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The Michael addition of compounds containing active methylenes
to asr-acceptor provides an attractive method for the stereoselective
construction of all carbon quaternary centeRecently, significant
progress has been made in the development of enantioselective
intermolecular addition of prochiral nucleophiles to olefiniac-
ceptors? On the other hand, enantioselective intramolecular Michael
addition of pronucleophiles is rafeThe related addition to the
m-bond of an unactivated alkyne offers the advantage that the
product contains an alkene that can be further functionalized and
that the noncatalyzed reaction proceeds only at elevated tempera-
tures; however, enantioselectixevinylation by addition to alkynes
is extremely raré.

We recently reported a gold(l)-catalyzed intramolecular addition
of B-ketoesters to alkynésThis catalyst system provided the basis
for our initial studies on the development of a transition metal-
catalyzed enantioselective Conia-ene reaction. To this end, treatment’able 1. Enantioselective Conia-Ene Reaction

Figure 1. ORTEP of (DTBM-SEGPHOS)Pd(OTf)Viewed down theC,
axis of the molecule. Thermal ellipsoids shown at 50% probability.
Hydrogens and triflate ligands (except-P@) omitted for clarity.

of 5-ketoesterl with 5% of cationic chiral gold complexezor 3 o 0 . 00Q OiPr
resulted in the expected produkin good yield. Unfortunately, no Ph Oi-Pr cat )‘Zé/(
enantioselectivity was observed in the product of either reaction 1 S solvent (0.5M), rt 4

(Table 1, entries 42).
We rationalized that lack of enantioselectivity derived from the  enty  cat additive solvent time () yield (%)  ee (%)

poor transmission of the ligand chirality as a consequence of the 1 2 - CH:Cl, 8 85 0
linear geometry of the gold(l) complexes. We therefore examined g g - 8328:2 72 ?Lg 8%
electrophilic late metal catalysts containing bidentate chiral ligands. 4 5  E&N (100%) CFECE 72 0 .
While chiral Cu(ll), Ni(ll), and Pt(ll) complexes gave poor 5 5 PPTS (1002?) CCtgz ;g gg gi
selectivity/  treatment of-ketoesterl with a catalytic amount ? g ¢E?§T$i%gog%) CI—%CI? Z 8l &
of cationic BINAP-Pd(Il)?2 complex generated the Conia-ene g 5 AcOH (500%), CHCl> 3 81 80
adduct4 in low yield and with moderate enantiomeric excess (68% Yb(OTf)s (20%)

ee). Examination of various cationic chiral bisphosphipalla- 9 5 AcOH (500%), EtO 2 83 82
dium(ll) complexes revealed that the _bis(trifla’féad(ll) comple_x 10 5 Xz(ggf()iéggﬁ))’ EtO 12 84 89
derived from DTBM-SEGPHO (5; Figure 1) produced Conia- Yb(OTfs (20%)  (0.02 M)

ene product in 81% ee albeit in only 18% yield (entry 3).
In contrast to previous reports of palladium-catalyzed addition

of S-ketoester to alkynes under basic conditiéhaddition of an Tromu B, po

amine base completely inhibited our enantioselective Conia-ene re- O Phe OO Auott (O O A s

action (entry 4). On the other hand, a stoichiometric amount of > 3 Ar = 3,5-di(tert-butyl)-4-methoxypheny!:

acid increased the yield dfdramatically, with no deterioration of (F-DTBM-SEGPHOS

ee (entries 5,6); however, the reaction required 72 h to reach com-qgelectivity (entry 4). Substitution of the aromatic ring with an ortho
pletion. While the use of Yb(OTf)as a cocatalyst dramatically in-  methyl group produced an enhancement in the enantiomeric excess
creased the rate of consumptionlot the expense of yield af to 93% and 94% (entries 5 and 7); however, Pd(11)/Yb(IIl)-catalyzed
(entry 7), the combination of a protic and Lewis acid produced the reaction ofo-iodoary! ketonel4 furnished15 with 85% ee (entry
desired rate enhancement without deterioration in the yield or en- 6). While introduction of an electron donating substituent at the
antioselectivity of the palladium-catalyzed reaction (entries®;9).  para position only moderately influenced the enantioselectivity of
Finally, switching the solvent from methylene chloride to diethyl the reaction (entry 8), the presence of an electron-withdrawing para
ether and lowering the reaction concentration to 0.02 M allowed nitro group produced a notable decrease in the selectivity of the
for the preparation ot in 84% yield and 89% ee (entry 10). cyclization (entry 9). Larger aryl ketones, such as 1-naph@g)l (

A wide range off-dicarbonyl compounds undergo the Pd(ll)/ and 2-naphthyl Z4) ketones participate equally well in the
Yb(lll)-catalyzed enantioselective Conia-ene reaction (Tabfe¢ 2). enantioselective Conia-ene (entries 10, 11). On the other hand, the

o
O 0 G4
o NMe; o] PO

P.

_AwoTt o _Pd(OTh,

For example, replacing isopropyl esterloivith ethyl (6) or allyl use of aliphatic keton@6 afforded27 with only 44% ee (entry
esters §) produced methylenecyclopenterieand9 with 89% ee 12). -Diketone substrate®8 and 30 underwent cyclization with
and 90% ee, respectively (entries 2,3). Surprisinglst;butyl ester diminished enantioselectivity to gi&9 and31, respectively (entries
analoguelO cyclized to givell with significantly lower enanti- 12 and 13).
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entry substrate time (h) product yield (%) ee (%) ) . i .
1 o o R=i-Pr (1) 24 00 o @ s e Supporting Inform_atlo_n Available: Experimental procedures,
2 py or  R=Et ® 12 o @ 8 89 compound characterization data; X-ray structure data in CIF format.
3 R=allyl (8) 12 ©) 8 90 This material is available free of charge via the Internet at http:/
4 N R=tBu (10) 30 (1) 94 80
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o GO2Et
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OFEt (1)

0 S 41% conv. 82% ee (s=18) 0
32 N 33 H
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Lewis acid (or Brgnsted acid in the case of eq 1)-promoted addition (13) Addition of 8-dicarbonyl compounds to olefins catalyzed by Pt(ll), Eu-

to the alkyne is envisionet:16
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In conclusion, we have developed the first enantioselective (14) The corresponding &ndo-dig carbocyclizatiof? required prolonged

intramolecular Conia-ene reaction@icarbonyl compounds and
alkynes. The Pd(Il)/Yb(lll) dual catalyst system allows for the

asymmetric synthesis of all-carbon quaternary centers and generates

reaction times (7 days) and gave racemic products.

(15) In accord with a mechanism involving trans addition to the alkyne,

cyclization of a deutero-acetylene resulted in isolation of the adduct in
which deuterium was only incorporated cis to the ketoester; however, this
experiment was complicated by deuterium exchange of acetylenic proton.

a product containing an alkene that can be further manipulated. (16) A mechanism involving alkyne activation by Pd(ll) was excluded in

For example, Conia-ene addul® was employed in an intramo-
lecular reductive-Heck cyclization to produce tricyclic ket@#’
(eq 2). Further applications of this Pd(ll)/Yb(Ill) dual catalyst

system for enantioselective synthesis will be reported in due course.
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