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Summary: The palladium- or nickei-catalyzed carbo-
cyclization of a tetraene substrate proceeds with incor-
poration of a hydrosilane to yield functionalized ring sys-
tems possessing trans-vicinal divinyl substituents on the
newly formed ring, one of which is generated as an al-
lylsilane. In one exampie, tributylstannane is shown to
participate in the analogous cyclization reaction. Studies
utilizing isotopic labeling, crossover experiments, and
competition experiments provide evidence against a
mechanism involving the initial hydrosilylation of one of
the 1,3-diene subunits.

We recently reported investigations into a facile new
palladium-catalyzed carbocyclization of tetraene substrates
(e.g., 1, E = CO,Et), a novel palladium-catalyzed cycliza-
tion that proceeds with incorporation of a protic H-Y
trapping reagent? (Y = OR, NR,, SO,Ar, CH,NO,, CH-
(CO4R)4, R(RyN)C=C(H)R) to afford functionalized cy-
clopentanes and N-acylpyrrolidines.?
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This methodology defines an intramolecular variant of the
telomerization of 1,3-butadiene,* a widely explored process
that yields 1-substituted octadienes from the coupling of
two molecules of butadiene with one molecule of an H-Y
trapping reagent.

Several catalytic transition-metal-mediated reductive
carbocyclizations involving hydrosilanes have recently been
reported.® The nickel-catalyzed cyclization-via-hydrosi-
lylation of 1,7-diynes® provides a novel strategy for the
introduction of a vinylsilane moiety concomitant with the
cyclization. We reasoned that cyclization of tetraene
substrate 1 with incorporation of a hydrosilane could po-
tentially provide a convenient method for the preparation
of ring systems bearing a pendent allylsilane moiety. The
use of hydrosilanes as trapping reagents for the palladi-
um-catalyzed telomerization of butadiene was first re-
ported in the late 1960s by the groups of Hagihara and
Tsuji.b In contrast to the telomerizations of butadiene

(1) A preliminary account of this work was presented: Takacs, J. M,;
Chandramouli, S.; Zhu, J. 199th National Meeting of the American
Chemical Society, Boston, MA, April 1990; ORGN 12.

(2) The term “protic trapping reagent” is used to differentiate from
H-Y reagents (e.g., hydrosilanes, hydrostannanes) that would more likely
serve as a hydride source than a proton source.

(3) (a) Takacs, J. M.; Zhu, J. J. Org. Chem. 1989, 54, 5193-5. (b)
Takacs, J. M.; Zhu, J. Tetrahedron Lett. 1990, 31, 1117-20.

(4) (a) Keim, W.; Behr, A.; Roper, M. In Comprehensive Organo-
metallic Chemistry; Wilkinson, G., Stone, F. G. A,, Abel, E. W., Eds.;
Pergamon: New York, 1982; ISNB 0-08-025269-9, Vol. 8, pp 430~62. (b)
Jolly, P, W. Angew. Chem., Int. Ed., Engl. 1985, 24, 283-95. (c) Behr,
A. Aspects Homogeneous Catal. 1984, 5, 3-73. (d) Tsuji, J. Adv. Orga-
nomet. Chem. 1979, 17, 141-93. (e) Smutny, E. J. Ann. N.Y. Acad. Sci.
1973, 214, 125.

(5) (a) Tamao, K.; Kobayashi, K.; Ito, Y. J. Am. Chem. Soc. 1988, 110,
1286-8. (b) Trost, B. M.; Lee, D. C. J. Am. Chem. Soc. 1988, 110, 7255-8.
(c) Trost, B. M.; Rise, F. J. Am. Chem. Soc. 1987, 109, 3161-3.
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Scheme 1. Potential Carbocyclization-via-Hydrosilylation
Mechanism for the Formation of 2 and 3 from the
Palladium-Catalyzed Cyclization of Tetraene 1 with a

Hydrosilane
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with protic H-Y trapping reagents, which yield 1-substi-
tuted 2,7-octadiene products, telomerizations with certain
hydrosilane trapping reagents give 1-silyl-2,6-octadienes.
A series of reports published in the mid-1970s described
the analogous nickel-catalyzed telomerization.” Whether
the reaction is nickel- or palladium-catalyzed, simple hy-
drosilylation of butadiene generally competes with the
telomerization pathway. Moreover, substituted 1,3-dienes
(e.g., isoprene, piperylene) give predominantly to exclu-
sively simple hydrosilylation products rather than telom-
erization products.®’

In spite of the poor reactivity of substituted 1,3-dienes
in the intermolecular telomerization, treatment of tetraene
1 with 1.5 equiv of triphenylsilane in the presence of 3 mol
% of the (dibenzylideneacetone)palladium(0) complex (3
mol % Pd,(dba);/THF/1-2 h/25 °C) effects rapid car-
bocyclization of the tetraene.
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A 6:1 mixture of two diastereomeric cyclopentanes, 2a and

(6) (a) Takahashi, S.; Shibano, T.; Hagihara, N. J. Chem. Soc., Chem.
Commun. 1969, 161. (b) Takahashi, S.; Shibano, T.; Kojima, H.; Hagi-
hara, N. Organomet. Chem. Synth. 1970, 1, 193. (c) Hara, M.; Ohno, K;
Tsuji, J. J. Chem. Soc., Chem. Commun. 1971, 247. (d) Tsuji, J.; Hara,
M.; Ohno, K. Tetrahedron 1974, 30, 2143-6. (e) Langova, J.; Hetflejs,
J. Collect. Czech. Chem. Commun. 1975, 40, 420-31. (f) Kaneda, K,;
Kurosaki, H.; Terasawa, M.; Imanaka, T.; Teranishi, S. J. Org. Chem.
1981, 46, 2356-62.

(7) (a) Capka, M.; Hetflejs, J. Coll. Czech. Chem. Commun. 1975, 40,
3186-9. (b) Capka, M.; Hetflejs, J. Collect. Czech. Chem. Commun. 1975,
40, 3020-9. (c) Capka, M.; Hetflejs, J. Collect. Czech. Chem. Commun.
1975, 40, 2073-82. (d) Yurev, V. P.; Salimgareeva, I. M.; Zhebarov, O.
Z.; Tolstikov, G. A. J. Gen. Chem. USSR (Engl. Transl.) 1975, 45, 368-70.
(e) Yurev, V. P.; Salimgareeva, [. M.; Zhebarov, 0. Z.; Tolstikov, G. A,;
Rafikov, S. R. Dokl. Chem. (Engl. Transl.) 1975, 224, 609-12. (f) Yurev,
V. P.; Salimgareeva, . M.; Zhebarov, O. Z.; Tolstikov, G. A. Bull. Acad.
Sci. USSR (Engl. Transl.) 1975, 1772-3. (g) Yurev, V. P.; Salimgareeva,
1. M.; Zhebarov, O. Z.; Tolstikov, G. A. Bull. Acad. Sci. USSR (Engl.
Transl.) 1975, 2027. (h) Vaisarova, V.; Schraml, J.; Hetflejs, J. Collect.
Czech. Chem. Commun. 1978, 43, 265-717.
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3a, is obtained in excellent yield Similar products are
obtained when dimethylphenylsilane (95%) or triethyl-
silane (95%) is employed. In the latter case, capillary gas
chromatographic analysis of the crude product mixture
reveals an 80:14 mixture of 2b and 3b. A small amount
(6%) of another close running compound is also detected
by GC; however, its structure has not yet been determined.
Treatment of tetraene 1 with 3 equiv of triethylsilane in
the presence of a nickel catalyst (5 mol % Ni(acac),/11
mol % DIBAL-H/10 mol % Ph;P/THF/65 °C/10 h)
yields a 2:3 mixture of 2b and 3b in 85% yield.}®

The reactions of three related tetraene substrates have
been investigated. The N-acylpyrrolidine precursor 4
{Ph,SiH 82%), the six-membered ring precursor 5 (PhySiH
80%),!'? and the methyl-substituted tetraene 6 (Ph;SiH
57% yield) also undergo palladium-catalyzed cyclization.
About 65% of the products obtained in the cyclization of
6 derive from addition of the silyl group to the less sub-
stituted diene subunit.!?

S~ g oA S~NCH,
AN W EC
\MCHZ x \CH2 \MCHQ
4 (R =PhC(O)) 5 (E = COsEY) 6 (E = COEY)

(8) All new compounds isolated were characterized spectroscopically,
and the elemental composition was determined by combustion analysis
and/or high-resolution mass spectrometry.

(9) The structural assignments of 2 and 3 are consistent with the
following analysis and spectroscopic data. Treatment of the mixture (2a
and 3a) with excess hydrazine hydrate (EtOH, 65 °C) gives a mixture of
products from which the major diazine derivative i can be crystallized.

CH,SiPh,

structure |

With appropriate decoupling experiments, the vicinal coupling constant
Joa = 10.8 Hz is measured for the vicinal ring methine hydrogens in i.
Due to the structural constraints of the relatively rigid spirocyclic ring
system,!” the trans relative stereochemistry is assigned to i and by in-
ference to 2. The trans double bond in the allylsilane side chain and the
cis-propenyl side chain assigned to 2 are consistent with the vicinal
coupling constants (J,, = 14.5 Hz, J,¢ = 10.2 Hz) and with the 3C
chemical shifts for the appropriate methyl (13.1 ppm) and (triphenyl-
silyl)methyl (19.3 ppm) groups. The minor component from the cycli-
zation, diastereomer 3, must also possesses the trans relative stereo-
chemistry. Hydrogenation (5% rhodium on alumina, 1 atm of Hy, EtOH,
25 °C) of the individual diastereomers 2b and 3b yields the same satu-
rated cyclopentane. The appropriate *C chemical shifts (methyl, 17.9;
(triphenylsilyl)methyl, 15.2 ppm) and vicinal coupling constants (trans-
propenyl, J = 15.3 Hz; cis-(triphenylsilyl)propenyl, J = 10.8 Hz) in 3a
are consistent with the stereochemical assignments shown for the two
double bonds.

(10) All possible isomeric cis/trans spirocycles ii were modeled with
use of PCModel (v 2.0) and MMX85, The most stable trans-disubsti-
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tuted conformer (corresponding to i) is estimated to have a vicinal cou-
pling constant J.4 = 11.8 Hz; the most stable conformer of the corre-
sponding cis diastereomer is estimated at 5.4 Hz.

(11) (a) A small amount (10%) of a [4 + 4]-cycloaddition product is
formed when fewer equivalents of the hydrosilane are employed. See:
Wender, P. A,; Thle, N. C. J. Am. Chem. Soc. 1986, 108, 4678-9. (b) This
vield is based upon recovered starting material.

(12) The low regioselectivity observed in the cyclization of 6 is sur-
prising in light of the aforementioned fact that substituted dienes such
as piperylene are poor substrates for telomerization reactions with hy-
drosilanes.®” If a carbocyclization-via-hydrosilylation mechanism were
operating (vide infra), much higher discrimination favoring the regiose-
lective hydrosilylation of the monosubstituted over the disubstituted
1,3-diene subunit within tetraene 6 would be expected. See: Cornish, A.
J.; Lappert, M. F; Nile, T. A. J. Organomet. Chem. 1977, 132, 133-48.
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The structures of diastereoisomers 2 and 3 are related
in an unusual way. Six contiguous stereochemical centers
are formed as a consequence of the carbocyclization. Yet,
out of the multitude of possible stereoisomeric products,
the stereochemistry of the carbon skeleton is identical in
both diastereomeric products. Structures 2 and 3 differ
only with respect to which of the termini in the newly
formed carbon skeleton the triphenylsilyl group and the
hydrogen respectively become attached. In essence, while
2 and 3 are formally stereoisomers, they result from re-
gioisomeric modes of H~Si addition. The palladium-cat-
alyzed carbocyclization to assemble the carbon skeleton
of the product apparently proceeds with very high levels
of simple diastereoselectivity!® and alkene stereoselectivity.
This curious relationship between 2 and 3 must somehow
relate to the role of the metal in the catalytic mechanism
for the cyclization.

It has long been a puzzle as to why butadiene/hydro-
silane telomerizations give 2,6-octadienes while other H-Y
trapping reagents give 2,7-octadienes. To explain the
formation of 1-silyl-2,6-octadiene, it is generally postulated
that the reaction proceeds via the initial partial hydro-
silylation!* of one butadiene molecule followed by capture
of the intermediate (w-allyl)palladium complex (i.e., [=-
(CH,CHCHCH,;)]Pd(SiR3)L,) by insertion of another
butadiene unit.*®” This mechanism is in contrast to the
one postulated for the reaction with protic trapping
reagents, for which initial oxidative coupling of two mol-
ecules of butadiene has been proposed.3415 A hydro-
silylation pathway can be imagined that would account for
the formation of 2 and 3 (Scheme I). The viability of the
key cycloisomerization step (7 to 8) is amply supported by
examples of other palladium-, nickel-, and platinum-cat-
alyzed carbocyclizations for which the cycloisomerization
of a (w-allyl)metal intermediate has been implicated.!61°
For example, Trost!® recently reported palladium-catalyzed
cyclizations of the type 10 (R = CH=CH,) to 11. Simi-
larly, Oppolzer!” and Negishi'® reported cyclizations of the
type 10 (R = H) to 12,

wCHeOAC R CH,
_CH, . CH,0AC _CH,
R ) R=H

= (CH=CH,
11 10 12

(13) Heathcock, C. H. In Asymmetric Synthesis: Stereodifferentiat-
ing Addition Reactions; Morrison, J. D., Ed.; Academic Press: New York,
1983; ISBN 0-12-507703-3, Vol. 3, Part B, pp 110-212.

(14) For a general review including the hydrosilylation of 1,3-dienes,
see: Ojima, 1. In The Chemistry of Organic Silicon Compounds; Patai,
S., Rappoprt, Z., Eds.; John Wiley & Sons Ltd: New York, 1989; Vol. 2,
pp 1479-1526 and references therein. For a recent discussion of the
alkene hydrosilylation mechanism, see: Seitz, F.; Wrighton, M. S. Angew.
Chem., Int. Ed. Engl. 1988, 27, 289-91 and references therein.

(15) (a) Jolly, P. W.; Mynott, R.; Raspel, B.; Schick, K. P. Organo-
metallics 1986, 5, 473-81. (b) For an alternative mechanistic proposal,
see: Behr, A.; Ilsemann, G. V.; Keim, W.; Krueger, C.; Tsay, Y. H.
Organometallics 1986, 5, 514-18.

(16) Trost, B. M.; Luengo, J. 1. J. Am. Chem. Soc. 1988, 110, 8239—41.

(17) (a) Oppolzer, W.; Gaudin, J. M. Helv. Chim. Acta 1987, 70,
1477-81. (b) Oppolzer, W.; Gaudin, J. M.; Birkinshaw, T. N. Tetrahedron
Lett. 1988, 29, 4705-8.

(18) Negishi, E.; Iyer, S.; Rousset, C. J. Tetrahedron Lett. 1989, 30,
291-4.

(19) (a) Oppolzer, W. Angew. Chem., Int. Ed. Engl. 1989, 28, 38-52.
(b) Oppolzer, W.; Keller, T. H.; Bedoya-Zurita, M.; Stone, C. Tetrahedron
Lett. 1989, 30, 5883-6. (c) Grigg, R.; Sridharan, V.; Sukanthini, S.;
Worakun, T. Tetrahedron Lett. 1989, 30, 1139-42. (d) Trost, B. M; Tour,
d. M. J. Am. Chem. Soc. 1988, 110, 5231-3.
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Nonetheless, the experimental evidence described below
raises doubts about the likelihood of the carbo-
cyclization-via-hydrosilylation mechanism.

The palladium-catalyzed reaction of tetraene 1 with
triphenylsilane-d gives the regiospecifically mono-
deuterated products corresponding to 2 and 3 {i.e., 13a (X
=D, Y = SiPh) and 14a (X = D, Y = SiPh,)].%

catPdy(dba); E WY E ><:(§/\x
©E ., 5
ST G
X
H Y H

13a (X=D, Y =SiPhy 14a (X =D, Y = SiPhy)
b (X = H, Y = SiMe,Ph) b (X=H, Y = SiMe,Ph)

When admixed in the absence of tetraene 1, Pd,(dba);
catalyzes the rapid H/D-exchange and competitive dehy-
drogenative coupling®! of a mixture of deuteriosilane and
hydrosilane (0.03 mmol of Pd,(dba);/0.75 mmol of
Ph;SiD/0.75 mmol of Me,PhSiH /5 mL of THF/25 °C/0.5
h). Nonetheless, a competition experiment in which a
limiting amount of tetraene 1 is reacted under otherwise
standard conditions with a mixture of triphenylsilane-d
and dimethylphenylsilane yields only four cyclized prod-
ucts (0.03 mmol Pd,(dba);/1.0 mmol of 1/0.75 mmol of
Ph,SiD/0.75 mmol of Me,PhSiH/5 mL of THF /25 °C/3
h/98% combined yield of products).?? Triphenylsilyl-
containing products are separated from dimethylphenyl-
silyl-containing products by chromatography on silica.
Analysis of the product mixture containing the tri-
phenylsilyl moiety shows that this material also has
stoichiometric deuterium incorporation; a mixture of 13a
(X =D, Y = SiPhy) and 14a (X = D, Y = SiPhy) is isolated
(46%). Products containing the dimethylphenylsilyl
moiety show no deuterium incorporation. That is, 13b (X
= H, Y = SiMe,Ph) and 14b (X = H, Y = SiMe,Ph) are
isolated (52%). We find no evidence for any crossover
products and estimate an upper limit of 5% undetected
crossover under our reaction conditions.

A second competition experiment also yields interesting
results. If diene hydrosilylation is an important step in
the catalytic conversion of 1 to the mixture of 2 and 3,
consider the implications for a triene such as 15. If diene
hydrosilylation is an important step, then 15 should also
yield silylated products. The products derived from 15
might be silylated and cyclized products, cyclizing in
analogy to the conversion of 10 to 12, or silylated acyclic
products resulting from simple hydrosilylation of the
1,3-diene subunit within 15, but nonetheless some silyl-
containing products resulting from 15 are expected.5™4 In
a competition experiment (0.03 mmol of Pd,(dba);/0.5
mmol of 1/0.5 mmol of 15/1.5 mmol of PhySiH/5 mL of
THF /25 °C/12 h), a 1:1 mixture of 1 and 15 gives essen-

(20) Similar results were reported for the palladium-catalyzed reaction
of butadiene with trimethylsilane-d: Langova, J.; Hetflejs, J. Collect.
Czech. Chem. Commun. 1975, 40, 432-41.

(21) Brown-Wensley, K. A. Organometallics 1987, 6, 1590-2.

(22) The hydrosilanes, triphenylsilane and (dimethylphenyl)silane,
react with tetraene 1 at comparable rates. Teatment of a limiting amount
of 1 with a 1:1 mixture of triphenylsilane and dimethylphenylsilane (0.03
mmol of Pdy(dba)s/1.0 mmol of 1/(0.75 mmol of Ph,SiH/0.75 mmol of
Me,PhSiH /5 mL of THF /25 °C/3 h/95% combined yield of products)
affords a mixture of 2a and 3a (combined 50% yield) and a mixture of
13b (X = H, Y = SiMe,Ph) and 14b (X = H, Y = SiMe,Ph) (combined
45% yield) after chromatographic separation. Taken in conjunction with
the results of the competition between triphenylsilane-d and dimethyl-
phenylsilane, we must conclude that the palladium-catalyzed cyclization
reaction has only a modest deuterium isotope effect. This is confirmed
by the results of a competition between triphenylsilane-d and tri-
phenylsilane, the details of which will be published elsewhere.
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Scheme II. An Alternative Mechanistic Postulate. Capture
of the Tetraene-Derived Metallacycle 16 by Addition of the
Hydrosilane

=
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tially quantitative conversion of 1 to 2a and 3a, whereas
95% 15 is recovered unchanged.

CH
T, E></\\/\% 2 catPdjdba), [2a + 3a](> 95%)
E —_—

~CH, H-SiPhy/ THF 4 15 (95% recovered)
15 (E = CO,EY)

When treated separately, 15 (1.5 eq of PhsSiD/0.03 mmol
of Pdy(dba);/ THF /25 °C) is recovered unchanged even
after 12 h.

These experimental results (crossover experiments, 1 vs
15 competition experiments, and the nonselective reaction
of 6) argue against the carbocyclization-via-hydrosilylation
mechanism. An alternative mechanistic possibility, which
is consistent with all of the data collected to date and
which adequately accounts for the stereoselective forma-
tion of only diastereomers 2 and 3, involves addition of the
hydrosilane® to an initially formed palladacycle such as
16. The latter species is analogous to a catalytically rel-
evant intermediate proposed in the telomerization of bu-
tadiene with protic trapping reagents.’®?* Ligand coupling
and/or reductive elimination would complete the catalytic
cycle and generate the observed products (Scheme II).

This novel catalytic metal-mediated tetraene carbo-
cyclization methodology provides a chemically efficient,
stereoselective route to the preparation of ring systems
bearing an allylsilane side chain. The facility of the car-
bocyclization suggests that it will be possible to extend the
method to other trapping reagents. The palladium-cata-
lyzed reaction of tetraene 1, using tributylstannane in place
of the hydrosilane, provides one example demonstrating
this potential. The mixture of allylstannanes 13¢ (X = H,
Y = SnBuy) and 14¢ (X = H, Y = SnBuy) is obtained in

(23) (a) Luo, X.-L.; Crabtree, R. H. J. Am. Chem. Soc. 1989, 111,
2527-35. (b) Lichtenberger, D. L.; Rai-Chaudhuri, A. J. Am. Chem. Soc.
1990, 112, 2492-7.

(24) (a) Benn, R.; Jolly, P. W.; Joswig, T.; Mynott, R.; Schick, K. P.
Z. Naturforsch. 1986, 41b, 680-91. (b) Barnett, B.; Bussemeier, B.;
Heimbach, P.; Jolly, P. W.; Kruger, C.; Tkatchenko, I.; Wilke, G. Tet-
rahedron Lett. 1972, 1457-60.
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excellent yield (96%). Further studies in tetraene carbo-
cyclizations are in progress.
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Reductive-Elimination Reactions from Platinum Dimers Bridged by
(Diphenyiphosphino)cyclopentadieny! Ligands
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Summary: [Pt,Mex(CO),(u-1'-CsH,PPh,),] (2), obtained
by reaction of [Pt,Me,(u-n°-C;H,PPh,),] (1) with CO, has
been characterized by X-ray crystallography as a face-
to-face dimer, in which the cyclopentadienyl ring is 1,2-
substituted. Thermolysis of 2 at 55 °C yields acetone and
the platinum(I) dimer [Pt,(CO),{u-CsH,PPh,),] (3), and the
crystal structure of the latter reveals that the platinum
atoms have migrated to the ipso carbons of the cyclo-
pentadienyl rings. The analogous [Pt,{P(CH,CH,CN)g}(u-
C;H,PPh,),] is produced, along with ethane, when 1 is
treated with P(CH,CH,CN),.

Ligands that display variable hapticity are useful in the
design of catalyst precursors, since changes in hapticity
provide low-energy pathways between coordinatively sat-
urated and unsaturated species.! The cyclopentadienyl
group is one such ligand, and we have made an extensive
study of the factors that affect its mode of binding to
palladium and platinum.2 The (diphenylphosphino)-
cyclopentadienyl (dppc) group has been used to construct
homo- and heterobimetallic complexes,®7 and it also has
the potential to adopt differing bonding modes. We have
shown recently that platinum dimers bridged by »°-dppc
ligands may be converted to 16-electron »! species under
suitable conditions.2 We report here the structures of two

(1) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin-
ciples and Applications of Organotransition Metal Chemistry; Univer-
sity Science Books: Mill Valley, CA, 1987; p 524.

(2) Anderson, G. K.; Saum, S. E,; Cross, R. J.; Morris, S. A. Organo-
metallics 1983, 2, 780~782. Anderson, G. K.; Cross, R. J.; Fallis, S.;
Rocamora, M. Ibid. 1987, 6, 1440-1446. Anderson, G. K,; Cross, R. J.;
Manojlovic-Muir, L.; Muir, K. W.; Rocamora, M. Ibid. 1988, 7, 1520~1525.
Anderson, G. K.; Black, D. M,; Cross, R. J.; Robertson, F. J.; Rycroft, D.
S.; Wat, R. K. M. Ibid. 1990, 9, 2568-2574.

(3) Casey, C. P.; Bullock, R. M,; Fultz, W. C.; Rheingold, A. L. Or-
ganometallics 1982, 1, 1591-1596. Casey, C. P.; Bullock, R. M.; Nief, F.
J. Am. Chem. Soc. 1983, 105, 7574~-7580. Casey, C. P.; Nief, F. Organo-
metallics 1985, 4, 1218-1220.

(4) Rausch, M. D.; Edwards, B. H.; Rogers, R. D.; Atwood, J. L. J. Am.
Chem. Soc. 1983, 105, 3882-3886. Rausch, M. D.; Spink, W. C.; Atwood,
J. L.; Baskar, A. J.; Bott, S. G. Organometallics 1989, 8, 2627-2631.
888(E))Q’I‘ikkanen, W.; Fujita, Y.; Petersen, J. L. Organometallics 1986, 5,

-894.,

(6) DuBois, D. L.; Elgenbrot, C. W.; Miedaner, A.; Smart, J. C.; Hal-
tiwanger, R. C. Organometallics 1986, 5, 1405~1411.

(7) He, X.; Maisonnat, A.; Dahan, F.; Poilblanc, R. Organometallics
1987, 6, 678-680; 1989, 8, 2618-2626.
288(8%8."§nderson, G. K.; Lin, M,; Chiang, M. Y. Organometallics 1990, 9,

Figure 1. Projection drawing of [PtyMey(CO)y(u-n1-CsH,PPh,)],
showing the atom-labeling scheme. The molecule contains a
crystallographic I symmetry element. Selected bond distances
(A) and angles (deg) include the following: Pt-P = 2.208 (3),
Pt-C1 = 1.897 (12), Pt-C19 = 2.088 (11), Pt-C14A = 2.160 (11),
Pt-PtA = 3.157 (1), P-C2 = 1.835 (11), P-C8 = 1.834 (11), P-C18
= 1.796 (12), C18-C14 = 1.508 (14), C14-C15 = 1.479 (18),
C15-C16 = 1.358 (16), C16-C17 = 1.400 (20), C17-C18 = 1.378
(16); P-Pt—C1 = 97.2 (4), P-Pt-C19 = 87.8 (4), P-Pt—-C14A = 1716
(3), C1-Pt-C19 = 173.6 (6).

different n'-bonded dppc complexes and the reductive
elimination of acetone or ethane from methylplatinum
species bridged by dppc ligands.

Treatment of [PtyMey(u-7>-CsH,PPh,),] (1)8 with carbon
monoxide (1 atm) in dichloromethane or benzene solution
affords, within a few minutes, [PtyMey(CO)y(u-n!-
C;H,PPh,),] (2) as a yellow solid in 90% yield. The
structure of 2 has been determined by single-crystal X-ray
crystallography (Figure 1).° The dimer has a face-to-face,
square-planar structure, with a nonbonded Pt--Pt distance
of 3.157 A. The cyclopentadienyl groups of the bridging

(9) Crystal data for [Pt,Me,(CO)y(u-n'-CsH,PPhy),}-Et,0: C,gH, 0s-
P,Pt,; space group C2/c (selected over Cc on the basis of behavior toward
refinement); cell dimensions a = 14.989 (3) A, b = 16.031 (4) A, ¢ = 16.469
(4) &, B = 104.31 (2)°; Z = 4; V = 3834.5 (15) A3, d(caled) = 1.817 Mg/m?.
The 3534 measured reflections were collected with use of the 26—4 scan-
ning technique and graphite-monochromated Mo Ko radiation (A =
0.71073 A) on a Siemens R3 diffractometer. The structure was solved
by Patterson methods with use of the SHELXTL PLUS program. Hydrogen
atoms were incuded in their calculated positions and were held fixed.
Refinement of the 1764 unique observed reflections with F > 6.00(F)
converged at R = 0.0288 and R, = 0.0348.
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