JIAIC[S

COMMUNICATIONS

Published on Web 07/10/2004

Cobalt-Mediated Two-Carbon Ring Expansion of Five-Membered Rings.
Electrophilic Carbon —Carbon Bond Activation in the Synthesis of
Seven-Membered Rings

Trevor L. Dzwiniel and Jeffrey M. Stryker*
Department of Chemistry, Unérsity of Alberta, Edmonton, Alberta, Canada T6G 2G2

Received April 14, 2004; E-mail: jeff.stryker@ualberta.ca

Transition metal-mediated carbenarbon o-bond activation Scheme 1

remains a fundamental challenge in organometallic chemistry, cp cp cp CIP‘

particularly for substrates not specifically imbued with structural Hech+ " Sof ——— M ot " Co*

characteristics favorable to carbecarbon bond scission. Nonethe- ’z|>_' >/él> R=Me.H RX ) - )CI
. . R H

less, new systems and contexts continue to be uncovered, with R

. . . . . L. I I
recurrent themes of oxidative insertion and substrate predisposition

(ring strain, incipient aromatic stabilization, activating functionality, leading to isomer<’a—c is photoinduced; no isomerization is

and/or directing groups) complementing nonoxidative processes gpserved in either direction at room temperature in the absence of
typically involving -alkyl elimination!~2 More recently, a non- irradiation.

oxidative metal-assisted acidolysis pathway has been docuntfented.

We previously reported unanticipated carb@arbon bond
activation during certain cobalt-mediated allyl/alkyne cycloaddition \@t 1 @R \@* \Q(H
- Co +

reactions, leading in some cases to anomalously substiifted £ -~ i Co @)
cycloheptadienyl products (eq 1) and, in others, to the activation X 7 90-99% @R @\H
of ancillary cyclopentadienyl ligands (eq . R=H () Me(b), Bu(c) 2 2
Protonation of complexedwith HBF,-OEt, at low temperature
T~ OTf in the presence of excess 2-butyne provides ring-expanded
/%A Me———Me Medc" ) o cycloheptadienyl complexe3a—c in reasonable isolated yields
— 81% MeQ (Table 1, entries £3).°711 These results suggest that after proto-
Me Me nation, hydride migration to the less substituted ring in complexes
Me _— 2" is rapid and favorable, leading to a singjé-cyclopentenyl
— Me™ L o intermediaté? Similar ligand exchange using 1,2-dimethylcyclo-

el N e
Lo 43%

. y @ pentadien® 1d followed directly by in situ protonation in the
r e

presence of 2-butyne leads to 2,3,8)6)-tetramethylcyclohepta-
dienyl complex3d, albeit in low yield (entry 4). This product,
spectroscopically identical to that obtained from allyl/2-butyne

Although detailed mechanisms remain undetermined, these qcinaddition (eq 1), strongly supports the competency of inter-
unusual transformations have been rationalized by invoking agostic o giatel (R = Me, Cp = CsMes) in the anomalous [3 2 + 2]

n°-cyclopentenyl intermediates (e.d., Scheme 1), which subse- cycloadditior®
quently undergo alkyne insertion and ring expansion at or below " ¢ ring expansion of complek could not be generalized to

room temperatureAn analogous agostic 1-ethyf-cyclopentenyl  gher alkynes, arguably due to the limited steric accessibility of
complex has been reported that converts at elevated temperaturgne metal center. The use of smaller ancillary ligands was thus
to an acyclicy>-pentadienyl complex by carberearbon bond  ipyestigated, beginning with the unsubstituted complgx@sHs)-
activation’ Co(@y*-CsHg).1* All attempts to induce ring expansion by protonation

On the basis of this hypothesis, we considered that independentof this complex in the presence of alkyne returned only cobalto-
generation ofy3-cyclopentenyl complexel in the presence of cenium complex, #5-CsHs),Cot BF,~.15:16
alkyne should also lead tg-cycloheptadienyl formation, providing The incorporation of even one substituent into the system,
new methodology to convert readily available five-membered rings however, results in a transformation of surprising generality. Thus,
to seven-membered rings, an unprecedented transformation ofprotonation of either the methyl- ¢ert-butyl-substituted complexes
considerable potential utility in synthesis. (175-CsHs)Co(7*-RGsHs) (R = Me, 4a; tert-Bu, 4b)17 in the presence

In this communication, we report the realization of this new ring  of a range of alkynes provides-cycloheptadienyl complexéga—d
expansion, accessing the required intermediates by protonation ofand6a—f in good to excellent yields after purification by chroma-
n*-cyclopentadiene cobalt complexes in the presence of alkyne. tography on silica gel (Table 2).
Thus, diene complexe&/2 were prepared by photochemical The reaction proceeds with remarkable regioselectivity, giving
exchange of cyclopentadienga—c for the ethylene ligands of (€ disubstituted;>-cycloheptadienyl products from preferential activa-
Mes)Co(GH.)2 (eq 3)? thermal substitution requires elevated tion of the unsubstituted cyclopentadienyl ring. The reactions of
temperature and leads to intractable product mixtures. Photolysismethylcyclopentadiene complefa provide higher yields, but
provides each product as a mixture of isomees-c/2’a—c in a insertion of terminal alkyne leads to product mixtures arising from
ratio highly dependent on irradiation time. The hydride migration competitive activation of the more substituted ring (entry 8). Higher
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Table 1. Ring Expansion of Coordinated Cyclopentadienes?

Alkyne Product(s) Yield®

under investigation. This unexpected new ring expansion reaction
raises considerable promise for the use of electrophilic late transition
metals in other synthetically valuable processes involving carbon
carbon bond activation.
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