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Synthesis of chiral α-alkynyl-α-hydroxyamides by
enantioselective alkynylation of α-keto amides

Elena Prieto, Celia Andrés * and Javier Nieto *

The α-hydroxyamide moiety is an important structural component in a wide variety of biologically active

compounds and natural products. Herein, we describe a highly efficient and practical approach towards

chiral quaternary α-alkynyl-α-hydroxyamides by Me2Zn-mediated addition of terminal alkynes to α-keto
amides. The desired products are obtained in good yields and enantioselectivities with broad substrate

and reagent scopes.

Introduction

α-Hydroxyamides are highly relevant core structures in chemi-
cal synthesis. Their structures appear in various natural pro-
ducts such as (+)-kopsihainanina A,1 aspergiline A2 or chimo-
namidine,3 and molecules that exhibit a wide range of biologi-
cal activities, including anticonvulsant,4 antimicrobial,5 anti-
fungal,6 anti-inflammatory,7 antipsoriatic8 or antiandrogen.9

α-Hydroxyamide derivatives are also known to behave as HIV
protease inhibitors,10 matrix metalloproteinase inhibitors that
induce tissue synthesis and degradation,11 or inhibitors of
some kinases involved in the pathogenesis of autoimmune dis-
eases.12 In addition, α-hydroxyamides are versatile intermedi-
ates in the synthesis of compounds with more complex struc-
tures13 and some of them are valuable ligands in asymmetric
catalysis.14

The synthesis of these core structures in an enantioselective
manner is crucial when it comes to achieving the desired
pharmacological properties. Among the different methods for
synthesizing optically active α-hydroxyamides are the amida-
tion of chiral α-hydroxy acids,15 the hydration of chiral cyano-
hydrins,16 the ring opening of chiral α,β-epoxy amides,17 the
enantioselective Passerini-type reaction,18 the kinetic and enzy-
matic resolution of racemic mixtures of α-hydroxyamides19

and, the most used, the chemo- and enantioselective reduction
of α-keto amides.20 Alternatively, the enantioselective addition
of carbon nucleophiles to α-keto amides leads to α-hydroxy
amides with a quaternary stereocenter. However, although this
option has been frequently reported using cyclic α-keto amides
as isatins,21 in acyclic keto amides, it has hardly been explored
except for cyclization and annulation reactions.22 Examples of
enantioselective nucleophilic addition leading to chiral acyclic

α-hydroxy amides with a quaternary stereocenter are very rare.
To the best of our knowledge, only four cases have been
reported23 and neither involves the enantioselective addition
of organometallic reagents to α-keto amides.

Recently, we have gained interest in the synthesis of func-
tionalized chiral tertiary propargylic alcohols through the
addition of acetylides to activated ketones24 and in this
context, we decided to embark on the synthesis of α-alkynyl-
α-hydroxyamides by enantioselective alkynylation of α-keto
amides with alkynylzinc derivatives.25

Results and discussion

We first scanned a series of chiral ligands L1–15 (20 mol%),
some of which had provided good enantioselectivities on the
addition of organozinc derivatives to carbonyl compounds in
previous works,26 in the model reaction of 1-phenyl-2-(pyrroli-
dine-1-yl)ethane-1,2-dione 1a, with the alkynylzinc derivative
prepared from phenylacetylene and dimethylzinc in a dichloro-
methane–toluene 3 : 1 mixture at rt for 24 hours and the
results are collected in Table 1.

1,3-Benzoxazine L2 that had given us good results in pre-
vious works as a chiral ligand in the alkynylation of α-keto
esters and α-diketones24 provided poor results in terms of
enantioselectivity and chemical yield (entry 2 in Table 1). The
highest enantioselectivities were achieved with ligand L10 (er =
95 : 5, entry 10 in Table 1), also achieving a good chemical
yield. The use of only toluene as a solvent or a mixture of
toluene and THF, diethyl ether or ethyl acetate did not
improve either the chemical yield or the enantioselectivity of
the reaction (entries 17–19 in Table 1). On the other hand,
when lowering the reaction temperature from rt to 0 °C, a
slight loss of enantioselectivity was observed in addition to a
marked decrease in chemical yield due to a marked decrease
in the rate of reaction (entry 20 in Table 1).
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In previous works on the alkynylation of α-keto esters27 and
α-diketones,24b a kinetic resolution of the resulting tertiary
propargylic alcohols has been observed due to the over-
addition of the organometallic reagent; however, in our case,
no appreciable variation of the enantioselectivity with the reac-
tion time was observed (entries 10 and 21–23 in Table 1).

After the optimal reaction conditions were determined (4
equiv. of phenylacetylene and dimethylzinc, 20 mol% of L10
as the ligand, at rt in a mixture of CH2Cl2 : toluene 3 : 1 for
24 h), the substrate scope for the alkynylation of a series of
aromatic and aliphatic α-keto amides was explored and the
results are shown in Scheme 1.

The nitrogen substitution of the amide function appears to
be a critical factor that drastically affects the chemical yield of
the reaction. The morpholine-derived ketoamide 1c, as well as
ketoamide 1e with two bulky isopropyl substituents, under-
went little conversion to the alkynylation products 2c and 2e,
recovering in both cases the starting ketoamide as the only by-
product. In contrast, when using the ketoamides derived from
piperidine 1b and dibenzylamine 1d, the corresponding hydro-
xyketones 2b and 2d were obtained with enantioselectivities
comparable to those achieved with the aromatic amides
derived from pyrrolidine 1a and 1f–k. In addition, the recrys-
tallization of product 2b allowed the enantioselectivity to
increase up to an excellent ratio of enantiomers of 99 : 1.

The enantiocontrol in the alkynylation of diverse aromatic
α-keto amides derived from pyrrolidine seemed not to be influ-
enced by electronic effects. The presence of both electron-
donating substituents such as the methyl or methoxy groups
(products 2f–h) or electron-withdrawing substituents such as
Cl, Br or –NO2 (products 2i–k) in the ortho or para positions of

Table 1 Screening studies of enantioselective addition of phenyl-
acetylene to 1-phenyl-2-(pyrrolidine-1-yl)ethane-1,2-dione 1a a

Entry Ligand Solvent t (h) Yieldb (%) erc

1 L1 CH2Cl2–toluene 3 : 1 24 45 38 : 62
2 L2 CH2Cl2–toluene 3 : 1 24 34 19 : 81
3 L3 CH2Cl2–toluene 3 : 1 24 51 23 : 77
4 L4 CH2Cl2–toluene 3 : 1 24 35 45 : 55
5 L5 CH2Cl2–toluene 3 : 1 24 17 —
6 L6 CH2Cl2–toluene 3 : 1 24 5 —
7 L7 CH2Cl2–toluene 3 : 1 24 60 86 : 14
8 L8 CH2Cl2–toluene 3 : 1 24 67 57 : 43
9 L9 CH2Cl2–toluene 3 : 1 24 72 85 : 15
10 L10 CH2Cl2–toluene 3 : 1 24 81 95 : 5
11 L11 CH2Cl2–toluene 3 : 1 24 66 87 : 13
12 L12 CH2Cl2–toluene 3 : 1 24 35 89 : 11
13 L13 CH2Cl2–toluene 3 : 1 24 76 81 : 19
14 L14 CH2Cl2–toluene 3 : 1 24 65 64 : 36
15 L15 CH2Cl2–toluene 3 : 1 24 71 34 : 66
16 L10 Toluene 24 62 84 : 16
17 L10 AcOEt–toluene 3 : 1 24 26 70 : 30
18 L10 THF–toluene 3 : 1 24 28 68 : 32
19 L10 Et2O–toluene 3 : 1 24 48 80 : 20
20d L10 CH2Cl2–toluene 3 : 1 33 34 93 : 7
21 L10 CH2Cl2–toluene 3 : 1 1 53 95 : 5
22 L10 CH2Cl2–toluene 3 : 1 15 72 95 : 5
23 L10 CH2Cl2–toluene 3 : 1 30 77 94 : 6

a Reaction conditions: 0.1 mmol of 1a, 0.4 mmol of dimethylzinc,
0.4 mmol of phenylacetylene and 0.02 mmol of ligands L1–15, solvent
(3.3 mL). b Yield of the isolated product after purification by flash
column chromatography. c Enantiomeric ratio was determined by
HPLC on a chiral stationary phase. d The reaction was carried out at
0 °C.

Scheme 1 Substrate scope of the alkynylation of α-keto amides.
Reaction conditions: 0.25 mmol of 1b–l, 1.0 mmol of dimethylzinc,
1.0 mmol of phenylacetylene and 0.05 mmol of ligand L10, in a CH2Cl2–
toluene 3 : 1 mixture (3.3 mL) at rt for 24 h. Yield of the isolated product
after purification by flash column chromatography. The enantiomeric
ratio was determined by HPLC on a chiral stationary phase.
a Enantiomeric ratio after recrystallization in hexane. bDetected by 1H
NMR of the reaction mixtures but not isolated.
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the aromatic ring was tolerated without significant changes of
enantioselectivity. All the reactions proceeded with good
chemical yields. The decrease in chemical yield observed in
some products was due to losses during the chromatographic
purification. In contrast, when the reaction was performed
with an alkyl-substituted α-keto amide namely 4-phenyl-1-(pyr-
rolidin-1-yl)butane-1,2-dione 1l, formation of α-hydroxyamide
2l was not observed.

To test the generality of this reaction with respect to the
alkyne, we studied the influence of the electronic effects of
some arylacetylenes, as well as the addition of aliphatic
alkynes to α-keto amides 1a and 1f (Scheme 2).

For arylacetylenes the corresponding α-alkynyl-
α-hydroxyamides were obtained with good enantioselectivities
(Scheme 2, compounds 3a–j), although the best results in
terms of enantioselectivity were obtained when the aromatic
ring in the alkyne was substituted in the ortho position by an
electro-attracting fluorine or by a trifluoromethyl group (pro-
ducts 3g–i, er = 96 : 4). Unfortunately, the reactions of 1a with
the aliphatic alkyne 4-phenyl-1-butyne and trimethyl-
silylacetylene did not provide appreciable amounts of alkynyla-
tion products 3k and 3l, recovering most of the untransformed
ketoamide 1a.

In order to solve this lack of reactivity, the addition of
4-phenyl-1-butyne to ketoamide 1a in the presence of L10 was

Scheme 2 Scope of the reaction of α-keto amides 1a and 1f with term-
inal alkynes. Reaction conditions: 0.25 mmol of 1a or 1f, 1.0 mmol of di-
methylzinc, 1.0 mmol of alkyne and 0.05 mmol of ligand L10, in a
CH2Cl2–toluene 3 : 1 mixture (3.3 mL) at rt for 24 h. Yield of the isolated
product after purification by flash column chromatography. The enan-
tiomeric ratio was determined by HPLC on a chiral stationary phase.
aUndetermined enantiomeric ratio.

Scheme 3 Scope of the reaction of α-keto amide 1a with terminal
alkynes under microwave irradiation. Reaction conditions: 0.25 mmol of
1a, 1.0 mmol of dimethylzinc, 1.0 mmol of alkyne and 0.05 mmol of
ligand L10, in a CH2Cl2–toluene 3 : 1 mixture (3.3 mL) at 35 °C for 1 h.
The reaction was carried out in a CEM Discover 300 W microwave
reactor, applying an initial power of 80 W. Yield of the isolated product
after purification by flash column chromatography. The enantiomeric
ratio was determined by HPLC on a chiral stationary phase. a The reac-
tion was carried out at 35 °C in a conventional oil bath for one hour.
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studied. Heating to 35 °C in a conventional oil bath for one
hour allowed the isolation of hydroxyamide 3k with an
enantioselectivity of er = 87 : 13 and a chemical yield of 62%.
To our delight, the chemical yield improved up to 93% and
enantioselectivity remained similar when heating was carried
out under microwave irradiation. Under these conditions, in
the absence of L10, formation of less than 5% of the racemate
of 3k is observed.

Therefore, heating at 35 °C under microwave irradiation for
1 hour were chosen as the ideal conditions for the enantio-
selective addition of aliphatic terminal alkynes to
α-ketoamides and the scope of the reaction for different ali-
phatic alkynes was studied (Scheme 3).

The addition of aliphatic terminal alkynes under these con-
ditions occurred with moderate to good chemical yields and
enantioselectivities slightly lower than those provided with the
terminal aromatic alkynes at room temperature. The best
results in terms of enantiocontrol were obtained upon the
addition of alkynes with trimethylsilyl or tert-butyl(dimethyl)
silyloxy substituents, with enantioselectivities comparable to
those obtained upon the addition of arylacetylenes (com-
pounds 3l, er = 92 : 8 and 3m, er = 91 : 9). Alkynylation of 1a
with arylacetylene derivatives in the presence of 10L under
microwave irradiation at 35 °C for 1 hour was also explored,
and α-alkynyl-α-hydroxyamides 3a–f were obtained with yields
similar to those achieved when the alkynylations were carried
out at room temperature for 24 h; however, the enantio-
selectivities were slightly lower (compare the results of
Scheme 2 with those of Scheme 3 for 3a–f ).

The configuration of the newly formed stereogenic center of
2a was established by X-ray diffraction analysis and has been
extended to all of the other α-alkynyl-α-hydroxyamides 2b–k
and 3a–p based on mechanistic analogy.

Conclusions

In summary, we have developed an efficient method for the
preparation of enantioenriched α-alkynyl-α-hydroxyamides
with a quaternary stereocenter via Me2Zn-mediated addition of
terminal alkynes to α-keto amides using the 1,2-amino alcohol
L10 as a chiral ligand. A variety of aromantic α-keto amides
bearing electron-withdrawing or electron-donating substitu-
ents on the aromatic ring and aromatic and aliphatic terminal
alkynes were investigated, which gave rise to 1,2-addition pro-
ducts in moderate to good chemical yields and
enantioselectivities.

Experimental section
General information

All reactions were carried out in anhydrous solvents under a
nitrogen atmosphere in dried glassware by means of Schlenk
techniques. 1H NMR (400 or 500 MHz) and 13C NMR (100 or
126 MHz) spectra were recorded in CDCl3. Chemical shifts for

protons are reported in ppm from tetramethylsilane with the
residual CHCl3 resonance as an internal reference. Chemical
shifts for carbons are reported in ppm from tetramethylsilane
and are referenced to the carbon resonance of the solvent.
Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broad), coupling constants in hertz, and integration. Specific
rotations were measured using a 2 mL cell with a 1 dm path
length and a sodium lamp, and concentration is given in g per
100 mL. High resolution mass spectrometry analysis (HRMS)
was performed using a quadrupole spectrometer with a TOF
analyzer. Infrared spectra are reported in frequency of absorp-
tion and only the structurally most important peaks are given.
Flash chromatography was carried out using silica gel
(230–240 mesh). TLC analysis was performed on glass-backed
plates coated with silica gel 60 and an F254 indicator and visu-
alized by either UV irradiation or staining with I2 or phospho-
molybdic acid solution. Chiral HPLC analysis was performed
using Chiralpak AD-H, Phenomenex Lux Amylose-1,
Phenomenex Lux i-Amylose-3, Phenomenex Lux i-Amylose-1
and Phenomenex Lux Cellulose-2 columns. UV detection was
monitored at 254 nm.

Microwave-assisted synthesis was carried out in a CEM
Discover microwave reactor containing a single-mode micro-
wave cavity in sealed reaction vessels and operating at a
maximal microwave power of up to 80 W. The temperature at
the bottom of the reaction vessel was automatically controlled
with an IR sensor located below the microwave cavity floor.
Reaction times refer to the hold times at the temperatures
indicated and not to the total irradiation times.

Commercially available reagents were used as purchased
without further treatment.

General procedure for the catalytic enantioselective addition
of phenyl acetylene derivatives to α-keto amides

To a solution of 1.2 M of ZnMe2 in toluene (1.0 mmol,
0.83 mL) was added the corresponding alkyne (1.0 mmol) and
the mixture was stirred under a nitrogen atmosphere at rt for
1 h. Then, a solution of 0.05 M of ligand L10 in CH2Cl2
(0.05 mmol, 1.0 mL) was added and the reaction was stirred
for another 30 min, whereupon a solution of the keto amide
(0.25 mmol) in CH2Cl2 (1.5 mL) was added dropwise and the
reaction was stirred at rt for 24 h. The reaction was quenched
with a saturated aqueous solution of NH4Cl, extracted with
CH2Cl2, dried over MgSO4, filtered and concentrated. The
residue was purified by flash column chromatography on silica
gel using a hexane/ethyl acetate mixture as the eluent.

General procedure for the microwave assisted catalytic
enantioselective addition of aliphatic terminal alkynes to
α-keto amides

In an oven-dried microwave tube equipped with a magnetic
stir bar, containing the aliphatic alkyne (1.0 mmol), a solution
of 1.2 M of ZnMe2 in toluene (1.0 mmol, 0.83 mL) was added.
The mixture was stirred under a nitrogen atmosphere at rt for
1 h and then a solution of 0.05 M of ligand L10 in CH2Cl2
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(0.05 mmol, 1.0 mL) was added and the reaction was stirred
for another 30 min, whereupon a solution of the keto amide
(0.25 mmol) in CH2Cl2 (1.5 mL) was added, and the reaction
mixture was irradiated in a CEM Discover microwave reactor
operating at a microwave power of 80 W at 35 °C for 1 h. After
cooling, the reaction was quenched with a saturated aqueous
solution of NH4Cl, extracted with CH2Cl2, dried over MgSO4,
filtered and concentrated. The residue was purified by flash
column chromatography on silica gel using a hexane/ethyl
acetate mixture as the eluent.

(R)-2-Hydroxy-2,4-diphenyl-1-(pyrrolidin-1-yl)but-3-yn-1-one
(2a). This compound was obtained from keto amide 1a
(0.25 mmol, 51 mg). Yield: 62 mg, 81%. White solid. Mp (from
hexane) 114–116 °C. [α]25D = +46.2 (c 1.0, CH2Cl2, 90% ee). 1H
NMR (500 MHz, CDCl3) δ 1.64 (m, 1H), 1.79 (m, 3H), 2.68 (m,
1H), 3.59 (m, 1H), 3.66 (m, 1H), 3.72 (m, 1H), 6.06 (s br, 1H),
7.31–7.42 (7H), 7.54 (m, 2H), 7.63 (m, 1H). 13C NMR (126 MHz,
CDCl3) δ 23.5, 26.2, 47.3, 48.0, 72.4, 86.7, 87.5, 122.0, 126.6,
128.4, 128.6, 128.6, 128.9, 131.8, 139.8, 168.3. IR (neat) ν 3312,
1641, 1487, 1378, 1067, 760, 687 cm−1. HRMS (ESI-TOF) m/z
calculated for C20H19NNaO2

+ [M + Na]+ 328.1308, found
328.1315. HPLC: Phenomenex Lux i-Amylose-3, hexane : iPrOH
= 60 : 40, flow rate = 1 mL min−1, λ = 254 nm, tR = 19.4 min R
enantiomer, tR = 22.7 min S enantiomer.

(R)-2-Hydroxy-2,4-diphenyl-1-(piperidin-1-yl)but-3-yn-1-one
(2b).28 This compound was obtained from keto amide 1b
(0.25 mmol, 54 mg). Yield: 67 mg, 85%. White solid. Mp (from
hexane): 139–141 °C. [α]25D = +23.9 (c 0.7, CH2Cl2, 98% ee). 1H
NMR (500 MHz, CDCl3) δ 3.30 (m, 2H), 3.57 (m, 2H), 3.71 (m,
4H), 7.45 (m, 2H), 7.58 (m, 1H), 7.89 (m, 2H); 13C NMR
(126 MHz, CDCl3) δ 41.5, 46.1, 66.5, 66.6, 129.0, 129.5, 132.9,
134.9, 165.4, 191.1. IR (neat) ν 3284, 1632, 1448, 1250, 1070,
1000, 769, 692 cm−1. HRMS (ESI-TOF): m/z calculated for
C21H21NNaO2

+ [M + Na]+ 342.1464, found 342.1472. HPLC:
Chiralpak AD-H, hexane : iPrOH 80 : 20, flow rate = 1 mL
min−1, λ = 254 nm, tR = 13.7 min R enantiomer, tR = 20.0 min
S enantiomer.

(R)-N,N-Dibenzyl-2-hydroxy-2,4-diphenylbut-3-ynamide (2d).29

This compound was obtained from keto amide 1d (0.25 mmol,
82 mg). Yield: 57 mg, 53%. Yellow oil. [α]25D = −10.7 (c
0.5, CH2Cl2, 82% ee). 1H NMR (500 MHz, CDCl3) δ 4.32 (d, J =
15.8 Hz, 1H), 4.49 (d, J = 14.8 Hz, 1H), 4.63 (d, J = 15.9 Hz, 1H),
4.69 (d, J = 14.8 Hz, 1H), 6.30 (d, J = 2.3 Hz, 1H), 6.84 (dt,
J = 7.7, 1.4 Hz, 2H), 7.14–7.20 (5H), 7.26–7.40 (11H), 7.68 (dd,
J = 7.5, 2.4 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 48.7,
50.6, 72.4, 86.1, 88.7, 121.7, 126.4, 127.6, 127.6, 127.7, 128.1,
128.2, 128.4, 128.5, 128.6, 128.7, 128.9, 128.9, 131.8, 134.6,
135.9, 140.4, 171.1. IR (neat) ν 3346, 1643, 1444, 1353, 1074,
754, 703 cm−1. HRMS (ESI-TOF) m/z calculated for
C30H25NNaO2

+ [M + Na]+: 454.1777, found: 454.1787; HPLC:
Phenomenex Lux i-Amylose-1, hexane : iPrOH 85 : 15, flow rate
= 1 mL min−1, λ = 254, tR = 10.7 min R enantiomer, tR =
13.5 min S enantiomer.

(S)-2-Hydroxy-2-(2-methoxyphenyl)-4-phenyl-1-(pyrrolidin-1-
yl)but-3-yn-1-one (2f). This compound was obtained from keto
amide 1f (0.24 mmol, 57 mg). Yield: 76 mg, 93%. Yellow oil.

[α]25D = +28.6 (c 0.6, CH2Cl2, 86% ee). 1H NMR (400 MHz,
CDCl3) δ 1.69 (m, 3H), 1.82 (tt, J = 10.6, 3.6 Hz, 1H), 2.45 (m,
1H), 3.52–3.67 (3H), 3.74 (s, 3H), 5.38 (s broad, 1H), 6.86 (dt, J
= 8.4, 1.4 Hz, 1H), 6.99 (td, J = 7.5, 1.2 Hz, 1H), 7.28–7.33 (4H),
7.49 (m, 2H), 8.00 (dt, J = 7.6, 1.6 Hz, 1H). 13C NMR (100 MHz,
CDCl3) δ 23.6, 26.3, 47.3, 47.7, 55.8, 71.2, 86.8, 86.9, 111.9,
120.7, 122.2, 127.9, 128.3, 128.7, 129.8, 130.3, 131.8, 157.0,
168.4; IR (neat) ν 3342, 1650, 1485, 1265, 1077, 1022, 758,
692 cm−1; HRMS (ESI-TOF) m/z calculated for C21H21NNaO3

+

[M + Na]+ 358.1414, found 358.1416. HPLC: Phenomenex Lux
Amylose-1, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ =
254 nm, tR = 18.8 min S enantiomer, tR = 28.0 min R
enantiomer.

(R)-2-Hydroxy-2-(4-methoxyphenyl)-4-phenyl-1-(pyrrolidin-1-
yl)but-3-yn-1-one (2g). This compound was obtained from keto
amide 1g (0.25 mmol, 58 mg). Yield: 53 mg, 64%. Yellow oil.
[α]25D = +39.5 (c 0.4, CH2Cl2, 80% ee). 1H NMR (400 MHz,
CDCl3) δ 1.67 (m, 1H), 1.79 (m, 3H), 2.73 (dt, J = 11.5, 6.3 Hz,
1H), 3.59 (m, 1H), 3.66 (m, 1H), 3.70 (m, 1H), 3.81 (s, 3H), 6.00
(s, 1H), 6.90 (d, J = 8.8 Hz, 2H), 7.32–7.38 (3H), 7.51–7.55 (4H).
13C NMR (100 MHz, CDCl3) δ 23.5, 26.2, 47.3, 48.0, 55.3, 71.9,
86.5, 87.3, 113.9, 122.1, 128.0, 128.4, 128.8, 131.8, 132.1, 159.7,
168.5. IR (neat) ν 3331, 1635, 1503, 1367, 1250, 1176, 1066,
831, 762, 695 cm−1. HRMS (ESI-TOF) m/z calculated for
C21H21NNaO3

+ [M + Na]+ 358.1414, found 358.1426. HPLC:
Phenomenex Lux Cellulose-2, hexane : iPrOH 80 : 20, flow rate
= 1 mL min−1, λ = 254 nm, tR = 44.8 min R enantiomer, tR =
29.5 min S enantiomer.

(R)-2-Hydroxy-4-phenyl-1-(pyrrolidin-1-yl)-2-(p-tolyl)but-3-yn-
1-one (2h). This compound was obtained from keto amide 1h
(0.25 mmol, 58 mg). Yield: 60 mg, 70%. Yellow oil. [α]25D =
+32.5 (c 0.4, CH2Cl2, 82% ee). 1H NMR (400 MHz, CDCl3) δ =
1.67 (m, 1H), 1.78 (m, 3H), 2.37 (s, 3H), 2.73 (m, 1H), 3.59 (m,
1H), 3.65 (m, 1H), 3.71 (m, 1H), 6.01 (s, 1H), 7.18 (d, J = 8.6 Hz,
2H), 7.32–7.39 (3H), 7.48–7.55 (4H). 13C NMR (100 MHz,
CDCl3) δ 21.1, 23.5, 26.2, 47.3, 48.0, 72.2, 86.4, 87.3, 122.1,
126.5, 128.4, 128.8, 129.3, 131.8, 136.9, 138.4, 168.4. IR (neat) ν
3320, 1635, 1375, 1184, 1070, 824, 758, 692 cm−1. HRMS
(ESI-TOF) m/z calculated for C21H22NO2

+ [M + H]+ 320.1645,
found 320.1648. HPLC: Phenomenex Lux Cellulose-2,
hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ = 254 nm, tR =
32.6 min R enantiomer, tR = 24.7 min S enantiomer.

(R)-2-(4-Chlorophenyl)-2-hydroxy-4-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (2i). This compound was obtained from keto
amide 1i (0.26 mmol, 61 mg). Yield: 58 mg, 67%. Yellow oil.
[α]25D = +37 (c 0.2, CH2Cl2, 78% ee). 1H NMR (400 MHz, CDCl3)
δ 1.69 (m, 1H), 1.81 (m, 3H), 2.70 (dt, J = 10.4, 6.2 Hz, 1H), 3.58
(m, 1H), 3.65 (m, 1H), 3.73 (m, 1H), 6.05 (s, 1H), 7.33–7.41
(5H), 7.51–7.58 (4H). 13C NMR (100 MHz, CDCl3) δ 23.5, 26.2,
47.3, 48.1, 71.8, 85.7, 87.8, 121.7, 128.2, 128.4, 128.8, 129.0,
131.8, 134.6, 138.4, 167.9. IR (neat) ν 3317, 1639, 1481, 1375,
1180, 835, 754, 695 cm−1. HRMS (ESI-TOF) m/z calculated for
C20H18ClNNaO2

+ [M + Na]+ 362.0918, found 362.0917. HPLC:
Phenomenex Lux Cellulose-2, hexane : iPrOH 80 : 20, flow rate
= 1 mL min−1, λ = 254 nm, tR = 16.5 min R enantiomer, tR =
13.8 min S enantiomer.
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(R)-2-(4-Bromophenyl)-2-hydroxy-4-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (2j). This compound was obtained from keto
amide 1j (0.24 mmol, 68 mg). Yield: 90 mg, 97%. Yellow oil.
[α]25D = +29 (c 0.6, CH2Cl2, 80% ee). 1H NMR (400 MHz, CDCl3)
δ 1.69 (m, 1H), 1.81 (m, 3H), 2.70 (dt, J = 10.2, 6.3 Hz, 1H), 3.58
(dt, J = 12.7, 6.5 Hz, 1H), 3.65 (m, 1H), 3.72 (dd, J = 10.9, 6.4
Hz, 1H), 6.05 (s, 1H), 7.33–7.41 (3H), 7.48–7.54 (6H). 13C NMR
(100 MHz, CDCl3) δ 23.5, 26.2, 47.3, 48.1, 71.9, 85.6, 87.9,
121.7, 122.8, 128.4, 128.5, 129.1, 131.8, 131.8, 139.0, 167.8. IR
(neat) ν 3302, 1635, 1367, 1066, 824, 758, 688 cm−1. HRMS
(ESI-TOF) m/z calculated for C20H18BrNNaO2

+ [M + Na]+

406.0413, found: 406.0429. HPLC: Phenomenex Lux Cellulose-
2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ = 254 nm,
tR = 17.3 min R enantiomer, tR = 13.8 min S enantiomer.

(R)-2-Hydroxy-2-(4-nitrophenyl)-4-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (2k). This compound was obtained from keto
amide 1k (0.26 mmol, 65 mg). Yield: 83 mg, 90%. Yellow oil.
[α]25D = +19.3 (c 0.6, CH2Cl2, 82% ee). 1H NMR (400 MHz,
CDCl3) δ 1.71 (m, 1H), 1.82 (m, 3H), 2.64 (dt, J = 10.1, 6.3 Hz,
1H), 3.59 (m, 1H), 3.68 (m, 1H), 3.78 (dt, J = 10.9, 6.3 Hz, 1H),
6.14 (s, 1H), 7.26–7.43 (3H), 7.54 (dd, J = 7.6, 1.9 Hz, 2H), 7.82
(d, J = 8.7 Hz, 2H), 8.25 (d, J = 8.7 Hz, 2H). 13C NMR (100 MHz,
CDCl3) δ 23.4, 26.2, 47.4, 48.3, 71.8, 84.8, 88.6, 121.4, 123.9,
127.9, 128.5, 129.3, 131.8, 146.6, 147.9, 167.1. IR (neat) ν 3280,
1646, 1511, 1353, 1074, 853, 751, 684 cm−1. HRMS (ESI-TOF)
m/z calculated for C20H18N2NaO4

+ [M + Na]+ 373.1159, found
373.1165. HPLC: Phenomenex Lux Cellulose-2, hexane : iPrOH
80 : 20, 1 mL min−1, λ = 254 nm, tR = 25.8 min R enantiomer,
tR = 29.1 min S enantiomer.

(R)-4-(4-Bromophenyl)-2-hydroxy-2-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (3a). This compound was obtained from keto
amide 1a (0.27 mmol, 55 mg). Yield: 72 mg, 69%. Yellow oil.
[α]25D = +22.0 (c 0.6, CH2Cl2, 80% ee). 1H NMR (500 MHz,
CDCl3) δ 1.65 (m, 1H), 1.79 (m, 3H), 2.68 (dt, J = 10.8, 6.4 Hz,
1H), 3.59 (dt, J = 11.8, 7.0 Hz, 1H), 3.66 (ddd, J = 10.7, 8.9, 4.9
Hz, 2H), 6.05 (s, 1H), 7.33–7.41 (5H), 7.49 (dd, J = 8.4, 1.2 Hz,
2H), 7.60 (dd, J = 7.0, 1.7 Hz, 2H). 13C NMR (126 MHz, CDCl3)
δ 23.5, 26.2, 47.3, 48.0, 72.4, 86.4, 87.4, 120.9, 123.3, 126.6,
128.7, 131.7, 133.2, 139.5, 168.0. IR (neat) ν 3324, 1635, 1367,
1059, 831, 765, 688 cm−1. HRMS (ESI-TOF) m/z calculated for
C20H19BrNO2 [M + H]+ 384.0594, found 384.0599. HPLC:
Phenomenex Lux Cellulose-2, hexane : iPrOH 80 : 20, flow rate
= 1 mL min−1, λ = 254, tR = 22.2 min R enantiomer, tR =
30.4 min S enantiomer.

(R)-2-Hydroxy-4-(4-methoxyphenyl)-2-phenyl-1-(pyrrolidin-1-
yl)but-3-yn-1-one (3b). This compound was obtained from keto
amide 1a (0.26 mmol, 53 mg). Yield: 77 mg, 88%. Yellow oil.
[α]25D = +29.8 (c 1.0, CH2Cl2, 74% ee). 1H NMR (500 MHz,
CDCl3) δ 1.64 (dt, J = 6.6, 5.4 Hz, 1H), 1.79 (m, 3H), 2.67 (m,
1H), 3.58 (ddd, J = 12.0, 7.5, 5.8 Hz, 1H), 3.65 (m, 1H), 3.72 (dt,
J = 10.7, 6.5 Hz, 1H), 3.82 (s, 3H), 6.04 (s, 1H), 6.88 (d, J = 8.9
Hz, 2H), 7.31–7.40 (3H), 7.47 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 6.9
Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 23.5, 26.2, 47.3, 48.0,
55.3, 72.4, 84.8, 87.5, 114.0, 114.1, 126.7, 128.5, 128.6, 133.3,
139.9, 160.0, 168.5; IR (neat) ν 3291, 2219, 1635, 1514, 1246,
1176, 1066, 842, 703 cm−1. HRMS (ESI-TOF) m/z calculated for

C21H22NO3
+ [M + H]+ 336.1594, found 336.1605. HPLC:

Phenomenex Lux i-Amylose-3, hexane : iPrOH 60 : 40, flow rate
= 1 mL min−1, λ = 254, tR = 34.6 min R enantiomer, tR =
41.8 min S enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)-4-(p-tolyl)but-3-yn-
1-one (3c). This compound was obtained from keto amide 1a
(0.27 mmol, 55 mg). Yield: 67 mg, 78%. Yellow oil. [α]25D =
+34.5 (c 0.6, CH2Cl2, 82% ee). 1H NMR (500 MHz, CDCl3) δ

1.65 (m, 1H), 1.79 (m, 3H), 2.37 (s, 3H), 2.68 (m, 1H), 3.58
(ddd, J = 12.1, 7.6, 5.8 Hz, 1H), 3.66 (m, 1H), 3.73 (dt, J = 12.1,
6.7 Hz, 1H), 6.05 (s, 1H), 7.16 (d, J = 7.7 Hz, 2H), 7.32–7.40
(3H), 7.43 (d, J = 8.1 Hz, 2H), 7.63 (m, 2H). 13C NMR (126 MHz,
CDCl3) δ 21.5, 23.5, 26.2, 47.3, 48.0, 72.4, 85.5, 87.7, 118.9,
126.7, 128.1, 128.5, 128.6, 129.1, 131.7, 139.1, 139.9, 168.4. IR
(neat) ν 3317, 1632, 1375, 1063, 817, 703 cm−1. HRMS
(ESI-TOF) m/z calculated for C21H21NNaO2

+ [M + Na]+

342.1464, found 342.1473. HPLC: Phenomenex Lux i-Amylose-
3, hexane : iPrOH 60 : 40, flow rate = 1 mL min−1, λ = 254, tR =
26.3 min R enantiomer, tR = 32.9 min S enantiomer.

(R)-4-(3-Chlorophenyl)-2-hydroxy-2-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (3d). This compound was obtained from keto
amide 1a (0.27 mmol, 54 mg). Yield: 54 mg, 60%. Yellow oil.
[α]25D = +32.3 (c 0.4, CH2Cl2, 84% ee). 1H NMR (500 MHz,
CDCl3) δ 1.66 (m, 1H), 1.80 (m, 3H), 2.68 (dt, J = 11.3, 6.3 Hz,
1H), 3.56–3.69 (3H), 6.05 (s, 1H), 7.26–7.43 (6H), 7.51 (m, 1H),
7.59 (dd, J = 8.1, 1.6 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ
23.5, 26.2, 47.3, 48.0, 72.4, 86.0, 87.4, 123.7, 126.6, 128.7,
128.7, 129.2, 129.7, 130.0, 131.6, 134.2, 139.5, 168.0. IR (neat) ν
3320, 1635, 1375, 1066, 762, 692, 673 cm−1. HRMS (ESI-TOF)
m/z calculated for C20H19ClNO2

+ [M + H]+: 340.1099, found
340.1108. HPLC: Phenomenex Lux Cellulose-2, hexane : iPrOH
80 : 20, flow rate = 1 mL min−1, λ = 254, tR = 17.4 min R enan-
tiomer, tR = 25.5 min S enantiomer.

(R)-2-Hydroxy-4-(3-methoxyphenyl)-2-phenyl-1-(pyrrolidin-1-
yl)but-3-yn-1-one (3e). This compound was obtained from keto
amide 1a (0.26 mmol, 52 mg). Yield: 55 mg, 64%. Yellow oil.
64%. [α]25D = +25.5 (c 0.4, CH2Cl2, 82% ee). 1H NMR (500 MHz,
CDCl3) δ 1.65 (m, 1H), 1.79 (m, 3H), 2.69 (dt, J = 11.2, 6.2 Hz,
1H), 3.58 (m, 1H), 3.66 (m, 1H), 3.72 (m, 1H), 3.82 (s, 3H), 6.05
(s, 1H), 6.93 (dd, J = 8.6, 2.9 Hz, 1H), 7.06 (m, 1H), 7.13 (d, J =
7.6 Hz, 1H), 7.26 (dd, J = 8.5, 7.3 Hz, 1H), 7.32–7.41 (3H), 7.62
(d, J = 6.9 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 23.5, 26.2,
47.3, 48.0, 55.3, 72.4, 86.0, 87.4, 115.3, 116.8, 123.0, 124.3,
126.6, 128.6, 128.6, 129.4, 139.7, 159.3, 168.2. IR (neat) ν 3298,
1635, 1437, 1367, 1287, 1213, 1162, 776, 688 cm−1. HRMS
(ESI-TOF) m/z calculated for C21H21NNaO3

+ [M + Na]+

358.1414, found: 358.1412. HPLC: Phenomenex Lux Cellulose-
2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ = 254, tR =
28.8 min R enantiomer, tR = 37.2 min S enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)-4-(m-tolyl)but-3-yn-
1-one (3f). This compound was obtained from keto amide 1a
(0.25 mmol, 51 mg). Yield: 46 mg, 57%. Yellow oil. [α]25D =
+38.2 (c 0.2, CH2Cl2, 80% ee). 1H NMR (500 MHz, CDCl3) δ

1.65 (m, 1H), 1.79 (m, 3H), 2.36 (s, 3H), 2.69 (dt, J = 11.6, 6.3
Hz, 1H), 3.58 (m, 1H), 3.65 (m, 1H), 3.72 (dt, J = 11.0, 6.3 Hz,
1H), 6.05 (s, 1H), 7.18 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 7.6 Hz,
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1H), 7.32–7.41 (5H), 7.63 (d, J = 7.8 Hz, 2H). 13C NMR
(126 MHz, CDCl3) δ 21.2, 23.5, 26.2, 47.3, 48.0, 72.4, 85.8, 87.7,
121.8, 126.6, 128.3, 128.5, 128.6, 128.9, 129.8, 132.3, 138.1,
139.8, 168.3. IR (neat) ν 3306, 1635, 1444, 1367, 1066, 784,
692 cm−1; HRMS (ESI-TOF) m/z calculated for C21H22NO2

+ [M +
H]+ 320.1645, found 320.1644. HPLC: Phenomenex Lux
Cellulose-2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ =
254, tR = 20.7 min R enantiomer, tR = 29.5 min S enantiomer.

(R)-4-(2-Fluorophenyl)-2-hydroxy-2-phenyl-1-(pyrrolidin-1-yl)
but-3-yn-1-one (3g). This compound was obtained from keto
amide 1a (0.26 mmol, 52 mg). Yield: 66 mg, 80%. Yellow oil.
[α]25D = +40.7 (c 0.5, CH2Cl2, 92% ee). 1H NMR (500 MHz,
CDCl3) δ 1.65 (m, 1H), 1.78 (m, 3H), 2.65 (dt, J = 11.6, 6.4 Hz,
1H), 3.62 (m, 2H), 3.80 (dt, J = 10.8, 6.1 Hz, 1H), 6.09 (s, 1H),
7.12 (m, 2H), 7.31–7.41 (4H), 7.54 (td, J = 7.4, 1.8 Hz, 1H), 7.64
(d, J = 7.1 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 23.5, 26.1,
47.3, 48.0, 72.5, 81.0, 91.4 (d, J = 3.5 Hz), 110.7 (d, J = 15.5 Hz),
115.5 (d, J = 20.7 Hz), 124.1 (d, J = 3.7 Hz), 126.7, 128.6, 128.6
(d, J = 5.1 Hz), 128.7, 130.6 (d, J = 8.0 Hz), 133.6, 139.5, 163.1
(d, J = 251.7 Hz), 168.0. 19F NMR (470 MHz, CDCl3) δ −109.8.
IR (neat) ν 3291, 1643, 1496, 1378, 1257, 1188, 1055, 762,
699 cm−1; HRMS (ESI-TOF) m/z calculated for C20H19FNO2

+ [M
+ H]+ 324.1394, found 324.1401. HPLC: Phenomenex Lux
Cellulose-2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ =
254, tR = 20.2 min R enantiomer, tR = 29.1 min S enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)-4-(2-(trifluoromethyl)
phenyl)but-3-yn-1-one (3h). This compound was obtained from
keto amide 1a (0.25 mmol, 50 mg). Yield: 63 mg, 69%. Yellow
oil. [α]25D = +45.5 (c 0.6, CH2Cl2, 92% ee). 1H NMR (400 MHz,
CDCl3) δ 1.62–1.86 (4H), 2.52 (dt, J = 10.7, 6.8 Hz, 1H), 3.61 (m,
2H), 3.71 (dt, J = 11.6, 6.1 Hz, 1H), 6.11 (s, 1H), 7.32–7.41 (3H),
7.46 (t, J = 7.7 Hz, 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.61 (m, 2H),
7.69 (d, J = 7.7 Hz, 1H), 7.74 (d, J = 7.7 Hz, 1H). 13C NMR
(100 MHz, CDCl3) δ 23.5, 26.0, 47.1, 48.0, 72.7, 83.0, 92.0,
120.3 (q, J = 2.2 Hz), 123.5 (q, J = 273.3 Hz), 125.8 (q, J = 5.2
Hz), 126.8, 128.6, 128.7, 131.2 (q, J = 30.7 Hz), 131.6, 134.8,
139.4, 167.8. 19F NMR (470 MHz, CDCl3) δ −62.6. IR (neat) ν
3313, 1643, 1444, 1323, 1110, 769, 699 cm−1. HRMS
(ESI-TTOF) m/z calculated for C21H19F3NO2

+ [M + H]+ 374.1362,
found 374.1372. HPLC: Phenomenex Lux Cellulose-2,
hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ = 254 nm, tR =
14.1 min R enantiomer, tR = 22.7 min S enantiomer.

(S)-4-(2-Fluorophenyl)-2-hydroxy-2-(2-methoxyphenyl)-1-(pyr-
rolidin-1-yl)but-3-yn-1-one (3i). This compound was obtained
from keto amide 1f (0.26 mmol, 60 mg). Yield: 65 mg, 71%.
Yellow oil. [α]25D = +57.5 (c 0.2, CH2Cl2, 92% ee). 1H NMR
(400 MHz, CDCl3) δ 1.65–1.88 (4H), 2.44 (m, 1H), 3.54–3.69
(3H), 3.77 (s, 3H), 5.93 (s, 1H), 6.88 (dt, J = 8.3, 1.0 Hz, 1H),
7.01 (tt, J = 7.5, 1.0 Hz, 1H), 7.10 (m, 2H), 7.33 (m, 2H), 7.52
(td, J = 7.3, 1.7 Hz, 1H), 8.04 (ddd, J = 7.7, 1.7, 0.8 Hz, 1H). 13C
NMR (100 MHz, CDCl3) δ 23.6, 26.2, 47.3, 47.8, 55.8, 71.3, 80.2,
92.2 (d, J = 3.5 Hz), 110.8 (d, J = 15.5 Hz), 111.8, 115.4 (d, J =
20.7 Hz), 120.8, 124.0 (d, J = 3.7 Hz), 127.7, 130.0, 130.3, 130.5
(d, J = 8.0 Hz), 133.6 (d, J = 1.1 Hz), 157.0, 163.1 (d, J = 251.7
Hz), 168.2. 19F NMR (470 MHz, CDCl3) δ −109.8 (m, 1F). IR
(neat) ν 3324, 1650, 1492, 1250, 1063, 919, 758, 725 cm−1.

HRMS (ESI-TOF): m/z calculated for C21H20FNNaO3
+ [M + Na]+

376.1319, found 376.1325. HPLC: Chiralpak AD-H,
hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ = 254 nm, tR =
21.8 min S enantiomer, tR = 29.0 min R enantiomer.

(S)-4-(3-Chlorophenyl)-2-hydroxy-2-(2-methoxyphenyl)-1-(pyr-
rolidin-1-yl)but-3-yn-1-one (3j). This compound was obtained
from keto amide 1f (0.28 mmol, 65 mg). Yield: 78 mg, 76%.
Colorless oil. [α]25D = +36.6 (c 0.3, CH2Cl2, 86% ee). 1H NMR
(500 MHz, CDCl3) δ 1.73 (m, 3H), 1.86 (tdd, J = 10.4, 5.6, 3.3
Hz, 1H), 2.47 (m, 1H), 3.53 (ddd, J = 7.2, 6.3, 3.3 Hz, 1H), 3.58
(m, 1H), 3.66 (dt, J = 11.7, 7.1 Hz, 1H), 3.77 (s, 3H), 5.91 (s,
1H), 6.89 (dd, J = 8.3, 1.1 Hz, 1H), 7.02 (td, J = 7.5, 1.1 Hz, 1H),
7.28 (m, 1H), 7.34 (m, 2H), 7.410 (dt, J = 7.6, 1.4 Hz, 1H), 7.49
(td, J = 1.8, 0.5 Hz, 1H), 7.97 (dd, J = 7.7, 1.7 Hz, 1H). 13C NMR
(100 MHz, CDCl3) δ 23.6, 26.4, 47.3, 47.7, 55.8, 71.2, 85.3, 88.2,
111.9, 120.7, 123.8, 127.6, 129.0, 129.6, 129.7, 130.0, 130.4,
131.6, 134.1, 157.0, 168.1. IR (neat) ν 3320, 1654, 1371, 1254,
1055, 923, 725, 677 cm−1. HRMS (ESI-TOF) m/z calculated for
C21H20ClNNaO3

+ [M + Na]+ 392.1024, found 392.1033. HPLC:
Chiralpak AD-H, hexane : iPrOH 80 : 20, flow rate = 1 mL
min−1, λ = 254 nm, tR = 18.3 min S enantiomer, tR = 21.1 min
R enantiomer.

(R)-2-Hydroxy-2,6-diphenyl-1-(pyrrolidin-1-yl)hex-3-yn-1-one
(3k). This compound was obtained from keto amide 1a
(0.25 mmol, 50 mg). Yield: 76 mg, 93%. Colorless oil. [α]25D =
+59.9 (c 0.7, CH2Cl2, 74% ee). 1H NMR (500 MHz, CDCl3) δ

1.51 (dt, J = 12.4, 6.6 Hz, 1H), 1.57–1.78 (3H), 2.40 (dt, J = 10.9,
6.8 Hz, 1H), 2.71 (td, J = 7.2, 3.6 Hz, 2H), 2.92 (td, J = 7.2, 2.3
Hz, 2H), 3.28 (dt, J = 10.8, 6.6 Hz, 1H), 3.52 (m, 2H), 5.96 (s,
1H), 7.20–7.32 (8H), 7.40–7.44 (2H). 13C NMR (126 MHz,
CDCl3) δ 20.8, 23.4, 26.0, 34.4, 47.0, 47.8, 71.9, 78.1, 87.6,
126.3, 126.6, 139.9, 140.2, 168.5. IR (neat) ν 3331, 2961, 1646,
1437, 1375, 1146, 688 cm−1. HRMS (ESI-TOF) m/z calculated
for C22H23NNaO2

+ [M + Na]+ 356.1621, found 356.1616. HPLC:
Phenomenex Lux Cellulose-1, hexane : iPrOH 85 : 15, flow rate
= 1 mL min−1, λ = 254 nm, tR = 17.3 min R enantiomer, tR =
15.0 min S enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)-4-(trimethylsilyl)
but-3-yn-1-one (3l). This compound was obtained from keto
amide 1a (0.27 mmol, 54 mg). Yield: 74 mg, 92%. Colorless oil.
[α]25D = +75.2 (c 0.5, CH2Cl2, 84% ee). 1H NMR (500 MHz,
CDCl3) δ 0.24 (s, 9H), 1.64 (m, 1H), 1.77 (m, 3H), 2.56 (dt, J =
10.7, 6.6 Hz, 1H), 3.55 (ddd, J = 12.2, 7.7, 5.9 Hz, 1H), 3.62 (m,
1H), 3.67 (m, 1H), 5.93 (s, 1H), 7.30–7.37 (3H), 7.53 (dd, J = 8.2,
1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ −0.22, 23.5, 26.0,
47.3, 47.9, 72.2, 92.9, 101.9, 126.6, 128.5, 128.5, 139.4, 168.0.
IR (neat) ν 3328, 2961, 1632, 1356, 1243, 1077, 835, 765,
699 cm−1. HRMS (ESI-TOF) m/z calculated for C17H23NNaO2Si

+

[M + Na]+ 324.1390, found 324.1403. HPLC: Phenomenex Lux
Cellulose-2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1, λ =
254 nm, tR = 12.5 min R enantiomer, tR = 17.2 min S
enantiomer.

(R)-5-((tert-Butyldimethylsilyl)oxy)-2-hydroxy-2-phenyl-1-(pyr-
rolidin-1-yl)pent-3-yn-1-one (3m). This compound was
obtained from keto amide 1a (0.26 mmol, 52 mg). Yield:
85 mg, 89%. Colorless oil. [α]25D = +47.3 (c 0.6, CH2Cl2, 82% ee).
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1H NMR (500 MHz, CDCl3) δ 0.12 (s, 3H), 0.13 (s, 3H), 0.91 (s,
9H), 1.63 (m, 1H), 1.76 (m, 3H), 2.56 (m, 1H), 3.57 (m, 2H),
3.67 (dt, J = 10.7, 6.5 Hz, 1H), 4.45 (d, J = 16.1 Hz, 1H), 4.50 (d,
J = 16.1 Hz, 1H), 5.95 (s, 1H), 7.29–7.37 (3H), 7.54 (m, 2H).
13C NMR (100 MHz, CDCl3) δ −5.4, −5.2, 18.1, 25.7, 26.1,
47.2, 47.9, 51.8, 72.0, 81.6, 86.4, 126.6, 128.5, 128.5, 139.5,
168.1. IR (neat) ν 3331, 2935, 1639, 1375, 1088, 824, 773,
684 cm−1. HRMS (ESI-TOF) m/z calculated for C21H31NNaO3Si

+

[M + Na]+ 396.1965, found 396.1976. HPLC: Phenomenex Lux
Cellulose-2, hexane : iPrOH 80 : 20, flow rate = 1 mL min−1,
λ = 254 nm, tR = 27.2 min R enantiomer, tR = 15.7 min S
enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)dec-3-yn-1-one (3n).
This compound was obtained from keto amide 1a
(0.26 mmol, 52 mg). Yield: 47 mg, 59%. Colorless oil. [α]25D =
+50.3 (c 0.3, CH2Cl2, 78% ee). 1H NMR (500 MHz, CDCl3) δ

0.90 (m, 3H), 1.31 (m, 4H), 1.43 (m, 2H), 1.57–1.68 (3H),
1.69–1.85 (3H), 2.36 (td, J = 7.1, 2.5 Hz, 2H), 2.55 (dt, J = 11.4,
6.9 Hz, 1H), 3.61 (m, 3H), 5.94 (s br, 1H), 7.29–7.37 (3H), 7.55
(m, 2H). 13C NMR (100 MHz, CDCl3) δ 14.0, 18.9, 22.5, 23.5,
26.1, 28.4, 28.6, 31.2, 47.2, 47.8, 72.0, 77.2, 88.7, 126.6, 128.3,
128.4, 140.1, 168.8. IR (neat) ν 3324, 2935, 1635, 1433, 1371,
1140, 765, 695 cm−1. HRMS (ESI-TOF) m/z calculated for
C20H27NNaO2

+ [M + Na]+ 336.1934, found 336.1935.
HPLC: Chiralpak AD-H, hexane : iPrOH 80 : 20, flow rate = 1 mL
min−1, λ = 254 nm, tR = 11.5 min R enantiomer, tR = 8.5 min
S enantiomer.

(R)-2-Hydroxy-2-phenyl-1-(pyrrolidin-1-yl)oct-3-yn-1-one (3o).
This compound was obtained from keto amide 1a (0.27 mmol,
55 mg). Yield: 60 mg, 78%. Colorless oil. [α]25D = +53.8 (c 0.4,
CH2Cl2, 78% ee). 1H NMR (500 MHz, CDCl3) δ 0.94 (t, J = 7.3
Hz, 3H), 1.46 (m, 2H), 1.56–1.66 (3H), 1.69–1.84 (3H), 2.36 (td,
J = 7.1, 2.2 Hz, 2H), 2.54 (dt, J = 11.2, 6.8 Hz, 1H), 3.55 (ddd, J =
12.0, 7.7, 5.8 Hz, 1H), 3.60 (m, 1H), 3.65 (m, 1H), 5.92 (s br,
1H), 7.28–7.36 (3H), 7.54 (m, 2H). 13C NMR (100 MHz, CDCl3)
δ 13.5, 18.6, 22.0, 23.5, 26.1, 30.5, 47.2, 47.8, 72.0, 77.2, 88.6,
126.6, 128.3, 128.5, 140.1, 168.8; IR (neat) ν 3324, 2957, 1632,
1437, 1375, 1132, 1044, 762, 692 cm−1. HRMS (ESI-TOF) m/z
calculated for C18H23NNaO2

+ [M + Na]+ 308.1621, found
308.1641. HPLC: Chiralpak AD-H, hexane : iPrOH 80 : 20, flow
rate = 1 mL min−1, λ = 254 nm, tR = 13.6 min R enantiomer, tR
= 8.8 min S enantiomer.

(R)-4-Cyclopropyl-2-hydroxy-2-phenyl-1-(pyrrolidin-1-yl)but-3-
yn-1-one (3p). This compound was obtained from keto amide
1a (0.24 mmol, 50 mg). Yield: 62 mg, 94%. Colorless oil. [α]25D =
+54.4 (c 0.5, CH2Cl2, 74% ee). 1H NMR (500 MHz, CDCl3) δ

0.78 (m, 2H), 0.84 (m, 2H), 1.39 (tt, J = 8.2, 5.1 Hz, 1H), 1.62
(m, 1H), 1.76 (m, 3H), 2.55 (m, 1H), 3.53 (m, 1H), 3.60 (m, 2H),
5.90 (s, 1H), 7.26–7.35 (3H), 7.50 (m, 2H). 13C NMR (100 MHz,
CDCl3) δ −0.36, 8.36, 8.39, 23.5, 26.1, 47.2, 47.8, 71.9, 72.3,
91.5, 126.6, 128.3, 128.4, 140.1, 168.7; IR (neat) ν 3361, 2953,
1617, 1433, 1367, 1059, 916, 706 cm−1; HRMS (ESI-TOF) m/z
calculated for C17H19NNaO2

+ [M + Na]+ 292.1308, found
292.1311. HPLC: Chiralpak AD-H, hexane : iPrOH 80 : 20, flow
rate = 1 mL min−1, λ = 254 nm, tR = 17.6 min R enantiomer, tR
= 12.0 min S enantiomer.
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