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Abstract: The complexes (cod)MgKM = Pd, Pt; cod= cis,cis1,5-cyclooctadiene) react with 4(cot) (cot

= cyclooctatetraene) in a 1,6-diene/diethyl ether mixture (1,6-dierteepta-1,6-diene, diallyl ether, dvds
(1,3-divinyl-1,1,3,3-tetramethyldisiloxane)) to afford the isolated homoleptic dinucléarfeidP? compounds
PdZ(C7H12)3 (l), PCb(Cngoo)g'CsHloo (2', 2 PCb(CeHloo)g), PCt(dVdSk (3), and Pﬁ(C7H12)3 (4) Whenl—-4

are treated with additional 1,6-diene the equally homoleptic but mononuclear derivatives of type M(1,6-diene)
(5—8) and with ethene the mixed alkene complexesHgM(1,6-diene) ©—12) are obtained in solution.
Complexesl—12react with donor ligands such as phosphanes, phosphit&jN€ to give isolated complexes

of types L—M(1,6-diene) 13—41), which have also been prepared by other routes. In all complexes the metal
centers ardP-3 coordinated: complexeks-4 contain chelating and bridging 1,6-diene ligands, whereas the
other complexes contain a chelating 1,6-diene ligand ang-atkene 6—12) or p-donor ligand 13—41). Of

the studied 1,6-diene complexes the hepta-1,6-diene derivatives are most reactive, while the diallyl ether
complexes are often more convenient to handle. The readily isolable dinuclear hepta-1,6-diene and diallyl
ether complexeg, 2', and4, and their mononuclear pure olefin derivatives are among the most reactive sources
for naked P8land P?. The corresponding+M(1,6-diene) complexes are equally reactive precursor compounds
for the generation of [EM?] fragments in solution, which for M= Pd are available otherwise only with
difficulty. The results are significant for the operation of naked Bdd L—Pd° catalysts in homogeneous

catalysis.

Introduction

In organopalladium chemistry innumerable coupling reactions |
of organic substrates are known which are catalyzed by specie<!usive 12e [(P#)Pd

derived from either Pd(Pf (R, e.g., Ph)or “Pd(dba)’? (dba
= dibenzylideneacetone) as catalyst precurddtrss generally
agreed on that complexes such as Pd¢RPtyradually dissociate

(1) For reviews of representative reactions, see: (a) de Meijere, A,;
Meyer, F. EAngew. Cheml994 106, 2473;Angew. Chem., Int. Ed. Engl.
1994 33, 2379. (b) Herrmann, W. A. Idpplied Homogeneous Catalysis
with Organometallic CompoundgCornils, B., Herrmann W. A., Eds.;
Weinheim: VCH, 1996; Vol. 2, p 712. (c) Friesen, R. W.Hncyclopedia
of Reagents for Organic Synthedtaquette, L. A, Ed.; Wiley: Chichester,
U.K., 1995; Vol. 7, p 4788.

(2) (a) Stille, J. R. INEncyclopedia of Reagents for Organic Synthesis
Paquette, L. A., Ed.; Wiley: Chichester, U.K., 1995; Vol. 1, p 482. (b)
Guram, A. S.; Rennels, R. A.; Buchwald, S.Angew. Cheml1995 107,
1456;Angew. Chem., Int. Ed. Endl995 34, 1348. Wolfe, J. P.; Wagaw,
S.; Buchwald, S. LJ. Am. Chem. S0d.996 118 7215.

(3) Catalytic reactions employing Pt(PfPhas catalyt: (a) Di- and
Silaboration of Alkenes and Alkynes. Ishiyama, T.; Matsuda, N.; Miyaura,
N.; Suzuki, A.J. Am. Chem. S04993 115 11018. Ishiyama, T.; Matsuda,
N.; Murata, M.; Ozawa, F.; Suzuki, A.; Miyaura, Rrganometallicsl996
15, 713. Suginome, M.; Nakamura, H.; Ito, Y. Chem. Soc., Chem.
Communl1996 2777. Ishiyama, T.; Yamamoto, M.; Miyaura, {.Chem.
Soc., Chem. Commuh997, 689, 2073. (b) Hydrosilylation of Alkenes and
Alkynes. Marciniec, B.; Gulinski, J.; Urbaniak, W.; Nowicka, T.; Mirecki,
J. Appl. Organomet. Chendi99Q 4, 27. Itoh, M.; lwata, K.; Takeuchi, R.;
Kobayashi, M.J. Organomet. Chem1991, 420, C5. Gevorgyan, V.;
Borisova, L.; Popelis, J.; Lukevics, E.; Foltynowicz, Z.; Gulinski, J.;
Marciniec, B.J. Organomet. Chenl992 424, 15. Kusumoto, T.; Ando,
K.; Hiyama, T.Bull. Chem. Soc. Jpri992 65, 1280. (c) Hydrosulfuration
and -selenation of Alkynes. Kuniyasu, H.; Ogawa, A.; Sato, K.-l.; Ryu, |.;
Kambe, N.; Sonoda, Nl. Am. Chem. S0d4.992 114, 5902. Kuniyasu, H.;
Ogawa, A.; Sato, K.-I.; Ryu, I.; Kambe, N.; Sonoda, T¢trahedron Lett.
1992 33, 5525. Ogawa, A.; Kawakami, J.; Mihara, M.; Ikeda, T.; Sonoda,
N.; Hirao, T.J. Am. Chem. Sod.997 119 12380. (d) Thiosilylation of
Alkynes. Han, L.-B.; Tanaka, MJ. Am. Chem. S0d.998 120, 8249.

10.1021/ja983939h CCC: $18.00

in the course of the reactions to afford coordinatively unsaturated
complexes such as 16e @PxPd? 14e (PRP),PdS and the

17 Similarly, when mixtures of “Pd(dbg)?

and PPpare applied as catalysts, the dba ligands are gradually
displaced or eliminated to afford (E®),Pd(dbaj and eventually
(PhsP)Pd and [(PBP)Pd]. It appears that for many reactions in
fact the usually nonisolable complex fragmentssRRPd,

[{ (ROXP} P, [(RsP)Pd], and [ (ROXP}Pd] (R = alkyl,
aryl) are the “true catalysts”.

Additional insight into the importance of coordinative un-
saturation was gained from an investigation by Hartwig on the
function of isolated (2-MeGsH,)3P} 2Pd as a catalyst precursor
for various coupling reactions. It was demonstrated through
kinetic studies that the reactions were initiated by a loss of a
P(o-tolyl)s ligand to generate 12 ([2-MeGsHy)sP}Pd] as a

(4) (a) Malatesta, L.; Angoletta, M. Chem. Soc. (Londoip57 1186.
(b) Fischer, E. O.; Werner, HChem. Ber1962 95, 703. (c) Coulson, D.
R. Inorg. Synth.1972 13, 121.

(5) (a) Kuran, W.; Musco, AJ. Organomet. Chen1972 40, C47. (b)
Kuran, W.; Musco, A.lnorg. Chim. Actal975 12, 187. Mann, B. E.;
Musco, A.J. Chem. Soc., Dalton Tran&975 1673.

(6) Urata, H.; Suzuki, H.; Moro-oka, Y.; Ikawa, J. Organomet. Chem.
1989 364, 235.

(7) For reactions assumed to involve the [{PYPd] [Registry number
supplied by author: 12628-74-9] intermediate, see: Grushin, V. V.; Alper,
H. Organometallics1993 12, 1890. Grushin, V. V.; Bensimon, C.; Alper,
H. Organometallicsl995 14, 3259.

(8) (a) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, ¥. Chem. Soc., Chem.
Commun197Q 1065. Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J. J.; Ibers,
J. A.J. Organomet. Cheml974 65, 253. (b) Mazza, M. C.; Pierpont, C.
G. Inorg. Chem.1973 12, 2955 and1974 13, 1891.

(9) Herrmann, W. A.; Thiel, W. R.; Brossmer, C.fa&le, K.; Priermeier,
T.; Scherer, WJ. Organomet. Chen1993 461, 51.
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catalytically active intermediat®.[(R:P)Pd]-type complexes

are assumed to be also the “true catalysts” for the telomerization

of butadiené?! Similarly, we have shown thatRizP),PFP is a

catalyst for various coupling reactions (formation of germa- and

stannacyclopentadienes byf2+1) cycloadditions; trimeriza-

tion of terminal alkynes) and that phosphane dissociation is an

essential step on the reaction p&tf3

Palladium complexes, in which the elusive JlBPd] and
[{(ROXP}PdP] (R = alkyl, aryl) fragments are stabilized by
readily displaceable alkene ligands, are scarce.;RIBd-
(CoHg)o1*2is apparently the only ethene complex mentioned in

the literature, although the series of phosphane derivatives

(RsP)M(CHa)2, R = Me, Et,'Pr, Ph, Cy, is known for M= Ni

and Pt. However, some rare reports have appeared in which

1,6-diene ligands are coordinated te-Pd® moieties. Thus, in

Krause et al.
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aReagents: (i) hepta-1,6-diene; (i) diallyl ether; (iii) 1,3-divinyl-

the context of the Pd-catalyzed telomerization of butadiene with 1:1:3.3-tetramethyldisiloxane.

methanol, Jolly isolated complexes such as#®jed C;H11(CHz-
OMe)} with a substituted hepta-1,6-diene ligaddContinuing

a related study on Ricomplexes?@ Yamamoto reported that
allyl alcohol undergoes a dehydration reaction with {&Pd

to give the diallyl ether complex (GR)Pd(GH100) (26), and
with 1-methylallyl alcohol a substituted derivative ¢BYyPd(GHsg-
Me,0) was obtained®® It has apparently not been recognized
in these studies that the{Pd® complexes with heptadiene- and
diallyl ether-type ligands are excellent starting materials to
provide 12e [(RP)Pd] moieties under mild reaction conditions.

Our own studies on Pd and P?%—1,6-diene complexes
commenced with the finding that Niforms the dinuclear
homoleptic hepta-1,6-diene compleac-/mese(u-C7H12){ Ni-
(C7H12)} 2 in which the bridging hepta-1,6-diene ligand is easily
replaced by donor ligands to produce a broad variety-eNi-
(C7H12) complexes$é Recognizing that 1,6-dienes also provide
a general access to both the “naked” metals and 12eV[f]
fragments of palladium and platinum, and in view of their
potential for stoichiometric and catalytic reactions under mild

highly reactive M complexes are still missing. Part of this
work!® has already been communicaféd.

Results

I. Homoleptic M 5(1,6-diene} (1—4) and M(1,6-diene} (5—

8) (M = Pd, Pt). rac-/mesoNi,(C7H12)s'%2 andrac-/mesoPt-
(dvdsk'82 are readily synthesized from Ni(c#}) (cdt =
transtranstrans-1,5,9-cyclododecatriene) and Pt(cgdy° by
displacement of the alkene ligands. In contrast, corresponding
Pd starting complexes to be considered for the synthesis of
1-3 are either thermally labile, i.e., accessible only with great
difficulty (Pd(cod), Pd(GH4)3),** or not sufficiently reactive
(“Pd(dba}”)® to be employed in practice. However, complexes
1-3 can be synthesizéHfrom (cod)PdC} by a route similar

to Stone’s synthesis of Pd(ced}

When the yellow suspension of (cod)Pd@l a mixture of
hepta-1,6-diene and diethyl ether is reacted with(dat)
between—78 and —10 °C, a thick slurry of 1 and LiCl
precipitates. After evaporation of the diethyl ether, comgdlex

conditions, we set out to synthesize corresponding homoleptic dissolves in the neat hepta-1,6-diene. LiCl is removed by

complexes M(1,6-dienej and donor ligand adductstM(1,6-
diene) (M= Pd, Pt) and to study their reactivity. The focus of
this work is primarily on palladium for which stable and yet

(10) Paul, F.; Patt, J.; Hartwig, J. F.Am. Chem. S0d994 116, 5969.
Paul, F.; Patt, J.; Hartwig, J. RrganometallicsL995 14, 3030. Hartwig,
J. F.; Paul, FJ. Am. Chem. Sod.995 117, 5373. Hartwig, J. FAngew.
Chem.1998 110, 2154;Angew. Chem., Int. Ed. Endl998 37, 2046.

(11) Dthring, A.; Jolly, P. W.; Mynott, R.; Schick, K.-P.; Wilke, &.
Naturforsch., B: Anorg. Chem., Org. Chefr®81, 36, 1198. Jolly, P. W.
Angew. Cheml985 97, 279;Angew. Chem., Int. Ed. Endl985 24, 283.

(12) (a) Stannole synthesis: Krause, J.; Pluta, Crséhke, K.-R.;
Goddard, RJ. Chem. Soc., Chem. Comm@893 1254. Krause, J.; Haack,
K.-J.; Paschke, K.-R.; Gabor, B.; Goddard, R.; Pluta, C.; Seevogell.K.
Am. Chem. Socl996 118 804. (b) Linear trimerization of alk-1-ynes:
see ref 52.

(13) (a) Krause, J. Dissertation, Universifzisseldorf, 1993. (b) Haack,
K.-J. Dissertation, Universitdusseldorf, 1994. (c) Cestaric, G. Dissertation,
Universitd Dusseldorf, 1999.

(14) (a) Green, M.; Howard, J. A. K.; Spencer, J. L.; Stone, F. Gl.A.
Chem. Soc., Chem. Commu®75 449. (b) Green, M.; Howard, J. A. K.;
Spencer, J. L.; Stone, F. G. A. Chem. Soc., Dalton Tran$977, 271. (c)
Stone, F. G. AAcc. Chem. Red981, 14, 318.

(15) (a) Yamamoto, T.; Ishizu, J.; Yamamoto,@hem. Lett1979 1385.
Yamamoto, T.; Ishizu, J.; Yamamoto, 8. Am. Chem. Sod 981, 103
6863. (b) Yamamoto, T.; Akimoto, M.; Yamamoto, &hem. Lett1983
1725. Yamamoto, T.; Akimoto, M.; Saito, O.; Yamamoto, @rganome-
tallics 1986 5, 1559.

(16) (a) Proft, B.; Pschke, K.-R.; Lutz, F.; Kiger, C.Chem. Ber1991,
124, 2667. (b) Pluta, C.; Rechke, K.-R.; Gabor, B.; Mynott, RChem.
Ber.1994 127, 489. Rosenthal, U.; Pulst, S.; Kempe, R:r$dhke, K.-R.;
Goddard, R.; Proft, Bletrahedrorl998 54, 1277. (c) Proft, B. Dissertation,
Universitd Dusseldorf, 1993. (d) Trebbe, R. Planned Dissertation.

filtration, and after addition of an about equal volume of pentane
pure colorlesd (60%) precipitates between30 and—78 °C
(Scheme 1). Using diallyl ether as the 1,6-diene component
affords2’ in a similar reaction. Pure pale yelld2v(42%) slowly
crystallizes from the diallyl ether/pentane mixturesat 30 °C.

2' contains one molecule of cocrystallized diallyl eth@r (
solvent-free PE(CsH100)3). The synthesis o8 follows that of

1 and2' by using dvds (20C) as a 1,6-diene. After removal of
LiCl the dvds solution of3 is evaporated to form a sticky oil,
and addition of some pentane affords/@ °C) microcrystalline,
almost colorless3 in 75% vyield. Finally, in a synthesis

(17) Krause, J.; Haack, K.-J.; Cestaric, G.; Goddard, Rrséhke, K.-
R.J. Chem. Soc., Chem. Commd®898 1291.

(18) (a) Hitchcock, P. B.; Lappert, M. F.; Warhurst, N. J. YAhgew.
Chem.1991, 103 439; Angew. Chem., Int. Ed. Engl991, 30, 438. (b)
Beuter, G.; Heyke, O.; Lorenz, I.-Z. Naturforsch., B: Anorg. Chem.,
Org. Chem1991, 46, 1694. (c) Chandra, G.; Lo, P. Y. K. European Patent
Application EP 182611, May 28, 1986hem. Abstr1986 105 153341y.
Chandra, G.; Lo, P. Y.; Hitchcock, P. B.; Lappert, M.®Gtganometallics
1987 6, 191. (d) Bassindale, A. R.; Brown, S. S. D.; Lo@ganometallics
1994 13, 738. Avent, A. G.; Lappert, M. F.; MacBeath, @.Organomet.
Chem.1995 502, 163.

(19) Bogdanovic, B.; Kiner, M.; Wilke, G.Liebigs Ann. Chenil966
699 1.

(20) (a) Mler, J.; Gser, PAngew. Chenil967, 79, 380;Angew. Chem.,
Int. Ed. Engl.1967, 6, 364. (b) Herberich, G. E.; Hessner,B.Naturforsch.,

B: Anorg. Chem., Org. Chenl979 34, 638.

(21) Thermolysis of Pd-C3Hs), and (tmeda)PdMsein neat hepta-1,6-
diene results in deposition of elemental palladium, instead of the formation
of 1.



1,6-Diene Complexes of Pd(0) and Pt(0)

corresponding to that of, (cod)PtC} reacts with Ly(cot) in Scheme 2
hepta-1,6-diene to yield colorless microcrystallih@0%) (eq

1), which is also obtained from Pt(coddnd hepta-1,6-diene

NN

(cod)PtCl, + Liscot

-cod, -cot, -2 LiCl

)

N|=
N2
[
-La-

\/
|_.

N 4 7

by the displacement of the cod ligands. Compourdst
supplement and complete the series of homologd@sdvid—
1,6-diene complexes NIC;H12)s (M = Ni,162Pd (1), Pt (4)),
M2(CeH100)3 (M = Ni,26¢ Pd 2), P£?9), and My(dvdsy (M =
Ni,16°*23 Pd G)’ PtlSE)_

Complex2' is also formed by displacing the hepta-1,6-diene
ligands ofl. Similarly, the diallyl ether ligands i@ are displaced
by dvds to yield3 (Scheme 1). Thus, there is an increasing
thermodynamic stability (decreasing reactivity) of the complexes gcpeme 3
in solution in the serie§ < 2 < 3. The thermal stability of the
solids also increases in the above sefigs<0 °C dec) < 2'

(>0 °C dec) < 3 (mp 55°C dec). The Pthepta-1,6-diene
complex4 is more stable (indefinitely at ambient temperature;
mp 110°C dec) than any of the Pd complexes.

The dinuclear hepta-1,6-diene compleXeand4 are only
sparingly soluble in the usual solvents such as diethyl ether,
THF, or toluene, whereas the dvds compg&gissolves quite
well. The diallyl ether complexX2' is moderately soluble; in
solution dinucleaR and the diallyl ether contained in the crystal
are in equilibrium with mononucle& (NMR, see below). The
low solubility of 1, 2, and4 is advantageous for the isolation
of the compounds but impedes recording of informative NMR
spectra forl and 4. In contrast, dinucleat—4 dissolve very
well in anexcess of the corresponding 1,6-dierf&sch solutions
of 1 and?2' in hepta-1,6-diene or diallyl ether are more stable
than the isolated complexes and decompose only after several
days, and a dvds solution 8fappears to be stable at ambient
temperature for months. In these solutions the dinuclear Scheme 4
complexes are in equilibrium with the excess of 1,6-diene to
producemonauclear derivatives: dinucledr, 2, and 4 are
guantitatively converted into mononuclearé, and8, respec-
tively (Schemes 2, 3, and 5), whereas the dinuclear dvds
complex 3 forms only little mononucleai? (Scheme 4). A
similar equilibrium has been established fos(@¢ds} and dvds,
giving rise to Pt(dvds)?* The mononuclear complex&s-8 can
be considered to be the primary reaction products when the 1
synthesis ofLl—4 is carried out in 1,6-diene solution according
to Scheme 1 and eq 1.

NMR Spectroscopic Characterization.The 300 MHz'H
and 75.5 MHZ3C NMR spectra ofi—8 have been recorded in
THF-dg between—80 and 27°C. In the following the spectra
of the homoleptic dinuclear M1,6-dienej and corresponding
mononuclear M(1,6-diengtomplexes are described in the order
of the individual 1,6-dienes.

2

Me2§|—\

Pd—

lr/\

Mezf-—/ N (s O N
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For the homoleptic dinuclearepta-1,6-dieneeomplexesl the poor solubility. It can be assumed that in analogy to the

and4 no meaningful NMR spectra have been obtained due to correspondingac-/meseNiz(C;H12)s'%?the Pd and Pt atoms in
dinuclearl and4 areTP-3 coordinated by a chairlike chelating

and a bridging hepta-1,6-diene ligand and that the complexes

represent a mixture ghc/mesaliastereomers. However, when

an excess of hepta-1,6-diene is added &nd4, solutions of

the mononuclear derivativésand8, respectively, are obtained.
Complex5 exhibits in the—80 °C 13C NMR spectrum 14

signals (each 1C) of which two signals are attributed to an

(22) Preliminary experiments have shown that beige microcrystals of
rac-/mesePt(CsH100)3, C18H3003Ph (684.6), can be prepared by reaction
of either4 or Pt(cod) with diallyl ether. The identity was determined by
elemental analysis and tHéC NMR spectrum (27C).

(23) Hitchcock, P. B.; Lappert, M. F.; MacBeath, C.; Scott, F. P. E.;
Warhurst, N. J. WJ. Organomet. Chenl997 528 185.

(24) Lappert, M. F.; Scott, F. P. Al. Organomet. Cheni995 492,

11.
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For dinuclear2 the —80 to —30 °C H NMR spectrum is
CHe fy very complex. A total of 30 equally intense signals (each 2H)

for six different diallyl ether moieties HH;C=CH—CHH,O—
m is expected, and these signals overlap with 4 signals of
Pt— —P* '-—P‘ uncoordinated diallyl ether and 20 signals6ofsee below). In
the —80 to —30 °C 13C NMR spectrun® exhibits for the diallyl
ether ligands 18 (partially isochronous) signals of equal intensity

CzH4 L= MegP 39 (2C). The signals are arranged in three signal groupings of six
Y L PP 40 signals each in the range¥C) 84-79 (=CH-), 73—70
\ PhsP 41 (CH0), and 63-59 (=CH,). The 13C NMR spectrum is
p—|| consistent with a diastereomeric mixture of dinuclear complexes
\/ in which theTP-3 Pd atoms are coordinated by both a chelating
12

and a bridging diallyl ether ligand (Figure 1). There are two
types each of chelating and bridging diallyl ether ligands (four
uncoordinated vinyl groupd(C) 139.6 CH-) and 115.1  types altogether). Both halves of the bridging diallyl ether
(H2C=)), two sets of three signals to three differently coordi- |igands are equivalent as is also the case for the corresponding
nated vinyl groups§(C) 84.4, 84.2, 84.0<¢CH—) and 62.8, Pd(;2572-CsH100) moieties, but all carbon atoms of a single Pd-
62.4, 61.6 (HC=)), and further six signals to the inequivalent  (»2,52-CsH100) moiety are inequivalent due to the asymmetry
allylic and aliphatic methylene groups(C) 35.6-32.4). The (R or Sstereochemistry) of the substituted olefinic C atoms of
spectrum of the Pt derivativ (—30 °C) is analogous, but the  the bridging diene ligands. Thg,S stereocenter combination
resonances of the coordinated vinyl groupéQ) 70.0, 69.8, of the central diallyl ether ligand furnishesG symmetrical
65.6 &CH—) and 48.5, 48.1, 46.8 ({€=)) are at markedly =~ mesoisomer, whereas thR,R and SS combinations give rise
higher field than for5. In 8 the J(**%PtC) couplings allow an  to arac mixture of spectroscopically equivaleBs symmetrical
assignment of most resonances. The spectra show tbatrid isomers. The interpretation of the NMR spectra s in
8aTP-3 MO center (M= Pd, Pt) is coordinated by a chairlfke compliance with the detailed discussion of the spectra of the
chelating and &?*bound GHs, ligand; the latter renders the  structurally related hepta-1,6-diene compleac-/meseNiy-
complexes chirad®® The'H NMR spectra o6 (—80 °C) and8 (CrH19)3.162
(=30°C) are very complex because of 24 inequivalent protons,  When an excess of diallyl ether is added to a TégBolution
giving rise to as many partially overlapping multiplets. of 2, dinuclear2 is almost completely converted info In the
—80 °C 13C NMR spectrum§ displays 12 discrete signals of
2 equal intensity (each 1C). There are two pairs of signals for the
y 9 13 vinyl groups ¢(C) 85.6, 85.4¥CH-), 59.6, 59.4 (HC=)) of

1 an unsymmetrical, chelatingeB8,00 ligand, and another two

5 e\ M Pd 5 sets of signals for the coordinated(C) 77.3 &ECH-), 63.9
Pt 8 (H2C=)) and the uncoordinated vinyl groupd(C) 136.4 &
CH-), 115.7 (HC=)) of ann?-coordinated @H;00 ligand; four
When the temperature is raised, thid and 3C NMR further close signals arise from inequivalent allylic C atoms

resonances d§ and8 broaden and partially coalesce but a full  (6(C) 73.4, 70.5, 69.9, 69.6 (GB)). In the’H NMR spectrum

equilibration of the corresponding signals does not occur up to (—80 °C) the expected 20 proton multiplets 6f strongly

0 (5) and 27 °C (8). The sharp solvent hepta-1,6-diene overlap. Similar as fob, in the diallyl ether derivativé a TP-3

resonances are seemingly unaffected. The spectra show that foP® center is coordinated by both a chairlike chelating and a

5 at about—30 °C and for8 at about 27°C intramolecular ~ singly coordinating @H100 ligand, the latter imposing chirality.

structural dynamics become relevant which are explained by On raising the temperature t630 °C the signals o6 broaden

an exchange of the coordinated and uncoordinated vinyl groupssignificantly and partially coalesce, whereas the resonances of

of the hepta-1,6-diene ligands. Exchange reactions of the heptalfesidual 2 and uncoordinated diallyl ether remain sharply

1,6-diene ligands with uncoordinated hepta-1,6-diene (solvent) resolved. At 0°C the signals o2 and 6 are coalesced (the

are much slower and become noticeable only at a higher solvent diallyl ether resonances are still very sharp) and at 27

temperature (fob at about 27°C). °C are hardly observable any more (the solvent diallyl ether
The IH and 3C NMR spectra of a THFls solution of the ~ resonances are now broadened).

diallyl ether complex2' display signals for2, for an equal .

amount of uncoordinated diallyl ether (contained in crystalline s 20 9 10

2", and for twice the amount @ (formed by partial reaction ( Oﬁ

of 2 with diallyl ether), corresponding to a balanced equilibrium

according to eq 2. \

(25) (a) If the chelating 1,6-diene ligand in comple%es3 were of local o )
C, symmetry, fewer'H and 3C NMR signals would be expected as The 13C NMR spectra o2 and 6 indicate that with respect

compared to the chairlike conformation of lo&J symmetry. In fact, the 5 the coordination of the vinyl groups the structureds static
spectra prove that the chelating 1,6-diene ligands assume a Idgally o . .
symmetrical, chairlike conformation in the ground state. (b) Paiaro, G. Petween—80 and—30 °C and the structure of is static at

Organomet. Chem. Re Sect. A197Q 6, 319. —80 but fluxional at—30 °C on the NMR time scale. F@& a
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favor of 3 (Scheme 4), (b) the equilibrium betwe8nand 7

1
3 24 9 0 N\ and their ligand exchange with uncoordinated dvds are slow at
/—/\\ 8 /H —30°C, (c) in7aTP-3 Pd center is coordinated by a chelating
o Pd— Pd O RS dvds and a?-dvds ligand and the complex is chiral (similar as
/7 N\ —/
4 5N ‘ 7

for 5 and6), and (d) in7 the intramolecular exchange of the
coordinated and uncoordinated vinyl groups is fast bel30

6 Cs °C. The rigidity of the structures of the M(1,6-diepepmplexes
thus follows the orde? < 6 <5 < 8.

1 , Il. (Ethene)Pd(1,6-Diene) (9-12). When suspensions of
3 2 19 0\_ N\ dinuclear1l—4 in a usual solvent are saturated with ethene at

\ 8 : / —78°C and the mixtures are warmed+t@0 (1—3) or —20°C

o Pd— ”_Pd O AR (4), clear solutions are obtained. In equilibrium reactions the

R 7 \/—/ bridging 1,6-diene ligands are replaced by ethene and the
4' 5N\ (-) 7 mononuclear, 1,6-diene ligated®Methene complexe®—12 are

6’ G, formed. As shown by NMR (see below), the reactiong ahd

1 4 to afford the hepta-1,6-diene ligatedPdand P¢—ethene

2. 9'_0O A\ complexes® and12 are quantitative (Schemes 2 and 5). Thus,
3 g s i H for (C;H12)MO fragments (M= Ni,162Pd, Pt) ethene is a much
o \Pd—” Pd/ o ss better coligand than a further;8;, vinyl group. The diaIIyI_
/ | : \ ether complex2' also reacts completely when treated with
4 5N 7 t) /r/ ethene, but in addition to the ethene addi&some homoleptic
5 N C, mononucleal is obtained due to the competing reaction2of

_ _ . with the released 1,6-diene (Scheme 3). In contrast, the dvds
Figure 1. Stereoisomers abc-/mesePd(CeH100)s (2); the numbering  complex3 reacts only partially with an excess of ethene and
refers to inequivalent C atoms. Thee@oO)Pd moieties rotate abou.t such a solution contains residuglthe ethene addudtl, and

the Pd-C=C bond axes of the bridging diene ligand. Corresponding some additiona¥ (Scheme 4). Complexds-12 are extremely
stereoisomers are formed by the hepta-1,6-diene complexesl 4 soluble, also in pentane at78 °C, and only12 has been
and. thfe dvds comples. . isolated. The platinum complex2 is very volatile and
rapid intramolecular exchange of the coordinated and uncoor- decomposes at 15 °C. In the EI mass spectrum (FE) the
dinated vinyl groups proceeds at30 °C. Ligand exchange  molecular ion (Ve 319, 36%) is observed; cleavage of the
reactions betweel and 6 are observable only a0 °C and ethene ligand generates the base ionf{@)PH)]" (291).
exchange reactions betwe2or 6 and free diallyl ether become NMR Spectroscopic Characterization.Corresponding to the

rapid only at .27°C' . . synthesis routes, the THdz solutions 0f9—11 (—80 to —30
For a solution of the dinucleadvds complex3 in THF-dg °C) and12 (27 °C) display sharpH and*C NMR signals for
—g8p°C 1 ibi i
the =80 °C *C NMR spectrum exhibits 12 signals each for ¢ chelating 1,6-diene (Table 1) and coordinated ethene of
vinyl C atoms aqd for silicon bound Me groups, all signals have 9-12, and additional signals for 1 half-equiv of displaced 1,6-
the same intensity (2C) (some of them are isochronous). In thediene and the excess of uncoordinated ethene. For a solution of

1 . :
H NMR spectrum the multiplets of the vinyl protons (18 10 (obtained from2') further signals are found for about 10%
resonances expected, each 2H) largely overlap, whereas for th%]c residual2 (or 6 at —80 °C), and similarly, for a solution of

Si—Me groups 12 singlets are observed (each 6H; four signals 11 (obtained from3) additional signals are observed for about
are isochronous). The spectra are almost unchange8@tC 30% of residuaB and a small amount of

but are broad at ambient temperature. The low-temperature Th tra 0f—12 . t with th ¢
spectra of3 agree with a mixture of diastereomeric dinuclear € spectra o are in agreement wi € presence o
a Cs symmetricalTP-3 coordination of the metals by ethene

complexes, similar to the homologous complexas-/mese . . . . S .
Mz(dF\)/ds); (M = Ni, 16 Ps3 g P and a chelating 1,6-diene ligand in a chairlike conformation.

D : : The H NMR singlets observed for the ethene ligands indicate

When3 is dissolved in a THRg/dvds mixture, théH and . X o oo
13C NMR signals of3 are consistently sharp betweei80 and that the latter are rapidly rotating even-a80 °C (an AABB
—30°C as are the resonances of uncoordinated dvds-ga spin system was to be expected for the static structure), whereas
°C additionabroadresonances are observed for a minor amount & possil_:)le exchange of the ethene Iigan_ds with uncoordinated
(20-40%) of mononuclear. In the—80°C 13C NMR spectrum ethene is slow (fol2 even at 27C), as evidenced both by the
7 displays signals ab(C) 140 <=CH—) and 133 (HC=) for sharp separate signals for coordinated and uncoordinated ethene
an uncoordinated vinyl group, two sets of three signals each ati)r;g’ forl2, by the fla?klng of tl?e etheni and*“C signals by
6(C) ~75 (=CH-) and ~73 (H,C=) for three differently ¢ Spin-spin coupling Satefites. .
coordinated vinyl groups, and eight resonances (of which 6 The ethene ligandH and*3C NMR resonances (uncoordi-
signals are resolved) betweeX{C) 3.1 and—1.1 for four nated ethened(H) 5.40,6(C) 123.7) are shifted to high-field

inequivalent SiMgMey, groups. At—30 °C the signals of are when the 1,6-diene ligands are exchanged in the sdrles
so broad that they can hardly be located any longer. (6(H) 3.79,6(C) 73.3)— 10(5(H) 3.53,6(C) 63.0)— 9 (6(H)
3.39,0(C) 61.9)— 12 (6(H) 2.95,6(C) 44.3), indicative of an
9,10 '_2/1 n},l;‘s,/o\s,ﬁ;: increasing M—C;H, back-bonding. Thus, the [(dvds)®d
Meé/s \Pd_s |* | 7 moiety is only weakly back-bonding to the ethene ligand, more
MeSin 5 50 [(CeH100)Pd], and the most [(€H12)Pdf], in agreement with
1,12 3\\4 7 a decreasing acceptor strength of the 1,6-diene ligands in that

order (Scheme 6). In the (hepta-1,6-diene)b{4) complexes
It is concluded from these results that (a) the equilibrium back-bonding to the ethene ligand, as expected, is stronger for
between dinuclea8 and mononuclear in dvds solution is in PO than for Pd. Nevertheless, for all (1,6-diene)Mg8,)



9812 J. Am. Chem. Soc., Vol. 121, No. 42, 1999 Krause et al.

Table 1. 'H and®C NMR Data (1,6-diene ligands) aiféP NMR Data of L-M(C7H12) (M = Pd, Pt), L-Pd(GH100), L—Pd(GH1NH), and
L—Pd(dvds) Complexés

o(H) o(C)
=CH-  HHC=  HHgC=  —CHeHar- —CHaHp~  =CH-— H,C=  =CHCH,— —CHg— 5(P)
CiH1z 5.80 5.01 4.94 2.02 1.43 139.0 114.9 334 285
o 4.03 3.24 3.35 2.50, 0.66 196 84.3 60.0 324 34.4
13 3.44 2.54 2.76 2.22,0.49 198 742 521 330 34.0 —-22.3
14 3.48 2.62 2.73 2.32,0.57 185 740 52.4 33.0 336 53.6
15 3.52 2.63 2.74 236,063  —d 742 52.7 333 338 403
16° 3.64 2.80 2.83 2.33, 0.66 184 88.4
17 3.79 2.70 2.85 2.36,0.77 1.94,1.84 792 58.7 33.2 33.2 30.6
18 3.78 2.69 2.83 2.35 0.76 187 78.7 58.5 335 336 28.2
1960 3.84 2.25 2.73 2.33,0.70 185 79.0 59.8 336 331 224
200 3.52 2.53 2.59 2.09,0.16 1.74,1.68 150.9
21 3.63 2.56 2.81 2.13,0.22 1.80,1.70 82.2 59.0 32.4 325 156.1
22 3.53 2.49 2.44 2.24, 0.60 185176 83.8 58.2 326 331 155.9
23 3.51 2.65 2.78 2.27,0.59 1.88, 1.84 443
CeHiO 587 5.24 5.09 3.93 136.2 116.0 714
100 411 3.14 3.49 454,229 84.2 57.1 70.0
24 3.54 2.50 2.82 435,213 743 494 70.3 —21.8
25 3.60 2.58 2.81 4.35, 215 739 491 704 55.2
26 3.62 2.57 2.79 4.38,2.20 739 493 70.4 418
27 3.69 2.71 2.87 4.38,2.28 766 527 70.3 89.8
28 3.92 2.69 2.94 4.42,237 789 555 70.6 313
29 3.93 2.17 2.76 4.35,2.24 785 56.9 710 237
30 3.64 2.48 2.67 417,182 151.4
31b 3.56 2.65 2.95 433,217 74.7 50.7 70.2
CeHioNH'  5.86 5.16 5.00 3.18 138.6 115.7 525
32 3.53 2.63 2.75 3.53,1.63 75.8 488 51.7 54.7
33 3.91 2.74 2.88 3.60, 1.84 81.0 56.2 52.0 312
dvds 6.12 5.73 5.91 0.¢7 140.3 132.0 0.
115 3.50 3.86 3.82 0.2470.32 72.0 68.8 15-1.2
34 2.84 3.05 3.30 0.18-0.3C° 63.1 63.0 1.4-0.8 -19.9
35 2.82 3.09 3.36 0.19-0.26° 63.8 62.6 1.6-0.7 4856
36° 3.11 3.44 3.39 0.18-0.2% 69.2 66.9 1.8-0.3 90.7
37 3.20 3.04 3.33 0.19-0.24 68.7 69.9 1.4-0.% 30.2
38 3.17 3.00 2.93 0.18-0.16 68.9 70.8 1.4-1.1e 252
12 3.53 2.82 3.07 2.57, 0.42 1.97,1.95 704 46.0 313 34.0
2J(PtH) 54 2J(PtH) 59 2J(PtH) 61 3J(PtH) 44, ... 1J(PtC) 110 NJ(PLC) 128 2J(PtC)29  3J(PtC) 36
39 2.77 1.75 2.13 2.17,0.32 1.84,1.69 54.7 375 32.1 357 —233
2JgPtH) 57 2)(PtH) 58 2J(PtH)58 3J(PtH) 49, 27 1J(PtC) 143 LJ(PtC) 165 2J(PtC) 33 3J(Ptcg 53 1J(PtP) 3305
40 2.81 1.85 2.11 2.20, 0.34 1.76,1.73 545 37.9 32.2 35.2 465
2J(PtH) 57 2J(PtH) 58 2J(PtH) 58 3J(PtH) 54, ... 1J(PtC) 139 1J(PLC) 173 2J(PtC) 31 3J(PtC)50 LI(PtP) 3393
a1 3.17 1.86 2.17 2.28,0.51 1.81,1.78  59.7 4473 324 3438 25.8
2j(PtH) 62 ... 2)(PtH) 57 3J(PtH) 57, ... 1)(PtC) 139 LJ(PtC) 168 2J(PtC)34 3J(PtC)56 LI(PtP) 3513

2 Solvent THFes. Temperature 27C, if not indicated otherwise. Coupling constants in hetfezemperature-30 °C. ¢ Temperature-80 °C.
4 Not resolvede SiMe, resonanced.d(H) 1.67 (NH).

Scheme 6.Sequence of Increasing Reactivity and Increasing 1 in diethyl ether or pentane is first treated with ethené@)

Acceptor Strength of the 1,6-Dienes and of Increasing to produce a solution d® that is then reacted further with L
Stability (decreasing reactivity) of the Corresponding (Scheme 2).
L—M(1,6-diene) Complexes (M- Ni, Pd, Pt) In analogous reactions the dinuclear diallyl ether comglex

N\ N\ \&\ \S'Me, is solubilized with diallyl ether or ethene to intermediately afford
L~w< < L~m< H~ L—N< 0 << ,_‘,( {o mononuclea6 and 10, respectively, which are reacted further
/_/ s/iMez with PR; (R = alkyl, aryl), P(OPh), and'BuNC to produce the
7 7 7 7 L—Pd(GH100) derivative24—31 (Scheme 3). Reaction of the

o . dinuclear dvds comple8 with PRs affords the I-Pd(dvds)
complexes M—C;H,4 back-bonding is considerably weaker as complexes34—38 (Scheme 4).

compared to (BPGHPRIM(C2Ha) complexes? _ Problems arise for stericallyery demanding ligands such as
lll. L —Pd(1,6-diene) (13-38) and L—Pt(1,6-diene) (39- (2-MeGsH4)sP (cone angled = 194°)2 and'BusP (6 = 182°)282
41). In dinuclear1-4 and in mononucleab—12 the non-  for which crystallization of the products is retarded by excess

chelating alkene ligands are readily displaced by a broad variety of alkene. Isolation of thecttolyl)sP derivativesl9, 29, and
of donors such as phosphanes, phosphites, and isocydnides. 38is so far possible only by evaporating the 1,6-diene solution
In a typical reaction aimed at the synthesis efRd(GHy) in to dryness. The isolated complexes readily dissolve again in
homogeneous solution, dinuclehis dissolved in some hepta-  the corresponding 1,6-dienes but poorly in other solvents. We
1,6-diene and to the in situ generatédthe stoichiometric  assume that the extraordinary solubility of the complexes is
amount of phosphane BBr phosphite P(ORYR = alkyl, aryl) caused by polarity effects of the 1,6-dienes (the NMR spectra
is added. When the mixture is cooled t678 °C colorless  gave no indication for the formation of solvent adducts).
crystals of the phosphane complexXi®-15, 17, and 18 and The synthesis of théBusP complexesl6, 27, and 36 is
the phosphite complexe20—22 separate in 7680% yield.  furthermore complicated by thermal instability and, hence, needs
Alternatively, to avoid the excess of 1,6-diene, a suspension of tg he carried out at low temperatures-{30 °C) as described

, - in the Experimental Section. At 28C solid 16 decomposes

(26) QPI'2PC2H4P'PI'2)Pd(CzH4)Z (S(H) 230,(3((:) 38.4,26a ('PI’2PC2H4P- . .

IPL)PYGH,): 6(H) 1.63,6(C) ~252% The coordination of the ethene ligand ~ VETY quu_:kly and27in the course of a da)’_, whereas (> 100
in these complexes is static as compared to the NMR time scale. (a) Krause,’C dec) is stable for a long time. In solution, these complexes
J.; Bonrath, W.; Pschke, K.-R.Organometallics1992 11, 1158. (b)
Schager, F.; Haack, K.-J.; Mynott, R.; Rufinska, A.jr§thke, K.-R. (28) (a) Tolman, C. AChem. Re. 1977, 77, 313. (b) For (2-MeGH4)3sP
Organometallics1998 17, 807. the given cone angle of 194ppears to be overestimated, and on the basis

(27) Attempts to reac® with pyridine to produce (§HsN)Pd(dvds) have of chemical experience a value of about 17&lects the steric bulk of this
failed. phosphane more reasonably.
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undergo ligand redistribution reactions to afford the very stable
Pd(PBu3),° together with (decomposind) or 6 or (stable)7
(eq 3). Forl6 this ligand redistribution starts already aB0

N A
/ 2-30°C
2 tBusP—Pd —— Pd(PtBuy), + pd—]| I
D

®
/
16, 27, 36 \ ®)

°C (and is fast at 20C), and for27 and 36 it starts slowly at
about 0°C. This reaction cannot be completely suppressed in
the synthesis of highly solubl&6 and 27, which therefore
contain about 10% of Pd{Bus), as a byproduct

When 1 is reacted with 1 equiv of bidentatdpge (bis-
(diisopropylphosphino)ethane) the bridging hepta-1,6-diene
ligand is replaced by'dpe but the chelating 1,6-diene ligands
are maintained to form the equally dinuclez8 (eq 4). This

5,6,7

Y N\
\Pd—m—Pd/ _dlope |
/ \ -C7Hy2
N 1 7 (4)
V ) N\
\Pd—'gri/\_P—Pd/
/ iPr,
N

23

reaction shows that the chelate effect of a 1,6-diene ligand can
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)
AV L—Pd\
7

/\—\o e.g.

Scheme 7

e.g. 14,15
21,22

M L L—Pd 25,26

e, - L 28-
N Me T AN /_/ 3

/< \
Me L Y L=
Mez ;H. L—Pd H iPraP 32
PN N\ 7 PhsP 33
N sime,

L L—Pd % eg.

Zsi%sr AN /—sfMez 35, 38

dvds it only reluctantly liberates'®Bus to form a small amount
of 36 (10%).

Hence, Pd(PE. as well as (BP)xPd(alkene) complexes (R
= alkyl, aryl) react with 1,6-dienes to give §R)Pd(1,6-diene)
complexes in an equilibrium reaction (eq 5), and the applicability

N
1,6-diene /\>
Pd(PR;3), — RaP—Pd\ + PR3 (5)
Vi

outdo that of a bidentate phosphane, affording the latter in a 55 5 synthesis route depends on the special Rfand.

nonchelating binding mode.
Alternative Routes to L—Pd(1,6-diene) Complexed. —Pd-

Coordinatively saturated complexes such as Pd@@Med Pd-
(PPhy), react with 1,6-dienes to yield gR)Pd(1,6-diene) only

(1,6-diene) complexes can also be prepared by substituting Lt ihe displaced PRis trapped by a further complex (see below).

in LoPc® by 1,6-dienes. An early example of such a reaction
was the synthesis 026 from Pd(PCy), and diallyl ether,
although no details were givéf? Pd(PCy), completely dis-
sociates in 1,6-diene solution to give equimolar mixtures of the
corresponding (GyP)Pd(1,6-diene) complexed 5, 26) and
uncoordinated PGyas evidenced by the shai{® NMR signals.
The same holds for the otherwise sparingly solublé gt
tolyl)s} 2, yielding the{ (o-tolyl)sP} Pd(1,6-diene) complexds,

29, and38 and free Pg-tolyl)s.

Pd(PPr), in 1,6-diene solution is subjected to a double
equilibrium. It predominantly dissociates to give about equimolar
mixtures of the correspondingP@P)Pd(1,6-diene) complexes
14, 25, and35 and uncoordinated Prz, but part of it also forms
an adduct with the releasedP® to give Pd(FPrs)z.5P With
respect to the formation df4 and 25 the 3P NMR signals of
Pd(PPrs),, PPrs, and Pd(EPrs)3 are broad due to an exchange
reaction, whereas for a solution of PHR), in neat dvds a
small amount of Pd(Pr); precipitates. After separation of the
latter, the3’P NMR spectrum displays sharp signals3&fand
some uncoordinated’®s. Evaporation of the volatiles (dvds,
PPr) or crystallization affords pur85. The rather stable Pd-

(PBus), dissolves unchanged in hepta-1,6-diene, and even in

(29) (a) Matsumoto, M.; Yoshioka, H.; Nakatsu, K.; Yoshida, T.; Otsuka,
S.J. Am. Chem. S0d974 96, 3323. Otsuka, S.; Yoshida, T.; Matsumoto,
M.; Nakatsu, K.J. Am. Chem. S0d.976 98, 5850. Yoshida, T.; Otsuka,
S.Inorg. Synth1979 19, 101. Tanaka, MActa Crystallogr., Part CL992
48, 739. (b) The shift of thé’P NMR signal of Pd(Bus), in THF-dg is
temperature dependend(P) 85.8 (27°C), 83.6 (-30°C), 82.0 (-80°C).

(30) For'BusP/Pd catalyst systems, see: (a) Nishiyama, M.; Yamamoto,
T.; Koie, Y. Tetrahedron Lett1998 39, 617 and 2367. (b) Littke, A. F.;
Fu, G. C.Angew. Chem1998 110, 3586;Angew. Chem., Int. Ed. Engl.
1998 37, 3387. (c) Mann, G.; Incarvito, C.; Rheingold, A. L.; Hartwig, J.
F.J. Am. Chem. Sod.999 121, 3224.

Additional synthesis routes for+Pd(1,6-diene) start from
either (tmeda)PdMe Pd@;3-CsHs),, Pd(73-MeCzHy),, or CpPd-
(73-C3Hs) by inducing reductive elimination of the organic
ligands. (tmeda)PdMeé! suspended in the corresponding 1,6-
diene reacts with talkylphosphanes PRR, e.g.,/Pr, Cy) at
20—30 °C and with trarylphosphanes PR(R, e.g., Ph) or
phosphites P(OR)R, e.g, GHs-2,6-Me, C¢Hz-2,64Pr,) at 70—

80 °C with elimination of ethane to yield the corresponding
L—Pd(1,6-diene) (Scheme 7). For the synthesis of the diallyl-
amine complexe82 and 33 this route (or the displacement of
hepta-1,6-diene from the L-Pd{&,,) complexesl4and17 by
diallylamine) is the method of choice since a homoleptié-Pd
diallylamine complex Pd(gH10NH),, related tol—3, has not
been isolated.

To gain insight into the mechanism of the-Pd(1,6-diene)
syntheses from (tmeda)Pdl¢he synthesis 0f4 was studied
in detail (eq 6). (tmeda)PdMeeacts withtwo ‘PP already at
—30°C by tmeda displaceme®b-Cto give a suspension afs-

Me, i
i PryP
Me IPr3P Me 3
\ . -30° °
o wem 22 T2
N Me - tmeda iPr,P Me ~C2ts iPralP
€
Me
N~ Me (6)
—_— E Pd(
iPrlD ( :II( Me N
e
C;H 3 CH
712 >P | — T2, iPrp—Pd
. - tmeaa
|Pr3P 'C2HG 14 /
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((PrsPyPdMe.32 If only one'PrP is used, half of the (tmeda)-
PdMe remains unreacted. Isolategs-(PrsP)pPdMe, when
heated in an inert solvent toe 0 °C, eliminates ethane and
homoleptic Pd(fPr), is obtained. When the reaction is carried
out in undiluted hepta-1,6-diedé&a part of the Pd(Prs), reacts
further to 14 while the other traps the releasetPR to form
Pd(PPrs)z. The latter is not obtained in the presence of further
(tmeda)PdMg which consumes the liberatedP®, thereby
affording a total of 2 equiv 014.33° Thus, the over-all reaction
of (tmeda)PdMg with one PPr; and hepta-1,6-diene to give
14 involvescis-(PrP)PdMe and Pd(FPr), as intermediates
and the reaction is formally catalyzed biPB.

Reductive ethane elimination from the sf},.PdMe inter-
mediate is rate-determining. For exampis; (PhsPLPdMe is
readily obtained from (tmeda)PdMand PPk (<20 °C)3In

1,6-diene solution (or toluene) it undergoes reductive ethane

elimination to produce (PR)Pd only at 8C°C .34 The reaction
of (PhsP)Pd with (tmeda)PdMeand 1,6-dienes to give (BP)-
Pd(1,6-diene) products (e 28) likewise proceeds readily<20
°C).

Krause et al.

alkyl, aryl) in hepta-1,6-diene at 8@ by elimination of hexa-
1,5-diene, 2,5-dimethylhexa-1,5-diene, or allylcyclopentadféne
to yield the corresponding gR)Pd(GH12) complexes (R, e.g.,
Me (13), 'Pr (14)) in the course of several hours. The mechanism
of these reactions (eq 8) involves the initial formation offR

_ —_
Pd  + PR, <2< 2%, [Rp—ra?]
: RsP/Pd\/\ =CgHyo s
(8)
_
o 1,6-diene
nap/Pd\/\ —

N
8o°C d/
RsP—Pd—Pd—PR; — = 2RP—P
— -CSH“) \/

Pdz3-allyl)(*-allyl) or (RsP)PdCpgt-allyl) adducts®®-37which
partially thermolyze (20C) to generate [(EP)Pd] intermedi-
ates. The latter are trapped by the so far unreacted Pd
complexes to produce rather stable dinucledrd®thplexes?

The mechanism shown in eq 6 has two consequences. Firstof which the new{ (MesP)Pd »(u-17°-CsHs) (u-173-C3Hs)3%2 and

the (tmeda)PdMgeroute is practicable only for phosphane and
phosphite ligands of intermediate bulk, excluding, for example,
PMe; and PBus for which the reactions stop at the stages of
the intermediates. With regard to PMeis-(MesP),PdMe?>
does not undergo reductive elimination under the given condi-
tions, not even at 80C and in the presence of (tmeda)PdMe
Concerning Bus, the readily formed Pd{Bus); is thermody-
namically too stable to react further. Second, reactions,ef L
PdMe complexes (L= phosphane (excluding PMephosphite)
(20—-80 °C; eq 7a) as well as JPd® complexes f = 2—4;

Me
i Me 1,6-diene \
\Pdgw + LPdMe, ———~ 2L—P { (7a)
. )
Mez /
Mez \
1 EN\PdgnMe +Lpg  oden P A (7b)
n- n — nL—
20-80°C \
Ve Y

L = PR3, P(OR);

excluding Pd(Bus), and Pd(PMg)4) (20 °C; eq 7b)with the
stoichiometric quantity of (tmeda)Pdim 1,6-diene solution
also produce L-Pd(1,6-diene) complexes.

Pd(?]S-C3H5)2, Pd@3-Me03H4)2, and CdefS-C3H5) are of
similar reactivity and applicability. They react with PR =

(31) (a) Nakazawa, H.; Ozawa, F.; YamamotoOkganometallics1983
2, 241. (b) de Graaf, W.; Boersma, J.; Grove, D.; Spek, A. L.; van Koten,
G. Recl. Tra. Chim. Pays-Ba4988 107, 299. de Graaf, W.; Boersma, J.;
Smeets, W. J. J.; Spek, A. L.; van Koten, Grganometallics1989 8,
2907. (c) de Graaf, W.; Boersma, J.; van Koten@Bganometallicsl99Q
9, 1479.

(32) CiS—(iPrgp)zdeQl CooHasPoPd (457.0).1H NMR (*30 0C)Z 02.52
(6H, PCH), 1.28 (36H, PCMeg,), 0.08 (6H, PdMg). 3P NMR (—30 °C):

0 33.6.

(33) (a) At the given temperature neither (tmeda)Pglhier Pd(PPrs);
react with neat hepta-1,6-diene. A reaction between'PdjPand (tmeda)-
PdMe does not occur in the absence or in a dilluted hepta-1,6-diene solution,
nor in neat hexa-1,5-diene, cod, or other dienes with=C®ond sequence
different from 1,6. (b) The reaction of Pdf®), and (tmeda)PdMsn neat
diallyl ether and dvds produces tHegP)Pd(1,6-diene) complex@s and
35, respectively.

(34) Reductive ethane elimination froweis-(PhsPpPdMe is solvent
dependent. In THF solution, the typical dark-green solution ogRRRd
(0(P) 23.2) is obtained already at 2G.

(35) Tooze, R.; Chiu, K. W.; Wilkinson, QRolyhedron1984 3, 1025.

{ (PrP)Pd 2(u-1°-C3Hs)2%%° have been isolated. Only the di-
nuclear PHcomplexes, when thermolyzing at 8Q, react with
hepta-1,6-diene to give the products. Similarly, in diallyl ether
the complexes (fP)Pd(GH1¢0) (R, e.g., Me 24), 'Pr (25), Ph
(28)) are obtained. It is interesting to note that the formation of
24 proceeds rapidly already at ambient temperature. There is
no doubt that phosphite derivativeR0):P} Pd(1,6-diene) and
dvds ligated complexes-+Pd(dvds) are also accessible from
the Pd'—allyl complexes. Furthermore, the 'Peallyl com-
plexes react withBuNC and diallyl ether already at 2 to
give the isocyanide compleXl (eq 9)4°

e

20°C

Pd + C¢Hi{ (O + tBUNC ———M——»
Y -z Z
\¥\
7
tBuNC—Pd o] 9)
31 74

In short, there are now numerous, well-understood synthesis
routes to I=Pd(1,6-diene) complexes.

General Properties of L—Pd(1,6-Diene). Displacement
reactions, similar to those in Scheme 1, have shown that in
L—Pd(GHiy) the hepta-1,6-diene ligand is readily replaced by
stoichiometric amounts of diallylamine or diallyl ether to afford
L—Pd(GH1oNH) and L—Pd(GH3100), respectively, and for all
these complexes the 1,6-diene ligands are displaced by dvds to

(36) (a) Werner, HAngew. Chem1977, 89, 1; Angew. Chem., Int. Ed.
Engl. 1977 16, 1. (b) Werner, H.; Kian, A. Angew. Cheml977, 89, 427,
Angew. Chem., Int. Ed. Endl977, 16, 412.

(37) Henc, B.; Jolly, P. W.; Salz, R.; Stobbe, S.; Wilke, G.; Benn, R.;
Mynott, R.; Seevogel, K.; Goddard, R.; Kger, C.J. Organomet. Chem.
198Q 191, 449.

(38) (a) Werner, HAdv. Organomet. Cheni981, 19, 155 and references
therein. (b) Jolly, P. W.; Kiger, C.; Schick, K.-P.; Wilke, &Z. Naturforsch.,

B: Anorg. Chem., Org. Cherti98Q 35, 926. Benn, R.; Jolly, P. W.; Mynott,
R.; Raspel, B.; Schenker, G.; Schick, K.-P.; SchrothO®Byanometallics
1985 4, 1945.

(39) (a) Bich, H. M. Dissertation (P. Binger), Universitdaiserslautern
(Germany), 1982, p 27. (H)(PrsP)Pd »(u-173-CsHs)2: Yellow columns.
Anal. Calcd for G4Hs,P,Pd, (615.4): C, 46.84; H, 8.52; P, 10.07; Pd, 34.58.
Found: C, 46.96; H, 8.78; P, 10.06; Pd, 34.2® NMR: ¢ 47.3.

(40) For the reaction of CpPgR-allyl) complexes with isocyanides RNC,
see: Otsuka, S.; Nakamura, A.; Tatsuno,JYAm. Chem. S0d.969 91,
6994 and ref 4b.
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give the thermodynamically and thermally most stabtePd- of diallyl ether from M" proceeds stepwise via [(Me)Pd-
(dvds). The 1,6-diene displacements are equilibrium reactions. (CsHs)] ™ by extruding GHsO. The thermally rather robust
For example, when the 8100 complex25 is dissolved in L—Pt(GH;,) complexes furnish intense Mpeaks for all L.
hepta-1,6-diene (and some THis added), a mixture of equal ~ While 41" (L = PPh) preferentially eliminates hepta-1,6-diene
amounts of14 and 25 is formed as shown byP NMR. to give [(PRP)Pt]", degradation oB9" (L = PMe;) and 40"
Similarly, the dvds derivativ85 partially reacts in neat 8100 (L = PPr3) is more complex due to a series of hydrogerHG
to give a mixture of25 and 35. Thus, the =Pd(1,6-diene) ligand) and propenéRisP ligand) elimination steps.
complexes are related to each other by the sequence of ThelH and3C NMR data of the 1,6-diene ligands (Table 1)
increasing stability (decreasing reactivity) depicted in Scheme are very characteristic. FortM(C7H1y), data of the complete
6,1 which reflects also an increasing acceptor strength of the homologous series M Ni,162Pd, and Pt are now available. In
1,6-diene ligands (see NMR). the IH NMR spectrum uncoordinated;B;, gives rise to five

The L—Pd(GH12) complexes are most reactive and prefer- signals, whereas fo€s symmetricalTP-3 L—M(C7H12) seven
ential starting complexes for [EPd] reactions. For many hepta-1,6-diene signals are expected because of the inequiva-
purposes, however,+Pd(GH100) complexes are more con- lence of the geminal methylene protofrSCHCHeHax— and
venient. The latter are more polar and thus easier to isolate from—CHH,— of the chairlike M(GH1,) moiety 4243
nonpolar solvents by crystallization and they are thermally more
stable and easier to handle. For example,sfMIEd(GH12) (13)
melts slightly above ambient temperature and needs to be
handled at low temperature, whereas the melting point of
(MesP)Pd(GH1¢0) (24) is at 79°C. Similarly, (BusP)Pd(GH12)
(16) is difficult to isolate but BusP)Pd(GH1¢0) (27) crystallizes
nicely at —78 °C. The reactivity of the EPd(GH100)

complexes is somewhat lower than that of theRd(GH3») . .
complexes but still very high. In addition, diallyl ether is ~ AS compared to uncoordinated/ii, both signals of the

inexpensive, whereas hepta-1,6-diene is preciousPd- central aliphatic protons—_CHaHb—_a_re s_hifted to lower field
(CeH160) complexes are preferred over-Pd(GH1oNH) de- by 0.3-0.5 ppm; the signal splitting is small and usually
rivatives because isolation of the latter is sometimes impeded €solved only in the 400 MHz spectra. In contrast, for the allylic
by adhering diallylamine. protons=CHCHeqHax— the signal of Hq is Shlf.ted to lower
The compounds have been isolated and characterized byfi€!d by 0.1-0.5 ppm and that of i to higher field by 1.2-
elemental analyses, mass spectra, and IR and NMR spectral-9 PPM, resulting in a signal separation of up to 2 ppm. These
including a single-crystal structure determination2dr*” With shifts are explained by anisotropic effects of the metal céffter,
the exception of théBusP)Pd(1,6-diene) complexds$ and27 and it is interesting to note that they appear to be independent
and low-meltingl3, all solids are at least temporarily stable at ©Of the respective metal NE? Pd, or Pt. The shifts of the

ambient temperature. Although in solution (THF, ether, pentane) corresponding-CH,— and =CHCH,— **C nulclei are almost
the Pd complexes slowly deposit metallic Pd, such solutions Unaffected by coordination. The olefinfiel and*C resonances

can generally be stabilized by the addition of 1,6-diene. HzHEC=CH— are all shifted to higher field due to M C=C
Solutions of some £Pd(GH:,) complexes in boiling hepta- back-bonding, and as expected the shifts are smallest for Pd,

1,6-diene (9C°C) did not indicate decomposition over at least Intermediate for N5 and largest for Pt. The assignment of
1h. HzHeC=CH-— is based on the vicinal couplings, which are-12
L —Pt(1,6-diene). L—Pt(GHyz) complexes have been pre- 14 Hz for Hy (trans to=CH-) and 89 Hz for He (cis). For
pared according to Scheme 5 by immediate reactiof with (RP)Pd(GH1) tlhe hepta-1,6-dien&C nuclei are all spir
PPr; (40) and PPh (41) or by first dissolving dinuclea# in spin coupled2 té'P, and interestingly, the couplmgg are largest
hepta-1,6-diene (to giv@) and subsequent reaction with PMe for =CH— (3J(PC) = 10-12 Hz) and the allphatlc—QHz—
(39). As expected, the platinum complexes are sufficiently 9roup (J(PC) = 7_28 Hz) but smallest (and sometslmes not
stabilized by the hepta-1,6-diene ligand and we found no reason€S0lved) for HC= (J(PC) < 5.5 Hz) and=CHCH,— ( J(F;?)
to prepare other 1,6-diene derivativés. < 4 Hz). For{(RO)P} Pd(CGHyy) the hepta-1,6-dien&C 3P
Spectroscopic Characterization of l—M(1,6-diene) (M = spin—spin couplings are about SQ%glarger. For Bt(GrHi2)
Pd, Pt). The 1,6-diene ligand IR data of the complexes are COMPIEXes, spinspin couplings with**Pt were observed for

: ! .
compiled and commented in Table 2. The EI mass spectra reflectTOSt of the hepta-1,6-dieri#l and all**C nuclei, but unexpect-
the relative stabilities and volatilities of the complexes. The edly, not for the allylic Hy protons which are directed toward

molecular ion M is found only for the trilkylphosphane : . . . .
derivatives (RP)Pd(1,6-diene). Here, Ms observed the better T_he (_3||a||yl _ether ligand in L_Pq(QHlOO) e_tnd th_e diallyl-
the smaller the BP ligand. For example, Mis readily observed ~ @M!N€ ligand in =-Pd(GH1NH) give rise to five (six) proton
for (MesP)Pd(GH1) (13, 31%) and PrP)Pd(GH1) (14 28%) signals due to the inequivalence of the allylic protons

) =CHCHeHax—. Of these, Ky is deshielded by 0:20.6 ppm
but less so for (GP)Pd(GH12) (15; 1%). For the BusP)Pd- ed Tax q .
(1,6-diene) complexes Mis observable only for'BusP)Pd- and Hy is shielded by 1.62.1 ppm as compared to uncoordi-

(dvds) @6, <1%). A stabilization of M with increasing 1,6- (42) Corresponding to the chairlike conformation of the M(1,6-diene)
diene acceptor strength (Scheme 6) is largely offset by the moiety®allylic protons are designated equatorial or axEGHCHedHa—

P ; ; ; An equally applicable designation is exo or erffbtaking into account
opposing increase in molecular weight. Fragmentation of the that the equatorial (exo) protons point away from the metal center and the

(RsP)Pd(1,6-diene) derivatives occurs by loss of the 1,6-diene axial (endo) protons come close to it. The same holds for the Me substituents
to produce [==Pd]". For (MeP)Pd(GH100) (24) elimination =CHSiMe.Mex— in M(dvds) complexes.
(43) The inequivalence of the aliphatic protor€H.H,— excludes a

(41) In addition, we have shown that other 1,6-dienes such as diallyl- C, symmetrical as well as a dynamic structure of the-M(C7H1»)
silanes serve also as ligands ir-Bd(1,6-diene) complexes, so that the complexes. For thé RrP)M(1,6-diene) complexe®s, 25, 32, 35, and40
applicability of 1,6-dienes as a stabilizing coligand for the-R.d’] moiety Cs symmetry is also indicated by the enantiotopic Me groups ofRin®
seems to be very general. ligand (as opposed to diastereotopic Me groups expectethfesymmetry).
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Table 2. Characteristic 1,6-Diene Ligand IR Data (KBr, chhof the My(1,6-dieney Complexesl—4 and of the L--M(1,6-diene) Complexes
13—-41 as Well as Frequencies of the Uncoordinated 1,6-Diene for Comparison

=C—H def
v(=C—H) in-plané out-of-plane v(—CHz—) »(C=C) SiMe, COC or SiOSi others
CiH1, 3080, 3000, 2980 992,912 2930, 2860 1643
CeH100 3082, 3016, 2984 990, 923 2915, 2851 1648 1139 sh, 1090
CsHigNH 3078, 3010, 2980 994, 918 2915, 2814 1644 32@E)
dvds 3052, 3013 1009, 955 1596 2960, 1255, 840, 787 1060
1 3058, 2991 1240 1014, 896 2918, 2875, 2848, 2820 1523
2 3064, 3004 1237 946 2905, 2841 1522 1085/1055
(1646)
3 3045, 3013 1235sh 1015 1496 2958, 1249, 830, 785 1055
4 3044, 2979 1219 1021 2915, 2880, 2852, 2830 1489
13 3040 1223 1008 c 1498
14 3050 1227 1005 c 1496
15 3049 1225 1009 c 1498
16 3062 1242 b c 1522
17 b 1235 b 2918, 2878, 2862, 2815 1505
18 b 1229 b c d
19 b 1228 b c 1503
20 b 1235 b 2912, 2880, 2855, 2820 1513
21 b 1236 1012 c 1515
22 b 1245 b c 1519
23 3054, 3017 1230 1009 c 1501
24 3047 1240 1008,922 c 1497 12181072
25 3052 1238 1010,930 c 1498 12181070
26 3054, 3013,2998 1237 b c 1493 12181070
27 3056 1240 b c 1506 123121086
28 b 1238 932 2908, 2885, 2835 1502 12268
30 b 1230 b 2940, 2915, 2890, 2842 1510 sh 121172
31 3060 1240 934 c 1494 12151065 2150/(CN)
32 3051 1220 933 c 1500 3266(NH)
34 3028 1214 b 1480 2955, 1249, 837, 781 994
35 3032 1217 b 1481 sh c, 1245, 835, 785 990
36 3055, 3001 b 997 1485sh 2954, 1245, 835,783 997
37 b 1220 937 1485sh 2952, 1249, 836, 787 999
39 3031 1195 1017 c 1466
40 3033/3025 1194 1010sh ¢ 1470 sh
41 b 1202 b 2972, 2911, 2870, 2821d

a Strong bands which are typical of the coordinated 1,6-dieéhmt assigned because bands of the 1,6-diene and the coligand L are located in
the same rangé.Obscured by absorptions of other aliphatic grol@verlapped by &C arene absorptions.

nated diallyl ether. StrongrCHCHeHax— signal splittings have
been described before forAM(CgH100) (M = Ni, Pd) (e.g.
26).1> The2J(PC) and®J(PC) couplings of the diallyl ethéfC

Structural Dynamics of L —M(1,6-diene) Complexesilt has
already been shown fofBusP)Pt(dvds) that the dvds ligand
undergoes slow structural dynamié8in the'H and3C NMR

nuclei are of the same magnitude as for hepta-1,6-diene ligandsspectra, recorded at ZZ, the SiMedVieax groups give rise to

For the dvds ligand in £Pd(dvds) separafél and*C NMR
signals are observed ferCHSMe,Mea—, in agreement with
other L—M(dvds) complexes (M= Ni,16¢23pti8b-d) Here, the
vicinal couplings forH;HeC=CH— amount to 1517 Hz for
Hz and 12-13 Hz for H:. The couplinggJ(PC) of=CH— (7—8
Hz) and HC= (2—4.5 Hz) are relatively small.

For the L—M(1,6-diene) complexes of a given 1,6-diene
ligand the!3C coordination chemical shift (absolute valtfe)f
the=CH-— and HC= vinyl group C atoms increases with an
increasing donor strength of L in the order of eq 10. When for

C,H, < (ArO),P < Ar,P <'BUNC<R,P  (10)

a given RP ligand the 1,6-diene ligands of fRAM(1,6-diene)

broad singlets which coalesce at a higher temperatineljcat-
ing that a stepwise dissociatieneassociation process with a
rotation of the decoordinated=€C bond takes place (cp Scheme
8). The dynamics are due to the exceeding bulk of'EBheP
ligand*® which weakens the coordination of the dvds ligand.
We have previously described a similar process for &-C|b-
hexadiene comple¥.

As compared to Pt back-bonding is weaker for Pavhich
a priori renders the Pél,6-diene coordination more labile.
Furthermore, considering that Pd (single-bond radius 1.283 A)
is somewhat smaller than Pt (1.295®steric strain is expected
to be more severe for +Pd(1,6-diene) than for the Pt
derivatives. In general, it can be expected ferM(1,6-diene)
(M = Ni, Pd, Pt) that dynamic processes of the 1,6-diene ligands

are changed in the sequence of increasing acceptor strengtiproceed the more facile (i) the smaller M, (ii) the larger L, (iii)

according to Scheme 6, tféP NMR resonances are shifted

the weaker back-bonding the fiIM° moiety, and (iv) the

downfield in agreement with an increased electron withdrawal weaker electron accepting the 1,6-diene ligand.

from the [L—M] moiety (35is an unexplained exception from
this rule).

(44) The 'H and 13C coordination chemical shift, i.e., the change in

chemical shift which the alkene experiences upon coordination to a metal

center, is defined byAd = Ojgand — Ofree akene Thus, typical alkene
coordination shifts to higher field are negative. Jolly, P. W.; Mynott, R.
Adv. Organomet. Cheml981, 19, 257.

(45)H NMR (89.6 MHz): T, = 48 °C. 13C NMR (22.5 MHz): T =
52 °C.18d

(46) (CysP)Pt(dvds) (CyP: 6 = 17C°) is stereochemically rigiétd

(47) Nickel, T.; Poschke, K.-R.; Goddard, R.; Kger, C.Inorg. Chem.
1992 31, 4428.

(48) Pauling, L.Die Natur der Chemischen Bindungrd ed.; VCH:
Weinheim, Germany, 1976.
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Scheme 8
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There are three potential dynamic processes of the 1,6-diene

ligand which should be considered for—IM(%?2;?-diene)
complexes: (a) Reversible cleavage of one of the G4&C
coordination bonds of the chelating 1,6-diene ligand gives rise
to aL-2 L—M(#n?-diene) intermediate. When the decoordinated
C=C bond is recoordinated by treameface, the originalCs
symmetrical structure is retained (see lower part of Scheme 8).
This process by itself is not detected by NMR unless the
equilibrium is shifted markedly in favor of the-tM(#2-diene)
intermediate. (b) If the cleaved=€C bond of the_-2 L—M(#?-
diene) intermediate is recoordinated by teeerseface, aC,
symmetrical I-M(%?2n?-diene) intermediate is formed. Repeat-
ing such a face-exchange for the secomdbond leads back

to a Cs symmetrical I=M(%?,n?-diene) complex (Scheme 8).

In the course of this process for the hepta-1,6-diene ligand the
protons=CHCHeHax— and—CHHyp—, for the diallyl ether and
diallylamine ligands the protorrssCHCHeHax—, and for the
dvds ligand the methyl groupsCHSIMe;gMex— swap posi-

tions and become equivalent. This process is evidenced by

R

broadening and eventual coalescence of the corresponding NM
signals while the vinyl resonances remain sharp. (c) [¥ie
L—M(5?diene) intermediate may reversibly coordinate a further
1,6-diene molecule to produce a-M(n?-diene} intermediate.
Dissociation of the initial 1,6-diene ligand results in its
replacement at the-+tM(1,6-diene) complex (Scheme 9). This

process is indicated by a broadening of all resonances of the
coordinated and uncoordinated 1,6-dienes. Alternative associa-

tive mechanisms involving the intermediate formation of an 18e

specie®’ to explain the fluxionality of I-M(1,6-diene) com-

plexes are discarded because of steric and electronic reason
As the experiments show, at ambient temperature sharply

resolved 1,6-diene NMR resonances are observed for those

L—M(1,6-diene) complexes of Table 1 in which the ligands L
are predominantly electron-donatin@rialkylphosphanes) and
not exceedingly large. Typical ligands of this type are BMe
PPr;, and PCy. The 1,6-diene resonances of the given
complexes are unaffected by the presence of additional 1,6-
diene. This is also true for (BR)Pd(dvds) 7) in which dvds
represents the strongest electron-withdrawing 1,6-diene of
Scheme 6. For these {RM(1,6-diene) complexes the 1,6-diene
coordination appears to be static on the NMR time scale. A
reversible chelate ring cleavage, which would be a prerequisite
for dynamics according to Schemes 8 and 9, is seemingly
insignificant.

The situation is different foweaker donord.. For (PhP)-
Pd(GH12) (17), {(4-MeCsH4)3P} Pd(GH12) (18), and (PhBP)-

(49) Dreher, E.; Gabor, B.; Jolly, P. W.; Kopiske, C.; i§ar, C.;
Limberg, A.; Mynott, R.Organometallics1995 14, 1893.

J. Am. Chem. Soc., Vol. 121, No. 42, 989D

Scheme 9

Pd(GH100) (28) the ambient temperature 1,6-diefheand3C
resonances are sharp as long as additional 1,6-diene is absent.
For { (RO)P} Pd(GH12) (20—22) some broadening of the hepta-
1,6-diene=CHCHeHax— and—CHaHy,— resonances is observed
in the ambient temperatutel NMR spectra, but the resonances
are sharply resolved when the temperature is lowered30
°C. For these compounds in the presence of uncoordinated 1,6-
dieneall 1,6-diene resonances are broad at ambient temperature.
Thus, a decreasing donor strength of L (eq 10) destabilizes the
1,6-diene coordination, resulting in structural dynamics accord-
ing to Schemes 8 and/or 9.
Concerningsterically encumbered (2-MeGsH,)sP} Pd(1,6-
diene) (9, 29, 38),%° for the hepta-1,6-diene derivativi® the
H NMR signals of =CHCHeHax— and —CHH,—, for the
diallyl ether derivative29 the'H NMR signals of=CHCHeHax—,
and for the dvds derivative8 the 'H and3C NMR signals of
=CHSiMe,Mea— are distinct but broad at ambient temperature,
while the vinyl resonances are sharply resolved. In the presence
of uncoordinated 1,6-diene the spectra of the complexes are
unchanged and additional sharp resonances of the free 1,6-diene
are observed. The spectra show that the 1,6-diene ligands in
hese complexes undergo slow intramolecular face-exchange
dynamics of the vinyl groups according to (b) (Scheme 8).
These dynamics are even more rapid Bu¢P)Pd(1,6-diene)
(16, 27, 36). The hepta-1,6-diene derivativé displays broad
=CHCHedHax— resonances as low as80 °C. Unfortunately,
recording of the coalesced signal at higher temperature was
impeded by the thermolability of this complex. In thé NMR
spectra of the diallyl ether compleX7 the =CHCHeHax—
resonances are sharp-a80 °C but broad at-30 °C, and in
theH and!3C NMR spectra of the dvds compl&6the SiMe

Meax resonances are sharply resolved-80 °C but coalesced

at —30 °C; the vinyl resonances are constantly sharp at these
temperatures. For added 1,6-diene separate sharp signals are
observed, showing that an exchange of coordinated and
uncoordinated 1,6-diene is slow. Thus, thgugP)Pd(1,6-diene)
complexes likewise undergo intramolecular vinyl group face-
exchange dynamics according to (b) (Scheme 8), and these
dynamics, detectable fdr6 at —80 °C and for27 and 36 at

—30 °C, are markedly more rapid than for other-Bd(1,6-
diene) complexes and the platinum derivatfBgP)Pt(dvds):8d

At 27 °C all 1,6-diene resonances »7 and 36 are broad and

so are the resonances of added 1,6-diene, giving evidence of
an exchange of coordinated and uncoordinated 1,6-diene.
Furthermore, increasing the temperature frer®@0 to 27°C
shifts the3P NMR signals o227 and 36 downfield by about 5

(50) In the—80 °C 13C NMR (75.5 MHz) spectrum 019 seven hepta-
1,6-diene resonances are observé(C} 78.0, 77.4 £CH-), 59.5, 59.0
(H,C=), 33.8, 33.4 £CHCH,—), 33.0 (-CH,—)), indicating chirality of
the complex. This is explained by the propeller-like conformation of the
(o-tolyl)sP ligand with locked handedness.
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Scheme 10
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ppm, which we attribute to occurrence of-PH,6-diene chelate
ring cleavage and an increased population olah (‘BuzP)-
Pd(@;?-1,6-diene) intermediaté. These spectral features are
explained by structural dynamics according to (c) (Scheme 9),

becoming relevant at ambient temperature in addition to those

of (b).

IV. Applications of L —Pd(1,6-Diene) Complexes (Scheme
10). L—Pd(1,6-diene) complexes represent versatile building
blocks for the deliberate synthesis of a large variety of, Pd
Pd, and Pd complexes. Examples include (i, ii) the formation
of L,Pd—alkene and kPd—alkyne complexe% (iii) the forma-
tion of dinuclear Pdcomplexes53and (iv, v) the formation
of [L—Pd(allyl)] moieties from ==Pd(GH100) by oxidative
addition of allyl halides or protonatiot¥-53 Apart from these
stoichiometric reactions, +Pd(1,6-diene) complexes are ef-
fective catalysts for a variety of coupling reactions under mild
conditions. Examples are given by (vi) the linear telomerization
of butadiene with MeOH to give 1-methoxy-octa-2,7-di€ne
above—10°C % (vii) the Stille coupling of organoelectrophiles
and organostannari&&at 20 °C,%% and (viii) the regio- and
stereoselective linear trimerization of alk-1-ynes to give 1,4,6-
trisubstitutedcis-hexa-1,3-dien-5-ynes between30 and 20
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Conclusions

This work describes the development of a general and
efficient access to 1,6-diene stabilized “naked palladium” and
L—Pd complexes as fundamental and highly reactive building
units in palladium chemistry. In the homoleptic olefinic
complexes1—12 the metal atoms (Pd and Pt) arfeP-3
coordinated (in contrast to, e.g., thiel geometry predicted for
the elusive Pd(cod). This feature and the properties of the
chelating 1,6-diene moiety, which chelategr3 d° M° center
with little strain, are the clue for the stability of this class of
complexes.

As exemplified byl3—38, there is now a broad range of 16e
TP-3 L—Pd(;25%1,6-diene) complexes available which may
be prepared by numerous routes. For complexes with weakly
electron-donating (P(OR)or sterically demanding (B{tolyl)s,
PBus) ligands it is anticipated that the chelate ring opens easily
to generate 148—2 L—Pd(;?-diene) intermediates from which
the 1,6-diene ligand can be displaced.

Besides for stoichiometric reactions;-Pd(1,6-diene) com-
plexes may play an important role in the “soft” catalytic’Pd
chemistry under nonforcing conditions, in particular when high
selectivities are desired. Moreover, the complexes are readily
formed as intermediates from a®Pzburce in the presence of a
donor L simply by running reactions in a 1,6-diene solvent (e.g.
diallyl ether). It is to be expected that the complexes find general
application in homogeneous catalysis in those cases where an
unsaturated complex fragmentfPd’], which is easily devel-
oped from the complexes, acts as the “true catalyst”. This
concept has already been proven for the reactions cited above.

Although our study focused on the 1,6-dienes given in
Scheme 6, the principle of stabilization of “naked palladium”
and [L—Pd] fragments by 1,6-positioned ene functions is
presumingly quite general. Thus, 1,6-heterodienesN®, C=
O) are also expected to form stabl®-3 L—M(diene) com-
plexes (M= Ni, Pd, Pt). In contrast, EM(1,6-diyne) complexes
are significantly less stable and so far confined to=WNi,5"
and L—M(1,6-enyne) complexes seem to be unstable for all
metals of the & triad.

Experimental Section

To exclude oxygen and moisture, all operations were conducted
under an atmosphere of argon by standard Schlenk techniques. (cod)-
PdCb,%82 (cod)PtCh,%8 Pd(3-C3Hs)2,262 Pd(7°-2-MeCsHa),,262 CpPd-

°C.13a.¢.17.5Promising candidates are furthermore Pd-catalyzed (7°-CsHs),*° and (tmeda)PdMé'2* were prepared by published pro-
cross-coupling reactions such as Heck reactions, Suzuki cou- _cedures. Microanalyses were performed by the Mikroanalytisches Labor

plings, and aryl halide aminatid.

(51) The 3P NMR downfield shift indicates an enlarged charge
withdrawal from P. Apparently, in a 14e2 (BusP)Pdg?-alkene) complex
the charge withdrawal from phosphorus by the trans coordinate@d group
is larger than that in 16&P-3 27 and 36 by two C=C groups.

(52) (a) Krause, J.; Rechke, K.-R. 5th International Conference on the
Chemistry of the Platinum Group Metals, St. Andrews, U.K., July-16,
1993, A199. (b) Krause, J.; Schager, F.rgdbke, K.-R. 32nd International
Conference on Coordination Chemistry (ICCC), Santiago, Chile, Aug 24
29, 1997, 704. Cestaric, G.; Krause, J.rbke, K.-R. Manuscript in
preparation.

(53) Krause, J.; Aschke, K.-R. To be submitted for publication.

(54) Vollmtiler, F.; Krause, J.; Klein, S.; Mgerlein, W.; Beller, M.
Submitted.

(55) (a) Stille, J. K Angew. Chem1986 98, 504; Angew. Chem., Int.
Ed. Engl.1986 25, 508. Scott, W. J.; Stille, J. KI. Am. Chem. S0d.986
108 3033. Mitchell, T. N.Synthesid992 803. (b) The reactions apparently
proceed without an induction period or deposition of palladium. The results
confirm that in the LPd catalyzed Stille reaction phosphane dissociation
gives rise to [l-Pd”] species as the “true catalyst”. No second phosphane
ligand is necessary to act in the catalytic cycle. Krause, ¥sdh&e, K.-R
Unpublished results.

(56) Hartwig, J. FSynlett1998 329.

Kolbe, Miiheim, Germany!H NMR spectra § relative to internal
TMS) were measured at 200, 300, and 400 MHZ,NMR spectra g
relative to internal TMS) at 50.3, 75.5, and 100.6 MHz, 8lRINMR
spectra § relative to external 85% aqueoushD,) at 81, 121.5, and
162 MHz on Bruker AM-200, WM-300, and WH-400 instruments. For
all NMR spectra solutions of the compounds in THfwere used. El
mass spectra (the data refer?#i, 1°Pd, and'%Pt) were recorded at
70 eV on a Finnigan MAT 8200, and IR spectra on Nicolet FT 7199
and Magna-IR 750 spectrometers.

(#-m2m?-CH1){ Pd(m?n*C7H12)} 2 (1). A suspension of (cod)Pdgl
(8.57 g, 30.0 mmol) in 40 mL of hepta-1,6-diene was treated slowly at
—78 °C with a 0.2 M solution of Li(cot) (150 mL, 30.0 mmol) in
diethyl ether. When the temperature was raise€d46 °C a voluminous

(57) Proft, B.; Poschke, K.-R.; Lutz, F.; Kiger, C.Chem. Ber1994
127, 653.

(58) (a) Chatt, J.; Vallarino, L. M.; Venanzi, L. M. Chem. Socl957,
3413. (b) Chatt, J.; Vallarino, L. M.; Venanzi, L. M. Chem. Socl957,
2496. McDermott, J. X.; White, J. F.; Whitesides, G. M.Am. Chem.
Soc.1976 98, 6521.

(59) (a) Shaw, B. LProc. Chem. Soc., Londdr®6Q 247. (b) Tatsuno,
Y.; Yoshida, T.; Otsuka, Snorg. Synth.1979 19, 220.
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precipitate formed, consisting df and LiCl. At —20/~10 °C the
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32.5, 32.4 £CHCH,— and —CH—); all signals of equal intensity.

suspension was so dense that it could hardly be stirred. When diethyl C14H.4Pd (298.8).

ether was evaporated under vacuuindissolved again. LiCl was
removed by D4-filtration, and to the light green solution 50 mL of
pentane was added-80 °C), whereupon pure, colorledgprecipitated.
The product was isolated by filtration, washed with cold pentane, and
dried under vacuum~30 °C): vyield 4.59 g (61%);~0 °C dec. Anal.
Calcd for GiHzePd: (501.4): C, 50.31; H, 7.24; Pd, 42.45. Found: C,
50.41; H, 7.35; Pd, 42.45.

(u-m2m?-CeH100){ Pd(572,m?-CeH100)} 2*CeH 10O (2). The reaction
was performed as fdk by treating a suspension of (cod)P¢l(2.86 g,
10.0 mmol) in diallyl ether (20 mL) with a 0.2 M ethereal solution of
Li(cot) (50 mL, 10.0 mmol) at-78 °C. After warming the mixture to

Pd(#?3?-CsH100)(17%-CsH100) (6). Preparation was performed as
for 5 by dissolving2 (ca 80 mg) in diallyl ether (0.2 mL) and THé:
13C NMR (75.5 MHz,—80°C): ¢ 136.4 ECH—uncoord, 115.7 (HC=
uncoord, 85.6, 85.4, 77.3%CH-), 73.4, 70.5, 69.9, 69.6-(CH,0—),
63.9, 59.6, 59.4 (KC=); all signals were of equal intensity 1£1,00--
Pd (302.7).

Pd(5?n>dvds)@?-dvds) (7).Preparation was as férby dissolving
3 (ca 80 mg) in dvds (0.2 mL) and TH& *C NMR (75.5 MHz,
—80°C): ¢ 140 ECH—uncoord, 133 (HC=uncood, 75.6, 75.0, 74.6%
CH-), 73.5, 73.2, 73.0 (KC=), each 1C, vinyl; 3.1 (1C), 1.5 (20C),
1.2 (1C), 0.7 (2C)~0.9 (1C),—1.1 (1C), SiMeMey,; all signals are

0 °C the ether was evaporated under vacuum. Pentane (40 mL) Wasproad. GgHaO.PdSi (479.2).

added at—30 °C to precipitate LiCl, which was removed by an
immediate D4-filtration. The product crystallized betwe€e30 and—78

°C, and the mother liquor was removed by cannulation. The pale yellow
solid was washed twice with cold pentane and dried under vacuum
(=30 °C): yield 1.26 g (42%);>0 °C dec. EI-MS: The complex
decomposed between 30 and 30; no ions containing Pd were
observed!H NMR of 2 (300 MHz,—30°C): ¢ 3.26, 3.26, 3.17, 3.13,
3.05, 3.04 (each 2H{;HC=), 3.56, 3.56, 3.47, 3.46, 3.40, 3.40 (each
2H, HHeC=), 4.43 (4H), 4.13 (8H, unresolveetCH-), 4.52 (8H),
4.28 (4H, unresolved-CH.HO—), 4.28, 4.28, 2.31, 2.30, 2.30, 2.29
(each 2H,—CHHL0O—-). 3C NMR of 2 (75.5 MHz,—30 °C): ¢ 85.7,
85.7,85.5, 85.5, 79.3, 79.+CH—), 72.8, 72.5, 70.3, 70.3, 70.1, 69.9
(—CH,0—), 63.4, 63.4,59.5, 59.5, 59.3, 59.25,(+); all signals have

the same intensity (2C). The signals and intensities refer to the
diastereomeric mixture. Additional signals are observed for uncoordi-
nated GH100 (see Table 1) anél Anal. Calcd for GgHz003P b CsH100
(605.4): C, 47.61; H, 6.66; O, 10.57; Pd, 35.16. Found: C, 47.79; H,
6.62; Pd, 34.94.

{[l-()]z-H2C=CHSiMEQ)20} [Pd{ (1]2-H 2C=CHS“V|EZ)2O}]2 (3) The
reaction was performed as fdrby treating a suspension of (cod)-
PdC} (2.86 g, 10.0 mmol) in dvds (10 mL) with a 0.2 M ethereal
solution of Li(cot) (50 mL, 10.0 mmol) at 20C. Ether was evaporated
under vacuum to afford an ocher suspension. After D4-filtration
(removal of LiCl) the light yellow solution was concentrated under
high vacuum to give a sticky oil, to which some pentane (5 mL) was
added. Between-30 and—78 °C an almost colorless mirocrystalline
precipitate was obtained, from which the mother liquor was removed
by filtration. The product was washed with a small portion of cold
pentane and dried under vacumm3Q °C): vyield 2.90 g (75%); mp
55°C dec.!H NMR (300 MHz,—80°C): ¢ 4.3—3.4 (18 overlapping
multiplets, each 2H; PHeC= and=CH-), 0.25, 0.25, 0.23, 0.23, 0.11,
0.10,—0.05,—0.05,—0.22,—0.23,-0.32,—0.32 (each s, 6H, SiMe).
13C NMR (75.5 MHz,—80°C): d 75.85, 75.8, 75.1, 75.1, 74.4, 74.4,
73.7,73.7,73.4, 73.4, 72.8, 72.8 (vinyl), 3.14, 3.14, 1.60, 1.60, 1.52,
1.52,1.45,1.41-0.92,—0.94,—1.17,—1.17 (SiMe); all signals have
the same intensity (2C). The signals and intensities refer to the
diastereomeric mixture 8. Anal. Calcd for GsHs40sPa:Sis (772.0):

C, 37.34; H, 7.05; O, 6.22; Pd, 27.57; Si, 21.83. Found: C, 37.26; H,
7.12; Pd, 27.48; Si, 21.89.

(e-m2m?-C7H1){Pt(n%n>C7H12)} 2 (4). A suspension of (cod)PtEl
(1.496 g, 4.00 mmol) in hepta-1,6-diene (12 mL) was combined with
a 0.2 M ethereal solution of kcot) (20 mL, 4.00 mmol) at-78 °C.

The stirred brown mixture was slowly (2 h) warmed to ambient

Pt(n%n?C7H12)(n>C7H1y) (8). Preparation was as fa@rby dissolv-
ing 4 (ca 80 mg) in hepta-1,6-diene (0.2 mL) and THEFC NMR
(75.5 MHz,—30°C): 6 139.7 ECH—yncoora C13), 114.8 (HC=yncoord
C14), 70.0, 69.8 (each(**PtC)= 108 Hz, C2 and C6), 65.6 (137 Hz,
C9), 48.5 (137 Hz, C1/7), 48.1 (133 Hz, C1/7), 46.8 (121 Hz, C8),
35.3 (24 Hz, C11), 34.7 (13 Hz, C12), 33.6 (37 Hz, C4), 33.3 (55 Hz,
C10), 31.4, 31.3 (each 28 Hz, C3 and C5); all signals were of equal
intensity. At 27°C the resonances are broad but still resolvedH&:-

Pt (387.4).

(CaH4)Pd(#m?m?-C7H12) (9). A colorless suspension df(ca 80 mg)
in 1 mL of THF-ds was saturated with ethene a8 °C. When the
mixture was warmed te-30 °C, the solid dissolved (10 min) to give
a yellow solution*H NMR (200 MHz, —30 °C) (for C;H:, see Table
1): 6 3.39 (4H, GHy). 13C NMR (75.5 MHz,—30 °C) (for G;H1, see
Table 1): 6 61.9 (2C, GH,). The spectra displayed additional signals
for 1 half-equiv of the displaced 1,6-diene (Table 1) and for uncoor-
dinated ethened(H) 5.39,6(C) 123.7). GH1¢Pd (230.7).

(CoH4)Pd(52,n?>CsH100) (10). The synthesis was performed as for
9 by reacting2 (ca. 80 mg) with ethene in THBs at—30°C.'H NMR
(300 MHz,—30°C) (for GsH100 see Table 1) 3.53 (4H, GHa,). 1°C
NMR (75.5 MHz, —30 °C) (for GH100 see Table 1):0 63.0 (2C,
C2Ha). CoH140Pd (244.6).

(CoH4)Pd{ (y>-H,C=CHSiMe,),0} (11). The synthesis was per-
formed as for9 by reacting3 (ca. 80 mg) with ethene in THH;s at
—30°C. *H NMR (300 MHz,—30 °C) (for dvds see Table 1)§ 3.79
(4H, CGHy). 13C NMR (75.5 MHz,—30 °C) (for dvds see Table 1)d
73.3 (2C, GHa). CioH2,0PdS;} (320.9).

(CoH4)Pt(p?;?-CsH1) (12). A suspension of (204 mg, 0.30 mmol)
in pentane (5 mL) was saturated with ether@8 °C) and stirred at 0
°C to produce a clear yellow solution. The solvent was evaporated in
a light vacuum to yield a low-melting, semisolid yellow residue of
purel2: yield 35-40 mg (40%). Although the reaction appears to be
quantitative, the yield of isolateti2 is low due to its high volatility.
For subsequent reactions an in situ preparation is recommended. El-
MS: see text'H NMR (300 MHz, 27°C) (for C;H;, see Table 1):0
2.95 (4H,2J(PtH) = 59 Hz, GHa). *3C NMR (75.5 MHz, 27°C) (for
C;Hi, see Table 1):6 44.3 (2C,%J(PtC) = 122 Hz, GH,). CoHiePt
(319.3).

(MesP)Pd@?5?-C7H12) (13). (a) From 1.A suspension of complex
1 (501 mg, 1.00 mmol) in 2 mL of hepta-1,6-diene°@) was treated
with a solution of PMe (152 mg, 2.00 mmol) in 5 mL of pentane at
—78 °C. The mixture was slowly warmed to 2€, and insoluble

temperature, ether was evaporated, and the concentrated suspensidmpurities were removed by D4-filtration. From the solution colorless

was stirred for a further 15 h. LiCl was removed by D4-filtration and
washed twice with pentane (10 mL). After addition of further pentane
(20 mL) to the brown solution a yellow beige solid precipitatee-@8

°C which was separated by filtration, washed with cold pentane, and
dried under vacuum (20C): vyield 510 mg (38%); mp 110C dec.
EI-MS (90°C): nve (%) 582 ([PH(C7H12)2] ", 0.1), 387 ([Pt(GH12)2]

5), 291 ([Pt(GH12)]*, 15); M* was not detected. Anal. Calcd fop €36

Pt (678.7): C, 37.17; H, 5.35; Pt, 57.49. Found: C, 37.10; H, 5.37;
Pt, 57.62.

Pd(#?n?C7H12)(3?-C7H12) (5). Complex1 (ca. 80 mg) was dis-
solved in hepta-1,6-diene (0.2 mL) and Tidg{0.7 mL). 3C NMR
(75.5 MHz,—80°C): ¢ 139.6 ECH—uncoord, 115.1 (HC=uncoord, 84.4,
84.2, 84.0 £CH-), 62.8, 62.4, 61.6 (bC=), 35.6, 34.7, 32.9, 32.6,

thin needles separated betweeB0 and—78 °C. After removal of the
mother liquor by cannulation, the product was washed with a small
volume of cold pentane and dried under vacuumr3® °C: yield 400

mg (72%).(b) From (n®-CsHs)Pd(#3-CsHs). Addition of PMe; (0.20

mL, 152 mg, 2.00 mmol) to a red suspensiontCsHs)Pd@3-CsHs)
(425 mg, 2.00 mmol) in 3 mL of hepta-1,6-diene-e80 °C immediately
afforded a light yellow precipitate. Heating the mixture to°&Dfor 5

h resulted in a clear yellow solution from which thin colorless needles
crystallized at—78 °C. Isolation was as described above: yield 290
mg (52%); mp ca. 27C. EI-MS (0°C): m/e (%) 278 (M, 31), 182
([(MesP)Pd], 81).'H NMR (200 MHz, 27°C) (for C/H;» see Table

1): 6 1.22 (d, 9H), PMg 13C NMR (50.3 MHz, 27°C) (for C;Hy, see
Table 1): 6 19.2 (3C), PMe 3P NMR (81 MHz, 27°C): see Table
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1. Anal. Calcd for GoH2:PPd (278.7): C, 43.10; H, 7.60; P, 11.11;
Pd, 38.19. Found: C, 42.95; H, 7.66; P, 11.03; Pd, 38.42.
(PrsP)Pd@p2,n>CH12) (14). (a) From 1.Synthesis was as fdr3,
route a, by using Pr; (320 mg, 2.00 mmol) in 5 mL of pentane (20
°C). Between—30 and—78 °C colorless crystals separated which were
washed twice with cold pentane and dried under vacuum &C20
yield 610 mg (84%).(b) From (tmeda)PdMe,. To (tmeda)PdMg
(1.263 g, 5.00 mmol) was added a solution &P (801 mg, 5.00
mmol) in 5 mL of hepta-1,6-diene at30 °C. The stirred colorless
suspension was slowly heated to-2% °C, whereupon ethane evolved
and an orange solution was formed. BetweeB0O and—78 °C a
microcrystalline precipitate was obtained which was isolated as
described (route a): yield 1.69 g (93%g) From Pd(173-CsHs).. PPr3
(801 mg, 5.00 mmol) was added to a solution of PelsHs), (943
mg, 5.00 mmol) in 5 mL of hepta-1,6-diene. The yellow mixture was
heated to 80°C for 2 h, whereupon the solution decolorized. After
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solution of PPR(262 mg, 1.00 mmol) in 5 mL of diethyl ether at78

°C. The mixture was slowly warmed to 2C, and insoluble impurities
were removed by D4-filtration. From the colorless solution pale yellow
intergrown crystals separated at78 °C, which were isolated as
described forl3: yield 350 mg (75%)(b) From (tmeda)PdMe,. A
mixture of (tmeda)PdMe(758 mg, 3.00 mmol) and PRI{786 mg,
3.00 mmol) in hepta-1,6-diene (5 mL) was heated t6@@or 15 min.
After cooling all volatiles were evaporated in a vacuum and the residue
was dissolved in a small volume of diethyl ether. The product
crystallized at-78 °C and was isolated as described for route a: yield
1.18 g (85%); mp 87°C dec. Crystallinel? is stable at ambient
temperature for at least several days but slowly decomposes in solution.
EI-MS: the compound decomposed and the spectraldfgm/e 96)

and PPh (m/e 262) were observedH NMR (400 MHz, 27°C) (for
C/Ha, see Table 1):0 7.40 (3H, Ph), 7.32 (12H, Ph), PRAC NMR

50.3 MHz, 27°C) (for C;H;, see Table 1):0 138.7 (3C), 134.3 (6C),

evaporation of the excess of hepta-1,6-diene the residue was dissolved 29 6 (3C), 128.7 (6C), PRIF'P NMR (81 MHz, 27°C): see Table

in pentane (20 mL) and some deposited Pd was removed by filtration.

Between—30 and—78 °C colorless crystals separated which were
isolated as described (route a): yield 1.54 g (85@h) From { (Pr3P)-
Pd} »(1-C3Hs),. The yellow suspension df({PrzP)Pg »(u-CsHs). (615
mg, 1.00 mmol) in 5 mL of hepta-1,6-diene was heated t6@for 2

h, whereupon the solution decolorized. After evaporation of the excess

of hepta-1,6-diene and addition of pentane (10 mL) the solution was
treated further as described (routes a and c): yield 630 mg (8&%).
From (tmeda)PdMe, and Pd(PPr3),. A suspension of (tmeda)PdMe
(253 mg, 1.00 mmol) in 1 mL of hepta-1,6-diene was combined at
—30 °C with a solution of Pd(fPr), (427 mg, 1.00 mmol) in 2 mL of
hepta-1,6-diene. When the mixture was heated t&C36thane evolved
and an orange-yellow solution was obtained. After addition of pentane
(10 mL) the colorless product crystallized betwee80 and—78 °C

1. Anal. Calcd for GsH27PPd (464.9): C, 64.59; H, 5.40; P, 6.66; Pd,
22.89. Found: C, 64.46; H, 5.55; P, 6.77; Pd, 23.08.

{(4-MeCgH4)3P} Pd(5?,n?C+H12) (18). The reaction was carried out
similarly as described fot7 by reacting a suspension @&f(501 mg,
1.00 mmol) in hepta-1,6-diene (2 mL) with a solution of (4-MEiG)sP
(609 mg, 2.00 mmol) in 5 mL of diethyl ether. After warming the
mixture from—78 to 20°C the solvent was evaporated under vacuum
to give a beige residue. Recrystallization from diethyl ether, including
D4-filtration, afforded small red brown cubes-80 °C) which were
isolated as described: yield 710 mg (70%); mp 2T4 EI-MS: the
complex decomposetH NMR (200 MHz, 27°C) (for C/H1, see Table
1): 0 7.20 (12H, GHy), 2.31 (9H, Me), (4-Me@H4)sP.**C NMR (50.3
MHz, 27 °C) (for C;H12 see Table 1):0 139.7 (s, 3C, ¢), 136.0 (3C,

and was isolated as described (route a): yield 545 mg (75%); mp 52 PG), 134.6 (6C, @), 129.6 (6C, ©), 21.5 (3C, Me), (4-Me@Ha)sP.

°C. EI-MS (43°C): m/e (%) 362 (M, 28), 266 ([(PrsP)Pd]", 88).H
NMR (200 MHz, 27°C) (for C;H;2 see Table 1) 2.18 (m, 3H, PCH),
1.16 (dd, 18H, Me), Prz. 3C NMR (100.6 MHz, 27°C) (for CH1»

see Table 1):0 26.9 (3C, PCH), 20.9 (6C, Me), . 3P NMR (81
MHz, 27 °C): see Table 1. Anal. Calcd for,gH33sPPd (362.8): C,
52.97; H, 9.17; P, 8.54; Pd, 29.33. Found: C, 52.84; H, 9.25; P, 8.60;
Pd, 29.54.

(CysP)Pd@?n?-C7H12) (15). The synthesis was carried out as for
14, route b, by reacting (tmeda)PdM@&06 mg, 2.00 mmol) with G
(561 mg, 2.00 mmol) in 5 mL of hepta-1,6-diene. At 30 a green-
yellow solution formed from which a colorless solid precipitated. The
excess of hepta-1,6-diene was siphoned off°@J) and the solid was
recrystallized from diethyl ether (50 mL) to yield colorless cube3(
°C) which were isolated as described ft4, route a: yield 735 mg
(76%); mp 131°C. EI-MS (80°C): m/e 482 (M, 1), 386 ([(CyP)-
Pdlt, 4), 304 ([(CyPH)Pd], 2).*H NMR (200 MHz, 27°C) (for C/H12
see Table 1) 2.1-1.6 (18H), 1.5-1.2 (15H), €-CeH11)sP. *C NMR
(50.3 MHz, 27°C) (for C;H;2 see Table 1):6 37.4 (3C,2J(PC)= 9.6
Hz, PG), 31.8 (6C, PCI&s), 28.8 (6C, C), 27.8 (3C, G), P(c-CsH11).
31P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd for,gHsPPd
(483.0): C, 62.17; H, 9.39; Pd, 22.03; P, 6.41. Found: C, 62.34; H,
9.29; Pd, 22.10; P, 6.63.

(‘BusP)Pd@?,n?-C7H12) (16). A suspension of complek (501 mg,
1.00 mmol) in 10 mL of pentane is reacted with ethene-30 °C to
give a yellow solution oB. After filtration to remove some insoluble
impurities the mixture is combined with a solution'BlusP (404 mg,
2.00 mmol) in 5 mL of pentane at78 °C. From such a solution only
small amounts of product crystallized (up to 30%) in the course of

3P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd for,§H33sPPd
(507.0): C, 66.34; H, 6.56; P, 6.11; Pd, 20.99. Found: C, 66.45; H,
6.49; P, 6.02; Pd, 21.11.

{(2-MeCsH4)sP} Pd(2,n?>-C7H12) (19). A solution of 1 (251 mg,
0.50 mmol) in hepta-1,6-diene (3 mL) was added to solia-Blyl)s
(304 mg, 1.00 mol). The solvent was evaporated from the resulting
yellow solution under vacuum to obtain a yellow-greenish residue,
which was washed with ether and dried under vacuum3&t°C: yield
500 mg. Isolatedl9 contained about 10% of PB(o-tolyl)s}2 (6(P)
—6.9) as an impurity. The complex slowly decomposed at ambient
temperature!H NMR (200 MHz, 27°C) (for C/Hy2 see Table 1):6
7.46 (3H), 7.20 (9H), 2.10 (9H), (2-MgH)sP. 13C NMR (50.3 MHz,

27 °C) (for G;H1, see Table 13° 6 142.8, 134.9, 134.5, 132.1, 129.9,
126.2, 22.9 (each 3C), (2-MeB4)sP. 3P NMR (81 MHz, 27°C): see
Table 1. GgHssPPd (507.0). No elemental analysis was performed.

{(PhO)sP} Pd(?,?-C7H12) (20). The reaction was carried out as
described fod 3 by reacting a suspension {501 mg, 1.00 mmol) in
hepta-1,6-diene (2 mL) with a solution of P(OR{§20 mg, 2.00 mmol)
in 5 mL of pentane. From the colorless solution obtained by D4-
filtration (20 °C) small intergrown crystals separated -a78 °C.
Isolation was as described: yield 760 mg (74%). CrystaRides stable
at ambient temperature for at least several days but slowly decomposes
in solution.*H NMR (200 MHz,—30 °C) (for C;H1, see Table 1):6
7.30 (12H), 7.12 (3H), P(Ols)s. 3P NMR (81 MHz,—30°C): See
Table 1. Anal. Calcd for &H»;0sPPd (512.9): C, 58.55; H, 5.31; O,
9.36; P, 6.04; Pd, 20.75. Found: C, 58.95; H, 5.45; P, 5.91; Pd, 20.77.

{(2,6-MexCsH30)3P} Pd(2;?-C7H12) (21). The synthesis was car-

serveral days. Therefore, the solvent was evaporated under high vacuuntied out as forl4, route b, by reacting (tmeda)PdME05 mg, 2.00

(—78 °C) to give a beige residue that was about 90% pure (NMR).
Isolated16 contained some Pdus), and5 as impurities (each about
5%). The product was stable only belowB0 °C; at this temperature
it slowly converted into Pd(Bus),. EI-MS: the complex decomposed
and only Pd(Bus), was detectedtH NMR (200 MHz, —80 °C) (for
C7H1, see Table 1):6 1.34 (d, 27H3J(PH) = 12 Hz, Me), FBus. 3P
NMR (81 MHz, —80 °C): see Table 1. GGH3;PPd (404.9). No
elemental analysis was performed.

(PhsP)Pd(@®?3m%-C+H1,) (17). (a) From 1.A suspension ofl (250
mg, 0.50 mmol) in 1 mL of hepta-1,6-diene {G) was treated with a

mmol) with (2,6-MeCsH30)sP (791 mg, 2.00 mmol) in 5 mL of hepta-
1,6-diene at 80C (evolution of ethane starts at about 70). From

the resulting solution small colorless needles crystallized between 0
and—78°C, which were isolated as describddl). yield 1.09 g (91%);

mp 131°C dec. EI-MS: the compound decomposed and the spectra
of C;Hi12 (m/e 96) and P(O@H3Mey)s (m/e 394) were observedH
NMR (400 MHz, 27°C) (for C/Hy, see Table 1):6 6.90 (6H, Ph),
6.80 (3H, Ph), 2.32 (18H, Me), P(@QB:Me,)s. 3C NMR (50.3 MHz,
27°C) (for C/Hi, see Table 1):0 151.1 (3C), 131.7 (3C), 129.5 (6C),
124.9 (6C), 19.1 (6C), P(QEsMey)s. 3P NMR (81 MHz, 27°C):
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see Table 1. Anal. Calcd forsgH39003PPd (597.0): C, 62.36; H, 6.58;
O, 8.04; P, 5.19; Pd, 17.82. Found: C, 62.53; H, 6.72; P, 5.28; Pd,
17.69.

{(2,64Pr,CeH30)3P} Pd(;25%-CsH12) (22). (@) From 1.The reaction
was carried out as described fb8 by reacting a suspension df{501
mg, 1.00 mmol) in hepta-1,6-diene (2 mL) with a solution of (2,6-
Pr,CsH30)3P (1.12 g, 2.00 mmol) in 10 mL of pentane. Warming the
mixture from—78 to 0°C gave a clear yellow solution from which a
colorless solid precipitated at 2€. The mother liquor was siphoned
off and the product was recrystallized from 5 mL of diethyl etheBQ
°C) to afford colorless intergrown needles which were washed twice
with pentane (20C) and dried under vacuum: yield 460 mg (30%).
(b) From (tmeda)PdMe,. The synthesis was according to thatlef
route b, and21 by reacting (tmeda)PdM&758 mg, 3.00 mmol) with
(2,64Pr,CeHz0)P (1.69 g, 3.00 mmol) in 5 mL of hepta-1,6-diene at
80 °C. A colorless solid precipitated (8@) from which the mother
liquor was siphoned off (20C). The product was recrystallized and
isolated as described above: yield 1.62 g (71%); mp TA2EI-MS:
the complex decomposed and upon fractional vaporization980C)
the ions [Pd(GH1)]t (mVe 222) and [(2,6Pr,CsH30)sP]" (m/e 562)
were detectedH NMR (400 MHz, 27°C) (for C;H1, see Table 1):6
7.09 (9H, GHg), 3.65 (sept, 6H, BMe;,), 0.98 (d, 36H32J(HH) = 6.8
HZ, Me), (2,6LPr2C5H3O)3P. 13C NMR (503 MHZ, 27°C) (fOf C7H12
see Table 1):0 148.8 (3C, POQ), 142.7 (6C, @), 126.2 (3C, G),
125.2 (6C, C), 28.8 (6C,CHMe,), 25.0 (12C, Me), (2,6Pr,CsH3z0)sP.
3P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd forsgHesOs-
PPd (765.4): C, 67.48; H, 8.30; O, 6.27; P, 4.05; Pd, 13.90. Found:
C, 67.38; H, 8.25; P, 4.11; Pd, 14.06.

(u-"ProPCoH4PPro){ Pd(n?5?-C7H12)} 2 (23). Synthesis was as for
13, route a, by using‘dpe (262 mg, 1.00 mmol) dissolved in 5 mL of
pentane. After filtration (20C) beige needles separated from the light
brown solution at-78 °C. Isolation was as described: yield 535 mg
(80%); mp 92°C dec.'H NMR (400 MHz, —30 °C) (for CH1, see
Table 1): 6 2.07 (m, 4H, PCH), 1.87 (“s”, 4H, PGl 1.11, 1.09 (each
g, 12H, diastereotopic Me) /mbe.3'P NMR (81 MHz,—30 °C): see
Table 1. Anal. Calcd for gHsesP.Pd: (667.5): C, 50.38; H, 8.46; P,
9.28; Pd, 31.88. Found: C, 50.42; H, 8.54; P, 9.29; Pd, 31.72.

(MesP)Pd(n?n2-CsH100) (24). Addition of PMe (0.20 mL, 152
mg, 2.00 mmol) to a red suspension 9¥-CsHs)Pd@7%-CsHs) (425 mg,
2.00 mmol) in 3 mL of diallyl ether at-78 °C afforded a light yellow
precipitate. When the mixture was warmed to“ZDa clear solution
was obtained from which colorless cuboids crystallized betwegd
and—78 °C. The crystals were freed from the mother liquor, washed
twice with cold pentane, and dried under vacuum at@o yield 505
mg (90%); mp 79C dec. EI-MS (20°C): m/e (%) 280 (M, 27), 223
([(MesP)Pd(GHs)] T, 64), 182 ([(MeP)Pd], 64).*H NMR (200 MHz,
27°C) (for CsH100 see Table 1) 1.36 (d, 9H, Me), PMg °C NMR
(50.3 MHz, 27°C) (for GsH1¢O see Table 1) 19.2 (3C), PMe 3P
NMR (81 MHz, 27°C): see Table 1. Anal. Calcd fore8:00PPd
(280.6): C, 38.52; H, 6.82; O, 5.70; P, 11.04; Pd, 37.92. Found: C,
38.28; H, 6.82; P, 11.09; Pd, 38.03.

(PrsP)Pd@?n?>CeH100) (25). () From (tmeda)PdMe. The
synthesis was performed as fb4, route b, by reacting (tmeda)PdMe
(1.263 g, 5.00 mmol) with Pr; (801 mg, 5.00 mmol) in diallyl ether
(5 mL). The stirred suspension was slowly warmed fre80 to 25-
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(6C, Me), PPr. 3P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd
for Ci1sH3:0PPd (364.8): C, 49.39; H, 8.57; O, 4.39; P, 8.49; Pd, 29.17.
Found: C, 49.25; H, 8.68; P, 8.60; Pd, 29.31.

(CysP)Pd(;?,n?-CsH100) (26). The synthesis was performed as for
14, route b, by reacting (tmeda)PdM@05 mg, 2.00 mmol) with GP
(561 mg, 2.00 mmol) in diallyl ether (5 mL). The stirred suspension
was slowly warmed from-30 to 25-30 °C, whereupon ethane evolved
and a colorless solution was formed from which the product precipitated
in the course of 30 min. After cooling t678 °C the solid was isolated
as described: yield 790 mg (81%); dec 45 EI-MS (115°C): m/e
(%) 484 (M, 2), 386 ([(CyP)Pd], 7), 304 ([(CyPH)Pd], 3), 280
([CysPT", 5).'H NMR (300 MHz, 27°C) (for CeH100 see Table 1)0
2.0 (3H), 1.90 (6H), 1.851.7 (9H), 1.5-1.2 (15H), P¢-CsH11)s. 13C
NMR (75.5 MHz, 27°C) (for GsH1¢O see Table 1)5 37.1 (3C, PGH),
31.6 (6C, GH>), 28.5 (6C, GH,), 27.5 (3C, GHy), P(c-CeH11)s. 1P
NMR (121.5 MHz, 27°C): see Table 1. Anal. Calcd for,430PPd
(485.0): C, 59.44; H, 8.94; Pd, 21.94; P, 6.39; O, 3.30. Found:
59.24; H, 9.00; Pd, 22.10; P, 6.55.

(‘BugP)Pd(@?,n?-CsH100) (27). A suspension of’ (303 mg, 0.50
mmol) in 2 mL of diethyl ether was combined at30 °C with an
ethereal solution (5 mL) dBusP (202 mg, 1.00 mmol). After stirring
the mixture for 1 h {30 °C), colorless cubes crystallized a8 °C.
These were freed from the mother liquor and dried under vacuum: yield
220 mg (55%). The product contained about 10% of RRI(£.. Solid
27 decomposes at ambient temperature in the course of 1 day. EI-MS:
only the spectrum of Pd{Bus), was observedH NMR (300 MHz,
—80°C) (for GsH100 see Table 1) 1.65-1.25 (broad!Bu); at—30
°C: 1.43 (d, 27H3J(PH) = 11 Hz,'Bu). 3C NMR (75.5 MHz,—80
°C) (for CsH100 see Table 1)0 39.3 (s, 3C, PC), 35.3 (6C, Me), 28.2
(3C, Mé€), PBus. 3P NMR (121.5 MHz,—80°C): see Table 1. GHar
OPPd (406.9). No elemental analysis was performed.

(PhsP)Pd@®?3?-CeH100) (28). (a) From (tmeda)PdMe. The
synthesis was performed as fb4, route b, by reacting (tmeda)PdMe
(505 mg, 2.00 mmol) with PR(525 mg, 2.00 mmol) in diallyl ether
(5 mL). The stirred suspension was heated to °8D (15 min),
whereupon ethane evolved (7C), and a light yellow solution was
formed. After filtration, cooling from 0 te-78 °C gave small colorless
needles which were isolated as described: yield 820 mg (8@8).
From (tmeda)PdMe, and (PhsP),PdMe,. A stirred suspension of
(PhsPxPdMe (330 mg, 0.50 mmol) and (tmeda)PdMé&26 mg, 0.50
mmol) in diallyl ether (5 mL) was heated to 8C (15 min) to afford
a colorless solution. After evaporation of all volatiles the pure product
was obtained: yield 450 mg (96%}) From (tmeda)PdMe, and Pd-
(PPhg)s. Heating a stirred suspension of Pd(BR(231 mg, 0.20 mmol)
and (tmeda)PdMg(151 mg, 0.60 mmol) in diallyl ether (3 mL) to 80
°C (15 min) afforded a yellow solution that was treated further as
described for route a: yield 300 mg (82%l) From Pd(57°-CsHs)s.

The synthesis followed that d#, route c, by heating a yellow solution
of Pd(3-CsHs)2 (377 mg, 2.00 mmol) and PR(625 mg, 2.00 mmol)

in 5 mL of diallyl ether to 90°C for a few minutes until the yellow
color of the initially precipitated (PR),Pd(u-CsHs), disappeared (some
metallic Pd deposited thereby). The mixture was cooled t6@and
filtered to afford a colorless solution, from which the product
crystallized below 0°C; isolation was as described: yield 800 mg
(86%); mp 112°C dec.'H NMR (200 MHz, 27°C) (for CsH1,0 see

30°C, whereupon ethane evolved and an orange solution was formed.Table 1): 6 7.75 (3H), 7.65 (12H), PRh?*3C NMR (50.3 MHz, 27

Between—30 and—78 °C a colorless precipitate was obtained that
was isolated as described: yield 1.73 g (93@).From Pd(53-CsHs)e.
The synthesis followed that df4, route c, by heating a mixture of
Pd(;%-C3Hs),2 (943 mg, 5.00 mmol) and'Pr; (801 mg, 5.00 mmol) in

5 mL of diallyl ether to 80°C for 2 h. Between—30 and—78 °C

°C) (for CeH100 see Table 1):0 138.3 (3C), 134.4 (6C), 129.9 (3C),
128.9 (6C), PPh 3P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd
for C4Hs0PPd (466.9): C, 61.75; H, 5.40; O, 3.43; P, 6.63; Pd, 22.80.
Found: C, 61.93; H, 5.32; P, 6.65; Pd, 22.57.

{(2-MeCsH4)3P} Pd(;7%,p>-CsH100) (29). A solution of (tmeda)-

colorless crystals were obtained which were isolated as described: yieldPdMe (126 mg, 0.50 mmol) and B{tolyl); (152 mg, 0.50 mmol) in

1.55 g (85%)(c) From 14. A colorless solution ofL4 (363 mg, 1.00
mmol) in diethyl ether (5 mL) was combined with diallyl ether (98
mg, 1.00 mmol) dissolved in ether (2 mL). After standing at ambient
temperature fol h the mixture was cooled te-78 °C, whereupon

5 mL of diallyl ether was stirred at 28C for 48 h. The solvent was
evaporated under vacuum and the product was washed with diethyl
ether to remove small quantities of unreacted reagents: yield 200 mg
(80%).*H NMR (300 MHz, 27°C) (for CsH100 see Table 1) 7.46,

colorless crystals separated which were isolated as described above7.31, 7.22, 7.15 (each 3H), 2.10 (9H), (2-M¢fz)3P. 1°C NMR (75.5

yield 347 mg (95%); mp 63C. EI-MS (70°C): m/e (%) 364 (M, 1),
266 ([(PrP)Pd]", 4). 'H NMR (200 MHz, 27°C) (for CsH100 see
Table 1): ¢ 2.18 (m, 3H, PCH), 1.15 (dd, 18H, Me)iA®. 13C NMR
(50.3 MHz, 27°C) (for GsH100 see Table 1):0 26.9 (3C, PC), 20.8

MHz, 27 °C) (for GsH100 see Table 1):0 142.9, 134.9, 134.0, 132.2,
130.3, 126.4, 22.9, each 3C, (2-MgG)sP.3P NMR (121.5 MHz, 27
°C): see Table 1. §H3;;0PPd (508.9). No elemental analysis was
performed.
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{(PhO)sP} Pd(?5?-CsH1¢0) (30). The synthesis was performed as
for 14, route b, by reacting (tmeda)PdMEg05 mg, 2.00 mmol) with
P(OPh) (621 mg, 2.00 mmol) in diallyl ether (5 mL). The stirred
colorless suspension was slowly heated t0°80 whereupon ethane
evolved (70°C), and the solid dissolved. Cooling from 0 t67/8 °C

Krause et al.

(PrsP)Pd (3>H,C=CHSiMe,),0} (35). (a) From (tmeda)PdMe.
PPr; (320 mg, 2.00 mmol) was added to a suspension of (tmeda)-
PdMe (505 mg, 2.00 mmol) in 5 mL of dvds at30 °C. When the
mixture was warmed to 28C a colorless solution resulted from which
the product crystallized between 0 an@8 °C. The crystals were freed

gave colorless crystals which were isolated as described: yield 980 from the mother liquor, washed twice with cold pentane, and dried

mg (95%); mp 92°C dec.’H NMR (200 MHz, 27°C) (for CsH1,0
see Table 1):6 7.2 (15H), P(OPh) 3P NMR (81 MHz, 27°C): see
Table 1. Anal. Calcd for @H,s04PPd (514.9): C, 55.99; H, 4.89; O,

12.43; P, 6.02; Pd, 20.67. Found: C, 56.14; H, 5.07; P, 6.15; Pd, 20.59.

(‘BUNC)Pd(2n2-CeH100) (31). 'BUNC (0.56 mL, 415 mg, 5.00
mmol) was added to a suspension of Pelf-MeGH,), (1.083 g, 5.00
mmol) in 3 mL of diallyl ether at—78 °C. When the mixture was
warmed to 20°C an intensive yellow solution was obtained. In the
course of 12 h the color changed to dark brown and light brown leaflets
precipitated. These were freed from the mother liquor, washed with
cold pentane, and dried under vacuum-80 °C: vyield 1.12 g (78%).
EI-MS: the compound decomposeti NMR (200 MHz, —30 °C)

(for CeH1¢O see Table 1)8 1.51 (s, 9H), CKBu. 13C NMR (50.3 MHz,
—30 °C) (for CeH100 see Table 1):0 149.2 (1C, &N), 57.1 (1C,
CMe;), 30.6 (3C, Me), CNBu. Anal. Calcd for G;H1gNOPd (287.7):
C, 45.92; H, 6.66; N, 4.87; O, 5.56; Pd, 36.99. Found: C, 45.82; H,

under vacuum (20C): vyield 810 mg (89%)(b) From Pd(P'Pr3),.
Pd(PPr), (223 mg, 0.50 mmol) was dissolved in dvds (3 mL). In the
course 6 2 h some Pd(iPr); precipitated, which was removed by
filtration. Cooling the solution to-78 °C afforded colorless crystals,
which were isolated as described: yield 150 mg (66%); mp8ec.
EI-MS (55 °C): m/e (%) 452 (M, 16), 266 ([(PrP)Pd], 24), 171
([C4HeMesSi,0] ™, 100).*H NMR (200 MHz, 27°C) (for dvds see Table
1): ¢ 2.32 (m, 3H, PCH), 1.20 (dd, 18H, MeRrP. *C NMR (50.3
MHz, 27 °C) (for dvds see Table 1)d 27.1 (3C, PC), 20.5 (6C, Me),
PPr. 3P NMR (81 MHz, 27°C): see Table 1. Anal. Calcd for;@sg-
OPPdSi (453.1): C, 45.07; H, 8.68; O, 3.53; P, 6.84; Pd, 23.49; Si,
12.40. Found: C, 45.25; H, 8.75; P, 6.94; Pd, 23.42; Si, 12.28.
(‘BusP)Pd{ (>-H,C=CHSiMe,),0} (36).To the yellow suspension
of 3 (772 mg, 1.00 mmol) in 5 mL of dvds was added-&20 °C a
solution of BusP (404 mg, 2.00 mmol) in 10 mL of diethyl ether. In

6.70; N, 4.80; Pd, 36.83. In THF, diethyl ether, or pentane the compound the course b1 h acolorless suspension was obtained that was left at

decomposes above30 °C.

(PrsP)Pd@p2,m?-CsH10NH) (32). The synthesis was performed as
for 14, route b, by reacting (tmeda)PdME05 mg, 2.00 mmol) with
PP (320 mg, 2.00 mmol) in diallylamine (5 mL). When the suspension
was warmed to 20C (2 h), ethane evolved and a light green solution
was obtained. The excess of diallylamine was evaporated under vacuu
and the oily residue was dissolved in diethyl ether. After D4-filtration
colorless cubes crystallized at30 °C which were isolated as
described: yield 520 mg (72%); mp 9€. EI-MS (35°C): nm/e (%)

363 (M, 28), 266 ([(PrP)Pd]", 43), 224 ([(PrLPH)Pd]", 43).'H NMR
(400 MHz, 27°C) (for allylic groups of GHioNH, see Table 1):0
1.97 (br, 1H, NH), amine; 2.15 (m, 3H, PCH), 1.17 (dd, 18H, Me),
PrP. 13C NMR (75.5 MHz, 27°C) (for GsHiogNH see Table 1):0
26.9 (3C, PCH), 20.8 (6C, Me®RrP. 3P NMR (121.5 MHz, 27C):

see Table 1. Anal. Calcd for,6H;.,NPPd (363.8): C, 49.52; H, 8.87;
N, 3.85; P, 8.51; Pd, 29.25. Found: C, 49.58; H, 8.81; N, 3.78; P,
8.42; Pd, 29.20.

(PhsP)Pd(®?m%-CeH1oNH) (33). (@) From (tmeda)PdMe. The
synthesis was performed as fb4, route b, by reacting (tmeda)PdMe
(505 mg, 2.00 mmol) with PR{524 mg, 2.00 mmol) in diallylamine
(5 mL). When the suspension was heated to°80(5 min), ethane
evolved and a light green solution resulted. The solution was worked-
up as for32 to afford an almost colorless microcrystalline precipitate
at—78°C: yield 720 mg (77%)(b) From 17. The synthesis followed
that of 25, route c, by reactingl7 (233 mg, 0.50 mmol) with
diallylamine (200 mg, excess) in diethyl ether (5 mL) at°0(2 h).

All volatiles were evaporated in a vacuum and the residue was
recrystallized from diethyl ether~30 °C) to give light ocher cubes:
yield 150 mg (64%); 77C dec. EI-MS: the compound decomposed
and the spectra of¢8l10NH (m/e 97) and PPh(m/e 262) were observed.
IH NMR (300 MHz, 27°C) (for allylic groups of GH1oNH, see Table

1): 6 2.10 (br, 1H, NH), amine; 7:57.3 (15H), PPh 13C NMR (50.3
MHz, 27 °C) (for GsHigNH see Table 1):0 138.7 (3C, Pg), 134.5
(6C, G), 129.7 (s, 3C, §), 128.8 (6C, G), PPh. 3P NMR (81 MHz,

27 °C): see Table 1. Anal. Calcd forH,6NPPd (465.9): C, 61.88;
H, 5.63; N, 3.01; P, 6.65; Pd, 22.84. Found: C, 62.10; H, 5.70; N,
2.90; P, 6.44; Pd, 22.74.

(MesP)Pd{ (y>-H,C=CHSiMe,),0} (34).A solution 0f24 (281 mg,
1.00 mmol) in 5 mL of diethyl ether was treated with dvds (1 mL) at
20°C. All volatiles were evaporated in a vacuum and the oily residue
was recrystallized from pentane af7/8 °C to give colorless cubes,
which were isolated and dried under vacuum (2): yield 300 mg
(81%); mp 34°C. EI-MS (15°C): m/e (%) 368 (M", 19), 182 ([(MgP)-
Pd]", 42), 171 ([GHeMesSO]*, 100).'H NMR (200 MHz, 27°C)

(for dvds see Table 1) 1.38 (d, 9H), PMg **C NMR (50.3 MHz,

27 °C) (for dvds see Table 1)6 18.1 (d, 3C), PMe Anal. Calcd for
C11H7OPPdSi (368.9): C, 35.81; H, 7.38; O, 4.34; P, 8.40; Pd, 28.85;
Si, 15.23. Found: C, 35.63; H, 7.43; P, 8.28; Pd, 28.80.

—78°C (12 h) for complete crystallization. The solid was freed from
the mother liquor, washed twice with cold pentane, and dried under
vacuum at—30 °C: yield 650 mg (66%); mp>100 °C dec. EI-MS
(50°C): mle (%) 494 (M+, <1), 308 ([(BusP)Pd]", <1), 171 ([CGHe-
MesSi,0]*, 100).*H NMR (300 MHz, —80 °C) (for dvds see Table

M): ¢ 1.58 (9H), 1.37 (18H)BusP. 3C NMR (75.5 MHz,—80 °C)

(for dvds see Table 1)0 39.7 (3C, PC), 35.4 (6C, Me), 28.7 (3C,
Me), 'BusP. 3P NMR (81 MHz,—30 °C): see Table 1. Anal. Calcd
for CyoH4sOPPdSi (495.1): C, 48.52; H, 9.16; O, 3.23; P, 6.26; Pd,
21.49; Si, 11.34. Found: C, 48.78; H, 9.10; P, 6.17; Pd, 21.29; Si,
11.43.

(PhsP)Pd{ (y?-H,C=CHSiMe,),0} (37).A solution of17 (232 mg,
0.50 mmol) in diethyl ether (5 mL) was treated with 0.5 mL of dvds.
After 1 h the volatiles were evaporated in a vacuum and the residue
was recrystallized {78 °C) from a small volume of ether to give
colorless intergrown cubes: yield 210 mg (80%). EI-MS: the compound
decomposed and the spectra of dvdge(186) and PPh(m/e 262)
were observedH NMR (300 MHz, 27°C) (for dvds see Table 1)§

7.43 (3H), 7.37 (12H), PRh**C NMR (75.5 MHz, 27°C) (for dvds
see Table 1):6 137.6 (3C,XJ(PC) = 29 Hz, PG), 134.3 (6C, @),
130.1 (3C, G), 129.0 (6C, G), PPh. %P NMR (121.5 MHz, 27°C):
see Table 1. &H3:OPPdSi (555.1). No elemental analysis was
performed.

{(2-MeCgsH,)3P} Pd(dvds) (38).The synthesis followed that &9
by reacting (tmeda)PdM&126 mg, 0.50 mmol) with R{tolyl)s (152
mg, 0.50 mmol) in 5 mL of dvds (20C). The complex was isolated
by evaporating the solvent: yield 280 migd NMR (300 MHz, 27
°C) (for dvds see Table 1) 7.46, 7.25, 7.17, 7.13 (each 3H), 2.00
(9H), (2-MeGH4)3P.*C NMR (75.5 MHz, 27°C) (for dvds see Table
1): o 142.9, 135.0, 133.4, 132.3, 130.4, 126.3, 23.0, each 3C,
(2-MeGsHa)aP. 3P NMR (121.5 MHz, 27°C): see Table 1. §Hao
OPPdSi (597.2). No elemental analysis was performed. In an inert
solvent the compound slowly decomposes at@0

(MesP)Pt(n2n?-C7H12) (39). A solution of 12 in pentane (5 mL),
obtained from4 (204 mg, 0.30 mmol) and ethene at®, was combined
with a solution of PMe (46 mg, 0.60 mmol) in 2 mL of pentane at
—78 °C. In the course of several hours yellow brownish crystals
separated, which were isolated by filtration and dried under high vacuum
at —30 °C: yield 70 mg (32%); mp 42C. EI-MS (10°C): m/e (%)
367 (M*, 63), 365 ([M — 2H]*, 50), 363 (M — 4H]*, 81), 271
([(MesP)Pt]", 100).*H NMR (300 MHz, 27°C) (for C;H1, see Table
1): 6 1.51 (d, 9H, PMg). 3C NMR (75.5 MHz, 27°C) (for C;Hy, see
Table 1): 6 19.3 (3C,2J(**PtC) = 52 Hz, PMe). 3P NMR (121.5
MHz, 27 °C): see Table 1. Anal. Calcd for.84.:PPt (367.3): C,
32.70; H, 5.76; P, 8.43; Pt, 53.11. Found: P, 8.96; Pt, 53.65.
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(PrsP)Pt(?3%-C7H12) (40). A suspension of (339 mg, 0.50 mmol) (PhsP)Pt(%n%-C+H12) (41). The synthesis was carried out as for
in diethyl ether (5 mL) was treated with a solution'BfsP (262 mg, 40 by starting from4 (339 mg, 0.50 mmol) and PRI262 mg, 1.00
1.00 mmol) in diethyl ether (5 mL) at 28C. When the mixture was ~ mmol). Yellow intergrown crystals were obtained: yield 470 mg (85%);
stirred for 10 min an orange solution was obtained which was filtered gtﬁ)+1é;)°3c>:7§e(([:(cfL“/IID?Fftl}*Z%():)lSZV?FEZ))ES)537§;N?QI}|0)13(5))71(|E|(Z?\L|D|)Q
: o [l ’ 2 3 ’ ’ i .
It-hrough a D4 glas fritt. At=78°C orange crystals separated. The mother (400 MHz, 27°C) ?for ity see Table 1):0 7.40 ?GH), 7.30 (9H).
iquor was cannulated away from the crystals and the product was

PPh. 13C NMR (50.3 MHz, 27°C) (f H Table 1):0 137.
washed with some cold pentane and dried under vacuum ac20 (3Ch P3QC) 134 55(%(3: o) 2'130 2(:23(00rc§):7 1122§§e(6§bé) )P(;hilg
yield 360 mg (80%); mp 75C. EI-MS (43°C): nve (%) 451 (M", NMR (81 MHz, 27°C): see Table 1. Anal. Calcd for ,@i,PPt

55), 408 ([M— CsH7]*, 69), 355 ([(PrsP)Pt]", 11)."H NMR (400 MHz, (553.5): C, 54.23; H, 4.92; P, 5.60; Pt, 35.25. Found: C, 54.36; H,
27 °C) (for C/H1, see Table 1):6 2.42 (m, 3H, PCH), 1.17 (dd, 18H, 4.97; P, 5.56; Pt, 35.19.

Me), PPrz. 33C NMR (50.3 MHz, 27°C) (for C;H;, see Table 1):0
28.0 (3C, PCH), 20.3 (6C, Me),. 3P NMR (81 MHz, 27°C): see
Table 1. Anal. Calcd for GHssPPt (451.5): C, 42.56; H, 7.37; P, 6.86;
Pt, 43.21. Found: C, 42.44; H, 7.38; P, 6.87; Pt, 43.28. JA983939H
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