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Unactivated olefins and acetylenes have long been recognized

as latent functional groups compatible with many traditional
methods of G-C bond-forming reactions that use nucleophilic
and electrophilic reagents.Since activation of these function-

alities for further reactions is best carried out with transition metal

reagents, advantages associated with such a process can be brought |
to bear on the subsequent chemistry even at late stages in a

synthesig. In this context, two of the most important attributes
relevant to synthetic efficiency are the potential for developing
catalytic processes and ligand modification for control of product

stereochemistry. One reaction that has received considerable

attention is cyclization of eneynes mediated by low valent Zr,
Ti, and P> For the Pd-catalyzed reaction, two principal

mechanistic possibilities have been advanced (Scheme 1), (a)

involvement of a palladacycle or (b) in situ formation of gL
Pd—-H]* (L = ligand) followed by hydropalladation and subse-
quent carbapalladation. Ligand-dependent formation of stereo-
and regioisomef8 as well as an examgleof enantioselective
catalysis of eneyne cycloisomerization have been recorded.

In contrast, very little attentidnhas been paid to the corre-
sponding Ni or Pdzatalyzedcyclization of a,w-dienes, even
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Scheme 1.Metal-Catalyzed Eneyne Cyclization
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Scheme 2.[Ni-H] *-Mediated Hydrovinylation of Vinylarenes
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Scheme 3.Intramolecular Hydrovinylation oé,,w-Dienes
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erodimerization of ethylene and vinylarenes (Schem@ Zjere
we report the first examples of an intramolecular version of this
reaction®®

When a cold CHCI, solution of diO-methyl diallylmalonate
(2) is treated with 0.05 equiv of Ni catalyst prepared from [Ni-

though the availability of starting materials and the diminished (allyl)Br],, tri-4-methoxyphenylphosphine, and AgOTf, excellent
Lewis acidity of these metals (visaas early transition metals)  conversion of starting material to a methylenecyclopentane
should make this process a very attractive one for developmentensues (Scheme 3). The cyclization reaction can be carried out
of highly catalytic reaction®. This is especially true for substrates  with [Pd(allyl)Cl], dimer in place of the corresponding Ni salt
that contain heteroatoms such as O, N, and S, where the use o{Table 1, entry 2). Not surprisingly, the palladium-catalyzed

near-stoichiometric amounts of Ti or Zr catalyst in addition to
several equivalents of trapping/reducing agents is rodtiHe.
Recently we have been interested in the applications of well-
defined Pd(2) and Ni(2+) monohydrides olefins. For example,
we recently reported a new procedure for asymmetric het-
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reactions are slower and varying amounts of methylenecyclopen-
tane produc® and an isomeB, in which the double bond has
undergone migration to the endocyclic position, are produced in
91% isolated yield.With regard to functional group compatibility

of the present method, it is important to point out that &fi¥e-
(THF) failed to effect cyclization reaction of this substré&te
Likewise, other methods based on,Zp’#¢%1and CpScH*°are

also likely to be incompatible with this and similar substrates
with ester groups. Note that the products obtained are similar to
those from a Pd-catalyzedductive cyclizationof eneynes in the
presence of a polymeric silicon hydriéfe.

Further scope and limitations of the reaction are illustrated in
Table 1 with a carefully chosen list of other dienes with sensitive
functional groups and heteroatoms. Typically, a number of
substituted arylphosphine ligands with both [Pd(allyl)Bhd
[Ni(allyl)Br)] . were scouted for each reaction. In general,
monosubstituted olefins gave the best results, even though under
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Table 1. Ni- and Pd-Catalyzed Cyclization of 1,6-Dienes Scheme 4.Chemo- and Regioselectivity of the Cyclization
Entry  Substrate Metal/Conditions F i Product(s) (% yield) H
. o/\/ [(allyl)NiBr],, 5 mol%) o oisomer? (<2%)
E o B _—_— + regioisomer? (<2%)
1 E><:\: <(—N|2r ':‘ggglazh (4-MeO-CgHy)sP E><:\( (92%)*° \sh/\ 5:9319_8235:4:‘3;’-
64 % Ph
2.5 mol% 2 8 64%) 9 (cisftrans 1:1)
E /\/
E A~ Lpd" AgOTH24h %)50 @ ?
2 E><:/\ <( FJd‘/é ng,CH;CIz @Me-CohalsP e o1 Ph __(same as above, 4 h) Ph + (regioisomer ~5 %)
5 mol% @0 3o I 1%
£ P 10 "
5 @ Lral AgOTh72h (oMeo-caraPPh E>@:: E>®C _ o
S \ % ncHiCk T E Scheme 5.Mechanism of Intramolecular Hydrovinylation
{Z/E-mixtures) 5 mol% 4017) 50 (90% )b . .
/V/ <(_NT,/ ( CL
- _pg AgOTt, 24h Ts—N Ts=N ~ S\
4 Ts N < Pd/é rt:qCHzCzI: PPhy s /\:\C s Q N L <(—NT\\ /\;\/I L P
a) 5 mol% 662  7(18) (90%°° L " -
b) 5 mol% (2-Me-CeHg)sP (38) (62) (92%)*® q/ LMH &M*—L - [L-M*-H] <I
—_— S —0 . —_—
o <(—Ni’Br AgOTH24h 4 MeO-CeHo)oP Ts—N X & q/"""-
by 1CH.CL shals
2
5 mol% o) out with Ni catalyst, since Pd catalyst gave diminished yields of
o u j\ productst® Even though the yields of the reactions are only
5 pn)l\nc\/ <(—p% RISTIGER (@ Mo-CatlsP Py N\/:\( o moderate, it is surprising that the sensitive allyl ether functionality
= © fﬁ survives the reaction conditions. There aeknown examples
mol % . . . . . .
o o of low-valent Zr-mediated (catalyzed or stoichiometric) cyclization
o PN <(-p9 TP 2 MeCaP {no reaction) of substrates having an allyloxy group. The highly reducing
Smore conditions involving low-valent GZr is incompatible with this
" functional group'® Note that the reaction is highly chemo- and

regioselective. However, cyclic produZis obtained as a mixture

« o <( B agott, 244 O;L/
7. (=N \ y (64)* . A .
™ % MCHO,  (HOMeCani? of cis and trans (1:1) isomers. Substra@gave an exceptionally

1] 5 mol% (5, crans 121 clean reaction leading tbl in 95% isomeric purity. In each case,

S~ . o o formation of the indicated regioisomeric product can be rational-
R N niy RGN womecHap ized by initial addition of the presumed LNH intermediate (vide
&0 2 b b @ infra) to the less hindered olefin. Even when there is the
smet % 12, varelas 1) (19, ransicst/y possibility of an auxiliary coordination, (e.g., entry 8) the expected
(12132457 regioisomerl?2 is still the major product.
The mechanism of reaction remains speculative at present. One
a1solated yield of pure (GC) productRatios determined by GC.  |ikely scenari8!7 involves the formation of a metal hydride

¢No cyclization was observed with Ni cataly8tSubstrate yielded (Scheme 5), followed by hydrometallation, cyclization, and

mixture of products, with only trace amounts of 5-membered furan ; At
product formed when treated with Pd catalysbubstrate decomposed reductive elimination (see Scheme 1, path b). We have observed

when treated with Pd catalydtRatios determined bjH NMR. that a number of (aIIyI)Ni(X)(phc_)sphinE_,') C_omplexes _used in _this
study are excellent catalysts for isomerization of terminal ol&fins

more forcing conditions disubstituted olefins will participate in  t0 internal olefins, a reaction characteristic of metal hydrides.
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Tthe re.m?)rkatbl.ﬁ futncilogal %LOUpgotm?atlbmty O.f thlsl(l:al'talg,?t (19) (a) Parshall, G. W.; Ittel, S. Blomogeneous Catalysignd ed.; John
Sys e_m 'S_ est | US_ rated with substrates carr_ylng allyl e _er Wiley: New York, 1992. (b) Evans, D.; Osborn, J.; Wilkinson, 5 Chem.
functionality shown in Scheme 4. These reactions are carried Soc. A1968 3133. (c) Casey, C. P.; Cyr, C. B.Am. Chem. S0d.973 95,
2248. (d) For HNfLs-mediated olefin isomerization, see: Tolman, C. A.;

(15) For another approach to tetrahydrofurans from eneynes see: Trost,McKinney, R. J.; Seidel, W. C.; Druliner, J. D.; Stevens, W.A®y. Catal.

B. M.; Edstrom, E. D.; Carter-Petillo, M. Bl. Org. Chem1989 54, 4489. 1985 33, 1.

Supporting Information Available: Details of experimental proce-




