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Tandem G-C bond formations are attractive methodological Table 1. Cu-Catalyzed Tandem Conjugate Addition—Aldol
targets, as they enable rapid increases in molecular compléxity. Cyclization?
Recently, we have explored conjugate additi@rectrophilic trap- Entry Substrate Product’ Yield (%) (dr)
ping as a modular platform for catalytic reaction developnieht.
Through variation of the nucleophilic initiator and electrophilic trap, 3
a variety of catalytic conjugate additieicyclizations are enabled:
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related Co- and phosphine-catalyzed Michael cyclizatiérastwo- 1e, R = (CH,),CH, 91% (>95:1)

component catalyst system for enone cycloallylafiamd finally,
a diastereo- and enantioselective Rh-catalyzed conjugate addlition 2
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type, a study of Cu-catalyzed conjugate additi@fectrophilic o e
trapping was undertaken. Here, we report that exposure of enone . HCJOKE%}-(‘:HZ
substratesla—18a which possess appendant ketone, ester, and -
nitrile moieties, to organozinc reagents in the presence of catalytic &, 3 7% @1
Cu(OTf)/P(OEty provides the cyclized products in good to o oH
excellent yields and diastereoselectiviti#bese results represent 4 X H,C%CH“
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Cu-catalyzed addition of organozinc reagents f&-unsaturated

3

carbonyl compounds has been the subject of intensive investi§ation. s o e % @n
Enantioselective variants of the parent transformation now encom- 2 o ph— OH
pass diverse,-unsaturated substraté®oreover, trapping of the : P”)HA\W ,szé?
intermediate Zn-enolates has been achieved using aldeHds, HC © VIS
m-allyls,t21thalides and tosylaté8,and oxocarbenium iof%(by ga & 84% @&
way of acetal decomposition). While ketone aldols are observed Php0 Ph O
as homocondensation side products in Cu-catalyzed conjugate ° N @ Hac/"»é)%D
addition1%d the deliberate use of ketones as electrophilic traps is S D
reported to fail in the absence of strong Lewis acidic additives. o @ 4% (>95:1)
To our knowledge, the use of esters and nitriles as terminal o
electrophiles in Cu-catalyzed conjugate addition remains unex- 1 Hac)'\[ R ”’CﬁiﬁD
plored. wd

It was recognized that the limitations inherent to the use of such 10':“3 ° ”1; © . o

recalcitrant electrophilesis-a-vis intermolecular condensation
might be overcome in the case of the analogous intramolecular
processes, because of a reduced entropy of activation. To assess asee Supporting Information for detailed experimental procedfifEise

the veracity of this analysis, keto-enor®a was subjected to structural assignment &b, 8b—10bis based on X-ray diffraction analysis.

conditions for Cu-catalyzed conjugate addition ¢ Compoundld was prepared via Cu-catalyzed addition of the Grignard
o . . reagent as described in the Supporting InformatidReflects ratio ofyn

Gratifyingly, it was found that exposure of keto-eno2e to aldol to anti-aldol producte Reflects ratio of cis-fused to trans-fused

Et,Zn in the presence of Cu(OEfand triethyl phosphite gave the  hydrindane.
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Table 2. Cu-Catalyzed Tandem Conjugate Addition—Dieckmann
and Blaise Condensation?

Entry Substrate Product®
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philic trapping has been demonstrated. Future studies will focus
on the development of related catalytic tandem@bond forming
transformations with attendant applications toward the total syn-
thesis of complex natural products.
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structural assignment df5b is based on X-ray diffraction analysisThe
vinylogous amidel 6b spontaneously hydrolyzes in situ to affgtdliketone
12b.

desired cyclization produ@b in nearly quantitative yield and as a
single diastereomer. Under these optimized conditions, Cu-catalyzed
tandem conjugate additieraldolization of keto-enone substrates
la—10awas demonstrated (Table 1). Inspired by these results and
the established ability of zinc-enolates to condense with recalcitrant
electrophiles such as nitrilé$related catalytic tandem conjugate
addition—Dieckmann and Blaise cyclizations were explored. Upon
application of standard reaction conditions to mono-enone mono-
esters1la—14a and mono-enone mono-nitrilet5a—18a the
corresponding cyclized products were obtained in excellent yield
(Table 2). Finally, to demonstrate the feasibility of developing
enantioselective variants of these tandemCCbond formations,
enone-dion&awas subjected to standard reaction conditions using
Feringa’'s phosphoramidite ligafél. While diastereoselectivity
suffered, high levels of asymmetric induction were observed.

In summation, the use of ketones, esters, and nitriles as terminal
electrophiles in Cu-catalyzed tandem conjugate additelactro-

References

(1) For selected reviews on tandem or “domino” transformations, see: (a)
Nicolaou, K. C.; Montagnon, T.; Snyder, S. £&hem. Commur2003
551. (b) Tietze, L. FChem. Re. 1996 96, 115. (c) Tietze, L. F.; Beifuss,

U. Angew. Chem., Int. Ed. Endl993 32, 131.

For selected reviews on stoichiometric conjugate addit&actrophilic

trapping, see: (a) Suzuki, M.; Noyori, ®Rrganocopper Reageni994

185. (b) Taylor, R. J. KSynthesisl985 364. (c) Chapdelaine, M. J.;

Hulce, M.Org. React199Q 38, 225. (d) Ihara, M.; Fukumoto, KAngew.

Chem., Int. Ed. Engl1993 32, 1010.

For Co-catalyzed 1,4-reduction-aldol and Michael cyclization, see: (a)

Baik, T.-G.; Luiz, A.-L.; Wang, L.-C.; Krische, M. JI. Am. Chem. Soc.

2001, 123 5112. (b) Wang, L.-C.; Jang, H.-Y.; Roh, Y.; Schultz, A. J,;

Wang, X.; Lynch, V.; Krische, M. JJ. Am. Chem. So2002 124, 9448.

For Rh-catalyzed 1,4-reduction-aldol cyclization, see: (a) Jang, H.-Y.;

Huddleston, R. R.; Krische, M. J. Am. Chem. So2002 124, 15156.

(b) Huddleston, R. R.; Krische, M. @Drg. Lett.2003 5, 1143.

(5) For PR-catalyzed 1,4-addition-Michael cyclization, see: (a) Wang, L.-
C.; Luiz, A.-L.; Agapiou, K.; Jang, H.-Y.; Krische, M. J. Am. Chem.
S0c.2002 124, 2402. (b) Agapiou, K.; Krische, M. Drg. Lett.2003 5,
1737.

(6) For catalytic 1,4-addition-cycloallylation, see: Jellerichs, B. G.; Kong,
J.-R.; Krische, M. JJ. Am. Chem. So®Q003 125, 7758.

(7) For Rh-catalyzed 1,4-addition-aldol cyclization, see: Cauble, D. F;
Gipson, J. G.; Krische, M. J. Am. Chem. So003 125, 1110.

(8) For selected reviews on enantioselective Cu-catalyzed conjugate addition,

see: (a) Alexakis, A.; Benhaim, @ur. J. Org. Chem2002 3221. (b)

Feringa, B. L.; Naasz, R.; Imbos, R.; Arnold, L. Wodern Organocopper

Chemistry Krause, N. Ed.; Wiley-VCH: Weinheim, Germany, 2002; pp

224-258. (c) Feringa, BAcc. Chem. Re®00Q 33, 346.

Recent advances include use of the following substrate classes: (a) Acyclic

nitro olefins: Duursma, A.; Minnaard, A. J.; Feringa, B.J.Am. Chem.

Soc.2003 125 3700. (b) Cyclic nitro olefins: Luchaco-Cullis, C. A,;

Hoveyda, A. HJ. Am. Chem. So@002 124, 8192. (c)a,s-Unsaturated

N-acyloxazolidinones: Hird, A. W.; Hoveyda, A. Angew. Chem., Int.

Ed. 2003 42, 1276. (d) Trisubstituted cyclic enones: Degrado, S. J.;

Mizutani, H.; Hoveyda, A. HJ. Am. Chem. So@002 124, 13362. (e)

Dione mono-acetals: Arnold, L. A.; Naasz, R.; Minnaard, A. J.; Feringa,

B. L. J. Am. Chem. So2001, 123 5841. For other variations see ref 2.

(10) (a) Kitamura, M.; Miki, T.; Nakano, K.; Noyori, RTetrahedron Lett.

1996 37, 5141. (b) Feringa, B. L.; Pineschi, M.; Arnold, L. A.; Imbos,
R.; de Vries, A. H. M.Angew. Chem., Int. Ed. Engl997, 36, 2620. (c)
Keller, E.; Maurer, J.; Naasz, R.; Schader, T.; Meetsma, A.; Feringa, B.
L. Tetrahedron: AsymmetrdQ98 9, 2409. (d) Arnold, L. A.; Naasz, R.;
Minnaard, A. J.; Feringa, B. LJ. Org. Chem2002 67, 7244.

(11) Naasz, R.; Arnold, L. A.; Pineschi, M.; Keller, E.; Feringa, BJLAm.
Chem. Soc1999 121, 1104.

(12) (a) Mizutani, H.; Degrado, S. J.; Hoveyda, A.HHAm. Chem. So2002
124, 779. (b) Degrado, S. J.; Mizutani, H.; Hoveyda, A.-JAm. Chem.
Soc.2001, 123 775.

(13) Alexakis, A.; Trevitt, G. P.; Bernardinelli, G. Am. Chem. SoQ001,
123 4358.

(14) Blaise, E. EC. R. Hebd. Seances Acad. Sk901, 132 478.

JA030603L

(2

—

3

~

(4

=

~

J. AM. CHEM. SOC. = VOL. 126, NO. 14, 2004 4529



