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pB-Lactams are an intensively studied family of heterocycles, due R
primarily to their biological activity: Historically, they are best

catalytic R, R?
known for their use as powerful antibiotics (e.g., penicillins and |h
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cephalosporins), but more recently they have received attention for ©
other therapeutic attributes, such as their capacity to lower up to 93% ee
cholesterol level8.In addition to their importance as bioactive Me Me
compoundsp-lactams serve as useful building blocks in synthetic Me@Me
organic chemistry (e.g., the commercial semisynthesis of the anti- Mell'e
cancer agent paclitaxel (Taxol) employs falactam for the .
installation of thes-amino acid-derived side chaj Rmn Ezue(zﬁ:,)?;z

As a consequence of their wide-ranging significance, a great deal Me. Fe Me
of effort has been dedicated to the development of methods for the ch;‘);\
stereoselective synthesis @flactams! Although considerable Me Me Me

progress has been achieved, nearly all of the approaches that have

been described are based on the use of chiral, nonracemicyisappointingly, we observed moderate stereoselection. Fortunately,
precursors;direct catalytic enantioselective routesidactams are however, our ligand design allows us to readily modify the chiral
rare. In fact, to the best of our knowledge, only five such methods enyironment of the bis(azaferrocene). Accordingly, we synthesized
have been reported: the rhodium-catalyzed carbonylation of an e\, methyl-substituted ligand (from commercially available
aziridine (kinetic resolutior)the rhodium-catalyzed intramolecular compounds in three steps and a resolution), optimized the reaction

insertion of ana-diazo amide into a €H bond? the copper-  conditions, and obtained good stereoselectivity (Table 1, entty 1).
catalyzed coupling of an alkyne with a nitrone (see belbeje We have investigated the impact on stereoselection of the
aminoether-catalyzed reaction of ester enolates with infirses) electronic character of the N-bound aromatic group of the nitrone

the alkaloid-catalyzed ketenémine cycloadditior? While each of (Table 1)!5 Generation of the-lactam proceeds with excellent
these discoveries represents an important advance toward the;s giastereoselectivity irrespective of the nature of the aromatic
objective of a general method for the catalytic enantioselective iy (~95:5: entries +5). With regard to enantioselectivity, the
synthesis oB-Iactams,_each suffers from significant limitations in  ,qre electron-rich the aromatic group, the higher the ee: there is,
scope or stereoselectién. _ _ _ however, a tradeoff between ee and yield (entrieg)L The very

We were intrigued by a report of Kinugasa in 1972 that describes 4 diastereo- and enantioselection that we obtain with the 4-anisy
a convergent route t3-lactams through the reaction of a copper g pstituent (entry 2) is particularly noteworthy, since this is a
acetylide with a nitroné®!! Appealing features of this process .ommon N-protecting group fof-lactamst® A comparison of
include the ready availability of the starting materials (terminal gnyries 4 and 5 reveals that we can enhance the stereoselectivity
alkynes and nltrones) 'and its high functlongl-group tolerance (e.g., and the yield by lowering the reaction temperature.
alcohols, halides, amines, and esters). Miura subsequently deter- ¢ 5ing on 4-anisyl-protected substrates, we turned our attention
mined that the Kinugasa reaction can be accomplished with a5 yetermining the scope with respect to the nitrone component
catalytic amount of copper in conjunction with a terminal alkyne, - (rape 2). We established that CUE% effective for the catalytic
and he provided the °“'¥ des_crlptlon Of, asymmetric cataIyS|s. of enantioselective formation @Flactams from a variety of nitrones,
this powerful transformatioh Miura examined one substrate pair i substituents on carbon ranging from aromatic (entrie8)1
(phenylacetylene ani,a-diphenylnitrone) and obtained a maxi- to alkyl (entry 4) to acyl (entry 5)
mum ee of 57% (10% Cul, 20% bisoxazoline ligand; 50% yield; v 'have also investigated the scope of this process with respect
prc_)bably~2:1 cns:trans)._ln this communlc_atlon, we estabhsh that, to the alkyne component, focusing on couplings with alkyl- and
using a newC,symmetric planar-chiral bis(azaferrocene) ligand acyl-substituted nitrones3(@nd4, respectively, in Table 3). Both
(2), we can achieve catalytic enantioselective Kinugasa reactionsfamilies react with aromatic alkynes to genergittactams with
that generate?-!actams with good enantiomeric excess and cis g cejient diastereo- and enantioselectivity (entries3land 5).
dle:/s\,/terheoselectlon éeﬂ 1)6. ¢ liqafarnish l Although alkyl-substituted acetylenes are converted to the desired

€ have r_epor_te that bis(azaferrocene} lig nishes usetul product with somewhat lower stereoselection (entry 4), alkenyl-

stere(?selectlwty n copper-catalyzed cyclqprqpanaﬂqns of oléfins substituted substrates furnish good de and ee (entry 6). It is worth
a’_‘d fing expansions of oxe_tan’ésln our initial studies _Of the noting that, since Brgnsted base-catalyzed-cisans isomerization
Kinugasa react|on_, e e>_<am|ned_the utility Toin Fhe couplln_g_ of of p-lactams is well-establishéd, our enantioselective C2/
phenylacetylene withl,a-diphenylnitrone under Miura’s conditions; catalyzed process effectively provides stereoselective access to all

* To whom correspondence should be addressed. E-mail: gcf@mit.edu. four of the possible isomers.
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Table 1. Catalytic Asymmetric Synthesis of g-Lactams: Variation
of the N-Substituent@

\H/H 1-2.5% CuCl - (RR)2 Moo

X I
O®R Cy2NMe N,
o® MeCN, 0 °C o R
% ee, isolated yield
entry R cis:trans cis cis isomer (%)
1 Ph 95:5 77 69
2 4-(MeO)GHa4 95:5 85 53
3 4-BrGsHa 94:6 72 74
4 4-(EtGQ,C)CeH4 94:6 67 79
5b 4-(EtOC)CgHa 95:5 71 91

a All data represent the average of two ruAfun at—20 °C.

Table 2. Catalytic Asymmetric Synthesis of -Lactams: Scope
with Respect to the Nitrone Component?

R H
‘ e 1-2.5% CuCl - (RA)2 T __ R
Il N .
O " Ar CygNMe N\
o® MeCN, 0 °C o A
Ar = 4-(MeQ)CgH,4
% ee, isolated yield
entry R cis:trans cis cis isomer (%)
1 Ph 95:5 85 53
2 4-(RC)CeHa 93:7 90 50
3P 4-(MeO)GHa 93:7 83 46
4 Cy 93:7 89 57
5 PhCO 91:9 72 42

a All data represent the average of two ruAfun at rt.

Table 3. Catalytic Asymmetric Synthesis of -Lactams: Scope
with Respect to the Alkyne Component?

1% CuCl

1 H 1

| ) b 11% (RA-2 o
I | 0 ‘Ar Cy-:NMe /J;N\

o® MeCN o A

Cy\n,. H

_N
O
© ®\©\ o’g‘Ph
OMe o
3 4
% ee, isolated yield
entry nitrone R cis:trans cis cis isomer (%)
1b 3 Ph >95:5 92 65
2b 3 4-(RC)CeHa >95:5 93 57
3 3 4-(MeO)GHa4 92:8 91 60
4p 3 PhCh 71:29 73(70) 43(17)
5¢ 4 Ph 90:10 90 56
6° 4 1-cyclohexenyl 90:10 91 45

prepared from symmetrical or unsymmetrical disubstituted ketenes
and a variety of imines with enantiomeric excesses up to $8%.
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a All data represent the average of two runs. The values in parentheses

provide data for the trans isoméRun at—20 °C. ¢ Run at—40 °C.

In conclusion, we have developed the first versatile system for
the copper-catalyzed asymmetric coupling of alkynes with nitrones
to form p-lactams. In terms of scope and stereoselection, this
method compares favorably with previously reported strategies for
the catalytic enantioselective synthesis of this important family of
heterocycles. Other appealing attributes of this process include the
ready availability of the starting materials, the functional-group
tolerance of the reaction, and the convergency of the approach.

Note Added in Proof: We have recently communicated that,
using a planar-chiral heterocycle as the catal§dgctams can be
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