Supporting Information

Axially Chiral N-heterocyclic Carbene Gold(I) Complexes Catalyzed Asymmetric
Cycloisomerization of 1,6-Enynes

Wenfeng Wang, Jinming Yang," Feijun Wang," and Min Shi**"

*Key Laboratory for Advanced Materials and Institute of Fine Chemicals, School of Chemistry
& Molecular Engineering, East China University of Science and Technology, 130 Mei-Long
Road, Shanghai 200237 China.
®State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, 354 Fenglin Road, Shanghai 200032 China.
Mshi@mail.sioc.ac.cn. Fax 86-21-64166128

CONTENTS

(A) General Remarks. S2

(B) Procedures and Spectroscopic Data for the Synthesis of Axially Chiral NHC-Au(I)
Complexes 1, 2a, b and 3-11. S3-S54

(C) Preparation of 1,6-enynes and Diaryl Sulfoxides. S54-S67

(D) General Procedure for NHC-Au(I) Complexes-Catalyzed Asymmetric Acetoxycyclization
of 1,6-enynes and Analytical Data for Products. S67-S76

(E) General Procedure for NHC-Au(I) Complexes-Catalyzed Enantioselective Oxidative

Rearrangement of 1,6-enynes and Analytical Data for Products. S76-S96
(F) References. S97

(G) X-ray Crystal Data of Complex 1. S98-S109
(H) X-ray Crystal Data of Complex 2a. S110-S120
(I) X-ray Crystal Data of Complex 6. S121-S131

S1


mailto:Mshi@mail.sioc.ac.cn

(A) General Remarks.

Unless otherwise stated, all reactions and manipulations were performed using standard
Schlenk techniques. All solvents were purified by distillation using standard methods.
Commercially available reagents were used without further purification. Melting points were
measured on a Yanagimoto micro melting apparatus and uncorrected. 'H and >C NMR
spectra were recorded by using a Varian Mercury vx 300 MHz or Bruker 400 MHz
spectrometer in CDCl; with tetramethylsilane (TMS) as an internal standard. 'H-NMR and
BC-NMR chemical shift were referenced to 0.00 ppm (TMS) and 77.0 ppm (CDCl),
respectively. Coupling constants (J) are given in Hz. Optical rotations were determined at 589
nm (sodium D line) by using a Perkin-Elmer 341 MC digital polarimeter with a 10 cm cell (¢
given in g per 100 mL) and [a]p values are given in 10 deg cm? g'l. Mass spectra were
recorded on the HP-5989 instrument by EI/ESI methods. Infrared spectra were recorded on a
Perkin-Elmer PE-983 spectrometer with absorption in cm™. Satisfactory CHN microanalyses
were obtained by using a Carlo-Erba 1106 analyzer. X-ray diffraction analysis was performed
by using a Bruker Smart-1000 X-ray diffractometer. Chiral HPLC was performed by using a
SHIMADZU SPD-10A vp series instrument with chiral columns (Chiralpak AD-H column, ¢
4.6 x 250 mm, Daicel Chemical Co. Ltd). All reactions were monitored by TLC with
Huanghai GF254 silica gel coated plates. Flash column chromatography was carried out by
using 300~400 mesh silica gel at increased pressure, where KMnQO,4 and H3[P(M0301¢)4] H,O

were used for visualization.
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(B) Procedures and Spectroscopic Data for the Synthesis of Axially Chiral NHC-Au(I)
Complexes 1, 2a, b and 3-11.
(1) General Procedure for the Synthesis of Gold(I) Complex 1

Compound 12" (97 mg, 0.2 mmol) and CH5I (0.25 mL, 4.0 mmol) in CH3;CN (4.0 mL)
were stirred under reflux for 22 h. After cooling to room temperature, volatiles were removed
under reduced pressure and the obtained solid compound 13 was used for the next step
without any further purification. The imidazolium salt was obtained in almost quantitative
yield at this step.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 13 (77 mg, 0.1 mmol), NaOAc (33 mg, 0.4 mmol) and
[(Me;S)AuCI] (59 mg, 0.2 mmol) followed by the addition of dry CH3CN (5.0 mL) as the
solvent. After refluxing at 85 °C for about 9 h, the reaction mixture was cooled to room
temperature and filtered through Celite. Then volatiles were removed under reduced pressure
and the residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 1/1) to give 1 as a white solid in 52% yield. Single crystals of complex 1
suitable for an X-ray diffraction study were grown from the solution of 1 in mixed petroleum

ether/CH3CN/CH,Cl, (1:2:2) (Scheme S1).

OO /) N\// N; e (Me,S)AuCI (2 equiv)
N\/ CH | NaOAc ( 4equw Au |
CHZCN, 50 °C CH3CN, 85 °C Au—I
/\ 3 /\ 3 /(
OO NS 22h N N> 9 h, 52%
(aR)-12

(aR)-13

Scheme S1
Compound (aR)-12

&,

OO " CHCl5); "H NMR (300 MHz, CDCl3, TMS) 6 6.11 (d, J = 7.8 Hz, 2H), 6.50 (t, J
N

@N = 7.5 Hz, 2H), 6.93-6.99 (m, 2H), 6.99 (s, 2H), 7.43 (d, J = 8.4 Hz, 2H),

It is a known compound.'! White solid; m.p. 294-295 °C; [a]*’p = +563.0 (¢ 0.5,

7.48-7.56 (m, 6H), 7.63-7.69 (m, 2H), 8.07 (d, J = 8.4 Hz, 4H).
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Complex (aR)-1
@ ) White solid; m.p. 300.4-301.5 °C (dec.). [a]*’p = +24 (¢ 0.25, CHCl3). IR
Nfﬁﬁ‘: (direct irradiation) v 3058, 2923, 2852, 1592, 1462, 1436, 1391, 1360, 1261,
5N\ 1241, 1133, 1099, 1063, 1014, 862, 828, 806, 763, 738, 697 cm™'. '"H NMR
(400 MHz, CDCl3, TMS) 6 4.24 (s, 6H), 6.54 (t, J = 8.0 Hz, 2H), 6.60 (d, J =
8.4 Hz, 2H), 7.14 (t, J = 7.6 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.55-7.70 (m, 8H), 7.95 (d, J =
9.2 Hz, 2H), 7.99 (d, J = 8.4 Hz, 2H). LRMS (ESI) m/e 1035.1 [M*-1]; HRMS (ESI) calcd for

[C36H26N4bAu,-1] requires 1035.0533, found 1035.0527 [M*-1].
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(2) General Procedure for the Synthesis of Gold(I) Complexes 2a and 2b

The precursor of mono-benzimidazole compound (aS)-17 was prepared from
(S)-binaphthyl-2,2’-diamine (BINAM) according to our previously reported procedures with a
sequence of palladium catalyzed coupling, acetylation of primary amine, palladium catalyzed
hydrogenation of nitro group, and ring closing with triethyl orthoformate.”

Compound 17" (86 mg, 0.2 mmol) and CH5I (0.125 mL, 2.0 mmol) in CH3;CN (4.0 mL)
were stirred under reflux for 24 h. After cooling to room temperature, volatiles were removed
under reduced pressure and the obtained solid compound 18 was used for the next step
without any further purification. The imidazolium salt was obtained in almost quantitative
yield at this step.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 18 (57 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol) and
[(Me,S)AuClI] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5.0 mL) as the
solvent. After refluxing at 85 °C for about 12 h, the reaction mixture was cooled to room
temperature and filtered through Celite. Then volatiles were removed under reduced pressure
and the residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 2.5/1) to give complex 2a as a white solid in 54% yield. Single crystals of 2a
suitable for an X-ray diffraction study were grown from the solution of 2a in mixed ethyl

ether/CH,Cl, (1:1) (Scheme S2).
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Scheme S2

Compound (a$)-14
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1H), 7.97-8.02 (m, 2H), 9.29 (s, 1H).
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(@S)-14

Ac,0 (1.1 equiv)
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(aS)-2a

It is a known compound.'” Red solid. '"H NMR (300 MHz, CDCl;, TMS) &
3.68 (s, 2H), 6.66-6.71 (m, 1H), 6.98 (d, J = 8.1 Hz, 1H), 7.12-7.23 (m, 3H),
7.28-7.35 (m, 3H), 7.39-7.48 (m, 2H), 7.75-7.82 (m, 3H), 7.93 (d, J = 7.8 Hz,

-0.000
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Compound (a$5)-15

It is a known compound.[z] Red solid. '"H NMR (300 MHz, CDCl3;, TMS) &
OO O 1.74 (s, 3H), 6.71-6.77 (m, 1H), 6.88 (s, 1H), 7.09 (d, J = 8.7 Hz, 1H),
OO . 7.16-7.49 (m, 7H), 7.77 (d, J = 8.7 Hz, 1H), 7.89-8.05 (m, 5H), 8.53 (d, /= 8.4
Hz, 1H), 8.93 (s, 1H).

1.739
0.000

Compound (a$5)-16

It is a known compound.'” White solid. '"H NMR (300 MHz, CDCls, TMS) &
(L 1.89 (s, 3H), 3.65 (s, 2H), 4.89 (s, 1H), 6.66-6.72 (m, 2H), 6.95-7.01 (m, 3H),
OO 7.08 (s, 1H), 7.17-7.34 (m, 5H), 7.42-7.47 (m, 1H), 7.81-7.87 (m, 2H), 7.93 (d,
J=8.1Hz, 1H), 8.03 (d, J = 9.0 Hz, 1H), 8.56 (d, J = 9.3 Hz, 1H).
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Compound (a$5)-17

It is a known compound.’ White solid; m.p. 228-230 °C. [a]*’p = -218 (¢ 0.25,
(O CHCl3). IR (direct irradiation) v 3223, 3052, 2929, 1656, 1597, 1500, 1488,
g 1453, 1364, 1275, 1232, 865, 812, 742, 715 cm™. 'H NMR (400 MHz, CDCls,
TMS) & 1.64 (s, 3H), 6.66 (s, 1H), 7.09-7.11 (m, 1H), 7.24-7.30 (m, 5H), 7.37-7.43 (m, 3H),
7.62-7.68 (m, 2H), 7.79 (d, J = 8.8 Hz, 1H), 7.83-7.88 (m, 2H), 8.08 (d, J = 8.0 Hz, 1H),
8.22-8.28 (m, 2H).
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Complex (a$)-2a
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White solid; m.p. 259.5-260.6 °C (dec.). [a]*’p = -52 (¢ 0.25, CHCl3). IR
OO N\J{i:\l (direct irradiation) v 3324, 1702, 1507, 1482, 1465, 1391, 1354, 1306, 1245,
OO e 1150, 1133, 1013, 863, 828, 808, 763, 750, 693 cm™. 'H NMR (400 MHz,
CDCl3, TMS) 6 2.07 (s, 3H), 3.94 (s, 3H), 6.82 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H),
7.12-7.22 (m, SH), 7.25-7.29 (m, 1H), 7.39-7.46 (m, 2H), 7.64-7.69 (m, 3H), 7.80 (d, J = 8.4
Hz, 1H), 8.00 (d, J = 8.8 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 8.25 (d, / = 9.2 Hz, 1H). LRMS
(ESI) m/e 638.1 [M*-I]; HRMS (ESI) calcd for [C30H23N3IAu-I] requires 638.1507, found
638.1484 [M™-1].
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Compound 17 (86 mg, 0.2 mmol) and benzylbromide (0.24 mL, 2 mmol) were refluxed
in 1,4-dioxane (3 mL) until completely comsuming 17 by TLC monitoring. When lots of
white solids were precipitated in the reaction system, the resulting suspension was cooled to
room temperature and filtered through Celite to obtain solids, which were then washed with
n-hexane for three times to give mono-benzimidazolium salt 19 in almost quantitative yield
without any further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 19 (60 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol),
‘BuyNI (74 mg, 0.2 mmol) and [(Me,S)AuCl] (30 mg, 0.1 mmol) followed by the addition of

dry CH3CN (5 mL) as the solvent. After refluxing at 85 °C for about 8 h, the reaction mixture
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was cooled to room temperature and filtered through Celite. Then volatiles were removed
under reduced pressure and the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 3/1) to give complex 2b as a white solid in
42% yield (Scheme S3).

Ph
Ph
N \i \NJ . N)
N~ Nz ©® o  (MeS)AUCI (1 equiv) N</<

BnBr Br NaOAc (2 equiv)
> u
1,4-dioxane "BuyNI (2 equiv) A
OO NHAC 400 0c 24 1 OO NHAG CH4CN, 85 °C OO NHAc
8 h, 42%
(aS)-17 (aS)-19 (aS)-2b
Scheme S3

Complex (aS)-2b

i White solid; m.p. 291.9-293.0 °C (dec.). [a]*’p = -31 (¢ 0.25, CHCl3). IR
OO N\J{iu\l (direct irradiation) v 3428, 2923, 2853, 1701, 1618, 1595, 1568, 1495, 1423,
i e 1402, 1346, 1306, 1278, 1252, 1223, 1192, 1013, 839, 823, 755, 731, 697
cm™. "TH NMR (400 MHz, CDCls, TMS) & 1.99 (s, 3H), 5.37 (d, J = 15.6 Hz, 1H), 5.84 (d, J =
15.6 Hz, 1H), 6.82-6.84 (m, 2H), 6.89 (t, J = 7.2 Hz, 1H), 6.95-7.09 (m, 5H), 7.19 (t, J = 7.2
Hz, 1H), 7.28-7.29 (m, 4H), 7.48-7.49 (m, 2H), 7.66 (d, J = 8.4 Hz, 1H), 7.68-7.72 (m, 1H),
7.74 (d, J = 8.8 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 8.10 (d, / = 8.8 Hz, 1H), 8.13 (d, J = 8.4 Hz,
1H), 8.29 (d, J = 8.4 Hz, 1H). LRMS (ESI) m/e 714.2 [M'-1]; HRMS (ESI) calcd for
[C36H27N310Au-1] requires 714.1820, found 714.1821 [M™-I].
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(3) General Procedure for the Synthesis of Gold(I) Complex (a$)-3

To a mixture of 14 (405 mg, 1.0 mmol) and DMAP (122 mg, 1.0 mmol) in dry CH;CN
(10 mL) was dropwise added PhC(O)Cl1 (174 pL, 1.5 mmol) and the resulting system was
stirred at room temperature for 17 h. The reaction was quenched via addition of water (20 mL)
and then extracted with ethyl acetate for three times. The combined organic phases were dried
over anhydrous Na,SQO,, concentrated under reduced pressure, and then purified by a silica gel
flash column chromatography (eluent: petroleum ether/EtOAc: 10/1) to give 20 as a red solid
in 98% yield.

A mixture of 20 (484 mg, 0.95 mmol) and 10% Pd/C (100 mg) in EtOAc (40 mL) was
stirred under H, atmosphere (1.0 atm) at 60 °C for 21 h. After cooling to room temperature,
the suspension was filtered through Celite to remove Pd/C. Then volatiles were removed
under reduced pressure and the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 8/1) to give 21 as a white solid in 74% yield.

In the presence of a catalytic amount of TsOH (15 mg), compound 21 (331 mg, 0.69
mmol) and triethyl orthoformate (7.0 mL) were heated at 100 °C for 34 h. After removing
triethyl orthoformate under reduced pressure, the residue was purified by a silica gel flash
column chromatography (eluent: petroleum ether/EtOAc, 2/1) to give 22 as a white solid in
90% yield.

Compound 22 (147 mg, 0.3 mmol) and CH3I (0.2 mL, 3.0 mmol) in CH3CN (4.0 mL)
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were stirred under reflux for 22 h. After cooling to room temperature, volatiles were removed
under reduced pressure and the obtained solid compound 23 was used for the next step
without any further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 23 (126 mg, 0.2 mmol), NaOAc (33 mg, 0.4 mmol)
and [(Me;S)AuCl] (60 mg, 0.2 mmol) followed by the addition of dry CH3CN (10 mL) as the
solvent. After refluxing at 85 °C for 22 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/EtOAc, 4/1) to give complex 3 as a white solid in 37% yield (Scheme S4).

PhcCOCI \j N
NH N 2 (1.5 equiv) NOz 10% Pd/C OO NH NH;  HC(OEt),
_DMAP (1 equiv),_ Hp(1atm) TsOH (cat.
CH3CN rt, 17 h EtOAc, 60 Oc 100°C, 34 h
NH2 98% NHBz 21 h, 74% OO NHBz 90%

(aS)-21

/
N\/ N\//@e (Me,S)AuCI (1 equiv) OO NJN

CH | NaOAc (2 equw) A
u
CHACN, 50°C CH4CN, 85°C >
NHBz o' NHBz 22 h, 37% OO NHBz

(aS)-3

Scheme S4

Compound (a$5)-20

Red solid; m.p. 108.4-109.9 °C. [a]*’p = +11 (¢ 0.25, CHCl3). IR (direct
(L e irradiation) v 3408, 3323, 3056, 2925, 1675, 1610, 1593, 1574, 1493, 1425,
S 1338, 1248, 1146, 1074, 1040, 1024, 863, 814, 738, 705 cm™. 'H NMR (400
MHz, CDCls, TMS) & 6.67-6.71 (m, 1H), 7.14-7.23 (m, 6H), 7.27-7.37 (m, 5H), 7.41-7.50 (m,
2H), 7.64 (s, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.93-7.99 (m, 3H), 8.06 (d, J = 8.8 Hz, 2H), 8.78
(d, J = 8.8 Hz, 1H), 9.00 (s, 1H); '*C NMR (75 MHz, CDCls, TMS) & 115.7, 118.3, 120.46,
120.5, 121.5, 123.3, 124.4, 125.0, 125.3, 125.8, 126.5, 127.2, 127.8, 128.36, 128.39, 128.4,
129.7, 129.9, 130.1, 131.0, 131.1, 131.5, 132.3, 133.1, 134.2, 134.4, 134.5, 135.1, 136.3,
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140.6, 165.0. LRMS (ESI) m/e 510.2 [M*+H]; HRMS (ESI) calcd for [C33H»3N303+H]
requires 510.1818, found 510.1824 [M*+H].

0.000

1
oy

LIl |

Compound (a$5)-21

Q White solid; m.p. 111.1-112.8 °C. [a]*’p = -16 (¢ 0.25, CHCl3). IR (direct
OO i irradiation) v 3461, 3379, 3054, 2953, 2923, 2853, 1672, 1616, 1594, 1500,
OO o 1486, 1455, 1424, 1331, 1282, 1147, 1024, 816, 744, 705 cm™. "H NMR (400
MHz, CDCl;, TMS) 6 3.41 (br, 2H), 4.95 (s, 1H), 6.53-6.57 (m, 2H), 6.86-6.89 (m, 2H), 7.06
(d, J=8.0Hz, 1H), 7.13 (d, J = 9.2 Hz, 1H), 7.16-7.34 (m, 8H), 7.38-7.44 (m, 2H), 7.80-7.84
(m, 2H), 7.93 (d, J = 8.0 Hz, 1H), 7.96 (s, 1H), 8.06 (d, J = 8.8 Hz, 1H), 8.85 (d, J/ = 9.2 Hz,
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1H); *C NMR (75 MHz, CDCL;, TMS) & 111.4, 115.7, 116.0, 118.6, 120.7, 120.9, 123.0,
123.5, 125.0, 125.3, 126.6, 126.67, 126.72, 126.74, 127.1, 127.5, 128.29, 128.32, 128.5, 128.6,
129.6, 130.3, 131.4, 131.6, 132.5, 133.3, 134.4, 135.4, 142.7, 143.1, 165.4. LRMS (ESI) m/e
480.2 [M*+H]; HRMS (ESI) calcd for [C33HysN3O+H] requires 480.2076, found 480.2080
[M*+H].
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Compound (a$)-22

White solid; m.p. 168.2-170.2 °C. [a]*p = -91 (¢ 0.25, CHCI3). IR (direct
(o irradiation) v 3419, 3055, 2954, 2923, 1668, 1596, 1486, 1454, 1426, 1378,
™ 1281, 1235, 1145, 1025, 890, 817, 796, 741, 706 cm™. 'H NMR (400 MHz,
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CDClI3, TMS) 6 7.06-7.12 (m, 3H), 7.15-7.24 (m, 6H), 7.34-7.45 (m, 6H), 7.63 (t, J = 7.2 Hz,

2H), 7.78 (d, J =9.2 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 8.09 (d, J =

8.4 Hz, 1H), 8.24 (d, J = 8.8 Hz, 1H), 8.45 (d, J = 8.8 Hz, 1H); °C NMR (75 MHz, CDCl;,

TMS) 6 109.5, 120.4, 120.6, 120.8, 122.7, 123.5, 124.4, 124.8, 125.3, 126.4, 126.7, 127.2,

127.7, 128.4, 128.5, 128.6, 128.8, 130.0, 130.8, 131.0, 131.7, 133.0, 133.2, 133.6, 134.3,

134.5, 165.0. LRMS (ESI) m/e 490.2 [M"+H]; HRMS (ESI) caled for [C3sHy3N3O+H]

requires 490.1919, found 490.1921 [M*+H].
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Complex (aS)-3
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Au
OO gz S15

White solid; m.p. 141.5-142.9 °C (dec.). [a]*p = -149 (¢ 0.25, CHCL). IR



(direct irradiation) v 3419, 3057, 2924, 2852, 1682, 1596, 1501, 1487, 1466, 1427, 1391, 1346,
1277, 1238, 1099, 1024, 860, 820, 744, 706 cm™. "H NMR (400 MHz, CDCls, TMS) & 3.77 (s,
3H), 6.79 (d, J = 8.4 Hz, 1H), 7.02 (t, J = 7.2 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.20-7.30 (m,
SH), 7.36 (t, J = 7.2 Hz, 1H), 7.43-7.47 (m, 2H), 7.56-7.66 (m, 3H), 7.72 (d, J = 9.2 Hz, 2H),
7.76-7.81 (m, 3H), 8.21 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.8 Hz, 1H), 8.40 (d, / =9.2 Hz, 1H).
LRMS (ESI) m/e 700.2 [M*-1I]; HRMS (ESI) calcd for [C35H,sN3IOAu-I] requires 700.1663,
found 700.1661 [M*-1].
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(4) General Procedure for the Synthesis of Gold(I) Complex (a$)-4

Acetyl compound 17 (2.14 g, 5 mmol) was refluxed in 4.0 M HCI (50 mL) and ethanol
(80 mL) for 22 h. The reaction system was cooled to room temperature and neutralized to pH
> 7 with saturated aqueous NaOH solution, which was followed by the extraction with CH,Cl,
and dried over anhydrous Na,SOy. The crude product was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 1/2) to give benzimidazole-primary amine
24 as a white solid in 99% yield.

A mixture of 24 (385 mg, 1.0 mmol), Boc,O (240 mg, 1.1 mmol) and DMAP (122 mg,
1.0 mmol) in dry CH3CN (10 mL) was stirred at 50 °C for 40 h. After removing volatiles
under reduced pressure, the crude product was purified by a silica gel flash column

chromatography (eluent: petroleum ether/EtOAc, 3/1) to provide 25 as a white solid in 60%
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yield.

Compound 25 (291 mg, 0.6 mmol) and CH3I (0.75 mL, 12 mmol) in CH3CN (12 mL)
were stirred under reflux for 60 h until completely consuming 25. After cooling to room
temperature, volatiles were removed under reduced pressure and the obtained solid compound
26 was used for the next step without further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 26 (125 mg, 0.2 mmol), NaOAc (33 mg, 0.4 mmol)
and [(Me;S)AuCl] (60 mg, 0.2 mmol) followed by the addition of dry CH3CN (10 mL) as the
solvent. After refluxing at 85 °C for 24 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/EtOAc, 6/1) to give complex 4 as a white solid in 30% yield (Scheme S5).

o O g O

4 M HCI DMAP (1 equiv)

—_— ?
EtOH, 90 °C CH3CN, 50 °C
D™ e (I enen (L)

(aS)-17 (aS)-24 (aS)-25
OB, mopgan OO oy
V- €y u equiv _J,

CHjsl (20 equiv) N7 Ie NaOAc (2 equiv) N\<A
— e ? o

CH4,CN. 50 °C CH4CN, 85 °C U~

50 h OO NHBoc 24 h. 30% OO NHBoc
(aS)-26 (aS)-4
Scheme S5

Compound (aS)—24[2b]

White solid; m.p. 134-136 °C. [a]zOD =-27 (¢ 0.25, CHCI3). IR (direct irradiation)
(- v 3461, 3370, 3318, 3196, 2956, 2925, 2853, 1619, 1488, 1453, 1382, 1285,
g™ 1235, 1146, 816, 740, 623 cm™. "H NMR (400 MHz, CDCl;, TMS) & 3.55 (s,
2H), 6.89-6.93 (m, 2H), 7.04-7.12 (m, 2H), 7.17-7.23 (m, 2H), 7.38-7.45 (m, 3H), 7.58-7.68
(m, 5SH), 7.77 (d, J = 8.8 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 8.8 Hz, 1H); °C NMR
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(75 MHz, CDClI3;, TMS) 6 109.7, 111.4, 117.7, 120.0, 122.09, 122.14, 123.0, 124.4, 126.4,
126.6, 127.1, 127.6, 128.1, 128.3, 129.8, 129.9, 130.3, 133.1, 133.3, 133.5, 133.7, 134.2,

142.5, 142.9, 143.0. LRMS (ESI) m/e 386.2 [M"+H]; HRMS (ESI) calcd for [Co7H 9N3+H]
requires 386.1657, found 386.1660 [M*+H].
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Compound (a$)-25

White solid; m.p. 143.8-145.8 °C. [0]*p = -119 (¢ 0.25, CHCL). IR (direct

OO v irradiation) v 3423, 3054, 2964, 2925, 1722, 1598, 1489, 1453, 1427, 1366,
NHBoc

OO 1284, 1266, 1232, 1153, 1085, 1065, 1034, 888, 867, 820, 741 cm™'. '"H NMR

(400 MHz, CDCl3, TMS) 6 1.26 (s, 9H), 5.99 (s, 1H), 7.07 (d, J = 8.4 Hz, 1H), 7.20-7.34 (m,
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6H), 7.41 (t, J = 8.0 Hz, 2H), 7.61-7.67 (m, 2H), 7.77 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 8.4 Hz,
1H), 7.84 (d, J = 8.8 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H), 8.22-8.24 (m, 2H); BC NMR (100
MHz, CDCl;, TMS) 6 27.9, 80.7, 109.7, 119.3, 120.2, 122.6, 123.6, 124.4, 124.5, 124.6, 126.6,
127.1, 127.5, 128.0, 128.4, 128.5, 129.1, 129.8, 130.0, 130.8, 133.1, 133.3, 134.0, 134.9,
142.2, 142.6, 151.9. LRMS (ESI) m/e 486.2 [M*+H]; HRMS (ESI) calcd for [C3,H»7N30,+H]
requires 486.2182, found 486.2180 [M*+H].
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Complex (aS)-4
White solid; m.p. 153.4-154.5 °C (dec.). [a]*p = -9.0 (¢ 0.25, CHCL). IR
JN/ . . . .
OO "L (direct irradiation) v 3420, 2973, 2925, 1715, 1599, 1502, 1455, 1427, 1391,

I
OO NHBoc
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1367, 1346, 1270, 1232, 1153, 1083, 1059, 871, 820, 804, 743 cm™. '"H NMR (400 MHz,
CDCls, TMS) 6 1.53 (s, 9H), 3.99 (s, 3H), 6.27 (s, 1H), 6.56-6.61 (m, 2H), 7.04-7.10 (m, 2H),
7.19-7.23 (m, 2H), 7.29-7.32 (m, 1H), 7.37-7.45 (m, 2H), 7.59 (d, J = 8.8 Hz, 1H), 7.65-7.69
(m, 2H), 7.92 (d, J = 8.8 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 8.11 (d, /= 8.0 Hz, 1H), 8.25 (d, J
= 8.4 Hz, 1H). LRMS (ESI) m/e 696.2 [M*-I]; HRMS (ESI) calcd for [C33Hy9N310,Au-I]
requires 696.1925, found 696.1937 [M™*-I].
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(5) General Procedure for the Synthesis of Gold(I) Complex 5

Under argon atmosphere, compound (S5)-27 (646 mg, 3.0 mmol), DCC (619 mg, 3.0
mmol) and DMAP (122 mg, 1.0 mmol) in dry CH,Cl, (10.0 mL) was stirred at room
temperature for 15 minutes followed by the addition of solution of (a$)-14 (405 mg, 1.0 mmol)
in CH,Cl, (5.0 mL), and the resulting system was further stirred at room temperature for 11 h.
Then the suspension was filtered through Celite to remove white solids, and the filtrate was
washed in sequence with water, saturated KHSO,, water, saturated NaHCO3 and brine. The
combined organic phases were dried over anhydrous Na,SO,4, concentrated under reduced
pressure, and then purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc: 4/1) to give (aS$,5)-28 as a red solid in 98% yield.

A mixture of (a$,5)-28 (603 mg, 1.0 mmol) and 10% Pd/C (100 mg) in EtOAc (40 mL)
was stirred under H, atmosphere (1.0 atm) at 60 °C for 12 h. After cooling to room

temperature, the suspension was filtered through Celite to remove Pd/C. Then volatiles were
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removed under reduced pressure and the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 4/1) to give (a$,5)-29 as a white solid in
93% yield.

Compound (aS$,5)-29 (516 mg, 0.9 mmol) and triethyl orthoformate (9.0 mL) containing a
catalytic amount of TSOH (18 mg) were heated at 100 °C for 10 h. After removing triethyl
orthoformate under reduced pressure, the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 2/1) to give (a$,5)-30 as a white solid in
83% yield.

Compound (a$,5)-30 (117 mg, 0.2 mmol) and CH3I (0.125 mL, 2.0 mmol) in CH3CN
(4.0 mL) were stirred under reflux for 20 h. After cooling to room temperature, volatiles were
removed under reduced pressure and the obtained solid (a$,5)-31 was used for the next step
without any further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor (a$,5)-31 (72 mg, 0.1 mmol), NaOAc (17 mg, 0.2
mmol) and [(Me,S)AuCl] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5.0 mL)
as the solvent. After refluxing at 85 °C for 13 h, the reaction mixture was cooled to room
temperature and filtered through Celite. Volatiles were removed under reduced pressure and
the residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 4/1) to give complex (aS$,S)-5 as a white solid in 53% yield (Scheme S6).

On the other hand, NHC-Au(I) complex (aS,R)-5 was prepared from compounds (R)-27
and (a$)-14 as a diastereoisomer according to the same procedure for the preparation of

complex (a$,9)-S.
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DMAP (1 equiv)

OO NH 02 DCC (3 equiv) OO NH Oz 10% PdiC
Hooe™ i H (1 atm)

* N CH,Cl,, 1t, 11 h EtOAc, 60 °C
OO NH, Boc 98% O NH 12 h, 93%
(S)-27 (3 equiv) o}/ (Nj
(aS)-14 (aS,S)-28 Bod
NH2 HC(OEt); / No e
NH TSOH (cat) _ __CHyl N~
NH 100°C, 10h CH3CN 50 °C
83% 20 h
)/
-29 -30 1
(aS S)- Boc/ (aS S)- (aS S)-3

(Me,S)AuCI (1 equiv) OO N; J‘N/

NaOAc (2 equiv) AU
CH4CN, 85 °C NH N
13 h, 53% O ) (j
/Il-~
O N
(aS,S)-5 Bod
Scheme S6

Compound (aS$,5)-28
Q Red solid; m.p. 101.6-103.2 °C (dec.). IR (direct irradiation) v 3360, 3270,
OO e 2973, 2958, 2930, 2873, 1694, 1611, 1593, 1573, 1493, 1414, 1365, 1340,
O Z}; (Nj 1248, 1159, 1087, 1039, 863, 815, 777, 738 cm™". '"H NMR (400 MHz, CDCls,
- TMS) 6 1.18 (s, 9H), 1.47-2.30 (m, 6H), 2.93-2.95 (m, 1H), 4.10 (br, 1H),
6.66 (br, 1H), 7.17-7.58 (m, 8H), 7.78 (d, J = 8.0 Hz, 1H), 7.85-8.06 (m, 5H), 8.73 (d, J = 8.8
Hz, 1H), 8.96 (s, 1H) (Signals between & 0.8-1.3 ppm were attributed to minor containing
petroleum ether). LRMS (ESI) m/e 625.2 [M*+Na]; HRMS (ESI) calcd for [C36H34N4O5+Nal]

requires 625.2427, found 625.2431 [M*+Nal].
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Compound (aS$,5)-29
Q White solid; m.p. 109.8-111.5 °C (dec.). [a]*p = -80 (¢ 0.25, CHCL). IR

NH
O

OO )/ (j 1499, 1455, 1417, 1365, 1344, 1299, 1250, 1158, 1118, 1087, 869, 817, 776,

(direct irradiation) v 3467, 3353, 3054, 2973, 2927, 2875, 1690, 1618, 1593,

745 cm™. '"H NMR (400 MHz, CDCl;, TMS) & 1.28 (s, 9H), 1.28-2.23 (m,
6H), 2.82-2.99 (m, 1H), 3.69 (br, 2H), 4.08-4.24 (m, 1H), 4.87 (s, 1H), 6.62-6.63 (m, 2H),
6.90-7.00 (m, 3H), 7.14-7.38 (m, 6H), 7.79 (d, J = 7.6 Hz, 1H), 7.84 (d, J/ = 9.2 Hz, 1H), 7.89
(d, J =7.6 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 8.68-8.83 (m, 1H) (Signals between & 0.8-1.3
ppm were attributed to minor containing petroleum ether). LRMS (ESI) m/e 573.3 [M"+H];
HRMS (ESI) calcd for [C3¢H3N4O3+H] requires 573.2866, found 573.2862 [M*+H].
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Compound (aS$,5)-30

OO )/(j 1489, 1453, 1392, 1365, 1284, 1236, 1159, 1120, 1087, 821, 742 cm™. 'H

White solid; m.p. 134.0-136.5 °C (dec.). [a]*’p = -66 (¢ 0.25, CHCl3). IR
(direct irradiation) v 3364, 3055, 2972, 2927, 2873, 1694, 1614, 1597, 1502,

NMR (400 MHz, CDCl3, TMS) 6 1.09 (s, 9H), 1.50-2.60 (m, 6H), 2.96 (dt, J
=7.2,10.4 Hz, 1H), 4.04 (d, J = 8.4 Hz, 1H), 7.06-7.08 (m, 2H), 7.16-7.40 (m, 7H), 7.61 (d, J
= 7.2 Hz, 2H), 7.74 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 7.2 Hz, 1H),
8.10 (d, J = 6.8 Hz, 1H), 8.26 (d, J = 8.4 Hz, 1H), 8.58 (d, J = 8.8 Hz, 1H) (Signals between
0.8-1.3 ppm were attributed to minor containing petroleum ether). LRMS (ESI) m/e 583.3
[M*+H]; HRMS (ESI) calcd for [C37H34N4O3+H] requires 583.2709, found 583.2706 [M*+H].
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Complex (a$,5)-5
Q ) White solid; m.p. 224.9-225.8 °C (dec.). [a]*p = -102 (¢ 0.25, CHClL). IR
OO N</<’:u\l (direct irradiation) v 3360, 2924, 2853, 1691, 1596, 1501, 1467, 1451, 1425,
OO Z;Q 1391, 1362, 1305, 1274, 1254, 1156, 1114, 1089, 873, 831, 817, 745 cm™. 'H
- NMR (400 MHz, CDCl;, TMS) 6 1.20 (s, 9H), 1.62-2.10 (m, 6H), 2.86 (s,

1H), 3.77 (s, 3H), 4.31 (br, 1H), 7.10-7.13 (m, 1H), 7.21-7.32 (m, 3H), 7.38 (t, J = 7.6 Hz, 1H),
7.45 (d, J = 8.0 Hz, 1H), 7.50-7.54 (m, 1H), 7.59 (t, J = 7.2 Hz, 2H), 7.63 (d, / = 9.2 Hz, 1H),
7.73 (t, J =7.6 Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 8.08 (s, 1H), 8.20 (d, J = 8.0 Hz, 1H), 8.31
(d, J =9.2 Hz, 1H), 8.53 (s, 1H) (Signals between & 0.8-1.3 ppm were attributed to minor
containing petroleum ether). LRMS (ESI) m/e 793.2 [M*-I]; HRMS (ESI) caled for

[C3sH36N4I03Au-1] requires 793.2453, found 793.2471 [M*-1].
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(6) General Procedure for the Synthesis of Gold(I) Complex 6

Under argon atmosphere, to the solution of 14 (810 mg, 2 mmol) in dry toluene (4 mL)
was added iPerEt (0.76 mL, 4.4 mmol) and Br(CH,)4Br (0.26 mL, 2.2 mmol) in sequence.
After refluxing at 110 °C for two days, the reaction system was cooled to room temperature
and quenched via addition of water (30 mL) followed by the extraction with ethyl acetate for
three times. The combined organic phases were dried over anhydrous Na,SO,4, concentrated
under reduced pressure, and then purified by a silica gel flash column chromatography (eluent:
petroleum ether/EtOAc: 50/1) to give 32 as a red solid in 66% yield.

A mixture of 32 (575 mg, 1.25 mmol) and 10% Pd/C (125 mg) in EtOAc (40 mL) was
stirred under H, atmosphere (1 atm) at 60 °C for 9 h. After cooling to room temperature, the
suspension was filtered through Celite to remove Pd/C. Then volatiles were removed under
reduced pressure and the residue was purified by a silica gel flash column chromatography
(eluent: petroleum ether/EtOAc, 25/1) to give 33 as a white solid in 79% yield.

Compound 33 (350 mg, 0.81 mmol) and triethyl orthoformate (10 mL) containing a
catalytic amount of TsOH (16 mg) were heated at 100 °C for 24 h. After removing triethyl
orthoformate under reduced pressure, the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 3/1) to give 34 as a pale yellow solid in 80%
yield.

Compound 34 (110 mg, 0.25 mmol) and CH3I (0.16 mL, 2.5 mmol) in CH3CN (5 mL)
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were stirred under reflux for 19 h. After cooling to room temperature, volatiles were removed
under reduced pressure and the obtained solid compound 35 was used for the next step
without further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 35 (118 mg, 0.2 mmol), NaOAc (33 mg, 0.4 mmol)
and [(Me;S)AuCl] (60 mg, 0.2 mmol) followed by the addition of dry CH3CN (10 mL) as the
solvent. After refluxing at 85 °C for 22 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/CH,Cl,, 2/1) to give complex 6 as a white solid in 64% yield. Single crystals of complex
6 suitable for an X-ray diffraction study were grown from the solution of 6 in mixed

petroleum ether/CH3;CN/CH,Cl; (1:1:1) (Scheme S7).

Br(CHZ 4Br

NH N02 (1.1 equiv) NOz 10% Pd/C NH2 HC(OEt),
’Pr2NEl (2.2 equiv Hy (1 atm) TsOH (cat)
toluene, requx EtOAc, 60 °C 100 °C 24 h

NH, 48h, 66% 9h, 79% O 80%
/ @ (Me,S)AuCl (1 equiv) O N
N\/ CH3I (10 equiv) N-7 NaOAc (2 equiv) \<
N CH4;CN, 50 0C CH3CN, 85 °C
19h 22 h, 64% \ ;
)

(aS) -34 (aS) -35

Scheme S7

Compound (a$5)-32

Red solid; m.p. 72.6-74.6 °C. [a]*’p = +362 (¢ 0.125, CHCl3). IR (direct
(L irradiation) v 3298, 3061, 2957, 2870, 1611, 1594, 1570, 1494, 1443, 1427,
99 O 1413, 1343, 1297, 1245, 1146, 1077, 1039, 1006, 864, 809, 767, 737 cm™". 'H
NMR (300 MHz, CDCls, TMS) & 1.63-1.71 (m, 4H), 2.86-2.94 (m, 2H), 3.01-3.06 (m, 2H),
6.57-6.63 (m, 1H), 6.95 (d, J = 8.7 Hz, 1H), 7.02-7.08 (m, 1H), 7.11-7.22 (m, 3H), 7.29-7.38
(m, 2H), 7.42-7.47 (m, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 7.5
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Hz, 1H), 7.80 (d, J = 9.3 Hz, 1H), 7.89-7.94 (m, 2H), 7.99-8.02 (m, 1H), 9.52 (s, 1H); °C
NMR (100 MHz, CDCl;, TMS) 6 25.5, 50.4, 115.3, 116.5, 116.9, 117.1, 122.1, 122.5, 124.4,
125.2, 126.1, 126.3, 126.7, 127.4, 127.8, 127.85, 127.88, 128.5, 129.3, 130.5, 131.1, 133.4,
134.0, 135.0, 135.2, 135.6, 142.2, 147.0. LRMS (ESI) m/e 460.2 [M*+H]; HRMS (ESI) calcd

for [C30H2sN30,+H] requires 460.2025, found 460.2037 [M*+H].
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Compound (a$5)-33
White solid; m.p. 103.8-105.8 °C. [0]*h = +45 (¢ 0.25, CHCL). IR (direct

NH,

OO NH irradiation) v 3457, 3358, 3055, 2962, 2925, 2867, 1615, 1594, 1502, 1459,
N

OO Q 1415, 1378, 1344, 1295, 1248, 1216, 1148, 1004, 808, 744 cm™". "H NMR (400
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MHz, CDCl3, TMS) & 1.62-1.71 (m, 4H), 2.94-2.97 (m, 2H), 3.07-3.12 (m, 2H), 3.77 (br, 2H),
5.12 (s, 1H), 6.66-6.71 (m, 2H), 6.95-6.99 (m, 1H), 7.01-7.03 (m, 1H), 7.06 (d, J = 9.2 Hz,
1H), 7.13-7.14 (m, 2H), 7.17-7.23 (m, 4H), 7.32 (d, J = 9.2 Hz, 1H), 7.72-7.77 (m, 3H), 7.83
(d, J = 9.2 Hz, 1H); >C NMR (100 MHz, CDCls, TMS) & 25.7, 50.1, 113.5, 115.3, 115.7,
117.3, 118.3, 118.6, 122.1, 122.2, 124.3, 125.5, 126.2, 126.3, 126.6, 126.7, 127.87, 127.89,
127.95, 127.96, 128.1, 128.7, 129.3, 134.6, 135.2, 142.2, 143.0, 146.6. LRMS (ESI) m/e 430.2
[M"+H]; HRMS (ESI) caled for [C3pH,7N3+H] requires 430.2283, found 430.2270 [M*+H].
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Compound (a$5)-34

OO NQ S29

Pale yellow solid; m.p. 126.3-127.8 °C. [a]zOD = +66 (¢ 0.25, CHCI;). IR (direct



irradiation) v 3055, 2958, 2925, 2866, 1614, 1595, 1505, 1487, 1453, 1427, 1379, 1349, 1284,
1234, 1147, 1002, 809, 741 cm™. '"H NMR (400 MHz, CDCl;, TMS) & 1.24-1.28 (m, 2H),
1.50-1.52 (m, 2H), 2.29 (t, J/ = 7.6 Hz, 2H), 2.64 (dd, /= 9.2, 16.0 Hz, 2H), 6.90 (d, J = 8.8 Hz,
1H), 7.01-7.04 (m, 2H), 7.10-7.20 (m, 4H), 7.28 (d, J = 7.2 Hz, 1H), 7.41-7.46 (m, 1H),
7.57-7.61 (m, 1H), 7.64-7.72 (m, 4H), 7.77 (d, J = 8.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.11
(d, J = 8.8 Hz, 1H); >C NMR (100 MHz, CDCl3, TMS) & 25.5, 49.8, 109.6, 113.3, 116.8,
119.9, 122.02, 122.04, 122.7, 123.9, 124.2, 126.7, 126.8, 127.2, 127.5, 128.1, 128.2, 128.3,
129.2, 129.7, 132.9, 133.5, 134.3, 134.6, 135.18, 135.21, 142.7, 142.8, 146.3. LRMS (ESI)

m/e 440.2 [M*+H]; HRMS (ESI) calcd for [C3;HpsN3+H] requires 440.2127, found 440.2125
[M*+H].
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Complex (aS)-6

White solid; m.p. 286.0-287.5 °C (dec.). [a]*’p = +172 (¢ 0.25, CHCl3). IR
OO N\J{:\I (direct irradiation) v 3061, 3035, 2957, 2922, 2899, 2853, 2831, 1614, 1595,
OO NQ 1504, 1468, 1440, 1426, 1393, 1377, 1345, 1244, 1150, 1133, 1010, 856, 822,
810, 746 cm™. '"H NMR (400 MHz, CDCls, TMS) & 1.80-1.83 (m, 2H), 1.95-2.01 (m, 2H),
2.61 (t, J = 8.0 Hz, 2H), 2.99-3.05 (m, 2H), 4.06 (s, 3H), 6.19 (d, J = 8.4 Hz, 1H), 6.36 (t, J =
8.0 Hz, 1H), 6.71 (d, J = 8.8 Hz, 1H), 7.00 (t, J = 7.6 Hz, 1H), 7.12-7.17 (m, 3H), 7.19-7.23
(m, 1H), 7.27 (d, J = 9.2 Hz, 1H), 7.47-7.53 (m, 2H), 7.63-7.67 (m, 1H), 7.83 (d, J = 8.8 Hz,
1H), 7.92 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H). LRMS (ESI)
m/e 650.2 [M*-I]; HRMS (ESI) calcd for [C3,HyN3IAu-I] requires 650.1870, found 650.1880
[M*-I]. Anal. Calcd. for C3;Hy;AulN; requires: C 49.44, H 3.50, N 5.40. Found: C 49.24, H
3.69, N 5.25%.
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(7) General Procedure for the Synthesis of Gold(I) Complex 7

To a mixture of 20% H,SO, (aqueous, 1 mL) and 40% HCHO (aqueous, 1 mL) in THF (4
mL) were added dropwise the solution of 14 (405 mg, 1 mmol) in THF (20 mL) and
simultaneously the solution of NaBHy4 (265 mg, 7 mmol) in water (2 mL) at 0 °C within 15

minutes. After further stirring at 0 °C for 1 h, the reaction system was quenched via addition of
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20% NaOH (aqueous) until pH >7 and then extracted with ethyl acetate for three times. The
combined organic phases were dried over anhydrous Na,SO4, concentrated under reduced
pressure, and then purified by a silica gel flash column chromatography (petroleum
ether/EtOAc: 150/1) to give 36 as a red solid in 87% yield.

A mixture of 36 (347 mg, 0.8 mmol) and 10% Pd/C (80 mg) in EtOAc (16 mL) was
stirred under H, atmosphere (1 atm) at 60 °C for 18 h. After cooling to room temperature, the
suspension was filtered through Celite to remove Pd/C. Then volatiles were removed under
reduced pressure and the residue was purified by a silica gel flash column chromatography
(eluent: petroleum ether/EtOAc, 20/1) to give 37 as a white solid in 82% yield.

Compound 37 (260 mg, 0.64 mmol) and triethyl orthoformate (10 mL) containing a
catalytic amount of TSOH (13 mg) were heated at 100 °C for 21 h. After removing triethyl
orthoformate under reduced pressure, the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 4/1) to give 38 as a white solid in 68% yield.

Compound 38 (124 mg, 0.3 mmol) and CH3I (0.2 mL, 3 mmol) in CH3CN (6 mL) were
stirred under reflux for 16 h. After cooling to room temperature, volatiles were removed under
reduced pressure and the obtained solid compound 39 was used for the next step without
further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 39 (56 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol) and
[(Me,S)AuCI] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5 mL) as the
solvent. After refluxing at 85 °C for 24 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/EtOAc, 8/1) to give complex 7 as a white solid in 42% yield (Scheme S8).
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NH NOz NaBH, 7equ,v) NOz 10% Pd/C NHz HC(OEt),
CH, O (13 equ|v 1 atm) TsOH ( cat)

NH sto4 -THF, 0°C EtOAc EtOAG, 60°C 100 °c 21h

2 1h, 87% 18 h, 82% 68%
Nt/ , @/ E (Me,S)AUCI (1 equiv)

CH3I (10 equiv NaOAc (2 equiv) A
N CH3CN 50 °C CHaCN, 85 °C U~
\ 16 h 24 h, 42%
)

Scheme S8

(aS) 38

Compound (a$5)-36

NO,
O

N/
OO ' 1568, 1493, 1409, 1332, 1257, 1245, 1211, 1189, 1144, 1080, 1039, 989, 964,

It is a known compound.” Red solid; m.p. 135.5-136.9 °C. [a]*p = +53 (c
0.25, CHCI3). IR (direct irradiation) v 3325, 2957, 2923, 2853, 1611, 1592,

863, 813, 737 cm™'. "H NMR (400 MHz, CDCl3, TMS) & 2.60 (s, 6H), 6.58 (ddd, J = 1.6, 6.4,
8.4 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 7.07-7.28 (m, 6H), 7.44 (ddd, J = 3.6, 4.8, 8.0 Hz, 1H),
7.50 (d, J=8.8 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.90 (d, / = 9.2 Hz,
1H), 7.92 (d, J =9.2 Hz, 1H), 7.96 (d, J = 9.2 Hz, 1H), 7.99 (dd, J = 1.6, 9.2 Hz, 1H), 9.56 (s,
1H). LRMS (ESI) m/e 434.2 [M"+H]; HRMS (ESI) caled for [CagHp3N30+H] requires
434.1869, found 434.1868 [M*+H].
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Compound (a$)-37

@ It is a known compound.”) White solid; m.p. 144.5-146.0 °C. IR (direct
OO N'i " irradiation) v 3448, 3375, 3052, 2921, 2783, 1615, 1593, 1500, 1478, 1414,
OO | 1342, 1294, 1249, 1213, 1129, 1049, 987, 964, 937, 861, 814, 743 cm™. 'H
NMR (400 MHz, CDCls, TMS) 6 2.55 (s, 6H), 3.78 (br, 2H), 5.08 (s, 1H), 6.60 (d, J = 8.0 Hz,
1H), 6.62 (t, J = 7.6 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 7.04-7.18 (m,
5H), 7.21 (d, J = 8.4 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 7.45 (d, J = 9.2 Hz, 1H), 7.70-7.74 (m,
2H), 7.78 (d, J = 7.6 Hz, 1H), 7.87 (d, J = 9.2 Hz, 1H). LRMS (ESI) m/e 404.2 [M*+H];
HRMS (ESI) calcd for [CogHasN3+H] requires 404.2127, found 404.2125 [M*+H].

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

2.550
0.000

o N
‘ / e e
o
YN
528 EDE
P 1.0 1.04 e 087
ol vor v i T im J
1.00 1.01
ﬂ L il i
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
g 8 7 B i 4 3 2 1 PP

S34



Compound (aS)—38[3]

White solid; m.p. 151.4-152.8 °C. [a]*p = -72 (¢ 0.25, CHCl3). IR (direct
(L ”j’N irradiation) v 3055, 2924, 2853, 2785, 1681, 1614, 1594, 1505, 1488, 1453,
SON 1428, 1343, 1303, 1284, 1235, 1142, 985, 818, 742 cm™. 'H NMR (400 MHz,
CDCl;, TMS) & 1.92 (s, 6H), 7.02-7.04 (m, 2H), 7.15-7.20 (m, 3H), 7.22-7.26 (m, 1H),
7.29-7.33 (m, 2H), 7.39 (t, J = 7.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H),
7.66-7.68 (m, 1H), 7.74-7.79 (m, 3H), 8.04 (d, J = 7.6 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H); "°C
NMR (100 MHz, CDCls, TMS) & 42.6, 110.0, 119.0, 119.9, 121.4, 121.9, 122.8, 123.6, 124.69,
124.73, 126.6, 126.8, 127.3, 127.5, 128.4, 129.2, 129.3, 129.9, 132.7, 133.1, 133.2, 134.3,
134.5, 134.8, 142.7, 142.8, 150.0. LRMS (ESI) m/e 414.2 [M*+H]; HRMS (ESI) calcd for
[Ca9H23N3+H] requires 414.1970, found 414.1967 [M*+H].
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Complex (aS)-7

Q _ White solid; m.p. 259.0-260.7 °C (dec.). [a]*’p = +48 (c 0.25, CHCly). IR
(1 “ﬁNAU\I (direct irradiation) v 3061, 2923, 2899, 2852, 2776, 1712, 1593, 1505, 1464,
T 1397, 1360, 1245, 1126, 1097, 1081, 977, 859, 819, 804, 743, 702 cm™. 'H
NMR (400 MHz, CDCls, TMS) & 2.46 (s, 6H), 4.07 (s, 3H), 6.33 (d, J = 8.0 Hz, 1H), 6.41 (t, J
=7.2 Hz, 1H), 6.89 (d, J = 8.8 Hz, 1H), 7.00 (t, J = 7.6 Hz, 1H), 7.16-7.27 (m, 4H), 7.42-7.45
(m, 2H), 7.58-7.65 (m, 3H), 7.85 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 8.4
Hz, 1H). LRMS (ESI) m/e 624.2 [M*-1]; HRMS (ESI) calcd for [C3oHasNsIAu-I] requires

624.1714, found 624.1696 [M*-1].
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(8) General Procedure for the Synthesis of Gold(I) Complex 8

To the solution of 14 (405 mg, 1 mmol) in THF (30 mL) were added benzaldehyde (1 mL,
10 mmol) and 20% H,SO4 aqueous (2 mL) followed by the addition of NaBH,4 (378 mg, 10
mmol) carefully at room temperature within 15 minutes. After further stirring at room
temperature for 1 h, the reaction system was quenched via addition of 20% NaOH (aqueous)
until pH >7 and then extracted with ethyl acetate for three times. The combined organic
phases were dried over anhydrous Na,SO4, concentrated under reduced pressure, and then
purified by a silica gel flash column chromatography (eluent: petroleum ether/EtOAc: 60/1) to
give 40 as a red solid in 78% yield.

A mixture of 40 (248 mg, 0.5 mmol) and 10% Pd/C (50 mg) in EtOAc (15 mL) was
stirred under H, atmosphere (1 atm) at 60 °C for 12 h. After cooling to room temperature, the
suspension was filtered through Celite to remove Pd/C. Then volatiles were removed under
reduced pressure and the residue was purified by a silica gel flash column chromatography
(eluent: petroleum ether/EtOAc, 15/1; containing minor NEt3) to give 41 as a white solid in >
99% yield.

Compound 41 (210 mg, 0.45 mmol) and triethyl orthoformate (10 mL) containing a
catalytic amount of TsOH (9 mg) were heated at 100 °C for 24 h. After removing triethyl
orthoformate under reduced pressure, the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 4/1) to give 42 as a white solid in 66% yield.

Compound 42 (95 mg, 0.2 mmol) and CHsI (0.25 mL, 4 mmol) in CH3CN (6 mL) were
stirred under reflux for 60 h. After cooling to room temperature, volatiles were removed under
reduced pressure and the obtained solid 43 was used for the next step without further
purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 43 (62 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol) and
[(Me;S)AuClI] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5 mL) as the
solvent. After refluxing at 85 °C for 24 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the

residue was purified by a silica gel flash column chromatography (eluent: petroleum
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ether/EtOAc, 8/1) to give complex 8 as a pale yellow solid in 30% yield (Scheme S9).

NH N02 NaBH, (10 equiv) N02 10% Pd/C NH2 HC(OEt),
PhCHO 10 equiv H, (1 atm) TsOH (cat.)
HQSO4 -THF, rt EtOAc, 60 EtOAG, 60°C. 100°C, 24 h
NH, Th, 78% 12 h, 99% 66%
LPh

(aS) 14 (aS) -40
, Ng (Me,S)AuCI (1 equiv) O
N\/ CH3I (20 equiv N~ NaOAc (2 equiv) A
u\
NH CH3CN 50 °C CH;CN, 85 °C
60 h 30 h, 30%

\“pn LPh ’ \—Ph

(aS)—42 (aS)—43 (aS) 8
Scheme S9

Compound (a$5)-40

Red solid; m.p. 87.4-89.0 °C. [a]*p = +186 (¢ 0.25, CHCl3). IR (direct
(e irradiation) v 3417, 3326, 3053, 2056, 2924, 2853, 1611, 1592, 1572, 1492,
., 1413, 1339, 1293, 1246, 1146, 1077, 1040, 1025, 971, 864, 809, 736, 696 cm’".
'H NMR (400 MHz, CDCls, TMS) & 4.01 (br, 1H), 4.39 (d, J = 15.6 Hz, 1H), 4.43 (d, J = 15.6
Hz, 1H), 6.72 (ddd, J = 1.2, 6.8, 8.4 Hz, 1H), 6.92 (dd, J = 0.4, 8.0 Hz, 1H), 7.12-7.18 (m, 8H),
7.29-7.37 (m, 3H), 7.42 (dd, J = 0.8, 8.8 Hz, 1H), 7.46 (ddd, J = 2.4, 6.0, 8.4 Hz, 1H),
7.74-7.76 (m, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H),
7.99 (d, J = 8.8 Hz, 1H), 8.04 (dd, J = 1.2, 8.4 Hz, 1H), 9.24 (s, 1H); '*C NMR (100 MHz,
CDCl;, TMS) & 47.6, 111.9, 113.9, 116.2, 117.9, 121.8, 122.1, 123.1, 125.3, 125.5, 125.9,
126.6, 126.79, 126.82, 126.9, 127.2, 127.6, 128.2, 128.3, 128.4, 129.3, 130.1, 131.5, 133.4,
133.9, 134.1, 135.2, 136.2, 139.3, 141.5, 143.6. LRMS (ESI) m/e 496.2 [M*+H]; HRMS (ESI)
caled for [C33HasN30x+H] requires 496.2025, found 496.2025 [M*+H].
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Compound (aS)-41



@ White solid; m.p. 117.2-118.5 °C. [a]*%p = -124 (¢ 0.125, CHCl3). IR (direct
O irradiation) v 3415, 3370, 3051, 2956, 2923, 2853, 1615, 1594, 1497, 1454,
™ 1415, 1338, 1294, 1247, 1213, 1149, 1024, 970, 810, 741, 696 cm™. '"H NMR
(400 MHz, CDCls, TMS) & 3.40-4.46 (m, 3H, NH+NH,), 4.38 (d, J = 16.0 Hz, 1H), 4.44 (d, J
=16.0 Hz, 1H), 5.07 (s, 1H), 6.66-6.70 (m, 2H), 6.98 (dt, J = 1.2, 7.6 Hz, 1H), 7.03 (d, J = 8.0
Hz, 1H), 7.10-7.27 (m, 13H), 7.75-7.82 (m, 4H); "*C NMR (100 MHz, CDCls, TMS) & 47.5,
111.8, 113.4, 114.1, 115.7, 116.1, 118.7, 122.1, 122.7, 123.5, 124.2, 126.4, 126.78, 126.81,
126.90, 126.94, 126.96, 127.6, 127.8, 128.2, 128.3, 128.5, 128.7, 129.5, 129.9, 133.8, 139.6,
142.7, 143.1, 144.2. LRMS (ESI) m/e 466.2 [M*+H]; HRMS (ESI) calcd for [C33HyN3+H]
requires 466.2283, found 466.2279 [M*+H].
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Compound (a$5)-42

White solid; m.p. 106.5-107.5 °C (dec.). [01]*°p = -50 (¢ 0.25, CHCls). IR (direct
Oe N irradiation) v 3054, 2954, 2923, 2853, 1616, 1597, 1487, 1453, 1426, 1343,
OO Con 1285, 1235, 1151, 810, 739, 696 cm™. "H NMR (400 MHz, CDCls, TMS) & 3.84
(br, 1H), 4.06 (d, J = 15.2 Hz, 1H), 4.15 (dd, J = 4.4, 15.6 Hz, 1H), 6.81 (d, J = 6.8 Hz, 2H),
6.90-6.93 (m, 2H), 7.09-7.12 (m, 5H), 7.19-7.26 (m, 2H), 7.38-7.44 (m, 3H), 7.55 (s, 1H),
7.61 (ddd, J = 2.0, 6.0, 8.0 Hz, 1H), 7.64-7.72 (m, 3H), 7.79 (d, J = 8.8 Hz, 1H), 8.05 (d, J =
8.0 Hz, 1H), 8.17 (d, J = 8.8 Hz, 1H); *C NMR (100 MHz, CDCls, TMS) & 47.7, 109.9, 111.3,
113.7, 120.3, 122.0, 122.4, 123.1, 123.4, 124.5, 126.6, 126.8, 126.9, 127.0, 127.2, 127.3,
127.7, 128.37, 128.44, 130.1, 130.2, 130.3, 133.5, 133.6, 133.9, 134.1, 134.3, 139.0, 142.9,
143.1, 143.7. LRMS (ESI) m/e 476.2 [M"+H]; HRMS (ESI) calcd for [C34H»sN3+H] requires
476.2127, found 476.2128 [M*+H].
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Complex (aS)-8

Pale yellow solid; m.p. 198.3-199.8 °C (dec.). [a]zOD = +20 (¢ 0.25, CHCI5).
OO N\{:\. IR (direct irradiation) v 3399, 2955, 2922, 2852, 1710, 1617, 1598, 1494,
OO o 1454, 1392, 1343, 1295, 1240, 1081, 827, 808, 740, 696 cm™. 'H NMR (400
MHz, CDCls, TMS) 6 3.95 (s, 3H), 4.38 (dd, J = 6.0, 16.0 Hz, 1H), 4.56 (t, J = 5.6 Hz, 1H),
4.62 (dd, J = 5.6, 16.0 Hz, 1H), 6.76 (d, J = 8.8 Hz, 1H), 6.85 (t, /= 7.6 Hz, 1H), 6.99 (d, J =
8.4 Hz, 1H), 7.02-7.05 (m, 4H), 7.08-7.17 (m, 5H), 7.23 (d, J = 8.4 Hz, 1H), 7.42-7.45 (m,
3H), 7.49 (d, J = 8.0 Hz, 1H), 7.67 (ddd, J = 2.8, 5.6, 8.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H),
8.10 (d, J = 8.4 Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H). LRMS (ESI) m/e 686.2 [M*-1]; HRMS (ESI)
caled for [C3sHayN3IAu-I] requires 686.1870, found 686.1844 [M*-1].
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(9) General Procedure for the Synthesis of Gold(I) Complex 9

To the suspension of 40 (248 mg, 0.5 mmol) and K,CO;3; (104 mg, 0.75 mmol) in dry
CH;CN (12 mL) was added BnBr (0.6 mL, 5 mmol) and the resulting mixture was refluxed at
85 °C for 35 h. After cooling to room temperature, the reaction was quenched with water and
then extracted with ethyl acetate for three times. The combined organic phases were dried over
anhydrous Na,SO,, concentrated under reduced pressure, and then purified by a silica gel
flash column chromatography (eluent: petroleum ether/EtOAc: 150/1) to give 44 as a red solid
in > 99% yield.

A mixture of 44 (398 mg, 0.68 mmol) and 10% Pd/C (68 mg) in EtOAc (15 mL) was
stirred under H, atmosphere (1 atm) at 60 °C for 50 h. After cooling to room temperature, the
suspension was filtered through Celite to remove Pd/C. Then volatiles were removed under
reduced pressure and the residue was purified by a silica gel flash column chromatography
(eluent: petroleum ether/EtOAc, 25/1) to give 45 as a pale yellow solid in 64% yield.

Compound 45 (232 mg, 0.41 mmol) and triethyl orthoformate (10 mL) containing a
catalytic amount of TSOH (9 mg) were heated at 100 °C for 9 h. After removing triethyl
orthoformate under reduced pressure, the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/EtOAc, 8/1) to give 46 as a white solid in 85% yield.

Compound 46 (113 mg, 0.2 mmol) and CH3I (0.25 mL, 4 mmol) in CH3CN (4 mL) were

stirred under reflux for 60 h. After cooling to room temperature, volatiles were removed under
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reduced pressure and the obtained solid 47 was used for the next step without further
purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 47 (71 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol) and
[(Me;S)AuCI] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5 mL) as the
solvent. After refluxing at 85 °C for 24 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/EtOAc, 6/1) to give complex 9 as a white solid in 66% yield (Scheme S10).

NH Noz BnBr (10 equiv) N02 10% Pd/C NH2 HC(OEt)s
K CO3 (1.5 equiv H, (1 atm) TsOH ( cat)
NH CH3CN 85°C EtOAG, 60 °C 80°C,oh
35h, 99% 50 h, 64% 85%
ph

(aS) 40
N~ (Me,S)ACI (1 equiv) OO N~
/ e,S)Au equiv _/
N\/ CH3I (20 equiv \/ NaOAc (2 equiv) N\<A
Npn CHgCN 50 °C Np CH4CN, 85 °C N/\Prl:\l
Lp 60 h 24 h, 66% O e

(aS)-9

Scheme S10

Compound (a$)-44

Red solid; m.p. 90.2-91.5 °C (dec.). [a]*’p = +12 (¢ 0.125, CHCIs). IR (direct
(O “HANoz irradiation) v 3330, 3059, 3027, 2962, 2923, 2849, 1611, 1592, 1571, 1494,
gy 1444, 1413, 1339, 1248, 1210, 1146, 1106, 1076, 1027, 960, 812, 737, 697
cm™. "H NMR (400 MHz, CDCl3, TMS) & 3.89 (d, J = 14.4 Hz, 2H), 4.03 (d, J = 14.8 Hz, 2H),
6.60 (ddd, J = 1.2, 6.8, 8.4 Hz, 1H), 6.79 (d, J = 6.4 Hz, 4H), 7.06-7.28 (m, 12H), 7.33-7.39
(m, 2H), 7.44 (ddd, J = 2.0, 6.0, 8.0 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H),
7.89 (d, J = 8.4 Hz, 1H), 7.93-7.97 (m, 3H), 9.34 (s, 1H); *C NMR (100 MHz, CDCl;, TMS)
8 55.6, 116.1, 117.7, 122.0, 122.6, 124.6, 124.7, 125.3, 125.5, 126.5, 126.75, 126.80, 127.0,
127.9, 128.1, 128.2, 128.67, 128.72, 128.8, 129.3, 130.5, 131.5, 133.5, 133.6, 134.1, 135.0,
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135.2, 137.5, 141.6, 148.9. LRMS (ESI) m/e 586.2 [M'+H]; HRMS (ESI) calcd for
[C40H31N30,+H] requires 586.2495, found 586.2496 [M*+H].

1248

il | ul h L

Compound (a$5)-45

OO NH/\ (direct irradiation) v 3458, 3372, 3056, 3026, 2923, 2850, 1615, 1592, 1502,
OO Lo 1453, 1414, 1341, 1297, 1210, 1146, 1071, 1026, 958, 812, 742, 698 cm™. 'H
NMR (400 MHz, CDCl3, TMS) & 3.43 (br, 2H), 4.03 (d, J = 14.8 Hz, 2H), 4.11 (d, J = 14.8 Hz,
2H), 5.01 (s, 1H), 6.58-6.62 (m, 2H), 6.88-6.93 (m, 6H), 7.05-7.19 (m, 9H), 7.24-7.28 (m, 2H),
7.34-7.37 (m, 2H), 7.40 (d, J =9.2 Hz, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.81 (d, J = 8.4 Hz, 1H),
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7.84-7.89 (m, 2H); *C NMR (100 MHz, CDCls, TMS) & 55.8, 115.7, 116.2, 117.5, 118.8,
122.6, 122.8, 124.6, 124.8, 125.1, 125.2, 125.97, 125.99, 126.5, 126.8, 127.98, 128.03, 128.2,
128.7, 128.8, 128.9, 129.0, 130.7, 133.7, 133.9, 138.0, 141.3, 142.6, 149.7. LRMS (ESI) m/e
556.3 [M"+H]; HRMS (ESI) calcd for [C4H33N3+H] requires 556.2753, found 556.2750
[M*+H].
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Compound (a$5)-46

White solid; m.p. 53.8-55.6 °C (dec.). [a]zOD = -49 (¢ 0.25, CHCl3). IR (direct
OO N://\N irradiation) v 3057, 3028, 2960, 2923, 2853, 1593, 1488, 1452, 1363, 1283,
OO Lo 1260, 1235, 1209, 1192, 1081, 1018, 963, 799, 740, 697 cm™. 'H NMR (400
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MHz, CDCl;, TMS) 6 3.67 (s, 4H), 6.51 (d, J = 7.2 Hz, 4H), 6.97-7.01 (m, 4H), 7.03-7.08 (m,
3H), 7.12-7.27 (m, 7TH), 7.34-7.37 (m, 2H), 7.50-7.54 (m, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.78
(d, J=8.8 Hz, 2H), 7.82 (d, J = 8.0 Hz, 1H), 8.02 (d, /= 8.4 Hz, 1H), 8.13 (d, / = 8.8 Hz, 1H);
C NMR (100 MHz, CDCls, TMS) & 56.4, 111.0, 120.1, 122.5, 123.06, 123.11, 124.1, 124.6,
124.7, 125.2, 126.6, 126.7, 127.1, 127.3, 127.5, 127.8, 128.1, 128.3, 128.4, 129.4, 129.6,
130.1, 131.8, 132.8, 133.0, 134.0, 134.1, 135.2, 137.7, 142.8, 143.1, 148.4. LRMS (ESI) m/e

566.3 [M*+H]; HRMS (ESI) calcd for [C4qH3N3+H] requires 566.2596, found 566.2590
[M*+H].
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Complex (a$)-9

S47



. White solid; m.p. 240.8-241.8 °C (dec.). [a]*p = +51 (¢ 0.25, CHCl;). IR
o6 “ﬁ:\l (direct irradiation) v 3059, 3023, 2923, 2852, 2814, 1618, 1596, 1505, 1450,
QY ey 1392, 1353, 1216, 1150, 1124, 1098, 1070, 971, 942, 824, 807, 738, 699, 684
cm”. "H NMR (400 MHz, CDCls, TMS) & 3.75 (s, 3H), 4.32 (s, 4H), 6.58 (d, J = 7.2 Hz, 4H),
6.67 (t, J = 8.4 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.82 (d, J = 9.2 Hz, 1H), 6.89 (t, J = 7.2 Hz,
4H), 7.00 (t, J = 7.2 Hz, 2H), 7.15-7.20 (m, 2H), 7.25-7.34 (m, 5H), 7.42 (d, J = 9.2 Hz, 1H),
7.51 (t, J = 7.2 Hz, 1H), 7.65-7.67 (m, 1H), 7.74 (d, J = 8.8 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H),
8.14 (d, J = 8.8 Hz, 1H). LRMS (ESI) m/e 776.2 [M'-I]; HRMS (ESI) caled for
[C42H33N3IAu-1] requires 776.2340, found 776.2352 [M™-1].
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(10) General Procedure for the Synthesis of Gold(I) Complexes 10 and 11

Chiral imine compounds 48 and 50 were prepared according to our previously reported
procedures with compound 24 as the starting material.’*”’

Compound 48 (98 mg, 0.2 mmol) or 50 (95 mg, 0.2 mmol) and CH3I (0.25 mL, 4 mmol)
in CH3CN (4 mL) were refluxed for 11 h or 20 h. After cooling to room temperature, volatiles
were removed under reduced pressure and the respectively obtained solid 49 and 51 was used
for the next step without further purification.

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and

stirring bar were added NHC precursor 49 (63 mg, 0.1 mmol), NaOAc (13 mg, 0.15 mmol)
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and [(Me,S)AuCl] (30 mg, 0.1 mmol) followed by the addition of dry CH3;CN (5 mL) as the
solvent. After refluxing at 85 °C for 48 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 4/1; containing minor NEt;) to give complex 10 as a yellow solid in 66% yield
(Scheme S11).

Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added NHC precursor 51 (62 mg, 0.1 mmol), NaOAc (17 mg, 0.2 mmol) and
[(Me;S)AuCI] (30 mg, 0.1 mmol) followed by the addition of dry CH3CN (5 mL) as the
solvent. After refluxing at 85 °C for 20 h, the reaction mixture was cooled to room temperature
and filtered through Celite. Then volatiles were removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/EtOAc, 4/1; containing minor NEt3) to give complex 11 as a pale yellow solid in 41%

yield (Scheme S11).
N (Me,S)AuCI (1 ) OO N
, / Ng e,S)Au equiv )
N~ CH | N~ |e NaOAc (1.5 equiv) N\QAu
Ny HO CHyCN, 50 °C CH,CN, 85°C Ny HO ~l
\ 11h 48 h, 66% OO \ S:
(aS) 48 )49 (@S)-10
o %N o %N@/ oo (L0
CHsl ° NaOAc (2 equiv) A
— L3 >
N CH4CN, 50 °C N CH4CN, 85 °C U
OO \ 20h OO \ 20 h, 41% Ny
K@ \\© Ph
(aS)-50 (@S)-51 @S)-11
Scheme S11

Compound (aS)—48[2b]

Yellow solid; m.p. 133-135 °C. [a]*p = -197 (¢ 0.25, CHCl3). IR (direct
L irradiation) v 3054, 2924, 2852, 1607, 1568, 1487, 1452, 1281, 1235, 1203,
¢ @ 1189, 1150, 818, 799, 742, 696 cm™. '"H NMR (400 MHz, CDCls, TMS) &
6.67-6.74 (m, 3H), 6.86 (d, J = 6.8 Hz, 1H), 7.00 (t, J = 7.6 Hz, 1H), 7.17-7.19 (m, 3H),
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7.26-7.29 (m, 3H), 7.35-7.38 (m, 3H), 7.47-7.48 (m, 1H), 7.56 (d, J =7.6 Hz, 1H), 7.64 (d, J =
8.8 Hz, 1H), 7.74-7.78 (m, 2H), 7.97-7.99 (m, 2H), 8.12 (d, J = 8.8 Hz, 1H), 11.97 (s, 1H); °C
NMR (100 MHz, CDCl3, TMS) 6 110.4, 116.6, 116.7, 118.6, 119.0, 119.5, 122.0, 122.8, 124.2,
125.8, 125.9, 126.6, 126.9, 127.2, 127.3, 127.4, 128.3, 128.4, 130.0, 130.5, 131.5, 132.1,
132.2, 132.8, 132.9, 133.0, 133.3, 133.7, 134.1, 142.4, 142.6, 143.5, 160.4, 162.5. LRMS (ESI)
m/e 490.2 [M'+H]; HRMS (ESI) caled for [CssHy3N3O+H] requires 490.1919, found
490.1902 [M*+H].
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Complex (a$)-10
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Yellow solid; m.p. 150.0-151.2 °C (dec.). [OL]ZOD = -49 (¢ 0.25, CHCI;). IR



(direct irradiation) v 3055, 2921, 2851, 2814, 1710, 1606, 1571, 1493, 1461, 1390, 1279, 1239,
1203, 1188, 1151, 1081, 964, 903, 859, 818, 744, 692 cm™. 'H NMR (400 MHz, CDCl3, TMS)
5 3.76 (s, 3H), 6.68 (ddd, J = 2.8, 6.0, 8.4 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.90 (dt, J = 1.2,
8.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 7.16-7.17 (m, 2H), 7.25-7.40 (m, 5H), 7.43-7.47 (m,
1H), 7.55 (dt, J = 1.2, 8.0 Hz, 1H), 7.59-7.65 (m, 2H), 7.72 (d, J = 7.6 Hz, 1H), 7.80 (d, J =
8.4 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H), 8.48
(s, 1H), 11.82 (s, 1H). LRMS (ESI) m/e 700.2 [M*I]; HRMS (ESI) calcd for
[C35HasN3I0Au-1] requires 700.1663, found 700.1666 [M*-1].

Fa0

Compound (aS)—SODb]

N\
CO L@ 1100, 1024, 815, 740, 691 cm™. "H NMR (400 MHz, CDCl3, TMS) §6.82 (t,

Yellow solid; m.p. 129-131 °C. [a]*’p = -209 (¢ 0.25, CHCl3). IR (direct
irradiation) v 3053, 2961, 2923, 2853, 1612, 1487, 1451, 1283, 1234, 1202,

J =7.6 Hz, 1H), 7.06-7.16 (m, 3H), 7.21-7.37 (m, 10H), 7.52-7.56 (m, 2H), 7.60 (d, J = 8.4
Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.82-7.88 (m, 3H), 8.01 (d, J = 8.4 Hz, 1H), 8.09 (d, J = 8.4
Hz, 1H) (containing minor of benzaldehyde); BC NMR (100 MHz, CDCl;, TMS) ¢ 110.7,
118.7, 119.7, 122.1, 122.8, 124.0, 124.9, 125.2, 125.5, 126.6, 127.1, 127.2, 128.1, 128.3, 128 .4,
128.7, 129.4, 130.3, 131.1, 131.7, 132.0, 132.8, 133.1, 133.7, 134.1, 135.8, 142.9, 148.0,
160.7. LRMS (ESI) m/e 474.2 [M'+H]; HRMS (ESI) calcd for [C34H»3N3+H] requires
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474.1970, found 474.1975 [M*+H].
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Complex (a$)-11

Pale yellow solid; m.p. 133.0-134.5 °C (dec.). [a]zOD =-42 (¢ 0.25, CHCI;). IR
OO N\J{j\; (direct irradiation) v 3055, 2923, 2853, 1700, 1611, 1576, 1505, 1458, 1390,
OO o 1308, 1241, 1202, 1098, 964, 870, 815, 742, 692 cm™. 'H NMR (400 MHz,
CDClI3;, TMS) o 3.80 (s, 3H), 6.86 (ddd, J = 1.6, 6.0, 7.6 Hz, 1H), 7.15-7.26 (m, 4H),
7.29-7.34 (m, 3H), 7.36-7.41 (m, 2H), 7.46-7.55 (m, 4H), 7.58 (d, / = 8.4 Hz, 1H), 7.62 (d, J =
8.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H), 8.01
(d, J = 8.0 Hz, 1H), 8.14 (d, J = 8.4 Hz, 1H), 8.39 (s, 1H). LRMS (ESI) m/e 684.2 [M*-1;

S52



HRMS (ESI) calcd for [C3sHasN3IAu-I] requires 684.1714, found 684.1713 [M™-I].

0.000

(C) Preparation of 1,6-enynes and Diaryl Sulfoxides.
(1) 1,6-enyne 52a

TsClI (1.1 equiv) . HO/\/'\ph —
,—— Et3N (1.1 equiv) Ts—N/H - (1.1 equiv) Ts—N/
HaN CH,Cl,, 0 °C-rt PPh3 (1.5 equiv) L\\;
5 h, 84% s1 DEAD (1.5 equiv) 52a Ph
toluene/THF

0 °C-rt, 24 h, 95%

Scheme S12

To a mixture of propargylamine (412 pL, 6 mmol) and NEt; (0.92 mL, 6.6 mmol) in
CH,Cl, (4 mL) was added dropwise the solution of TsCl (1258 mg, 6.6 mmol) in CH,ClI, (12
mL) at 0 °C. Then the reaction system was warmed to room temperature and further stirred for
5 h followed by quenching with 20 mL of water. After extraction with CH,Cl, for three times,
the combined organic phases were washed with saturated brine and then dried over anhydrous
Na,SOy. The crude product was concentrated under reduced pressure and then purified by a
silica gel flash column chromatography (eluent: petroleum ether/EtOAc, 5/1; containing minor
NEt;) to give S1 as a white solid in 84% yield. It is a known compound.[m 'H NMR (400
MHz, CDCl;, TMS) & 2.11 (t, J = 2.4 Hz, 1H), 2.43 (s, 3H), 3.83 (dd, J = 6.0, 2.4 Hz, 2H),
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4.73 (t,J = 6.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.78 (d, J = 8.8 Hz, 2H).

Under argon atmosphere, to the solution of S1 (1046 mg, 5 mmol), cinnamyl alcohol
(738 mg, 5.5 mmol) and PhsP (1967 mg, 7.5 mmol) in mixed toluene/THF (15 mL/5 mL) was
added dropwise of DEAD (1.18 mL, 7.5 mmol) at 0 °C. The reaction system was warmed to
room temperature and further stirred for 24 h. Then volatiles were removed under reduced
pressure and the residue was purified by a silica gel flash column chromatography (eluent:
petroleum ether/EtOAc, 10/1) to give 52a as a white solid in 95% yield. It is a known
compound.'* "H NMR (400 MHz, CDCl;, TMS) 8 2.05 (t, J = 2.0 Hz, 1H), 2.43 (s, 3H), 3.99
(d, J = 6.8 Hz, 2H), 4.13 (d, J = 2.0 Hz, 2H), 6.08 (dt, J = 15.6, 6.8 Hz, 1H), 6.57 (d, J = 15.6
Hz, 1H), 7.23-7.33 (m, 7H), 7.76 (d, J = 8.4 Hz, 2H) (Scheme S12).
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(2) 1,6-enyne 52b

/ pu— /—_
TsNHo + /\)\ K,CO3 (1.1 equiv) /\/l\ Br (1.5equiv) Ts—N
2 TBr acetone, reflux TS_” K,CO3 (1.1 equiv) \
(1.1 equiv) 30 h, 71% acetone, reflux
S2 36 h, 96% 52b

Scheme S13

1-Bromo-3-methyl-2-butene (2.33 mL, 20 mmol) was added to the suspension of TsNH;
(3767 mg, 22 mmol) and K,CO3; (3041 mg, 22 mmol) in acetone (20 mL). Then the reaction

system was refluxed at 60 °C for 30 h followed by cooling to room temperature, quenching by
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30 mL of water and extraction with EtOAc for 3 times. The combined organic phases were
dried over anhydrous Na,SO, and filtered through Celite. The filtrate was concentrated under
reduced pressure and purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 15/1) to give S2 as a white solid in 71% yield. It is a known compound.'*! 'H
NMR (400 MHz, CDCls, TMS) 6 1.53 (s, 3H), 1.63 (s, 3H), 2.43 (s, 3H), 3.53 (t, / = 6.4 Hz,
2H), 4.48-4.50 (m, 1H), 5.03-5.07 (m, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H).

To the mixture of compound S2 (3415 mg, 14.27 mmol) obtained above and K,CO;
(2960 mg, 21.4 mmol) in acetone (40 mL) was added propargyl bromide (1.85 mL, 21.4
mmol). Then the suspension was refluxed at 60 °C for 36 h followed by cooling to room
temperature, quenching by 40 mL of water and extraction with EtOAc for 3 times. The
combined organic phases were dried over anhydrous Na,SO, , concentrated under reduced
pressure and purified by a silica gel flash column chromatography (eluent: petroleum
ether/EtOAc, 20/1) to give 52b as a white solid in 96% yield. It is a known compound.“‘ﬂ 'H
NMR (400 MHz, CDCls, TMS) & 1.67 (s, 3H), 1.72 (s, 3H), 1.98 (t, J = 2.4 Hz, 1H), 2.42 (s,
3H), 3.81 (d, /= 7.2 Hz, 2H), 4.07 (d, J = 2.4 Hz, 2H), 5.08-5.12 (m, 1H), 7.29 (d, J = 8.0 Hz,
2H), 7.74 (d, J = 8.4 Hz, 2H) (Scheme S13).
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(3) 1,6-enynes 52c-h

The preparation procedures of 1,6-enynes 52¢,d were similar to that of 1,6-enyne 52a
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from compound S1 by using corresponding substituted allyl alcohol instead during the
Mitsunobu reaction step.

The preparations of 1,6-enynes 52e-g were also similar to 52a by allowing the reaction of
corresponding sulfonamide with propargylamine before a Mitsunobu reaction step with
cinnamyl alcohol.

The preparation of 1,6-enyne 52h was according to a reported procedure by allowing the
reaction of cinnamyl alcohol and propargyl bromide (1.2 equiv) with NaH (1.2 equiv) as the

base in dry THF for 5 h.!*

Compound 52¢
. N/—: White solid; m.p. 93.4-94.6 °C. IR (direct irradiation) v 3264, 2918,
.
\ 2851, 2112, 1598, 1444, 1347, 1332, 1305, 1168, 1137, 1091, 997,

921, 893, 853, 811, 741, 688, 654 cm™. "H NMR (400 MHz, CDCl,,

TMS) & 2.05 (t, J = 2.8 Hz, 1H), 2.22 (s, 6H), 2.26 (s, 3H), 2.43 (s,
3H), 4.03 (dd, J = 0.8, 6.8 Hz, 2H), 4.18 (d, J = 2.8 Hz, 2H), 5.56 (dt, J = 16.0, 2.8 Hz, 1H),
6.58 (d, J = 16.0 Hz, 1H), 6.85 (s, 2H), 7.31 (d, J = 7.6 Hz, 2H), 7.77 (d, J = 8.8 Hz, 2H); °C
NMR (100 MHz, CDCl;, TMS) & 20.8, 20.9, 21.5, 35.8, 49.0, 73.9, 76.4, 127.4, 127.8, 128.6,
129.5, 132.8, 133.4, 135.8, 135.9, 136.6, 143.6. LRMS (EI) m/e 367.2 (3.41%), 352.1
(10.16%), 196.1 (100%), 91.1 (18.03%); HRMS (EI) calcd for [CH2sNO,S] requires
367.1606, found 367.1609 [M"].
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Compound 52d

[ White solid; m.p. 100.7-101.7 °C. IR (direct irradiation) v 3272, 2919,

Ts—N
\ O 2117, 1598, 1341, 1327, 1306, 1152, 1096, 1065, 969, 900, 798, 780,

750, 731, 700, 656 cm™. "H NMR (400 MHz, CDCls, TMS) & 2.12 (t, J
=2.4Hz, 1H), 2.43 (s, 3H), 4.12 (dd, J = 1.2, 6.8 Hz, 2H), 4.21 (d, J = 2.4 Hz, 2H), 6.11 (dt, J
=15.6, 6.8 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 16.4 Hz, 1H), 7.41-7.53 (m, 4H),
7.78-7.85 (m, 4H), 8.01-8.04 (m, 1H); °C NMR (100 MHz, CDCls, TMS) & 21.5, 36.0, 48.8,
74.0, 76.6, 123.5, 124.1, 125.5, 125.8, 125.9, 126.2, 127.8, 128.4, 128.5, 129.5, 131.0, 132.4,
133.5, 133.8, 136.0, 143.6. LRMS (EI) m/e 375.1 (9.12%), 218.1 (100%), 191.1 (49.13%),
91.1 (19.72%); HRMS (EI) caled for [C23H1NO,S] requires 375.1293, found 375.1295 [M™].
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Compound 52e

o = White solid; m.p. 113.9-115.0 °C. IR (direct irradiation) v 3274,
o &S')_ \—\\_ 2922, 2852, 2118, 1577, 1434, 1388, 1347, 1329, 1275, 1160,

1131, 1093, 1067, 1009, 971, 900, 839, 817, 759, 746, 728, 694,
666, 614 cm™. "H NMR (400 MHz, CDCl3, TMS) & 2.07 (t, J = 2.8 Hz, 1H), 3.99 (dd, J = 0.8,
6.8 Hz, 2H), 4.14 (d, J = 2.8 Hz, 2H), 6.08 (dt, /= 15.6, 6.8 Hz, 1H), 6.59 (d, J = 16.0 Hz, 1H),
7.24-7.36 (m, 5H), 7.63-7.67 (m, 2H), 7.73-7.76 (m, 2H); °C NMR (100 MHz, CDCl;, TMS)
0 35.9, 48.6, 74.2, 76.2, 122.4, 126.5, 127.8, 128.2, 128.6, 129.3, 132.1, 135.2, 135.9, 138.0.
LRMS (EI) m/e 389.0 (0.22%), 168.1 (100%), 142.1 (54.00%), 91.1 (12.52%); HRMS (EI)
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caled for [C3H¢NO,SBr] requires 389.0085, found 389.0079 [M™].
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Compound 52f

S White solid; m.p. 127.9-128.9 °C. IR (direct irradiation) v
—N

O2oN
\—\\_ 3280, 1521, 1351, 1312, 1163, 1089, 972, 897, 856, 765, 752,

O=n=0

742,722, 698, 681, 664, 626 cm™ . '"H NMR (400 MHz, CDCl;,
TMS) 6 2.07 (t, J = 2.8 Hz, 1H), 4.03 (dd, J = 0.8, 6.8 Hz, 2H), 4.19 (d, J = 2.8 Hz, 2H), 6.09
(dt, J = 16.0, 6.8 Hz, 1H), 6.60 (d, J = 15.6 Hz, 1H), 7.26-7.37 (m, 5H), 8.06-8.09 (m, 2H),
8.34-8.37 (m, 2H); °C NMR (100 MHz, CDCl3;, TMS) & 36.0, 48.9, 74.4, 75.9, 121.9, 124.1,
126.6, 128.4, 128.7, 129.0, 135.7, 144.9, 150.1. LRMS (EI) m/e 356.1, 168.1 (100%), 142.1
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(55.91%), 91.1 (15.57%); HRMS (EI) calcd for [CigH6sN204S] requires 356.0831,

356.0842 [M"].

[ R =R R T R - T g, T R e e e R T e B A A e Rl R )
[ R g ol Pl i R R e ol Rl R PR R g P RO S )
FRmaommogooodmmmmmaNeeeNE g 0000 —=0o0
05 00 00 05 03 65 03 65 00 05 B0 05 M h P P P b P e p P P G A0 UG A0 (0 (0 0 D

2072
2,086
2059

g

found

-0.000

Ol g*N/{
S
i 188 d’gg 1.00 w0 njaa
L |
R,
L % ]
Compound 52g
Pr White solid; m.p. 104.7-105.7 °C. IR (direct irradiation) v 3271,
o ,——=
ipr g N 2954, 2865, 1600, 1459, 1424, 1360, 1316, 1291, 1151, 1068,

II
\_\_F,h 1040, 973, 890, 847, 759, 735, 697, 670 cm™. 'H NMR (400
MHz, CDCls, TMS) § 1.25-1.28 (m, 18H), 2.30 (t, J = 2.4 Hz, 1H), 2.91 (hep, J = 6.8 Hz, 1H),

4.00 (d, J = 2.0 Hz, 2H), 4.07 (d, J = 7.6 Hz, 2H), 4.16 (hep, J = 6.8 Hz, 2H), 6.10 (dt, J =

16.0, 6.8 Hz, 1H), 6.62 (d, J = 15.6 Hz, 1H), 7.18 (s, 2H), 7.22-7.36 (m, 5H); >C NMR (100
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MHz, CDCl;, TMS) 6 23.5, 24.8, 29.3, 34.2, 34.5, 47.5, 73.3, 77.6, 123.0, 124.0, 126.5, 128.0,
128.6, 130.5, 135.2, 136.1, 151.7, 153.4. LRMS (EI) m/e 437.2, 267.1 (100%), 170.1
(37.76%), 91.1 (23.02%); HRMS (EI) calcd for [Cy7H35NO,S] requires 437.2389, found
437.2385 [M'].
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Compound 52h
,—= Itis a known compound."* Colorless oil. 'H NMR (400 MHz, CDCl;, TMS) &
O\—\P 2.45 (t, J = 2.8 Hz, 1H), 4.20 (d, J = 2.0 Hz, 2H), 4.24 (dd, J = 1.2, 6.4 Hz, 2H),
6.27 (dt, J = 16.0, 6.0 Hz, 1H), 6.64 (d, J = 16.0 Hz, 1H), 7.22-7.26 (m, 1H),

7.30-7.33 (m, 2H), 7.38-7.40 (m, 2H).
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(4) Aryl Sulfoxides 57b and 57c¢

Aryl sulfoxides 57b, ¢ were prepared according to a modified procedure similar with that
in the previous literature. In the presence of a small iodine crystal, the corresponding aryl
bromide (20 mmol) and magnesium (486 mg, 20 mmol) in dry THF (15 mL) were carefully
allowed to start a Grignard reaction at room temperature and then refluxed for further 30
minutes. To the obtained solution of arylmagnesium bromide (20 mmol) in THF was added
dropwise thionyl chloride (0.73 mL, 10 mmol) in dry THF (10 mL) for 0.5~1 h at 0 °C. Then
the mixture was quenched by careful addition of water at 0 °C and extracted with CH,Cl, for 3
times. The combined organic phases were washed with saturated NaHCO;, dried over
anhydrous Na,SO,, concentrated under reduced pressure and purified by a silica gel flash
column chromatography (eluent: petroleum ether/EtOAc, 10/1) to give 57b (or 57¢) as a white
solid in 31% (or 40%) yield (Scheme S14).

(1) Mg, THF, I,
rt-reflux

(2) SOCl,, THF: 0 °C Ar” " Ar
Scheme S14

»n=0

Ar—Br

Compound 57a

562



Q @ It is commercially available. '"H NMR (400 MHz, CDCl;, TMS) o
[l

7.41-7.48 (m, 6H), 7.63-7.66 (m, 4H); *C NMR (100 MHz, CDCl3;, TMS)
6 124.7,129.3, 131.0, 145.5.
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Compound 57b

O O White solid; m.p. 157.2-158.2 °C. IR (direct irradiation) v 3052, 2962,
Q S O 2923, 2855, 1965, 1934, 1504, 1448, 1422, 1350, 1147, 1042, 1016, 977,
8 817, 773, 747, 641 cm™. "H NMR (400 MHz, CDCls;, TMS) & 2.50 (s,

6H), 7.19 (d, J = 8.8 Hz, 2H), 7.41-7.48 (m, 4H), 7.77-7.81 (m, 4H),

7.19-7.22 (m, 2H); >C NMR (100 MHz, CDCls, TMS) & 20.4, 123.4, 125.7, 127.2, 128.7,
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129.9, 131.5, 132.1, 132.8, 135.7, 137.3. LRMS (EI) m/e 330.1 (61.02%), 188.0 (100%),
128.1 (48.77%), 115.1 (35.40%); HRMS (EI) calcd for [CH;30S] requires 330.1078, found
330.1081 [M™].
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Compound 57¢
White solid; m.p. 128.3-129.3 °C. IR (direct irradiation) v 2916, 2858,
ﬁ 1605, 1575, 1454, 1096, 1049, 992, 859, 847, 835, 692, 680 cm™'. 'H
0]

NMR (400 MHz, CDCls, TMS) 6 2.33 (s, 12H), 7.04 (s, 2H), 7.24 (s, 4H);
C NMR (100 MHz, CDCls, TMS) & 21.3, 122.3, 132.7, 139.2, 145.3. LRMS (EI) m/e 258.1
(100%), 210.1 (64.72%), 137.0 (28.70%), 77.0 (20.01%); HRMS (EI) calcd for [C;6H;30S]
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requires 258.1078, found 258.1081 [M*].
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(D) General Procedure for NHC-Au(I) Complexes-Catalyzed Asymmetric
Acetoxycyclization of 1,6-Enynes and Analytical Data for Products.

A mixture of NHC-Au(I) complex (5 mol%), 1,6-enyne 52 (0.1 mmol) and AgSbF¢ (2 mg,
0.005 mmol) in acetic acid (1 mL, commercially available) was stirred at room temperature
until completely consuming of 52 by TLC mintoring. Then the reaction was quenched by
filtering through a Celite with a thin pad of silica gel and volatiles were removed under
reduced pressure. The residue was purified by a silica gel flash column chromatography

(eluent: petroleum ether/EtOAc, 8/1) to give the corresponding product 53 as a white solid
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(Scheme S15).

Ts—N NHC-Au(l) catalyst (5 mol%)

\_\\7 AgSbFg (5mol%) Ts—N R2
R2 AcOH, 25 °C l 1
52 8 aco R

Scheme S15
Alternatively, to a solution of NHC-Au(I) complex (5 mol%), 1,6-enyne 52a (33 mg, 0.1
mmol) and AgX (0.005 mmol) in dry DCE (1 mL) was added dry acetic acid (115 puL, 2 mmol)
as the nucleophile under argon atmosphere. The mixture was stirred at proper temperature
until completely consuming of 52a by TLC monitoring. Then the reaction was quenched by
filtering through a Celite with a thin pad of silica gel and volatiles were removed under
reduced pressure. The residue was purified by a silica gel flash column chromatography to

give 53a (eluent: petroleum ether/EtOAc, 8/1) as a white solid (Scheme S16).

/7= NHC-Au(l) catalyst (5 mol%

) .
Ts—N AgX (5 mol%) _ Ts™N o
\—\\;Ph ACOH (20 equiv, dry), DCE *Ts=N
52a 53a 55 (minor)
Scheme S16

Racemic products for chiral HPLC analysis were prepared by using PhsPAuCl (3 mg, 5
mol%) and AgSbFg (2 mg, 0.005 mmol) as the catalyst instead according to a similar

procedure mentioned above.

Compound 53a

N White solid, > 99% yield; m.p. 73.5-74.7 °C. Absolute stereochemistry was
S— H

/wPh  assigned by analogy to compound 54, [a]*°p = -18 (¢ 0.5, CHCl3), -59% ee.
OAc

H

IR (direct irradiation) v 3477, 2955, 2924, 2853, 1740, 1662, 1597, 1494,
1455, 1371, 1343, 1227, 1160, 1091, 1016, 965, 907, 814, 753, 701, 663 cm™. "H NMR (400
MHz, CDCl3;, TMS) & 2.00 (s, 3H), 2.44 (s, 3H), 3.12-3.14 (m, 1H), 3.33-3.43 (m, 2H), 3.74
(d, J=13.6 Hz, 1H), 3.83 (d, /= 13.6 Hz, 1H), 4.52 (d, J = 1.2 Hz, 1H), 4.90 (s, 1H), 5.70 (d,
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J =72 Hz, 1H), 7.22 (d, J = 7.6 Hz, 2H), 7.26-7.35 (m, 5H), 7.69 (d, J = 7.6 Hz, 2H); "*C
NMR (100 MHz, CDCl;, TMS) 6 20.9, 21.5, 48.1, 49.8, 52.5, 75.3, 110.1, 126.7, 127.8, 128.2,
128.4,129.7, 132.7, 138.3, 142.8, 143.8, 169.7. LRMS (ESI) m/e 408.1 [M*+Na]; HRMS (ESI)
caled for [Cy;Ho3NO,4S+Na] requires 408.1245, found 408.1244 [M*+Nal].
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WH-500 Chiral HPLC Analysis Report:

ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates
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Al L F

WH-500 f& % 4r #7 R &

E\ibERp o

350, g —FileName: D:\; ¥ \wef-10-7-2 (+-) AD0. 7. 80 20. 230, s¢ 2011/02/24 16:00:58
mv 4
278.00 !—
- |
206. 00 ‘ ‘|
B ‘ ‘
134,00 ‘ ‘ 1 ‘
' | \ |
] |
| L
62. 00 | \ T
E |
|
] (1]
1 f\ ,‘ I\ ’ \‘l
| R T | | g
o 410 ¢ [} o o o T e SO O O L I T L. T T D ) . L L [ L N B
0. 000 2. 500 5.000 7.500 10. 000 12. 500 15. 000 17. 500 20. 000 22. 500 25. 000
¥inutes
D A4+ 4 [ B I [u] VET UE i A R IE fhEH T HiiEw
1 12. 430 283618 5036733. 3 49. 9633 1.15 9764
2 14. 302 247559 5044133.0 50. 0367 1.16 9819
s 031177 10080866. 3 100. 0000
i sty e
WH-500 & i 43 #r 4R &
100, Qo —Eile Name: D:\AEHFEA R F ICF\ AbSTHP CELE \wnf11-36-2AD0. 7. 80 20,230, 5 . 2011/02/24 16:02:21
mv 4 +
i ]
] |
79.20 ‘|
38.40 |
37.60 |
] -
o \"
] | ) |
‘ |
16. 80 T B
§ I A [
] I t
; / o
. . ¥ _ LMY S VSN
d480tTrrrTr 1 rrr T e Ty T rr T e T r T e T e e T T
0.000 2. 500 5. 000 7.500 10. 000 12. 500 15. 000 17.3500 20. 000 22.500 25.000
Minutes
D MNar GBI i) W 1o Wi A W 1 e T HiplER
1 12. 578 27387 486807. 0 20. 5300 1.3 9980
2 14. 517 90353 1884330. 4 79. 46935 1.18 9657
b 117742 2371137. 4 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 80:20, flow rate

mL-min'l, wavelength = 230 nm, g = 12.6 min (minor), fgr = 14.5 min (major)].
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Compound 53b
TemN White solid, 66% yield; m.p. 88.5-89.2 °C. Absolute stereochemistry was
o—

k assigned by analogy to compound 54, [a]®p = +1.3 (¢ 0.5, CHCL3), 20% ee.

OA
° R (direct irradiation) v 2959, 2925, 2854, 1733, 1663, 1595, 1455, 1384,

1366, 1338, 1309, 1256, 1239,1224, 1182, 1162, 1134, 1121, 1093, 1028, 1016, 933, 834, 818,
800, 712, 659 cm™. '"H NMR (400 MHz, CDCls, TMS) & 1.38 (s, 3H), 1.47 (s, 3H), 1.94 (s,
3H), 2.44 (s, 3H), 3.21 (t, / = 8.4 Hz, 1H), 3.34 (d, J/ = 7.6 Hz, 1H), 3.43 (dd, J = 2.8, 10.0 Hz,
1H), 3.71 (d, J = 13.6 Hz, 1H), 3.89 (d, J = 13.6 Hz, 1H), 5.06 (d, /= 12 Hz, 2H), 7.35 (d, J =
8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz, CDCls, TMS) & 21.5, 22.4, 23.3,
23.6, 49.6, 50.7, 53.0, 83.2, 111.5, 127.8, 129.7, 132.6, 143.7, 143.8, 170.3. LRMS (ESI) m/e
338.1 [M™+H]; HRMS (ESI) calcd for [C;7H2;3NO4S+H] requires 338.1426, found 338.1432
[M*+H].
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WH-500 Chiral HPLC Analysis Report:

ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates

WH-500 4 % 4 #r R &

300, 00 —ile Name: DA G R T S R e £-10-14-2 () AD0. 7. 90 10.230. 5g 2011/02/23 19:24:02
mnv <
] ‘nl
637.00 ‘
|
I
474,00 o 7
1 | |1
‘ | (‘
‘ |
|
I | |
311. 00 ™1 I
4 | |‘ “
| |
148. 00 = | Lw
] [ 1 \
B [
® o\
| )
e ) I .
T T B [ T ET [ B8 E3 ] 3 T & £ F E [ o T E T &8 & T ET L [ & E3 & [ & T &1
0. 000 3. 000 6. 000 9. 000 12. 000 15. 000 18. 000 21. 000 24. 000 27. 000 30. 000
Minutes
i) 54 i e} o] W7 W i MR iR
1 17. 315 684872 18750178, 1 49, 6838 1.24 7972
2 22. 672 476137 18988828. 9 50. 3162 1. 63 6441
3 1161009 37739007. 0 100. 0000
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WH-500 4 % 43 # R &

050, 00 —oile Name: DA C e SO b R R\ wwf-10-8-24D0. 7, 90 10, 230. 5 2011/02/93 18:20:37
- -mv d
] F'.’.
198. 00 ft
- ‘l
p. ] i
146. 00 ‘
‘ \
94.00 L -
o | i
| i
| i
[l
] {]
42. 00 | 74
= } | |
\ J
- B |
o o b NG L b 9 L U W R
{5151 o oy o e o o (N T R (R Y N R ] N O N R B ) R T R S S ) DN P RN T S (NN T (230 QR (EET N R (R N G N T R
0. 000 3. 000 6. 000 9. 000 12. 000 15. 000 18. 000 21. 000 24.000 27.000 30. 000
Minutes
D A1 4 {5 1 1] T WEE [T A Hid)s R T R
¥ 17.427 209842 5903722. 6 09. 8985 1.17 8799
2 22. 898 95990 3684690. 3 40. 1015 1.27 7092
2 305832 0188412.9 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 90:10, flow rate = 0.7

mL-min'l, wavelength = 230 nm, g = 17.4 min (major), fg = 22.9 min (minor)].

Compound 54"

White solid; m.p. 43.9-45.2 °C. Absolute stereochemistry was assigned by

Ts—N H

=Ph the sign of optical rotation with that in the literature: [a]®p = +31.3 (c 0.5,

OH CHCl3) (lit.,”! +51.2), 45% ee. IR (direct irradiation) v 3502, 2956, 2923,
2853, 1712, 1666, 1597, 1494, 1454, 1338, 1306, 1156, 1093, 1041, 1016, 901, 813, 765, 702,
661 cm™. "H NMR (400 MHz, CDCls, TMS) & 2.14 (br, 1H), 2.44 (s, 3H), 2.97-2.98 (m, 1H),
3.22(dd, J=7.6, 10.0 Hz, 1H), 3.53 (dd, J = 5.2, 9.6 Hz, 1H), 3.80 (s, 2H), 4.55 (d, J = 1.6 Hz,
1H), 4.67 (d, J = 6.4 Hz, 1H), 4.93 (d, J = 0.8 Hz, 1H), 7.24-7.34 (m, 7H), 7.70 (d, J = 8.0 Hz,
2H); °C NMR (100 MHz, CDCl;, TMS) & 21.5, 49.5, 50.5, 52.6, 73.8, 109.4, 126.3, 127.92,
127.93, 128.4, 129.7, 132.5, 141.8, 143.7, 144.2. LRMS (ESI) m/e 344.1 [M'+H]; HRMS
(ESI) calcd for [C19H,1NO3S+H] requires 344.1320, found 344.1329 [M*"+H].
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WH-500 t4 % 4r #7 R &

g8, g —FiLeName: DG PN ¥ IR I et 10-5573 () ADO. 7, 8020, 230, 25 2011/02/23 19:32:32
v 4 e
- F
] I
E ‘ ‘
69. 80 T |
51. 60 ‘
33.40 { ‘
1 |
- |
15.20 | | 4
: (4 k
R " ‘I‘ ‘\‘ / \ -
_ M| e ol el o R
_WWYTTTrrrrrr T T FT I YT AT T EI R R AN Rl T T T
0. 000 8. 500 17. 000 25. 500 34,000 12. 500 51. 000 29. 500 68. 000 76. 500 83. 000
Minutes
1D Mo CRE IR I 1 W iR fidica fiiJE N T FEE
1 37.373 84001 6984979, 3 49. 9005 1.43 4026
9 51.673 9383 7012836. 8 50. 0995 1.90 95
35 93384 13997816. 1 100. 0000
L 51734 24
WH-500 & % 4> #7 4R &
8000 File Name: D:\HHIf ¥R T 0\ MEHLR W \wwf-10-52-34D0. 7, 80 20. 230. 5 2011/02/23 19:30:56
oy o
4 'Ii;
' ‘\‘
63. 60 ]
7.20 |\
] \ |
30.80 |\ I
: |/
| i
14.40 i 1
4 / | /
] ‘ /
[ /
. \ I
4 }N‘U “I _k - i =
S T i ey ) G (O S B O B B IE R DD BN TR B D B L TR L
0. 000 8. 500 17. 000 25.500 34. 000 12. 500 51. 000 59. 500 68. 000 76. 500 85. 000
Minutes
D Mo Grid i i) U W i A RIE 1l 5 7 R
1 37. 978 69802 5832007. 3 27. 3169 1.39 4032
2 48,275 22502 15517472. 3 72. 6831 2.51 98
¥ 92304 21349479. 6 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 80:20, flow rate

mL-min'l, wavelength = 230 nm, g = 37.6 min (minor), fgr = 48.3 min (major)].
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Compound 55
PN It is a known compound.'® White solid. '"H NMR (400 MHz, CDCl;, TMS)
TS_Nj 8 2.40 (s, 3H), 3.92 (s, 2H), 3.97 (s, 2H), 5.74 (d, J = 10.4 Hz, 1H), 6.32 (s,
1H), 6.49 (d, J = 10.0 Hz, 1H), 7.07 (d, J = 7.6 Hz, 2H), 7.23-7.32 (m, 5H),
7.70 (d, J = 8.0 Hz, 2H). >C NMR (100 MHz, CDCls, TMS) & 21.5, 45.9, 49.8, 124.1, 126.1,
127.07, 127.14, 127.8, 128.2, 128.9, 129.1, 129.5, 134.3, 135.9, 143.5.

gt} TOEmEoONToNOWDo @0
=} No@@bo@pno@mooro Bm
= HRARANNNGE RSN R
[ [ N A A N N At}

NN N

3.974
3817
239
0.000

FPh
Ts—N p

T T T T
3 2 1 0PPM

77.318
77.000
76.685
49.822
45.893
21.463

£

" MHJ Ll

T T T T
160 100 50 PPM

(E) General Procedure for NHC-Au(I) Complexes-Catalyzed Enantioselective Oxidative

Rearrangement of 1,6-Enynes and Analytical Data for Products.
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Under argon atmosphere, to a flame-dried Schlenk tube equipped with a septum and
stirring bar were added activated 4A MS (50 mg), NHC-Au(I) complex (5 mol%), 1,6-enyne
52 (0.1 mmol), Ph,SO (30 mg, 0.15 mmol) and AgSbFe (2 mg, 0.005 mmol) followed by the
injection of corresponding dry solvent (1 mL). The mixture was stirred at proper temperature
until completely consuming of 52 by TLC monitoring before quenching by filtering with a
thin pad of silica gel. Then volatiles were removed under reduced pressure and the residue was

purified by a silica gel flash column chromatography to give the oxidative product 56 (Scheme

S17).
Vo NHC-Au(l) complex (5 mol%) CHO
X AgSbFg (5 mol%) X R
\—\ Ph,SO (1.5 equiv), 4A MS
R solvent H
52 56
Scheme S17

Racemic products for chiral HPLC analysis were prepared by using PhsPAuCl (5§ mg, 10
mol%) and AgSbFe (4 mg, 0.01 mmol) as the catalyst with the solvent of DCE instead
according to a similar procedure mentioned above.

Due to the insolubility of aldehyde 56f in the mixture of hexane/isopropanol, the ee value
of product 56f was determined by a chiral HPLC analysis of its alcohol derivative 56f’. To the
suspension of 56f (37 mg, 0.1 mmol) in MeOH (5 mL) was slowly added NaBH,4 (13 mg, 0.35
mmol) at room temperature. After stirring for further 15 minutes, the reaction was quenched
by evaporating of MeOH and addition of water. Then the mixture was extracted with CH,Cl,
for 3 times and the combined organic phases were dried over anhydrous Na,SO,. Volatiles
were removed under reduced pressure and the residue was purified by a silica gel flash

column chromatography (eluent: petroleum ether/EtOAc, 3/1) to give 56f” in quantitative

yield (Scheme S18).
o CHO ' o CH,OH
I NaBH, (3.5 equiv) I
OQNO—ﬁ—NC@—Ph MeOH_ It OQNO—ﬁ—NC@—Ph
0 ¥ 15 minutes O H
56f 56f"
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Scheme S18

Compound S6a

CHO It is a known compound.”’ White solid; m.p. 119.8-120.9 °C. Absolute
Ts—N Ph stereochemistry was assigned by analogy to compound 54, ()b = -44.6
(c 0.5, CHClI3), 65% ee. IR (direct irradiation) v 3059, 3028, 2959, 2925,
2870, 2853, 2739, 1687, 1598, 1497, 1344, 1253, 1162, 1099, 1084, 1047, 1017, 990, 956,
808, 783, 730, 697, 666, 644 cm™ . "H NMR (400 MHz, CDCls, TMS) & 2.44 (s, 3H), 2.84 (dd,
J=4.4,52Hz, 1H), 3.11 (d, J =5.2 Hz, 1H), 3.18 (dd, J = 4.0, 9.6 Hz, 1H), 3.47 (d, /= 10.4
Hz, 1H), 3.73 (d, J = 10.0 Hz, 1H), 3.83 (d, J = 9.6 Hz, 1H), 7.24-7.37 (m, 7TH), 7.72 (d, J =
8.4 Hz, 2H), 8.70 (s, 1H); *C NMR (100 MHz, CDCls, TMS) & 21.5, 29.7, 34.1, 44.8, 48.0,
49.1, 127.6, 128.81, 128.85, 129.8, 132.4, 133.2, 144.0, 197.3. LRMS (ESI) m/e 359.1
[M*+NHy4]; HRMS (ESI) calcd for [C9H;oNO3S+NHy] requires 359.1429, found 359.1417

[M*+NHy].

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmm

0.000

L e Tl R e R K R R N R N e R A A ]

NN SN

TS-N}‘Ph

H

/ 3o
200
Iy I

a8 100 100 0899
1.01 1.00 1.m
LUULM_ML_P_A |
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WH-500 Chiral HPLC Analysis Report:
ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates

WH-500 4 3% 43 #r R &

500, o —Eile tame: D: A F 30 \ewrf=11-20-1 (+-)AD0. 7, 70 30, 230. s¢ 2011/02/23 16:37:32
e
254,00 "i;
J |}1
188. 00 !
| |
1 I |
122.00 ‘ il
. | \ \
I I
| I |
i JI | | ‘R
. | | 1 ‘ [
56. 00 I Tt T 1 ey
] | ‘ | | [ =
] | | | n
| ‘ [l ‘, | \ /' \
\ \ \
| 1 W\ e . - e
B (11} o s e e e e s s s s e e s o e e e B e e e e e B e s e B S B S B B B e
0. 000 1. 000 8.000 12. 000 16. 000 20. 000 24. 000 28. 000 32,000 36. 000 10. 000
Minutes
D Y4 8 Ju) W 7 WETHT A Pt RN e
1 21. 865 206760 8069651. 3 50. 0400 1:10 9638
2 33.745 125654 8056744. 6 49. 9600 1.73 0920
Xz 382414 16126395. 9 100. 0000
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WH-500 4 3% 2 tr R &

00, 0 —iLetame: Dl 68 A o IR W \wwf-13-23-3AD0. 7, 70 30, 230, 2011/02/23 16:14:51
mv
£
i
] ”
159.00 ‘!‘
118.00 |‘
|
I 00_ ||
] ‘ |
36.00 r \| -
4 | .;
k | l r'ﬂ‘"
M l 3 /\
F’ \“‘-J’V\k,, - | “-\‘77_ / \
BT 14 B e e B S G e o e o e S o e B e T G G e e e S i G e
0. 000 1. 000 8. 000 12. 000 16. 000 20. 000 24.000 28. 000 32.000 36. 000 10. 000
Minutes
ID 154 PR b WETHT Y WE  WRMT K
1 22.653 171293 5329036. 7 82. 5786 1.12 10567
2 33. 505 21110 1124249. 9 17.4214 1. 38 7889
T 192403 6453286. 6 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 70:30, flow rate = 0.7

mL-min'l, wavelength = 230 nm, g = 22.7 min (major), fg = 33.5 min (minor)].

Compound 56¢
GHO White solid; m.p. 132.5-133.5 °C. Absolute stereochemistry was
Ts—N assigned by analogy to compound 56a, [o]*’p = +4.6 (¢ 0.5, CHCl5),
H

58% ee. IR (direct irradiation) v 2956, 2924, 2854, 2741, 1709,
1597, 1465, 1443, 1342, 1159, 1092, 1053, 1012, 953, 850, 813, 786, 710, 666, 648 cm™. 'H
NMR (400 MHz, CDCl;, TMS) 6 2.17-2.39 (m, 6H, 2CHs), 2.24 (s, 3H), 2.44 (s, 3H), 2.57
(dd, J=4.4, 6.0 Hz, 1H), 2.77 (d, J = 5.6 Hz, 1H), 3.18 (dd, J = 4.4, 10.0 Hz, 1H), 3.55 (d, J =
10.0 Hz, 1H), 3.74 (d, J = 9.6 Hz, 1H), 3.89 (d, J = 10.0 Hz, 1H), 6.82 (s, 2H), 7.35 (d, /= 8.0
Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H), 8.52 (s, 1H) (& 7.41-7.48 and 7.63-7.66 ppm were the
signals attributed to minor containing Ph,SO); BC NMR (100 MHz, CDCl;, TMS) 6 20.7,
21.5, 31.4, 33.3, 449, 47.7, 49.1, 127.6, 127.8, 129.8, 132.5, 137.2, 144.0, 197.3 (5 124.8,
129.3, 131.0, 145.6 were signals attributed to minor containing Ph,SO). LRMS (EI) m/e 383
(1.93%), 200 (38.48%), 185 (64.35%), 171 (91.89%), 157 (100%), 91 (84.53%); HRMS (EI)
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caled for [CxHosNO3S] requires 383.1555, found 383.1553 [M™].
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WH-500 Chiral HPLC Analysis Report:

ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates
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File Name: D:'

S

WH-500 4 i 4> #r iR &

243,00 ESCE AR R £ ~13-38-3 () ADO. 7. 70 30, 230. s¢ 2011/02/23 15:55:51
ov 4
192.40 I
1 |
4 ‘\
] |
1 |
141. 80 ‘{ =
] A
] | i
|
91.20 ' % " |
] ‘ B
_ || | |
| |
- | |
0. 60 | ‘I \ \-‘
] l\ ‘ ; .\
] \,_ )\ i 1
] i s / N e ol N / \\
-10. 00T @ T T—T" T Tt r—Tr—T—Tf T T T T T T
0. 000 2. 000 1,000 6. 000 8. 000 10. 000 12. 000 14. 000 16. 000 18. 000 20. 000
Minutes
1D 4 FrE I I L1 R kR fin 2 A 1 BB
1 10. 467 191658 3214941. 5 30. 0766 1.22 7760
2 15.013 123674 3205111.8 49. 9234 1.29 6689
B 315332 6420033. 3 100. 0000
i st P e
WH-500 & i 43 H7 R &
243, 00 —EileName . Do\ BTN T LT\ D e 13-3T- 3400, 7. 70 50,230, 5 2011/02/23 15:54:37
mv 4
192. 40 Il_‘:
_ Il
\
4 ‘\
_ |
141.80 ‘ "
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- ‘ |‘
91.20 & i |
J r\: } |
; \ |
10. 80 ( : | t
] ‘ I
1 A 1 \
4 \ g A |
] L L N A B/ VO . Y ,
-10. 00 F—T—T—TT— T T T T TT T T T T T T T T T T T T T T T T T T T T T T T T
0. 000 2.000 1. 000 6. 000 8. 000 10. 000 12. 000 14. 000 16. 000 18. 000 20. 000
Minutes
i) M54 (B ] b V[T i BRNT  ERER
$§ 10. 393 80079 1316038. 5 21. 1566 L.2% 7971
2 14.870 194247 4904436. 2 78.8434 1.28 6913
0 274326 6220474. 6 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol
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mL-min'l, wavelength = 230 nm, g = 10.4 min (minor), g = 14.9 min (major)].

Compound 56d
CHO White solid; m.p. 173.3-174.3 °C. Absolute stereochemistry was
Ts—N > O assigned by analogy to compound 56a, [a]zOD = +66.8 (c 0.5, CHCly),
H O 64% ee. IR (direct irradiation) v 3069, 2925, 2854, 1693, 1597, 1347,
1308, 1240, 1162, 1099, 1064, 1043, 1012, 954, 822, 809, 778, 711,
666, 633 cm™. "H NMR (400 MHz, CDCl3, TMS) & 2.42 (s, 3H), 2.96 (dd, J = 4.0, 4.8 Hz,
1H), 3.28 (dd, J = 4.0, 9.6 Hz, 1H), 3.36 (d, / = 5.2 Hz, 1H), 3.61 (d, / = 10.0 Hz, 1H), 3.95 (d,
J =28 Hz, 1H), 397 (d, J = 3.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 2H), 7.39-7.46 (m, 2H),
7.50-7.58 (m, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H), 7.85-7.91 (m, 2H), 8.34
(s, 1H); >C NMR (100 MHz, CDCls, TMS) & 21.5, 30.1, 32.0, 45.0, 47.8, 49.2, 123.4, 125.1,
126.2, 126.4, 127.1, 127.7, 128.7, 128.8, 129.8, 129.9, 132.46, 132.53, 133.5, 144.1, 196.7.
LRMS (EI) m/e 391 (2.18%), 208 (29.86%), 179 (100%), 165 (27.35%), 141 (20.54%), 91
(48.00%); HRMS (EI) calcd for [Co3HiNOsS] requires 391.1242, found 391.1244 [M™].
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WH-500 Chiral HPLC Analysis Report:

ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates

WH-500 & #% 4> 7 R &
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: |
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13.40 | ‘ T
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WH-500 & % 4 #r R &

600, 0 —Eiletame : D:\REHIER PN T O R IR 15418400, 7,70 50, 2502 011/02/23 16:01:0;
.Cl'v' -
177. 00 il
1 |
|
] |
. I
354. 00 |
|
1' UU ] |
= \
| |
o I ‘ |
108. 00 I 1
1 | [
I -
R |
N - R | N \
b7y ) o 0 N DA SR o B S N I R S PED R [ GO B O ) (N TS e (T SR T R | 2 T A R B P
0. 000 1. 800 9. 600 14. 400 19. 200 24. 000 28. 800 35. 800 38. 400 43. 200 18. 000
Minutes
) Y44 i o] R Ve B Wt WRINT Bk
1 21.923 193921 7519757. 6 18. 1932 1.23 6371
2 38. 160 481371 33813068. 6 81. 8068 0.81 5882
ri 675292 41332826.1  100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 70:30, flow rate = 0.7

mL-min'l, wavelength = 230 nm, fg = 21.9 min (minor), g = 38.2 min (major)].

Compound 56e
CHO  White solid; m.p. 117.1-118.2 °C. Absolute stereochemistry
I
Br@i—N Ph " was assigned by analogy to compound 56a, [o]*’p = -31.6 (¢

0.5, CHCl3), 70% ee. IR (direct irradiation) v 3057, 2924, 2852,
1691, 1576, 1470, 1442, 1388, 1345, 1163, 1099, 1068, 1047, 1023, 1010, 948, 809, 783, 740,
694, 646, 627 cm™. 'H NMR (400 MHz, CDCl;, TMS) § 2.86 (dd, J = 4.4, 4.8 Hz, 1H), 3.10
(d, J =5.6 Hz, 1H), 3.20 (dd, J = 4.0, 9.6 Hz, 1H), 3.49 (d, / = 9.6 Hz, 1H), 3.74 (d, / = 10.0
Hz, 1H), 3.85 (d, J = 9.6 Hz, 1H), 7.25-7.34 (m, 5SH), 7.70 (s, 4H), 8.71 (s, 1H) (5 7.41-7.48
and 7.63-7.66 ppm were the signals attributed to minor containing Ph,SO); BC NMR (100
MHz, CDCl;, TMS) & 29.6, 34.1, 44.7, 48.1, 49.1, 127.7, 128.3, 128.8, 128.9, 129.0, 132.6,
133.0, 134.7, 197.0 (6 124.7, 129.3, 131.0, 145.6 were signals attributed to minor containing
Ph,SO). LRMS (EI) m/e 405, 202 (100%), 154 (80.9%), 109 (92.18%), 77 (89.78%), 51
(86.70%); HRMS (EI) calcd for [C1sH1sNO3BrS] requires 405.0034, found 405.0036 [M"].
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WH-500 & % 4> #1 iR &
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10. 000 16. 500 23.000 29.300 36. 000 12. 500 19. 000 55. 500 62. 000 68. 500 75.000
Minutes
D Mo GrE B I W 1 W i il fiE AT HRIER
1 26. 660 76074 2998909, 7 84.8514 1.20 9116
9 59.225 3789 035399. 7 15. 1486 1. 67 3201
35, 79863 3534309, 4 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 70:30, flow rate = 0.7
mL-min'l, wavelength = 230 nm, g = 26.7 min (major), fg = 59.2 min (minor)].
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Compound 56f
o CHO White solid; m.p. 180.0-181.2 °C. Absolute stereochemistry
OZN@i_ N\/:@‘Ph was assigned by analogy to compound 56a, [o]*’p = -35.0 (¢
H 0.5, CHCI3), 66% ee. IR (direct irradiation) v 2925, 2855,
1694, 1607, 1543, 1350, 1306, 1237, 1165, 1097, 1049, 1020, 956, 855, 809, 783, 736, 686,
629 cm™. 'H NMR (400 MHz, CDCl;, TMS) § 2.89 (dd, J = 4.4, 4.8 Hz, 1H), 3.11 (d, J = 5.2
Hz, 1H), 3.26 (dd, J = 4.0, 9.2 Hz, 1H), 3.54 (d, J = 10.0 Hz, 1H), 3.81 (d, / = 10.0 Hz, 1H),
3.93(d, J=10.0 Hz, 1H), 7.26-7.36 (m, SH), 8.04 (d, J = 8.8 Hz, 2H), 8.42 (d, J = 8.8 Hz, 2H),
8.71 (s, 1H); >*C NMR (100 MHz, CDCls, TMS) & 29.5, 34.2, 44.6, 48.2, 49.3, 124.6, 127.9,
128.7, 128.8, 129.0, 132.7, 141.6, 150.4, 196.8. LRMS (EI) m/e 372.1 (3.0%), 186.1 (19.5%),
157.0 (42.52%), 129.1 (100%), 115.1 (18.20%), 91.1 (29.20%); HRMS (EI) caled for
[C1sH16N,O5S] requires 372.0780, found 372.0776 [M*].

mmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmm

SN W WY

CHO

o
I
OQN@?N/;,P—W
o

H

8712
B8.432
8.410
8.047
g.025
-0.000

5582

0ar i} 1.01 1.00
f 7 JJL S0 j g
1.01 049
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198 816
150,364
&
77,305
77.000
76,609
19315
7 s
a4t
34160
29530

W |x \ I
Compound 56f’
o CH,OH  White solid; m.p. 148.9-150.1 °C. Absolute stereochemistry
1]
OZN@E_N PR \was assigned by analogy to compound 56a, 66% ee. 'H NMR

(400 MHz, CDClI3, TMS) & 1.11 (s, 1H), 1.99 (dd, J = 4.0, 4.4
Hz, 1H), 2.36 (d, /= 4.4 Hz, 1H), 3.30 (dd, J = 2.1, 9.6 Hz, 2H), 3.49 (s, 2H), 3.80 (d, J = 9.6
Hz, 1H), 3.92 (d, J =9.6 Hz, 1H), 7.14 (d, J = 7.2 Hz, 2H), 7.21-7.32 (m, 3H), 8.03 (d, J/ = 8.8
Hz, 2H), 8.41 (d, J = 8.8 Hz, 2H); °C NMR (100 MHz, CDCl3, TMS) & 24.4. 29.4, 36.7, 50.5,
53.1, 60.9, 124.4, 126.9, 128.4, 128.60, 128.64, 135.5, 142.5, 150.2. LRMS (EI) m/e 374.1
(1.11%), 268.1 (13.79%), 188.1 (24.94%), 129.1 (100%), 117.1 (44.57%), 91.1 (70.36%);
HRMS (EI) caled for [C13H sN2O5S] requires 374.0936, found 374.0932 [M™].
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File Name:; D:\HUA1f0 i4HE\ ]

WH-500 & % 4> f #H# &

B A E SR 1 \NO2 £~ 1344-2-0H (+) ADO. T

0 50,214, sg

2011/03/05 18:24:56

77.00
av 4

61. 20
1 ﬂ

5. 40 \|
I |
] |
1 \

) i

29. 60 I
] | !
] i
1 | ! |

13.80 i [ 7
| INEAN

/

4 [ M o A J o _./‘ B o = O =
1 [ L VAN | S e

k1w () W e A S N T RN S ) | (NN SRR T R [ N SO e R VR R . P S U P L

0. 000 5. 000 10. 000 15. 000 20. 000 25. 000 30. 000 35. 000 10. 000 45. 000 50. 000
Minutes
D Aoy (iR I Tl g7 WEE [ AL R FiA Py
1 24.282 50144 3110940.0 49. 8031 2.31 3053
2 32. 307 13462 3135538.7 50. 1969 3.85 383
36 63606 6246478. 7 100. 0000

File Name: D:\fiAfifi i\ T &

WH-500 & #% 4> 7 R &

EVBEHUE 7 7 ANO2 \wwf~13594D0. 7. 50 50.214. sg

2011/03/05 18:25:35

71.00
v |
61.20 F}
5.40 H‘
] R
29. 60 ‘
1 ‘ “I
13. 80 ‘|‘
] l‘ \ .
E AJ’ R — RS \—,______‘[’_\7‘ e
T e T T T T T e T T T T e E T T e e
0. 000 5. 000 10. 000 15. 000 20. 000 25.000 30. 000 35. 000 10. 000 15. 000 50. 000
Minutes
D Mo (% B ) i) e 75 g TR fiidicy HiE N T B
1 24.332 64873 3944422 8 82. B645 2.10 3192
2 33. 136 3899 815665. 3 17. 1355 2.61 518
% 68772 4760088, 1 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 50:50, flow rate

mL-min'l, wavelength = 214 nm, g = 24.3 min (major), fg = 33.7 min (minor)].
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Compound 56g

Pr CHO White solid; m.p. 55.9-56.9 °C. Absolute stereochemistry was

O
ipr §—N<}<Ph assigned by analogy to compound 56a, [a]*’p = -11.5 (¢ 0.5,
iPrO H CHCl3), 10.3% ee. IR (direct irradiation) v 2958, 2929, 2870,

1696, 1601, 1462, 1425, 1364, 1316, 1239, 1152, 1079, 1044, 1006, 953, 883, 844, 782, 732,
698, 675, 652 cm™. "H NMR (400 MHz, CDCls, TMS) & 1.25-1.29 (m, 18H), 2.91 (hep, J =
6.8 Hz, 1H), 2.96 (dd, J = 4.4, 5.2 Hz, 1H), 3.09 (d, J = 5.2 Hz, 1H), 3.56 (dd, J = 4.0, 10.0 Hz,
1H), 3.61 (d, J = 10.4 Hz, 1H), 3.80 (d, J = 9.2 Hz, 1H), 3.82 (d, J = 10.0 Hz, 1H), 4.17 (hep,
J = 6.8 Hz, 2H), 7.19 (s, 2H), 7.24-7.34 (m, 5H), 8.81 (s, 1H); >*C NMR (100 MHz, CDCl;,
TMS) & 23.5, 24.88, 24.92, 29.5, 29.8, 34.0, 34.1, 45.0, 47.1, 47.8, 124.0, 127.6, 128.9, 130.8,
133.4, 151.3, 153.4, 197.4. LRMS (EI) m/e 453.2 (1.1%), 187 (97.97%), 158 (51.46%), 129
(100%), 96 (90.57%), 91 (76.79%); HRMS (EI) calcd for [Co;H3sNO3S] requires 453.2338,
found 453.2335 [M*].

QNo-Don-Noogy R R e e R R i e R e B N o T N R R N N
AN C0Donns o =N R R R R B S S R R R R R N R R ]
oo o o o) = R R e M R R R R R A R AR R R e R
e A A L R e R A R R R R R R e R A A R AR IR

e I

8.807
0.000

5837

201
095 10
] 30 S { 7 il
J o) 202

lelh | | G
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CHO
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WH-500 Chiral HPLC Analysis Report:
ID; Content; Retention time; Peak height; Peak area; Concentration; Tailing effect; Theoretic

tower plates

WH-500 & #% 4> 7 i &

670.00 File Name: D:\j B\ T AT R \wf—13-35-3 (- AD0, 7,90 10, 230, 5= 2011/02/23 15:58:57
mv 4
533.00
r‘.'r'
_ Il
396. 00 “- i
' |
l I
] I 1
259.00 . ; \‘
\ ‘ l
] R | |
122.00 I |
22. | [ [
1 | | ‘
| |
B
e el 4N e Ko J
e {0 5. { o i R e /(R e [ e B B R N 0 NN A S [ A G R A ) R N S i e (O A B M R [ T A L
0. 000 1.200 2.400 3. 600 1. 800 6. 000 7.200 8. 400 9. 600 10. 800 12. 000
Minutes
1D Al 4 CRE 1] I iy Ve B fidis 2K T i
1 8.103 463930 5271877. 4 49. 8355 1.13 10135
2 9.172 392640 5306673. 8 50. 1643 1.13 9178

B

836570 10578551.2  100. 0000
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WH-500 & % 4r #7 R &

570, 0 —Eile Hame: DA A T S B\t ~13-36-3AD0. 7, 90 10. 230. 5 2011/02/23 15:58:15
lmv B
] “3' ¢
533.00 H ‘ll‘
] ‘ |
(.|
] | i I
- [
396. 00 T | T
] I l \
\ ‘ ‘
\ | |
259, 00 -
] [ [
| [
‘ |
| [ 1
A
122. 00 ™ ]
REEE
A R
B PR i ¥ =
o 7% 11 o e o e o o R T T G R S o R (R O N TR [ T 0 R S T R e [ PR T e (N T A Q] G N e (R A (1 I PR
0.000 1.200 2. 400 3. 600 1.800 6. 000 7.200 8. 400 9. 600 10. 800 12. 000
Minutes
D HiliEd (B I ) WE 15 W iR IR R T IR
1 8.142 562283 6473553. 0 44, 8628 1.10 9967
2 9.212 D71780 7956099. 8 99, 1372 1.14 8735
24 1134063 14429652. 8 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 90:10, flow rate = 0.7

mL-min'l, wavelength = 230 nm, g = 8.1 min (minor), fg = 9.2 min (major)].

Compound 56h

CHO It is a known compound.” Colorless oil. Absolute stereochemistry was
= Ph assigned by analogy to compound 56a, [0.]*’p = +3.6 (¢ 0.5, CHCl), 3.1% ee.
IR (direct irradiation) v 2956, 2925, 2855, 2742, 1948, 1892, 1691, 1605, 1499,
1455, 1371, 1237, 1199, 1072, 1059, 1026, 909, 795, 779, 732, 696, 634 cm™. 'H NMR (400
MHz, CDCls, TMS) 6 2.92 (d, J = 5.6 Hz, 1H), 2.98 (dd, J = 3.2, 5.6 Hz, 1H), 3.89 (dd, J =
2.8, 8.8 Hz, 1H), 4.02 (d, / =9.2 Hz, 1H), 4.08 (d, J = 8.8 Hz, 1H), 4.20 (d, J/ = 9.2 Hz, 1H),
7.25-7.36 (m, 5H), 8.95 (s, 1H); *C NMR (100 MHz, CDCls, TMS) & 31.9, 33.4, 46.8, 68.0,
68.8, 127.4, 128.8, 128.9, 133.9, 198.2. LRMS (EI) m/e 188 (3.28%), 158 (39.63%), 129
(100%), 115 (32.57%), 91 (44.54%); HRMS (EI) calcd for [C;,H20;] requires 188.0837,

found 188.0836 [M"].
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WH-500 t4 % 4r #7 R &

350, g —pile fame: D\l D 8 A o AR P ORI V£ 13-48-3 () AD0. 7,95 5,230, se 2011/03/01 20:02:31
.EZIV B
n ’F
3 |
278. 00 i“ iy
] \ f\
|
' | I
206. 00 ‘ I
4 | ‘ ‘ |
1 |
1 [ ||
134.00 ] ‘ 1 |‘
| \ \
I
3 - |
_ | |
62. 00 1
] | } \‘
: I“t ,‘I \\
] — ol g PN | W S
B ) o e e s s e o e B e e e I LIS S s o s e e e e B e e e e e e e e R R e S L
7.000 8.800 10. 800 12. 400 14,200 16. 000 17.800 19.800 21. 400 23.200 25, 000
Minutes
1D Mo GBI 1] W 1y W iR fidica fi 2 AT FIRIER
1 14. 360 307155 5681617. 7 49, 7747 1.47 12012
9 19. 307 255421 5733044 1 50. 2253 1.41 14746
35 062576 11414661. 8 100. 0000
il 173 P =t
WH-500 & #% 43 #r & 15
195, po—pile Nane: D\ LB b 1V \wwf—13-56-3AD0. 7, 95 5,230, se 2011/03/01 20:01:17
B ..'[W 4
4 U‘,
99. 00 ] ||‘
: |
] I‘
73.00 ‘ »_
_ | I
] | [
|
' | |
.00 ;
{ 1 ‘l | | I‘
] | R
| | [
] L |
21.00 ‘ I [T
!
1 ! | |\
4 |
| [
1 fi 4 | \
o C e S S s T S S . .
1 o S o e T e B T ) P B et i B i i R ) P e [ B [ i R e B
7.000 8.800 10. 600 12. 400 14. 200 16. 000 17.800 19. 600 21. 400 23. 200 25. 000
Minutes
i) Eikgd (e I 1] e WE T A i3 21 T il
1 15.218 104797 1847991, 5 48. 4683 1.15 14844
2 20. 227 70945 1964792. 8 51. 5317 1.19 10631
b 175742 3812784. 3 100. 0000

[HPLC conditions: Chiracel AD-H column, hexane/2-propanol = 95:5, flow rate = 0.7

mL-min'l, wavelength = 230 nm, g = 15.2 min (minor), g = 20.2 min (major)].
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(G) X-ray Crystal Data of Complex 1.

The crystal data of 1 have been deposited in CCDC with number 759948. Empirical Formula:
C4oH32Ausl,Ng; Formula Weight: 1244.45; Crystal Color, Habit: colorless, prismatic; Crystal
Dimensions: 0.301 x 0.217 x 0.24 mm; Crystal System: Triclinic; Lattice Type: Primitive;
Lattice Parameters: a = 9.3794(9)A, b = 10.4523(10)A, ¢ = 20.784(2)A, o = 85.843(2)°, B =
77.783(2)°, v = 80.838(2)°, V = 1964.5(3)A’; Space group: P-1; Z = 2; Dyge= 2.104 g/em’; Foop
= 1156; Diffractometer: Bruker Smart CCD; Residuals: R; Rw: 0.0448, 0.1129.
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Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 26.00
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

Crystal data and structure refinement for cd29663.

cd29663

C40 H32 Au2 I2 N6
1244.45

293(2) K

0.71073 A

Triclinic, P-1

a = 9.3794(9) A alpha = 85.843(2) deg.
b = 10.4522(10) A beta = 77.783(2) deg.
c = 20.784(2) A gamma = 80.838(2) deg.

1964.5(3) A"3

2, 2.104 Mg/m"3

9.067 mm~-1

1156

0.301 x 0.217 x 0.24 mm

1.98 to 26.00 deg.

-11<=h<=11, -12<=k<=7, -25<=1<=25
10847 / 7587 [R(int) = 0.0389]
98.3 &

Empirical

1.00000 and 0.41456

Full-matrix least-squares on F*2
7587 / 0 / 455

1.005

R1 = 0.0448, wR2 = 0.1129

Rl = 0.0554, wR2 = 0.1176

1.539 and -1.266 e.A"-3
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Table 2. Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A"2 x 1073) for cd29663.

U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

x y z U(eq)
Au(l) 6090 (1) 5025(1) 2242(1) 42 (1)
Au(2) 6215(1) 1120(1) 1516(1) 46 (1)
I(1) 3959 (1) 6879 (1) 2351 (1) 66 (1)
I(2) 7666 (1) 191(1) 447 (1) 100¢(1)
N(1) 8621 (8) 3171(6) 1555(3) 44(2)
N(2) 8330(6) 2836 (5) 2601 (3) 32(1)
N(3) 3811(7) 2779(6) 2387(3) 39(1)
N(4) 5174 (6) 1529 (5) 2967 (3) 31 (1)
N(5) 7530(30) 5780(30) -286(11) 246 (15)
N(6) -16(11) 5623(10) 2066 (5) 84 (3)
Cc(1) 7768 (8) 3555(7) 2128 (4) 37(2)
C(2) 9713(9) 2202(8) 1651(4) 45(2)
C(3) 10861 (11} 1489(9) 1216(5) 60 (2)
C(4) 11853(11) 642(9) 1482(5) 61(3)
C(5) 11750(10) 458 (8) 2152(5) 59(2)
C(6) 10607(8) 1143(7) 2595 (4) 43(2)
C(7) 9586 (8) 1977 (7} 2330(4) 37(2)
C(8) 8451 (12) 3747(10) 913 (4) 67(3)
C(9) 7792(7) 3025 (6) 3286(3) 28(1)
C(10) 7819(8) 4291 (6) 3501 (4) 35(2)
C(11) 7321 (8) 4579(7) 4135 (4) 42(2)
C(1l2) 6831 (8) 3625(7) 4609 (4) 36(2)
C(13) 6313(9) 3892(9) 5283 (4) 49(2)
C(1l4) 5819(10) 2983(9) 5733(4) 55(2)
C(15) 5813(9) 1714 (8) 5525 (4) 50(2)
C(le6) 6298 (8) 1428(8) 4886 (4) 41(2)
C(17) 6798 (7) 2366(7) 4414 (3) 33(2)
c(18) 7288 (7) 2076 (6) 3721 (3) 29(1)
C(19) 7240(7) 762(6) 3498 (3) 28(1)
C(20) 8296(7) -319(6) 3677(3) 29(1)
C(21) 9307(8) -186(7) 4068 (3) 38(2)
C(22) 10323(9) -1185(8) 4184 (4) 45(2)
C(23) 10398 (10) -2413(8) 3922 (4) 52 (2)
C(24) 9449(9) ~-2563(7) 3540(4) 47 (2)
C(25) 8354 (8) -1564(7) 3410(4) 37(2)
C(26) 7368(8) -1708 (7} 3022 (4) 39(2)
C(27) 6300 (8) -693(7) 2890 (4) 38(2)
C(28) 6269 (7) 532(6) 3128(3) 29(1)
C(29) 5008 (8) 1880(7) 2350 (4) 35(2)
C(30) 3141 (8) 2977(7) 3037 (4) 38(2)
C(31) 1837(9) 3759(8) 3321 (5) 54(2)
C(32) 1427(9) 3657(9) 3987(5) 60(2)
C(33) 2225(10) 2788(9) 4386 (5) 60(2)
C(34) 3544 (8) 2052(8) 4086 (4) 45(2)
C(35) 3965(8) 2174 (6) 3415(3) 33(2)
C(36) 3244 (10) 3464 (9) 1817 (4) 54(2)
C(37) 6580 (30) 6290 (30) -44(12) 174 (10)
C(38) 5250(30) 7041(18) 322(10) 180(9
C(39) 166(13) 6408 (11) 1709(6) 75(3)
C(40) 510(30) 7412 (17) 1217(10) 194 (10)
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Table 3. Bond lengths [A] and angles [deg] for cd29663.

ZzzZZ22Z22Z2p PPy
PRI < T i =
BWWWRN NN R R~
= O —

zZ=z22

=z
=

.356(14)
.9300
.376(13)
.9300
.395(11)
.9300
.367(11)
. 9300
.9600
.9600
.9600
.365(9)
.434(9)
.340(10)
.9300
.409(11)
. 9300
.412(10)
.415(10)
.349(12)
.9300
.425(12)
. 9300
.348(11)
. 9300
.399(10)
.9300

C(21)-C(22
C(21)-H(21
C(22)-C(23

Q

23)-C(24

.381(10)
.393(10)
.9300

.400(9)
. 9300

.368(10)
.399(11)

NN NN NN R

anoaooaaoan
~ oy OV U s

C(27)-H(27)
C(30)-C(35)
C(30)-C(31)

HEPORORRFPROROROFRORRERRPRPHEOROROHORRPRRLRORORHERPOOOOHOHOHOKRRREHRPRHEHRERRERERRERERERERERRNDNDNDN
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H(36A)-C(36)-H(36B) 109.5
N(3)-C(36)-H(36C) 109.5
H(36A)-C(36)-H(36C) 109.5
H(36B)-C(36)-H(36C) 109.5
N(5)-C(37)-C(38) 178 (4)
C(37)-C(38)-H(38A) 109.5
C(37)-C(38)-H(38B) 109.5
H(38A)—C(38)—H(38B) 109.5
C(37)-C(38)-H(38C) 109.4
H(38A) C(38)— (38C) 109.5
H(38B)- (38) H(38C) 109.5
N(6)- (39) C(40) 176.2(16)
C(39)-C(40)-H(40A) 109.5
C(39)~-C(40)- (4OB) 109.5
H(40R)-C(40)-H(40B) 109.5
C(39)-C(40)-H(40C) 109.5
H(40A)-C(40)-H(40C) 109.5
H(40B)-C(40)-H(40C) 109.5

Symmetry transformations used to generate equivalent atoms:
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Anisotropic displacement parameters (A”2 x 1073) for cd29663.

The anisotropic displacement factor exponent takes the form:

Table 4.
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Table 5. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A"2 x 1073) for cd29663.

X Yy z U(eq)
H(3) 10940 1593 763 73
H(4) 12632 169 1201 73
H(5) 12457 -134 2311 70
H(6) 10542 1037 3048 52
H(8A) 7488 4248 949 101
H(8B) 8564 3073 608 101
H(8C) 9187 4300 758 101
H(10) 8186 4919 3199 42
H(11) 7299 5417 4264 51
H(13) 6313 4720 5420 58
H(14) 5487 3181 6173 66
H(15) 5473 1081 5831 60
H(16) 6301 594 4758 49
H(21) 9274 608 4249 45
H(22) 10990 -1069 4441 54
H(23) 11092 -3105 4012 63
H(24) 9524 -3362 3356 56
H(26) 7419 -2508 2842 47
H(27) 5615 -827 2646 45
H(31) 1281 4317 3067 65
H(32) 581 4183 4191 72
H(33) 1877 2709 4838 72
H(34) 4118 1498 4333 54
H(36A) 4059 3626 1471 82
H(36B) 2652 4272 1953 82
H(36C) 2655 2933 1658 82
H(38A) 4944 7783 56 269
H(38B) 5448 7324 719 269
H(38C) 4478 6511 432 269
H(40A) 1555 7338 1068 291
H(40B) 134 8244 1403 291
H(40C) 54 7324 852 291
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[deg] for cd29663.

Torsion angles

Table 6.
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Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for cd29663 [A and deg.].

D-H...A d(D-H) d(H...A) d(D...A) < (DHA)
C(38)-H(38A)...I(2)#1 0.96 3.27 4.13(2) 150.3
C(3)-H(3)...I(2)#2 0.93 3.17 3.877(9) 134.8
C(14)-H(14)...I(1)#3 0.93 3.21 4.046(8) 150.3
C(5)-H(5)...I(1)#4 0.93 3.22 4.017(9) 145.2

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+1,-2 #2 -x+2,~-y,-z #3 -x+1,-y+1l,-2z+1
#4 x+1,y-1,2
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(H) X-ray Crystal Data of Complex 2a.

20N R <

Q ’ 4
c23 //? '\\\’;‘4 L/
\/Z C25)

Y
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o) ol =
€22 "}“W ) e Z
U > N3
021 C\ O &30
C18
. . '—_//
c17
(3 ‘g\é) M
O 'K\/\
C15 \Z i
c2
‘Qé‘ Q"n D
A Ci4 13

The crystal data of 2a have been deposited in CCDC with number 757529. Empirical Formula:
C3oHyAuCLIN;O; Formula Weight: 935.23; Crystal Color, Habit: colorless, prismatic;
Crystal Dimensions: 0.303 x 0.122 x 0.105 mm; Crystal System: Orthorhombic; Lattice Type:
Primitive; Lattice Parameters: a = 7.6150(13)A, b = 14.252(2)A, ¢ = 30.775(5)A, o = 90°, B =
90°, v = 90°, V = 3340.1(10)A’; Space group: P2(1)2(1)2(1); Z = 4; Degie= 1.860 g/em’; Fooo =
1792; Diffractometer: Bruker Smart CCD; Residuals: R; Rw: 0.0635, 0.1464.
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Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

7z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.50
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

Crystal data and structure refinement for cd29609.

cd29609
C32 H27 Au Cl14 I N3 O
935.23

293(2) K
0.71073 A
Orthorhombic, P2(1)2(1)2(1)
= 7.6150(13) A

a
b = 14.252(2) A
c = 30.775(5) A

alpha = 90 deg.
beta = 90 deg.
gamma = 90 deg.
3340.1(10) A3

4, 1.860 Mg/m"3

5.679 mm"-1

1792

0.303 x 0.122 x 0.105 mm

1.57 to 25.50 deg.

-9<=h<=9, -17<=k<=15, -33<=1<=37
17758 / 6198 [R{int) = 0.0969]
99.8 %

Empirical

1.00000 and 0.54235

Full-matrix least-squares on F*2
6198 / 2 / 366

0.919

R1 = 0.0635, wR2 = 0.1464

R1 = 0.1010, wR2 = 0.1600
0.044(13)

1.144 and -1.043 e.A"-3
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Table 2. Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A"2 x 1073) for <¢d29609.

U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y z U(eq)
Au(l) 8761 (1) 3685(1) 1624 (1) 60 (1)
I(1) 9053 (2) 3333(1) 2416 (1) 103(1)
N(1) 8800 (20) 3291(8) 662 (4) 59(3)
N(2) 8330(17) 4748(8) 785 (4) 50(3)
N(3) 4233(15) 4369(9) 1192 (4) 55(3)
o(1) 4000(40) 2899(9) 1045(5) 160(9)
Cl(1) 6095(12) 5527(6) 2354 (3) 183(4)
Cl(2) 2439(11) 5613(6) 2160 (3) 151¢(3)
C1(3) 2148(19) 5573(10) 3379 (4) 255(6)
Cl(4) -1450(30) 5521(12) 3507 (5) 223(8)
Cc(1) 8520(19) 3951(9) 976 (5) 46(4)
C(2) 8600 (20) 3727(11) 274 (6) 64 (4)
C(3) 8730(20) 3391(12) -171(6) 76(5)
C(4) 8700 (30) 3988(14) -486(5) 77(5)
C(5) 8560 (30) 4954 (13) -410(5) 77(5)
C(6) 8386 (18) 5297(12) 1(5) 59(4)
C(7) 8358 (17) 4636(10) 344 (5) 51(4)
C(8) 8920 (30) 2277(10) 760(6) 94 (6}
C(9) 7888 (19) 5620(10) 1026 (4) 45(3)
C(10) 9227(18) 5991 (10) 1313(4) 49 (4)
C(1l1l) 8850 (20) 6758(11) 1547 (4) 60 (4)
Cc(l2) 7130(20) 7197(11) 1515(5) 63(5)
C(13) 6570(40) 7992(13) 1780 (5) 94 (8)
C(14) 5110(30) 8398(14) 1755(6) 80 (6
C(15) 3880(30) 8054 (11) 1463 (5) 81(5)
C(1l6) 4200(20) 7287 (11) 1219(5) 62 (4)
C(17) 5860 (20) 6816 (10) 1249 (5) 52(4)
C(18) 6270 (20) 6033(9) 987 (4) 45(3)
C(19) 4931(19) 5613(9) 690 (4) 41(3)
C(20) 4650(18) 6027(10) 276(5) 47 (4)
C(21) 5405(19) 6897 (11) 159(5) 61(5)
C(22) 5250 (30) 7258 (13) -289(6) 80 (6
C(23) 4220(30) 6750(20) -598(7) 130(11)
c(24) 3400 (30) 5990(13) -485(6) 68(5)
C(25) 3700 (30) 5588(11) -31(6) 70(5)
C(26) 2770(20) 4737 (14) 88 (6) 74 (6)
C(27) 2960 (20) 4379(13) 474 (6) 67(5)
C(28) 4083(17) 4789(11) 791(4) 45 (4)
C(29) 4100(30) 3458 (12) 1329(6) 75 (5)
C(30) 4150(20) 3240(12) 1775(5) 78 (6)
C(31) 4200(30) 6199 (18) 2357(7) 123(9)
C(32) 130(30) 5810(30) 3115(9) 223(17)
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Table 3. Bond lengths [A] and angles [deg] for ¢d29609.

.038(14)
.5005(14)
.354(19)
.365(17)
.481(18)
.286(16)
.369(19)
)
)
)

.186(19)
.73(2)
.69(3)
.772(18)
.750(18)
.33(2)
.45(2)
.29(2)
.9300
.40(2)
.9300
.36(2)
9300
.41(2)
.9300
.9600
.9600
.9600
.37(2)
.448(18)
.339(19)
. 9300
.45(2)
. 9300
.38(2)
.46(2)
.25(3)
.9300
.39(2)
.9300
.35(2)
.9300
.44(2)
.9300
.411(19)
.496(19)
.377(19)
.419(19)
.34(2)
.41(2)
.48(2)
.9300
.43(3)
.9300
.29(3)
.9300
.53(2)
-9300
.45(3)
.30(2)
.9300
L42(2)
. 9300
L41(2)
. 9600
. 9600
. 9600
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C(28)-C(19)-C(20) 119.1(13)
( 8)-C(19)-C(18) 121.5(12)
20)-C(19)-C(18) 119.1(13)
C(ZS) -C(20)-C(21) 116.7(15)
C(25) ~-C(20)-C(19) 121.2(15)
1)-C(20)-C(19) 122.1(14)
C( 0)-C(21)-C(22) 120.6(16)
C(20)-C(21)-H(21) 119.7
C(22)—C(21)—H(21) 119.7
C(23)-C(22)-C(21) 119(2)
C(23)-C(22)-H(22) 120.4
C(21)-C(22)-H(22) 120.4
C(24)-C(23)-C(22) 121¢(2)
C(24)-C(23)-H(23) 119.7
C(22)-C(23)-H(23) 119.7
C(23)-C(24)-C(25) 119¢(2)
C(23) C(24)—h(24) 120.4
C(25)-C(24)-H(24) 120.4
C(ZO)—C(ZS)—C(ZG) 118.2(16
C(20)-C(25)-C(24) 123.2(16
C(26)-C(25)-C(24) 118.2(18)
C(27)-C(26)-C(25) 120.3(17)
C(27)-C(26)-H(26) 119.8
C(25)-C(26)-H(26) 119.8
C(26)-C(27)-C(28) 122.1(18)
C(26)-C(27)-H(27) 118.9
C(28)-C(27)-H(27) 118.9
C(19) -C(28)-N(3) 122.4(12)
19)—C(28)— (27) 118.5(14)
N(3) C(27) 119.1(15)
l)— ( ) N(3) 114.4(17)
O(l)-C(29) C(30) 125.0(17)
N(3)-C(29)-C(30) 120.5(16
C(29)-C(30)-H(30A) 109.5
C(29)- (30)— (30B) 109.5
H(30A)-C(30)-H(30B) 109.5
C(29)-C(30)-H(30C) 109.5
H(3OA) C(30)-H(30C) 109.5
H(30B)- (30)—H(30C) 109.5
Cl(2)-C(31)-C1(1) 112.7(15)
Cl(2)-C(31)- (31A) 109.0
Cl(1)-C(31)-H(31A) 108.0
Cl(2)-C(31)-H(31B) 108.0
Cl(1)-C(31)-H(31B) 108.0
H(31A)-C(31)-H(31B) 107.8
Cl(4)-C(32)-C1(3) 103.7(16
Cl(4)-C(32)-H(32R) 111.0
Cl(3)-C(32)-H(32A) 111.0
Cl1(4)-C(32)-H(32B) 111.0
Cl(3)-C(32)-H(32B) 111.0
H(32A)-C(32)-H(32B) 109.0

Symmetry transformations used to generate eguivalent atoms:

S113



for cd29609.
Ulz

U13

]

(A”2 x 1073)

ul2
u23

+ 2 h k a* b*
U33

U22

Anisotropic displacement parameters
Ull

The anisotropic displacement factor exponent takes the form:

[ h*2 a*~2 U1l + ...
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Table 5. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A"2 x 1073) for cd29609.

X y z
H(3R) 4455 4758 1399
E(3) 8824 2753 -228
E(4) 8785 3772 -771
H(5) 8581 5367 -644
H(6) 8291 5938 54
H(8AR) 7762 2023 795
H(8B) 9576 2189 1024
H(8C) 9505 1960 526
E(10) 10321 5705 1334
H(11) 9695 7012 1731
H(13) 7356 8216 1986
H(14) 4866 8916 1928
H(15) 2809 8361 1435
H(16) 3341 7062 1031
H(21) 6006 7246 367
H(22) 5812 7810 -370
H(23) 4132 6963 -882
H{24) 2643 5694 -678
H(26) 2040 4446 -112
H(27) 2344 3837 545
H(30A) 3087 2920 1855
H(30B) 4249 3809 13840
H(30C) 5139 2844 1833
H(31A) 3957 6397 2652
H(31B) 4392 6757 2183
H(32A) 42 6461 3032
H(32B) -6 5419 2858
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[deg] for cd29609.

Torsion angles

Table 6.
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C(21)-C(22)-C(23)-C(24) 1(3)
C(22)-C(23)-C(24)-C(25) -6(3)
C(21)-C(20)-C(25)-C(26) -174.5(13)
C(19)-C(20)-C(25)-C(26) 8(2)
C(21)-C(20)-C(25)~-C(24) -1(2)
C(19)-C(20)-C(25)-C(24) -178.3(14)
C(23)-C(24)-C(25)-C(20) 6(3)
C(23)-C(24)-C(25)-C(26) -179.9(18)
C(20)-C(25)-C(26)-C(27) -5(2)
C(24)-C(25)-C(26)-C(27) -178.7(16)
C(25)-C(26)-C(27)-C(28) -1(2)
C(20)-C(19)-C(28)-N(3) -177.1(12)
C(18)-C(19)-C(28)-N(3) 9(2)
C(20)-C(19)~C(28)-C(27) 0(2)
C(18)-C(19)-C(28)-C(27) -173.6(13)
C(29)-N(3)-C(28)-C(19) -152.7(18)
C(29)-N(3)-C(28)-C(27) 30(2)
C(26)-C(27)-C(28)-C(19) 3(2)
C(26)-C(27)-C(28)~-N(3) -179.5(195)
C(28)-N(3)-C(29)-0(1) 9(3)
(28)-N(3)-C(29)-C(30) ~173.7(16)

Symmetry transformations used to generate equivalent atoms:

S117



Table 7. Hydrogen bonds for ¢d29609 [A and deg.].

D-H...A d(D-H) d(H...A) d(D...A) < (DHA)
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(I) X-ray Crystal Data of Complex 6.

The crystal data of 6 have been deposited in CCDC with number 790740. Empirical Formula:

C3,Hy7AulN3; Formula Weight: 777.43; Crystal Color, Habit: colorless; Crystal Dimensions:

0.350 x 0.280 x 0.221 mm; Crystal System: Monoclinic; Lattice Parameters: a

12.8532(14)A, b = 7.4498(8)A, ¢ = 14.7707(11A, o = 90°, B = 90.459(2)°, y = 90°, V

1414.3(3)10%3; Space group: P2(1); Z = 2; D.ye= 1.826 g/cm3; Fooo = 744; Diffractometer:

Bruker Smart CCD; Residuals: R; Rw: 0.0406, 0.0790.
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Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system,

space group

Unit cell dimensions

Volume

Z, Calculated density
Abscorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique

Completeness to ﬁheta 27.00
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2gigma(I)]
R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

cd201441

C32 H27 Au I N3

)

777.43
293(2) K

0.71073 A
Monoclinic, P2(1
a = 12.8532(14) A
b = 7.4498(8) A

c = 14.7707{(17) A
1414.3(3) A™3

2, 1.826 Mg/m"3

6.317 mm™-1

744

Crystal data and structure refinement for cd201441.

alpha 90 deg.
beta = 90.459(2) deg.
gamma 90 deg.

0.350 x 0.280 x 0.221 mm

2.09 to 27.00 deg.

-8<=h<=16,

8321 / 5923 [R{int)

99.5 ¥
Empirical

1.0000 and 0.4083

-9<=k<=9,

-17<=1<=18

0.0359]

Full-matrix least-squares on F*2

5923 / 1/ 336

0.904
Rl = 0.0406, wR2
Rl = 0.0499, wR2
0.021(7)

0.00158(18)

1.099 and -0.947

0.0790

0.0824
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Table 2. Atomic coordinates ( x 10™4) and equivalent isotropic
displacement parameters (A*2 x 10°3) for cd201441.

Uleq) is defined as one third of the trace of the orthogonalized
Uij tensor.

* ¥ z U{eq)
Au(l) 5717(1) 7235 (1) 8588(1) 42(1)
I(1) 3741(1) 7336 (2) B466(1) 64 (1)
N(1) 7884 (4) €891 (10) 7903 (4) 38(2)
N(2) 7896 (4) 7229 (18) 9352(3) 43(1)
N(3) 6820(5) 2909 (9) B048(4) 47(2)
e41) 7261 (5) 7069 (19) B633(4) 37(2)
(off&- 3] 8935(5) 7110 (20) 9103 (5) 45(2)
c(3) 8937(5) 6905 (13) B170(5) 41(2)
c(4) 9840 (6) 6811 (11) 7680(6) 49(3)
c(s) 10744 (6) 6886 (18) B162(7) 67(4)
c(e) 10752 (6) 7110 (30) 9100(7) €69(3)
c(7) 9851 (6) 7230 (30) 9593(5) 61(2)
c(s) 7465 (5) 6721 (10) 6996 (5) 37(2)
c(9) 6946 (7) 8190 (13) 6618(6) 51(2)
c(10) 6480(7) 8033 (14) 5790(6) 51(2)
ci{l1) 6518(7) 6427 (15) 5313(6) 52(3)
c(12) 6019 (7) 6226 (17) 4451(7) 71(3)
c(13) 6093 (9) 4660(20) 4000(7) 89(4)
c(14) 6642(9) 3205(16) 4351(7) 76(3)
c(1s) 7118(7) 3335(14) 5178(6) 63(3)
cl(1e) 7077 (6) 4939(12) 5663(5) 44(2)
c(17) 7568 (6) 5119(11) 6538(5) 42(2)
c(18) 8194 (6) 3607(10) 6960(5) 38(2)
cl{19) 9195 (6} 3265(12) 66201(6) 47(2)
C(20) 9566 (8) 4078(14) 5801(7) 66(3)
c(21) 10550 (10) 3755(18) 5519(8) s0(4)
Cc(22) 11229(9) 2540 (40) 6029(11) 124(7)
Cc(23) 10890 (8) 1783 (18) 6794 (9) 87(5)
Cc(24) 9881 (6) 2090(20) 7104 (6) 61(3)
c(25) 9515(8) 1370(12) 7914 (8) 651(3)
c(26) 8545 (7) 1629(11) 8222(6) 54(2)
c(27) 7838 (6) 2714(9) 7727 (5) 39(2)
c(28) 6525 (6) 2250(20) 8931(5) 58(2)
c(29) 5367 (6) 2488(18) 8950(5) 55(3)
c(30) 5040 (6) 2230(30) 7976 (5) 64 (2)
c(31) 5909(7) 3089(12) 7441 (5) 49(2)
c(32) 7560 (6) 7470(20) 10288 (5) 63(3)
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Table 3. Bond lengths [A] and angles [deg] for cd201441.

Au(1)-C(1) 1.988(6)
Au(1l)-I(1) 2.5462(6)
N(1)-C(1) 1.355(8)
N(1)-C(3) 1.407(8)
N(1)-c(8) 1.445(9)
N(2)-C(1) 1.339(8)
N(2)-Cc(2) 1.390(8)
N(2)-C(32) 1.462(8)
N(3)-C{27) 1.402(9)
N(3)-C{(28) 1.447(9)
N(3)-C(31) 1.476(10)
c(2)-c{7n) 1.379(10)
c(2)-C(3) 1.387(10)
C(3)-C(4) 1.375(10)
C(4)-C{5) 1.360(11)
C(4)-H{4) 0.9300
c(5)-c(s) 1.395(13)
c(5) -H{5) 0.9300
c(6)-C{7) 1.375(11)
c(6) -H(6) 0.9300
C(7)-H(7) 0.9300
c(8)-c(17) 1.379(11)
c(8)-C{(9) 1.396(10)
c(9)-c{(10) 1.363(13)
C(9)-H(9) 0.9300
c(10)-C(11) 1.390(12)
€(10)-H(10) 0.9300
C(11)-C(16) 1.417(13)
C(11)-C(12) 1.429(13)
C(12)-C(13) 1.350(16)
C(12)-H(12) 0.9300
C(13)-C(14) 1.388(16)
€(13)-H(13) 0.9300
C(14)-C(15) 1.366(13)
C(14)-H(14) 0.9300
C(15)-C(16) 1.395(12)
C(15) -H(15) 0.9300
c(16)-C(17) 1.439(11)
C(17)-C(18) 1.515(11)
c(18)-C(27) 1.395(10)
c(18)-C(19) 1.408(10)
c(19)-c(24) 1.430(15)
c(19)-C(20) 1.438(13)
C(20)-C(21) 1.356(13)
C(20) -H(20) 0.9300
Cc{21)-C(22) 1.46(2)
Cc{21)-H(21) 0.9300
c(22)-C(23) 1.34(2)
Cc(22)-H(22) 0.9300
c{23)-C(24) 1.397(12)
Cc(23)-H(23) 0.9300
c(24)-c(25) 1.395(14)
c(25)-C(26) 1.345(12)
C(25)-H(25) 0.9300
{26} -C(27) 1.415(10)
C(26)-H(26) 0.9300
c(28)-C(29) 1.499(11)
C(28) -H(28A) 0.9700
C(28) -H(28B) 0.8700
c(29)-C(30) 1.509(11)
C(29) -H(29A) 0.9700
C(29) -H(29B) 0.9700
€(30)-C(31) 1.515(11)
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C(30)-H(30A)
C(30)-H(30B)
C(31)-H(31A)
C(31)-H(31B)
C(32)-H(32n)
C(32) -H(32B)
C(32)-H(320)

C(1)-Au(1)-I(1)
C(1)-N(1)-C(3)
C(1)-N(1)-C(8)
C(3)-N(1)-C(8)
Cc(1)-N(2)-C(2)
C(1)-N(2)-C(32)
Cc(2)-N(2)-C(32)
C(27)-N(3)-C(28)
C(27)-N{3)-C(31)
C(28)=-N(3)-C(31)
N(2)-C(1)-N(1)
N(2)-C(1)-Au(1)
N(1)-C(1)-Au(l)
C(7)-C(2)-C(3)
c(7)-C(2)-N(2)
C(3)-C(2)-N(2)
c(4)-c(3)-c(2)
C(4)-C(3)-N(1)
C(2)-C(3)-N(1)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(e)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
Cc(5)-C(6)-H(6)
c(e)-C(7)-C(2})
C(6)-C(7)-H(7)
c(2)-Cc(7)-H(7}
c(17)-c(8)-C(9}
c(17)-c(8)-N(1)
C(9)-C(8)-N(1})
C(10)-C(9)-C(8)
C(10}-C(9)-H(9)
c(8)-C(8)-H(9)
c(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
C(10)-C(11)-C(16)
C(10)-C(11)-C(12)
c(16)-c(11)-c(12)
C(13)-c(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
c(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C{16)
C(14)-C(15)-H(15)
C(16) -C(15) -H{15)
C(15)-C(16)-C(11)
C(15)-C(16)-C{17)
Cc(11)-C(16)-C{17)
c(8)-C(17)-C(16)

1.TT.
L1005
L2
127

Do CcCOoOOCOoOo
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c(8)-C(17)-C(18) 119.6(7)

c(16)-C(17)-C(18) 121.9(7)
c(27)-C(18)-C(19) 120.7(7)
C(27)-C(18)-C(17) 120.8(6)
C(19)-C(18)-C(17) 118.2(7)
C(18)-C(19)-C(24) 119.6(8)
C(18)-C(19)-C(20) 122.2(8)
C(24)-C(19)-C(20) 118.1(8)
C€(21)-C(20)-C(19) 120.0(11)
C(21)-C(20)-H(20) 120.0
C(19)-C(20)-H(20) 120.0
C({20)-C(21)-C(22) 120.4(12)
C(20)-C(21)-H(21) 119.8
Cc(22)-C(21)-H(21) 119.8
C(23)-C(22)-C(21) 119.9(11)
C(23)-C(22)-H(22) 120.1
C(21)-C(22)-H(22) 120.1
C(22)-C(23)-C(24) 121.1(14)
C(22)-C(23) -H(23) 119.4
C(24)-C(23) -H(23) 119.4
c(25) C(24) -C(23) 122.6(11)
C(25)-C(24)-C(19) 116.9(8)
C(23)-c(24)-C(19) 120.4(11)
C(26)-C(25)-C(24) 123.7(9)
C(26)-C(25) -H(25) 118.1
C(24)-C(25) -H(25) 118.1
C(25)-C(26)-C(27) 120.1(9)
C(25)-C(26) -H(26) 120.0
C(27)-C(26) -H(26) 120.0
C(18)-C(27)-N(3) 122.6(7)
C(18)-C(27)-C(26) 118.6(7)
N(3)-C(27)-C(26) 118.8(7)
N(3)-C(28)-C(29) 104.2(6)
N(3)-C(28)-H(28A) 110.9
C(29)-C(28)~H(28A) 110.9
N(3)-C(28)-H(28B) 110.9
C(29)-C(28) -H(28B) 110.9
H(28A)-C(28)-H(28B) 108.9
C(28)-C(29)-C(30) 103.6(6)
Cc(28)-C(29) -H(29A) 111.0
C(30)-C(29)-H(29A) 111.0
C(28)-C(29)-H(29B) 111.0
C(30)-C(29)-H(29B) 111.0
H(29A)-C(29)-H(29B) 109.0
C(29)-C(30)-C(31) 104.1(7)
C(29)-C(30)-H(30A) 110.9
C(31)-C(30)-H(30R) 110.9
C(29)-C(30)-H(30B) 110.9
C(31)-C(30)-H(30B) 110.9
H(30A)-C(30)-H(30B) 109.0
N(3)-C(31)-C(30) 103.3(7)
N(3)-C(31)-H(31A) i 0
C(30)-C(31)-H(31A) 111.1
N(3)-C(31)-H(31B) 111.1
C(30)-C(31)-H(31B) 111.1
H(31A)-C(31)-H(31B) 109.1
N(2)-C(32)-H(32A) 109.5
N(2)-C(32)-H(32B) 109.5
H(32A)-C(32)-H(32B) 109.5
N(2)-C(32)-H(32C) 109.5
H{32Aa)-C(32)-H(32C) 109.5
H(32B)-C(32)-H(320) 109.5

Symmetry transformations used to generate eguivalent atoms:
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Table 4. Anisotropic displacement parameters (A2 x 1073) for cd201441.
The anisotropic displacement factor exponent takes the form:

-2 pi*2 [ h*2 a*®*2 U1l + ... + 2 h k a* b* U12 |

Ull uz2 U33 uU23 U1l vU12
Au(1) 29(1) 58(1) 41(1) -4(1) 6(1) -5(1)
(1) 29(1) 108(1) 57(1) 14 (1) 4(1) -8(1)
N(1) 21(3) 55(6) 40(3) -8(3) -3(2) 1(3)
N(2) 39(3) 52(3) 36(3) ~15(7) 2(2) -11(6)
N(3) 41(4) 67(5) 34 (4) 2(3) -3(3) -7(3)
cl(1) 21(3) 51(6) 39(4) 13(6) 1(3) -11(5)
c(2) 37(4) 49 (5) 49(4) 1(7) -5(3) -4 (6)
c(3) 18(3) 52(7) 53(4) -4 (4) =1(3} 0(3)
c(4a) 331(4) 58(8) 54 (5) -6(4) -4(3) -2(4)
c(5) 29(4) 89 (12) 82(7) -7(7) -3(4) 13(5)
c(s) 361(4) 92 (8) 79 (6) -1(11) -20(4) 19(9)
c(7) 56({5) 77(5) 49(5) 17(10) -19(4) -15(10)
c(8) 23 (4) 51(6) 37(4) 8(3) 6(3) 3(3)
c(9) 38(5) 61(5) 53(6) 7(5) 15(5) 2(4)
¢ (10) 42(5) 74 (6) 38(6) 17(5) 2(5) 7(4)
€(11) 30(5) 97(7) 28(5) 10(5) 2(4) 0(4)
c(12) 38(5) 120(9) 55(6) 25(6) -12(5) -10(5)
€(13) 78(8) 158 (13) 29 (6) 8(7) -18(5) -14(8)
c(14) 901(8) 99(8) 40(6) -17(6) -5(6) -7(6)
c(1s) 61(6) 85(7) 44 (6) -14 (5} 4(5) -12(5)
c(16) 39(5) 70(5) 25(4) 0(4) 8(3) -14 (4)
c(17) 32(4) 58(5) 37(s) 4(4) 5(3) -7(4)
c(18) 32(4) 49(5) 34(4) -7(4) 2(3) -2(3)
c(19) 38(5) 57(5) 47(6) -14(4) 0(4) 1(4)
c(20) 54 (6) 84 (7) 60(7) -10(5) 18(5) ZX(5)
C(21) 70(8) 130(11) 71(8) -11(7) 30(7) 12(7)
c(22) 50(6) 180(20) 139(12) -85(16) 18(8) 1(12)
c(23) 60(7) 103(13) 100(9) -22(8) 6(6) 25(7)
Cc(24) 47(4) 67(7) 70(6) -15(9) -1(4) 14(7)
c(25) 59(7) 59(5) 77(8) -18(5) -19(5) 21(5)
c{26) 58(6) 56(6) 47(5) -3(4) -12(4) 2(4)
c(27) 44(4) 40(86) 32(4) -4(3) -9(3) -1(3)
c(z8) 66(5) 68(5) 40(4) 26(8) -1(4) -11(9)
c(29) 721(5) 48(7) 45(4) 6(5) 19(4) -16(5)
c(30) 62(5) 69(5) 60(5) -6(10) 3(4) -21(9)
c(31) 60(6) 60 (5) 29 (4) 1(4) 8(4) -4 (a)
c(32) 59(5) 96 (9) 35(4) -11(7) 3(3) 1(7)
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Table 5.

Hydrogen coordinates ( x 10%4) and isotropic
displacement parameters (A2 x 10"3) for cd201441.

x Y z Uleq)
H(4) 9833 6702 7052 58
H(5) 11373 6783 7860 80
H(6) 11388 7188 9402 83
H(7) 9859 7371 10218 73
H(9) 6919 9273 6930 61
H(10) 6131 9012 5541 61
H(12) 5643 7174 4202 85
H(13) 5768 4543 3438 106
H(14) 6685 2143 4022 92
H(15) 7470 2352 5418 76
H(20) 9132 4826 5464 79
H(21) 10795 4309 4998 109
H(22) 11895 2293 5822 149
H(23) 11334 1042 71258 105
H(25) 9968 673 8260 78
H(26) 8339 1096 8761 65
H(28A) 6859 2939 9408 69
H(28B) 6712 995 9001 69
H(29R) 5184 3677 9164 66
H(29B) 5045 1599 9337 66
H(30R) 4382 2823 7853 76
H(30B) 4974 967 7830 76
H(31A) 6019 2461 6874 59
H(31B) 5760 4340 7314 59
H(32R) 6833 7763 10295 95
H(32B) 7953 8417 10565 95
H(32C) 7673 6371 10618 95
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Table 6. Torsion angles

[deg] for cd201441.

C(2)-N(2)-C(1)-N(1)
C(32)-N(2)-C(1)-N(1)
c(2)-N(2)-C(1)-Au(l)
C(32)-N(2)-C(1)-Au(l)
C(3)-N(1)-C(1)-N(2)
C(8)-N(1)-C(1)-N(2)
C(3)-N(1)-C(1)-Au(l1)
C(8)-N(1)-C(1)-Aul(l)
I(1)-Au(l)-C(1)-N(2)
I(1)-Au(l)-C(1)-N(1)
c(1)-N(2)-C(2)-C(7)
C(32)-N(2)-C(2)-C(7)
Cc(1)-N(2)-C(2)-C(3)
C(32)-N(2)-C(2)-C(3)
c(7)-C(2)-C(3)-C(4)
N(2)-C(2)-C(3)-C(4)
C(7)-C(2)-C(3)-N(1)
N(2)-C(2)-C(3)-N(1)
C(1)-N(1)-C(3)-C(4)
C(8)-N(1)-C(3)-C(4)
c{1)-N(1)-C(3}-C(2)
Cc(8)-N(1)-C(3)-C(2)
c(2)-C(3)-C(4})-C(5)
N(1)-Cc(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(T)
c(5)-c(6)-C(7)-C(2)
C(3)-C(2)-C(7)-C(6)
N(2)-C(2)-C(7)-C(6)
C(1)-N(1)-C(B)-C(17)
C(3)-N(1)-C(8)-C(17)
Cc(1)-N(1)-C(8)-C(9)
c{3)-N(1)-C(8)-C(9}
C€(17)-C(8B)-C(9)-C(10)
N(1)-c(8)-C(9)-C(10)
c(s)-C(9)-C(10)-C(11)
c(9)-C(10)-C(11)-C(16)
c(9}-c(1o0)-C(11)-C(12)
€(10) -C(11)-C(12)-C(13)
c(16) -Cc(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
€ (12)-C(13)-C(14) -C(15)
C(13)-C(14)=-C{15)-C(16}
C(14)-C(15)-C{16) -C(11)
C(14)-C(15)-C(16)-C(17)
C(10)-C(11)-C(16) -C(15)
C(12)-C(11)-c{16)-C(15)
Cc(10)-c(11)-Cc(16)-C(17)
C(12)-C(11)-C(16)-C(17)
C(9)-C(8)-C(17)-C(16)
N(1)-C(8)-C(17)-C(16)
C{9)-c(8)-C(17)-C(18)
N(1)-c(8)-c{17)-C(18)
C(15) -C(16)-C(17)-C(8)
C(11) -C(16)-C(17)-C(8)
C{15)-C(16)-C(17)-C(18}
Cc(11)-c(16)-C(17)-C(18)
C(8)-C(17)-C(18)-C(27)
C{16) -C(17)-C(18)-C(27)
C(8)-C(17)-C(18) -C(19)
C(16)-C(17)-C(18)-C(19)
C(27)-C(18)-C(19)-C(24)
C(17)-C(18)-C(19)-C(24)

-1.5(18)
179.5(13)
-177.1(11)
4(2)
1.2(14)
-178.7(10)
177.0(9)
-2.9(16)
-148(6)
37(8)
178.9(19)
-2(3)
1.2(19)
-175.8(14)
-1(2)
177.6(10)

-178.
-0.
-178.
1.
-0.
179.
s
.1(10)

179

-2.

5(15)
4(15)
2(11)
7(16)
5{13)
4(10)
7(17)

3(18)

2(3)
0(3)
0(3)
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.7(18)
.7(11)
.4(11)
.9(12)
.0(9)
.2(12)
.4(7)
.4(13)
.4(14)
.91(8)
.5(10)
2413
.4(16)
.6(17)
.6(16)
+T(13)
.B(8)
-179.
.8(12)
.3(12)
-179.
-3,
175.
176.
-5.
-177.
.5(11)
.7(11)
-179.
68.
-111.
-104.
75.
-4,
168.

6(8)

0(7)
3(11)
4(6)
4(7)
0(10)
6(7)

1(7)




C(27)-C(18)-C(18)-C(20)
C(17)-c(18)-C(19)-C(20)
C(18)-C(19)-C(20)-C(21)
C(24)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22) -C(23)
Cc(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(22)-C(23)-C(24)-C(19)
C(18)-C(19)-C(24)-C(25)
C(20)-C(19)-C(24)-C(25)
C(18)-C(19)-C(24)-C(23)
C(20)-C{19)-C(24)-C(23)
C(23)-C{24)-C(25)-C(26)
C(19)-C{24)-C(25)-C(26)
C(24)-c(25)-C(26)-C(27)
C(19)-C(18)-C(27)-N(3)
C(17)-C(18)-C(27)-N(3)
C(19)-C(18)-C(27)-C(26)
C(17)-C(18)-C(27)-C(26)
C(28)-N(3)-C(27)-C(18)
C({31)-N(3)-C(27)-C(18)
Cc(28)-N(3)-C(27)-C(26)
C(31)-N(3)-C(27)-C(26)
C(25)~-C(26)-C(27)-C(18)
Cc(25)-C(26)-C(27)-N(3)
C(27)-N{3)-C(28)-C(29)
C(31)-N(3)-C(28)-C(29)
N(3)-C(28)-C(29)-C(30)
C(28)-C(29)-C(30)-C(31)
C(27)-N(3)-C(31)-C(30)
C(28)-N(3)-C(31)-C(30)
€(29)-C(30)-C(31)-N(3)

176
-10
177

-1

L.

-2
2
-177
-2
-1
177
-177

1.

-179

4.

-
=175
12

7
-165
-168
37

9
-145
-4
177
-172
-15
31
-36
149
-7
27

.2(8)
.8(12)
.7(10)
.6(16)
8(19)
(3)

(3)

.8(16)
(2)

.5(16)
.7(10)
+7L11)
5(17)
.3(11)
6(18)
.4(15)
.0(7)
.2(11)
.8(11)
.01(7)
.1(9)
.1(11)
.0(12)
L74(7)
L9(11)
.8(8)
.3(8)
.0(13)
s 7.015)
.9(15)
.1(9)
.8(11)
.4(13)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for cd201441 [A and deg.].

D-H...A d(D-H) d{H...A) d(D...Aa) < (DHA)
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