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The conjugate addition reaction of carbon nucleophiles to Scheme 1

acceptors provides important avenues to access optically active cl R
building blocks! Transmetalation of organometallic compounds to RN
the corresponding organocopper reagents is widely employed to d
ensure regioselective 1,4-addition toS-unsaturated carbonyl 4 —
compound£. Absent from these reagents, however, are the corre- R {:Q/OH
X

sponding copper alkynylides, which are, in general, insufficiently
reactive for this purpos&.Known methods for the conjugate
addition of alkynes include the use of bofohand aluminurh’ Table 1. PINAP Ligands 3—8 in the Screening of the Reaction of
alkynylides8 Recently, catalytic asymmetric variants of these unique PhC=CH and 1a to Give 2a (R = i-Pr), as Shown in Eq 1
reactions have been reported for a limited set of substtétdhese . S
represent the only examples for this enantioselective reaction, albeit HN™ Me HN™ Me HN Bt HN Et
both methods require the stoichiometric formation of a moisture- .
sensitive metal alkynylide prior to the addition. We have recently o N N N
reported a novel Cu-catalyzed conjugate addition reaction of OO PPk OO PP R OO PPh: R OO PPh
aromatic alkynes to Meldrum’s acid derived acceptors under very

mild reaction conditiond1? In this communication, we document 3 4 7RZOwme SR-OMe

the first example of a catalytic, enantioselective, conjugate addition

PINAP

. N . ) o entry ligand T(°C) t(h) ee? (%) conversion (%)
|nvol\(|ng the direct use of terminal ac.etylenes (eq 1). The gddltlon 1 (R-QUINAP 23 5 2R 100
reactions ofl to afford 2 take place in aqueous media, without 2 3 23 6 69 6 42
recourse to inert atmosphere. The success of the enantioselective 3 3 0 18 809 58
process was enabled by the use of a new class of conveniently 4 4 0 20 37R 33
. . 5 5 0 11 94 R 40
accessed P,N-ligands, which we have termed PINAP (Schefde 1). ¢ 6 0 1 4869 49
7 7 0 14 95 R) 100
Me_ Me 1-10 equiv. PhC=CH MeXMe 8 8 0 14 80 44p
oo 5-20% Cu(OAc);H;0 o Yo
o o 5-20% ligand o o aThe enantioselectivity was determined by chiral HPLC after conversion
| 10-40% Na-(+)-ascorbate Y] to the corresponding anilide by heating in aniline/DMF. The absolute
H,0, 0°C =~ R configuration of the major enantiomer &a is given in parentheses.
Ph”up to 97% ee blsolated yield.
1a-g 2a-g

was unanticipated. One would have expected minimal influence

In initial investigations of the catalytic, enantioselective addition by the remote stereocenter, as we have observed for PINAP in other
of acetylenes to Meldrum’s acid derived acceptors, we screened ametal-catalyzed reactions studied to d&t€his strongly suggested
variety of ligand classes, that is, phosphines, such as BINAP, a critical role for the chiral amine controlling group, giving rise to
JOSIPHOS, MONOPHOS, MOP, as well as nitrogen donors, as matched/mismatched effects. Therefore, we reasoned that its
exemplified by PYBOX and BOX3 For all but one ligand variation would allow fine-tuning of the enantioselectivity.
examined withla (R = i-Pr) as a test substrate, the extent of A set of amines that can be conveniently appended to the PINAP
asymmetric induction observed was low, at best 25% ee for tol- scaffold are the amino alcohols derived from amino acids. In a
BINAP. QUINAPwas the singular exception, giving full conver-  screening of several simple derivatives (i.e., 2-phenylglycinol, the
sion to product in 42% ee (Table 1, entry 1). Building upon this tertiary alcohols isolated from the addition of MeMgBr, EtMgBr,
result proved difficult, as QUINAP analogues bearing structural n-PrMgBr, and BnMgBr to phenylglycine methyl ester), the diethyl
as well as electronic modifications are not readily prepared. derivative5 was singled out by its ability to afford product in high
Consequently, we developed PINAP ligakd&Scheme 1) which enantioselectivity (94% ee, entry 5), albeit sluggishly (40% conver-
can be accessed in an easy four-step sequence from commerciallgion after 11 h). Surprisingly, the use of the methoxy-substituted
available starting materials. This project permitted us to examine ligand 7 (Table 1, entry 7P resulted in product formation at a
structural and electronic effects of this new modular class of ligands. significantly faster rate (full conversion after 14 h), while maintain-

In exploratory studies, we examined the Cu-catalyzed addition ing high enantioselectivity in the process (95% ¥e)nce again,
of phenylacetylene tta (R = i-Pr) employing the simplest member  the atropdiastereomeric ligan8sand8 gave, as in the case df
of the PINAP class of ligands derived from optically active products with dramatically diminished enantioselectivity (entries
a-phenethylamine, namel®,and4 (Table 1). The addu@awas 6 and 8).
obtained in enhanced optical purity usidgt 23°C (69% ee, entry In the optimized procedure, a 1:1 mixture of ligaddand
2). At 0 °C, the enantioselectivity was further improved to 80% ee Cu(OAc)-H,0 is employed at 520 mol % loading. In general,
(entry 3). We found thaB8 gave much better results than its because of the heterogeneous nature of the reaction, on 0.25 mmol-
diastereomed, which furnished adduct in 37% ee. This behavior scale, excess phenylacetylene (10 equiv) is used. However, the
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Table 2. Enantioselective Conjugate Addition of Phenylacetylene
to the Acceptors la—g?@

Me_ Me 1-10 equiv. PhC=CH Me_ Me
o o 5-20 mol% Cu(OAc), H,0 oo
5-20 mol% 7
o) (o} O (¢}
%\(& 10-40 mol% Na-(+)-ascorbate
R H,0, 0 °C =~ R
1a-g Ph 2a-g
entry R t(h) 7 (mol %) yield (%) ee(%)”
1 i-Pr (1) 14 10 94 95
2 CeH11(1b) 14 10 81 94
3 c-Pr (10 51 10 79 97
4 i-Bu (1d) 24 20 85 90
5 Et (1§ 24 20 83 82
6 Ph (Lf) 66 20 64 83
7 m-tol (1g) 66 20 87 (609 90 (98)
8 i-Pr (1a) 14 5 93 94

a Reactions were run using 10 equiv of phenylacetylene, except entry 8,

which was run using 1 equiv. Reactions were run at 0.25 mmol scale, except

for entries 6 and 7, which were run at 0.5 mmol scale, and entry 8, which
was run at 1.25 mmol scaleThe enantioselectivity was determined by
chiral HPLC analysis after conversion to the corresponding anilide by
heating in aniline/DMF (see Supporting InformatiofAfter one recrys-
tallization from EtOAc.

We have reported a novel method for the catalytic, enantiose-
lective, conjugate alkyne addition to Meldrum’s acid derived
acceptors to give adducts in 827% ee and useful yields.
Importantly, the study has resulted in a unique process for conjugate
addition wherein the terminal alkyne undergoes in situ metalation
under mild conditions that are catalytic in metal. Moreover, in the
context of this reaction-driven study, we have examined PINAP as
a ligand. The observations with this new ligand for copper
underscore the salient features of PINAP as a modular monophos-
phine scaffold, whose steric and electronic properties can be tuned
in a variety of ways with the aim of optimizing both reaction rate
and product enantioselectivity. The ability of €acetylided to
participate in enantioselective conjugate additions opens up new
possibilities for these carbemucleophiles in organic synthesis and
sets the stage for additional investigations of these in related
processes to provide wide access to useful building blocks.
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