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A surprising degree of selectivity is seen with this catalyst
system. For example, ethyl 6-bromohexanoate is cleanly converted
to 6-bromo-1-hexanol at -20 °C. Likewise, a,8-unsaturated esters
and esters containing phenolic, amino, or cyclopropyl groups, as
well as di- and trisubstituted olefins, are efficiently transformed
into the corresponding primary alcohols.®® For substrates con-
taining a terminal olefin or an epoxide, use of the more hindered
titanocene dichloride species ethylene-1,2-bis(53-4,5,6,7-tetra-
hydro-1-indenyl)titanium dichloride,” (EBTHI)TiCl,, is required
for a successful transformation. Selective hydrosilylation of an
ester in the presence of a ketone was not possible. However, a
methyl ester can be selectively reduced in the presence of a
tert-butyl ester.

The system is relatively insensitive to the presence of adven-
titious moisture or small amounts of oxygen. The reaction proceeds
cleanly, even when the substrate is premixed with 10 mol % of
H,O (excess silane is used to scavenge water, which is silylated
under the reaction conditions) or if the reaction is carried out in
a solvent that has not been rigorously deoxygenated. Moreover,
while the examples shown in Table I use 5 mol % of inexpensive
Cp,TiCl,, the amount of titanium reagent can be reduced to as
low as 0.5 mol % with no noticeable decrease in yield.

While we have not yet undertaken detailed mechanistic studies,
a plausible pathway for the reaction is shown in Scheme II. Our
hypothesis that the active catalyst is probably in the +3 oxidation
state is based on the known propensity of Ti(IV) to be reduced,}
on the observation of partial deoxygenation of the terminal epoxide
substrate (entry 6) to the corresponding olefin,? and on the ob-
served disappearance of 'H NMR signals of the titanium species.
The initial interaction of the catalyst 2 with the ester substrate
leads to intermediate 3, which expels aldehyde with concomitant
production of 4. The aldehyde reacts with a second equivalent
of 2 to produce 5. Finally, the silyl ethers of the product alcohols
are liberated via a o-bond metathesis process!” to regenerate the
catalyst. Further work is obviously necessary to verify this hy-
pothesis,

In summary, we have developed a new catalytic hydrosilylation
system for the conversion of esters to primary alcohols which
utilizes inexpensive silanes as the stoichiometric reductant.!! This
procedure is efficient and selective and may represent a safer and
more convenient alternative to the use of reducing agents such
as LiAlH, and DIBAL on a large scale.!> Further work is in

(7) (a) Wild, F. W. R. P; Zsolnai, L.; Huttner, G.; Brintzinger, H. H. J.
Organomet. Chem. 1982, 232,233. (b) Collins, S.; Kuntz, B. A.; Taylor, N.
J.; Ward, D. G. J. Organomet. Chem. 1988, 342, 21.

(8) (a) Long, W. P.; Breslow, D. S. J. Am. Chem. Soc. 1960, 82, 1953,
(b) For examples of Ti(II]) hydrides, see: Bercaw, J. E.; Marvich, R. H.; Bell,
L. G.; Brintzinger, H. H. J. Am. Chem. Soc. 1972, 94, 1219. Samuel, E.;
Harrod, J. F. J. Am. Chem. Soc. 1984, 106, 1859.

(9) RajanBabu, T. V.; Nugent, W. A.; Beattie, M. S. J. Am. Chem. Soc.
1990, /13, 6408.

(10) (a) Woo, H.-G.; Tilley, T. D. J. Am. Chem. Soc. 1989, [11, 3757.
(b) Woo, H.-G.; Tilley, T. D. J. Am. Chem. Soc. 1989, 111, 8043.

(11) Esters can be reduced by using catalytic Cp,TiCl, and stoichiometric
i-PrMgBr: Sato, F.; Jinbo, T.; Sato, M. Tetrahedron Lett. 1980, 2/, 2175.
Sato, F.; Jinbo, T.; Sato, M. Synthesis 1981, 871.

progress to utilize this and related systems for other functional
group interconversions and to map out the mechanistic course of
these reaction processes.
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Supplementary Material Available: Detailed experimental
procedures for the preparation of and spectroscopic characteri-
zation for the products given in Table I (7 pages). Ordering
information is given on any current masthead page.

(12) CAUTION! Methoxysilanes should not be used in this reaction, as
they are volatile and are known to cause blindness. Additionally, while we
have performed this reaction ca. 200 times without incident using the com-
bination n-BuLi/Cp,TiCl, in a ratio of ~2, we note that in two reactions in
which n-BuLi/Cp,TiCl, = 4, opening of the reaction vessel to the air caused
the appearance of a flame, presumably due to the known disproportionation
of (EtO);SiH to SiH, (see: Xin, S.; Aikten, C.; Harrod, J. F.; Mu, Y.;
Samuel, E. Can. J. Chem. 1990, 68, 471). A control experiment in which
n-BuLi was allowed to react with (EtO),SiH in the absence of Cp,TiCl, gave
similar results. We have found that the liquid polymer, polymethylhydro-
siloxane (a commodity material produced by Dow-Corning and available from
Huls America), is a suitable substitute for (EtO);SiH; its use eliminates the
chance of generating SiH,.
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The efficient preparation of oligosaccharides, as well as their
elaboration into glycopeptides and glycolipids, is of central im-
portance for the application of these compounds in biological
sciences and medicine.2 In an effort to develop a fundamentally
new approach to oligosaccharide synthesis, we have been exploring
a polymer-supported method combining the anomeric control of
solution chemistry with the ease and speed of solid-state-supported
workup. The solid-state-based procedure eliminates time-con-
suming workups and potentially reduces the time required for the
synthesis of an oligosaccharide from months to days or weeks.

Despite recent dramatic advancements in the solution metho-
dology of oligosaccharide synthesis,* yields in the key glycosidic

(1) Supported through the Protein Engineering Network of Centres of
Excellence, Canada.

(2) E.g.. Carbohydrate Recognition in Cellular Function; Bock, G.,
Harnett, S., Eds.; Ciba Foundation Symposium 145; Wiley: Chichester, 1989.
, (3% (a) Paulsen, H. Angew. Chem., Int. Ed. Engl. 1982, 21, 155; (b) 1990,

9, 823.

(4) (a) Schmidt, R. R. Angew. Chem., Int. Ed. Engl. 1986, 25,212. (b)
Fugedi, P.; Garegg, P. J.; Lonn, H.; Norberg, T. Glycoconjugate J. 1987, 4,
97. (¢) Mootoo, D. R.; Date, V.; Fraser-Reid, B. J. Am. Chem. Soc. 1988,
110, 2662. (d) Konradsson, P.; Fraser-Reid, B. J. Chem. Soc., Chem. Com-
mun. 1989, 1124, (e) Fraser-Reid, B.; Wu, Z.; Udodong, U. K.; Ottoson, H.
J. Org. Chem. 1990, 55, 6068. (f) Veeneman, G. H.; Van Leeuwen, S. H.;
Zuurmond, H.; Van Boom, J. H. J. Carbohydr. Chem. 1990, 6, 783. (g)
Kanie, O.; Kiso, M., Hasegawa, A. J. Carbohydr. Chem. 1988, 7, 501. (h)
Reddy, G. V.; Kulkarni, V. R.; Mereyala, H. B. Tetrahedron Lett. 1989, 30,
4283. (i) Friesen, R. W.; Danishefsky, S. J. J. Am. Chem. Soc. 1989, 111,
6656. (j) Friesen, R. W.; Danishefsky, S. J. Tetrahedron 1990, 46, 103.
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linkage formation steps are still in the 80% range. Certain
“difficult linkages” are accessible often below 50%.># This reflects
both the low reactivity and the instability of the reactants, in
particular of the glycosylating agent. The activated glycosylating
agent may decompose to several products, behaving chromato-
graphically similarly to the desired product. The excess glyco-
sylating agent necessary to obtain an acceptable yield of coupled
products often leads to reaction mixtures in which the desired
compound is a relatively minor component. Thus a major ob-
struction to greater efficiency of glycosylation is the chromato-
graphic purification, Solid-state methodology should, in principle,
remove this obstacle.

Success in the synthesis of oligonucleotides® and oligopeptides,
led to consideration of solid-state synthesis of oligosaccharides
in the past.”® It was clear, however, that this approach had its
limitations,”® and no further attempts to overcome them have
appeared in the literature. Among the problems encountered were
decreased glycosylation reaction rate compared to solution stra-
tegies, incomplete coupling, and lack of complete stereoselectivity.
Since two C-1 epimers (anomers) can be formed, stereochemical
control is mandatory, and solution methodology has already de-
signed ways to achieve it in a variety of situations.4

Another strategy probed for the synthesis of oligomers of
peptides and nucleotides is polymer-supported liquid synthesis.'®
Applied to oligosaccharide synthesis, this approach requires the
polymer—carbohydrate synthon to be soluble under conditions of
glycosylation and to be insoluble during the workup of reaction
mixtures. The solubility of the reactants allows reaction kinetics
and anomericity control similar to those observed in solution
chemistry. This approach would be of particular value for
syntheses of smaller oligomers in gram and larger quantities.!%

We have explored as the supporting polymer poly(ethylene
glycol)monomethyl ether [HOCH,CH,(OCH,CH,),OCH,, n =
80-160; PEG, average MW 5000].!!  We have linked it (i)

(5) Gait, M. J., Ed. Oligonucleotide Synthesis; IRL Press: Oxford, 1984.
Gassen, H. G., Lang, A., Eds. Chemical and Enzymic Synthesis of Gene
Fragments; VCH Publishers: Weinheim, 1982.

(6) (a) Clark-Lewis, I.; Kent, S. B. H. In The Use of HPLC in Receptor
Biochemistry; A. R. Liss: New York, 1989; p 43. (b) Kent, S. B. H. Annu.
Rev. Biochem. 1988, 57, 957.

(7) (a) Zehavi, U.; Patchornik, A. J. Am. Chem. Soc. 1973, 95, 5673. (b)
Wulff, G.; Hansen, A. Carbohydr. Res. 1987, 164, 123.

(8) (a) Frechet, J. M. J; Schuerch, C. J. Am. Chem. Soc. 1971, 93, 492,
(b) Frechet, J. M. J.; Schuerch, C. Carbohydr. Res. 1972, 22, 399.

(9) (a) Mathur, N. K.; Narang, C. K.; Williams, R. E. Polymers as Aids
in Organic Chemistry; Academic Press: New York, 1980; Chapter 6. (b)
Frechet J. M. J. In Polymer-Supported Reactions in Organic Synthesis;
Hodge, P., Sherrington, D. C,, Eds,; Wiley: Chichester, 1980; pp 293, 407.
(¢) Zehavi, U. Adv. Carbohydr. Chem. Biochem. 1988, 46, 179. (d) Frechet,
J. M. J. Tetrahedron 1981, 37, 663.

(10) (a) Bonora, G. M.; Scremin, C. L.; Colonna, F. P.; Garbesi, A.
Nucleic Acids Res. 1990, 18, 3155. (b) Kamaike, K.; Hasegawa, Y ; Ishido,
Y. Tetrahedron Lett. 1988, 29, 647. (c) Bayer, E.; Mutter, M. Nature 1972,
237, 512. (d) Bayer, E.; Mutter, M. The Peptides; Gross, E., Meienhofer,
J., Eds.; Academic Press: New York, 1980; Vol. 2, 286.

(11) Fluka Chemie AG, Buchs, Switzerland. (a) Technical Bulletin:
Polyglycols Hoechst. Polyethylene Glycols: Properties and Applications;
Hoechst, Frankfurt, 1983. (b) Dale, J. Isr. J. Chem. 1980, 20, 3

(12) The supportmg polymer can also be seen as just another Protectm%
group. - As with certain other protecting groups (¢.g., benzyl,%"? allyl,}!
esters®#), PEG may also influence reactivity in the glycosylation reaction.

(13) Douglas, S. P.; Whitfield, D. M.; Krepinsky, J. J. Abstracts, Fuji*90
Post-Symposium: Recent Progress of Synthetic Methods in Carbohydrates
and Their Application to Medicinal Chemistry; Susono City, Shizuoka, 1990;
The Fuji Training Institute: Shizuoka.

(14) Lemieux, R. U,; Takeda, T.; Chung, B. Y. In Synthetic Methods for
Carbohydrates; El Khadem, H. S., Ed.; ACS Symposium Series 39; American
Chemical Society: Washington, DC, 1976; p 90.

(15) Whitfield, D. M.; Carver, J. P.; Krepinsky, J. J. J. Carbohydr. Chem.
1985, 4, 369.

(16) Schwarniz, D. A,; Lee, H. H.; Carver, J. P.; Krepinsky, J. J. Can. J.
Chem. 1985, 63, 1073.

(17) Hann, R. M,; Hudson, C. S. J. Am. Chem. Soc. 1942, 64, 2435.

Communications to the Editor

Scheme I. Examples of Glycosylations Leading to Di- and
Trisaccharides Utilizing Polymer-Supported Solution Methodology®
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4Compound I was prepared through la—; IV, through IVa—c; and
VII through VIIa and VIIb. For reaction conditions, see footnote 18.
Starting materials were prepared according to the references indicated:
Ia,'s ILM [Va,16 V4 VIIa.”

directly to the anomeric carbon as an aglycon!® or (ii) to different
carbohydrate hydroxyl groups through ester linkages of succinic
acid [-COCH,CH,COOCH,CH,(OCH,CH,),OCH,; PEG-Su;
cf. Ib and Ic]."> When PEG is bound to a carbohydrate hydroxyl,
the glycosylation reaction can be driven to virtual completion by
repeated additions of the glycosylating agent. Normally, the use
of such an excess of any glycosylating agent would create a serious
problem for purification; in this procedure the nonpolar fragments
resulting from the decomposition of the reactants are washed off
the precipitated PEG-bound product. The more polar contam-
inants are removed by simple crystallization of the PEG-bound
product from ethanol. Furthermore, since PEG contains a single
OCH, group (6 = 3.380 ppm), the reaction course is easily
monitored by NMR spectroscopy with the signal of this methyl
being used as an internal standard.

We have examined glycosylations of several PEG-Su-bound
substrates under metal and acid catalysis (cf. Scheme 1).2 In

(18) Reaction conditions (scale 0.1-2 mmot): (1) AgOTf, DBMP, CH,-
Cly, 4A ms, 91%; (2) Ag,CO;, DBMP, CH,Cl,, 4A ms, 75%; (3) BF;-Et,0,
CH,Cl,, 70%; (4) succinic anhydride, DMAP, pyridine, 70%; (5) PEG, DCC,
DMAP, CH,CN, 90%; (6) 60% aqueous AcOH, 100 °C, 85%; (7) PEG,
DCC, DMAP, CH,Cl,, 93%; (8) TBDPS-CI, imidazole, CH,Cl,, 94%; (9)
60% aqueous AcOH, 60 °C, 91%. *Alternatively, the appropriate hydroxyl
can be esterified by PEG-hemisuccinate using DCC activation with DMAP.
Abbreviations: Ac, acetyl; AgOTf, CF;S0,Ag; Bz, benzoyl; DBMP, 2,6-
di-tert-butyl-4-methylpyridine; DBU, 1,8-diazabicyclo[$.4.0Jundec-7-ene;
DCC, 1,3-dicyclohexylcarbodiimide; DMAP, 4-(dimethylamino)pyridine; 4A
ms, 4A molecular sieves; PEG, “-OCH,CH,(OCH,CH,),OCH;, n = 110;
Phth, phthalimido; Su, -COCH,CH,CO-; Su-PEG,
-COCH,CH,COOCH,CH,(0OCH,CH,),0CH;; TBDPS, tert-butyldi-
phenylsilyl.

(19) Unexpected complications caused by the low stability of the PEG-
anomeric carbon bond made anchoring PEG to the anomeric carbon unp-
ractical. Douglas, S. P.; Whitfield, D. M.; Krepinsky, J. J. Tetrahedron Lett.,
submitted for publication.
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all cases examined to date, PEG-Su has been linked to the ac-
ceptor. Glycosylating agents have been added several times, if
required, for completion of the glycosylation (unoptimized yields
of isolated products were 85-95%, or greater; small losses occurred
during crystallization). The progress of glycosylation was mon-
itored by NMR spectroscopy (cf. above). After the reaction is
completed, the PEG-bound product is precipitated from solution
with diethyl ether or tert-butyl methyl ether, is recrystallized from
ethanol, and after drying is ready for the next step of the synthetic
sequence. PEG-Su is eventually easily cleaved from the saccharide
by DBU-catalyzed methanolysis in dichloromethane or by hy-
drazinolysis?! if a phthalimido group is to be removed as in VL.
Peracetylated oligosaccharides for final purification?? are obtained
from dried residues after methanolysis by acetylation with acetic
anhydride in pyridine. The expected anomer3# was formed in each
glycosylation; the other anomer was not detected. The silyl group
used for protection of hydroxyl groups was found to be compatible
with this design. Regioselectivity of the glycosylation is exemplified
by the formation of Illa and IIIb.

Supplementary Material Available: Experimental details in-
cluding procedures for the preparation of IIla,b, IV, and VI and
the cleavage of IIla,b (6 pages). Ordering information is given
on any current masthead page.

(20) The structures of all compounds were confirmed by NMR (500 MHz)
spectroscopy and FAB mass spectrometry. Presaturation of PEG at & 3.640
(CH,0 signals) was carried out to ensure no dynamic range overflow. We
are indebted to Dr. H. Pang, Carbohydrate Research Centre, for measuring
the mass spectra with a ZAB SE mass spectrometer.

(21) Whitfield, D. M.; Pang, H.; Carver, J. P.; Krepinsky, J. J. Can. J.
Chem. 1990, 68, 942.

(22) Peracetylated oligosaccharides are usually more suitable for final
purification by chromatography than deprotected compounds; after deacety-
lation pure oligosaccharides are obtained.?!
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Many examples of metal-catalyzed double-carbonylation re-
actions (eq 1) have been reported.! Mechanistic studies of the

RX + 2CO + NuH — RC(0O)C(O)Nu + HX 1)
(NuH = R’'NH,, R'OH, H,0)

most common palladium-catalyzed system have shown that the
critical C-C bond forming step occurs via reductive elimination
from a bis(acyl) complex.® Except for alkyls of lutetium? and
thorium,!° the alternative C-C coupling pathway involving the

(1) Collin, J. Bull. Soc. Chim. Fr. 1988, 976.

(2) Chen, J.-T.; Sen, A. J. Am. Chem. Soc. 1984, 106, 1506.

(3) Ozawa, F.; Sugimoto, T.; Yuasa, Y.; Santra, M.; Yamamoto, T.; Ya-
momoto, A. Organomelallics 1984, 3, 683.

(4) Ozawa, F.; Sugimoto, T.; Yamamoto, T.; Yamamoto, A. Organo-
metallics 1984, 3, 692.

(5) Ozawa, F.; Soyama, H.; Yanagihara, H.; Aoyama, I.; Takino, H.;
Izawa, K.; Yamamoto, T.; Yamamoto, A. J. Am. Chem. Soc. 1988, 107, 3235.

(6) Sen, A.; Chen, J.-T.; Vetter, W. M.; Whittle, R. R. J. Am. Chem. Soc.
1987, 109, 148,
c (7) Ozawa, F.; Huang, L.; Yamamoto, A. J. Organomet. Chem. 1987, 334,

9

(8) Sakakura, T.; Yamashita, H.; Kobayashi, T.; Hayashi, T.; Tanaka, M.
J. Org. Chem. 1987, 52, 5733.

(9) Evans, W. J,; Wayda, A. L.; Hunter, W. E,; Atwood, J. L. J. Chem.
Soc., Chem. Commun, 1981, 706.

(10) Moloy, K. G.; Fagan, P. J.; Manriquez, J. M.; Marks, T. J. J. Am.
Chem. Soc. 1986, 108, 56.

consecutive insertion of two carbon monoxides into a metal-carbon
bond has not been observed. Only one example of a migratory
insertion of CO into a d-block metal-acyl bond has been reported.!!
In this paper we describe a facile, high-yield reaction between a
metal carbonyl and an alkyne that results in the net double in-
sertion of CO into a putative metal-alkyne bond.

As shown in Scheme I, the reaction of Ruy(dmpm),(CO)s (1)!?
with dimethyl acetylenedicarboxylate (DMAD) resulted in the
formation of three isolable products. In concentrated solutions
of toluene (15-20 mmol/L), at room temperature, a red product
was formed and crystallized from solution 10-15 min after mixing
(isolated yield = 81%). The analytical and mass spectral data
established the molecular formula as Ru,(dmpm),(CO),[C,-
(CO,Me),], (2).1* Spectroscopic data alone did not allow as-
signment of the structure, which was established via single-crystal
X-ray crystallography.'*

The Ru,(dmpm), framework is nearly planar, exhibiting a twist
angle (defined as the angle between planes Rul-P12-P11-Ru2
and Ru2-P21-P22-Rul) of 4.16°. This portion of the structure
is similar to related bis(diphosphine) diruthenium compounds with
the exception of the long Rul-Ru2 distance of 3.153 (1) A.15-20
The surprising feature in the structure of 2 was a five-membered
metallocyclic ring that appears to have resulted from the double
insertion of two CO ligands into a metal-alkyne bond. This ring
was found to be distinctly nonplanar, exhibiting a dihedral angle
of 18° between the planes comprising Ru2-C20-C16 and C16~
C13-C19-C20. Identification of C19, C20, OS, and O6 as
carbons and oxygens was based on their temperature factors, bond
distances, and knowledge of the overall formula of 2. The bond
distances within the a-ketoacyl portion of 2 are similar to those
in the previously characterized examples of this type of lig-
and.%!'21.22 The second alkyne bridges the two Ru atoms and
is bound as a cis-dimetalated alkene. Consistent with the infrared
spectral data, the structure contains a semibridging carbonyl
ligand. The long Ru-Ru distance suggests that there is no direct
metal-metal bond, and we propose that both metals exist in the
2+ oxidation state. This implies that Rul would be a 16-electron

(11) Sheridan, J. B.; Johnson, J. R.; Handwerker, B. M.; Geoffroy, G. L.;
Rheingold, A. L. Organometallics 1988, 7, 2404.

(12) Johnson, K. A.; Gladfelter, W. L. Organometallics 1989, 8, 2866.

(13) Spectroscopic data for 2: IR (ecm™, CH,Cl,) 2042 (s), 1986 (s), 1835
(m), 1693 (m, br), 1642 (m), 1501 (w), 1427 (w); 'TH NMR (ppm, CD,Cl,)
1.22 (1, Jup = 3.5 Hz, 6 H, Me), 1.38 (t, Jyp = 3.3 Hz, 6 H, Me), 1.66 (4,
Jup = 3.5 Hz, 6 H, Me), 1.78 (1, Jyp = 3.1 Hz, 6 H, Me¢), 1.87 (m, 2 H, CH,),
2.85 (m, 2 H, CH,), 3.63 (s, 3 H, OMe), 3.71 (s, 3 H, OMe), 3.75 (s, 3 H,
OMe), 3.78 (s, 3 H, OMe); 1*C NMR (ppm, CDCl;) 15.4 (t, Jcp = 15 Hz,
2 Me), 17.4 (m, 4 Me), 20.0 (t, Jcp = 15 Hz, 2 Me), 34.7 (t, Jop = 12 Hez,
CHy,), 50.95 (s, OCHj,), 51.38 (s, OCH},), 51.43 (s, OCH,), 51.63 (s, OCH,),
127.5 (m), 135.6 (s), 151.3 (m), 163.7 (s), 172.1 (s), 178.27 (s), 178.34 (s),
189.5 (t, Jop = 8.3 Hz), 196.2 (t, Jop = 12 Hz), 198.8 (s), 218.7 (m), 222
(t, Jop = 8.2), 254.6 (t, Jop = 11 Hz); *'P NMR (ppm, CDCl,, relative to
H;PO,) 0.44 (t, Jpp = 16 Hz), -2.98 (t, Jpp = 16 Hz).

(14) X-ray diffraction data for 2: FW 898.64; pq = 1.671 g cm™!; crystal
system = orthorhombic; space group = P2,2,2, (No. 19); T =-101 °C;a =
13.932 (5) A; b = 14.360 (3) i; c=17854 ) A, V=352 A% Z=
4; u = 10.62 cm™! (empirical correction applied); radiation = Mo Ka; scan
range = 0 < 26 < 49.9°; unique reflections collected = 6299; reflections used
(I> 2.00(I)) = 5179; R = 0.050; R, = 0.055. Thermal ellipsoids in Scheme
I were drawn at the 50% probability level. Selected distances (A): Rul-C23,
2.115 (9); Rul—=C22, 2.510 (8); Ru2—C22, 1.907 (8); Ru2-C26, 2.138 (8);
Ru2-C20, 2.097 (8); Ru2-C16, 2.153 (8); C23—C26, 1.33 (1); C20-C19. 1.57
(1); C20-06, 1.197 (9); C19-C13, 1.44 (1); C19-05, 1.21 (1); C13-C16, 1.35
(1

).

(15) Leeuw, G. D,; Field, J. S.; Haines, R. J.; McCulloch, B.; Meintjies,
E.; Monberg, C.; Olivier, G. M.; Ramdial, P.; Sampson, C. N,; Sigwarth, B.;
Steen, N. D.; Moodley, K. G. J. Organomet. Chem. 1984, 275, 99.

(16) Field, J. S.; Haines, R. J.; Minshall, E.; Sampson, C. N.; Sunder-
meyer, J. J. Organomet. Chem. 1986, 309, C21.

(17) Chakravarty, A. R.; Cotton, F. A ; Diebold, M. P.; Lewis, D. B.; Roth,
W.J. J. Am. Chem. Soc. 1986, 108, 971.

(18) Chakravarty, A. R.; Cotton, F. A ; Falvello, L. R. Inorg. Chem. 1986,
25,214,

(19) Field, J. S.; Haines, R. J.; Minshall, E.; Sampson, C. N.; Sunder-
meyer, J. J. Organomet. Chem. 1987, 327, C18.

(20) Johnson, K. A.; Gladfelter, W. L. Organometallics 1990, 9, 2101.

(21) Fayos, J.; Dobrzynski, E.; Angelici, R. J.; Clardy, J. J. Organomer.
Chem. 1973, 59, C33.

(22) Casey, C. P.; Bunnell, C. A; Calabrese, J. C. J. Am. Chem. Soc.
1976, 98, 1166.
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