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Materials and Methods

Unless stated otherwise, reaction were performed at ambient temperature (25°C).
Commercially available reagents were used as received unless otherwise noted.
Diphenyldisulfide, p-nitrophenyldisulfide, cyclobutanone 1a, cyclopentanone 3a,
cyclohexanones 3b-e, and ketones 5a-c were purchased from Aldrich. Catalysts 1-VII
were purchased from Aldrich or Alfa-Aesar and used as received. 'H NMR spectra
were recorded on 400 and 500 MHz Varian spectrometers at 27°C using CDCls,
DMF-d; or DMSO-dg as solvent. *C NMR were recorded at 100 and 125 MHz at
27°C using CDClz;, DMF-d; or DMSO-dg as solvent. Chemical shifts (8) are given in
ppm. Coupling constants (J) are reported in Hz. Infrared spectra were recorded on a
FT-IR Bruker Equinox-55 spectrophotometer and are reported in wavenumbers. Low
Mass spectra analysis were recorded on an Agilent-HP GC-MS (E.I. 70eV). High
resolution mass spectra (HRMS) were obtained using a Bruker High Resolution Mass
Spectrometer in fast atom bombardment (FAB+) ionization mode or acquired using
an Bruker micrOTOF-Q 11 10027.

HPLC analysis were obtained from Hitachi-LaChrome 7100-UV/7400-Pump
integrated system and using chiral HPLC columns OJ, OD-H, AD-H and
Phenomenex-Lux.

Analytical thin layer chromatography was performed using 0.25 mm Aldrich silica
gel 60-F plates. Flash chromatography was performed using Merk 70-200 mesh silica
gel . Yields refer to chromatography and spectroscopically pure materials.



'H and **C NMR of compounds 3a-3g
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'H and *C NMR of compounds 4a-4k
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HPLC analysis of compounds anti-3a-3g, anti-4a-4j, anti-9, anti-10

ELUENT: rac_ciSPhl_phenomenex isoS-esad5 1 ml/min
Flow: 1000 ul/min
Velocity: 0.00 mm/s
Temperature: 20.0 °c
Pressure: 0.0 bar
No Retention Area Area Name
min mV*sec %
1 19.39 986.099 47.59
2 22.23 1085.912 52.41
2 40.00 2072.010 100.00
1 2
AN AN «/\\\J[\\\_n
ceme T
chl o L
s 10 15 20 2 30 35
Quantitation method: Absolute concentration
Standard component: No
Normalization: 100.00
No Retention Area Area  Name
min mvVesec %
1 19.39 2.170 0.18
2 24.09 1206.187 99.82
2 40.00 1208.356 100.00
2
; /\L
!* A» e 'L — ]
{ s (U e 25 3 3 min
ELUENT: ci_p_F_ep phenomenex Lux_97:3 Hex/IPA
Flow: 1000 pl/min H
Velocity: 0.00 mm/s s
Temperature: 20.0 *c F NO,
Pressure: 0.0 bar anti-3b
Ne Retention Area Area Name
min mv*sec t
1 22.92 56.533 6.06
i 2 23.91 403.395 43.26
; 3 25.96 472.640 50.68
23
t.~k.__-kwyuq2é!§S»
F’i,ﬁ SR R ——
S 1015 20 25 30 35 40 45 S0 S5 60 65 70 7smin

Quantitation method: Absolute concentration

Standard component: No
Normalization: 100.00
No Retention Area Area Name
2 min mV*sec %
1 21.51 519.985 3.51
2 23.97 14294.281 96.49
2 78.00 14814.266 100.00
|
!l
'_hk—MJY\lJ
——— S——
l*sn:szozsua;ugsossu_ssn-lg




ELUENT:
Flow:
Velocity:
Temperature:
Pressure:

ciPSh_rac phenomenex Lux cellulose-1l
1000 ul/min

0.00 mm/s

20.0 *c

0.0 bar

S

anti-3c

Area
mV*sec
52.521
54.496

No Retention Area
min
24.25

25.68

Name

49.08
50.92

1
2

2 39.98 107.017 100.00

A

chl

10 15

Absolute concentration
No
100.00

Quantitation method:
Standard component:
Normalization:

Area Area

No Retention Name

min
24.15
27.01

1
2

mV*sec
431.729%
6173.113

]
6.54
93.46

-

2 40.00

6604.842

100.00

<hl

ELVENT:
Flow:
Velocity:
Tenmperature:

Pressure:

N

CiPShBr_rac phencmenex Lux cellulose-l
1000 p17min
0.00 mn/s
20.0 *c H
0.0 bar S
Br NO,
anti-3d
Area
mVesec
1559.619
1438.726

Area
L)
$2.02
47.9%

No Retention Name

min
1 28.1%
2 32.28

2

50.00 2998.345 100.00

&

£ e

- v - ~ - .
18 £l 2 LU N—

Quantitation method:
Standard component:

Normalization:

No Retention

min

1 28.65
2

1536.582
32.83 171%5.288

Absolute concentration
No
100.00

Area Area
nVesec )
8.22
91.78

2

50.00 18691.870

100.00
2

1
e —
-

T

" r ¥ v

E
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Report date:
Printed by:

2370272016 13:43

£330

phenomenex Lso5S-es5a%5s 1 ml/min

Title: rae
ELUENT:

Llow: 1000 pl/min
Velocity: 0,00 mm/s
Temperature:; 20.0 "¢
Fressure: 0.0 bar

No Retention Area Area

min my*ses %
1 22.47 151,987 6.25
2 25.08 143648 5.91
3 35.24 1062.9%0% 43.70
q q0.64 1073.871 44.15
4 60,00 2432.39% 100.00

Hame

0,N

anfi-le

LosmdE W 38 50 3 4 45 S 55 min
2
Quantitation methed: Absolute concentratiomn |||
standard component: No |
Mormalization: 100.00
Ne Retention hrea Area Name
min mv*sec ]
1 35.90 843,476 11.02
2 41.57 6813.284 88.98 \
2 60,00 Te36.75% 100.00 |
1
\ f\
, AV
_._.JI IL._.-._.___ I.' LY T I
bt . ' . |
5 19 18 W 2% 30 35 4 45 s 55

25

NO,



ELUENT: ci_p_OMe_rac phenomenex Lux_95:5 Hex/IPA
Flow: 1000 ul/min
Velocity: 0.00 mm/s o
Temperature: 20.0 °c
Pressure: 0.0 bar 1l_Ph
§
MeO e 0
1 anti-3f
: 2
e U 1
{ s .10 15 20 25 30 3540 4 min
Quantitation method: Absolute concentration
Standard component: No
Normalization: 100.00
No Retention Area Area Name
min mV*sec %
1 25.75  742.224 4.60
2 27.82 15396.158 95.40
2 50.00 16138.382 100.00
2
'
A
A~ - .
e , ; - - — : - . \ —
| s 10 15 20 28 30 38 " 4 min
ELUENT: ci_p_PPhMe_rac phenomenex Lux_95:5 Hex/IPA
Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 °C
Pressure: 0.0 bar
rAl T Y - T =)
H 10 15 20

Quantitation method: Absolute concentration

Standard component: No

Normalization: 100.00
No Retention Area Area Name
min nvesec L}
1 32.88 1513.702 3.20
2 37.25 45764.280  96.80 2
2 $0.00 47277.982 100.00
1
A_ '
Y ' v v - v — v v - —
L 5 10 1S 20 25 30 35 40 4 min
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ELUENT:
Flow:
Velocity:
Temperature:
Pressure:

phenomenex isoS5-esad%5 1 ml/min
1000 pl/min

0.00 mm/s

20.0 °c

0.0 bar

arti-4a
Quantitation method: Absolute concentration

Standard component: No
Normalization: 100.00
No Retention Area Area Name
min mV*sec %
1 15.08 409.634 22.1
3 2 17.63 39.917 2.22
3 18.85 1349.745 75.02
T T T i T I
28 30 35 40 45 min
No Retention Area Area Name
min mV*sec %
12 1 19.87 1226.656 48.68
Vo 2 22.87 1285.560 51.02
[\!\_, 3 3 29.73 7.456 0.30
y
L} L — 1
S 10 1S 20 25 30 35 40 45 S0 S5 60 65 7075 50 S5 90 9% miel
ELUENT: rac phenomenex Lux_95:5 Hex/IPA
Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 °c
Pressure: 0.0 bar
1 2
|
i
L LN\ o
= —f—’_ I
L s 10 15 20 2% 30 3% min
Quantitation method: Absolute concentration
Standard component: No
Normalization: 100.00
No Retention Area Area Name
min mV*sec L ]
1 21.93 38.778 1.43
2 25.41 2675.961 98.57
2 40.00 2714.740 100.00
2
1 /\
“_‘_—’A—ﬁ— - I_‘ L _-1
E 5 . w 15 20 2 30 3 miny
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ELUENT: AD=H is0l0 esadl

Flow: 1000 pl/imin
Welocity: 0.00 mm/s
Temperature: 20,0 °c 3
Fressure: 0.0 bar |
I |2
i
No Retention Area Area  Name I
min mV*gec % Il il
21 26.28 1230.114 5.75 1
22 36.58 1312.77% 6.14 |
23 44.85 9048,262 42.29
24 47.82 9274.9%68 43.35 |
1
11
. n
1 IFITII [ T
UL L E I 1] 1Y
AT [

ey Mn A

Quantitation method: Absolute concentration

Standard component: No
Normalization: 100.00 11
[
Ho Retention Area Area  Name "
min my=gec % |
28 41.76 4369.783 2.39 | I
28 43.98 163850.486 89.57 [
30 56.34 2349.419 1.39 1

o
! migmed nasianoeed 2 2
AT L EPACIEER AW — .
chl . )

5 20 15 S0 55 min
ELUENT: ciPShOMe_rac phenomenex Lux 2:98 IPA/Hex
Flow: 1000 pl/min
Velocity: 0.00 rmm/s
Temperature: 20.0 *c
Pressure: 0.0 bar

No Retention Area Area
min mV*sec )

1 31.10 2321.959 16.66
2 35.10 2177.142 15.62
3 40.17 4918.372 35.29
4 46.25 4360.847 31.29

S ¥ T T T

S 10 15 20 25 30 35 40 45 S0 S5 60 65 min

Quantitation method: Absolute concentration
Standard component: No

Normalization: 100.00
No Retention Area Area Name
min mv*sec L] 2
1 39.23 710.719 1.20 '
2 43.07 58373.934 98.80
Fi 70.00 59084.653 100.00 i
]
|
|
]
|
1
"
— . e v . SN —
8 W . 1S 20 2§ 30 35 40 45 S0 S5 60 65 min
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ELUENT: phenomenex 1s505-esa95 1 ml/min
Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 *c
Pressure: 0.0 bar
No Retention Area Area Name
min nv*sec t
1 16.26 76.948 12.71
2 20.01 243.438 40.20
3 22.80 285.136 47.09
2 3
1 '
M‘&‘
L]
L s .10 15 20 28 30 35 40 4 min
Quantitation method: Absolute concentration
Standard component: No
Normalization: 100.00
No Retention Area Area Name
min mv*sec t

1 20.80 224.286 3.53

2 23.38 6097.834 95.93

3 28.75 34.690 0.552

1 3
| '

- . . A —— i -
s 10 15 20 28 30 35 0 45
ELUENT: ci_Cl2Ph_rac phenomenex Lux_97:3 Hex/IPA
Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 *c
Pressure: 0.0 bar

No Retention Area Area Name

min mV*sec L
1 30.79 2242.599 55.48
2 40.86 1799.641 44.52
2 55.00 4042.241 100.00

1 2
A /\L A—“\
Y S S , , |

— - -— v — v v v . '

r. s w 15 20 25 30 38 40 45 __So min

Quantitation method: Absolute concentration

Standard component: No
Normalization: 100.00
No Retention Area Area Name
min mV*sec L]
1 30.23 10595.896 95.15
2 40.38 539.633 4.85
2 55.00 11135.529 100.00
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ELUENT: 0J 25/75 iso/esa
Flow: 1000 yl/min
Valocity: 0.00 mm/s
Temperature: 20.0 °C
Pressure: 0.0 bar
18]

No Retention Area Area |

min mV*sec 3]
14 31.01 22991921 49.70 ||
15 38.49 13.191 0.03 | |
16 40.79 22170.843 47.92 | |

| f\ anti-4g

Ihs 78y, 13 | T 1”7
[ 0 n2 / ) e
NN ) Syt sl NG o

45 %0 S5 60 esmin

! Quantitation method: Absolute concentration
| Standard component: No

\ Normalization: 100.00
|\
| No Retention Area Area  Name
1\ min mVesec %
1] 1 31.18 13973.634 94.45
| 2 46.53  821.743 5.55
|2 §2.17 14795.377 100.00

/ \ 2
i — sl Mo npley
b s ;
s 10 15 20 28 30 3 40 45 50 58 Gwin
ELUENT: AD-H IPA/Hex 2:98
Flow: 1000 pl/min
Velocity: 0.00 mn/s o
Temperature: 20.0 *c Y
recsure: 0.0 bar
1 -
| 2 No Retention Area Area $
| ] min mV*sec L NO,
| A 1 16.89 785.636 49.65
| i 2 26.84 796.844 $0.35 .
anti-4h
2 57.66 1582.481 100.00

«ht

61.4mV

Quantitation method: Absolute concentration
Standard component: No

|} Normalization: 100.00
|
No Retention Area Area Name
min mv*sec L)
1 16.27 2575.812 100.00

) e
R so “J
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ELUENT: ci_ClFPh_rac OJ_95:5 Hex/IPA

Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 *c
Pressure: 0.0 bar
I? 3 4
et ——— - -~ T v T v ‘ )
s - 10 15 20 25 30

Quantitation methed: Absolute concentration
Standard component: No

Normalization: 100.00
No Retention Area Area Name
min mv*sec %
1 18.44 251.632 5.47
2 20.78 4345.770 94.53
2 36.20 4597.402 100.00
2

o P :

. 10 15 20 25 30 Ininy

ELUENT: AD-H iso S5/hex95 1mL/min
Flow: 1000 pl/min
Velocity: 0.00 mm/s
Temperature: 20.0 *c
Pressure: 0.0 bar
No Retention Area Area Name
min nV*sec s
1 25.99 759.690 52.57
2 29.86 6€83.705 47.31
3 43.65 0.001 0.00
4 45.80 1.738 0.12

Quantitation method: Absolute concentration
Standard component: No

Normalization: 100.00
'No Retention Area Area Name
min mV*sec ]
1 24.94 155.365 5.55
2 30.50 2643.870 94.45 2
L
2 48.11 2799.234 100.00
1
ohl "~ LB 2
e s .10 15 20 25 30 38 40 48 mir




1 2
chl
5 10 15 20 25min
Quantitation method: Absolute concentration
Ne R Name
1 2
1

chl B - - - o T -
5 10 15 20 25nin

X-Ray analysis of compound 8

X-ray diffraction data were collected using a Kappa X8 APPEX Il Bruker diffractometer with
graphite-monochromated Mo, radiation (3 = 0.71073 A). Crystals were mounted on a CryoLoop
(Hampton Research) with Paratone-N (Hampton Research) as cryo-protectant and then flash-frozen
in a nitrogen gas stream at 100 K. The temperature of the crystal was maintained at the selected
value (100 K) by means of a 700 series Cryostream cooling device to within an accuracy of +1 K.
The data were corrected for Lorentz polarization and absorption effects. The structures were solved
by direct methods using SHELXS-97" and refined against F? by full-matrix least-squares techniques
using SHELXL-97° with anisotropic displacement parameters for all non-hydrogen atoms.

Hydrogen atoms were located on a difference Fourier map and introduced into the calculations as a

1)  G. M. Sheldrick, SHELXS-97, Program for Crystal Structure Solution, University of Géttingen, Géttingen,
Germany, 1997.

2)  G. M. Sheldrick, SHELXL-97, Program for the refinement of crystal structures from diffraction data, University
of Gottingen, Géttingen, Germany, 1997.
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riding model with isotropic thermal parameters. All calculations were performed by using the
Crystal Structure crystallographic software package WINGX.*

The absolute configuration was determined for compound 8 by refining the Flack parameter* using
a large number of Friedel pairs.

An ORTEP drawing of the molecule is shown in Figure S1. The crystal data collection and

refinement parameters are given in Table S1.

CCDC 1442520 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

http://www.ccdc.cam.ac.uk/Community/Requestastructure.

Fig. S1. ORTEP drawing for the crystal structure of compound 8. Ellipsoids are drawn at the 30%
probability level

3) L.J. Farrugia, J. Appl. Cryst., 1999, 32, 837.
4)  H.D. Flack, Acta Cryst., 1983, A39, 876.
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Table S1. Crystallographic data and structure refinement details for 8.

Compound 8
Empirical Formula C1gH17NOsS
M, 359.38

Crystal size, mm®

0.32 x 0.30 x 0.30

Crystal system

orthorhombic

(e- AP

Space group P2,2,2,
a, A 8.2474(5)
b, A 11.1326(7)
c, A 18.0136(11)
a,® 90
B, ° 90
Y ° 90
Cell volume, A’ 1653.92(18)
Z:7 4:1
T, K 100(1)
Fooo 752
g, mm* 0.225
drange, ° 2.151 - 36.853
Reflection collected 35872
Reflections unique 8 255
Rint 0.0230
GOF 1.075
Refl. obs. (I>25(l)) 7739
Parameters ; Restraints 226 ;0
WR; (all data) 0.0797
R value (I>20(1)) 0.0290
Flack parameter 0.049(11)
Largest diff. peak and hole 0.242 : 0.329
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