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Abstract: The first copper-catalyzed intermolecular
enantioselective decarboxylative propargylic alkyla-
tion of propargylic esters with 3-keto acids as surro-
gates of ketones has been successfully developed by
using a ketimine PN,N-ligand. High yields and ex-
cellent enantioselectivities (up to 98% ee) have
been achieved under the mild reaction conditions.

Keywords: asymmetric catalysis; copper; decarbox-
ylative propargylic alkylation; -keto acids; propar-
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The catalytic asymmetric propargylic substitution of
propargylic esters with various nucleophiles has been
developed in the past decade.l! However, the use of
carbanions, especially unstabilized ketone enolates as
nucleophiles, remains very limited.”! Since the asym-
metric alkylation of unstabilized ketone enolates con-
stitutes one of the most powerful tools for construct-
ing chiral centers via C—C bond forming reactions,”
the development of a new strategy for the seteroselec-
tive propargylic alkylation of propargylic esters with
unstabilized ketone enolates is particularly appealing.

Quite recently, we reported a strategy for the enan-
tioselective propargylic alkylation of ketone enolates
by a copper-catalyzed intramolecular decarboxylative
alkylation of propargylic -keto esters. The reaction
works through the loss of CO, and does not need pre-
formed ketone enloates.*) The mechanistic study
suggested that the reaction proceeded with a copper
allenylidene complex enolate ion pair as the key inter-
mediate (Scheme 1). We therefore envisioned that an
intermolecular decarboxylative propargylic alkylation
could also be possible since a similar ion pair could

Adpv. Synth. Catal. 0000, 000,0-0

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! 77

Previous work: intramolecular decarboxylative propargylic alkylation
H

AR AN
J\/U\ toluene /—a—2=Cul ]! * R?
2

This work: intermolecular decarboxylative propargylic alkylation
O ) O*
1 \ Co,

OAc (
[Cu] -—
R2 J\ W [RZ_E Cu —Z» /Ld\

Scheme 1. Copper-catalyzed decarboxylative propargylic al-
kylation.

be generated when a propargylic ester and a B-keto
acid were subjected to a copper catalyst under the ap-
propriate reaction conditions (Scheme 1).° Although
some examples have shown that [-keto acids are ca-
pable of undergoing the decarboxylative carbon-
carbon bond-forming reaction as surrogates of ke-
tones with various carbon electrophiles,”! the decar-
boxylative alkylation with the use of a propargylic
ester as the carbon electrophile remains unexplored.
Herein, we report the first copper-catalyzed intermo-
lecular asymmetric decarboxylative propargylic alky-
lation of propargylic esters with (3-keto acids, in which
excellent performance has been achieved. Important-
ly, this process provides an efficient way to obviate
employing preformed propargylic (-keto esters for
the intramolecular decarboxylation through the trans-
esterification between the corresponding propargylic
alcohols and (-keto esters, which generally requires
long reaction time (up to 3 days) and gives unsatisfac-
tory yields.
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Table 1. Screening the reaction conditions.”!

Cu] (5 mol%
j\/l?\ . )OAi T (]5.(5 mol%)) _ .
Ph OH Ph \\ base (1.2 equiv.) Ph Ph
1a 2a solvent, 0 °C, 12 h 3aa

Entry [Cu] L Base Yield [%]® ee [%]¢
1@ Cu(MeCN),BF, L1 Et;N - y
2 Cu(MeCN),BF, L1 Et;N 91 98 (R)
3 Cu(MeCN),BF, L2 Et;N 90 93 (9)
4 Cu(MeCN),BF, L3 Et;N 65 38 (S)
5 Cu(MeCN),BF, L4 Et;N - _fel
6 Cu(MeCN),BF, L5 Et;N 90 13 (S)
7 Cu(MeCN),BF, L1 - - —fel
8 Cu(MeCN),BF, L1 DBU 76 95 (R)
9 Cu(MeCN),BF, L1 (i-Pr),NEt 88 96 (R)
10 Cul L1 Et;N 89 92 (R)
11 CuCl L1 Et;N 88 97 (R)
12 Cu(OAc),H,0 L1 Et;N 90 96 (R)

(2] Reaction conditions: 2a (0.3 mmol), 1a (0.33 mmol), [Cu] (0.015 mmol, 5mol%), L (0.0165 mmol, 5.5mol%), base
(0.36 mmol), 3 mL of MeOH unless otherwise specified, 0°C, 12 h.

) Isolated yield.

[l The ee value was determined by chiral HPLC analysis.
4l The reaction was performed in toluene.

[l Not determined due to low conversion.

We started our investigation by examining the
copper-catalyzed decarboxylative propargylic alkyla-
tion between benzoylacetic acid 1la and 1-phenyl-2-
propynyl acetate 2a under the reaction conditions
(Et;N as the base, in toluene at 0°C for 12 h) that had
proved to be optimal in the corresponding intramo-
lecular decarboxylative propargylic alkylation of
propargylic f-keto esters."

To our disappointment, however, no desired decar-
boxylative product was observed (Table 1, entry 1).
The reason might be the low polarity of toluene,
which prevented the approach of an enolate ion to
the copper allenylidene complex. We therefore pre-
sumed that a strongly polar solvent such as MeOH
should be a better choice for this reaction. The subse-
quent decarboxylative alkylation performed in
MeOH confirmed our speculation, affording the de-
sired pB-ethynyl ketone 3aa in high yield (91%) and
with excellent enantioselectivity (98% ee) (entry 2). A
remarkable ligand effect was observed. Chiral 1-phe-
nylethylamine-derived tridentate PN,N-ligands L1
and L2 (Figure 1) delivered excellent yields and ees
(entries 2 and 3). In contrast, BINAP (L4) led to very
low conversion (entry 5). The addition of a base addi-
tive was necessary since none of 3-ethynyl ketone 3aa
was obtained in its absence (entry 7). Other bases
such DBU and (i-Pr),NEt also gave good results (en-
tries 8 and 9). The Cu salt had less effect on the reac-
tivity and enantioselectivity, and excellent per-
formance was achieved with all Cu salts tested (en-
tries 10-12).
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Figure 1. Ligands screened in Cu-catalyzed intermolecular
decarboxylative propargylic alkylation.

Having identified the optimal reaction conditions
for intermolecular decarboxylative propargylic alkyla-
tion, we next conducted the reactions of various [3-
keto acids with 1-phenyl-2-propynyl acetate (2a). The
results in Table 2 disclosed that a wide range of aro-
matic 3-keto acids smoothly underwent the decarbox-
ylative alkylation with 2a, providing the correspond-
ing P-ethynyl ketones in high yields and with excellent
enantioselectivities (entries 1-10). An exception was
1b bearing a 2-Cl group, which gave only a moderate
yield presumably due to the steric effect (entry 2).
The reaction tolerated both electron-rich and elec-
tron-deficient aromatic groups, irrespective of wheth-
er the aromatic group was an aryl or a heteroaryl
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group. However, in comparison with their aromatic
counterparts, the reaction with aliphatic -keto acids
gave lower enantioselectivities (entries 11 and 12). In
the case of 3-oxo-4-phenylbutanoic acid (1l), the
product 1,4-diphenylhex-5-yn-2-one (3la) was ob-
tained in 75% yield and with 87% ee (entry 12).

We next turned our attention to the decarboxyla-
tive alkylation of benzoylacetic acid (1a) with various
propargylic acetates (2), and the results are summar-
ized in Table 3. All aryl-substituted propargylic ace-
tates underwent the reaction to give the correspond-
ing products in high yields and with excellent enantio-

selectivity (entries 1-10). The position and electronic

Table 2. Copper-catalyzed intermolecular decarboxylative propargylic alkylation: scope of p-keto acids.!

Cu(CH3CN),4BF 4 (5 mol%) o Il

6 o OAc L1 (5.5 mol%)
R‘J\/U\OH * Ph)\ EtN (12 equiv.) RJJ\APh
1a-1 2a MeOH, 0°C, 12 h 3aa-la
Entry B-Keto acid (1) Product (3) Yield [%]® ee [%]C
1 la: R'=Ph 3aa 91 98 (R)
2 1b: R'=2-CIC,H, 3ba 65 91 (R)
3 1c: R'=3-CIC(H, 3ca 90 98 (R)
4 1d: R'=4-CIC,H, 3da 88 98 (R)
5 le: R'=4-FC,H, 3ea 91 98 (R)
6 1f: R'=4-BrC H, 3fa 92 98 (R)
7 1g: R'=4-MeC¢H, 3ga 85 96 (R)
8 1h: R' = 2-naphthyl 3ha 76 97 (R)
9 1i: R' =6-MeO-2-naphthyl 3ia 79 98 (R)
10 1j: R' = 2-thienyl 3ja 87 97 (R)
11 1k: R'=Me 3ka 65 74 (R)
12 11: R'=Bn 3la 75 87 (R)

[} Reaction conditions: 2a (0.3 mmol), 1 (0.33 mmol), Cu(MeCN),BF, (0.015 mmol, 5 mol%), L1 (0.0165 mmol, 5.5 mol%),
Et;N (0.36 mmol), 3 mL of MeOH, 0°C, 12 h.

] Isolated yield.

[l The ee value was determined by chiral HPLC analysis.

Table 3. Copper-catalyzed intermolecular decarboxylative propargylic alkylation: scope of propargylic acetates.”
Cu(CH3CN),4BF, (5 mol%)

I
o 0 OAc L1 (5.5 mol%) o
Ph)J\/U\ oH * RZ\ Et;N (1.2 equiv.) Ph)J\/\Rz
1a 2a-1 MeOH, 0°C, 12 h 3aa-al
Entry Propargylic acetate (2) Product (3) Yield [%]™ ee [%]@
1 2a: R?=Ph 3aa 91 98 (R)
2 2b: R*=2-CIC,H, 3ab 80 96 (R)
3 2¢: R*=3-CIC{H, 3ac 91 97 (R)
4 2d: R*=4-CIC¢H, 3ad 87 97 (R)
5 2e: R*=4-FC,H, 3ae 90 96 (R)
6 2f: R*=4-BrC,H, 3af 93 97 (R)
7 2g: R?=4-MeCH, 3ag 84 94 (R)
8 2h: R*=4-MeOCH, 3ah 82 94 (R)
9 2i: R?=4-CF,C,H, 3ai 90 96 (R)
10 2j: R?=2-naphthyl 3aj 84 95 (R)
11 2k: R*=2-thienyl 3ak 89 93 (R)
12 2l: R”*=Me 3al - —ld

1 Reaction conditions: 2 (0.3 mmol), 1a (0.33 mmol), Cu(MeCN),BF, (0.015 mmol, 5 mol%), L1 (0.0165 mmol, 5.5 mol%),
Et;N (0.36 mmol), 3 mL of MeOH, 0°C, 12 h.

] Isolated yield.

[l The ee value was determined by chiral HPLC analysis.

' Not determined due to low conversion.
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effect of the substituent on the benzene ring had little
influence on the reactivity and enantioselectivity. The
heteroaromatic substrate 2k was also a suitable reac-
tion partner for this reaction (entry 11). However,
similar to what was observed in the Cu-catalyzed
asymmetric propargylic substitution,'’ propargylic
esters bearing an alkyl group at the propargylic posi-
tion proved to be inefficient for this reaction
(entry 12). No conversion was observed when but-3-
yn-2-yl acetate (2l1) was subjected to the reaction
(entry 12).

Recently, Nishibayashi has reported that the intro-
duction of a pentafluorobenzoate group instead of the
acetate group into the propargylic ester could signifi-
cantly promote the copper-catalyzed propargylic ami-
nation of aliphatic propargylic esters.!®’ This strategy
should also be suitable to the present decarboxylative
alkylation. We prepared the pentafluorobenzoate
(2m) of but-3-yn-2-0l, and subjected it to the decar-
boxylative alkylation under the optimized conditions
(Scheme 2). As expected, the desired decarboxylative
alkylation product 3al was obtained in 48% yield and
with 83% ee. This result suggested that the penta-
fluorobenzoxy group should be a better leaving group
than the corresponding acetoxy group. To further con-
firm this observation, both 1-phenyl-2-propynyl ace-
tate (2a) and pentafluorobenzoate (2n) were subject-
ed to this reaction. Under the same reaction condi-
tions, pentafluorobenzoate 2n reacted more rapidly as
expected (Scheme 3a).

Besides 3al, however, a substantial amount of trans-
esterification product, but-3-yn-2-yl benzoylacetate 4,
was isolated as a side product (Scheme 2). This inter-
esting observation suggested that a competitive reac-
tion pathway, a transesterification process followed by
an intramolecular decarboxylative alkylation, should
be present as shown in the pathway II (Scheme 4).
The formation of transesterification intermediate (C)
from the attack of carboxylic oxygen at the C, atom
of the copper allenylidene complex (A), might pre-
vent the subsequent transformation since an aliphatic
propargyl 3-keto esters could not undergo the intra-
molecular decarboxylative propargylic alkylation as
shown in Scheme 3b. This should be responsible for

OC(O)CgFs

N Cu(CHsCN),BF, (5 mol%) Il
2m L1(55mol%) o

+ > Py
o o Et;N (1.2°equiv.) ph)j\/\ /\
LA, MeoH 0% 12h 3al 4

48% yield 40% yield
1a 83% ee 49% ee

Scheme 2. Cu-catalyzed asymmetric decarboxylative propar-
gylic alkylation of but-3-yn-2-yl pentafluorobenzoate (2m)
with benzoylacetic acid (1a).
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the low conversion of decarboxylative alkylation
product 3al. For aliphatic propargylic esters, the de-
carboxylative alkylation probably proceeded through
pathway I in Scheme 4, in which the enolate carban-
ion attacked at the C, atom of the copper allenylidene
complex (A) with the subsequent loss of CO, to give
the desired decarboxylative alkylation product 3. For
aromatic propargylic esters, both reaction pathways
are possible since aromatic propargylic -keto esters
also worked well under the same reaction conditions
(Scheme 3c) as we had previously observed.”! Further
investigations to elucidate the reaction mechanism
are underway.

a) OAc )
/]\ 26% conversion
Ph A
o o 23\ Cu(CH3CN)4BF 4 (5 mol%) o |||

L1(55mol%)
Ph)J\/\Ph

EtsN (1.2 equiv.)

1a OC(O)CeFs MeOH, -15 °C, 15 h 3aa
Ph)\\\ 48% conversion
2n
O (0] 0
b) CU(CHsCN)4BF, (5 mol%)
J N L1 (5.5 mol%) ,
o Ph > no reaction
EtsN (1.2 equiv.)
\\ MeOH, 0°C, 12 h
4
c) O O
I CU(CHCN)4BF, (5 mol%) o Il
o) Ph L1 (5.5 mol%) H

Et;N (1.2 equiv.) Ph)l\/\ Ph

MeOH, 0°C, 12 h 3aa
5 92% yield, 94% ee

Scheme 3. Mechanistic investigations into the copper-cata-
lyzed decarboxylative propargylic alkylation.

5' 0O ©
pathway | R! OH o ||
é /H~ RZ 1 i 2
: o" o AN R R
: CuL
5 R1MO TB u 3
""""""""""""""""" oH o 7 T
R2
{ cull R1J\)J\O’
+
A /—e—e=CuL
2 D
O O T R2 = aryl

Scheme 4. Proposed reaction mechanism.
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In summary, we have developed the first intermo-
lecular asymmetric decarboxylative propargylic alky-
lation of propargylic esters with -keto acids as attrac-
tive surrogates of ketones. In the presence of 5 mol%
of copper catalyst prepared in situ from
Cu(CH;CN),BF, and a tridentate chiral P,N,N-ligand,
a variety of -keto acids with propargylic esters un-
derwent the decarboxylative propargylic alkylation to
give the corresponding B-ethynyl ketones in good
yields and with good to excellent ee (up to 98% ee).l
In comparison to the corresponding intramolecular
decarboxylative propargylic alkylation of propargylic
B-keto esters, the present method displays some sig-
nificant advantages: (i) more readily available sub-
strates; (ii) generally better enantioselectivities; (iii)
broader substrate scope (for example, aliphatic prop-
argylic esters also worked). Furthermore, the present
study suggested that two competitive reaction path-
ways should be present in the intermolecular decar-
boxylative propargylic alkylation. The further devel-
opment and application of this reaction, as well as
a study of the mechanism, is underway.

Experimental Section

General Procedure for Copper-Catalyzed Inter-
molecular Asymmetric Decarboxylative Propargylic
Alkylation

Cu(CH;CN),BF, (4.7 mg, 0.015 mmol) and (S)-L1 (7.8 mg,
0.0165 mmol) were stirred at room temperature in 1 mL of
anhydrous methanol under a nitrogen atmosphere for 1 h.
The solution was then cooled to 0°C, and a solution of f3-
keto acid (0.33 mmol), propargylic ester (0.3 mmol) and
EtN (50 pL, 0.36 mmol) in 2 mL of anhydrous methanol
was added. The mixture was stirred at 0°C for 12 h. The re-
action was quenched by 1 mL of a buffer of NaOAc/AcOH,
and extracted with EtOAc (5mLx2). The combined ex-
tracts were washed with brine, dried over anhydrous
Na,SO,, and concentrated under vacuum. The residue was
then purified by silica gel chromatography to afford the (-
ethynyl ketone product.

(R)-1,3-Diphenylpent-4-yn-1-one (3aa): White solid; 91%
yield; 98% ee was determined by chiral HPLC (Chiralcel
OJ-H, n-hexane/i-PrOH=70/30, 0.8 mLmin~', 230 nm,
40°C): tg (minor)=12.5min, t; (major)=153 min; [a]3:
—1.67 (c 046 g100mL, CH,CL); 'HNMR (400 MHz,
CDCl;): 6=7.93-7.91 (m, 2H), 7.56-7.52 (m, 1H), 7.46-7.41
(m, 4H), 7.34-7.30 (m, 2H), 7.26-7.22 (m, 1H), 4.46-4.42
(m, 1H), 3.58 (dd, J,=17.0 Hz, J,=8.0 Hz, 1H), 3.34 (dd,
Ji=17.0Hz, J,=6.0Hz, 1H), 225 (d, J=2.5Hz, 1H);,
BCNMR (100 MHz, CDCl;): 6=196.7, 140.7, 136.8, 133.3,
128.7, 128.6, 128.2, 127.5, 127.2, 85.3, 71.1, 47.1, 32.7. The
spectral data are in agreement with the reported values.*

Adpv. Synth. Catal. 0000, 000,0-0

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Acknowledgements

Financial support from the Dalian Institute of Chemical
Physics (CAS) is gratefully acknowledged. We also thank
Prof. Hongchao Guo for providing several ligands (synthe-
sized in the National Key Technologies R&D Program of
China, 2012BAK25B03, CAU) and for screening the reaction
conditions. Dr. C.-J. Hou also thanks the financial support
from Program for Liaoning Excellent Talents in University
(LJQ 2013059) and Science and Technology Fund of Dalian
City (2011J21DW010).

References

[1] For reviews, see: a) N. Ljungdahl, N. Kann, Angew.
Chem. 2009, 121, 652-654; Angew. Chem. Int. Ed. 2009,
48, 642-644; b) Y. Miyake, S. Uemura, Y. Nishibayashi,
ChemCatChem 2009, 1, 342-356; ¢) R. J. Detz, H. Hiem-
stra, J. H. van Maarseveen, Eur. J. Org. Chem. 2009,
6263-6276; d) C.-H. Ding, X.-L. Hou, Chem. Rev. 2011,
111, 1914-1937; e) E. B. Bauer, Synthesis 2012, 44, 1131-
1151; f) Y. Nishibayashi, Synthesis 2012, 44, 489-503.

[2] For Ru-catalyzed asymmetric propargylic alkylation of
propargylic alcohols with acetone, see: a) Y. Nishibaya-
shi, G. Onodera, Y. Inada, M. Hidai, S. Uemura, Orga-
nometallics 2003, 22, 873-876; b) Y. Inada, Y. Nishibaya-
shi, S. Uemura, Angew. Chem. 2005, 117, 7893-7895;
Angew. Chem. Int. Ed. 2005, 44, 7715-7717.

[3] D. Caine, in: Comprehensive Organic Synthesis: Carbon-
Carbon x-Bond Formation, (Eds.: B. M. Trost, I. Flem-
ing), Pergamon, New York, 1991, Vol. 3, pp 1-63.

[4] E-L. Zhu, Y. Zou, D.-Y. Zhang, Y.-H. Wang, X.-H. Hu,
S. Chen, J. Xu, X.-P. Hu, Angew. Chem. 2014, 126, 1434—
1438; Angew. Chem. Int. Ed. 2014, 53, 1410-1414.

[5] For related Pd-catalyzed decarboxylative propargylic
transformation, see: a) J. Tsuiji, T. Sugiura, M. Yuhara,
I. Minami, J. Chem. Soc. Chem. Commun. 1986, 922—
924; b) T. Mandai, T. Matsumoto, M. Kawada, J. Tsuji,
Tetrahedron Lett. 1993, 34, 2161-2164; c) H. Bienayme,
Tetrahedron Lett. 1994, 35, 7383-7386; d) H. Bienayme,
Tetrahedron Lett. 1994, 35, 7387-7390; ¢) H. Ohmiya, M.
Yang, Y. Yamauchi, Y. Ohtsuka, M. Sawamura, Org.
Lett. 2010, 12, 1796-1799; f) D. C. Behenna, J. T. Mohr,
N. H. Sherden, S. C. Marinescu, A. M. Harned, K. Tani,
M. Seto, S. Ma, Z. Novak, M. R. Krout, R. M. McFad-
den, J.L. RoizenJr, J. A. Enquist, D. V. White, S.R.
Levine, K. V. Petrova, A. Iwashita, S. C. Virgil, B. M.
Stoltz, Chem. Eur. J. 2011, 17, 14199-14223; g) M. Yoshi-
da, S. Ohno, K. Shishido, Chem. Eur. J. 2012, 18, 1604—
1607; h)S.P. Schroder, N.J. Taylor, P. Jackson, V.
Franckevicius, Org. Lett. 2013, 15, 3778-3781.

[6] For Cu-catalyzed asymmetric propargylic substitution
and related reactions, see: a) R.J. Detz, M. M. E. Delv-
ille, H. Hiemstra, J. H. van Maarseveen, Angew. Chem.
2008, 7120, 3837-3840; Angew. Chem. Int. Ed. 2008, 47,
3777-3780; b) G. Hattori, H. Matsuzawa, Y. Miyake, Y.
Nishibayashi, Angew. Chem. 2008, 120, 3841-3843;
Angew. Chem. Int. Ed. 2008, 47, 3781-3783; c) P. Fang,
X.-L. Hou, Org. Lett. 2009, 11, 4612-4615; d) G. Hattori,
A. Yoshida, Y. Miyake, Y. Nishibayashi, J. Org. Chem.
2009, 74, 7603-7607; e) G. Hattori, Y. Miyake, Y. Nishi-

asc.wiley-vch.de 5

These are not the final page numbers! 77


http://asc.wiley-vch.de

Advanced

Synthesis &
Catalysis

Fu-Lin Zhu et al.

6

bayashi, ChemCatChem 2010, 2, 155-158; f) G. Hattori,
K. Sakata, H. Matsuzawa, Y. Tanabe, Y. Miyake, Y.
Nishibayashi, J. Am. Chem. Soc. 2010, 132, 10592-10608;
g) R.J. Detz, Z. Abiri, R. le Griel, H. Hiemstra, J. H.
van Maarseveen, Chem. Eur. J. 2011, 17, 5921-5930;
h) A. Yoshida, M. Ikeda, G. Hattori, Y. Miyake, Y. Nish-
ibayashi, Org. Lett. 2011, 13, 592-595; i) A. Yoshida, G.
Hattori, Y. Miyake, Y. Nishibayashi, Org. Lett. 2011, 13,
2460-2463; j) C. Zhang, Y.-H. Wang, X.-H. Hu, Z.
Zheng, J. Xu, X.-P. Hu, Adv. Synth. Catal. 2012, 354,
2854-2858; k) C. Zhang, X.-H. Hu, Y.-H. Wang, Z.
Zheng, J. Xu, X.-P. Hu, J. Am. Chem. Soc. 2012, 134,
9585-9588; 1) T. Mino, H. Taguchi, M. Hashimoto, M.
Sakamoto, Tetrahedron: Asymmetry 2013, 24, 1520-
1523; m) F.-Z. Han, F.-L. Zhu, Y.-H. Wang, Y. Zou, X.-
H. Hu, S. Chen, X.-P. Hu, Org. Lett. 2014, 16, 588-591;
n) Y. Zhou, F-L. Zhu, Z.-C. Duan, Y.-H. Wang, D.-Y.
Zhang, Z. Cao, Z. Zheng, X.-P. Hu, Tetrahedron Lett.
2014, 55, 2033-2036.

For selected examples, see: a) M. Stiles, D. Wolf, G. V.
Hudson, J. Am. Chem. Soc. 1959, 81, 628-632; b) T.
Tsuda, M. Okada, S. Nishi, T. Saegusa, J. Org. Chem.
1986, 51, 421-426; c) D. A. Evans, S. Mito, D. Seidel, J.
Am. Chem. Soc. 2007, 129, 11583-11592; d) K. Rohr, R.
Mahrwald, Org. Lett. 2011, 13, 1878-1880; ¢) C.-F. Yang,

J-Y. Wang, S.-K. Tian, Chem. Commun. 2011, 47, 8343—
8345; f) Y. Zheng, H.-Y. Xiong, J. Nie, M.-Q. Hua, J.-A.
Ma, Chem. Commun. 2012, 48, 4308-4310; g) C.-F.
Yang, C. Shen, J.-Y. Wang, S.-K. Tian, Org. Lett. 2012,
14, 3092-3095; h) F. Zhong, W. Yao, X. Dou, Y. Lu, Org.
Lett. 2012, 14, 4018-4021; i) H. W. Moon, D. Y. Kim, Tet-
rahedron Lett. 2012, 53, 6569-6572; j) J. Zuo, Y.-H. Liao,
X.-M. Zhang, W.-C. Yuan, J. Org. Chem. 2012, 77,
11325-11332; k) C. W. Suh, C. W. Chang, K. W. Choi,
Y.J. Lim, D. Y. Kim, Tetrahedron Lett. 2013, 54, 3651
3654; 1) Z. Duan, J. Han, P. Qian, Z. Zhang, Y. Wang, Y.
Pan, Org. Biomol. Chem. 2013, 11, 6456-6459; m) H.-N.
Yuan, S. Wang, J. Nie, W. Meng, Q. Yao, J.-A. Ma,
Angew. Chem. 2013, 125, 3961-3965; Angew. Chem. Int.
Ed. 2013, 52, 3869-3873.

For access to optically active p-ethynyl ketones via
copper-catalyzed alkyne conjugate addition, see: a) T. F.
Knopfel, E. M. Carreira, J. Am. Chem. Soc. 2003, 125,
6054-6055; b) T.F. Knopfel, P. Zarotti, T. Ichikawa,
E. M. Carreira, J. Am. Chem. Soc. 2005, 127, 9682-9683;
¢) S. Fujimori, E. M. Carreira, Angew. Chem. 2007, 119,
5052-5055; Angew. Chem. Int. Ed. 2007, 46, 4964-4967;
d) R. Yazaki, N. Kumagai, M. Shibasaki, J. Am. Chem.
Soc. 2010, 132, 10275-10277.

asc.wiley-vch.de

KRR These are not the final page numbers!

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Adpv. Synth. Catal. 0000, 000, 0—0


http://asc.wiley-vch.de

Enantioselective Copper-Catalyzed Decarboxylative 5 B o C”(CHECNMBFTO/(E’ mol%) Il
Propargylic Alkylation of Propargylic Esters with f3-Keto JJ\/U\ . L* (5.5 mol%) - 0 :
Acids R OH R? N EtN(12equiv) R R2
MeOH, 0 °C, 12 h
23 examples
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RET :
Fu-Lin Zhu, Ya-Hui Wang, De-Yang Zhang, Xin-Hu Hu, N S :
Song Chen, Chuan-Jin Hou, Jie Xu, Xiang-Ping Hu* oph N
i 2 :
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