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lodocyclopentenes are formed at room temperature upon straight reaction of

o-alkynyl- B-ketoesters with | , for several hours. Cyclizations

involving terminal and substituted (alkyl, aryl, Br, 1) alkynes were accessed. Twelve examples with yields ranging from 20% up to 80% are

reported (out of them eight cases are above 60%). These results present the first examples of the iodonium-promoted 5

of active methyne substrates onto alkynes.

-endo-dig carbocyclization

The metal-catalyzed addition reactionosto-carbonyl C-H
bonds toward unactivated alkynes (Figurellad related
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Figure 1. Inter- and intramolecular addition of an activatedi@
bond to an unactivated alkyne.

reactions of preformed enolates or active systefusish
valuable synthetic intermediates and are part of more
complex preparative sequences.
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The Conia-ene reaction is an intramolecular version of this
process that was originally accomplished at rather high
temperature (Figure 18)The cyclization takes place fol-
lowing an exo-digmode and partial isomerization of the
alkene is observed in the final product. Metal-catalyzed
reactions have been developed to approach this cycloisomer-
ization under milder conditions. Selectivexo-dig ring-
closure frome-alkynyl-3-ketoesters and related malonate
derivatives have often been observddowever, the Eendo
cyclization ofé-alkynyl-substitutegB-ketoestersor from the
related 6-sililoxy-5-en-1-ynédurnishing cyclopentene de-
rivatives has been less frequently reported. Moreover,
cyclizations leading to substituted indenes were accomplished
via palladium-catalyzed-8ndocarbocyclization reactions of
malonates and related anions onto aryl tethered internal
alkynes? A related approach from 2{iodophenyl)malonates
and alkynes was develop&t®
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Interestingly, Taguchi and Kitagawa established early that Recently, Liang used an iodination reaction in the presence
iodonium-triggered reactions are of practical interest to of t-BuOK to accomplish the cyclization of 2-(2-ethynyl)-
assemble the relate&)-2-iodomethylenecyclopentane scaf- benzylmalonate derivatives and related methyne active
fold by promoting the carbocyclization of a titanium enolate compounds (Figure 2¢é¥.The observed 5-ex@nd 6-endo-
onto the alkyne (Figure 2a%:'' They expand the scope of dig selectivities were shown to be dependent on the starting
material. On this basis, our inter&sn iodination reactions
with concomitant ring-elaboratiéhprompted us to inves-
tigate the challenging iodocarbocyclization reaction of an
EE e E alkyne and an active methyne compound according to the
@ lodosarbocyalmation zj/ﬂ' (a) more elusive &ndo—gig.mode}ﬁvlf as depicted in Figure 2

5-exo-dig (ref 10)" (entry d). The feasibility of this entry to cyclopentene
E_E
-

e | derivatives is established herein.
Ezj) o) Initially, different conditions were screened to attempt the
[

S

"Carbotitanation-iodolysis target iodocarbocyclization of 2-acetylhept-5-ynoic acid ethyl

S-exo-dg (ref 12)" esterlato 1-acetyl-3-iodo-2-methylcyclopent-2-enecarboxy-

C(R lic acid ethyl ester2a (see Table 1). Reactions were
2
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conducted at room temperature, andahd IPyBF, were
I

odocarbocyclizations R © assayed as potential iodinating trigger reagents (1:1 with
5-exo-dig and 6—endo-d/b§l§ respect tdla). The former gave simpler reaction crudes and

mm

(ref 13)" i H
offered better performance for the cyclization. Toluene,

E MeCN, and CHCI, were tested as solvents, the latter

o]
R
W QUE Fi () allowing the cyclization to occur adequately. The major
S'Yggggjglgo(i{;”(’gg@%’)’" )\bﬂ competing reaction pathway was the 1,2-addition@fcross
the alkyne'® Its impact was minimized by increasing the
Figure 2. Products (E: C@R) arising from iodocarbocyclization  dilution from initial 0.3 up to 0.05 M. With use of these

reactions ofe-alkynylmalonate enolates (entries a,c) and from an simple experimental conditions, pu2awas isolated in 70%

alternative carbotitanatieriodolysis sequence (entry b). Target yie|q after reaction for 5 h and chromatographic purification
transformation (entry d). (Table 1, entry 1}

The effect of different additives over the outcome of the
the cyclization showing that an alternative carbotitanation reaction in CHCI, was investigated. Addition of NaHGO

of the alkyne followed by iodolysis of the resulting-Ci increases the ratio in favor of the iodine 1,2-addition product,
bond renders the (Z)-isomers (Figure 2b).
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Table 1.

lodonium-Promoted 5-endo-digode

Carbocyclization of Alkynes and Active Methyne Compounds

further synthetic elaboration at both?smarbon atoms. This
class of compounds was not previously reported in alternative
5-endo-digapproaches.

A tentative mechanistic interpretation to justify the forma-
tion of products2 might reasonably assume an attack of the
enol tautomer frond to the intermediate idf resulting in
electrophilic activation of the alkydg(Scheme 1).

Scheme 1. Proposed Mechanistic Pathway To Account for the
Formation of Carbocycle2 from d-Alkynyl-3-ketoestersl
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entry substrate 1 time product 2 isolated
(RLR,RY) (RLRLRY)  yield
(%)
o 0 RO_ 0
2 R'
L T
——R' 0 |
1 Ta (Me, Me, Et) S5h 2a (Me, Me, Et) 70
2 1b (Me, Me, Bn) Sh 2b(Me, Me, Bn) 60
3 1e (Me, Ph, Et) 24h  2¢(Me, Ph, Et) 20
4 1d (Et, Me, Et) 8h 2d (Et, Me,Et) 67
5 1e (Ph, Me Et) 8h 2e (Ph, Me Et) 50
6 1f (Br, Me,Et) 5d 2f (Br, Me,Et) 75
7 1g (I, Me.Et) 6h 2g (I, Me,Et) 57
8 0O O 48 h O 62
/U\Q % |
1h T 2h
9 O 15h O CO,Et 62
CO,Et %Bu
MeO |
MeO \\ 2i
Bu 1i
O o OEtOR1
CO,Et R
A I
H
10 1j (H) 7d  2j(H) 20"
11 1k (Ph) 4h 2k (Ph) 60
12 1 24h 21D 80

a|, was added to a solution of the corresponddnglkynyl-3-ketoester
in CHxCl, and then stirring was prolonged for the given time, until TLC
showed the consumption @f P Using 0.025 M solution.

whereas-Pr,NEt or DBU inhibit the reactions. So, addition
of bases was found to be detrimental for the desired
transformation. Conversely, when the cyclization was con-
ducted under the influence of added sulfuric acid (up to 0.5
equiv) the reaction outcome was quite similar to that without
added acid. Furthermore, different metal salts were tested
without showing major impact over the cyclization. Thus,
we further investigated the scope of this novel cyclization
using the above-described conditions for obtairfags the
standard protocol (see Table 1). Bgitketoester and 1,3-
diketone derivatives (entry 8) enter as substrates in this

The process reported herein allows the synthesis of
tetrasubstituted alkenes by exploiting the reactivity of the
C—I bond to introduce molecular diversity using subsequent
metal-catalyzed cross-coupling reaction st&pSeveral
representative examples show the synthetic utility of the
iodocarbocyclization/cross-coupling tandem sequence for the
conversion ofla into different types of C-substituted
derivatives, and are summarized in Scheme 2. Also of

Scheme 2. Tetrasubstituted Alkenes upon Novel Tandem
Sequence: lodocarbocyclization/Cross-Coupling from
0-Alkynyl-j3-ketoesters

(0]
PhC= CH (o] OFEt
(PPh3),PdCl, (cat.)
Cul(cat), Et3N, rt, 1 h
74% Yield 3
N
O, OFEt Ph(BOH),, CsF 0 Ph
(P§13)4P<;2(’cai ) o} OFEt
DME, 4, 48 h
| 76% Yield 4
Ph
2a PhCH=CH,
Pd(OA t)
(o-tE)IyI)z)IZB(((z:Zt.) 0 Q OEt
Et:N, A, 3h
77% Yield
5 Zph

process. Internal alkynes wih alkyl and aryl substituents
(entries 5 and 11) were cyclized with this protocol. The
formation of bicyclic skeletons is also possible (entry 9).
Though in modest yield, a terminal alkyne also gave some
alkyaltion product (1j, entry 10), in this case addition of |
across the alkyne represents the main reaction path. Th
process works nicely when haloalkynes (entries 6, 7, and
12) were exposed to the action of iodine, resulting in the
formation of doubly halogenated alkenes with potential for

Org. Lett, Vol. 9, No. 15, 2007

interest, as expected, the Sonogashira cross-coupling reaction
of 2f with phenylacetylene takes place smoothly at the C—I
bond with total chemoselectivity to furnish a bromine-
containing carbocycfé that then can be further elaborated

y using the remaining C—Br bond.

(20) Recent theoretical work on halovinyl and bridged halonium ions:
Okazi, T.; Laali, K. K.J. Org. Chem2006,71, 9643—9650.
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Overall a straightforward access to accomplish Hem&o- lels the regiocontrol outcome recently reported in several
dig mode carbocyclization of active methyne compounds metal-catalyzed cyclization reactions for the same starting
onto alkynes (internal and terminal) has been executed. Thismaterials.
process nicely complements theeko-dig regioselectivity
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