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Carbon-carbon bond activation is mediated by transition /4@ Q| ~ X Qv

Scheme 2

metals in a range of context8.Many take advantage of an CO_//«\/R . Me G0 —“’ Me _(|7_
unsaturated electrophilic metal center, where the electron defi- 16 Me@s ~ Me—{
ciency promotes3-alkyl elimination type reaction®® In this LR=H Me Me Me
contribution, we report an unprecedented class of carlearbon . x 2w \iv 3
bond activation reactions, using an electrophilic late transition \ BFy)

metal to induce the ring-opening of coordinated cyclopentenyl \Q oTF \Q

rings, including some derived in situ from simpjé-cyclopen- Me Sot Ve Ve, Co

tadienyl ligands. The ring cleavage is integrated into “anomalous” Ve & ¢ Me@
[3 + 2 + 2] allyl/alkyne cycloaddition reactions, which lead to :A \

the formation ofi;>-cycloheptadienyl complexes bearing substitu- 6 Me 4

tion patterns diffgrent from those obtaineq from “normal” gllyl/ a Conditions: i. (R= H) 2-butyne (xs), CkCly, —78°C — RT, 12 h,
alkyne cycloadditiort. The net transformation of an unstrained gqo4-ii NaH. THE. RT. 10h. 77%: iii. HBFELO, E6O, RT, 99%: iv,
five-membered ring into a seven-membered ring by selective | jgt,BH, THF, —78 °C — RT, 10 h, 53%; v. (R= Me) 2-butyne (xs)
alkyne insertion provides a conceptual model for the development cr,CH,0OH, 55°C, 7 h, 78%.

of novel metal-mediated ring expansion reactions.

Allyl/alkyne [3 + 2 + 2] cycloadditions producg®-cyclohep- troscopy and by the characterization of derivatig&snd 4
tadienyl complexes in both the pentamethylcyclopentadienyl prepared by deprotonation and hydride addition (Schen$é2).
iridium and cobalt seriesThe substitution patterns obtained from Two rearrangement processes can be proposed to rationalize
these reactions are best rationalized on the basis of the mechanistithe observed products: (i) specific migration of methyl substit-
outline presented in Scheme 1. Thus, sequential alkyne insertionsuents along the ring periphery or (i) skeletal reorganization of

(I — NI') occur prior to cyclizationI{l — 1V), providing 7° the carbon framework, either prior to or after cyclization. Neither
cycloheptadienyl derivatives in which the alkyne-derived sub- of these proposals connotes any mechanistic detail and neither is
stituents are located on contiguous positibitswas, therefore, readily accommodated by standard mechanistic arguments. The
perplexing to obtain th@on-contiguously substitutegb-cyclo- reaction using doubly3C-labeled 2-butyné&!* however, yields

heptadienyl complexezand6 from the reactions of®-allyl and quadruply labeleg®-tetramethylcycloheptadienyl compl@xC,
n3-crotyl complexed and5, respectively, with 2-butyne (Scheme  (eq 1) demonstrating that the methyl substituents remain bonded
2)8 Compounds2 and 6 were obtained in high yiefdand to the alkyne carbon atoms throughout the reaction.
unambiguously characterized by two-dimensional NMR spec-
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(3) Additional references are provided in the Supporting Information. TO -78 °C—RT Bl
(4) Lanthanide/early transition metals: (a) Watson, P. L.; Parshall, G. W. 1 MeMe
Acc. Chem. Re4.985 18, 51. (b) Bercaw, J. BPure Appl. Chem199Q 62, 2-3¢,

1151. Burger, B. J.; Thompson, M.; Cotter, D.; Bercaw, JJEAmM. Chem.

Soc.199Q 112, 1566. (c) Horton, A. D.Organometallics1996 15, 2675.

Etienne, M.; Mathieu, R.; Donnadieu, B. Am. Chem. Sod997, 119, 3218. ~ The skeletal rearrangement can be suppressed by subtle changes
(d) Eshuis, J. J. W.; Tan, Y. Y.; Meetsma, A.; Teuben, J. H.; Renkema, J.; in alkyne reactivity: the reaction of compléwith cyclooctyne

Evens, G. GOrganometallics1992 11, 362. (e) Mise, T.; Kageyama, A.; i i “ ” - i i i
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(7) The exact position of the substituents is dependent on the nature of thelabeled L;C, using dimethylsulfate in HMPA. Complete experimental details
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provide the final product. (12) The reaction of complef with excess diphenylacetylene or 4,4-
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are provided as Supporting Information. providing #°-cyclopentadienyl products by [8 2] cycloaddition'®
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aConditions: i. R=H: 2-butyne (xs), CECH.OH, 60°C, 12 h, 54%;
R = Me: same as for R= H, but followed by KPF, H,0, 39%. ii. R=
H: 2-butyne (xs), AgBE, acetone;~78 °C — RT, 12 h, 6%; R= Me:
2-butyne (xs), CECH,OH, 55°C, 7h; then KPE, 43%.

provide 75-dimethylcyclopentadienytomplexes14® and 15°
containingz®-cycloheptadienyl ring systems desd from ring
expansion of the origina}®-cyclopentadienyl ang®>methylcy-
clopentadienyl ancillary ligand* Two mechanistic features can

be deduced from these unexpected but illuminating results: (i)

cyclization of the vinyl olefin intermediate (cfll,) can be faster
than incorporation of the second alkyd¥ even in reactions that
give cycloheptadienyl productand (ii) electrophilic cobalt(lll)
is capable of activating carbeitarbon bonds in coordinated five-
membered rings under very mild conditio§§ hus, the allyl and

one alkyne cyclize to form the dimethylcyclopentadienyl ligands

in complexesl4 and 15, transferring two hydrogen atoms to the

original cyclopentadienyl ring, which then undergoes alkyne

insertion and carboncarbon bond cleavage.
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proceeds via alkyne insertion, providing a second vinyl olefin
intermediateVIIl , which undergoes activation of the carbon
carbon bond adjacent to the coordinated olefin. TReyclo-
heptadienyl product then results from a 1,2-migration of the vinyl
ligand®® The strongly electrophilic cobalt center and the con-
strained geometry of complédll may act in concert to promote
carbon-carbon bond activation, perhaps by distorting the olefin
coordination toward the illustrated carbocationic canonical. Scis-

An integrated mechanistic hypothesis consistent with these Sion of the proximap-carbon bond then benefits from stabilization
results can be constructed. At the vinyl olefin stage (Scheme 4), ©f the incipient carbocation by electron donation from the metal.

an initial kinetic partition selects between {32 + 2] cycload-
dition (path @) and [3 + 2] cyclization to form an'n?*
cyclopentenyl ligand (path). After g-hydride elimination along

The selective cleavage of the less substituted cyclopentenyl ring
suggests thaVll (Cg = CsHs, MeGH,) and VIl ' equilibrate
completely, with the cleavage controlled by the relative rates of

the latter pathway, a second kinetic partition determines whether alkyne insertion.

the new cyclopentenyl ligand or the “ancillary” cyclopentadienyl
ligand transforms into th@®-cycloheptadienyl ring. Reinsertion
of the hydride (patic) leads toz3-cyclopentenyl intermediate
VIl .17 Alternatively, migration of the hydride to thg®-cyclo-
pentadienyl ligand (patd, Scheme 5) provides a bigtdiene)
intermediate that equilibrates to the transpogédyclopentenyl
complexVII'. Both n3-cyclopentenyl intermediates react with
alkyne to formn®-cycloheptadienyl products, as illustrated for

complex VIl (Scheme 4). This transformation, we propose,
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(14) The conversion of either compleb2 or the corresponding triflate

complex to 14 proceeds in low yield regardless of conditions.

(15) The selective formation of five-membered ring products even in the
presence of excess alkyne has also been noted for ruthenium-mediated allyl/

alkyne cycloadditions using sterically large alkyt#éand for cobalt-mediated
reactions conducted in a coordinating solv&ree

(16) SpenceéP has established that a related agosfecyclopentenyl
complex of cobalt undergoes ring-opening to an acyeftepentadienyl
complex at elevated temperature. No trace of acyglipentadienyl products

are observed in the present system, even under conditions of alkyne deficiency.

(17) Unsaturatedy®-cyclopentenyl intermediateéll andVIl ' are almost
certainly stabilized by agostic-€H interaction$?

(18) Alkyl/alkylidene 1,2-migration: Casty, G. L.; Stryker, J. @rga-
nometallics1997 16, 3083 and references therein.

Consistent with this proposal, the sterically crowded penta-
methylcyclopentadienyl vinyl olefin intermediates undergo cy-
clization faster than alkyne insertion; however, the permethylated
ring resists disruption and the reaction proceeds along pathway
c. In the sterically more accessible cyclopentadienyl and meth-
ylcyclopentadienyl series, the terminal methyl substituent present
in the crotyl-derived vinyl olefin complex inhibits initial cycliza-
tion, leading to selective formation of normal [8 2 + 2]
cycloadducts. The use of termiffabr highly reactive alkynes
also favors sequential double insertion. It is nonetheless remark-
able that all three pathways leaditocycloheptadienyl products,
via two mechanistically distinct processes: {8 2 + 2]
cycloaddition and [5+ 2] ring expansion. The latter can perhaps
be cast as a metal-induced Wagnbteerwein rearrangement,
in which the electron-deficient metal weakens the carbocyclic
framework and directs subsequent transformations. Detailed
mechanistic and synthetic investigations are in progress.

Acknowledgment. We thank Dr. T. Nakashima and Mr. G. Bigam
for assistance with NMR spectroscopy. Financial support from NSERC
of Canada, the University of Alberta, and a generous grarf@fH,
from Cambridge Isotopes Laboratory is gratefully acknowledged.

Supporting Information Available: Experimental procedures and
complete spectroscopic and analytical data for all new compounds (PDF).
This material is available free of charge via the Internet at http://pubs.acs.org.

JA992598K



