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Transition-metal-catalyzed cycloadditions are among the most Scheme 1. Mechanistic Basis for a [4C + 3C] Cycloaddition of
practical and efficient methods to construct cyclic products from Dienylidenecyclopropanes
relatively simple, acyclic starting materididWe recently reported
that rea_dlly accesslblg aIkynyI|denecyclopropane_s,_as well as related /\44 PdL,, X X
alkenylidene derivatives of typéa, undergo efficient [3+ 2] X =z PdL,

intramolecular cycloadditions under appropriate Pd catafybie 1
reaction probably involves the formation of a palladacyclohexane H or alkyl group

intermediate2a, which yields the final carbocyclic product by ; CH=CHR “
reductive elimination. We envisaged that the presence of a
conjugated diene instead of an alkene in the precursor, &b,in — X R

might enable the formation of a seven-membered cycloadduct by
way of am-allylic rearrangement o2b to palladacyclooctan8
(Scheme 1). Overall, the process would constitute a new type of Table 1. Effect of Different Ligands on the Cycloaddition of 4a

[4C + 3C] cycloaddition reactiof.
Herein we report several examples that demonstrate the feasibility /\} szdbaB i:ﬁ\;> N
of the approach. Previous reports on metal-catalyzed-{48C] "'COLEt + X
cycloadditions are essentially limited to those published by Trost L\_\'ixa?efoo 05M)

in the 1980s, on the intermolecular addition of 2-(trimethylsilyl-

CO,Et
methyl)-3-acetoxy-1-propene to activated diehétowever, the = C(COED, =72 COzEt
success of these cycloadditions is restricted to dienes blocked in a gnyy Pd,dbas L (mol %) time (h) 5a (%) 6a (%)°
CI.SOId co_nformatlo_n and activated by the presence of electron- 1 10% P(CP1)s (40) 6 37 o4
withdrawing substituents. 2 10% Po-tolyl)s (40) 6 43 13
The annelation was first examined on substrédé in which 3 10% L1 (40yp 6 10 47
the diene is activated by the presence of an ester substituent at the g égjo tg (é-45)) g g;—) 22
. : 0 b
terminal double bond. Treatment of precurdarwith 10 mol % 6 6% L4 (24) 5 73 7

of Pcbdba and 40 mol % of P(@r); in refluxing dioxane (6 h)
led to the desired 5,7-bicarbocyclic product as a single diastereoi- a|gplated yieldsb L1 (2 Biphenyl)dicyclohexylphosphine.

somer ba, 37%), together with the five-membered addé@(24%).
The selectivity of the reaction (seven- versus five-membered adduct) < =: )_Me
tBu

seems to be highly influenced by the nature of the ligand; for 7 Me
example, the use of B{olyl); favored the formation of the [4

3] adduct (entry 2, Table 1), which was isolated in 43% yield, while
the use of (2-biphenyl)dicyclohexylphosphitd § led to a reversal

in the selectivity, with the five-membered adduct becoming generated the desired 5,7-cycloaddilehs a single diastereoisomer
predominant (entry 3). Phosphite?, which has been shown to  (Table 2, entry 1). With the chiral ligand4 (conditions B),5b
accelerate the cycloaddition of alkylidenecyclopropanes to alldfnes, was obtained in slightly better yield and 45% ee. Substtgteshich

led to a significant increase in the reaction rate and provided the is isomeric to4b in the stereochemistry of the internal double bond
seven-membered adduct as the major product. In the presence obf the diene, also underwent the cycloaddition, although this led to
this ligand, the reaction can be accomplished using lower catalysta poorer selectivity of the seven- over the five-membered cycload-
loadings (entry 4). The use as ligand of phosphoramidteesulted duct (entry 2). The use of ligand4 instead ofL3 produced a

in a further increase in the yield of the desired seven-membered marked increase in the cycloaddition yield. The observation that
adduct (entry 5J. Interestingly, the reaction also took place in the resulting cycloadduc() is epimeric to that obtained frodb

presence of chiral ligand4, providing the cycloaddud&ain 73% is consistent with a concerted cycloaddition mechanism involving
isolated yield and 47% €€This result represents the first example the formation of a palladacyclooctane intermediate of type
of an enantioselective transition metal-catalyzed [4C 3C] (Scheme 1}°

cycloaddition. The high diastereoselectivity of the cycloaddition Remarkably, nonactivated dienylidenecyclopropadeand4e
process, which generates three stereocenters in a completelyalso underwent the cycloaddition reaction when heated in dioxane

diastereoselective manner, should be néted. in the presence of the standard catalytic complexdPa, L3).
We next explored the reactivity of other substr&td@he ether The selectivity ratio (seven- versus five-membered ring) was better
derivative4b, which lacks the geminal diester group presentan using ligandL4 (conditions B). The terminally phenyl-substituted
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Scheme 2. Tandem, One-Pot Process
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Table 2. Palladium-Catalyzed [4 + 3] Cycloaddition
entry [4+3] cycloadduct ~ 5/6 ratio® yield of 5

substrate

/\4A AP10:1 70%° S 35)‘:;;%)
1 OL\\_//_cozEt "'CozEt B10:1 - 74%° FIOC TN 2000-to1rc FOC
ab . . . . . .
We thus investigated whether this reaction can be combined with
/\4& A L4l 32% the cycloaddition so that both processes can be carried out in a
’ O\/=\_\ COLEt B: 2'1:1 <o one-pot process (Scheme 2). Indeed, treatment of sodium carbanion
Couet sed ° 7 W|th sugh a tosylate in presence of Bba, L4, and dppe gave
4c the bicyclic adductd (56% vyield).
E _ % In summary, we have unveiled a new type of metal-catalyzed
3 A:2.8:1 37% cycloaddition that allows the synthesis of appealing, stereochemi-
E \ B: 15:1 58% cally rich 5,7-fused bicyclic systems from readily accessible
E= CO,Et \ dienylidenecyclopropané3To the best of our knowledge, this work
/\/4 represents the first report on a metal-catalyzed-[8] intramo-
4 BN = A:l.6:1 38% lecular cycloaddiltion regction and providgs the first examples of
\_\\_/ B: 4:1 60% an enantioselective variant. Further studies to broaden the scope
de and chemoselectivity of the method and to develop efficient
/%A asymmetric versions are underway.
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4g, 7=H Note Added after ASAP Publication. After this paper was
4h, Z= COEt published ASAP on August 21, 2007, an error was corrected in
the last sentence of the fifth paragraph (the correct substréfe is
E = The corrected version was published ASAP on August 22, 2007.
7 E \ Vi z 11COEt B4l 61%° Suppor_ting_ Information Available: Experimental c_iete_lils aqd
HZH  Me characterlzatlon_data for new compounds. This material is available
41-“ Z= COJEt free of charge via the Internet http://pubs.acs.org.
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(see the Supporting Information).

EtO,C P Pddbas EtO,C N
Me __—— _ _» (1)
EtO,C X_R dioxane, 101°C Et0,C
4k, R=H L2 Me —
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