): 2083 (w), 1971 (vs),
1950 (vs). 'H NMR (3, CDCl;, 500 MHz, 25 °C):
414 (dd, Juppe=11.9Hz, *Jyanp =2.7 Hz; 1HP),
3.69 (dd, *Jyane =169 Hz, *Jyamp = 2.7 Hz; 1H?),
3.60 (dd, *Jyape =169 Hz, *Jypne = 11.9 Hz; 1HO),
0.19 (s, 9H; Me). '*C NMR (8, CDCls, 125 MHz,
25°C): 199.82 (1 CO, 'Jwc = 149 Hz), 195.24 (4 CO,
Jwe=126Hz), 7396 (d, 'Jey=143Hz, 1CH),
66.94 (t, 'Jey=162Hz, *Jcy=6.9 Hz, 1CH,), 1.02
(q, 'Jeu = 118 Hz, 3C; Me). ’Si'H NMR (8, CDCl;,
99.36 MHz, 25 °C): 3.75.

3.2.2. [W(CO)s(i-H,C=CHSiMe(OMe),)] (1b)

IR (vco, cm™'; n-heptane): 2085 (w), 1956 (vs,br). 'H
NMR (8 7.24 CDCl;, 500 MHz, 25°C): 4.04 (dd,
JHbHc 12.2 Hz, 2Jﬁam,zz.s Hz; 1H®), 3.70 (dd,
JHch— 16.7 HZ, JHaHbZZ.S HZ; lHd) 3.52 (S 6H

OMe), 3.13 (dd, *Jyane = 16.7 Hz, *Jypne = 12.2 Hz;
1H®), 0.33 (s, 3H; Me). *C NMR (6, CDCl;,
125 MHz, 25°C): 200.45 (1 CO, 'Jwc =148 Hz),

194.78 (4 CO, 'Jwc=125 Hz), 65.12 (td, 'Jey =
161 Hz, *Jcy=4.4Hz, 1CH,), 6288 (dt, Jey=
139 Hz, 2Jcy = 4.4 Hz, 1CH), 51.60 (q, 'Jey = 143 Hz,
2C; OMe), 0.99 (q, 'Jeu = 119 Hz, 1C; Me).

3.2.3. [W(CO)s(i-H,C=CHSi(OMe);)] (1c)

IR (vco, cm™'; n-heptane): 2087 (w), 1959 (vs). 'H
NMR (6 7.24 CDCls, 500 MHz, 25°C): 3.98 (dd,
JHbHc 12.2 Hz, 2JHaHb:2.4; 1H%), 3.65 (dd,
3tatie = 15.8 Hz, *Jyamn = 2.4; 1H?), 3.59 (s, 9H;
OMe), 295 (dd, 2H, *Jyape= 158 Hz, *Jypne =
122 Hz;, 1H®). '>*C NMR (dd, CDCl;, 125MHz,
25°C): 200.73 (1 CO, Jwc=147 Hz), 194.52 (4
CO, 'Jwc=124 Hz), 6516 (td, 'Jey =163 Hz,
2Jen=4.1Hz;, 1CH,), 56.46 (dt, 'Jcy=141Hz,
2Jen =4.3Hz; 1CH), 50.76 (q, 'Jeu =143 Hz, 3C;
OMe). ¥Si'H NMR (9, CDCl;, 99.36 MHz, 25 °C):
—55.19.

3.24. [W(CO)s(n*-H,C=CHSi( OCH>,CH,OMe)3) ]
(1d)

IR (vco, cm™'; n-heptane): 2085 (w), 1957 (vs,br).
'"H NMR (6 7.24 CDCl;, 500 MHz, 25 °C): 3.95 (dd,
JHbHC 124Hz, *Jiamp=2.3; 1H®), 3.84 (t,
3Jun = 5.1, 6H; OCH,), 3.73 (dd, *Jianec = 16.7 Hz,
2 Jtans = 2.3; 1HY), 3.42 (t, *Jyg =5.1, 6H; CH,0),
328 (s, 9H; OMe), 3.03 (dd, *Jiame=16.7Hz,
3SJabne = 124 Hz;  1HS). '3C NMR (5, CDCls,
125 MHz, 25°C): 200.66 (1 CO, 'Jwc=148 Hz),

194.55 (4 CO, Jwc=125 Hz), 73.12 (tt, YJey=
139 Hz, *Jecy=22Hz, 3C; CH,0), 66.03 (td,
YJen=163Hz, ?*Jcyu=43Hz 1CH,), 61.88 (t,

UJen = 143 Hz, 3C; OCH,), 58.39 (d, 'Jcy = 142 Hz,
2Jen =4.3Hz; 1CH), 58.30 (q, 'Jeu =141 Hz 3C;
OMe). ¥Si'H NMR (9, CDCl;, 99.36 MHz, 25 °C):
—60.75.

3.2.5. [W(CO)s(w’-H,C=CHSiCl;)] (Ie)

IR (vco, cm™'; n-heptane): 2093 (w), 1967 (vs). '"H
NMR (8, CDCls, 300 MHz, 25 °C): 3.87 (d, *Jpne =
11.6 Hz; 1H®), 3.54 (d, 3JH4HC 14.9 Hz; 1H®), 3.27
(dd, 3JHaHC— 149 Hz, *Jypue = 11.6 Hz; 1H®). *C
NMR (dd, CDCl;, 75 MHz, 25°C): 199.32 (1 CO,
Uwe = 141 Hz), 193.33 (4 CO, 'Jwc = 124 Hz), 56.57
(td, 'Jeny=160Hz, 2Jcy=2.7Hz, 'Jow=7.3Hz,
ICH,), 54.51 (dt, 'Jey=149Hz, Z*Jey=2.7Hz,
Jew =119 Hz, 'Jegi= 113 Hz; 1CH). #°Si'H NMR
(6 d, CDCls, 99.36 MHz, 25 °C): 21.99.

3.2.6. Trans-[W(CO) (’-H,C=CHSiMe;),] (2a)

IR (veo, cm™ ' n-heptane): 2062 (vvw), 2018 (vvw),
1995 (w), 1962 (vs). IR (cm™'; KBr): 2959 (w,br), 2063
(vvw), 2018 (vvw), 1992 (m), 1953 (vs), 1261 (w), 1252
(w), 1187 (vw), 1099 (vw,br), 1042 (vw,br), 840 (m),
803 (vw), 751 (vvw), 683 (vvw), 669 (vw), 585 (w), 561
(W), 472 (vw), 457 (vw), 420 (w)."H NMR (4, toluene-
dg 500 MHz, 80 °C): 2.72, 2.71 (dd, 3JHbm =12.6 Hz,
JHaHb =0.9 Hz; 1H"), 2.28, 2.27 (dd, *Jijane = 14.6 Hz,
2Jary = 0.9 Hz; 1HY), 1.80, 1.79 (dd, *Jyape=
14.6 Hz, 3JHbHC: 12.6 Hz; 1H®), 0.18 (s, 9H, *Jgu =
6.3 Hz; Me).

3.2.7. Trans-[W(CO) (’-H,C=CHSiMe(OMe),),]
(2b)
IR (vco, cm ™' n-heptane): 1972 (vs).
3.2.8. Trans-[W(CO),(n*-H,C=CHSi(OMe);)>] (2¢)
IR (vco, cm™'; n-heptane): 1976 (vs). IR (cm™'; KBr):
2946 (w), 2884(w), 2076 (vvw), 2013 (w), 1965 (vs), 1303
(vw), 1263 (vw), 1189 (vw), 1093 (m,br), 967 (vvw), 808
(W), 772 (w), 579 (w), 562 (w), 422 (vw)."H NMR (9,
benzene-ds 300 MHz, 25 °C): 3.53 (s, 9H; OCH3), 2.63
(d Jabhe = 12.7 Hz;  1H®), 2.52, 248, 245 (d,
JHch 14.1 Hz; 1H®%), 1.56, 1.57, 147, (dd,
3Jane = 14.1 Hz,  3Jypne = 12.7Hz;  1H®). BC'H
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NMR (4, benzene-ds 75 MHz, 25 °C): 197.02, 196.90,
196.71 (4 CO, 'Jwc=119Hz), 50.56 (3C; OMe),
37.12, 36.97, 35.81 (1C; CH,), 24.60, 24.21, 24.14,
23.87 (1C; CH).

3.2.9. Trans-[W(CO),(’-H,C=CHSi( OCH,CH,O-
Me)s)>] (2d)

IR (vco, cm ™' n-heptane): 2047 (vvw), 2015 (vvw),
1972 (vs). IR (cm™'; KBr): 2930 (w), 2886 (w), 2075
(vww), 2013 (w), 1967 (vs) 1919 (w), 1298 (vw), 1262
(vw), 1201 (w), 1143 (m), 1103 (s), 1028 (w), 969 (w),
844 (w), 802 (w), 767 (vw), 580 (w), 561 (w), 472 (vw),
458 (vvw), 443 (vw), 419 (w). "H NMR (4, toluene-ds
300 MHz, 25 °C): 4.03 (t, *Juy = 5.1, 6H; OCH.,), 3.41
(t, *Jun = 5.1, 6H; CH,0), 3.20 (s, 9H; OMe), 2.68 (d,
3 Joie = 12.6 Hz; 1HP), 2.62, 2.56 (d, *Ji1ane = 13.9 Hz;
1H%), 1.74, 1.70, 1.69, 1.68 (dd, >Jiyane=13.5 Hz,
3Jubie = 12.6 Hz; 1HS). 3C'H NMR (8, toluene-ds
75MHz, 25°C): 197.42, 197.25, 197.02 (4 CO,
!Jwe = 119 Hz), 73.85, 3C; CH,0), 62.70 (3C; OCH,),
58.47 (3C; OMe), 37.37, 37.28, 36.06 (1C; CH,), 25.56,
25.23, 25.13, 24.89 (1C; CH).

3.2.10. Trans-[W(CO)(n*-H>,C=CHSiCl;)>] (2e)

IR (vco, cm™'; m-heptane): 2066 (vvw), 2031 (w),
2000 (vs). IR (cm™'; KBr): 2916 (vvw), 2847 (vvw),
2083 (vvw), 2026 (m), 1971 (vs) 1286 (w), 1172 (vw),
1046 (vw), 980 (w), 746 (w), 754 (w), 590 (m), 584
(m), 571 (m), 557 (m), 549 (m), 513 (w), 460 (vw),
446 (m).

3.3. Crystal structure determinations

Colorless crystal of 2a suitable for X-ray analyses,
with approximate dimensions of 0.07 x0.05x0.06
mm, was cut from a larger one obtained during slow
sublimation in vacuum. Crystal data for 2a were col-
lected at —173°C on a KM-4/CCD diffractometer.
Crystals of 2a are monoclinic of space group C2/m
with @ =13.103(3) A, b=12.119(2) A, ¢ =6.289(2) A,
B=108.52°, ¥=946.93) A> and Z=2. In 2a the
vinylsilane and methyl carbon atoms were found to
be disordered, and satisfactory results were not be ob-
tained. However, the X-ray structure of a 2a does con-
firm the frans orientation of two vinylsilane ligands.
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