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General Procedures

Dry solvents were freshly distilled under argon from an appropriate drying agent before use. Gold complexes were
prepared according to previously reported methods™ or purchased from Aldrich. 3-(Propa-1,2-dien-1-yl)oxazolidin-2-
one (1a),’ 1-(propa-1,2-dien-1-yl)pyrrolidin-2-one (1b),? 4-methyl-N-phenyl-N-(propa-1,2-dien-1-yl)benzenesulfonamide
(1), * 4-methyl-N-bencyl-N-(propa-1,2-dien-1-yl)benzenesulfonamide (1d), > are known compounds and were
synthesized according to the reported procedures. All other aldehydes used are known compounds6 and were
synthesized according to the reported procedures.7 Chiral organocatalyst C1, C2, C3, C4, C8, C 9 and C10 were
purchased from Aldrich. Organocatalyst cs5,°¢c6,° €7,° €11-12,"° €13-15,"* and €16 are known compounds and were
synthesized according to the reported procedures. All other reagents used were bought from Aldrich, Alfa Aesar, TCl or

Acros and used without further purification.

Reactions were conducted in dry solvents under argon atmosphere unless otherwise stated. The abbreviation “rt”
refers to reactions carried out approximately at 23 °C. Reaction mixtures were stirred using Teflon-coated magnetic
stirring bars. Reaction temperatures were maintained using Thermowatch-controlled silicone oil baths. Thin-layer
chromatography (TLC) was performed on silica gel plates and components were visualized by observation under UV
light, and / or by treating the plates with p-anisaldehyde or cerium nitrate solutions, followed by heating. Flash
chromatography was carried out on silica gel unless otherwise stated. Dryings were performed with anhydrous Na,SO,
or MgS0,. Concentration refers to the removal of volatile solvents via distillation using a Biichi rotary evaporator
followed by residual solvent removal under high vacuum. NMR spectra were recorded in CDCls;, at 300 MHz (Varian) or
500 MHz (Varian). Carbon types and structure assignments were determined from DEPT-NMR. NMR spectra were

analyzed using MestreNova® NMR data processing software (www.mestrelab.com). 1,3,5-Trimethoxybenzene was used

as internal standard. The following abbreviations are used to indicate signal multiplicity: s, singlet; d, doublet; t, triplet;
g, quartet; dd, double doublet; ddd, doublet of doublet of doublets; td, triple doublet; dt, doublet of triplets; dq,
doublet of quartet; m, multiplet; br, broad. Mass spectra (ESI-MS) were acquired using IT-MS Bruker AmaZon SL at
ClQUS and also using chemical ionization (Cl) electron impact (El), or electrospray ionization (ESI) at the CACTUS facility
of the University of Santiago de Compostela. The reactions were monitored by TLC. Enantioselectivities were
determined in an Agilent HPLC 1100 Series with Chiralpak IA, 1B, IC, IA3 or OZ-H analytical columns.
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General procedure for the alkylation of aldehydes with allenamides
Method A (racemic protocol):

To a solution of Ph3PAUNTf, (2:1) toluene adduct (12,55 mg, 0.008 mmol), 2,2’-bipyridine (4.99 mg, 0.032 mmol) and
benzoic acid (3.90 mg, 0.032 mmol) in Toluene (0.5 ml) in a dried Schlenk tube, was sequentially added a solution of the
corresponding aldehyde 2 (0.320 mmol) and pyrrolidine (3.97 pl, 0.048 mmol) in Toluene (0.5 ml) and another of the
corresponding allenamide 1 (0.160 mmol) in Toluene (0.5 ml; dropwise addition). The mixture was stirred under Argon
atmospher at 60 2C until the allenamide was consumed (the progress of the reaction was easily monitored by t/c) and
filtered through a short pad of florisil, eluting with EtOAc. The solvent was removed and the crude residue was
dissolved in 0.6 ml of a 1,3,5-trimethoxybenzene 0.0887 M solution in CDCl; for "H-NMR analysis. The crude mixture
was then purified on column chromatography (hexanes/EtOAc 10-40%). All the reported yields are isolated yields.

Method A’ (racemic protocol followed by in situ reduction with NaBH,):

Same conditions than Method A but once the allenamide was consumed (the progress of the reaction was easily
monitored by tic) the reaction was quenched by the addition of a solution of NaBH, (24.21 mg, 0.640 mmol) in MeOH (2
mL), stirred for 30 minutes and filtered through a short pad of florisil, eluting with EtOAc. The solvent was removed and
the crude residue was dissolved in 0.6 ml of a 1,3,5-trimethoxybenzene 0.0887 M solution in CDCl; for 'H-NMR analysis.
The crude mixture was purified on column chromatography (hexanes / EtOAc 40-80% and 10% DCM). All the reported

yields are isolated yields.

Method B (asymmetric protocol):

To a solution of IPrAuNTf, (13.84 mg, 0.016 mmol), 2,2’-bipyridine (4.99 mg, 0.032 mmol) and benzoic acid (3.90 mg,
0.032 mmol) in Toluene (0.5 ml) in a dried Schlenk tube, was sequentially added a solution of the corresponding
aldehyde 2 (0.320 mmol) and chiral organocatalyst (0.032 mmol) in Toluene (0.5 ml) and another solution of the
corresponding allenamide 1 (0.160 mmol) in Toluene (0.5 ml; dropwise adition). The mixture was stirred under Argon
atmospher at 60 2C until all the allenamide was consumed (the progress of the reaction was easily monitored by tlc)
and filtered through a short pad of florisil, eluting with EtOAc. The solvent was removed and the crude residue was
dissolved in 0.6 ml of a 1,3,5-trimethoxybenzene 0.0887 M solution in CDCl; for "H-NMR analysis. The crude mixture
was then purified on column chromatography (hexanes/EtOAc 10-40%). All the reported yields are isolated yields.

Method B’ (asymmetric protocol followed by in situ reduction with NaBH,):

Same conditions than Method B but once the allenamide was consumed (the progress of the reaction was easily
monitored by t/c) the reaction was quenched with the addition of a solution of NaBH, (24.21 mg, 0.640 mmol) in MeOH
(2 mL), stirred for 30 minutes and filtered through a short pad of florisil, eluting with EtOAc. The solvent was removed
and the crude residue was dissolved in 0.6 ml of a 1,3,5-trimethoxybenzene 0.0887 M solution in CDCl; for 'H-NMR
analysis. The crude mixture was purified on column chromatography (hexanes/EtOAc 40-80% and 10% DCM). All the

reported yields are isolated yields.
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Characterization data

(E)-2-Methyl-5-(2-oxooxazolidin-3-yl)-2-phenylpent-4-enal (3aa)
Method A: 83% yield. Method B: 66% yield (72% ee). 'H NMR (300 MHz, CDCl;) 6 9.51 (s, 1H),

7.46 —7.20 (m, 5H), 6.64 (d, J = 14.3 Hz, 1H), 4.50 (dt, J = 14.3, 7.6 Hz, 1H), 4.42 — 4.30 (m, 2H),

o} 0
H 7 NJ<O

— 3.63—3.47 (m, 2H), 2.64 (d, J = 7.6 Hz, 1H), 1.43 (s, 3H). *C NMR (75 MHz, CDCl,) & 201.97 (CH),

155.33 (C), 139.37 (C), 129.03 (CH), 127.55 (CH), 127.12 (CH), 126.67 (CH), 105.19 (CH), 62.18

(CH,), 54.13 (C), 42.58 (CH,), 36.99 (CH,), 18.90 (CH5). LRMS (m/z, ESI): 282.11 (M+Na)®, 258.11, 201.04, 126.05. HRMS
Calculated for C;5H17NNaO;: 282.1101, found 282.1103. HPLC Enantioselectivity was determined by chiral HPLC analysis

on Chiralpak OZ-H at rt, (Hexane : iPrOH = 90:10, 1 ml/min).

Racemic sample:

X
Y >
A N
A7
| & ‘I | o®
" \ [ \ Peak RetTime Type Width Area Height Lrea
I #  [min] [min]  [mAU*s] [mAU] %

|
2.2606 3709.70435

N WY A DU DUy IR U (N [ |----——--
— _@L \-— 1 76.642 MM 27.35040 45.59742
o ) 2 83.211 MM 2.4434 3713.52856 25.33021 50.0258

2 ™

8 &

N

N &

[ ¥ P ; - ;

[\ 2 o;ﬁ’ Peak RetTime Typs Width Lrea Height Lrea

| '.\ © &,3. # [min] [min] [mATT* 5] [mAU] %

/ ¢ S R [ | =mmmoeoee |-oommene [ommmees
-t e 1 77.665 MM 2.4446 3.26684ed 222.72377 B6.08e62
7|0' L '8'0' vl IQIOrTIIinI 2 B5.BB9 MM 2.5720 5280.05857 34.21497 13.913a

Table 3, entry 6; ee = 75%:

»
o A
g @
.
<
275 %p.
.""\‘. o N Peak RetTime Type Width Area Height LArea
[\ N # [min] [min] [mAT*s] [mAL] %
/ B’ ] D o | =--om-=-- |---mmee- |--=o--- |
i o - 1 76.862 MM 2.3916 8972.92069  6£2.53777 B87.95%6
J . 80 T n 2 84.272 MM 2.3898 1228.39978 8.56696 12.0404
Table 3, entry 7; ee = 81%:
~
8 o
a9
N @
| @
B3 &
|\ N
I' \ g Q Peak RetTime Type Width Area Height Area
I X 8'?5@"" # [min] [min] [mAU*s] [mAU] %
). 3 e el e [----mm--- l--------
e \‘-I‘ \ - 1 75.667 MM 2.3665 1.59450e4  112.209541 90.3621
80 min 2 83.214 MM 2.4663 1700.67651  11.49292  ©9.6379
Table 3, entry 8; ee = 81%:
w
B o8
R
[\&
£y 3 q‘b“b Peak RetTime Type Width Area Height Area
Jity D 50 #  [min] [min] [MAT*s] [mAT] 2
' @
gt Wl ol e oo oo
= e 1 78.585 MM 2.3639 3833.61157 27.02897 90.5551
—————
7 80 90 min 2 B85.853 MM 2.5659 399.84354 2.59717  §9.4449
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Table 3, entry 9: ee = 81% :

o
v
N
8
/ ";g’fb S
[\ ~ g Peak RetTime Type Width Area Height Area
T X -] ,5" # [min] [min] [mAU*g] [mAU] %
/ \ R I | _______________________________________
—/ \\T‘P/N\W'—__ 1 83.255 MM 2.6416 1.03543e4 65.32811 950.5961
L e e e e e e e e N - -
70 80 a0 min 2 92.081 MM 2.9054 1074.77539 6.1l6533 9.4039
Table 3, entry 10; ee = 83%:
©
g ¢
A < N
/ %s"’{b T .5{‘;2)
[ @ o Peak RetTime Type Width Lrea Height Area
[min] [mau*s] [mau] %

ji ) & .
e gh &77 # [min] | |
82.3%96 MM 2.3961 1785.06104

________________________________ |__________ ————— -
1 12.44428 91.8102
1.05840 B.3898

J2 o 2 §9.9511 MM 2.5801 163.84546

(E)-2-(4-Methoxyphenyl)-2-methyl-5-(2-oxooxazolidin-3-yl)pent-4-enal (3ab)

o}

0
/l\i{/o

Method A: 75% yield. Method B: 40% vield (68% ee). *H NMR (300 MHz, CDCl;) 6 9.46 (s, 1H),
7.15 (d, J = 8.9 Hz, 2H), 6.91 (d, J = 8.9 Hz, 2H), 6.65 (d, J = 14.3 Hz, 1H), 4.59 — 4.42 (m, 1H), 4.45
—4.29 (m, 2H), 3.81 (s, 3H), 3.64 — 3.50 (m, 2H), 2.62 (d, J = 6.7 Hz, 2H), 1.41 (s, 3H). **C NMR (75
MHz, CDCl;) & 201.93 (CH), 159.01 (C), 155.39 (C), 131.15 (C), 128.35 (CH), 126.66 (CH), 114.50
(CH), 105.44 (CH), 62.21 (CH,), 55.42 (CH,), 53.48 (C), 42.67 (CH,), 37.03 (CH,), 19.02 (CH,).

OMe
LRMS (m/z, ESI): 312.12 (M+Na)+, 185.09, 175.10, 159.08, 144.05, 126.05. HRMS Calculated for C;cH;sNNaQ,: 312.1206,

found 312.1210. HPLC Enantioselectivity was determined by chiral HPLC analysis on Chiralpak IA at rt, (Hexane : iPrOH =

80:20, 1 ml/min).

Racemic sample:

<Q ~
A ®
B & 2 &
Q) LN
57 oo
[l & | | &
A3 ¥
11 " \ Peak RetTime Type Width Area Height
Py fi Y #  [min] [min] [mAT* 2] [maO]
) A | AO
B T . O B el ] P et R
= ;*'/—] rade. ]/ s 1 29.923 MM 0.9165 2.28647e4  415.78238
30 40 min 2 37.047 MM 1.0549 2.19528e4  346.83911
Table 3, entry 11; ee = 68%:
D
>
g
;q P
&
| @ >
| ~ A
| | 8 >
| \ % @?' Peak RetTime Type Width Area Height
(1) R % [min] [min] [MAU*s] [mAU] %
——————————— R e e el Rty
466.77127 84.0606

0.5028 2.52840e4

0.9983 4794.30225 80.03507 15.9354

1 25.820 MM

N

.
40 min 2 36.997 MM

(E)-3-(4-(4-Fluorophenyl)-5-hydroxy-4-methylpent-1-en-1-yl)oxazolidin-2-one (3ac’)

HO

O Method A": 40% yield. "H NMR (300 MHz, CDCl3) & 7.37 — 7.27 (m, 2H), 7.03 (t, J = 8.8 Hz, 2H),
NJ<O 6.65 (d, J = 14.3 Hz, 1H), 4.48 (ddd, J = 14.3, 8.1, 6.9 Hz, 1H), 4.42 — 4.30 (m, 2H), 3.72 (d, J =
— 10.9 Hz, 1H), 3.63 — 3.47 (m, 3H), 2.61 — 2.47 (m, 1H), 2.34 (ddd, J = 14.1, 8.2, 1.1 Hz, 1H), 1.59
(br, 1H), 1.31 (s, 3H). *C NMR (75 MHz, CDCls) 6 161.49 (d, J = 245.6 Hz, C), 155.43 (C), 140.25
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(C), 128.39 (d, /= 7.8 H

z, CH), 126.20 (CH), 115.39 (d, J = 20.8 Hz, CH), 106.12 (CH), 71.69 (CH,), 62.19 (CH,), 43.34 (C),

42.69 (CH,), 39.16 (CH,), 22.17 (CHs). LRMS (m/z, ESI): 302.11 (M+Na)*. 193.10, 175.09, 149.08. HRMS Calculated for
CysH1sFNNaOs: 302.1163, found 302.1169.

(E)-2-Methyl-5-(2-oxooxazolidin-3-yl)-2-(5,6,7,8-tetrahydronaphthalen-2-yl)pent-4-enal (3ad)

o o)
B

Method A: 47% yield. "H NMR (300 MHz, CDCls) § 9.47 (s, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.95 (dd,
J=8.0,2.1 Hz, 1H), 6.90 (s, 1H), 6.66 (d, J = 14.3 Hz, 1H), 4.56 (dt, J = 14.3, 7.6 Hz, 1H), 4.44 —
4.32 (m, 2H), 3.66 — 3.49 (m, 2H), 2.80 — 2.70 (m, 4H), 2.63 (ddd, J = 7.3, 6.0, 1.2 Hz, 2H), 1.85 —
1.74 (m, 4H), 1.40 (s, 3H). *C NMR (75 MHz, CDCl5) § 202.13 (CH), 155.39 (C), 137.89 (C), 136.67
(C), 136.40 (C), 129.83 (CH), 127.87 (CH), 126.60 (CH), 124.17 (CH), 105.62 (CH), 62.22 (CH,),
53.78 (CH), 42.71 (CH,), 36.92 (CH,), 30.46 (C), 29.70 (CH,), 29.09 (CH,), 23.22 (CH,), 18.99 (CH,).

LRMS (m/z, ESI): 336.15 (M+Na)*, 209.13, 199.12, 149.05, 141.07. HRMS Calculated for C;oH,3NNaOs: 336.1570, found

336.1575.

(E)-3-(5-Hydroxy-4-phe

N o

(o

nylpent-1-en-1-yl)oxazolidin-2-one (3ae")

Method A’: 98% yield. Method B": 99% yield (30% ee). "H NMR (300 MHz, CDCl5) § 7.36 — 7.16
(m, 5H), 6.64 (d, J = 14.3 Hz, 1H), 4.66 (dt, J = 14.8, 7.4 Hz, 1H), 4.36 (t, J = 8.3 Hz, 2H), 3.86 —
3.67 (m, 2H), 3.56 (t, J = 8.7 Hz, 2H), 2.83 (dt, J = 13.2, 6.8 Hz, 1H), 2.51 (ddd, J = 14.3, 7.8, 6.5
Hz, 1H), 2.47 — 2.30 (m, 1H), 1.58 (br s, 1H). *C NMR (75 MHz, CDCl3) & 155.47 (C), 141.72 (C),

Hog\/\
128.81 (CH), 128.09 (CH), 127.01 (CH), 125.24 (CH), 108.57 (CH), 66.83 (CH,), 62.21 (CH,),

49.24 (CH), 42.64 (CH,), 32.70 (CH,). LRMS (m/z, ESI): 270.10 (M+Na)+, 236.14, 230.11, 143.08. HRMS Calculated for
C12H17NNaO;: 270.1101, found 270.1100. HPLC Enantioselectivity was determined by chiral HPLC analysis on Chiralpak
IA3 at rt, (Hexane : iPrOH = 85:15, 1 ml/min).

Racemic sample:

® © 5 9
3 $® & &
(P 8 N
ivse'b' "".Ys‘z’lb.
[ [\ ) ) .
’ | | "‘ Peak RetTime Type Width Area Height Area
‘ | I # [min] [min] [mAU*s] [mAU] %
[\ N |- -mn oo |=--mmee-e e B |
— "l \'ﬁ' ——— ll/ T 1l 30.339 MM 0.7974 1.48156e4 309.66888 50.2126
30 40 50 min 2 50.%61 MM 1l.2468 1.46%902e4 196.36877 45.7874
Table 3, entry 14; ee = 30%:
D
°
& &
N NS
3 S .9
"?S(’J o} e,b.
| @,
<
|
i | ;'\,l Peak RetTime Type Width Area Height Area
'A' [\ # [min] [min] [MATT* 5] [mATT] %
| ‘\ : "'\ ——————————— | ————————————————————— | ——————————————————
s — s =T 1 30.023 MM 0.8983 1.80655e4 335.16611 65.0532
T T | T T T T I T T T T | T T
30 40 50 min 2 48.827 MM 1.2547 9704.83496 128.91800 34.9468

(E)-3-(5-Hydroxy-4-(4-methoxyphenyl)pent-1-en-1-yl)oxazolidin-2-one (3af’)

Method A”: 99% yield. *H NMR (300 MHz, CDCl3) & 7.11 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.8 Hz,
2H), 6.64 (d, J = 14.3 Hz, 1H), 4.65 (dt, J = 14.4, 7.4 Hz, 1H), 4.37 (t, J = 8.2 Hz, 2H), 3.79 (s, 3H),
3.81 — 3.63 (m, 2H), 3.64 — 3.41 (m, 2H), 2.79 (p, J = 6.8 Hz, 1H), 2.56 — 2.39 (m, 1H), 2.43 —
2.26 (m, 1H), 1.45 (br s, 1H). **C NMR (75 MHz, CDCl;) & 158.64 (C), 155.45 (C), 133.52 (C),
129.03 (CH), 125.23 (CH), 114.29 (CH), 108.63 (CH), 67.05 (CH,), 62.19 (CH,), 55.38 (CHs),
48.45 (CH), 42.67 (CH,), 32.88 (CH,). LRMS (m/z, ESI): 300.12 (M+Na)", 173.09, 158.08, 147.08,
121.06. HRMS Calculated for CisH1sNNaO,: 300.1206, found 300.1206.

HO

(0]
N J{O
(.
OMe
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(E)-3-(4-(4-Fluorophenyl

J=o

HO

.

F

)-5-hydroxypent-1-en-1-yl)oxazolidin-2-one (3ag’)

Method A": 99% yield. "H NMR (300 MHz, CDCl3) & 7.19 — 7.10 (m, 2H), 7.05 — 6.96 (m, 2H),
6.63 (d, J = 14.3 Hz, 1H), 4.62 (ddd, J = 14.5, 7.8, 6.9 Hz, 1H), 4.37 (t, J = 8.2 Hz, 2H), 3.85 — 3.66
(m, 2H), 3.66 — 3.47 (m, 2H), 2.81 (dq, J = 8.4, 6.4 Hz, 1H), 2.50 (dddd, J = 14.2, 7.7, 6.3, 1.2 Hz,
1H), 2.34 (dddd, J = 14.3, 8.4, 6.9, 1.4 Hz, 1H), 1.68 (br, 1H). **C NMR (75 MHz, CDCl;) 6 161.70
(d, J = 244.6 Hz, C), 155.33 (C), 137.34 (d, J = 3.5 Hz, C), 129.35 (d, J = 7.9 Hz, CH), 125.25 (CH),

115.45 (d, J = 21.1 Hz, CH), 108.15 (CH), 66.62 (CH,), 62.09 (CH,), 48.35 (CH), 42.50 (CH,), 32.66 (CH,). LRMS (m/z, ESI):

288.10 (M+Na)"., 279.09,

135.06, 109.04 HRMS Calculated for C;4H;sFNNaO3: 288.1006, found 288.1008.

(E)-3-(5-Hydroxy-4-(p-tolyl)pent-1-en-1-yl)oxazolidin-2-one (3ah’)

— Ni(/o

HO

(CH,), 48.79 (CH), 42.65
131.08. HRMS Calculate

Method A’: 99% yield. Method B’: 96% vyield (40% ee). *H NMR (300 MHz, CDCl;) 6 7.13 (d, J =
8.5 Hz, 2H), 7.07 (d, J = 8.2 Hz, 2H), 6.63 (d, J = 14.3 Hz, 1H), 4.74 — 4.58 (m, 1H), 4.36 (t, / = 8.3
Hz, 2H), 3.81 — 3.64 (m, 2H), 3.57 (td, J = 7.8, 1.9 Hz, 2H), 2.88 — 2.70 (m, 1H), 2.59 — 2.40 (m,
1H), 2.44 — 2.32 (m, 1H), 2.32 (s, 3H), 1.62 (br, 1H). 3¢ NMR (75 MHz, CDCl3) 6 155.48 (C),
138.54 (C), 136.51 (C), 129.50 (CH), 127.93 (CH), 125.12 (CH), 108.73 (CH), 66.89 (CH,), 62.20
(CH,), 32.74 (CH,), 21.12 (CHs). LRMS (m/z, ESI): 284.12 (M+Na)*, 175.11, 157.10, 142.07,
d for Ci5HigNNaO;: 284.1257, found 284.1257. HPLC Enantioselectivity was determined by

chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 85:15, 1 ml/min).

Racemic sample:

© S v
& T RS
ﬁ NS @ N
| A o
& G
Ies i
|
" (1 Peak RetTime Type Width Area Height Area
i { i\ #  [min] [min]  [mAU*s] (mAU] %
dik S e B R LT el EEC |
T e, 28.296 MM 0.7015 1.88546e4  447.98538 50.2859
30 40 50 min 2 45.755 MM 1.0272 1.86402e4 302.43173 49.7141
Table 3, entry 15; ee = 40%:
Vv
E o N
'ﬁ R 0;'.\
[| @ S &
il S 5
‘ 3 @
' '. ?7" Peak RetTime Type Width Area Height Area
\ i\ # [min] [min] [mau*s] [mAT] %
\
FA SN R P Rl Bt |
—_——— 1 27.570 MM 0.7638 3.04082e4  663.51186 70.1372
30 40 50 min 2 43.647 MM 1.0201 1.29471e4 209.47125 29.8628

(E)-3-(4-(3-Chlorophenyl)-5-hydroxypent-1-en-1-yl)oxazolidin-2-one (3ai’)

HO

0
- NJ(O
L

Cl

62.15 (CH,), 48.85 (CH),
Calculated for Ci4HcCIN
analysis on Chiralpak IA3

Method A": 99% vyield. Method B’: 99% yield (44% ee). *H NMR (300 MHz, CDCl3) 6 7.29 — 7.14
(m, 3H), 7.13 -7.03 (m, 1H), 6.63 (d, J = 14.3 Hz, 1H), 4.62 (dt, J = 14.5, 7.3 Hz, 1H), 4.37 (t, J =
8.4 Hz, 2H), 3.84 — 3.65 (m, 2H), 3.63 — 3.50 (m, 2H), 2.88 — 2.71 (m, 1H), 2.58 — 2.41 (m, 1H),
2.43 — 2.26 (m, 1H), 1.87 (br, 1H). *C NMR (75 MHz, CDCl;) & 155.39 (C), 144.04 (C), 134.38
(C), 129.89 (CH), 128.15 (CH), 126.99 (CH), 126.16 (CH), 125.34 (CH), 108.00 (CH), 66.26 (CH,),
42.52 (CH,), 32.43 (CH,). LRMS (m/z, ESI): 306.06, 304.07 (M+Na)*, 151.03, 125.01. HRMS
NaOs: 304.0711, found 304.0712. HPLC Enantioselectivity was determined by chiral HPLC
at rt, (Hexane : iPrOH = 85:15, 1 ml/min).
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Racemic sample:

[y
® >
? /\b' 3] Q"‘D'
s ) B S
P - L
| & 8
'l‘?& D&
! i\
"l I\ Peak RetTime Type Width Height Area
\ : \ B [min] [min] mALU §
| \ ) \
_‘—L__|—._' A - —— - L = 1 26.403 M n.7587 2 5 g S B7
T T T | T T T T I T T T T l T T T T |l |' e -...-:.-. .:“J. _-IA‘_'.' - o 3 >3 ai ARCaen =
20 40 50 60 min r -3 S3 MM 1.3€48 2 <78,466 9.8
Table 3, entry 16; ee = 44%:
$ o
Vv
l\éb- ‘3’\‘“b
; e
| & Peak RetTime Type Width Area Area
. | ‘fW“ i [min (min] mAU*s] t
\ 'I‘ e . s ¥ - - |
b e -/\ ; 1 27.387 MM 0.8231 2.70711e4 72.0280
T T T T s T T T s E7.474 MM 1 4547 1.05130e4 o
30 40 50 60 min

(E)-2-Methyl-5-(2-oxopyrrolidin-1-yl)-2-phenylpent-4-enal (3ba)

0o O Method A: 52% yield. Method B: 52% yield (82% ee)."H NMR (500 MHz, CDCl;) & 9.51 (s, 1H),

H Z @ 7.40 — 7.35 (m, 2H), 7.31 — 7.27 (m, 1H), 7.23 (dd, J = 8.3, 1.3 Hz, 2H), 6.88 (d, J = 14.4 Hz, 1H),
4.62 (dt, J = 14.7, 7.6 Hz, 1H), 3.39 — 3.33 (m, 2H), 2.66 (dd, J = 7.5, 1.2 Hz, 2H), 2.48 — 2.41 (m,

2H), 2.09 — 1.99 (m, 2H), 1.43 (s, 3H). *C NMR (126 MHz, CDCl5) § 202.12 (CH), 173.04 (C),

139.57 (C), 129.04 (CH), 127.53 (CH), 127.17 (CH), 126.48 (CH), 106.22 (CH), 54.20 (C), 45.31

(CH,), 37.30 (CH,), 31.29 (CH,), 19.01 (CHs), 17.44 (CH,). LRMS (m/z, ESI): 280.13 (M+Na)®, 230.13, 147.06, 124.07.

HRMS Calculated for C;6H1gNNaO,: 280.1308, found 280.1311. HPLC Enantioselectivity was determined by chiral HPLC
analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 85:15, 1 ml/min).

Racemic sample

& s 5 5P

1P R

‘ ?&’b (L&

[ 1 Peak RetTime Type Width LArea Height Area

[\ I. | # [min] [min] [MAU*s] [mAT] 3

1 \

I\ . I\ el |- =----- | -=mm o e B |
e Ne o gl N 1 11.734 MM 0.3953 3630.82056& 153.09007 50.4588
—_— — ;N o

15 20 min 2 19.011 MM 0.4863 3564.79321 122.16275 49.5412
Table 3, entry 12, ee = 82%

g L

i

| v &

‘ \ o @‘b' Peak RetTime Type Width LArea Height Area

f \ o 5 # [min] [min] [mAU*s] [mA] %

o,

| i Rttt |----]------- e el e L LT EEE LR
.- e B — 1 11.581 MM 0.3933 69%40.77100 294.10605 91.2358
T T % T T T Somin 2 18.819 MM 0.4873 666.73438  22.80306 B.7642

(E)-N-(5-Hydroxy-4-methyl-4-phenylpent-1-en-1-yl)-4-methyl-N-phenylbenzenesulfonamide (3ca’)

o ~\-Ts  Method A": 47% yield. "H NMR (300 MHz, CDCl;) § 7.42 (d, J = 8.3 Hz, 2H), 7.34 - 7.12 (m, 10H),
b 6.89—6.70 (m, 3H), 4.20 (dt, J = 14.0, 7.8 Hz, 1H), 3.68 (d, J = 10.9 Hz, 1H), 3.51 (d, J = 10.9 Hz,
1H), 2.44 (s, 3H), 2.31 (qdd, J = 13.8, 7.8, 1.2 Hz, 2H), 1.57 (br s, 1H), 1.20 (s, 3H). >C NMR (75

MHz, CDCl3) & 144.53 (C), 143.80 (C), 137.03 (C), 136.00 (C), 131.13 (CH), 130.04 (CH), 129.65
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(CH), 129.40 (CH), 128.85 (CH), 128.53 (CH), 127.55 (CH), 126.68 (CH), 126.34 (CH), 108.35 (CH), 71.35 (CH,), 43.95 (C),
39.27 (CH,), 21.81 (CHs), 21.75 (CHs). LRMS (m/z, ESI): 422.17 (M+H)", 266.14, 157.07. HRMS Calculated for CysH,sNO5S:

422.1784, found 422.1786.
(E)-N-Benzyl-N-(5-hydroxy-4-methyl-4-phenylpent-1-en-1-yl)-4-methylbenzenesulfonamide (3da’)

= N/Ts Method A": 51% yield. Method B": 50% yield (80% ee). 'H NMR (500 MHz, CDCl3) 6§ 7.62 (d, J =

kph 8.2 Hz, 2H), 7.33 — 7.24 (m, 7H), 7.24 — 7.17 (m, 1H), 7.17 — 7.06 (m, 4H), 6.59 (d, J = 14.2 Hz,

1H), 4.48 — 4.38 (m, 2H), 4.31 (d, J = 15.6 Hz, 1H), 3.55 (d, J = 10.9 Hz, 1H), 3.41 (d, / = 10.9 Hz,

1H), 2.45 (s, 3H), 2.36 (ddd, J = 13.9, 7.1, 1.2 Hz, 1H), 2.20 (ddd, J = 13.9, 8.1, 1.0 Hz, 1H), 1.13

(br s, 1H), 1.05 (s, 3H). *C NMR (126 MHz, CDCl5) & 144.30 (C), 143.80 (C), 136.04 (C), 135.54 (C), 129.90 (CH), 128.64

(CH), 128.51 (CH), 127.47 (CH), 127.41 (CH), 127.15 (CH), 127.04 (CH), 126.64 (CH), 126.27 (CH), 109.50 (CH), 71.26

(CH,), 49.45 (CH,), 43.64 (C), 39.75 (CH,), 21.70 (CHs), 21.59 (CHs). LRMS (m/z, ESI): 458.17 (M+Na)*, 168.05. HRMS

Calculated for C,gH,sNNaOsS: 458.1760, found 458.1768. HPLC Enantioselectivity was determined by chiral HPLC
analysis on Chiralpak OZ-H at rt, (Hexane : iPrOH = 90:10, 0.5 ml/min).

HO

Racemic sample

o

R

q

[ n,\e?'* \&

B ol &

i " \ Peak RetTime Type Width Area Height Area

- ]\ #  [min] [min] [mAU*s] [mAU] %

/ ¥ S e . [----]------- |---------- [---=------] ===~ |
—il &r—‘ 1 43,855 MF 1.3876 9650.60547 115.9%1866 49.1868
I T T T T I . 9 ? L] L] C 3
40 50min 2 46.702 FM 1.4827 9%69.70312 112.06666 50.8132

Table 3, entry 13; ee = 80%:

Y &
.' \ E Peak RetTime Type Width Area Height Lrea
gi 1 b # [min] [min] [MAU*S] [mAU] %
NN e |-=--]-=----- [ —— [ P |
i 3. BEX 274 . =1 .3 .
| PRI S v B | 1 43,997 BV 1.2742 1.3948824  166.36559 89,8699
40 50 min 2 47.032 VB 1.0708 1572.30286 17.86444 10.1301

(E)-N-Benzyl-N-(5-hydroxy-4-phenylpent-1-en-1-yl)-4-methylbenzenesulfonamide (3de’)

HO = N/Ts Method A: 99% yield. Method B: 99% yield (70% ee). "H NMR (300 MHz, CDCl;) & 7.55 (d, J =
kph 8.3 Hz, 2H), 7.29 — 7.21 (m, 8H), 7.19 — 7.14 (m, 2H), 6.99 — 6.92 (m, 2H), 6.60 (d, J = 14.1 Hz,

1H), 4.55 (dt, J = 14.4, 7.3 Hz, 1H), 4.37 (d, J = 3.2 Hz, 2H), 3.58 (s, 2H), 2.69 — 2.56 (m, 1H), 2.43

(s, 3H), 2.39 — 2.28 (m, 1H), 2.30 — 2.13 (m, 1H), 1.26 (br, 1H). *C NMR (75 MHz, CDCl;) &

143.75 (C), 141.52 (C), 136.07 (C), 135.62 (C), 129.89 (CH), 128.70 (CH), 128.63 (CH), 128.07 (CH), 127.46 (CH), 127.08
(CH), 127.00 (CH), 126.79 (CH), 110.76 (CH), 66.49 (CH,), 49.50 (CH,), 48.96 (CH), 33.31 (CH,), 21.68 (CH3). LRMS (m/z,
ESI): 422.17 (M+H)", 300.10, 279.08. HRMS Calculated for C,sH,gNOsS: 422.1784, found 422.1787. HPLC

Enantioselectivity was determined by chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 95:5, 1 ml/min).

S10



Racemic sample:

N
™
§ &
H &8 &
e Nl
< RS
: \ [ Peak RetTime Type Width Area Height Rrea
| \ . .
\ # min min mAlT* 5 mAT %
N S T Bt Wit i W
mm———— —r]l T———
e — e 1 142.482 MM 3.0457 59%07.63379 32.327%2 50.0369
1%0 min 2 156.064 MM 3.8935 589B8.380587 25.25123 45.9631

©

8 oF

P

40’b' c;;-"

I a8 W Peak RetTime Type Width Area Height Area

| o & #  [min] [min] [MAU*s] [mAD] %

| N\ A Tl R R Rl e
J - " 1 146.660 MM 3.3866 9692.46484  47.69967 84,8162
Tk T T T T i 2 161.621 MM 4.0903 1735.14185 7.07009 15.1838

(E)-N-benzyl-N-(5-hydroxy-4-(4-methoxyphenyl)pent-1-en-1-yl)-4-methylbenzenesulfonamide (3df’)

HO = N T Method A”: 99% yield. 'H NMR (500 MHz, CDCl3) & 7.57 (d, J = 8.2 Hz, 2H), 7.30 — 7.25 (m, 5H),
7.19 (d, J = 6.0 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 6.84 — 6.78 (m, 2H), 6.61 (d, J = 14.5 Hz, 1H), 4.57
(dt, J=14.4, 7.3 Hz, 1H), 4.39 (q, J = 15.8 Hz, 2H), 3.82 (s, 3H), 3.57 (dd, J = 6.9, 2.6 Hz, 2H), 2.66
—2.55 (m, 1H), 2.44 (s, 3H), 2.40 — 2.28 (m, 1H), 2.20 (dt, J = 15.2, 8.0 Hz, 1H), 1.25 (d, J = 6.9 Hz,
1H). *C NMR (126 MHz, CDCl;) 6 158.36 (C), 143.73 (C), 136.01 (C), 135.61 (C), 133.36 (C),
129.85, 128.97 (CH), 128.58 (CH), 127.41 (CH), 127.05 (CH), 126.99 (CH), 126.95 (CH), 114.08 (CH), 110.83 (CH), 66.61
(CH,), 55.31 (CHs), 49.42 (CH,), 48.08 (CH), 33.40 (CH,), 21.65 (CHs). LRMS (m/z, ESI): 474.17 (M+Na)*, 452.18 (M+H)",
353.26 HRMS Calculated for CygH3gNO,S: 452.1890, found 452.1892.

Ts
Ph

OMe

(E)-N-benzyl-N-(4-(4-fluorophenyl)-5-hydroxypent-1-en-1-yl)-4-methylbenzenesulfonamide (3dg’)

HO NN Ts Method A”: 99% yield. Method B’: 99% vield (48% ee). 'H NMR (300 MHz, CDCl;) § 7.55 (d, J =
8.3 Hz, 2H), 7.34 — 7.18 (m, 5H), 7.18 — 7.10 (m, 2H), 7.03 — 6.80 (m, 4H), 6.57 (d, / = 14.2 Hz,
1H), 4.57 — 4.41 (m, 1H), 4.45 — 4.27 (m, 2H), 3.57 (dd, J = 6.8, 1.2 Hz, 2H), 2.69 — 2.51 (m, 1H),
2.43 (s, 3H), 2.40 — 2.30 (m, 1H), 2.30 — 2.07 (m, 1H), 1.26 (s, 1H).13C NMR (75 MHz, CDCl;) &
161.67 (d, J = 244.4 Hz, C), 143.87 (C), 137.15 (d, J = 3.3 Hz, C), 136.03 (C), 135.58 (C), 129.90

(CH), 129.45 (d, J = 7.9 Hz, CH), 128.63 (CH), 127.48 (CH), 127.20 (CH), 127.00 (CH), 126.96 (CH), 115.42 (d, J = 21.0 Hz,

CH), 110.25 (CH), 66.45 (CH,), 49.48 (CH,), 48.25 (CH), 33.44 (CH,), 21.66 (CH;). LRMS (m/z, ESI): 462.15 (M+Na)’,

440.16 (M+H)", 420.14, 300.10. HRMS Calculated for C,sH,,FNO5S: 440.1690, found 440.1680. HPLC Enantioselectivity

was determined by chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 90:10, 1 ml/min).

Ts
Ph

F

Racemic sample:

©
ﬂ Qq‘go o
P BN B
{b. | ,b.
' & .l [kse
\ |
\ | ea etTime pe idt rea eigh rea
f\ [\ Peak RetTi Type Width A Height b
[ \ . \ # [min] [min] [mAU*s] [mATT] %
P " . ) B I P e e |---ooo- - e B |
*[‘ —r l'l‘l’_.‘“‘l‘ f 1 47.37¢ FM 1.1112 1.09596e4 1l64.37982 50.0251
40 50 min 2 52.895 MM 1.2291 1.09486e4 148.46262 45.9749
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Table 3, entry 18: ee = 48%

IS
¥
o) A .
o .,\’b I&(b-
.S 'S
& ||
f | | Peak RetTime Type Width Area Height Area
/\ i % #  [min] [min]  [mAU*s] [mAU] %
|
£ Y Vo BT L) il Rttt I I el et e
— ," I“f’, — 48,169 FM 1.1512 7371.64893 106.72400 26.3681
40 50 min 53.623 MM 1.2902 2.05850e4 265.91565 73.632189

(E)-N-benzyl-N-(5-hydroxy-4-(p-tolyl)pent-1-en-1-yl)-4-methylbenzenesulfonamide (3dh’)

HO

Method A’: 99% yield. Method B’: 99% yield (72% ee). 'H NMR (300 MHz, CDCl3) & 7.56 (d, J =
8.3 Hz, 2H), 7.31 — 7.22 (m, 5H), 7.20 — 7.13 (m, 2H), 7.06 (d, J = 7.6 Hz, 2H), 6.85 (d, J = 8.0 Hz,
2H), 6.60 (d, J = 14.2 Hz, 1H), 4.57 (dt, J = 14.5, 7.4 Hz, 1H), 4.38 (d, J = 3.0 Hz, 2H), 3.56 (d, J =
6.7 Hz, 2H), 2.68 — 2.49 (m, 1H), 2.43 (s, 3H), 2.33 (s, 3H), 2.41 — 2.26 (m, 1H), 2.32 — 2.12 (m,
1H), 1.27 (s, 1H). *C NMR (75 MHz, CDCl3) & 143.72 (C), 138.37 (C), 136.23 (C), 136.06 (C),

135.61 (C), 129.85 (CH), 129.39 (CH), 128.59 (CH), 127.92 (CH), 127.44 (CH), 127.09 (CH), 127.01 (CH), 110.98 (CH),
66.57 (CH,), 49.47 (CH,), 48.50 (CH), 33.30 (CH,), 21.67 (CHs), 21.17 (CHs). LRMS (m/z, ESI): 458.17 (M+Na)*, 436.19
(M+H)", 300.10. HRMS Calculated for CysH,gNNaO,S: 458.1760, found 458.1766. HPLC Enantioselectivity was
determined by chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 95:5, 1 ml/min).

Racemic sample:

3 >
D N- S
@) N
2
tl v A
\ n
0 .
I % \
| /
b N N,
I T T T T ] l-
125 150 min

Table 3, entry 19: ee = 72%

I T
150 min

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [marT] %
———————————————————————————————— P el
1 130.800 MF 2.9532 9351.25488 52.77546 50.1614
2 138.252 FM 4.5219 9291.05082 34.24477 49.8B38s
Peak RetTime Type Width Area Height RLrea
# [min] [min] [mAU*s5] [mAU] %
___________ e [ [ e
1 127.743 MF 2.9715 1.70265e4 95.50150 8E5.8127
2 136.209 FM 4.3724 2815.02505 10.73035 14.1873

(E)-N-Benzyl-N-(4-(3-chlorophenyl)-5-hydroxypent-1-en-1-yl)-4-methylbenzenesulfonamide (3di’)

HO = N/Ts

N

Ph

Cl

Method A’: 99% yield. Method B’: 99% vield (67% ee). *H NMR (300 MHz, CDCl3) & 7.56 (d, J =
8.3 Hz, 2H), 7.32 — 7.11 (m, 9H), 6.99 (s, 1H), 6.82 (dt, J = 6.3, 1.9 Hz, 1H), 6.59 (d, J = 14.2 Hz,
1H), 4.58 —4.42 (m, 1H), 4.43 — 4.28 (m, 2H), 3.56 (d, J = 6.6 Hz, 2H), 2.67 — 2.51 (m, 1H), 2.43 (s,
3H), 2.39 - 2.27 (m, 1H), 2.26 —2.12 (m, 1H), 1.29 (s, 1H). **C NMR (75 MHz, CDCls) & 143.87 (C),

136.01 (C), 135.50 (C), 134.44 (C), 129.93 (CH), 128.67 (CH), 128.26 (CH), 127.52 (CH), 127.35 (CH), 127.01 (CH), 126.97
(CH), 126.26 (CH), 110.17 (CH), 66.30 (CH,), 49.52 (CH,), 48.80 (CH), 33.10 (CH,), 21.69 (CHs). LRMS (m/z, ESI): 478.12
(M+Na)®, 456.14 M+H)", 311.03, 300.10. HRMS Calculated for C,sH,CINNaO;S: 478.1214, found 478.1216. HPLC
Enantioselectivity was determined by chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 95:5, 1 ml/min).
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Racemic sample:

- ™
‘ NP b'?;b’b
S W
% >
W[ l@
| i
[ 1 Peak RetTime Type Width Area Height Area
| ' & [min] [min]  [mAU*s] [mAT] %
| ]
B . | ==on |- | 2=mmmeze-- |-mo oo |-mme- |
—— 1 150.487 MF 3.4245 1.75565e4 85.19675 50.1688
150 175 min 2 160.723 FM 4.2543 1.74383e4 68.31705 45.8312

g 61?
%
> D
| o =)
| (@ :
<& < )
o ¥
v 8 &
‘ '-, %@?’ Peak RetTime Type Width Area Height Area
f \ X #  [min] [min]  [mAU*s] [mAT] 5
5, 8 Rl e === -= - s |- |--=-—--- |
‘,","‘l —— 1 150.635 MM 3.4080 2.38243e4  116.51218 83.4060
150 175min 2 162.334 MM 4.1875 4739.93799 18.86543 16.5940

(E)-3-(4-Benzyl-5-hydroxypent-1-en-1-yl)oxazolidin-2-one (3aj’)

o
HO = N//<

Reaction carried out in acetonitrile under otherwise identical conditions of Method B’: 45%
yield (34% ee). *H NMR (300 MHz, CDCl;) 6 7.36 — 7.12 (m, 5H), 6.67 (d, J = 14.3 Hz, 1H), 4.84 —
4.67 (m, 1H), 4.42 (dd, J = 8.5, 7.7 Hz, 2H), 3.64 (td, J = 7.7, 1.7 Hz, 2H), 3.59 — 3.52 (m, 2H),
2.64 (qd, J = 13.7, 7.2 Hz, 2H), 2.27 — 2.01 (m, 2H), 1.99 — 1.79 (m, 1H), 1.25 (s, 1H). *C NMR
(75 MHz, CDCl3) 6 155.48 (C), 140.55 (C), 129.28 (CH), 128.54 (CH), 126.16 (CH), 125.42 (CH),

108.85 (CH), 64.75 (CH,), 62.25 (CH,), 43.39 (CH), 42.74 (CH,), 37.54 (CH,), 31.53 (CH,). LRMS (m/z, ESI): 284.12
(M+Na)*, 273.08, 236.14. HRMS Calculated for C;sH;sNNaO;: 284.1257, found 284.1258. HPLC Enantioselectivity was
determined by chiral HPLC analysis on Chiralpak IA3 at rt, (Hexane : iPrOH = 85:15, 1 ml/min).

Racemic sample

& q§ <
™ o o
A N
< |
A
\ |
| \ |

I. e’rbk

"5

Asymmetric example (Reference 22, main manuscript; ee = 34%:

Bl ¥
P
FJ’-' 6%"‘ ] Ib,_u'\
& &
| & &
| \ ‘.‘A\I Peak RetTime Type Width Area Height Area
| \ [ &  [min] [min] [MAU*=] [mAT] %
| X / \ ———————————————————————————————— e I
= = 'jl _+I_. l-‘TI—— 1 24.303 MM 0.6913 B483.95410 204.53790 66.8962
2|5 min 2 26.388 MM 0.7211 4198.32080 97.03584 33.1038

513



Table S2

Table S1. Influence of the ancillary ligand and counterion of L-AuX °

Gold catalyst (10 mol %)
Pyrrolidine (30 mol %)

Additional data obtained in the optimization of the racemic alkylation of aldehydes

o 0 Bpy (20 mol %) o o
4.%'\])(0 . Ph%H BzOH (20 mol %) HWNJ{
L Toluene, 60 °C, t (h) pH 0o
1a 2a 3aa
Entry gold catalyst ( X mol %) t(h) yield (%)
1 none 46 0
2 Aul (10) 1 30
3 Au2 (10) 3.5 88
4 Au3 (10) 3 25
5 PhsPAUNTY, (5) 1.5 43
6 Ph3PAuUNTf, (10) 0.3 83
7 PhsPAUCI/AgSbFs (10) 18 23
8 XPhosAuNTf, (10) 0.5 5
9 JohnPhosAuNTf, (10) 0.5 6
10 tBuXPhosAuNTf, (10) 0.5 5
11 RuPhosAuNTf, (10) 1 10
12 SPhosAuNTf, (10) 0.7 12
13 (tBu);PAUNTH, (10) 0.5 14
14 (pCF3CeHa)sPAUNTF, (10) 0.7 73
15 PhsPAU(TA)OTF (10) 6 63
16 IMesAuNTf, (10) 0.5 63
17 IPrAuNTf, (10) 3 68

“ All reactions were carried out using conditions described in Method A. Yields determined by

Internal Standard [1,3,5-(Me0Q)sCgHs] unless otherwise noted.

By ipr Pr
ol ~ Q —\ =\ <N Au—PPhs
[ j’ P-Au-X NN NN !
By Y Y TfO
3 ipr Au 'Pr Au

‘ ‘
Aut: X = NCPh/ SbFg NTf, NTf,

"Bu
1
BU~p—AuNT,

R
Cr>
R

R = H, JohnPhosAuNTf,

Cy
I
CY~p—Au-NT,
R

=9

R, R' = 'Pr, XPhosAuNTf,

Au2: X = NTf," IPrAuNTf, IMesAuNTf, PP AT A O PhosAUNT R'= OPr, R = H, RuPhosAUNTH,
Au3: X = SbFg ' ®  R=0Me, R = H, SPhosAuNTf,
Influence of the solvent.
Ph3PAUNTf, (10 mol %)
Pyrrolidine (30 mol %)
O (e} Bpy (20 mol %) (e} e}
PN J( Ph BzOH (20 mol %) J(
=7 N o H H N o
\\/ Solvent, 60 °C, t (h) PH \\/
1a 2a 3aa
Entry Solvent t (h) yield (%)
1 Toluene 0.3 83
2 Tetrahydrofuran 0.5 10
3 1,4-Dioxane 0.5 15
4 Acetonitrile 0.3 39

All reactions were carried out using conditions described in Method A. Yields determined by

Internal Standard [1,3,5-(Me0Q);C¢Hs] unless otherwise noted.
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Table S3 Influence of the acid.

Ph3PAUNTf, (10 mol %)
Pyrrolidine (30 mol %)

o o) Bpy (20 mol %) o} o
4_%,\‘)(0 . PhW)LH Acid (20 mol %) HWNJ(
\\/ Toluene, 60 °C, t (h) Ph L/O
1a 2a 3aa
Entry Acid t (h) yield (%)
1 none 0.5 25
2 4a 0.3 83
3 4b 0.5 41
4 4c 0.5 39
5 4d 0.3 43
6 4e 1 30

All reactions were carried out using conditions described in Method A. Yields determined by
Internal Standard [1,3,5-(MeO)sCgHs] unless otherwise noted

N \\ //
[e] o) P.
)'L )-L { " \O% \OH \‘)kOH /©/
Ph OH OH 2

4a 4b 4c de
Additional data obtained in the optimization of the asymmetric alkylation of aldehydes

Table S4. Screening of MacMillan Organocatalysts

Ph3PAuUNTf; (10 mol %)
Organocatalyst (30 mol %)
O Bpy (20 mol %)

0 o o

A oh BZOH (20 mol %) A
P W)J\H H N o

\\/ Toluene, 60 °C, t (h) PH \\/

1a 2a 3aa
Entry Organocatalyst (C) t (h) yield (%) ee (%)
1° c1 1 13 39
2 Cib 2 <5 -
3 Clc 2 L -
4" cid 2 L -
5! Cle 2 L -

All reactions were carried out using conditions described in Method B. Yields determined by Internal Standard [1,3,5-
(Me0);CgHs] unless otherwise noted. “ benzoic acid was not added to the reaction. b Polymerization of 1a was
exclusively observed.

tN/ - j)\é j)ﬂ j)\ anNB;\ CIfLOH

c1 C1d Cle
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Table S5 Screening of chiral Organocatalyst C4 with different gold catalysts
Ph
pn  Gold catalyst (10 mol %)
N Bpy (20 mol %)
o o H OTMS B%H (2r(;1cr)'nol %) Q o
ZaN J{ Ph C4 (X mol %) P J(
_ NNy * %H H)S(\/\N .
\\/ Toluene, 60 °C, t (h) PH
1a 2a 3aa
Entry gold catalyst Organocatalyst ( Xmol%) t (h) yield (%) ee (%)
1 Ph3PAUNTTf, C4 (30) 0.5 68 59
2 (PCF3CeH4)sPAUNTT, €4 (30) 0.7 71 48
3 Ph;PAuU(TA)OTf C4 (30) 1 53 67
4 IMesAuNTf, C4 (30) 2.5 20 58
5 IPrAuNTf, C4 (20) 0.5 66 72

All reactions were carried out using conditions described in Method B. Yields determined by Internal Standard [1,3,5-
(MeQ);CgH3] unless otherwise noted.

Table S6

Influence of the structure of the Prolinol.

IPrAuNTf; (10 mol %)
Organocatalyst (20 mol %)
o) Bpy (20 mol %)

o) o] o)
4.%,\])(0 . Phj)J\H BzOH (20 mol %) HWN/[(O
\\/ Toluene, 60 °C, t (h) Ph \\/
1a 2a 3aa
Entry organocatalyst t (h) yield (%) ee (%)
1 ca 0.5 66 72
2 C5 0.5 30 81
3 C6 0.7 25 81
4 c7 0.7 23 83
5 c8 1 35 61
6 c9 0.7 56 0
7 C10 0.7 15 44
8 Cc11 4 24 73
9 C12 0.7 26 65
10 Cc13 1 32 35
11 C14 0.7 33 48
12 C15 1 28 47
13 Cl6 0.5 11 60
N O N O %R"'
i OsiRy R "R i - 211- s"?— Me, R =TMS
CERIMRIMe  CRires 1ok o C12: R~ e, R TS
’ ' C7:R=TPS C13:R" =H, R=TBS
C14:R" =H, R=TIPS
C15:R" = H, R=TBDPS
C16:R" =iBu,R=TPS
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Table S7. Influence of the additive.

IPrAuNTf, (10 mol %)
C4 (20 mol %)

o o] Additive 4 (20 mol %) o} 1)
&‘%N/l(o . PhW)J\H BzOH (20 mol %) HWNJ(
\\/ Toluene, 60 °C, t (h) Ph \\/O
1a 2a 3aa
Entry additive t (h) yield (%) ee (%)
1 none 0.3 37 76
2 Bpy (4a) 0.5 66 72
3 4b 1 33 80
4 4c 0.5 55 73
5 4d 0.5 50 74
6 4e 2 66 70
7 af 2 20 50

All reactions were carried out using conditions described in Method B. Yields determined by
Internal Standard [1,3,5-(Me0Q);CgH;] unless otherwise noted.

O@CQ}{H}MIIG

4a (Bpy) 4b 4c 4d 4e

Table S8. Influence of the acid.

IPrAUNTY, (10 mol %)

C4 (20 mol %)
o o Bpy (20 mol %) o 0
4'%NJ(O . Ph%H Acid 5 (20 mol %) HWN%
(Y Toluene, 60 °C, t (h) P \\/O
1a 2a 3aa
Entry Acid (5) t (h) yield (%) ee (%)
1 5a 0.5 66 72
2 5b 0.3 53 74
3 5¢ 0.5 50 73
4 5d 0.5 42 76
5 5e 0.7 67 69

All reactions were carried out using conditions described in Method B. Yields determined by Internal
Standard [1,3,5-(MeQ);CgHs] unless otherwise noted

(@] F (@] (@] NO, O (@]
o O O e
OH OH OH OH OH
O,N O,N
NO,
5a 5b 5c 5d 5e

Table S9. Control experiments by using Bronsted acids instead of gold catalysts.
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)
o

N\

1a

o)
4,4\ "\'iéo

1a

% J

2a

(e}

- A <

2a

TfOH (20 mol %)
C4 (20 mol %)
BzOH (20 mol %)

Toluene, 60 °C, t (h)

HNTf,(20 mol %)
C4 (20 mol %)
BzOH (20 mol %)

Toluene, 60 °C, t (h)

TfOH (20 mol %)
Pyrrolidine (30 mol %)
BzOH (20 mol %)

Toluene, 60 °C, t (h)

HNTf,(20 mol %)
Pyrrolidine (30 mol %)
BzOH (20 mol %)

.

Toluene, 60 °C, t (h)

%

>

.

Full allenamide degradation.
Product 3aa was not observed

Full allenamide degradation.
Product 3aa was not observed

All reactions were analyzed by 1H-NMR using Internal Standard [1,3,5-(MeO);C¢Hs]
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NMR and ESI-MS experiments

1. Ph;PAuUNTf, (d8-toluene complex, 2:1)
ESI-MS : M*= 559.14,
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2. Ph;PAu(Bpy)NTf, ( Prepared by mixing Bpy and Ph;PAuUNTf, ( ratio 1:1)

ESI-MS : M'=615.17,
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3. Ph3PAuU(C4)NTf, ( Prepared by mixing C4 and PhsPAuUNTf, ( ratio 1:1)

ESI-MS :M* =784.43
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PhsPAuU(C4)NTf, + Bpy (2 equiv)
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Ph;PAu(Bpy)NTf, + C4 ( 1 equiv)
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NMR Spectra
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