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General Procedures

Chemicals are purchased from commercial resources and used without further purification. Thin layer chromatography was performed
on precoated silica gel 60 F254 plates. Flash column chromatography was performed using silica gel 60 (230-400 mesh ASTM). H
NMR and 3C NMR spectra were recorded on Bruker DPX-400 or DPX-600 and internally referenced to TMS. Data for *H NMR were
reported as follows: chemical shift (8, ppm), multiplicity (s = singlet; brs = broad singlet; d = doublet; dd = double doublet; t = triplet; td
= triple doublet; tt = triple triplet; q = quartet; qd = quadruple doublet, m = multiplet), coupling constant (Hz), integration. Data for **C
NMR are recorded in terms of chemical shift (5, ppm). High resolution mass spectra (HR-MS) were measured on Agilent 6540 UHD
Accurate-Mass Q-TOF LC/MS system equipped with an ion spray source in the positive ion mode. X-ray crystal structures were
determined by Bruker D8 Venture single crystal X-Ray diffractometer for small molecule. Compounds described in the literature were
characterized by comparison of their *H and/or **C NMR spectra to the previously reported data.
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Experimental Procedures

Synthesis of C,0-Chelated BINOL/Gold(Ill) Complexes 3a, 3g-3j
(1) Preparation of Gold(lll) Dichloride Complexes la-le
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Compounds (rac)-1a, (R)-1b, (R)-1d and (R)-le were synthesized and identified with reference to the characterization data of our

previously reported paper.!
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Compound S1 was synthesized and identified with reference to the characterization data of literature.?
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Compound S2: A solution of 2-Bromo-1,3,5-tri-tert-butylbenzene (5.47 g, 16.8 mmol) in anhydrous THF (90 mL) was cooled to 0 °C
under N, followed by the dropwise addition of n-butyllithium (n-BuLi, 1.6 M solution in hexane, 12.25 mL). The solution was warmed
to room temperature and stirred for 2 h. Compound S1 (3.89 g, 14 mmol) was dissolved in anhydrous THF (10 mL) and dropwise added
to the solution. The reaction mixture was stirred for further 16 h. When the reaction completed, saturated NH4Cl aqueous solution (30
mL) was added. The aqueous phase was extracted by EA (50 mL x 3). The organic phase was combined, dried with anhydrous MgSO .,
concentrated under reduced pressure, and subjected to flash column chromatography (hexane/EA), affording product as a pale-yellow
oil (2.32 g, 4.43 mmol, 32% yield). The product was then treated with tetra-n-butylammonium fluoride (TBAF, 1.0 M solution in THF,
5.27 mL) in THF (22 mL). The reaction mixture was stirred at room temperature for 16 h. When the reaction completed, water (30 mL)
was added. The reaction mixture was extracted with EA (20 mL x 3) and washed with brine (30 mL). The organic phase was combined,
dried with anhydrous MgSO4, concentrated under reduced pressure and subjected to flash column chromatography (hexane/DCM/EA),
affording compound S2 as a white solid (922 mg, 2.25 mmol, 51% yield).

Compound S3: Compound S2 (865 mg, 2.11 mmol) was suspended in the solution of HCI aqueous solution (12 M, 6 mL) and MeOH
(6 mL). After stirring for 2 h at room temperature, the reaction mixture became a clear pale-yellow solution. The solution was cooled to
0 °C and adjusted to pH 12. The solution was diluted with water and then extracted with DCM (20 mL x 5) and washed with brine (30
mL). The organic phase was combined, dried with anhydrous MgSO,, concentrated under reduced pressure and subjected to flash
column chromatography (DCM/MeOH), affording compound S3 as a white solid (638 mg, 2.08 mmol, 99% vyield).

Compound S4: 2-bromobenzoyl chloride (483 mg, 2.2 mmol, 287 pL) was added dropwise to a solution of compound S3 (611 mg, 2
mmol) and triethylamine (EtsN, 1 mL) in DCM (2 mL) at O °C. The solution was then allowed to warm to room temperature and stirred
for 1 h. When the reaction was completed, the water (10 mL) was added. The reaction mixture was extracted with EA (10 mL x 3) and
washed with brine (30 mL). The organic phase was combined, dried with anhydrous MgSO., concentrated under reduced pressure and
subjected to flash column chromatography (hexane/acetone), affording compound S4 as a white solid (713 mg, 1.46 mmol, 73% yield).

Compound S5: A solution of compound S4 (691 g, 1.42 mmol) in dry DCM (10 mL) was cooled to -78 °C under N, followed by the
dropwise addition of diethylaminosulfur trifluoride (DAST, 251 mg, 1.56 mmol, 204 pL) and stirred for 1 h. Potassium carbonate (K.COs,
179 mg, 2.13 mmol) was added. The reaction mixture was warmed to room temperature and stirred for further 1 h. When the reaction
completed, saturated NaHCO3; was slowly added to the mixture until no bubble coming out. The reaction mixture was extracted with
DCM (30 mL x 3) and washed with brine (30 mL). The organic phase was combined, dried with anhydrous MgSO., concentrated under
reduced pressure and subjected to flash column chromatography (hexane/EA), affording compound S5 as a white solid (563 mg, 1.20
mmol, 84% yield).

Compound S6: A solution of compound S5 (471 g, 1 mmol) in anhydrous THF (5 mL) was cooled to -78 °C under N, followed by the
dropwise addition of n-butyllithium (n-BuLi, 1.6 M solution in hexane, 938 pL) and stirred for 1 h. HgCl, (326 mg, 1.2 mmol) was added
and the mixture was warmed to room temperature and stirred for further 16 h. The reaction was quenched by water and filtered through
celite. The filtrate was extracted by DCM (10 mL x 3) and washed with brine (30 mL). The organic phase was combined, dried with
anhydrous MgSO,, concentrated under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording
compound S6 as a white solid (333 mg, 0.532 mmol, 53% yield).

Compound (S)-1c: A mixture of compound S6 (265 mg, 0.423 mmol) and KAuCl,2H,0 (193 mg, 0.465 mmol) in CHzCN (2 mL) was
heated to 65 °C and stirred for 16 h. When the reaction completed, the solution was dried under reduced pressure and suspended by
DCM. The suspension was filter through celite and the filtrate was subjected to flash column chromatography (hexane/acetone). The
resulting solid was washed by isopropanol, affording compound (S)-1c as a white solid (145 mg, 0.220 mmol, 52% yield).

(2) Column-Free Chiral Resolution Method for Preparation of Gold(lll) Dichloride Complexes (R)-1a and (S)-1a
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Diastereomeric resolution: A mixture of racemic cyclometalated gold(l1) complex (C*N)AuCl; (rac)-1a (1.0 g, 1.878 mmol, 1.0 equiv.),
BINOL (S)-2a (590 mg, 2.066 mmol, 1.1 equiv.) and Cs,CO; (1.34 g, 4.132 mmol, 2.2 equiv.) in MeOH was stirred for 1 h at room
temperature. Orange red precipitate mixed with a red solution was observed. The precipitate was collected by filtration, washed with
MeOH and dried under reduced pressure to give the corresponding C,O-chelated cyclometalated BINOL/gold(lll) complex (R,R)-3a
with dr > 99:1 as orange red solid. The filtrate was diluted with EA and washed with water. The resulting solution was concentrated
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under reduced pressure and diluted by hexane to precipitate the crude BINOL/gold(lll) complex (R,S)-3a with dr = 72:28 as orange red
solid.

Acid treatment: The obtained (R,R)-3a was dissolved in DCM/MeOH (1:1, 20 mL) resulting in a red solution. After addition of 6 N
hydrochloric acid (0.94 mL, 5.634 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to
colorless within 1 min. The solvent was removed under reduced pressure to give a crude mixture of (R)-1a and (S)-2a. MeOH was
added into the crude mixture and the resulting suspension was collected by filtration affording (R)-1a (99% ee) as white solid (360 mg,
0.676 mmol, 36% yield). Using the same method for (R,S)-3a, (S)-1a (44% ee) was obtained as white solid (480 mg, 0.902 mmol, 48%
yield). Two filtrates were combined and purified flash column chromatography over silica gel to recover the BINOL (S)-2a (560 mg,

1.962 mmol, 95% vyield).
__Ne );P o LE [ |
_6NHCI /Au\ OO OH

N0+

DCM/MeOH, OH
rt., 1 min OO
(R, R) -3a

Scheme S1. Acid treatment of (R,R)- 3a to glve (R) la and (S) 2a

Repeat the diastereomeric resolution method with (S)-1a (44% ee) by changing the resolving agent to (R)-2a (284 mg, 0.992 mmol,
1.1 equiv) to give (S,S)-3a (dr = 99:1) and crude (S,R)-3a (dr = 78:22). After acid treatment for (S,S)-3a, (S)-1a (98% ee) was obtained
(280 mg, 0.638 mmol, 34% yield) and BINOL (R)-2a was recovered (272 mg, 0.952 mmol, 96% yield).
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Figure S1. Determination of dr of (a) crude mixture of 3a; (b) (R,R)-3a; (c) (R,S)-33; (d) (S,S)-3a; (e) (S,R)-3a by 'H NMR analysis.
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(3) Preparation of BINOL/Gold(lll) Complexes

Ad
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(R,R)-3a (602 mg, 0.808 mmol, 43% yield) and (S,S)-3a (504 mg, 0.676 mmol, 36% yield) can be prepared by the above diastereomeric
resolution method using (rac)-1a.

(R,S)-3a: A mixture of enantiopure cyclometalated gold(lll) complex (S)-1a (22.0 mg, 0.0413 mmol, 1.1 equiv.), BINOL (S)-2a (10.8
mg, 0.0376 mmol, 1.0 equiv.) and Cs,COs3 (26.9 mg, 0.0826 mmol, 2.2 equiv.) in MeOH was stirred for 1 h at room temperature, giving
an orange red solution. The resulting solution was filtered through celite. The filtrate was diluted with EA and washed with water. The
resulting solution was concentrated under reduced pressure and diluted by hexane to precipitate BINOL/gold(lll) complex as orange
red solid (23.8 mg, 0.0320 mmol, 85% vyield).

(S,R)-3a: A mixture of enantiopure cyclometalated gold(lll) complex (R)-1a (22.0 mg, 0.0413 mmol, 1.1 equiv.), BINOL (R)-2a (10.8
mg, 0.0376 mmol,1.0 equiv.) and Cs,CO3 (26.9 mg, 0.0826 mmol, 2.2 equiv.) in MeOH was stirred for 1 h at room temperature, giving
an orange red solution. The resulting solution was filtered through celite. The filtrate was diluted with EA and washed with water. The
resulting solution was concentrated under reduced pressure and diluted by hexane to precipitate BINOL/gold(lll) complex as orange
red solid(25.2 mg, 0.0338 mmol, 90% vyield).

(R,R)-3g, (R,S)-3h, (R,R)-3i and (R,R)-3j: A mixture of enantiopure cyclometalated gold(lll) complex (C*N)AuCl, 1 (1.0 equiv.), BINOL
(S)-2a (1.1 equiv.) and Cs,COs3 (2.2 equiv.) in MeOH was stirred for 1 h at room temperature. Orange red precipitate was formed in a
suspension. The precipitate was collected by filtration, washed with MeOH and dried under reduced pressure to give the corresponding
C,O-chelated cyclometalated BINOL/gold(lll) complexes (R,R)-3g (orange red solid, 78 mg, 0.0935 mmol, 85% vyield), (R,S)-3h (salmon
orange solid, 20 mg, 0.0229 mmol, 78% yield), (R,R)-3i (orange solid, 237 mg, 0.337 mmol, 82% yield) and (R,R)-3j (orange solid, 114
mg, 0.140 mmol, 82% yield).

Synthesis of C,0-Chelated BINOL/Gold(lll) Complexes 3b-3f and Resolution of BINOLs 2b-2f

Precipitate S )? HCI (6 N) OO
— _— )
N
B /

-
AU
e

N7
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o g e

49% yield
99% ee

(S)1a

Q

g7
‘ Recycled (S)-1a
5 )aj HCI (6 N) O 94% yield
Filtrate =\ ¢ AU
\/\, - :’KO/ o
N4 - S
\\}{ (R)-2b NS

47% yield

(5,5)-3b S 96% ee

A
A mixture of gold(lll) complex (S)-1a (22 mg, 0.0413 mmol, 1.1 equiv.), racemic BINOL (rac)-2b (25.9 mg, 0.0375 mmol, 1.0 equiv.)
and Cs,COs3 (26.9 mg, 0.0827 mmol, 2.2 equiv.) in MeOH (2 mL) was stirred for 1 h at room temperature. Orange red precipitate was
formed in a suspension. The precipitate was collected by filtration affording the diastereomeric mixtures of 3b with dr = 1:1. After
addition of hexane/acetone (1:1, 4 mL), orange red precipitate mixed with a red solution was observed. The precipitate was collected
to give BINOL/gold(lll) complex (R,S)-3b with dr = 99:1 as orange red solid (21.6 mg, 0.0187 mmol, 50% yield). The filtrate was
concentrated under reduced pressure and diluted by hexane to precipitate the BINOL/gold(lll) complex (S,S)-3b with dr > 99:1 as
orange red solid (21.1 mg, 0.0184 mmol, 49% yield).

The obtained (R,S)-3b and (S,S)-3b was separately dissolved in DCM/MeOH (1:1, 2 mL). After addition of 6 N hydrochloric acid (19
pL, 0.0188 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to colorless within 1 min. The
solvent was removed under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording BINOL (S)-2b
(white solid, 12.7 mg, 0.0184 mmol, 49% vyield, 99% ee), BINOL (R)-2b (white solid, 12.2 mg, 0.0176 mmol, 47% yield, 96% ee) and
recovered (S)-1a (20.7 mg, 0.0388 mmol, 94% yield).
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L >
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A mixture of gold(lll) complex (S)-1a (22 mg, 0.0413 mmol, 1.1 equiv.), racemic BINOL (rac)-2c (20.2 mg, 0.0375 mmol, 1.0 equiv.)
and Cs,CO3 (26.9 mg, 0.0827 mmol, 2.2 equiv.) in MeOH (2 mL) was stirred for 1 h at room temperature. The reaction mixture was
diluted with DCM and washed with water. The resulting solution was concentrated under reduced pressure affording the diastereomeric
mixture 3c with dr = 1:1. After addition of hexane/acetone (5:1, 12 mL), orange red precipitate mixed with a red solution was observed.
The precipitate was collected to give BINOL/gold(lll) complex (R,S)-3c with dr = 99:1 as orange red solid (15.7 mg, 0.0157 mmol, 42%
yield). The filtrate was concentrated under reduced pressure and diluted by hexane to precipitate the crude BINOL/gold(Ill) complex
(S,S)-3c with dr = 74:26 as orange red solid. MeOH (5 mL) was subsequently added to the obtained crude (S,S)-3c. Orange red
precipitate mixed with pale yellow solution was observed. The precipitate was collected by filtration to give BINOL/gold(lll) complex
(S,S)-3c with dr = 99:1 as orange red solid (14.6 mg, 0.0146 mmol, 39% yield).

The obtained (R,S)-3c and (S,S)-3c was separately added in DCM/MeOH (1:1, 2 mL). After addition of 6 N hydrochloric acid (19 uL,
0.0188 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to colorless within 1 min. The
solvent was removed under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording BINOL (S)-2c
(white solid, 8.1 mg, 0.0150 mmol, 40% yield, 98% ee), BINOL (R)-2c (white solid, 7.5 mg, 0.0139 mmol, 37% yield, 98% ee) and
recovered (S)-1a (17.6 mg, 0.0330 mmol, 80% yield).

Precipitate HCI (6 N)
—— —

CF.
(RS)-3d G N, /{/
u
o hexane/iPrOH dr >99:1 99% ee + CI/ \N\/_/O
CF
P Af/ca
T
;\‘/é/, o N HCI (6 N) Recycled (S)-1a
— N )= N A —— 95% yield
Filtrate \7\,/ o N\_/O
\ CF3 S
(5,5)-3d & (Ry2d 5
3 o
dr = 75:25) 56% yield

50% ee

A mixture of gold(lll) complex (S)-1a (22 mg, 0.0413 mmol, 1.1 equiv.), racemic BINOL (rac)-2d (27.9 mg, 0.0375 mmol, 1.0 equiv.)
and Cs,CO3 (26.9 mg, 0.0827 mmol, 2.2 equiv.) in MeOH (2 mL) was stirred for 1 h at room temperature. The reaction mixture was
diluted with EA and washed with water. The resulting solution was concentrated under reduced pressure affording the diastereomeric
mixtures of 3d with dr = 1:1. After addition of hexane/iPrOH (9:1, 20 mL), yellow precipitate mixed with a red solution was observed.
The precipitate was collected to give BINOL/gold(l1l) complex (R,S)-3d with dr > 99:1 as orange red solid (17.5 mg, 0.0150 mmol, 40%
yield). The filtrate was concentrated under reduced pressure and diluted by hexane to precipitate the crude BINOL/gold(Ill) complex
(S,S)-3d with dr = 75:25 as yellow solid.

The obtained (R,S)-3d and crude (S,S)-3d was separately dissolved in EA/MeOH (1:1, 2 mL). After addition of 6 N hydrochloric acid
(19 pL, 0.0188 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to colorless within 1 min.
The solvent was removed under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording BINOL
(S)-2d (white solid, 10.0 mg, 0.0135 mmol, 36% yield, 99% ee), BINOL (R)-2d (white solid, 15.6 mg, 0.0210 mmol, 56% yield, 50% ee)
and recovered (S)-1a (20.9 mg, 0.0392 mmol, 95% vyield).
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HCI (6 N) OH
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Me

‘ . @
. (S)-2e a )aj
Au 4 . N\
) o” Ny lexanclEAl dr=92:8 40%yield AN L
\/

Precipitate
—_——

(o]
=
L)
w
()

L
o (SH1a

(rac)

OH \J 85% ee ol
Me

Me Ve
(rac)-2e 3e OO

HCI (6 N sf OH

—— HOIEN) " T 00 Recycled (S)1a
CO 76% yield

Me

(S,5)-3e (R)-2e
Gr=7525 55% yield

50% ee

A mixture of gold(lll) complex (S)-1a (22 mg, 0.0413 mmol, 1.1 equiv.), racemic BINOL (rac)-2e (11.8 mg, 0.0375 mmol, 1.0 equiv.)
and Cs,COs (26.9 mg, 0.0827 mmol, 2.2 equiv.) in MeOH (2 mL) was stirred for 1 h at room temperature. The reaction mixture was
diluted with DCM and washed with water. The resulting solution was concentrated under reduced pressure affording the diastereomeric
mixtures of 3e with dr = 1:1. After addition of hexane/EA (2:1, 12 mL), orange red precipitate mixed with red solution was observed.
The precipitate was collected to give BINOL/gold(l1l) complex (R,S)-3e with dr = 92:8 as orange red solid (12.2 mg, 0.0157 mmol, 42%
yield). The filtrate was concentrated under reduced pressure and diluted by hexane to precipitate the crude BINOL/gold(lll) complex
(S,S)-3e with dr = 75:25 as orange red solid.

The obtained (R,S)-3e and crude (S,S)-3e was separately added in DCM/MeOH (1:1, 2 mL). After addition of 6 N hydrochloric acid (19
pL, 0.0188 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to colorless within 1 min. The
solvent was removed under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording BINOL (S)-2e
(white solid, 4.7 mg, 0.0150 mmol, 40% yield, 85% ee), BINOL (R)-2e (white solid, 6.5 mg, 0.0206 mmol, 55% yield, 50% ee) and
recovered (S)-1a (16.7 mg, 0.0314 mmol, 76% yield).

RS
cl N7T0 Precipitate HCI (6 N) A7 “oH
oo
Br Br-
o0 Ok )? : N
. . Au
o o —————— o Ny et : M%yield N A
OO \J 96% e -
Br ()

Br

Br’

Recycled (S)-1a

Filtrate J/AI ] 85% yield
e Y %
(S.5)-3f (R)-2f
Gr=290:10 49% yield

80% ee

A mixture of gold(lll) complex (S)-1a (28 mg, 0.0525 mmol, 1.4 equiv.), racemic BINOL (rac)-2f (16.7 mg, 0.0375 mmol, 1.0 equiv.) and
Cs,C03 (34.2 mg, 0.105 mmol, 2.8 equiv.) in MeOH (1 mL) was stirred for 1 h at room temperature. Orange red precipitate was formed
in a suspension. The precipitate was collected by filtration affording the diastereomeric mixtures of 3f with dr = 1:1. After addition of
MeOH (10 mL), orange red precipitate mixed with red solution was observed. The precipitate was collected to give BINOL/gold(lIl)
complex (R,S)-3f with dr = 97:3 as orange red solid (14.2 mg, 0.0157 mmol, 43% yield). The filtrate was concentrated under reduced
pressure and diluted by hexane to precipitate the BINOL/gold(l1l) complex (S,S)-3f with dr =90:10 as orange red solid (17.9 mg, 0.0199
mmol, 53% yield).

The obtained (R,S)-3f and (S,S)-3f was separately added in DCM/MeOH (1:1, 2 mL). After addition of 6 N hydrochloric acid (19 pL,
0.0188 mmol, 3 equiv.) at room temperature, the color of the solution immediately changed from red to colorless within 1 min. The
solvent was removed under reduced pressure and subjected to flash column chromatography (hexane/DCM), affording compound
BINOL (S)-2f (white solid, 6.8 mg, 0.0154 mmol, 41% yield, 96% ee), BINOL (R)-2f (white solid, 8.2 mg, 0.0184 mmol, 49% yield, 80%
ee) and recovered (S)-1a (23.8 mg, 0.0446 mmol, 85% vyield).
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(1) *H NMR Analysis for Determination of Diastereomeric Ratio of 3b-3f

(a)
Crude

(b)

(c)

dr > 99:1

o
g5
Q<

T T T
.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
Chemical Shift (ppm)

Figure S2. Determination of dr of (a) crude mixture of 3b; (b) (R,S)-3b; (c) (S,S)-3b by *H NMR analysis.
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dr =74:26
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Figure S3. Determination of dr of (a) crude mixture of 3c; (b) (R,S)-3c; (c) (S,S)-3c by 'H NMR analysis.
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Figure S4. Determination of dr of (a) crude mixture of 3d; (b) (R,S)-3d; (c) (S,S)-3d by *H NMR analysis.
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(a)

(b)
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dr =75:25
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Chemical Shift (ppm)

Figure S5. Determination of dr of (a) crude mixture of 3e; (b) (R,S)-3€; (c) (S,S)-3e by 'H NMR analysis.
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dr =90:10
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Figure S6. Determination of dr of (a) crude mixture of 3f; (b) (R,S)-3f; (c) (S,S)-3f by *H NMR analysis.
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(2) HPLC Analysis of Resolved BINOLs 2b-2f
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Synthesis of Substrates 4a-m

Pd(PPh3),Cly (2 mol%) CHO
CHO AN ) CHO
7N Cul (2 mol%) R—! K,CO3 (1 equiv) 7
R— P + =—TMS > = ———> R— _
Br THF/EtsN 1:1 S rt., MeOH <
50 °C, 16 h T™MS
4a-4m

Substrates 4a-4e, 4g-4m were synthesized and identified with reference to the characterization data of literatures.>*2 For synthesis of
4f, a mixture of 2-bromo-6-methylbenzaldehyde (3 mmol, 1.0 equiv), Pd(PPh3),Cl, (0.06 mmol, 0.02 equiv.) and Cul (0.06 mmol, 0.02
equiv.) in THF/EtsN (1:1, 10 mL) was degassed by three freeze-pump-thaw cycles. Then, trimethylsilylacetylene (4.5 mmol, 1.5 equiv.)
was added to the mixture by syringe. The reaction mixture was heated to 50 °C for 16 h. When the reaction is completed, the resulting
mixture was filtered through celite. The filtrate was concentrated under reduced pressure and the residue was purified by column
chromatography over silica gel with hexane/EA as the eluent to give the corresponding reaction intermediate (86% yield). The reaction
intermediate was then treated with K,COj3 (0.56 g, 2.58 mmol) in MeOH (10 mL) at room temperature. When the reaction was completed,
as monitored by TLC, water was added. The residue was extracted with CH,Cl, and dried over MgSO,. The filtrate was concentrated
under reduced pressure and purified by flash column chromatography over silica gel with n-hexane/EA to give 4f (pale yellow solid,
0.19 g, 1.34 mmol, 52% yield).

General Procedure for Gold(lll) Catalyzed Asymmetric Carboalkoxylation of ortho-Alkynylbenzaldehydes

The asymmetric carboalkoxylation affording 5a is representative. Substrate 4a (0.20 mmol) was added to a mixture of gold(lll) catalyst
(R,R)-3a (0.010 mmol, 5 mol %) and D-camphorsulfonic acid (0.005 mmol, 2.5 mol %) in MeOH (2 mL). The reaction mixture was
stirred at room temperature for 16 h. The reaction mixture was concentrated under reduced pressure and purified by flash column
chromatography over silica gel with hexane/EA to afford 5a as pale yellow oil. This general procedure was applied to 5b-5m. For 5n-
50, MeOH was replaced by EtOH. Racemic samples were obtained with KAuCl,-2H,0 as catalyst and no addition of acid. Products 5a,
5c, 5g-5h, 5I-5m were identified with reference to the characterization data in literatures.™<!

Previous preparation methods of chiral oxazoline-based gold(lll) dichloride complexes 1

(1) Use of chiral preparative HPLC

o] HoN

OH Br C|\
)k 2 Steps F'}—/ . Br /Au
- N” O
RO H R \ Chiral N""o cl N™ ©
Prep. HPLC )(H/ )(E/
R R R

(2) Use of chiral building blocks

H,N  OH H,N  OH
N

(R) Incorporation of the chiral
R oxazoline ligands in the first step

C
C

(S)-1

Limitations :
» Use of expensive preparative HPLC » Limited to small-scale sythesis
» Time-consuming mulitstep sythesis » Limited commercial source of chiral reagents

This work : Preparation of enantiopure gold(lll) complexes 1 by diastereomeric resolution

A i __6NHCI o (S)
VRN
(S)-2a o N”70  DCM/MeOH, o OH
Cs,CO —/ rt., 1 min
Cl 2 3
N MeOH, R®
\ rt,1h g
CI/
I}_/ Filtration
u __6NHol e H
N, (8)
N” "0  DCM/MeOH, o oH

o
I

o

(rac)-1
rt, 1 min

(8)1

(R.S)3

» Separation by filtration » Low-cost
» Excellent yields » Short reaction time
» Simplified preparation and purification steps

Scheme S2. Comparison of previous methods for the preparation of chiral oxazoline-based gold(lll) complexes with this work.
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Study of Carboalkoxylation of ortho-Alkynylbenzaldehydes

Table S1. Study of the effect of the chirality of CSA on the reaction enantioselectivity.?

1 Catalyst

CHO catalyst (5 mol%) O
©/\ acid (2.5 mol%) (:[:é OO
N MeOH, r.t., 16 h 3
4a
(R,R)-3a (S,5)-3a
Entry Catalyst Acid Yield (%) ® ee (%) ¢

1 (R,R)-3a L-CSA 38 80
2 (R,R)-3a D-CSA 47 89
3 (S,9)-3a L-CSA 38 -85
4 (S,9)-3a D-CSA 41 -89

2 Reaction conditions: 0.2 mmol of substrate 4a, 2 mL of MeOH. ° Isolated yield. ¢ Determined by chiral HPLC.

In entries 1 and 2, the use of (R,R)-3a with L-CSA afforded the product with 80% ee which was slightly lower than that with D-CSA
(89% ee). In entries 3 and 4, the use of (S,S)-3a with L-CSA or D-CSA afforded products with similar ee (-85% and -89% respectively).
These results indicated that the chirality of CSA only has limited effect on the reaction enantioselectivity.

Table S2. 'H NMR vyield of carboalkoxylation of 2-ethynylbenzaldehyde 4a using 3a as catalysts.?

CHO catalyst (5 mol%) OMe D-CSA
D-CSA (2.5 mol%) (:Q

§

o MeOH, rt., 16 h o

(RR)-3a (R,S)-3a (S.R)-3a (S.5)-3a
Entry Catalyst H NMR Yield (%) °
1 (R,R)-3a 50
2 (R,S)-3a 35
3 (S,R)-3a 38
4 (S,S)-3a 49

2 Reaction conditions: 5 mol% of different catalysts, 2.5 mol% of D-CSA, 0.2 mmol of substrate 4a, 2 mL of MeOH. ° Yields
were determined by *H NMR spectroscopy with 1,3,5-trimethoxybenzene as an internal standard.

The enantiomer pair (R,R)-3a and (S,S)-3a afforded product 5a with 50% yield and 49% yield respectively, while the other enantiomer
pair (R,S)-3a and (S,R)-3a gave 35% yield and 38% vyield respectively. The NMR yield determination suggested that enantiomeric

catalysts showed similar yield. The product yield afforded by (R,R)-3a and (S,S)-3a enantiomer pair was slightly higher than the (R,S)-
3a and (S,R)-3a enantiomer pair.
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Scheme S3. Reaction mechanism of carboalkoxylation of ortho-alkynylbenzaldehydes.

The aldehyde group of 4 was first rapidly converted into dimethyl acetal group in the presence of D-CSA and MeOH, affording alkyne
4’. The mechanism of carboalkoxylation reaction of alkynes has been previously studied in literatures.?#! According to the proposed
mechanism, the alkyne group of 4’ was then activated by gold(lll) catalyst followed by intramolecular nucleophilic addition resulting in
the cyclic acetal. The cyclic acetal intermediates then underwent Petasis-Ferrier rearrangement to generate oxonium ion [-CH=(OMe)+].
This oxonium ion could either undergo 5-exo-trig cyclization to afford the desired chiral product 5, or protodeauration to generate the
hydration product 6.

Table S3. Comparison of product yields of carboalkoxylation of 4a usmg methanol with different water content.?

CHO  (R.R)-3a (5 mol%)
@ D-CSA (2.5 mol%)
—_—
X

Solvent, r.t., 16 h

4a
Entry Solvent Yield (%) ®
1 Methanol 47
2 Anhydrous methanol 44

2 Reaction conditions: 5 mol% of (R,R)-3a, 2.5 mol% of D-CSA, 0.2 mmol of substrate 4a, 2 mL of solvent. ®Isolated yield.

Similar yields of product 5 were obtained using methanol with different water content. Moreover, the hydration product 6 was still
observed in TLC even though anhydrous methanol was used as solvent for the reaction. This result indicated that the presence of
water in the solvent did not significantly contribute to the hydration product formation. The formation of the hydration product 6 was
possibly attributed to the competing reaction of the protodeauration (Scheme S3).

Table S4. "H NMR study of the carboalkoxylation of substrates 4a-4k.?

OMe
HO D-CSA X
R — R
MeOH

OMe OMe owme OMe OMe OMe Me opme OMe OMe OMe OMe OMe
MeO Me
MeO' Me’ Cl F3C
o o) o} o) oMe © o o o Me ©O o o
5

Entry Substrate Conversion of acetal 4’ (%) "H NMR Yield (%) °
1 4a 100 50
2 4b 100 83
3 4c 95 42
4 4d 100 73
5 de 97 31
6 af 94 77
7 4g 100 60
8 4h 100 70
9 4i 95 59

10 4 86 37
1 4k 41 n.d.

@ Reaction conditions: 5 mol% of different catalysts, 2.5 mol% of D-CSA, 0.2 mmol of substrate 4, 2 mL of MeOH. ° Yields were
determined by 'H NMR spectroscopy with 1,3,5-trimethoxybenzene as an internal standard.

The acetal forms of the substrates 4a — 4i without substituent or bearing an electron donating group were almost consumed after 16 h
but gave moderate yields, which possibly revealed that the presence of competing reaction (i.e., the formation of hydration product 6)
limited the formation of product. The acetal forms of the substrates 4j and 4k bearing electron withdrawing group showed incomplete
conversion, which was possibly due to the withdrawing properties of -Cl and -CF3 lowering the rate of the intramolecular nucleophilic
cyclization step as well as the 5-exo-trig cyclization step, affording 5j with low yield while 5k was not determined.
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X-Ray Crystal Structure of (R,R)-3a

Figure S7. X-ray crystal structure of (R,R)-3a.

Table S5. Crystal data and structure refinement for (R,R)-3a.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

al/A

b/A

c/A

al®

B/

y/°

Volume/A3

z

pcalcg/cm?®

p/mm-1

F(000)

Crystal size/mm3
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

CagH30AUNO3
745.60

216(2)
orthorhombic
p212121
10.4093(9)
13.2093(12)
23.861(2)

90

90

90

3280.9(5)

4

1.510

4.520

1472.0

0.06 x 0.04 x 0.02
MoKa (A = 0.71073)
4.27 t0 55.944

(R,R)-3a

-13<h<13,-17<k<17,-31 <1< 31

54762

7895 [Rint = 0.1107, Rsigma = 0.0553]

7895/0/391
1.143

Ry = 0.0533, wR, = 0.1123
Ry = 0.0660, WR, = 0.1177
1.86/-4.17

0.011(5)
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Table S6. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters (A2x103) for (R,R)-3a. Ueq is defined
as 1/3 of the trace of the orthogonalised U,; tensor.

Atom X y z U(eq)
Aul 6833.2(5) 4622.0(3) 5296.9(2) 38.84(12)
c1 6196(13) 3996(11) 6381(5) 46(3)
c2 6113(16) 3371(13) 6859(7) 66(4)
c3 5352(19) 3660(14) 7295(6) 71(5)
c4 4629(16) 4537(13) 7275(5) 61(4)
c5 3810(20) 4812(16) 7718(7) 84(6)
c6 3050(30) 5649(14) 7687(7) 91(7)
c7 3110(20) 6278(12) 7220(6) 82(5)
cs 3921(17) 6048(12) 6790(6) 64(4)
c9 4710(14) 5189(10) 6798(5) 49(3)
C10 5504(13) 4887(9) 6344(5) 41(3)
cl1 5661(11) 5546(8) 5816(5) 37(3)
c12 6419(14) 6490(9) 5942(6) 48(3)
c13 7521(18) 6465(14) 6229(7) 73(5)
C14 8260(30) 7299(18) 6346(8) 105(8)
C15 7830(30) 8218(18) 6165(10) 107(9)
C16 6660(30) 8302(12) 5887(8) 84(6)
c17 5960(19) 7416(11) 5760(6) 63(4)
Cc18 4770(20) 7482(14) 5484(7) 74(5)
C19 4020(16) 6680(15) 5348(8) 71(5)
C20 4390(13) 5649(10) 5520(5) 46(3)
c21 6902(13) 5411(10) 4560(4) 43(2)
c22 6451(15) 6303(10) 4400(7) 58(4)
c23 6628(18) 6702(12) 3865(6) 66(4)
c24 7279(18) 6156(14) 3471(7) 78(5)
c25 7810(15) 5250(14) 3616(6) 67(4)
C26 7643(13) 4852(9) 4140(6) 48(3)
c27 8204(19) 3932(10) 4337(6) 58(3)
c28 9321(19) 2515(13) 4393(7) 71(5)
C29 8677(15) 2704(11) 4960(7) 57(4)
C30 9516(15) 2745(11) 5468(7) 59(4)
c31 10418(16) 3547(13) 5548(8) 76(5)
c32 10570(20) 4436(14) 5151(10) 108(8)
c33 11200(20) 3524(19) 6020(11) 103(8)
C34 11110(20) 2800(20) 6423(11) 109(8)
c35 11930(30) 2830(20) 6965(12) 161(13)
C36 10270(19) 2010(17) 6336(8) 82(5)
C37 9546(17) 1982(13) 5878(7) 62(4)
C38 8570(20) 1124(13) 5825(7) 84(6)
N1 7957(10) 3647(8) 4845(4) 46(3)
01 6923(10) 3686(7) 5960(4) 50(2)
02 3756(10) 4890(9) 5428(4) 74(4)
03 8957(13) 3354(9) 4038(5) 80(4)
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Table S7. Anisotropic Displacement Parameters (A2x10%) for (R,R)-3a.

Atom
Aul
C1
Cc2
C3
C4
C5
C6
Cc7
Cc8
C9
C10
Cl1
C12
C13
C14
C15
C16
C17
C18
C19
C20
c21
Cc22
Cc23
C24
C25
C26
c27
Cc28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
N1
o1
02
03

U1
35.28(19)
45(7)
62(10)
89(13)
77(10)
116(16)
130(19)
118(15)
88(12)
58(8)
45(7)
43(6)
64(9)
74(12)
110(17)
130(20)
124(19)
92(13)
92(14)
51(9)
45(7)
37(5)
64(10)
70(12)
97(15)
69(11)
41(7)
70(9)
72(13)
47(8)
41(8)
41(8)
76(13)
66(13)
79(15)
130(30)
75(13)
58(9)
140(20)
37(6)
46(5)
66(7)
103(10)

Uz
37.42(19)
51(8)
71(11)
80(12)
64(9)
95(15)
82(13)
65(10)
60(9)
52(9)
42(7)
26(6)
32(6)
74(11)
112(17)
79(14)
41(8)
42(8)
66(11)
102(13)
55(8)
47(6)
34(7)
63(9)
75(11)
78(11)
42(8)
47(7)
57(10)
43(8)
50(8)
72(11)
71(12)
111(18)
130(20)
200(30)
100(15)
64(10)
59(9)
41(5)
53(5)
95(8)
58(7)

Uss
43.8(2)
44(7)
66(10)
43(8)
41(7)
41(8)
60(10)
62(9)
43(8)
38(6)
37(6)
42(6)
48(8)
70(11)
93(14)
108(17)
88(13)
54(9)
65(11)
59(9)
37(6)
44(6)
76(10)
64(9)
62(10)
54(8)
61(8)
57(8)
86(13)
83(10)
88(12)
115(15)
180(20)
130(20)
113(19)
160(30)
72(12)
62(10)
57(9)
60(7)
51(5)
61(7)
79(8)
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Uzs
0.6(2)
10(6)
28(8)
29(8)
7(7)
11(9)
-5(8)
-12(8)
-5(7)
-5(6)
-2(5)
2(5)
1(6)
-21(9)
-30(13)
-34(12)
-4(8)
-4(6)
20(8)
14(11)
-1(5)
-5(5)
19(7)
19(7)
26(9)
14(8)
4(6)
1(6)
-4(9)
3(7)
-6(7)
18(10)
59(14)
10(15)
2(17)
0(20)
4(11)
-10(8)
0(8)
1(4)
5(4)
7(5)
2(6)

Uis
3.1(2)
-5(6)
-5(8)
0(8)
3(7)
17(9)
45(12)
45(11)
22(8)
4(6)
0(5)
15(5)
15(7)
12(9)
23(14)
48(16)
46(14)
25(9)
28(10)
-1(8)
15(5)
8(5)
-10(7)
15(8)
19(9)
19(7)
16(6)
18(9)
16(10)
4(7)
11(8)
-4(9)
-12(14)
-26(13)
-17(13)
-70(20)
13(10)
12(8)
9(10)
6(5)
1(5)
-24(5)
47(7)

U1z
-0.7(2)
-3(6)
6(8)
-17(10)
-17(10)
-21(13)
-1(14)
-4(12)
-13(9)
-19(7)
-6(5)
-1(5)
-11(6)
-37(9)
-74(16)
-60(16)
-1(11)
3(8)
31(10)
34(9)
10(6)
-6(7)
0(6)
15(9)
15(10)
9(9)
-2(5)
-7(9)
23(10)
8(6)
9(7)
-15(8)
-32(10)
-39(12)
-28(15)
-30(30)
-4(11)
-4(8)
-7(11)
1(4)
3(5)
-52(6)
25(6)



Table S8. Bond Lengths for (R,R)-3a.

Atom
Aul
Aul
Aul
Aul
C1
C1
C1
Cc2
C3
c4
c4
C5
C6
c7
Cc8
Cc9
C10
Ci11
Ci11
C12
C12
C13
Cl4
C15
C16
C17

Atom
Ci1
Cc21
N1
o1
c2
C10
o1
C3
c4
C5
C9
C6
Cc7
Ccs8
C9
C10
Ci1
Ci12
Cc20
C13
C17
Ci4
C15
C16
C17
C18

Length/A
2.125(11)
2.045(11)
2.047(10)
2.009(8)
1.410(19)
1.383(18)
1.324(16)
1.36(2)
1.38(2)
1.41(2)
1.431(19)
1.36(3)
1.39(2)
1.36(2)
1.40(2)
1.419(18)
1.540(15)
1.505(17)
1.505(19)
1.34(2)
1.38(2)
1.37(2)
1.36(4)
1.39(3)
1.41(3)
1.41(3)
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Atom
C18
C19
C20
Cc21
Cc21
Cc22
Cc23
C24
C25
C26
cz27
c27
C28
C28
C29
C29
C30
C30
C31
C31
C33
C34
C34
C36
C37

Atom
C19
Cc20
02
Cc22
C26
Cc23
C24
C25
C26
c27
N1
03
C29
03
C30
N1
C31
C37
C32
C33
C34
C35
C36
C37
C38

Length/A
1.35(3)
1.47(2)
1.220(16)
1.325(18)
1.464(17)
1.39(2)
1.37(2)
1.36(2)
1.368(19)
1.43(2)
1.296(16)
1.306(18)
1.53(2)
1.45(2)
1.49(2)
1.480(17)
1.43(2)
1.40(2)
1.52(2)
1.39(3)
1.36(3)
1.55(3)
1.38(3)
1.33(3)
1.53(2)



Table S9. Bond Angles for (R,R)-3a.

Atom
Cc21
Cc21
N1
o1
o1
o1
C10
o1
o1
C3
c2
C3
C3
C5
C6
C5
Cc8
c7
C8
C8
C10
Ci1
Ci
Cc9
C10
Ci12
Ci12
C20
Cc20
Cc20
Ci13
Ci13
C17
Ci2
C15
Ci4
Ci15
Ci12
Ci12
C18
C19

Atom
Aul
Aul
Aul
Aul
Aul
Aul
C1
C1
C1
Cc2
C3
Cc4
C4
C4
C5
C6
Cc7
c8
Cc9
Cc9
Cc9
C10
C10
C10
Cl1
Cl1
Cl1
Cl1
C11
Ci11
C12
C12
C12
C13
Cl4
C15
C16
C17
C17
C17
C18

Atom
Cl1
N1
Cl1
Cl1
c21
N1
Cc2
Cc2
C10
C1
C4
C5
Cc9
Cc9
C4
c7
C6
Cc9
C4
C10
C4
Cc9
Ci11
c11
Aul
Aul
C10
Aul
C10
C12
Ci11
C17
Ci11
Ci14
C13
C16
C17
C16
C18
C16
C17

Angle/’
103.2(5)
81.2(5)
175.5(4)
85.5(4)
171.3(4)
90.1(4)
121.2(14)
117.9(13)
120.8(11)
119.3(15)
121.7(14)
121.5(15)
120.0(14)
118.6(17)
121.6(16)
120.1(17)
119.8(19)
122.4(15)
117.6(13)
124.0(12)
118.2(14)
119.6(12)
118.6(11)
121.8(11)
102.3(7)
106.9(8)
111.2(10)
106.4(8)
109.9(10)
118.7(11)
122.1(14)
118.6(15)
119.3(14)
124(2)
118(3)
120.4(19)
119.4(18)
119.1(19)
120.4(16)
120.4(18)
124.8(16)

S26

Atom
C18
C19
02
02
Cc22
Cc22
C26
c21
C24
C25
C24
C25
C25
c27
N1
N1
03
03
C30
N1
N1
C31
C37
C37
C30
C33
C33
C34
C33
C33
C36
C37
C30
C36
C36
c27
c27
C29
C1
c27

Atom
C19
C20
C20
C20
Cc21
Cc21
c21
Cc22
Cc23
Cc24
C25
C26
C26
C26
c27
c27
c27
Cc28
Cc29
Cc29
Cc29
C30
C30
C30
C31
C31
C31
C33
C34
C34
C34
C36
C37
C37
C37
N1
N1
N1
o1
03

Atom
C20
C11
C11
C19
Aul
C26
Aul
Cc23
Cc22
Cc23
C26
C21
c27
Cc21
C26
03
C26
C29
C28
C28
C30
C29
C29
C31
C32
C30
C32
C31
C35
C36
C35
C34
C38
C30
C38
Aul
C29
Aul
Aul
C28

Angle/’
120.4(15)
116.3(13)
119.1(12)
124.6(15)
133.5(10)
116.0(12)
110.4(9)
123.6(15)
119.8(15)
119.4(15)
121.2(15)
119.9(13)
125.1(13)
114.9(12)
118.2(14)
117.5(14)
124.3(13)
106.2(12)
117.9(13)
101.2(12)
114.6(13)
121.3(15)
123.4(15)
115.1(16)
123.8(17)
118.5(17)
117.7(17)
123.3(19)
122(2)
118(2)
119(2)
120(2)
117.4(16)
124.4(17)
117.8(17)
115.1(10)
108.5(12)
136.2(9)
112.4(8)
106.5(12)



Table S10. Hydrogen Atom Coordinates (Ax104) and Isotropic Displacement Parameters (A2x103) for (R,R)-3a.

Atom X y z U(eq)
H2 6577.05 2760.94 6875.74 79
H3 5318.79 3252.92 7618.04 85
H5 3785.17 4409.47 8042.42 101
H6 2480.93 5802.04 7982.19 109
H7 2587.68 6859.2 7200.11 98
H8 3953.53 6480.94 6478.23 76
H13 7809.1 5833.36 6360.45 87
H14 9034.9 7237.99 6544.91 126
H15 8334.16 8799.27 6228.98 129
H16 6342.89 8941.22 5785.51 101
H18 4470.43 8130.61 5386.32 89
H19 3260.45 6781.64 5143.02 85
H22 5986.48 6688.79 4661.78 70
H23 6299.16 7345.03 3775.59 79
H24 7361.27 6402.21 3103.42 93
H25 8300.09 4891.74 3351.31 80
H28A 10256.81 2486.03 4435.19 86
H28B 9024.52 1873.43 4231.76 86
H29 8040.58 2157.62 5020.03 69
H32A 10136.43 5023.93 5306.81 162
H32B 10182.67 4268.08 4791.84 162
H32C 11470.08 4584.54 5099.37 162
H33 11818.9 4034.74 6062.92 124
H35A 11662.02 2286.08 7213.36 242
H35B 11821.06 3473.24 7150.45 242
H35C 12830.54 2734.83 6868.23 242
H36 10209.56 1487.52 6602.56 99
H38A 8867.27 541.4 6035.34 127
H38B 8474.75 940.12 5433.15 127
H38C 7747.64 1345.27 5971.45 127
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Characterization Data of Compounds
(R)
O\\S/tBu

HN.(S
& o

tBu\©/l‘Bu

tBu

S2
1H NMR (600 MHz, CDCls) & 7.56 (s, 1H), 7.46 (s, 1H), 5.66 (dt, J = 7.2, 3.4 Hz, 1H), 4.49 (td, J = 7.6, 3.8 Hz, 1H), 3.92 — 3.84 (m, 1H),
3.60 (d, J = 3.3 Hz, 1H), 1.60 (s, 9H), 1.53 (s, 9H), 1.31 (s, 9H), 1.28 (s, 9H).
13C NMR (150 MHz, CDCls) & 150.75, 149.92, 148.86, 133.59, 126.28, 123.01, 67.62, 58.80, 56.33, 38.69, 37.92, 35.26, 34.99, 33.69,
31.35, 22.92.
HRMS (ESI): [M + H]* Calcd. for [C24H44NO,S]* 410.3087, found 410.3094.

HoN (S)
2 0oH
tBu ~ tBu

tBu

s3
IH NMR (600 MHz, CDCls) & 7.48 (s, 2H), 4.91 (dd, J = 10.7, 5.7 Hz, 1H), 4.08 (t, J = 10.6 Hz, 1H), 3.52 (dd, J = 10.6, 5.7 Hz, 1H),
1.52 (s, 18H), 1.31 (d, J = 1.3 Hz, 9H), 1.19 (d, J = 1.3 Hz, 1H).

13C NMR (150 MHz, CDCls) & 149.60, 147.99, 137.12, 65.23, 52.70, 35.00, 31.45, 21.65.

HRMS (ESI): [M + Na]* Calcd. for [CaoHasNNaO]* 328.2611, found 328.2620.

tBu tBu

S4
'H NMR (600 MHz, CDCls) 8 7.63 — 7.55 (m, 2H), 7.48 (s, 1H), 7.42 (dd, J = 7.6, 1.7 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.29 — 7.26 (m,
1H), 6.46 (s, 1H), 6.20 (td, J = 4.9, 2.2 Hz, 1H), 5.14 (d, J = 9.5 Hz, 1H), 4.71 (dd, J = 11.6, 7.6 Hz, 1H), 4.00 — 3.90 (m, 1H), 1.60 (s,
9H), 1.53 (s, 9H), 1.31 (s, 9H).
13C NMR (150 MHz, CDCls) 8 169.21, 149.55, 137.49, 133.73, 131.96, 131.59, 128.83, 127.68, 119.44, 68.86, 58.04, 35.26, 35.10,
33.40, 31.37.
HRMS (ESI): [M + Na]* Calcd. for [C27H3sBrNNaO,]* 510.1978, found 510.1985.

G

o]
tBu _/

O
tBu

tBu

S5
14 NMR (600 MHz, CDCl3) & 7.86 (d, J = 7.7 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.48 (s, 2H), 7.38 (td, J = 7.6, 1.3 Hz, 1H), 7.30 (td, J =
7.7,1.7 Hz, 1H), 6.50 (t, J = 12.7 Hz, 1H), 4.64 (dd, J = 12.3, 8.3 Hz, 1H), 4.22 (dd, J = 13.2, 8.3 Hz, 1H), 1.52 (s, 18H), 1.33 (s, 9H).
13C NMR (150 MHz, CDCls) 8 161.96, 150.98, 148.35, 134.15, 133.86, 131.68, 131.65, 130.35, 127.29, 123.68, 121.94, 74.89, 67.64,
38.19, 35.02, 34.00, 31.48.
HRMS (ESI): [M + H]* Calcd. for [C27Hs;BrNO]* 470.2053, found 470.2059.

ClHg

N7 0
tBu /

NE
tBu

tBu

S6
'H NMR (600 MHz, CDCls) & 8.01 (d, J = 7.7 Hz, 1H), 7.57 (td, J = 7.4, 1.3 Hz, 1H), 7.48 — 7.39 (m, 4H), 6.45 (t, J = 12.5 Hz, 1H), 4.65
(dd, J = 12.2, 8.3 Hz, 1H), 4.22 (dd, J = 12.9, 8.3 Hz, 1H), 1.53 — 1.36 (m, 18H), 1.32 (s, 9H).
13C NMR (150 MHz, CDCls) 8 167.11, 150.97, 148.46, 137.35, 133.34, 132.64, 132.50, 128.85, 128.76, 66.80, 53.57, 35.03, 33.97,
33.20, 31.47, 30.65, 28.10, 13.67.
HRMS (ESI): [M + Na]* Calcd. for [C27H3;CIHgNO]* 628.2264, found 628.2266.
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CI\
Al
c” N

N” 0
tBu \_/

tBu

o

tBu

(S)-1c
'H NMR (600 MHz, CDCls) & 8.06 (d, J = 7.9 Hz, 1H), 7.58 (d, J = 2.0 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.44 — 7.39 (m, 2H), 6.55 (t, J =
12.0 Hz, 1H), 5.45 — 5.38 (m, 1H), 5.17 — 5.10 (m, 1H), 1.55 (s, 9H), 1.47 (s, 9H), 1.31 (s, 9H).
13C NMR (150 MHz, CDCls) 5 180.96, 151.25, 150.61, 150.26, 148.90, 135.29, 131.04, 128.65, 128.56, 128.09, 127.90, 127.14,
123.29, 65.12, 39.31, 37.60, 35.24, 35.01, 34.56, 31.31.
HRMS (ESI): [M - CI]* Calcd. for [C27H36AUCINO]* 622.2145, found 622.2153.

(R,R)-3a (S,S)-3a
'H NMR (600 MHz, CDClIs) & 7.85 (d, J = 10.0 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 8.9 Hz, 1H), 7.43 — 7.40 (m, 1H), 7.31 (d,
J=7.9Hz, 1H), 7.25 - 7.20 (m, 2H), 7.18 (t, J = 7.5 Hz, 1H), 7.16 — 7.14 (m, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.04 — 7.01 (m, 1H), 6.98 —
6.91 (m, 2H), 6.90 (d, J = 8.9 Hz, 1H), 6.85 (s, 1H), 6.61 (d, J = 9.0 Hz, 1H), 6.52 (d, J = 10.0 Hz, 1H), 6.10 (dd, J = 11.9, 8.0 Hz, 1H),
5.18 (dd, J = 11.8, 8.6 Hz, 1H), 4.81 (t, J = 8.3 Hz, 1H), 2.78 (s, 3H), 2.31 (s, 3H), 2.09 (s, 3H).
13C NMR (100 MHz, CDCIs) 8 200.84, 179.13, 170.85, 146.75, 144.84, 140.42, 138.42, 133.52, 132.75, 130.72, 130.66, 130.29, 130.11,
129.56, 129.52, 128.89, 128.83, 128.58, 128.51, 128.10, 127.61, 126.76, 126.49, 125.92, 124.94, 121.65, 120.60, 120.54, 77.53, 70.10,
61.77, 20.98.
HRMS (ESI): [M + H]* Calcd. for [C3sH31AuNO3]* 746.1964, found 746.1967.

(R,S)-3a (S,R)-3a

H NMR (400 MHz, CDCl3)3 7.89 (d, J = 9.8 Hz, 1H), 7.62 — 7.56 (m, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.48 — 7.42 (m, 2H), 7.40 — 7.35
(m, 2H), 7.25 - 7.17 (m, 2H), 7.12 (td, J = 7.5, 1.4 Hz, 1H), 7.04 (td, J = 7.6, 1.5 Hz, 1H), 6.99 — 6.91 (m, 3H), 6.85 — 6.78 (m, 2H), 6.68
—6.57 (M, 2H), 6.10 (dd, J = 11.6, 7.8 Hz, 1H), 5.17 (dd, J = 11.4, 8.9 Hz, 1H), 4.83 (dd, J = 8.9, 8.0 Hz, 1H), 2.75 (s, 3H), 2.28 (s, 3H),
2.17 (s, 3H).

13C NMR (150 MHz, CDCls) & 200.84, 179.18, 170.94, 147.38, 145.11, 141.57, 138.64, 134.10, 132.76, 132.19, 130.53, 130.47, 130.38,
130.35, 129.73, 129.22, 129.15, 128.97, 128.86, 128.61, 128.24, 127.74, 126.77, 126.48, 126.04, 125.10, 121.67, 120.72, 120.62,
77.59, 70.12, 61.96, 21.01.

H NMR (600 MHz, CDCl3) & 8.22 — 8.19 (m, 1H), 8.09 (s, 1H), 8.06 — 7.99 (m, 3H), 7.95 — 7.89 (m, 4H), 7.86 (dd, J = 8.8, 1.1 Hz, 1H),
7.78 = 7.72 (m, 4H), 7.72 — 7.68 (m, 4H), 7.68 — 7.64 (m, 1H), 7.61 (s, 1H), 7.59 — 7.52 (m, 4H), 7.52 — 7.46 (m, 4H), 7.40 (dd, J = 7.4,
1.7 Hz, 1H), 7.35 (td, J = 7.7, 1.7 Hz, 1H), 7.21 (dtd, J = 18.7, 7.4, 1.1 Hz, 2H), 7.15 — 7.09 (m, 2H), 7.03 — 6.99 (m, 2H), 6.80 (s, 1H),
6.65 (s, 1H), 5.93 (dd, J = 11.0, 8.7 Hz, 1H), 5.17 (dd, J = 11.0, 8.6 Hz, 1H), 4.55 (t, J = 8.6 Hz, 1H), 2.41 (s, 3H), 2.22 (s, 3H), 2.13 (s,
3H).

13C NMR (150 MHz, CDCl3) § 199.26, 179.42, 168.09, 146.96, 143.17, 141.64, 140.95, 139.33, 138.98, 138.81, 138.54, 138.32, 137.54,
135.80, 134.10, 134.02, 133.79, 133.58, 132.78, 132.73, 132.46, 131.33, 131.08, 130.68, 130.55, 130.29, 130.07, 129.63, 129.52,
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129.49, 129.27, 129.08, 128.69, 128.58, 128.54, 128.38, 127.87, 127.78, 127.28, 127.10, 126.92, 126.87, 126.85, 126.48, 126.43,
126.16, 126.10, 125.98, 125.89, 125.65, 125.62, 125.43, 121.20, 120.51, 78.25, 70.08, 63.55, 20.94.
HRMS (ESI): [M + H]* Calcd. for [C7oHs;AUNO3]* 1150.3529, found 1150.3527.

H NMR (600 MHz, CDCl3) & 8.27 — 8.24 (m, 1H), 8.05 — 7.99 (m, 4H), 7.98 — 7.93 (m, 2H), 7.88 (dd, J = 8.9, 5.8 Hz, 2H), 7.86 — 7.84
(m, 1H), 7.72 (dd, J = 8.5, 1.8 Hz, 1H), 7.70 — 7.67 (m, 2H), 7.67 — 7.64 (m, 4H), 7.64 — 7.61 (m, 2H), 7.57 (ddd, J = 8.2, 4.5, 1.1 Hz,
2H), 7.55 — 7.52 (m, 3H), 7.51 — 7.45 (m, 3H), 7.40 (dd, J = 7.4, 1.7 Hz, 1H), 7.34 — 7.26 (m, 3H), 7.22 (dtd, J = 17.7, 7.4, 1.2 Hz, 2H),
7.03 — 6.98 (m, 2H), 6.97 — 6.92 (m, 1H), 6.79 (s, 1H), 6.49 (s, 1H), 5.82 (dd, J = 11.4, 8.3 Hz, 1H), 5.09 (dd, J = 11.4, 8.8 Hz, 1H),
452 (d, J = 8.5 Hz, 1H), 2.19 (s, 3H), 2.16 (d, J = 16.5 Hz, 3H), 1.79 (s, 3H).

13C NMR (150 MHz, CDCls) & 198.92, 179.54, 168.46, 146.53, 142.79, 140.71, 140.67, 139.72, 138.80, 138.52, 138.30, 138.13, 137.35,
135.59, 134.06, 133.92, 133.77, 133.53, 132.76, 132.74, 132.48, 131.45, 130.99, 130.63, 130.32, 129.96, 129.87, 129.57, 129.40,
129.03, 128.71, 128.53, 128.49, 128.37, 128.34, 127.87, 127.76, 127.72, 127.07, 127.04, 126.99, 126.87, 126.68, 126.47, 126.40,
126.16, 126.05, 125.96, 125.80, 125.63, 125.54, 125.30, 121.14, 120.49, 78.10, 70.48, 62.74, 31.73, 22.80, 20.92, 14.28.

(R,S)-3¢
IH NMR (600 MHz, CDCls) 5 8.13 (s, 1H), 8.09 (s, 1H), 7.98 — 7.94 (m, 1H), 7.94 — 7.90 (m, 1H), 7.89 (s, 1H), 7.85 — 7.79 (m, 3H),
7.75 (dd, J = 8.3, 2.0 Hz, 2H), 7.68 — 7.65 (m, 1H), 7.64 (dd, J = 8.5, 1.7 Hz, 1H), 7.61 (dd, J = 7.8, 1.2 Hz, 1H), 7.60 — 7.52 (m, 5H),
7.46 (dt, J = 6.2, 3.4 Hz, 2H), 7.38 — 7.33 (m, 2H), 7.21 (tdd, J = 7.6, 4.8, 1.1 Hz, 2H), 7.18 — 7.11 (m, 2H), 7.04 — 6.99 (m, 2H), 6.66
(s, 1H), 5.89 (s, 1H), 5.80 (dd, J = 11.1, 8.9 Hz, 1H), 5.06 (dd, J = 11.2, 8.7 Hz, 1H), 4.47 (t, J = 8.8 Hz, 1H), 2.26 (s, 3H), 2.05 (s, 3H),
1.71 (s, 3H).
13C NMR (150 MHz, CDCl3) & 199.41, 179.28, 168.35, 147.01, 143.51, 141.59, 139.13, 138.36, 137.22, 134.37, 134.19, 133.99, 133.88,
133.39, 133.19, 132.55, 131.42, 130.63, 130.50, 130.47, 130.24, 129.47, 129.41, 129.26, 129.10, 128.66, 128.52, 128.47, 128.42,
128.18, 127.76, 127.65, 127.54, 127.52, 127.39, 127.09, 126.98, 126.89, 126.87, 126.83, 126.23, 126.14, 126.09, 125.44, 121.12,
120.48, 77.91, 70.13, 63.06, 20.98, 20.79.
HRMS (ESI): [M + H]* Calcd. for [CssHasAUNO3]* 998.2903, found 998.2902.

(S,S)-3¢
H NMR (400 MHz, CDCl3) & 8.06 (s, 1H), 7.98 — 7.93 (m, 3H), 7.89 — 7.85 (m, 1H), 7.81 — 7.76 (m, 2H), 7.74 (d, J = 8.5 Hz, 1H), 7.70
—7.61 (m, 4H), 7.60 — 7.51 (m, 4H), 7.47 (dt, J = 8.4, 1.5 Hz, 2H), 7.45 — 7.40 (m, 2H), 7.38 (dd, J = 7.3, 1.7 Hz, 1H), 7.29 (tt, J = 7.4,
1.6 Hz, 2H), 7.24 — 7.18 (m, 2H), 7.04 — 6.98 (m, 2H), 6.98 — 6.94 (m, 1H), 6.74 (s, 1H), 6.07 (s, 1H), 5.71 (dd, J = 11.4, 8.3 Hz, 1H),
5.01 (dd, J = 11.4, 8.8 Hz, 1H), 4.47 (t, J = 8.5 Hz, 1H), 2.22 (s, 3H), 2.09 (s, 3H), 1.35 (s, 3H).
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13C NMR (150 MHz, CDCl3) 5 198.98, 179.44, 168.60, 146.58, 143.21, 140.68, 138.86, 138.65, 137.32, 134.68, 134.04, 133.88, 133.47,
133.32, 133.09, 132.58, 132.52, 131.49, 131.02, 130.67, 130.29, 129.95, 129.86, 129.69, 129.33, 129.01, 128.81, 128.66, 128.55,
128.44, 128.38, 128.13, 127.84, 127.64, 127.62, 127.59, 127.54, 127.41, 127.36, 127.19, 127.06, 127.01, 126.48, 126.15, 125.99,
125.49, 125.46, 121.11, 120.55, 77.91, 70.67, 62.49, 29.84, 20.96, 20.08.

(R,S)-3d
1H NMR (400 MHz, CDCls) & 8.07 (s, 1H), 8.03 — 7.98 (m, 2H), 7.94 — 7.89 (m, 3H), 7.80 (s, 1H), 7.67 — 7.60 (m, 2H), 7.57 (dd, J = 7.7,
1.5 Hz, 1H), 7.45 — 7.40 (m, 2H), 7.34 (dd, J = 7.6, 1.5 Hz, 1H), 7.33 — 7.26 (m, 3H), 7.26 — 7.22 (m, 1H), 7.04 — 6.97 (m, 2H), 6.87 —
6.79 (m, 1H), 6.66 (s, 1H), 6.25 (s, 1H), 5.82 (dd, J = 11.1, 8.4 Hz, 1H), 5.14 (dd, J = 11.1, 8.9 Hz, 1H), 4.60 (t, J = 8.6 Hz, 1H), 2.29 —
2.00 (s, 6H), 1.78 (s, 3H).
3C NMR (150 MHz, CDCl3) 5 198.04, 179.25, 167.66, 146.64, 144.09, 142.94, 140.10, 138.41, 138.05, 135.92, 135.83, 133.79, 132.91,
131.84, 131.55, 131.41, 131.33, 131.23, 131.01, 130.68, 130.23, 129.89, 129.67, 129.58, 129.51, 129.27, 129.12, 129.04, 128.83,
128.64,128.21, 127.39, 127.28, 127.02, 126.58, 124.87, 124.36, 123.06, 122.55, 121.64, 120.17, 77.96, 70.14, 62.28, 20.55.
HRMS (ESI): [M + H]* Calcd. for [CssH35AuUF12NOs]* 1170.2085, found 1170.2084.

(R,S)-3e
IH NMR (400 MHz, CDCl3) 8 7.72 (d, J = 1.5 Hz, 1H), 7.50 (td, J = 7.5, 1.5 Hz, 2H), 7.39 (dd, J = 7.3, 1.8 Hz, 1H), 7.36 (dd, J = 7.6,
1.4 Hz, 2H), 7.32 (t, J = 1.0 Hz, 1H), 7.24 (dd, J = 7.6, 1.9 Hz, 1H), 7.19 (td, J = 7.4, 1.2 Hz, 1H), 7.09 (td, J = 7.4, 1.3 Hz, 1H), 6.98 (td,
J=7.5,1.4Hz, 1H), 6.95 — 6.84 (m, 4H), 6.73 — 6.67 (m, 1H), 6.09 (dd, J = 11.2, 9.5 Hz, 1H), 5.20 (dd, J = 11.2, 8.8 Hz, 1H), 4.70 (t,
J=9.2 Hz, 1H), 2.58 (s, 3H), 2.33 (s, 3H), 2.29 (s, 3H), 2.10 (d, J = 1.3 Hz, 3H), 1.95 (d, J = 1.0 Hz, 3H).
13C NMR (150 MHz, CDClIs) 8 200.80, 179.37, 169.79, 146.83, 142.07, 141.65, 138.26, 136.84, 136.73, 134.20, 132.31, 131.70, 130.78,
130.67, 130.52, 130.48, 129.66, 129.42, 129.16, 129.14, 127.92, 127.68, 127.36, 126.61, 126.41, 124.84, 124.68, 120.46, 120.23,
77.42,69.44, 62.81, 29.84, 20.96, 16.65, 16.36.
HRMS (ESI): [M + H]* Calcd. for [C4oH3sAUNOg]* 774.2277, found 774.2276.

Au
- \N/ 0
-/

S(S)

(R,S)-3f
1H NMR (600 MHz, CDCl3) & 7.81 (d, J = 9.9 Hz, 1H), 7.73 (d, J = 2.3 Hz, 1H), 7.59 (d, J = 2.1 Hz, 1H), 7.47 — 7.37 (m, 3H), 7.29 —
7.22 (m, 2H), 7.22 — 7.12 (m, 2H), 7.03 (dd, J = 9.0, 2.1 Hz, 1H), 6.97 (s, 1H), 6.84 (s, 1H), 6.80 (d, J = 8.9 Hz, 1H), 6.66 (d, J = 9.9 Hz,
1H), 6.44 (d, J = 9.0 Hz, 1H), 6.08 (dd, J = 11.5, 8.0 Hz, 1H), 5.19 (dd, J = 11.5, 9.0 Hz, 1H), 4.83 (t, J = 8.5 Hz, 1H), 2.73 (s, 3H), 2.28
(s, 3H), 2.18 (s, 3H).
13C NMR (150 MHz, CDCl3) 8 200.01, 179.25, 171.43, 146.04, 143.58, 140.96, 138.75, 134.39, 133.25, 132.21, 131.91, 131.24, 131.16,
130.25, 130.22, 130.19, 130.08, 129.73, 129.23, 129.07, 128.04, 127.09, 124.76, 122.89, 122.10, 120.06, 114.20, 77.64, 67.97, 61.50,
20.54.

HRMS (ESI): [M + H]* Calcd. for [CasHaeAuBr,NO3]* 902.0174, found 902.0171.
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(S,S)-3f

H NMR (600 MHz, CDCls) & 7.80 — 7.73 (m, 2H), 7.65 (d, J = 2.0 Hz, 1H), 7.46 (d, J = 8.9 Hz, 1H), 7.43 (dd, J = 7.0, 2.1 Hz, 1H), 7.28
—7.23 (m, 2H), 7.18 — 7.08 (m, 3H), 7.05 — 7.00 (m, 2H), 6.89 (d, J = 8.9 Hz, 1H), 6.85 (d, J = 10.6 Hz, 1H), 6.55 (d, J = 9.9 Hz, 1H),
6.42 (d, J = 9.0 Hz, 1H), 6.08 (dd, J = 11.6, 8.0 Hz, 1H), 5.19 (dd, J = 11.6, 8.9 Hz, 1H), 4.81 (t, J = 8.5 Hz, 1H), 2.75 (s, 3H), 2.31 (s,
3H), 2.09 (s, 3H).

13C NMR (150 MHz, CDCls) § 200.13, 179.34, 171.45, 145.52, 143.43, 139.81, 138.67, 133.88, 133.34, 132.17, 131.79, 131.27, 131.09,
130.64, 130.49, 130.24, 130.21, 130.00, 129.70, 129.62, 129.49, 129.46, 129.25, 128.04, 127.20, 124.74, 122.98, 122.15, 120.25,
114.24, 77.72, 69.14, 61.86, 21.10.

(R,R)-39
'H NMR (600 MHz, CDCls) & 7.84 (d, J = 10.0 Hz, 1H), 7.60 — 7.55 (m, 1H), 7.50 (d, J = 8.6 Hz, 1H), 7.44 (dd, J = 7.7, 1.5 Hz, 1H),
7.41-7.38 (m, 1H), 7.24 (dd, J = 7.9, 1.2 Hz, 1H), 7.23 — 7.20 (m, 2H), 7.20 — 7.18 (m, 1H), 7.18 — 7.16 (m, 1H), 7.11 (td, J = 7.4, 1.2
Hz, 1H), 7.06 (d, J = 2.0 Hz, 1H), 6.99 — 6.95 (m, 1H), 6.95 — 6.89 (M, 2H), 6.76 (d, J = 9.0 Hz, 1H), 6.69 — 6.64 (m, 1H), 6.54 (d, J =
9.8 Hz, 1H), 6.22 — 6.15 (m, 1H), 5.18 (dd, J = 11.7, 8.7 Hz, 1H), 4.68 (dd, J = 9.9, 8.6 Hz, 1H), 3.71 (p, J = 6.8 Hz, 1H), 2.93 (p, J =
6.9 Hz, 1H), 2.70 (p, J = 6.7 Hz, 1H), 2.13 (s, 1H), 2.03 (s, 2H), 1.63 (d, J = 6.7 Hz, 3H), 1.30 (t, J = 7.0 Hz, 6H), 1.18 (d, J = 6.9 Hz,
3H), 1.03 (d, J = 6.7 Hz, 3H).
13C NMR (100 MHz, CDCls) 8 201.00, 179.11, 171.11, 149.35, 148.70, 148.29, 147.14, 145.02, 141.10, 133.70, 132.81, 130.65, 130.22,
130.11, 129.87, 129.63, 129.02, 128.85, 128.72, 128.19, 127.94, 127.64, 126.73, 126.60, 125.99, 125.04, 123.31, 121.88, 121.25,
120.59, 79.16, 70.07, 61.32, 34.30, 29.93, 29.84, 28.69, 26.24, 25.85, 24.18, 23.97, 23.89, 23.78.
HRMS (ESI): [M + H]* Calcd. for [CasHssAUNO3]* 830.2903, found 830.2904.

(R,S)-3h
H NMR (600 MHz, CDCls) 8 7.87 (d, J = 9.9 Hz, 1H), 7.69 (s, 1H), 7.63 (s, 1H), 7.56 — 7.51 (m, 1H), 7.47 — 7.37 (m, 4H), 7.28 (s, 1H),
7.25-7.21 (m, 1H), 7.19 (t, J = 7.4 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.90 (m, 2H), 6.70 (t, J = 12.5 Hz, 1H),
6.67 — 6.62 (M, 1H), 6.60 (d, J = 9.8 Hz, 1H), 6.28 (d, J = 8.9 Hz, 1H), 5.22 (dd, J = 12.2, 8.8 Hz, 1H), 4.99 (dd, J = 12.6, 8.7 Hz, 1H),
1.68 (s, 9H), 1.52 (s, 9H), 1.41 (s, 9H).
13C NMR (150 MHz, CDCl3) § 200.70, 178.57, 171.12, 151.64, 151.29, 149.45, 147.47, 144.89, 141.93, 133.89, 132.67, 130.55, 130.48,
130.35, 129.98, 129.96, 129.18, 128.82, 128.79, 128.71, 128.22, 127.88, 127.72, 126.67, 126.48, 125.90, 124.66, 122.29, 121.68,
120.40, 120.37, 78.56, 70.41, 63.74, 39.54, 37.75, 35.32, 35.16, 34.34, 31.50.
HRMS (ESI): [M + H]* Calcd. for [C47H4AUNO3]* 872.3372, found 872.3370.

(R.R)-3j
IH NMR (600 MHz, CDClIs) & 7.88 (d, J = 10.0 Hz, 1H), 7.63 (dd, J = 7.3, 2.2 Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.49 (dd, J = 7.6, 1.4
Hz, 1H), 7.45 (s, 3H), 7.41 (dt, J = 7.0, 0.9 Hz, 1H), 7.27 (d, J = 1.2 Hz, 1H), 7.25-7.22 (m, 2H), 7.22 - 7.18 (m, 1H), 7.16 (id, J = 7.4,
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1.2 Hz, 1H), 7.04 — 6.99 (m, 2H), 6.99 — 6.94 (M, 2H), 6.69 (d, J = 8.5 Hz, 1H), 6.58 (d, J = 9.8 Hz, 1H), 5.73 (dd, J = 9.8, 5.8 Hz, 1H),
5.18 (t, J = 9.4 Hz, 1H), 5.09 (dd, J = 9.0, 5.8 Hz, 1H), 1.36 (s, 18H).

13C NMR (150 MHz, CDCls) & 200.84, 178.83, 170.68, 151.61, 147.13, 145.02, 140.98, 137.33, 133.80, 132.89, 130.53, 130.39, 130.32,
129.74, 129.51, 129.06, 128.96, 128.83, 128.81, 128.25, 127.93, 126.82, 126.62, 126.08, 125.27, 122.75, 121.87, 121.64, 120.81,
120.68, 78.82, 70.07, 66.08, 35.18, 31.64.

HRMS (ESI): [M + H]* Calcd. for [C4sHs1AUNO3]* 816.2746, found 816.2749.

Me
CHO

N
4af

H NMR (400 MHz, CDCls) & 10.75 (s, 1H), 7.51 — 7.46 (m, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H), 3.45 (s, 1H), 2.61 (s,

3H).

13C NMR (100 MHz, CDCls) & 193.96, 140.86, 134.72, 132.75, 132.65, 132.12, 127.35, 84.62, 80.13, 21.47.

HRMS (ESI): [M + H]* Calcd. for [C10HeOs]* 145.0648, found 145.0648.

OMe

oy

Sao

IH NMR (600 MHz, CDCl3) 6 7.76 (d, J = 7.8 Hz, 1H), 7.71 — 7.65 (m, 2H), 7.51 — 7.47 (m, 1H), 5.03 (dd, J = 6.5, 2.8 Hz, 1H), 3.50 (s,
3H), 3.00 (dd, J = 18.5, 6.5 Hz, 1H), 2.66 (dd, J = 18.5, 2.8 Hz, 1H).
HPLC (Chiralpak IC column, 98:2 hexane/isopropanol, 1 mL/min), tr = 32.0 min (minor), 34.9 min (major); ee = 99%.

OMe OMe

5bo
IH NMR (400 MHz, CDCls) 8 7.45 (t, J = 7.8 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 5.15 (dd, J = 6.4, 1.6 Hz, 1H),
3.93 (s, 3H), 3.45 (s, 3H), 2.90 (dd, J = 18.8, 6.3 Hz, 1H), 2.68 (dd, J = 18.8, 1.6 Hz, 1H).
13C NMR (100 MHz, CDCls) 8 203.98, 157.85, 140.71, 138.88, 131.62, 116.27, 115.10, 74.71, 57.25, 55.92, 43.32.
HRMS (ESI): [M + H]* Calcd. for [C11H1303]* 193.0859, found 193.0862.
HPLC (Chiralpak IC column, 50:50 hexane/isopropanol, 1 mL/min), tr = 10.6 min (minor), 12.7 min (major); ee = 72%.

OMe

MeO. : é

e}
5¢c
'H NMR (600 MHz, CDCls) & 7.68 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 2.3 Hz, 1H), 7.00 (dd, J = 8.5, 2.3 Hz, 1H), 4.99 — 4.95 (m, 1H), 3.91
(s, 3H), 3.49 (s, 3H), 2.97 (dd, J = 18.4, 6.4 Hz, 1H), 2.64 (dd, J = 18.4, 3.0 Hz, 1H).
HPLC (Chiralpak IC column, 50:50 hexane/isopropanol, 1 mL/min), tr = 8.4 min (major), 9.5 min (minor); ee = 97%.

OMe

MeO : :;

5d ©
IH NMR (600 MHz, CDCls) & 7.55 (d, J = 8.4 Hz, 1H), 7.22 (dd, J = 8.4, 2.5 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 4.95 (dd, J = 6.2, 2.5 Hz,
1H), 3.82 (s, 3H), 3.45 (s, 3H), 2.98 (dd, J = 18.7, 6.2 Hz, 1H), 2.64 (dd, J = 18.6, 2.4 Hz, 1H).
13C NMR (100 MHz, CDCls) 8 202.98, 161.02, 146.07, 138.30, 127.38, 124.09, 104.47, 76.29, 56.96, 55.65, 43.99.
HRMS (ESI): [M + H]* Calcd. for [C11H1303]* 193.0859, found 193.0862.
HPLC (Chiralpak IC column, 50:50 hexane/isopropanol, 1 mL/min), tg = 7.6 min (minor), 8.3 min (major); ee = 82%.

OMe

ome ©
5e
H NMR (400 MHz, CDCl3) & 7.60 (t, J = 7.9 Hz, 1H), 7.22 (d, J = 7.6 Hz, 1H), 6.89 (d, J = 8.3 Hz, 1H), 4.94 (dd, J = 6.5, 3.0 Hz, 1H),
3.94 (s, 4H), 3.46 (s, 3H), 2.95 (dd, J = 18.3, 6.5 Hz, 1H), 2.64 (dd, J = 18.3, 3.0 Hz, 1H).
3C NMR (100 MHz, CDCls) & 200.76, 157.63, 155.76, 136.95, 124.87, 118.19, 111.12, 76.21, 57.07, 56.01, 43.92.
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HRMS (ESI): [M + H]* Calcd. for [C11H1303]* 193.0859, found 193.0861.
HPLC (Chiralpak IC column, 50:50 hexane/isopropanol, 1 mL/min), tzg = 16.6 min (minor), 32.0 min (major); ee = 40%.

Me  oMme

5¢ °

H NMR (600 MHz, CDCl3) & 7.59 (d, J = 7.6 Hz, 1H), 7.45 (dt, J = 7.3, 1.0 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 5.09 (dd, J = 6.4, 2.0 Hz,
1H), 3.43 (s, 3H), 2.95 (dd, J = 18.8, 6.4 Hz, 1H), 2.69 (dd, J = 18.8, 2.0 Hz, 1H), 2.48 (s, 3H).
13C NMR (150 MHz, CDCl3) 5 204.00, 151.15, 137.77, 137.18, 136.45, 129.99, 120.82, 76.29, 56.74, 42.78, 29.84, 17.80.

HRMS (ESI): [M + H]* Calcd. for [C11H130,]" 177.0910, found 177.0911.
HPLC (Chiralpak IC column, 80:20 hexane/isopropanol, 1 mL/min), tz = 11.1 min (minor), 13.0 min (major); ee = 46%.

OMe

o]
5g
IH NMR (400 MHz, CDCls) 8 7.65 (d, J = 7.9 Hz, 1H), 7.49 (s, 1H), 7.29 (d, J = 8.1 Hz, 1H), 4.98 (dd, J = 6.5, 2.9 Hz, 1H), 3.49 (s, 3H),
2.98 (dd, J = 18.5, 6.4 Hz, 1H), 2.64 (dd, J = 18.6, 2.8 Hz, 2H), 2.47 (s, 3H).
HPLC (Chiralpak IC column, 80:20 hexane/isopropanol, 1 mL/min), t = 11.1 min (major), 12.8 min (minor); ee = 99%.

OMe

5n ©

!H NMR (400 MHz, CDCl3) 8 7.58 — 7.49 (m, 2H), 7.46 (dd, J = 7.8, 1.8 Hz, 1H), 4.97 (dd, J = 6.4, 2.8 Hz, 1H), 3.45 (s, 3H), 2.95 (dd,
J=18.6, 6.4 Hz, 1H), 2.62 (dd, J = 18.8, 2.6 Hz, 1H), 2.40 (s, 3H).
HPLC (Chiralpak IC column, 90:10 hexane/isopropanol, 1 mL/min), tg = 15.6 min (minor), 18.8 min (major); ee = 92%.

OMe

Me o
5i
H NMR (400 MHz, CDCl3) & 7.54 — 7.48 (m, 2H), 7.24 — 7.20 (m, 1H), 4.96 (dd, J = 6.5, 2.9 Hz, 1H), 3.48 (s, 3H), 2.95 (dd, J = 18.4,
6.5 Hz, 1H), 2.68 — 2.60 (m, 4H).
13C NMR (100 MHz, CDCl3) & 204.04, 153.98, 138.60, 134.41, 134.32, 131.45, 123.90, 76.35, 57.11, 44.00, 18.51.
HRMS (ESI): [M + H]* Calcd. for [C11H130]* 177.0910, found 177.0913.
HPLC (Chiralpak IC column, 98:2 hexane/isopropanol, 1 mL/min), tr = 21.9 min (minor), 24.2 min (major); ee = 11%.

OMe

A

5 ©
IH NMR (60 MHz, CDCl3s) 8 7.72 (t, J = 1.3 Hz, 1H), 7.65 — 7.62 (m, 2H), 4.99 (dd, J = 6.4, 2.8 Hz, 1H), 3.49 (s, 3H), 3.03 (dd, J =
18.6, 6.4 Hz, 1H), 2.69 (dd, J = 18.6, 2.8 Hz, 1H).
13C NMR (100 MHz, CDCls) 8 201.66, 150.19, 140.35, 136.26, 135.18, 127.91, 123.33, 75.86, 57.43, 43.40.
HRMS (ESI): [M + H]* Calcd. for [C10H1002]* 197.0364, found 197.0366.
HPLC (Chiralpak IC column, 90:10 hexane/isopropanol, 1 mL/min), tz = 10.8 min (minor), 11.6 min (major); ee = 92%.

OMe
<o
o)
5 ©
1H NMR (400 MHz, CDCl3) 8 7.09 (s, 1H), 7.03 (s, 1H), 6.11 — 6.08 (m, 2H), 4.90 (dd, J = 6.2, 2.7 Hz, 1H), 3.46 (s, 3H), 2.96 (dd, J =

18.5, 6.2 Hz, 1H), 2.63 (dd, J = 18.4, 2.5 Hz, 1H).
HPLC (Chiralpak IC column, 80:20 hexane/isopropanol, 1 mL/min), tr = 22.5 min (minor), 25.4 min (major); ee = 57%.
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OMe

MeO
MeO
5m ©
1H NMR (400 MHz, CDCl3) 6 7.17 (s, 1H), 7.09 (s, 1H), 4.96 (dd, J = 6.2, 2.6 Hz, 1H), 4.00 (s, 3H), 3.92 (s, 3H), 3.48 (s, 3H), 2.96 (dd,
J=18.3, 6.2 Hz, 1H), 2.63 (dd, J = 18.3, 2.6 Hz, 1H).

HPLC (Chiralpak IC column, 70:30 hexane/isopropanol, 1 mL/min), tz = 19.2 min (major), 20.9 min (minor); ee = 55%.

'H NMR (400 MHz, CDCls) 8 7.76 (d, J = 7.7 Hz, 1H), 7.72 — 7.64 (m, 2H), 7.48 (t, J = 7.3 Hz, 1H), 5.11 (dd, J = 6.5, 2.9 Hz, 1H),
3.70 (qd, 3 = 7.0, 3.1 Hz, 2H), 3.02 (dd, J = 18.6, 6.4 Hz, 1H), 2.67 (dd, J = 18.6, 2.9 Hz, 1H), 1.29 (t, J = 7.0 Hz, 3H).
HPLC (Chiralpak IC column, 95:5 hexane/isopropanol, 1 mL/min), tzg = 15.6 min (minor), 17.8 min (major); ee = 67%.

OEt
Me

50o

'H NMR (400 MHz, CDCI3)d 7.65 (d, J = 7.8 Hz, 1H), 7.49 (s, 1H), 7.28 (d, J = 7.9 Hz, 1H), 5.06 (dd, J = 6.4, 2.8 Hz, 1H), 3.69 (qd, J
=7.0,1.9 Hz, 2H), 2.99 (dd, J = 18.4, 6.4 Hz, 1H), 2.65 (dd, J = 18.4, 2.8 Hz, 1H), 2.47 (s, 3H), 1.30 (t, J = 7.0 Hz, 4H).

13C NMR (100 MHz, CDCl3) 8 202.94, 154.17, 146.50, 134.65, 130.83, 126.85, 123.24, 75.27, 65.49, 44.48, 29.84, 22.28, 15.64.
HRMS (ESI): [M + H]* Calcd. for [C12H150,]" 191.1067, found 191.1068.

HPLC (Chiralpak IC column, 80:20 hexane/isopropanol, 1 mL/min), tz = 9.9 min (major), 10.6 min (minor); ee = 63%.
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'H NMR of Compound S3
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'H NMR of Compound S4
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'H NMR of Compound S5
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'H NMR of Compound S6
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H NMR of (S)-1¢
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'H NMR of (R,R)-3a and (S,S)-3a
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'H NMR of (R,S)-3a and (S,R)-3a
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H NMR of (R,S)-3b
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H NMR of (S,S)-3b

|\.1__

T T T
05 00

10

15

reev
182
“g8¢

20

25

30

35

—
||\&
I_Ilw
L= L8921
= AR9zL]
- P0°LZL
- <t LOLEL
ZLLZL
]O
wl
] w
4 -

=90’}
. _ 9L4ZL
=G0L[ W E 19471
g PeBZL
e = 1874
. = B7'8Z 11
00V o @ £5°8211
P60[s 3 LT
8805 E 206211
< F960L2 @ orezL 4
) 961 O LSBT
L 1507 o 1962}
— -u Ferz= 9%'6Z)
Moo._‘ © Nm.omﬁm
- E0°E 0 €90l F
] st Sver
56| o -
e i)
0%l 9LZe 1]
80C1 25Eel]
01 LUgel
0oLLe ool
02| sovel]
80C| 1y fG'GEL
Lot | o 564811
00'Hf o ereel]
= 0BTl
- 758EL]
i & 08'9¢}1
e A 7L BTl
0 LLOP L
L2 2 €59l
- s 989l
[ o rS6LL]
b s Z6'861
o =
. C
3

Chemical Shift (ppm)
S45

200 190 180 170 160 150

210




H NMR of (R,S)-3¢
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H NMR of (S,S)-3¢
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H NMR of (R,S)-3d
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IH NMR of (R,S)-3e
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IH NMR of (S,S)-3f
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H NMR of (R,R)-3g
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H NMR of (R,S)-3h
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H NMR of (R,R)-3j
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'H NMR of 4f
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IH NMR of 5a
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13C NMR of 5b
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!H NMR of 5d
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1H NMR of 5e

NO®DOO= Ou W T M = ©
WO NN & R =3 <
e S (- =] < 3 @
OMe
Oome ©

2 9 © =] o -

S &5 < 3 8N

— - - — el “

2.98
12,96
12,93
2,92
267
12.66
12.62

2.61

1.4

1.084

908886848280787674727068666462605856545250484644424038363432302826242220181614121008 0604 020!

13C NMR of 5e

-200.76

215 205

195 185

167.63

155.76
136.95
124.87
118.19
111.12

175 165 155 145 135 125 115

105
fl

f1 (ppm)

95
(ppm)

S59

85

176.21

75

57.07
56.01

65

55

43.92

45

35

25

A5



'H NMR of 5f
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IH NMR of 5¢g
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'H NMR of 5i
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H NMR of 5

0.0

10 05 0

L
15

OF'er—

e LG—

| ;
T T
25 2.0

L9°C
L9°¢
0ie

0L

_ - pL)
ooe 98'G4

zo'e - =glLf e —— M
bs sle[a SR 1WA
50°€
B e— R
66y
mmmw — 048 eeezL—
B Gely
Fus @N.@?V - -
S0Pl —
61°05L—
€000 9z L
z9'l |0
794 O - =207¢
€9/ - ~00'L
€94 =
€9/
ve'L .
Go's o . 99'1L02— -
59/
zi't
zi'l
Zil o

3.0

|
6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

7.0

OMe
75

1

8.0

8.5

Cl

9.0
3C NMR of 5j

10

" 20

" 30

T

"4

T

50

" 60

T

" 70

" 80

90

T100

10
1 (ppm)

100 180 170 160 150 140 130 120
S63

"210 200




'H NMR of 5l
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IH NMR of 5n
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13C NMR of 50
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Circular Dichroism Spectra
CD spectrum of (R)-1b in CH3CN (25 puM)
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CD spectra of (R)-2e & (S)-2e in CH3CN (10 pM) CD spectra of (R)-2f & (S)-2f in CH3CN (10 pM)
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CD spectrum of (R,S)-3d in CH3CN (25 pM)
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Chiral HPLC Spectra
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