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Transition metal catalysis provides many elegant entries to Table 1

medium ring systems via cycloadditions that are either unavailable

entry substrate product, yield (dr)
or inefficient by noncatalyzed thermal counterparts. For example,
efficient metal-catalyzed or promoted f4 4], [5 + 2], [6 + 2], MeOsC == ~Si(CH)s
[6+4],[4+2+2],[5+2+ 1], and [2+ 2 + 2 + 1] cyclo- 1 MeO,0 M9020><:©
additions have been developed in recent yéak&ender recently \ MeO2C
reported the first examples of a new f4 2 + 1] cycloaddition 1a \ H )

. . : ) 2a,76 % (13:1)
process involving alkynes, dienes, and carbon monoxide, although Si(CHy)a
yields were low since [4+ 2] and [2 + 2 + 1] pathways = N
predominated. The stoichiometric [4+ 2 + 1] cycloaddition of 2 Tos-N TOS_N(:I(D
molybdenum Fischer carbene complexes to dienes tethered with \ H
alkynes is known, although there are considerable substrate b \ 2b, 68 % (>95:5)
restrictions with both reaction partnérKelated [4+ 3] catalytic _ Si(CHa)s
cycloadditions involving diazoacetates have been extensively 2 \
developed, and two examples of fully intramolecular catalytic 3 o 0<:©
[4 + 2 + 1] diazoacetate-mediated cycloadditions have been \_\\_\ H
reportec® To our knowledge, the only partially intermolecular, Tc N 2¢,65% (10:1)
catalytic [4+ 2 + 1] cycloadditions known are the studies from HyC .
Wender that afforded< 20% yield of seven-membered ring MeO.C ==—CH,4 SiCHgls
products as minor components of the reaction mixture. 4 MeOZC MeQ,C

To fill this void in the synthesis of seven-membered rings, we 2 \ MeG,C

have explored the development of catalyticf42 + 1] cycload- 1d \ 2d 78‘!2 (-95:5)
ditions of diazoalkanes with dienes tethered to alkynes. Given our ' |
longstanding interest in nickel chemistignd the paucity of useful HiC Si(CHs)
synthetic procedures that involve carbene insertions with nickel /= Chs N o2
catalysis’~° we examined the behavior of Ni(COP) the desired 5 © 0

[4 + 2 + 1] transformation. Thus, exposure of a mixture of unsat- 1e \ H

urated precursolia and trimethylsilyldiazomethane (2 equiv) to N 2e, 62 % (16:1)

10 mol % Ni(COD} in THF at 60°C led to the efficient production _ Si(CHy)q
of bicyclo-[3.5.0]-decan€a in 76% yield as a 13:1 mixture of o’ _ \
diastereomers. Remarkable selectivity for production of the 4 6 \ 0 ''CHg
+ 1] adduct over alternate [# 2], [4 + 1], [2 + 1], [2 + 2 + 1], 1t \ H
[2+ 2+ 2], [4+ 4], or [4+ 2+ 2] cycloaddition modes was CH, 2f, 45 % (4:1)
noted! Given the exquisite chemoselectivity of this transformation, H,C i

. - . — Si(CHg)
we have carried out a preliminary study of the scope of this new /—=—"CHs .
reaction. 7 o O/\\/'(:> "' CHs
\ \ '
MeOCy/ NCHSICHIs o0 o ><:©3'(CH3)3 o CHs 29,49 (695
MeOoC Ni(COD _ 3 Si(CH
\ \ (10(mol 2/5) Me0.C H . O/TCHG %:2 (CHals
1a THF, 60 °C O,
2a, 76 % (13:1)

Our initial studies have focused exclusively on the use of TMS

CHy
Ph>_H
1h

ph H CH,
2h, 74 % (>95:5)

diazomethane given its ease of handling and the synthetic utility

of the product allyl silanes (Table 1). In addition to a malonate- also effective participants, as evidenced by the generation of
derived substrate (entry 1), we examined the preparation of products2d, 2e 2g, and2h (entries 4, 5, 7, 8). Substitution on
heterocyclic structures. Nitrogen-containing substtitgenerated either the diene terminus (entries 6 and 7) or an internal position
product2b in 68% yield in greater than 95:5 dr (entry 2), and of the diene (entry 8) was acceptable. Substitution within the tether
oxygen-containing substrale generated produécin 65% yield chain was also tolerated with excellent resulting diastereoselectivity
as a 10:1 ratio of diastereomers (entry 3). Internal alkynes were (entry 8).
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The allyl silane handle installed in the cycloaddition process is
potentially useful in a variety of post-cycloaddition manipulations.
However, in this initial study, we have only examined simple
desilylation. Interestinglyn-BuyNF-mediated desilylation proceeds
without alkene migration to generate prod@¢fawhereas proto-
desilylation of2a with BFs/HOAc proceeds with allylic transposi-
tion to generate produetl% Thus, desilylated produc® and 4
may be selectively prepared according to the reaction conditions
chosen, although produdtwas prepared as a 3:1 ratio of isomers
favoring the cis isomer.

nBuyNF MeO,C
THF,60°C  MeOC
8 °/o H
\‘Si (CH3)s 3
MeO>C
MeO,C H
H \ BF32HOAC Me OZC
2a
CHCh,t ~ MeOC
80 % (3:1) H
4

The mechanism of this novel cycloaddition process is unclear
at this stage. In analogy to stoichiometric molybdenum carbene-
mediated dienyne cyclizatiohs and catalytic ruthenium-mediated
cyclizations of enyne¥ the mechanism could involve formation
of a nickel carbene intermediaiefollowed by a metathesis cascade
to generate metallacyclobutafieRearrangement d§ to 7 would
allow direct production oR upon reductive elimination. Alterna-
tively, reductive elimination 06 to produce8, followed by Cope
rearrangement, would afford prod&$>13In a completely distinct
mechanism, oxidative cyclization of nickel(0) with dienyheould
allow production of metallacycloheptadiefig* Carbene insertion
into either metal carbon bond &fto generate metallacyclé (or
its regioisomer) followed by reductive elimination would afford
product2. Further study will be directed toward elucidating these
mechanistic issues.

In summary, a novel, nickel-catalyzed442 + 1] cycloaddition

of a diazoalkane, diene, and alkyne has been developed, and a

preparatively useful, chemoselective entry to seven-membered rings
is provided. Although numerous mechanistic issues have yet to be
established, these studies suggest that nickel carbene intermediates
may be useful mediators of cascade metathesis entries to function-
alized medium rings. We are actively pursuing further developments
in this area.
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