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The synthesis of the complexes {n°-C¢H;Si(OEt)s]Cr(CO); (1), {n5-C¢HsSiMe(OMe),}Cr(CO); (2), {n5-
C¢H;(CH,),Si(0Me),iCr(CO); (3), {7)6'1,4'CGH46[(CH2)2Si(0Me)a]2}Cf(co)a 4), lns-CsH5Si(Me)2HiCr (CO)q
(5), {n°-1,4-C¢H,[Si(Me);H],/Cr(CO); (6), {n°-CeH;Si(Me),CH=CH,Cr(CO); (7), and {n®-CgHsSiMe-
(NMe,),jCr(CO); (8) is described. The compounds have been prepared by direct thermal reaction of the
(organosilanyl)arene either with Cr(CO), (in refluxing dibutyl ether—tetrahydrofuran (THF) solution) or
from the acetonitrile complex (MeCN)sér(CO)a in cyclohexane. Alternatively, some of these complexes
can be obtained by reaction of the (n°-lithiobenzene)- or (n°-1,4-dilithiobenzene)Cr(CO); derivatives with
the appropriate chlorosilane, in THF at low temperature. Photochemical reactions of these tricarbonyl
complexes with tri-n-butyl phosphite, in cyclohexane at room temperature, afford the corresponding
dicarbonyl-monosubstituted {n®-(organosilyl)arene}Cr(CO),(P(OBuy)) complexes 9-16. The (alkoxysilyl)arene
derivatives 1-4 have been covalently linked to silica supports. New {(siloxanyl)arene}Cr(CO); polymers
[-SiMefn8-C4H:Cr(CO);0SiMe,(1,4-CeH,)SiMe,0-],, (17), [<CH,CH{n5-C¢H;SiMe,}Cr(CO);-], (18), and
[—SiMezlne-1,4-CGH4}Cr(éO)3SiMe2(CH2)2SiMeZOSi(CH2)2—],, (19) as well as the dinuclear model compound
{n®-CeH;SiMe,(CH,),SiMe,—},0[Cr(CO);3]; (20) have been prepared either by condensation or addition
polymerization reactions from the monomers with the reactive Si(NMe,),, SiCH=CH,, and SiH groups.
The oxidation of the {#°-(organosilyl)arene}Cr(CO); complexes has been studied by means of electrochemical
and spectroelectrochemical (IR and EPR) techniques. The results show that the stability of the oxidation
products is very dependent upon the solvent and ring substituents. An electrochemically induced process
exhibiting curve crossing was observed when the oxidation was effected in the presence of P(OBu); in
dichloromethane or propylene carbonate. Chemical modification of platinum electrodes via silanization

has been studied with the alkoxysilane complexes 1-4.

Introduction

Transition-metal complexes containing w-bound arene
rings have been extensively investigated because of both
fundamental interest in the rich structural, stereochemical,
and electronic features of metal-arene interactions and
their utility in organic synthesis.!* The {n-arene]Cr(CO);
complexes have been the most widely studied of such
species because they are relatively air and thermally stable,
they are reactive toward a wide variety of organic reagents,
and for some arenes they are easily prepared. These
compounds have been studied in a variety of applications,
ranging from their use as stoichiometric asymmetric
reagents, to models for ligand substitution reactions, being
also efficient catalysts in several processes.

(1) (8) Collman, J. P.; Hegedus, L. S.; Norton, J. K.; Finke, R. G.
Principles and Applications of Organotransition Metal Chemistry;
University Science Books: Mill Valley, CA, 1987. (b) Davies, S. G.
Organotransition Metal Chemistry: Applications to Organic Synthesis;
Pergamon: New York, 1982. (c) Senoff, C. V. Coord. Chem. Rev. 1980,
32, 111.

(2) (a) Metal-Containing Polymeric Systems; Sheats, J. E., Carraher,
C. E., Pittman, C. U,, Jr., Eds.; Plenum Press: New York, 1985, p 149.
(b) Sergeev, V. A.; Vdovina, L. . Organomet. Chem. USSR 1989, 2, 77.

(3) (a) Sneeden, R. P. A. Organochromium Compounds; Academic:
New York, 1975. (b) Kiindig, E. P.; Do Thi, N. P.; Paglia, P.; Simmons,
D. P.; Spichiger, S.; Wenger, E. Organometallics in Organic Synthesis;
Meijere, A de., Dieck, T., Eds.; Springer-Verlag: Berlin, Heidelberg, 1988;
Vol. 1. (c) Schlégl, K. Organometallics in Organic Synthesis; Werner,
H., Erker, G., Eds.; Springer-Verlag: Berlin, Heidelberg, 1989; Vol. 2. (d)
Andrews, M. P.; Ozin, G. A. Inorg. Chem. 1986, 25, 2587. (e) Chung, T.
M.; Lee, Y. A,; Chung, Y. K.; Jung, I. N. Organometallics 1990, 9, 1976.

(4) Davis, R.; Kane-Maguire, L. A. P. Comprehensive Organometallic
Chemistry;, Wilkinson, G., Stone, F. G. A, Abel, E. W., Eds.; Pergamon:
Oxford, England, 1982; Vol. 3, pp 1001-54 and references cited therein.

Chart I
RR'
/Cr,w
o~ \co
co
1 R=H R'=Si(0Et), § R=H R'=SiMe,H
2 R=H R'=SiMe(OMe), 6 R=R'=SiMe,H
3 R=H R'=(CH;),S5I(0Me), 7 R=H R'=SIMe,CH=CH,
4 R=R's(CH,),S51(0Me) 8 R=H R's=SiMe(NMe,),

Our interest in {nf-arene}Cr(CO); complexes stems from
our investigations into the synthesis of organometallic
compounds containing organosilane groups. In the last
several years we began a research with the goal of syn-
thesizing new types of organometallic polymers derived of
metal-cyclopentadienyls and metal-arenes, from mono-
mers with alkoxysilanes, siloxanes (linear or cyclic), and
some other organosilanes which contain easily polymer-
izable groups. In this way, we have previously reported
the synthesis of some iron dinuclear complexes containing
alkoxysilane- and siloxane-functionalized cyclopentadienyl
ligands.>® In addition, some iron and nickel complexes
in which the alkoxysilane group is directly bound to the

(5) Moran, M.; Cuadrado, I.; Masaguer, J. R.; Losada, J. Organo-
metallics 1987, 6, 2341.

(6) Mordn, M.; Cuadrado, 1.; Masaguer, J. R.; Losada, J. J. Chem. Soc.,
Dalton Trans. 1988, 883.
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Table I. Analytical and Selected Spectroscopic Data for the {n*-(Organosilyl)arenejchromium Tricarbonyl Complexes

elemental anal., %:

IR data: »(CO), em™ (CH,Cl, soln)

caled (found)
complex C H A,

(Al + 'H NMR data®
E 9E)/3 CeHs/CoH, R/R’

[#5-CsH,Si(OEL),ICr(CO), (1)  47.87 (47.75) 5.18 (5.30) 1971 (1977)* 1895 (1906)° 1921

{n®-CeH:SiMe(OMe),}- 45.24 (45.47) 4.39 (4.48) 1971 (1976)° 1892 (1902)* 1918
Cr{CO), (2)

{n®-CsH;(CH,),Si(OMe),}- 46.38 (46.22) 4.96 (5.13) 1965 (1970)® 1886 (1896)° 1912
Cr(CO); (3)

{n®-1,4-C¢H,[(CH,),Si-
(OMe),],ICr(CO); (4)

{n-CeH,Si(Me),Hi-
Cr(CO) (5)

{n®-1,4-C¢H, [Si(Me),H],}-
Cr(CO) (6)

{26-C¢H;Si(Me),CH=CH,}-
Cr(CO), (7)

{n6-C¢H;SiMe(NMe,),|Cr-
(CO); (8)

48.47 (48.32) 4.41 (4.39) 1968

47.27 (46.98) 5.45 (5.58) 1965
52.34 (52.55) 4.03 (3.98) 1967

48.80 (48.72) 5.80 (5.71) 1965

44.66 (44.90) 5.87 (5.80) 1962 (1968)° 1883 (1891)° 1908

512 (t, 2 H, H,),  1.28 (t, 9 H, CHy),
5.51 (t, H, H,), 3.93 (c, 6 H, OCH,)
5.56 (d, 2 H, H,)

514 (t, 2 H, H,),
5.50 (t, H, H,),
554 (d, 2 H, H,)

5.23 (m, 3 H, H,,), 095 (q, 2 H, CH,8i),
539 (t,2H,H,) 250 (q, 2 H, CH,C),
3.58 (s, 9 H, CH,0)

0.93 (m, 4 H, CH,Si),
2.47 (m, 4 H, CH,C),
3.53 (s, 18 H, OCHp)

0.41 (s, 3 H, CHy),
3.61 (s, 6 H, OCH,)

5.27(s,4H,H,,)

1892 1917 5.20 (t,2 H, H,,), 0.35 (d, 6 H, SiMe),
541(d, 2 H, H,), 4.38 (septet, H, SiH)
5.52 (t, H, H))

1890 1915 525(5,4H,H,,) 031, 12 H, SiMe),

4.35 (septet, 2 H, SiH)

1890 1916 5.17 (t, 2 H, H,), 0.38 (s, 6 H, SiMe),
542 (d, 2 H, H)), 5.68-6.10 (m, 3 H,
5.55 (t, H, H,) SiCHCH,)

1888 1913 5.06 (t,2H, H,), 0.30 (s, 3 H, SiMe),
5.35 (d, 2 H, H), 2.48 (s, 12 H, Si(NMe,))
5.50 (t, H, H,)

¢1H NMR run in CDC};; § in ppm. »(CO) (cm™) values corresponding to the SiO, anchored complex in Nujol mull. »(SiH) (CH,Cl;): 2136 em™

for 5; 2135 cm™! for 6.

metal atom have been prepared.”®

In this paper, we would like to report the full details of
the synthesis and characterization of a series of chromium
tricarbonyl complexes containing reactive organosilane
groups on the arene ring. The spectroscopic properties of
these new {»%-1,4-C;H ,RR'|Cr(CO); species are described,
as well as their photochemical reactions with tri-n-butyl
phosphite and their attachment to SiO, surfaces. Polym-
erization reactions for some of the new monomers are
described. In addition the electrochemical behavior of all
the synthesized complexes is reported and discussed.

Results and Discussion

The novel {n-(organosilyl)arenejchromium tricarbonyl
complexes 1-8 (Chart I), in which a phenyl ring is bound
to a silane group, have been prepared by using three
methods (eqs 1-3).

n-BuO/THF (9:1,vv)
140°C
(n®-{organosilyl)arene)Cr{CO); + 3CO (1)

Cr(CO)s + (organosilylarene

CeHiz
D .
65-70°C
(n“-(organosilyl)arene)Cr(C0)3 + 3MeCN (2)

(MeCN)3Cr{CO); + (organosilyllarene

THF, -78 °C

6
(n -CeHsLi)Cr(CO)3 + CIR o ‘

(n®(organosilyl)arene)Cr(CO);  (3)

(n%1.4-CeHyLip)Cr(CO); + 2CIR _mE-mc |}

-2CLLi

Thermal replacement of CO from Cr(CO)¢ by the (or-
ganosilyl)arenes (eq 1) is the route of choice for the
preparation of complexes 1-8 in relatively high yields
(65-75%). All reactions have been carried out using an
approximately 9:1 mixture (v/v) of n-Bu,O and THF, as

(7) Morén, M,; Pascual, C.; Cuadrado, 1.; Masaguer, J. R.; Losada, J.
J. Organomet. Chem. 1989, 363, 157.

(8) Moran, M.; Cuadrado, I.; Pineda, L.; Masaguer, J. R.; Losada, J.
Inorg. Chim. Acta 1990, 169, 119,

solvent. The reaction times and yields for the various
organosilanes studied indicate that reaction 1 is specially
facilitated with the more electon-rich arenes as
CGH5SiMe(NMez)2, 1,4'CGH4[Si(Me)2H]2, and 1,4'CsH4‘
[(CH,),Si(OMe);],.

Thermal reaction of (organosilyl)arenes with
(MeCN);Cr(CO); in cyclohexane (eq 2) was also used for
the preparation of some Cr(CO); complexes. This method
is particularly useful for the synthesis of more thermally
sensitive species such as {7%-C¢H,Si(Me),CH=CH,}Cr-
(CO);, the reaction being carried out in CgH,; at 60-65 °C.
It is also a suitable method to prepare {n5-C;H;Si(Me),H}-
and {n5-1,4-CH,[Si(Me),H],}Cr(CO); complexes. However
using the same reaction conditions it has not been possible
to isolate complex {n®-C;H;SiMe(NMe,),}Cr(CO); by
treatment of (MeCN);Cr(CO); with bis(dimethylamino)-
methylphenylsilane.

Another route for the synthesis of complexes 5-8 is
based on the treatment of the metalated complexes (1°-
lithiobenzene)Cr(CO); and (n°-1,4-dilithiobenzene)Cr(CO);
with the corresponding electrophiles. The latter (n%-1,4-
C¢H,Li,)Cr(CO), was prepared by transmetalation of the
{n®-1,4-bis(tri-n-butylstannyl)benzene}Cr(CO); compound
with 2 molar equiv of n-Bul.i at ~78 °C, according to the
valuable method recently described by Wright.® Typically,
chilled (-78 °C) THF solutions of (75-C¢H;Li)Cr(CO), or
(n%-1,4-CzH,Li;)Cr(CO); were employed in situ for the
treatment with the chlorosilanes H(Me),SiCl,
(NMe,),MeSiCl, and CH,=CH(Me),SiCl.

After these preparations (eqs 1-3) it is necessary to
remove some insoluble decomposition materials by filtra-
tion through a short column of silanized silica, the resulting
bright-yellow solution being concentrated and subjected
to column chromatography on silanized silica. Elimination
of solvents under vacuum affords the compounds as yellow
oils. Trituration of the oil products with n-hexane or
petroleum ether (4060 °C) and cooling at ca. —40 °C for
several hours (24-48 h) permits isolation of complexes 1
and 5-8 as air- and light-sensitive yellow crystalline solids.
Attempts to induce crystallization of 2-4 have not been

(9) Wright, M. E. Organometallics 1989, 8, 407.
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successful, being finally isolated in analytical and pure
form as yellow viscous-oil products. The synthesized
complexes are very soluble in common organic solvents as
CH,Cl,, THF, and MeCN, being less soluble in n-hexane
or pentane. The solutions may be handled under an inert
atmosphere. The analytical and selected spectroscopic
data of the complexes 1-8 are given in Table I and confirm
the proposed formulation (Chart I).

All these complexes exhibit two IR intense bands in the
1970-1880-cm™ region, which on the basis of local Cs,
symmetry of the Cr(CO), group have been assigned to A,
and E carbonyl stretching vibrations (Table I). However,
a splitting (<10 em™) or in some cases considerable
broadening of the degenerate E »(CO) band is observed,
as it was expected for a small perturbation of C;, symmetry
due to the presence of unsymmetrically substituted ar-
enes.#1® Table I shows that the IR absorptions of the
Cr(CO), groups are sensitive to the nature of the organo-
silane groups on the arene ring. The A,, E, and (A; +
2E)/3 frequencies are found to decrease slightly as the
electron-donating power of the substituent increases, being
the lowest values for complexes 3, 4, and 8.

Photochemical treatment of {5°-(organosilyl)arene|Cr-
(CO); complexes 1-8 with a nucleophile as tri(n-butyl
phosphite) in n-hexane or cyclohexane solution, at room
temperature, gives the monosubstituted dicarbonyl com-
plexes {n®-(organosilyl)arene}Cr(CO),(P(OBu);) (9-16) (eq
4).

hw, 20 °C
{n°-1,4-CeH,RRICr(CO); + P(OBu)y e

{6-1,4-CsH,RR|Cr(CO),(P(OBu)) + CO (4)
R = H, R’ = Si(OEb); (9)
R = H, R’ = SiMe(OMe), (10)
R = H, R’ = (CH,),Si(OMs); (11)
R = R’ = (CH,),8i(OMe), (12)
R = H, R’ = Si(Me),H (13)
R = R’ = Si(Me),H (14)
R = H, R’ = Si(Me),CH=CH, (15)
R = H, R’ = SiMe(NMe,), (16)

The progress of these reactions was monitored by IR
spectroscopy. The reaction was completed when the
highest »(CO) band corresponding to the A, vibration mode
had completely disappeared and new carbonyl bands in
the 1840-1850-cm™ region appeared. As in previously
reported photosubstitution reactions of {n5-arene}Cr(CO);
with phosphites,*112 the formation of small amounts of
the disubstituted products {n®-1,4-C;H,RR’}Cr(CO)[P-
(OBu);], was also detected, which were separated from the
major dicarbonylic compounds by column chromatogra-
phy. After this purification, complexes 9-16 were isolated
as orange, very air-sensitive oils. The extreme air-sensi-
tivity of these dicarbonylic compounds is consistent with
their electrochemical behavior, which reveals relatively low
values for the redox potential of the reversible oxidation
(see Electrochemical Studies).

Preparation of SiO,-Supported {n°-(Alkoxysilyl)-
arenelCr(CO); Complexes. {n°-Arene}Cr(CO); complexes
are known to be efficient catalysts in several processes,*!3
being unique in forming cis-unsaturated bonds in the hy-
drogenation of polyunsaturated products.#13-16 However,

(10) Solladié-Cavallo, A. Polyhedron 1985, 4, 901.

(11) Cais, M.; Kaftory, M.; Kohn, D. H.; Tatarsky, D. J. Organomet.
Chem. 1979, 184, 103.

(12) Jaouen, G.; Dabard, R. J. Organomet. Chem. 1974, 72, 337.

(13) Farona, M. F. Organometallic Reactions and Syntheses; Becker,
E. I, Tsutsui, M., Eds.; Plenum Press: New York, 1977; Vol. 6, pp
223-288.

Mordn et al.
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SO.FOH + CoH0-Si oc” \
) oH 278" '@ @ co
CaHed |
cr,
oc”” \co

co

the homogeneous chromium catalysts are impractical for
commercial use because they undergo partial decompo-
sition and are difficult to separate from product and re-
cycle. For this reason several studies exist focused on the
preparation of heterogenized {rf-arene}Cr(CO); catalysts,
by anchoring the homogeneous catalyst to polymeric
supports, 1416

{n%-(Alkoxysilyl)arene}Cr(CO); complexes 1-4 are suita-
ble organometallic moieties to be attached to inorganic
support materials due to the reactivity of the (alkoxy-
silyl)arene substituents toward surface hydroxyl groups
of inorganic oxides as silica, alumina, or zeolites. Two
possible synthetic methods for the attachment of the
{n®-(alkoxysilyl)arene}Cr(CO); complexes to silica surfaces
could be tried, as it was indicated in Scheme I, for the
(triethoxysilyl)arene derivative as a representative exam-
ple.

Method A involves condensation reactions of the (alk-
oxysilyl)arenes C;H;Si(OEt);, C;H;SiMe(OMe),, and 1,4-
CH.RR' (R = H, R’ = (CH,),Si(OMe);; R = R’ =
(CH,),Si(OMe),) with reactive SiOH groups on the SiO,
surfaces and subsequent treatment of these arene-func-
tionalized silica compounds with chromium hexacarbonyl.
However, we have not followed this procedure because the
formation of insoluble decomposition products makes
difficult the purification and characterization of the Cr-
(CO)4-modified silica surfaces.

Method B consists of the previous synthesis of suitable
alkoxysilane-functionalized (arene)Cr(CO); complexes and
subsequent attachment to SiO, surfaces. In this way,
treatment of the 1-4 compounds with silica gel supports,
in toluene at 80 °C, leads to the formation of surface-bound
chromium tricarbonyl species. After isolation, the reaction
products are yellow materials. Their primary identification
was based on their IR spectra, which show two strong
»(CO) bands in the 1980-1880-cm™ region, in close
agreement with the corresponding homogeneously dis-
solved mononuclear complexes 1-4 (Table I). The chro-
mium analyses for the products yield values of ca. 0.3-0.5
mmol of Cr/g of SiO,.

In preliminary studies these SiO,-supported {r®-(orga-
nosilyl)arene}Cr(CO); derivatives thus obtained, as well as
their homogeneous precursors, have been tried as catalysts
for the polymerization of phenylacetylene.

We have found that complexes 1-4 catalyze the polym-
erization of PhC=CH, in benzene at 80 °C. From these
reactions two different compounds can be isolated and
separated by column chromatography. One of these com-
pounds is a yellow solid, which on the basis of its melting
point and IR and 'H NMR spectral®!? was identified as

(14) Awl, R. A.; Frankel, E. N.; Friedrich, J. P.; Swanson, C. L. J.
Polym. Sci. Polym. Chem. Educ. 1980, 18, 2663 and references cited
therein.

(15) Awl, R. A,; Frankel, E. N.; Friedrich, J. P.; Pryde, E. H. J. Am.
0il Chem. Soc. 1978, 55, 577.

(16) Pittman, C. U,, Jr.; Kim, B. T\; Douglas, W. M. J. Org. Chem.
1975, 40, 590.
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the final poly(phenylacetylene). The other compound is
a light-yellow, low-melting-point solid, which was also
identified by IR and NMR spectral data as a ladder
polymer, composed of fused cyclobutane rings.!®

However, preliminary results have shown that when, in
the polymerization of PhC==CH, the SiO,-supported
chromium tricarbonyl complexes were used as the catalyst,
only the ladder intermediate was formed, the formation
of the final poly(phenylacetylene) not being detected. It
seems that, in the presence of these SiO,-supported Cr-
(CO); catalysts, the conversion of the ladder intermediate
into the lineal polyconjugated poly(phenylacetylene) is
hindered.

Polynuclear and Dinuclear Cr(CO); Complexes. A
number of macromolecular (n°-arene)chromium tricarbonyl
complexes are known.214- 162021 Generally they have been
obtained by reaction, at high temperatures, of Cr(CO),
with polymers containing arene rings as polystyrene and
linear or ladder poly(phenyl- or poly(methylphenyl-
siloxanes). However, for the siloxane-Cr(CO); polymers
this method presented several problems because the ele-
vated temperatures and long reaction periods caused no-
ticeable decomposition. Furthermore, during the com-
plexation reaction of the Cr(CO); group to the phenyl rings,
a competitive siloxane-chain scission reaction takes place,
resulting that the most highly complexed polymers were
generated with a sacrifice in the molecular weights.1® We
therefore undertook a study of the synthesis of new si-
loxane polymers with chromium tricarbonyl fragments, by
using a synthetic method that starts from Cr(CO); mo-
nomers. Some of the novel mononuclear {n®-(organo-
silyl)arene}Cr(CQO); complexes (namely 6-8) are suitable
precursors in the preparation of new polymer-Cr(CO),
compounds because of the reactivity of the Si-NMe,, Si~
CH=CH,, and Si-H groups of the arene ring.

Polycondensation of 8 with 1,4-bis(hydroxydimethyl-
silyl)benzene was carried out in toluene solvent (Scheme
II). The process was started at room temperature with
subsequent slow heating to 100-110 °C; the mixture was
then warmed to 50-60 °C in vacuum for 1 h. After pu-
rification by repeated precipitation from a small volume
of toluene by addition to a large volume of rapidly stirred,
dried, and degassed methanol, the polymer [-SiMe{n5-
C¢H;}Cr(C0O);08iMe,(1,4-C;H,)SiMe,0-], (17) was iso-
lated as a yellow rubberlike product. The 'H NMR
spectrum (in CDCl; solution) of this compound confirms
the total absence of signals corresponding to the methyl
resonances of the Si(NMe,) group, which are observed at

(17) (a) Woon, P. S.; Farona, M. F. J. Polym. Sci. Polym. Chem. Educ.
1974, 12, 1749. (b) Farona, M. F.; Lofgren, P. A.; Woon, P. S. J. Chem.
Soc., Chem. Commun. 1974, 246.

(18) This ladder compound is an intermediate in the polymerization
of phenylacetylene catalyzed by arene—group 6 tricarbonyls. It undergoes
ca%alytic isomerization to the final polyconjugated polymer; see refs 13
and 17.

(19) Related studies on reactions of diphenylacetylene with carbon
monoxide catalyzed by polystyrene-supported molybdenum have been
reported; see: (a) Vatanatham, S.; Farona, M. F. J. Catal. 1980, 61, 540.
(b) Vatanatham, S.; Farona, M. F. J. Mol. Catal. 1980, 403.

(20) Pittman, C. U, Jr.; Patterson, W. J.; McManus, S. P. J. Polym.
Sci. Polym. Chem. Educ. 1975, 13, 39.

(21) Wright, M. E. Macromolecules 1989, 22, 3256.
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Scheme III
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2.48 ppm in the 'H NMR spectrum of the monomer 8.
The absence in the polymer of the Si(NMe,) groups and
the presence of the Si—O-Si bonds are also supported by
the IR spectrum.

{n®-Phenyldimethylvinylsilanejchromium tricarbonyl (7),
in benzene solution, at 80 °C, undergoes homo-
polymerization in the presence of azobis(isobutyronitrile)
(AIBN) as initiator (Scheme ITI). Polymer 18 was purified
as we described above, being isolated as a yellow fibrous
solid. Its 'H NMR spectrum (CDCI; solution) shows the
absence of the vinylic proton resonances, which are ob-
served at 6.10-5.68 ppm in the spectrum of the monomer
7. The IR spectrum of [-CH,CH{r¢-C;H;SiMe,}Cr(CO)s-],,
(18) shows no bands assignable to the C==C double bonds
of the monomer.

On the other hand, addition of complex {55-1,4-C4H,-
[SiMe,H],iCr(CO); () to 1,3-divinyltetramethyldisiloxane
was also studied. The hydrosilylation reaction was per-
formed in toluene solvent, at 85 °C, and using hexa-
chloroplatinic acid as catalyst (Scheme IV), the compound
[-SiMe,fns-1,4-C¢H,Cr(CO);SiMe,(CH,),SiMe,08i-
(CH,),-1, (19) being isolated. We have also prepared the
dinuclear model complex {°-CsH SiMe,(CH,),SiMe,—},0-
[Cr(CO);]; (20) by reaction of 2 mol equiv of 5 with
(CH,=CH-SiMe,),0. The progress of both hydro-
silylation processes was monitored by IR spectroscopy,
being finished when the strong »(Si-H) band had com-
pletely disappeared. 'H NMR spectra of 19 and 20 show
no bands assignable to the SiH protons of the Si(Me),H
groups, observed as a septet at 4.38 ppm for 5 and 4.35
ppm for 6.

The novel organosiloxane polynuclear Cr(CO); com-
pounds 17-19 are much less soluble in organic solvents
than the monomers precursors but soluble enough in
CH,C]; and CDCI; for electrochemical and spectroscopic
studies.

Electrochemical Studies

Electrochemistry of Mononuclear Complexes. The
oxidative electrochemistry of the synthesized compounds
was studied in dichloromethane, propylene carbonate (PC),
and acetonitrile with 0.10 M Bu,NPF; as supporting
electrolyte. Electrochemical parameters of the complexes
are summarized in Table II. On the cyclic voltammetry
time scale, the chemical reversibility of the oxidation is
very dependent on the solvent.

In dichloromethane, the cyclic voltammograms of com-
pounds 1-7 show an anodic peak, A, and the corresponding
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Table II. Cyclic Voltammetric Data (vs SCE) for the Oxidation of the {n°-(Organosilyl)arene}Cr(CO), Complexes®

(E,(D) +
complex solvent E (A),V AE, mV E,B), V E(D))/2,V

lﬂs'CGH5Si(0Et)sicr(CO)3 (1) CH2012 1.06 120 1.73 0.33
PC 0.96 1.72 0.29
CH,CN 0.97

{1%-C4HSiMe(OMe),/Cr(CO); (2) CH,Cl, 108 15 178 0.34
PC 0.95 1.72 0.30
CHCN 096

'ﬂs'CsHs(Cﬂz)zsi(OMe)slcr(CO)a (3) CH2012 0.96 100 1-68 0.31
PC 0.86 1.65 0.28
CH,CN 0.90

{1-1,4-CH,[(CH,),Si(OMe)],ICr(CO); (4) CH,Cl, 092 75 1.65 0.30
PC 0.85 70 1.64 0.28
CH,CN 090

{nF-CoH,Si(Me),HICr(CO), (5) CHCl, 104 120 170 0.33
PC 0.94 1.68 0.30
CHCN 096

{n%-1,4-C¢H,[Si(Me),H],}Cr(CO); (6) CH,Cl, 1.00 71 1.72 0.35
PC 0.89 70 1.69 0.32
CHCN 095

{ﬂe'CsH5Si(Me)ch_——CHz!Cr(Co)a (7) CHzclz 0.98 155 1.68 0.36
PC 0.88 1.65 0.32
CH,CN 090

lns-Cst,SiMe(NMez)2]Cr(CO)3 (8) CHgClz 0.97 b 1.20, Bl; 1.42, B2c 0.30
PC 0.88 0.32
CH4,CN 0.90

[-8iMe{n?-C¢H;ICr(C0);0SiMes(1,4-CeH,)SiMe,0-], (17) Cé{2C12 0.99 84 1.53
P d

[~CH,CH{#®-C¢H;SiMe,Cr(CO)5-], (18) CH,Cl, 0.94 65 1.50
PC 0.87 1.48

[-SiMegin®-1,4-CgH,JCr(CO);SiMe,(CH,),SiMe,08i(CH,),-], (19)  CH,Cl, 0.79 80
PC d

{WG'CGH5SiM82(CHg)zsiMeg}go[Cl‘(co)g]2 (20) CH2C12 1.00 70 1.60
PC 0.88 1.68

¢ Unless otherwise noted, scan rate v = 200 mV/s at room temperature. >At ~30 °C, E,(A) = 1.06 V, AE, = 210 mV. °See text.

4 Sparingly soluble compound.

cathodic peak A’ (Figure 1; Table II). In all cases the ratio
of cathodic to anodic currents i,/i,, was very close to
unity, and the peak separation, AE,, was dependent on
concentration. These electrochemical processes, and those
described later, are diffusion controlled with the anodic
current function (i,,/v"/%) independent of the scan rate (v)
over the scan range studied. Potentiostatic coulometry and
comparisons of limiting currents, obtained from rotating-
disk-electrode (RDE) voltammograms for 1-7 with those
of ferrocene, indicate a one-electron exchange in these
oxidation steps. These results indicate that for compounds
1-7 chemically reversible processes take place, and stable
monocations, in the CV time scale, are formed. The ex-
istence of these monocationic species has been proved by
controlled-potential electrolysis of (n-1,4-CsH,RR'|Cr{(CO),
complexes in the EPR cavity. The paramagnetic species
formed in the oxidation step (at potentials 100 mV more
positive than E (A)) show, in frozen solution (at -120 °C),
a rhombic spectrum with 3-fold anisotropy of the g factor,
which correspond to 17-electron oxidized species [{n®-1,4-
C¢H,RR/ICr(CO),]* (g, = 2.100, g, = 2.024, g; = 1.990 for
complex 6).

When the sweep range is extended, the cyclic voltam-
mograms of the complexes display another anodic peak,
B. These oxidations are irreversible at scan rates as high
as 5 V/s, i,(B) being very similar to i (A); these peaks can
be ascribed to the oxidation of [{y-1,4-CoH,RR/|Cr(CO),]*
to [{#6-1,4-C¢H,RR/|Cr(CO),]2*.

In CH,Cl,, complex {nf-C¢H;SiMe(NMe,),}Cr(CO), (8)
exhibits a different electrochemical behavior. At low scan
rates and at room temperature the first oxidation process,
corresponding to one-electron transfer, is irreversible as
shown by the complete absence of a cathodic peak.
However at low temperatures (-35 °C) and high scan rates
(v > 2 V/s) 8 undergoes a partially chemically reversible

A
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Figure 1. Cyclic voltammograms of 1 X 103 M {55-1,4-C¢H,-
[Si(Me),H],ICr(CO), (6) in 0.10 M Bu,NPF,/CH,Cl,, at 200 mV/s
at a glassy-carbon disk electrode.

oxidation, the i,./i,, ratio being >0.66. The average values
of the first-order constant, k2 for the decomposition of
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Figure 2. Cyclic voltammogram of 1 X 10°% M {»®-C,H,Si-

(OEt)3Cr(C0O); (1) in 0.10 M BuNPF;/MeCN at 200 mV/s at
a glassy-carbon disk electrode.

8* are 2.55 = 0.581 at 0 °C and 0.44 £ 0.5 57! at -35 °C.
When the anodic potential limit is increased, the cyclic
voltammogram shows other two anodic irreversible peaks,
B, and B, (Table II). It is quite significant that in this
case the peak B, is 0.23 mV more positive than E (A),
while in the case of other complexes it is ca. 0.65 mV more
anodic. The peak B, corresponds closely to the oxidation
of the free arene C;H SiMe(NMe,),. The instability of the
cation [{n®-C H;SiMe(NMe,),JCr(CO)s]* could be related
to the oxidation of the ligand. A similar behavior has been
observed for other NMe,-substituted arene ligands.232¢

In propylene carbonate the oxidation of complexes 1-7
is partially chemically reversible. At room temperature
and slow rates the cathodic peak A’ is not detected.
However this peak appears when the sweep rates are in-
creased and the temperature is decreased. The enhanced
stability observed for these species in dichloromethane over
propylene carbonate may arise from ion-pairing of the
cation with PFy~ anion, which should be stronger in less
polar CH,Cl,.%% The stability of the cations is greatly
affected by the substitution of the 1,4-positions on the
phenyl ring, which produces a dramatic increase in the
lifetime of the cations [{n-1,4-C¢H,[(CH,),Si(OMe);].}-
Cr(CO);]* and [{#®-1,4-C¢H,[Si(Me),H],JCr(CO),]*, as
shown by a ratio of i /i, very close to unity, even at room
temperature.

Using MeCN as solvent, the oxidation peak is irre-
versible, as shown by the complete absence of cathodic
peak, even at high scan rates. On the reverse sweep a new
reversible wave, C/C’, absent on the initial scan in this
region can be detected, with E,;; = —0.015 V vs SCE
(Figure 2). This observed redox potential corresponds
closely to the observed for (MeCN)4Cr(CO),%/* chemically
obtained.?” These results are consistent with an electro-

(22) Nicholson, R. S.; Shain, 1. Anal. Chem. 1964, 36, 706.

(23) (a) Rieke, R. D.; Milligan, S. N.; Tucker, I.; Dowler, K. A;;
Willeford, B. R. J. Organomet. Chem. 1981, 218, C25. (b) Rieke, R. D.;
Tucker, L; Milligan, S. N.; Wright, D. R.; Willeford, B. R.; Radonovich,
L. J.; Eyring, M. W. Organometallics 1982, 1, 938. (c) Flanagan, J. B,;
Margel, S.; Bard, A. J.; Anson, F. C. J. Am. Chem. Soc. 1991, 113, 4062.

(24) Rourke, F.; Crayston, J. A. J. Chem. Soc., Chem. Commun. 1988,
1264.

(25) Ion pairing by PF¢™ has been postulated as being responsible for
the enhanced stability of a number of organometallic cations, including
that derived from {n-benzene}Cr(CO);: Stone, N.; Sweigart, D.; Bond,
A. M. Organometallics 1986, 5, 2553,

(26) Van Order, N., Jr.; Geiger, W. E.; Bitterwolf, T. E.; Rheingold, A.
L. J. Am. Chem. Soc. 1987, 109, 5680.

(27) Howell, J. D.; Gongalves, J. M.; Amatore, C.; Klasnic, L.;
Wightman, R. H.; Kochi, J. K. J. Am. Chem. Soc. 1984, 106, 3968.
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Figure 3. Cyclic voltammogram of 1 X 1073 M {»5-1,4-C;H,[Si-
(Me),H],JCr(CO); (6) and 4 X 10 M P(OBu); in 0.10 M
BuNPF;/CH,Cl,, at 200 mV/s at a glassy-carbon disk electrode.

chemical EC mechanism, the [(MeCN);Cr(CO),]* inter-
mediate being detected on the reverse sweep:

[{n6-1,4-CsH,RR/Cr(CO),] ===
[{n6-1,4-CéH,RR/|Cr(CO),]* (5)

[(r°-1,4-C;H,RR/|Cr(CO);]* + 3MeCN —
[(MeCN);Cr(CO);]* + C;H,RR’ (6)

The variation of the anodic potential peak, E_,, with scan
rate (v) corresponds to a totally irreversigle electron
transfer.?®

In general, the cations [{#%-1,4-C;H,RR’}Cr(CO);]* are
more stable when the solvent is nonnucleophilic or when
the substituents on the arene ring are donating groups.
This evidence suggests that the attack by the solvent is
the initial step in the decomposition of [{4°-1,4-
C¢H.RR'|Cr(CO),]*. In agreement with this, the presence
of sterically congested arenes in the complexes leads to an
increase in the stability of the cations. The steric bulk
around the phenyl ring, caused by the substitution in the
1,4-positions and/or bulkier substituents, retards the at-
tack of nucleophiles.?%3

Induced Ligand Substitution. When complexes 1-8
are oxidized, in the presence of P(OBu)s, in nonnucleo-
philic solvents (CH,Cl,, PC), we found drastic changes in
the recorded cyclovoltammograms. As shown in Figure
3, the reversibility of the A/A’ systems disappears and a
little shift of E (A) toward positive potentials is detected.
Moreover a new chemically reversible couple D/’ appears
at a less positive potential (Table II), which can be assigned
to the system [{n®-1,4-CsH,RR’|Cr(CO),P(OBu),]/[{n®-
1,4-C;H,RR/|Cr(CO),P(0OBu);}*, as is shown from the cy-
clovoltammograms of complexes {n%-1,4-C;H,RR’|Cr-
(CO),P(OBu); (9-16) photochemically synthesized.

(28) Bard, A. J.; Faulkner, L. R. Electrochemical Methods; Wiley:
New York, 1980; p 454.

(29) Griller, D.; Ingold, K. U. Acc. Chem. Res. 1976, 9, 13.

(30) Zoski, C. G.; Sweigart, D. A.; Stone, N. J.; Rieger, P. H.; Mocellin,
E.; Mann, T. F.; Mann, D. R.; Gosser, D. K.; Doeff, M. M.; Bond, A. M.
J. Am. Chem. Soc. 1988, 110, 2109.
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The EPR spectra of the products of controlled-potential
electrolysis of the tricarbonyl complexes in CH,Cl, (carried
out at E > E,) in the cavity of an EPR spectrometer in
the presence of added P(OBu); were recorded. At -120
°C, the formed species show EPR signals, with three g-
factor values and 3'P hyperfine coupling (g, = 2.095, g, =
2.019, g; = 1.985; A; = 259G, 4, =30.2G, 4; =292 G
for complex 6).

The formation of the monosubstituted phosphite cations
[{n5-1,4-C;H,RR’ICr(CO),P(OBu);]* was also suggested by
the results obtained from in situ FT-IR spectroelectro-
chemical studies. Figure 4 shows the infrared spectral
changes that accompany the controlled-potential electro-
lysis of {#®-C4H;Si(OEt)4Cr(CO); (1), in the presence of
an excess of P(OBu);, in CH,Cl,. The initial »(CO) car-
bonyl peaks at 1965 and 1890 cm™ due to the parent 1
decrease in intensity upon oxidation, while new carbonyl
bands grow at 1915 and 2020 cm™. These frequency values
are consistent with those expected for cationic species like
[(n%-arene)Cr(CO),L]*, where L is a phosphorous lig-
and.2631-8  If electrolysis times last longer than a few
minutes, other weak IR bands, probably due to decom-
position products, appear in this region.

The results obtained can be explained by the following
mechanism:

[ 1,4-CeH,RR|Cr(CO) =
[{n5-1,4-C¢H,RR/JCr(CO),)+ (7)
I+

[{r°-1,4-CeHRR/|Cr(CO),]* ——»
[{n°-1,4-C4H,RR/|Cr(CO),L]* (8)
1+

[{7°-1,4-CeH,RRCr(CO),L]* 7=
[{776'1,4'CsH41§IR'}CI‘(CO)2L] 9

L = P(OBu),

Crossing between cathodic and anodic CV traces is ob-
served in Figure 3. Similar phenomena have been observed
for several systems and electrochemically induced pro-
cesses.’»3 They appear as being characteristic of elec-
trochemical inducement of chemical reactions when the
product redox couple has a standard potential negative
compared to that of the reactant redox couple (oxida-
tion-reduction induction case).

During the anodic scan, II* is produced in appreciable
amounts only when the potential reaches the oxidation
region of I; II* is electrochemically stable in this potential
zone, E°;, < E,. In the reverse scan II* remains stable as
long as the potential does not exceed E°;. Therefore, II*
diffuses toward the solution and reacts with I, which
diffuses toward the electrode according to the reaction

MI+I=21"+11 (10)

(31) Connelly, N. G.; Demidowicz, Z.; Kelly, R. L. J. Chem. Soc.,
Dalton Trans. 1975, 2335.

(32) Geiger, W. E.; Van Order, N., Jr.; Pierce, D. T.; Bitterwolf, T. E,;
Rheingold, A. L.; Chasteen, N. D. Organometallics 1991, 10, 2403.

(33) Recent IR spectroelectrochemical studies on the oxidation of the
related complex {n°-mesitylene]W(CO); in presence of P(OBu); have been
reported: Zhang, Y.; Gosser, D. K.; Rieger, P. H.; Sweigart, D. A. J. Am.
Chem. Soc. 1991, 113, 4062,

(34) Amatore, C.; Pinson, J.; Savéant, J. M.; Thiebault, A. J. Elec-
t;loanal. Chem. Interfacial Electrochem. 1980, 107, 59 and references
therein.

(35) Kuchynka, D. J.; Kochi, J. K. Inorg. Chem. 1988, 27, 2574.
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Figure 4. Infrared spectral changes observed upon oxidation of
5 X 10°M1 and 2 X 10”2 M P(OBu); in 0.20 M By NPF,;/CH,Cl,
at +1.4 V vs the Ag pseudoreference, in the spectroelectrochemical
cell, at room temperature (total elapsed time 10 min).
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Figure 5. (A) Repetitive (five-cycle) cyclic voltammogram of 1
X 103 M 6 and 4 X 103 M P(OBu); in 0.10 M Bu,NPF,/CH,Cl,
at 200 mV/s at a glassy-carbon disk electrode. (B) Steady-state
CV after 25 cycles.

This is an endergonic reaction, but its coupling to re-
action 8 drives it toward the formation of II* according
to the overall reaction

l

I'+ I —e I +1I (11

Then II can be oxidized at the electrode, giving rise to
an anodic current. It follows that the I/I* couple initially
present in the diffusion layer is rapidly converted into the
II/II* couple. The magnitude of the curve crossing is more
pronounced at slower scan rates.

When the CV was repeatedly cycled between +0.0 and
+1.0 V vs SCE, it is attained the steady-state cyclic
voltammogram and two isopotential® points were detected
(Figure 5), which indicate that one electroactive species
is quantitatively converted to another.

With propylene carbonate as solvent the reversible
couple corresponding to II/II* is also observed when P-
(OBu), is added, but the curve crossing is detected only
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Figure 6. Cyclic voltammogram for a platinum electrode silanized
with complex {#f-C¢H5(CH,),Si(OMe);}Cr(CO); (3) and cycled at
various scan rates in 0.10 M Bu,NPFz/CH,Cl,.

at lower scan rates (v < 50 mV/s). This behavior is in
agreement with the higher viscosity of PC that makes
difficult the diffusion of II* and I.

The trace-crossing phenomenon is related to an auto-
catalytic process originated from reaction 10 provided this
is not too slow as compared with diffusion.

Chemical Modification of Platinum Electrodes. We
have studied the electrochemistry of modified Pt electrodes
by attachment of complexes 1-4. Figure 6 shows cyclic
voltammograms of {n8-CsH;(CH,),;Si(OMe),}Cr(CO); (3)
surface attached via silanization, in CH,Cl,, 0.1 M
Bu,NPF.. The amount of electroactive material is given
by the area under the voltammograms; surface coverage
was determined to be 4.22 X 107° mol/cm23 A wave for
the surface-bound complex is observed at a potential of
E,/, =0.86 V. This value is very near that 0.91 V found
for the nonattached complex in CH,Cl, solution. The
surface wave exhibits the symmetry, small peak potential
separation (AE, ~ 50 mV at v < 20 mV s™), and peak
current-potential scan-rate proportionality corresponding
to a surface-immobilized species charge-transfer state.®”
The silanized electrodes gave significantly larger peak-
to-peak separations and negative deviations from current
linearity at higher sweep rates, indicating increased re-
sistance to counterion movements.?

The thickness of the silanized films increase with the
length of time the electrode is exposed to the silylated
complex and with the increasing temperature. For these
thick films the electrode kinetics are slow, as it is shown
by the greatly increased peak separations (AE;) and
widths.

A moderately rapid loss of electroactive material was
observed on repeated scans, the rate increasing with the
scan rate. A possible hypothesis to account for the de-
pendance on sweep rate is that the film is disrupted by the
movement of counterions accompanying the flow of cur-
rent.?® Therefore, the instability of electrode reaction
products appears to be associated not only with the deg-
radation of the immobilizing Pt—0-Si bonds.

Dinuclear and Polynuclear Complexes. The dinu-
clear complex 20 shows a reversible oxidation (E (A) = +

(36) Abrufia, H. D.; Meyer, T. J.; Murray, R. W. Inorg. Chem. 1979,
18, 3233.

(37) Lane, R. F.; Hubbard, A. T. J. Phys. Chem. 1973, 77, 1401.

(38) Peerce, P. J.; Bard, A. J. J. Electroanal. Chem. Interfacial
Electrochem. 1980, 112, 97.

(39) Gkosh, P. K,; Spiro, T. G. J. Electrochem. Soc. 1981, 6, 128, 1281.
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1.00 V, vs SCE at 0.2 V/s) in CH,Cl,, at room temperature.
Another irreversible peak is observed, which is 600 mV
more anodic than the first oxidation wave. Potentiostatic
coulometry and comparison of the limiting currents from
rotating-disk-electrode (RDE) voltammograms with the
mononuclear complex 5 indicate that a two-electron
transfer is associated with the first peak. Persistence and
stability of the cation are greatly affected by the tem-
perature and solvent employed. The compound shows only
a small cathodic peak when cyclics are performed at 200
mV 7! and room temperature in PC. The reversibility is
increased when higher sweep rates are used. When the
temperature is lowered, the lifetime of the cation increases.

The observed electrochemical behavior of the polymers
17-19 in CH,Cl, and PC solutions is similar to that dis-
played by the respective precursor mononuclear complexes,
a slight shift being detected of the first oxidation peak to
more anodic potentials as well as an increase in the sta-
bility of the resulting cationic species.

The results obtained in the electrochemical study of
complexes 17-20 are consistent with the noninteracting
character of the equivalent electroactive groups in the
compounds,?

In the case of the polymer 17 we have found a very
different behavior compared to that of the corresponding
parent complex 8. The first oxidation process of the
polymer is completely chemically reversible; this contrasts
with the instability shown by the cation 8*. It is quite
significant that in the polymer the (dimethylamino)silane
substituents, C;H;Si(NMe,),Me, are absent as a result of
the condensation reaction. Thus, it seems reasonable to
associate the instability of the cation 8* with the presence
of the CqH;Si(NMe,),Me arene in the molecule, as was
indicated above.

Experimental Section

General Data. All reactions and subsequent manipulations
of compounds and solvents were carried out under a nitrogen
atmosphere by using conventional Schlenk techniques, the
light-sensitive derivatives being manipulated in the dark. Solvents
were degassed and purified by distillation under nitrogen from
standard drying agents.?**2 In particular, di-n-butyl ether, Bu,0,
was distilled from CaH,.

Syntheses of (MeCN);Cr(CO)3,% (8-CoH;Li)Cr(CO)3,* (n®-
1,4-CgH,Li))Cr(CO)s,° and 1,4-bis(tributylstannyl)benzene*® were
carried out according to published procedures. Tributyltin
chloride and n-BuLi (2.5 M in hexane) were purchased from
Aldrich Chemical Co. and used as received. Tri-n-butyl phosphite
(Fluka) was distilled under N, at reduced pressure prior to use.
The following phenylsilanes were purchased from Petrarch
Systems Inc. and used as received: phenyliriethoxysilane, phe-
nylmethyldimethoxysilane, phenyldimethylvinylsilane, phenyl-
dimethylsilane, bis(dimethylamino)methylphenylsilane, phen-
ethyltrimethoxysilane, 1,4-bis((trimethozysilyl)ethyl)benzene, and
1,4-bis(dimethylsilyl)benzene. 1,4-Bis(hydroxydimethylsilyl)-
benzene (Petrarch) was purified by recrystallization from CCl,.
The chlorosilanes (Petrarch) bis(dimethylamino)methylchloro-
silane, and vinyldimethylchlorosilane were distilled in vacuum,

(40) Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air-Sen-
sitive Compounds, 2nd ed.; John Wiley and Sons: New York, 1986.

(41) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification of
Laboratory Chemicals, 2nd ed.; Pergamon: New York, 1980.

(42) Experimental Organometallic Chemistry; Wayda, A. L.; Dar-
ensbourg, M. Y., Eds.; ACS Symposium Series 357; American Chemical
Society: Washington, DC, 1987,

(43) (a) Knox, G. R.; Leppard, D. G.; Pauson, P. L.; Watts, W. E. J.
Organomet. Chem. 1972, 34, 347. (b) Mufioz-Escalona, A.; Di Filipo, G.
Makromol. Chem. 1977, 178, 659.

(44) (a) Summelhack, M. F.,; Bisaha, J.; Czarny, M. J. Am. Chem. Soc.
1979, 101, 768. (b) Rausch, M. D.; Moser, G. A.; Lee, W. A. Synth. React.
Inorg. Met-Org. Chem. 1979, 9, 357.

(45) Jaura, K. L.; Hundal, H. S.; Handa, R. D. Indian J. Chem. 1967,
5, 211.
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and dimethylchlorosilane was used as received. Chloroplatinic
acid solution was used as a catalyst for hydrosilylation, being
prepared from 1 g of chloroplatinic acid (Strem) in 9 mL of
1,2-dimethoxyethane and 1 mL of absolute 2-propanol. Azo-
bis(isobutyronitrile) (AIBN) (Fluka) was recrystallized from
methanol.

Column chromatographic purifications of the complexes were
performed with silanized silica gel 60 (70-230 mesh) from Merck.
The support material used for the preparation of the attached
Cr(CO); complexes described below is made of silica gel 100
(Merck, 0.063-0.200-mm 70-230 mesh), which was refluxed in dry
methanol under dry nitrogen and dried in vacuum as it was
previously described.*

Infrared spectra were recorded on a Nicolet 5§ DX FT-IR
spectrometer. The solution spectra were examined in a 0.1-mm
KBr solution cell. Nuclear magnetic resonance spectra were
recorded on a Bruker WH-200-5Y (200 MHz, FT mode) spec-
trometer. The 'H chemical shifts are reported in parts per million
(6) with reference to internal Me,Si. Elemental analyses were
performed by the Microanalytical Laboratory, Department of
Chemistry, Universidad Auténoma de Madrid, Madrid, Spain.
Number-average molecular weights (M,) were obtained with a
Knauer vapor-pressure osmometer. Photochemical reactions were
carried out under Nj, in an Ace & Glass Inc. photochemical reactor
using a cooled medium-pressure Hanovia 450-W mercury vapor
lamp.

Electrochemical Procedures. All electrochemical experi-
ments were carried out under a blanket of dry nitrogen that was
saturated with the solvent in use. Dichloromethane and aceto-
nitrile were freshly distilled under nitrogen from calcium hydride.
Propylene carbonate (PC) was purified by distillation in vacuum
and stored refrigerated. Tetra-n-butylammonium hexafluoro-
phosphate (Bu,NPF;) was purchased from BAS or Strem and
purified by recrystallization from ethanol and dried in vacuum
at 60 °C. All electrochemical experiments were performed at
ambient temperature unless otherwise noted.

Cyclic voltammetry was done with a PAR EG&G 362 po-
tentiostat in a three-electrode configuration; the voltammetric
data were recorded with a Nicolet 310 digital oscilloscope or a
Linseis LY-17100 X-Y recorder. The working electrode was a
platinum or glassy-carbon disk (diameter 3.0 mm) and the counter
electrode was a platinum wire. The reference electrode was a
saturated calomel electrode (SCE), which was separated from the
test solution by a salt bridge containing (Bu,NPF;) (0.10 M) in
the corresponding solvent in use. The working compartment of
the electrochemical cell was separated from the reference com-
partment by a modified Luggin capillary. All potentials reported
in this paper are referenced to the aqueous SCE. E° for the
ferrocinium/ferrocene couple in CH,Cl,/Bu,NPF; was E° =
+0.400 V; in acetonitrile/Bu,NPFg E° = +0.395 V and in PC/
Bu,NPF; E° = +0.385 V. No iR compensation was used.

Bulk electrolysis was done with a PAR EG&G 362 potentiostat
and a 3879 digital coulometer. A PAR EG&G 3877A coulometry
cell system fitted with platinum-gauze working electrode was used.
The counter electrode was a platinum mesh, which was separated
from the working electrode by a salt bridge containing the sup-
porting electrolyte.

Spectroelectrochemical Experiments. IR spectroelectro-
chemistry was performed with thin-layer spectroelectrochemical
cell constructed by following approximately a previously described
model.#’ The cell chamber is formed directly from a commercial
microcavity IR cell (path length of 0.2 mm) purchased from
Aldrich Chemical Co. The FT-IR cell utilizes a three-electrode
configuration. The working electrode is a 52-mesh platinum gauze
woven from a 0.1 mm diameter wire (Johnson Matthey). The
transparency of this platinum electrode is about 50% as measured
by the intensity of the IR interferogram. The working electrode
connection is made through a 0.25-mm platinum wire and is
insulated from the solution by a Teflon film. The counter
electrode is a platinum wire, and the reference is a silver wire.
Transfer of deoxygenated solutions into the IR cell is done with

(46) Catrillo, T.; Knozinger, K.; Wolf, M. Inorg. Chim. Acta 1980, 45,
1235.

(47) Yao, C.; Capdevielle, F. J.; Kadish, K. M.; Bear, J. L. Anal. Chem.
1989, 61, 2805.
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a 100-uL syringe using Schlenk techniques. The spectra were
recorded on a FT-IR Nicolet 5 DX spectrometer with a routine
consisting of 24 scans and a resolution of 2 cm™. The potential
was applied with a PAR EG&G 362 potentiostat.

X-Band EPR spectra were recorded on a Varian E-12 spec-
trometer equipped with a HP-5342A frequency meter and a
Bruker NMR gaussmeter. The EPR studies were performed by
using a spectroelectrochemical cell as we described previously.®

Silanization. Mirror-polished (1-um diamond paste) Pt-disk
electrodes (area 0.785 cm?) are prepared for silane chemical
modification, using an initial 5-min anodization, in 0.5 M H,SO,
at 1.9 V vs SCE, followed by cycling between 1.23 and -0.25 V
{100 mV/s) until the current decays to small value (<1 uA/cm?
at 1.1 V). The anodized electrode is removed from the cell, washed
thoroughly with distilled water and methanol, and vacuum oven
dried (20-45 min, 50 °C).

The electrodes were placed in Schlenk tubes maintained under
N, and containing the respective {(alkoxysilyl)arene complexes
1-4 in n-heptane solution. The reaction temperature was
maintained between 25 and 70 °C and the reaction time varied
from 2 to 6 h. The electrodes were then removed from solution,
rinsed several times with dry dichloromethane, dried, and stored
under vacuum.

Preparation of the Complexes {n?-1,4-C;H,RR’|Cr(CO),.
Three different methods were used for the synthesis of the new
{n®-(organosilyl)arenejchromium tricarbonyl complexes reported
in this study. For each one of these methods, the described
reactions were performed in a similar manner. The procedures
for {n8-C¢H;Si(OEt)g}Cr(CO); (1), {#5-CeH;Si(Me),CH=CH,}Cr-
(CO);3 (7), {n5-C¢H5Si(NMe,),MelCr(CO); (8) and {n?-1,4-CeH,-
[Si(Me),H],JCr(CO); (6) are described in detail as representative
examples. The analytical and spectroscopic data for all the
complexes are given in Table 1.

Method A:

Cr(CO); + (1,4-CiH,RR) — {#°-1,4-C¢gH,RR’ICr(CO); + 3CO

{n8-C;H;Si(OEt);)Cr(CO); (1). The reaction was carried out
in a 250-mL, three-necked round-bottomed flask equipped with
a gas inlet and a straight-tube condenser topped with gas inlet
and bubbler. Under dinitrogen the apparatus was charged with
C¢H;Si(OEt); (4.12 g, 20.34 mmol), Cr(CO)q (6 g, 27.25 mmol),
di-n-butyl ether (90 mL), and tetrahydrofuran (10 mL). The
mixture was stirred and heated to a gentle reflux for 48 h. The
progress of the reaction was monitored by occasionally allowing
the reaction to cool to room temperature and recording the IR
spectrum of the supernatant solutions. Over the course of the
reaction new carbonyl bands at 1977 and 1904 cm™ were observed
to increase in intensity. The final mixture was cooled to room
temperature and then to —10 °C for 12 h. The suspension was
filtered through a pad of silanized silica (3 X 3 ¢cm) to remove the
small amounts of insoluble gray-green decomposition product and
also some unreacted Cr(CO)¢. From the resulting yellow solution,
the solvent was removed in vacuo and the residue purified
chromatographically (2 X 30 cm) on silanized silica using n-hexane
(or in some cases CH,Cl,/n-hexane (1:5 v/v) mixture) as eluent.
The yellow band was collected and the solvent removed under
reduced pressure. The yellow oil resulting was recrystallized from
petroleum ether (40-60 °C) or n-hexane and cooled to =35 °C for
about 48 h, to give analytically pure {8-CgHySi(OEt)s]Cr(CO)4
(1) as yellow crystals in 70% (5.36 g, 14.24 mmol) isolated yield.

The related complexes {n®-CsH;Si{OMe),MejCr(CO); (2),
‘T]G'CGH5(CH2)28i(0MG)3‘CI‘(CO)3 (3), {176’1,4'CGH4[(CH%)2Si'
(OMe);],iCr(CO); (4), {n*-CsH;Si(Me),HICr(CO); (5), {n®-1,4-
CeH,[Si(Me),H],JCr(CO); (6), and {n8-CcH;Si(NMe,),Me|Cr(CO),
(8) are prepared and purified in a similar fashion. Complexes
2-4 were isolated as analytically pure yellow oils.

Method B:

(MeCN);Cr(CO); + (1,4-C¢H,RR') —
(n%-1,4-C¢H,RR")Cr(CO); + 3MeCN

{n®-CsH;Si(Me),CH=CH,}Cr(CO); (7). Chromium hexa-
carbonyl (4.0 g, 18.20 mmol) was converted to (MeCN);Cr(CO);
in refluxing MeCN for 24 h. The mixture was allowed to cool,
and the solvent was removed under reduced pressure. Recently
prepared (MeCN);Cr(CO); (2.50 g, 10.2 mmol) was treated with
dimethylvinylphenylsilane (1.6 g, 10.2 mmol) in dry oxygen-free
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cyclohexane (60 mL) under N,. The stirred mixture was heated
gently to 65-70 °C, with IR monitoring of the course of the
reaction. The heating was continued until the »(CO) bands due
to (MeCN);Cr(CO); had disappeared and the new »(CO) bands
at 1978 and 1912 cm™ stopped increasing in intensity (24 h). The
mixture was cooled to room temperature and filtered through a
short column of silanized silica (3 X 3 cm). From the yellow filtrate
the solvent was removed under vacuum, and the yellow residue
was diluted in light petroleum ether (bp 40-60 °C) and subjected
to column chromatography in silanized silica. Elution with the
same solvent gives a single yellow band, which was collected, and
the solvent was removed under reduced pressure, resulting in a
yellow-pale orange oil. Upon cooling of the oil to —40 °C for several
days, yellow crystals were formed corresponding to the desired
Compound lﬂs'CsHsSi(Me)ch=CH2}Cr(CO)3 (7) in 42% (1.27
g, 4.28 mmol) yield.

Complexes {r°-1,4-CeH,[(CH,),8i(OMe);],ICr(CO); (4), {n°-
C¢H;Si(Me),H|Cr(CO); (5), and {r°-1,4-CgH,[Si(Me),H],JCr(CO);
(6) can be also prepared in a similar fashion.

Method C:

{n-CoH,LiICH(CO); + CIR —— {#-C¢H,RICr(CO); + LiCl

{n6-1,4-CH,Li)}Cr(CO); + 2CIR ——s

-78°C

{n%-1,4-CsH,RR/|Cr(CO); + 2LiCl

{n-CcH;Si(NMe,),MejCr(CO); (8). A chilled (-78 °C) THF
(100 mL) solution containing (1%-C¢Hg)Cr(CO), (1.87 g, 8.73 mmol)
was treated with 1 equiv of n-butyllithium (2.5 M in hexane)
following the literature methods* and stirred for an additional
30 min, The yellow mixture is then treated with the appropriate
chlorobis(dimethylamino)methylsilane. Thus, CISi(NMe,),Me
(2.38 g, 17.46 mmol) was cannulated into the previously generated
(n8-CeH;Li)Cr(CO); at —78 °C. The resulting mixture was stirred
at =78 °C for 1 h and then allowed to warm to ambient tem-
perature and stirred for 12 h. The yellow-orange solution was
filtered through a pad of silanized silica (3 X 3 cm) and the filtrate
concentrated under reduced pressure and subjected to column
chromatography (2 X 30 cm) on silanized silica, as it was indicated
in methods A or B. Final purification was achieved by recrys-
tallization by diffusing n-hexane into a CH,Cl, solution of the
complex at -35 °C to give {#5-CeH;Si(NMe,),;MelCr(CO); (8) as
a yellow crystalline material in 55% (1.65 g, 4.80 mmol) yield.

{n®-1,4-C;H, [Si(Me),H],ICr(CO); (6). Compound (7°-1,4-
CgH,Li,)Cr(CO); was prepared from {5%-1,4-bis(tri-n-butyl-
stannyl)benzenejchromium tricarbonyl (4.0 g, 5.0 mmol) and 2.1
equiv of n-BuLi (2.5 M in hexane) in THF at —78 °C, as in ref
9. Onto this mixture a THF (10 mL) solution containing di-
methylchlorosilane (1.18 g, 12.5 mmol) was cannulated, at -78
°C. The mixture was stirred at this temperature for 30 min and
then permitted to warm to room temperature and stirred for 2
h. The mixture was filtered through silanized silica, and the
filtrate was concentrated under reduced pressure. The crude
product was subjected to column chromatography (2 X 30 cm)
on silanized silica, eluting with n-hexane/benzene (3:1 v/v). The
first yellow band was collected, and the solvents were removed
at reduced pressure. Recrystallization as described above pro-
duced {n5-1,4-C¢H,[Si(Me),H],JCr(CO); (6) as a yellow crystalline
solid in 50% (0.82 g, 2.50 mmol) yield.

Preparation of the {#®-1,4-C;H,RR'|Cr(CO),(P(OBu);)
Complexes. All photochemical treatments of the {n%-1,4-
C¢H,RR'|Cr(CO); complexes 1-8 with P(OBu); were performed
in a similar manner. The procedure for {#5-CsH;Si(OEt)s}Cr-
(CO),(P(OBu)3) (9) is described in detail as a representative
example.

A cyclohexane (75 mL) solution of 1 (0.6 g, 1.58 mmol) and
tri-n-butyl phosphite (1.98 g, 7.96 mmol) was degassed with N,
and irradiated at room temperature. The IR spectrum of the
reaction was monitored after each 15-min irradiation interval. The
progress of the reaction was followed by monitoring the disap-
pearance of the A; »(CO) band of the tricarbonyl complex (at 1982
cm! for 1) and the appearance of the new »(CO) band, at 1861
em™!, corresponding to the dicarbonyl complex. Irradiation was
continued until the former band had disappeared and the new
CO band had reached maximum intensity (ca. 3 h). The solvent
was removed under vacuum and the orange residue redissolved
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in the minimum volume of benzene/n-hexane (1:15 v/v) and
subjected to column chromatography. The first orange band was
collected, and the solvents were removed to afford pure {r®-
CsH;Si(OEL);{Cr(CO),(P(OBu)3} (9) as an orange oil in 55% (0.52
g, 0.869 mmol) yield. Anal. Calcd for CpH,;05SiPCr: C, 52.12;
H, 71.85. Found: C, 52.40; H, 8.01. IR (CH,Cl,): »(CO) 1904, 1842
cm™,

In a similar fashion the following complexes were obtained in
ca. 50-65% yield. For complexes 10, 11, 13, and 16 a further
purification by column chromatography with n-hexane as eluent
was effected:

{nf-C.H Si(OMe),;MejCr(CO),(P(OBu);) (10). Anal. Caled
for CyH,,0,SiPCr: C, 51.11; H, 7.59. Found: C, 51.86; H, 7.65.

{nt-C;H;(CH,),Si(OMe);/Cr(CO),(P(OBu);) (11). Anal.
Caled for Cy5H,50,4SiPCr: C, 51.32; H, 7.69. Found: C, 51.96;
H, 7.82.

{n®-CgH,-1,4-[(CH,),Si(OMe);],iCr(CO),(P(OBu);) (12).
Anal. Caled for C4Hy,0,;8i,PCr: C, 49.07; H, 7.77. Found: C,
49.73; H, 8.03.

{n?-CsH;Si(Me) HICr(CO),(P(OBu);) (13). Anal. Caled for
CyoH305SiPCr: C, 59.25; H, 8.02. Found: C, 60.03; H, 7.97.

{n®-1,4-CcH,[Si(Me),H],JCr(CO),(P(OBu);) (14). Anal
Calcd for C,,H,,0:81,PCr: C, 55.38; H, 8.65. Found: C, 54.65;
H, 8.26.

{n®-C¢H;SiCH=CH,(Me),JCr(CO),(P(OBu);) (15). Anal.
Caled for CoH,,0,5SiPCr: C, 59.01; H, 8.40. Found: C, 59.79;
H, 8.97.

{n5-CcHSi(NMe,),Me|Cr(CO),(P(OBu);) (16). Anal. Caled
for CosH,nN,OSiPCr: C, 56.17; H, 8.80; N, 5.24. Found: C, 56.65;
H, 8.81; N, 5.48.

Polycondensation of {n°-(Bis(dimethylamino)methyl-
silyl)benzenelchromium Tricarbonyl with 1,4-Bis(hydrox-
ydimethylsilyl)benzene. Monomer 8 (0.80 g, 2.30 mmol) was
dissolved in dried deoxygenated toluene (3 mL), in a Schlenk tube
fitted with a reflux condenser and N, inlet. Then, recrystallized
1,4-C¢H,[Si(Me),OH], (0.52 g, 2.3 mmol) was added along with
5 mL of toluene. A slight nitrogen stream was maintained, and
the mixture was gently heated to 50 °C, with stirring. At this
point the disilanol dissolved and dimethylamine evolution was
observed. The polymerization temperature was increased to reflux
and held for 1 h. Then toluene was removed at reduced pressure,
also facilitating removal of Me;NH. The viscous mixture resulting
was stirred at 60 °C under vacuum for an additional 1 h. The
yellow-brown oily residue was redissolved in toluene (30 mL) and
filtered through a pad of silica (3 X 3 cm), and the filtered yellow
toluene solution was concentrated and added dropwise to dry
deoxygenated methanol (150 mL) with vigorous stirring. The
solution was separated by decantation of the yellow-green gum
product formed. This was reprecipitated one more time from
toluene (20 mL) into methanol (100 mL). Polymer [-SiMe{n®-
CgH,Cr(CO);0SiMe,(1,4-CeH,)SiMe,0-],, (17) was finally isolated
as a thick-yellow rubberlike material, which was dried in vacuum
for 24 h at 10 Torr (0.88 g).

'H NMR (CDCly): 6 7.54 (s, 4 H, 1,4-CgHy), 542 (t, 1 H, H,
CgHy), 5.28 (d, 2 H, H,, C¢Hj), 5.05 (¢, 2 H, H,,, C¢Hj), 0.35 (m,
H, CHy). IR (CH.Cl): »(CO) 1970, 1982 cm™. M, (VPO, CHCl,):
4800 g/mol.

Homopolymerization of {9°-(Dimethylvinylsilyl)-
benzenejchromium Tricarbonyl. The monomer complex 7 (0.4
g, 1.6 mmol) and AIBN (10 mg) were dissolved in dry and degassed
benzene (8 mL) in a Schlenk tube, and the mixture was heated
to 70 °C for 24 h. The mixture was allowed to cool to room
temperature, diluted with benzene, and filtered through a pad
of silica. The filtered benzene solution was concentrated and
added dropwise to light-petroleum ether (4060 °C) with stirring.
The solid formed was collected by filtration, washed with addi-
tional petroleum ether, and dried under reduced pressure for 24
h. Polymer [-CH,CH({n%-C¢H;SiMe,JCr(CO)s-], (18) was finally
isolated as a yellow fibrous solid.

'H NMR (CDCl,): & 5.50 (t, H, H,, C¢Hj), 5.41 (d, 2 H, H,,
CgHs), 5.12 (t, 2 H, H,,, C¢Hy), 1.25 (m, H, CH,), 0.38 (s, H, CHy).
IR (CH,Cl,): »(CO) 1965, 1882 cm™l. M, (VPO, CHCl,): 2600
g/mol.

Hydrosilylation Reactions. The reactions of 1,3-divinyl-
tetramethyldisiloxane with both complexes 5 and 6 were per-
formed in a similar way as described below.
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Under nitrogen atmosphere, complex {n°-C¢H;Si(Me),HJCr(CO),
(5) (1.04 g, 3.8 mmol) in toluene (5 mL) was added into a toluene
solution (10 mL) of (CH,=CHSiMe,),0 (0.5 g, 2.7 mmol). After
addition of 0.1 mL of chloroplatinic acid solution, the reaction
mixture was heated to 8590 °C. The reaction was continued until
the »(Si~H) IR band (at 2132 ¢cm™) had disappeared. After
purification by filtration on silica and precipitation with petroleum
ether, the dinuclear complex {5-C¢H;SiMe,(CH,),SiMey-},0-
[Cr(CO);], (20) was isolated as a yellow solid, which was dried
in vacuum for 24 h (60% yield, 0.82 g, 1.14 mmol).

Anal. Caled for C3,H50,81,Cry: C, 49.31; H, 5.75. Found: C,
48.95; H, 5.05.

H NMR (CDCly): 65.45 (t, H,, C¢H,), 5.38 (d, H,, CgHy), 5.11
(t, H,, CgH,), 2.38,1.50 (m, H, C}ﬁ) 0.3 (m,H CHy. IR (CH,CL):
»(C0O) 1970, 1966 cm™. M, (VPO, CHCl,): 675 g/mol.

Followmg the same method complex 6 (1.6 g, 4.84 mmol) was
treated with an excess of (CH/~CHSiMe,),0, until disappearance
of the »(Si-H) band (2118 cm™), showing that all of the starting
mononuclear complex had been converted into polymer 19. After
purification as above, compound [-SiMe,{n®-1,4-C¢H,}Cr-
(CO);SiMe,(CH,),SiMe;08i(CH,),-], was isolated as a yellow gum
solid, which was dried in vacuum for 24 h.

1H NMR (CDCl,): 65.38 (s, H, 1,4-CgH,), 1.2-1.6 (m, H, CHy),
0.4-0.2 (m, H, CH,). IR (Cchlg) »(CO) 1964, 1888 cm'1 M,
(VPO, CHCly): 4700 g/mol.

Preparation of SiO,-Supported {n°-(Alkoxysilyl)arene}-
Cr(CO); Derivatives. For the attachment of complexes 1-4 to
silica surfaces, silica gel previously treated with dry methanol
under reflux was used.® Modification of this silica with chromium
tricarbonyl species was carried out by heating a sample (3-5 mmol)
of each one of the 1-4 derivatives with about 1 g of methanol-
treated silica, in toluene suspension, under nitrogen for about 18
h. The silica material, which was now yellow, was isolated by
filtration, washed several times with toluene and then with di-

chloromethane, and dried in vacuum at 40 °C.

The properties of the functionalized silica so obtained are
described under Results and Discussion.

Studies on Polymerization of PhC=CH Catalyzed by
{n5-(Organosilyl)arene}Cr(CO),. These studies were performed
by following the experimental procedures previously described.!3!?

In homogeneous conditions, solutions of phenylacetylene (4.65
g, 45.5 mmol) in benzene (10 mL) were heated in the presence
of complexes 1-4 (ca. 0.5 mmol). In the heterogeneous procedure,
PhC==CH was treated with ca. 0.5 g of SiO,-supported 1-4 com-
plexes. From the resulting reaction mixture the SiO,-supported
catalyst was separated by filtration. The products were isolated
and purified as described.
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Several (CO),CpFe (i.e. Fp) n'-polymethylenevinylidene triflates, (CH,),C=C=Fp*TfO"~ (3a—e, n = 4-7,
10), were prepared at —78 °C from the corresponding Fp cycloalkylacyls (CH,),CHC(O)Fp (1a-e, n = 4-7,
10) and triflic anhydride. Solutions of 3¢—e in CH,Cl,, when warmed to 25 °C and reacted completely
before being diluted with diethyl ether, are converted exclusively to Fp n?-homocycloalkyne triflate,
{Fp-[2-(CH,),(C=C)}}*TfO" (5¢—e, n = 7, 8, 10). This rearrangement, the organometallic analogue of
an “end-to-end” alkyl shift in a vinyl cation, has not been previously observed in transition-metal vinylidenes.
In contrast to 3c—e, solutions of 3a,b (and also 3¢ at 0 °C) in CHzClz, when warmed to 25 °C and diluted
with diethyl ether, react with the diluent to yield mixtures of Fp n®-methylenecycloalkane triflates, {Fp-
[#*-(CH,),C= CH2]}+TfO (9a-c, n = 4~6), and Fp polymethyleneethoxycarbene triflates, {Fp—[n1 C-
(OEt)CH(CHg),,]VTfO‘ (12a-c, n = 4-6). 9b formed from 1b and triflic anhydride in perdeuteriodiethyl
ether contains ~1.6 atoms of deuterium per molecule, suggesting that, in the absence of a viable course
of rearrangement or a better nucleophile, 3a—c¢ produce 9a~c by abstracting a hydride from diethyl ether.

Dicarbonyl(n®-cyclopentadienyl)iron (i.e. Fp) n'-neo-
pentylidene type complexes typically rearrange by shifting
a carbon from the §- to the a-position, forming thereby
a trisubstituted n*olefin complex (eq 1).! The rear-

CH; oHg, /P CHy

)
cn,—(l:\—-;:H—f;'r —_— OF —C=CHy ——e=—
CHs CH; ,L CH; H
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rangement probably involves an intermediate carboca-
tion.'? If Fp pl-alkylidenes are thought of as iron-sta-
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