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Transition metal alkynyb-complexes are among the mainstay Table 2. Rhodium-Catalyzed Alkylative Cyclization of lodoenynes?
organometallics that are of broad utility in organic synthédike
sp-hybridized carboametal bond of such complexes reacts with
electrophiles typically through the-carbon to effect alkynylation
under metal catalysi&® An alternative pathway of metal alkynyls
involves a reaction of th@-carbon that leads to the formation of a Bn
metal alkenylidene (vinylidene) species (Scheme 1). Unlike the alkyn-
ylation process, however, this type of reactivity has been established 2
only in stoichiometric settings, requiring a preformed metal alkynyl H
and a separate step for demetalation of the resulting alkenylidene
complex*> Despite its conceivable synthetic value, a catalytic 3 7
protocol accomplishing bond formation based on this modality H "
remains to be developéd\oting the feasibility of the generation
and turnover of metal alkynyls and alkenylidenes via catalytic I -
mechanismg,we envisioned a tandem process that could couple ;ﬁ
these events with A-alkylation as mediated by a single catalyst.
This process would enable multiple-€ bond formations to occur Il
at both theo- andg-positions of alkynes in one synthetic operation. 5 \L 11
In this communication, we report a tandem cyclization of terminal Ts
alkynes that provides expedient access to fused ring systems via
combined rhodium alkynyl/alkenylidene-mediated catalysis. 6 I f 13

In light of our previous experience in the Rh(l)-catalyzed enyne °
cycloisomerizatior§, the present study was initiated by examining

entry reactant product yield®
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Table 1. Rhodium-Catalyzed Alkylative Cyclization of Enyne 12
X

N
o

I -
3 mol % [Rh(COD)CI], MOMO 9' \I\O 19 81%

MOMO 12 mol % ligand

H

2 equiv base

\_\ DMF, 85 °C, 14 h |
\ 101 19 A% /Q/ 21 65%
o

1aX=|
1b X = Br 2
1c X=0Ts

a All reactions were performed with 0.20 mmol of substrate, 0.40 mmol
entry X ligand base yield (%)° of TEA, 3 mol % of [Rh(COD)CI}, and 12 mol % of P(4-F-gH4)3 at 85
°C in DMF (0.1 M), unless otherwise note?l.Isolated yield. For entries

1 1(18) P(4-F-GHa)s - B 2,3,4,7,and 8, the yi i
,3,4,7, , yields were averaged over two réiri3l (Deuterium
2 I (13) P(4-F-GH,)s DABCO - incorporation) = 86%.9 DI = 83%.¢ Diastereomeric mixtures were
3 I (1a) P(4-F-GHa)s DBU 25 employed and obtained (dr 1.2:1).f [Rh(C:H4).Cl]> was used as the
4 I (1a) P(4-F-GHa)s NMM 62 catalyst at 25°C. 9 The reaction was performed in THF for 48 h.
5 I (1) P(4-F-GHa)3 DIPEA 80
6 I (1a) P(4-F-GHa)3 TEA 85 the possibility of these catalyst systems to promofeadkylation
; : 83 EZ@Me 0-GHa) Eﬁ ?g in the context of 3-haloalkyl-1,6-enyne systdn(iTable 1). While
9 I (1a) P(3-CI-Q—,H4)34 $ TEA 69 subjec_tinglato our previously_ developed cor_lditi_ons gave none of
10 I (1) P(3,5-CR-CeHa)s TEA 50 2 (entries 1 and 2j the otherwise same reaction in the presence of
11 Br (Lb) P(4-F-GHa)s TEA 62 DBU resulted in a yield of 25% (entry 3). Further screening revealed
12 OTs@g  P(4-F-GHas TEA 46 TEA to be an optimal base increasing the yield to 85% (entry 6).
a All reactions were performed with 0.20 mmol biand 0.40 mmol of The electronic character of the arylphpsphlnes exerteq only marginal
base at 85C in DMF (0.1 M) for 14 h.b Isolated yield of2. ¢ NMM = effects on the present reaction with P(4-f-G); being most
N-methylmorpholine. effective (entries 610). The double cyclization could also be
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Scheme 2. Proposed Mechanism for the Rh-Catalyzed
Alkylation—Cycloaddition of 3-Haloalkyl-1,6-enynes

X X X
H H [Rh]
= - =z H NEt,
"SR ® o
N \f \[ I N Et;NH X
A B
Rh .
o H %i[Rh]
] ¢
H
/K GUIY
H
E D

carried out with substrates bearing bromidé)(and tosylate 1c)
leaving groups, albeit with diminished yields (entries 11 and 12).

In summary, we have developed a rhodium-catalyzed tandem
cyclization of alkynes. The reaction allows for the rapid assembly
of various fused ring systems from terminal alkyne derivatives in
a single step under mild conditions through a novel mechanism
that merges transition metal alkynyl and alkenylidene chemistry.
The findings described in this paper suggest that the uniquely unified
catalytic cycle may be permuted in many ways for further
development of new methods of alkyne functionalization.
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Reaction scope was probed with a range of substrates (Table 2) http:/pubs.acs.org.

Similar to the model study, hydrindene ring systems possessing
substituents of differential positions and stereochemistry (entries
1-3) as well as a spirotricyclic derivative (entry 4) were accessed
from the corresponding enynes. In addition to these carbocycles,
the Rh(l)-catalyzed tandem cyclization proved feasible for the
preparation of various aza- (entry 5) and oxacycles (entri€3)6
including the tricyclic hydrofurodecalin&8. For the reaction of

19, the use of [Rh(gH,).Cl], was found to be effective inducing
the cyclization at 25C (entry 9). Interestingly, the simple enyne
cycloisomerization without alkylation of the iodide took place when
the reaction was performed in THF instead of DMF (entry 10).

This dichotomy of reaction pathways suggests the presence of a

subtle kinetic balance in the catalytic cycle (vide infra).

The mechanism of the present tandem cyclization is proposed
to involve a reversible formation of rhodium alkynyl compIBx
(Scheme 2). Subsequent to an irreversible alkylation with the
pendent alkyl halide, the resultafij3-substituted alkenyliden€
undergoes a [Z 2] cycloaddition to accomplish an additional ring
closure viaD andE.1° When the alkylation step is slow or infeasible,
intermediateA, existing in equilibrium withB,1 may directly enter
on the cycloisomerization course to give rise to a monocyclization
product such a2l

On the basis of the intermediacy of an alkenylidene complex of
type C, we hypothesized that the alkylative approach might be
extended to construct other ring structures by replacing the alkene
with other reactive components such as hydro2@) @nd phenyl
(26) groups. Under the same reaction conditions employed for the
alkylation—cycloaddition, alcohoR2 was converted to enol ether
24 in 52% vyield, presumably through-alkylation followed by
addition of the hydroxyl group to the rhodium alkenylide?@
and the simple cycloisomerization produ% in 15% yield (eq
1).7¢12A tandem cyclization took place in the reaction26 which
afforded the tetracyclic naphthaleB&in 83% yield (eq 2). In this
case, the incipient alkenyliden27 is believed to follow a
67-electrocyclization process leading to aromatizatiot.

I
; Heo He
A | — N s hERR)
QO [Rh] o o
H Ph Ph
3

2

3 mol % [R(COD)Cl],
12 mol % P(4-F-CgHy)s

TEA,DMF, 85°C,1h
Ph

24 (52%) 25 (15%)

MeQ MeQ

5 mol % [Rh(COD)CI],

20 mol % P(4-F-CgHy)s AN .
g =i S SR
TEA, DMF, 100°C, 1 h

27 28 (83%)
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