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(A) General information

Optical rotation was measured with a Perkin-Elmer model 241 polarimeter
(25 °C, A = 589 nm). Specific rotations are reported as follows: [a]p* (c: g-100
mL™, in solvent).The unit is deg-cm?-g~-dm™. All ee values were determined by
high-performance liquid chromatography (HPLC) on systems of an Agilent 1100
or 1200 series with chiral stationary phases (Chiralpak AD-H, Chiralpak IA,
Chiralpak IB, CHIRACEL O]J) from Chiral Technologies Inc. The enantiomers
were identified and confirmed by comparing their HPLC retention times with
those of authentic racemates. Proton nuclear magnetic resonance (‘H NMR)
spectra were recorded on an Agilent 400 or 600 MHz spectrometer. The
chemical shifts were given in ppm relative to the residual peak of the
non-deuterated solvent was used as internal standard (CDCI3 6 7.26 ppm;
DMSO-ds 0 2.54 ppm). 'H NMR data are reported as follows: chemical shift,
multiplicity (s = singlet, d =doublet, t = triplet, q = quartet, m = multiplet, br =
broad), coupling constants (in Hz), integration. ®C{'H} NMR data were
collected at 100 or 150 MHz with complete proton decoupling (CDCI3 3 77.16
ppm; DMSO-d¢ 9 39.52 ppm). IR spectra were recorded on a Perkin Elmer 100
FT/IR spectrometer, and the wave numbers of the absorption peaks are given in
cm™. Mass (MS) were acquired on a Finnigan SSQ 7000 spectrometer [electron
ionization (EI), 70 eV] High resolution mass spectra (HRMS) analyses were
recorded on a Thermo Scientific LTQ Orbitrap XL with positive ion mode.
Reactions were monitored by thin layer chromatography (TLC) from Merck.
Column chromatography was performed using silica gel 60 (63-200 pum) from
Merck.

(B) Materials

Unless otherwise noted, all commercially available chemicals were used
directly as received. THF (assay: 99.8%) used for the kinetic resolution
reactions was perchased from Acros. Cinnamaldehydes 2a, 2b, 2c, 2f and
1-bromo-2,4,6-triisopropylbenzene were obtained from Sigma-Aldrich. 2a was
distilled prior to use. 2b and 2c were used after recrystallization in pentane and
ethyl acetate. Cinnamaldehydes 2d and 2e were synthesized by Wittig reactions
using (triphenylphosphoranylidene)acetaldehyde and the corresponding aryl
aldehydes." 9-Bromophenanthrene, 4-bromopyrene and trimethyloxonium
tetrafluoroborate were from TCI. Chiral amines were purchased from Alfa Aesar
except for (S)-3,3-dimethylbutan-2-amine (from BASF). Sulfoximines were

prepared according to the reported procedures.”
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(C) Typical procedure for the asymmetric kinetic resolution reaction

All reactions were performed under argon. To a stirred solution of triazolium
salt (5 mol%), sulfoximine 1a (31 mg, o0.20 mmol), 4 A MS (30 mg),
cinnamaldehyde 2b (21 mg, o.12 mmol) and MnO, (87 mg, 1.0 mmol) or
quinone 7 (49 mg, 0.12 mmol) in THF (1 mL) was added DBU (30 UL, 0.2 mmol)
at —-60 °C. After stirring for 96 h (and detection by) TLC, the product was
purified by column chromatography on silica gel to afford amide 3ab
(pentane/EtOAc = 3/1 to 1/1.5 as eluent) as a light yellow oil. The unreacted
sulfoximine 1a was recovered (pentane/EtOAc = 1/5 to EtOAc as eluent) as a
colorless oil. The yields of 3ab and recovered 1a were calculated according to
the amount of sulfoximine 1a.

Hydrolysis of 3ab: Amide 3ab (66 mg, 0.20 mmol, 80% ee) was dissolved in
CH,Cl, (2 mL) and aqueous HCI (12 N, 30 equiv.) was added. The reaction was
stirred at 8o °C for 5 h. The mixture was diluted with water and washed with
ether, the aqueous layer was basified with aqueous NaOH (2 N) and extracted
with ethyl acetate. The organic layer was dried over Na,SO, and concentrated

under reduced pressure to give 1a (26.5 mg, 80%ee).

(D) Optimization of the reaction conditions

o

Scheme 1: Unreactive compounds
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o)
catalyst (5 mol%)
0, NH MnO; (5 equiv) o_N S
©/ CHy + 7 "H_DBU (1 equiv) S CHs + @ i
THF (1 mL), rt
rac-la 2a 3aa la
0.20 mmol 0.15 mmol

NG =N @
N-Ph -
N C’\'I/\//N Ph

N €] R
Ph—7 BF4 Ph—7 ©
by OTBS by OH  BFj

NR

N N I
& \/N® & \/N
BF4 BF4

P: 8% yield, 40% ee

S: 90% yield, 3% ee

Mes = 2,4,6-trimethylphenyl,
P: product,
S: recovered sulfoximine.

L)L ey

Bn N ®
eENI@ =N j<cH3
\ CH
BFs~  Mes BF? CHj °
P: 50% yield, —11% ee NR

S: 50% yield, -11% ee

o “01
XN =N OMe

N ) N |
=N® \=NZ
o Mes o
BF4 BF4Meo
P: 35% yield, 42% ee 0°C,s=3
St 60% yield, 20 % ee P: 64% yield, 27% ee
0°C,s=3 S: 29% yield, 62% ee

P: 52% yield, 36% ee
S: 43% yield, 40% ee

HsC HsC NH3CO HsC
e =N _ = N® HsC =N _ OCH,
. .
N ~N-Mes HC N =N
o H3CO
BF, OO 5 HsCO
BF, BF,©
c1 c2 c3
. 0°C,s=3 0°C,s=4
Racemic P: 15% yield, —45% ee P: 26% yield, 53% ee
S: 80% yield, -9% ee S: 70% yield, 19% ee
HsC Ph HC N o
_N _N CH3 -\
HoC N>_ \@ H3C. :,F \@ HaC LN‘MeS
“Ph 7( N-ph HsC
HaC © H,C CHs o
Eig,C CHs BF, I§|3C CHg F? BF,4
6a ca cs
0°C,s=6 0°C,s=2
P: 14% yield, 70% ee NR P: 20% yield, —20% ee
S: 75% yield, -5% ee

S: 82% yield, 12% ee

Scheme 2. Pre-screening of catalysts
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Table 1. Optimization of the reaction conditions®

catalyst (5 mol%) o
O, NH R O MnO, (5 equiv) M~ O, ,NH
S. DBU (1 equiv) O N S,
CH; ~+ X-"H > s’ * CHj
4 AMS, THF CHy R
2a,R=H 3aa, R=H la
rac-la !
2b, R =NO, 3ab, R =NO,
O
X HsC YN‘ ®
o v NR 0
® .
NN s HoC S t-Bu t-Bu
: s 0
BF H3C 3
4 4 3 CH3 |
N D=
o ™ =No 6a: R = Ph
TR
H3C N7 6b: R = Mes
HsC o t-Bu t-Bu
Bn BF, 6c: R = 2,4,6-triisopropylphenyl le}
5a: R = 2,4,6-trimethylphenyl (Mes) 6d: R = 2,4,6-tricyclohexylphenyl 7
5b: R = 2,4,6-triisopropylphenyl 6e: R = 2,4,6-tricyclopentylphenyl
5c:R = 9-phenanthreny! 6f: R = 9-phenanthrenyl
5d: R = 4-pyrenyl 69: R = 4-pyrenyl
entry catalyst T (°C) t(h) vyield of3 (%) ee of 3 (%)" yield of 1a (%) eeof1a (%)’ S°
v’ 4 -20 48 53(aa) 39 44 45 4
2! 5a -20 48 58 (3aa) -45 40 -62 5
3 5a -20 24 42 (3ab) -68 50 -50 9
4 6a -20 48 30 (3ab) 72 65 32 8
5 6b -20 48 45 (3ab) 70 52 57 10
6 6¢ -20 48 54 (3ab) 67 42 81 12
7 6d -20 48 57 (3ab) 63 40 84 1
8 6e -20 48 50 (3ab) 70 45 70 12
9 6f -20 48 54 (3ab) 67 4 80 12
10 5b -20 48 51 (3ab) -70 46 -70 12
u 5¢ -20 72 51 (3ab) -68 45 -70 1
12 6¢ -45 72 38 (3ab) 78 58 50 13
13 6¢ -45 72 59 (3ab) 64 38 94 15
14’ 6e -60 96  53(3ab) 81 3 = -
15 6g -60 96 53 (3ab) 70 44 80 14
16 5b -60 96 56 (3ab) -75 42 -95 25
17 5d -60 96 57 (3ab) -67 40 -90 15

“ Unless otherwise noted, all reactions were carried out with cat. (5 mol%), 1a (31 mg, 0.20 mmol), 2b (21 mg, 0.12
mmol), DBU (30 WL, 0.2 mmol), 4 A MS (30 mg) and MnO, (87 mg, 1.0 mmol) in THF (1 mL). ® Determined by
CSP-HPLC analysis. © Selectivity factors (s), calculated according to the following equation: s =
In[(1-C)*(1-ee,a) [/In[(1-C)*(1+ee.)], C= (ee.)/(eetee;). 4 a (19 pL, 015 mmol) was used instead of 2b. ©
3,3,5,5-Tetra-tert-butyl-[1,1'-bi- (cyclohexylidene)]-2,2',5,5'"- tetraene-4,4'-dione 7 (49 mg, 0.6 equiv.) was used as the
oxidant instead of MnO,. ” The absolute configuration of the major enantiomer 1a was determined to be (S) by

comparing the specific rotation with the reported value.
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Table 2: The screening of substituted enals®

2
NH 6b (5 mol%) 6 R

N)J\/kw O NH

o)
\ 7/ 2
S R O MnO, (5 equiv)
CHs J\/”\ DBU (1 equiv) O\‘S’/ R
+ R H @ "CHs ' © “CH
3

THF (1 mL), 820 °C

rac-1a 2 1
entry R’ R’ yield of 3 (%) ee of 3 (%)" yield of 1a (%) eeof1a (%)° s
1 CeH, (2a) H 31 (3aa) 69 65 33 8
2 2-NO,C¢H, (2b) H 45 (3ab) 69 52 57 10
3 4-NO,CeH, (20) H 43 (3a0) 69 53 53 9
4 2-BrC¢H, (2d) H 47 (3ad) 66 50 59 9
5 2-CH;0C(O)C¢H, (2e) H 37 (3ae) 74 45 42 10
6 CeH, zf) CeH, NR - ) o

#Unless otherwise noted, all reactions were carried out with 6b (5 mol%), 1a (31 mg, 0.20 mmol), 2 (0.12 mmol), DBU (30 pL,
0.20 mmol), 4 A MS (30 mg) and MnO, (87 mg, 1.0 mmol) in THF (1 mL) at —20 °C for 48 h.

Table 3: The ratio of two starting materials®

6¢ (5 mol%)
Q\s’/NH NO, o] 7 (0.7 equiv) )‘\/\/© E //NH
N \\ // S ~c
©/ CHy | Ny _ DBU(lequv) hy 0 ©
T

rac-1a 2b 3ab
product 3ab recovered 1a
entry 2b (equiv) T (°C) i i
yield (%) ee (%) yield (%) ee (%)

1 0.55 —45 50 81 48 8o
2 0.6 -45 54 76 44 90
3 0.65 -45 55 74 42 93
4 0.67 -45 56 72 40 95
5, 0.7 -45 58 69 39 97
6 0.7 -45 64 =55 33 -99
7 0.6 -45 57 -69 40 -92

Unless otherwise noted, all reactions were carried out with 6¢ (5 mol%), 1a (0.20 mmol), 2b, DBU (30 pL, 0.2 mmol), 4

A MS (30 mg) and oxidant 7 (57 mg, 0.14 mmol) in THF (1 mL) for 72 h. b Using 5b as the catalyst instead of 6c.

(E) Substrate scope for kinetic resolutions of sulfoximineswith enal 2b

Table 4: Substrate scope for kinetic resolutions of sulfoximines with enal 2b®

cat (5 mol%) 0}
O\\S//NH NO, o oxid;gU 20.6 equiv) o N = Q NH
RTTORZ 4 X H (1 equiv) \\S’/ + R1"SVR2
4AMS (30 mg), THF (1 mL) R'" “RZ O,N
rac-1 2b -60°C 3 1
. 2 yield of 3 eeof3 yield of 1 ee of 1
entry R R t (h) (%) %)" (%) %)” s
1 CeH, CH, 96 53(3ab) 8 43 (1a) o1 30
2 CeHj CH, 96 56 (3ab)  -75 42 (1a) -95 25
3 2-BrC¢H, CH, 96 54 (3b) 78 43 (1b) 92 26
n 2-BrCeH, CH, 96 57 (3b) -67 4o (1b) -90 16
5, 3-BrCeH, CH, 96 59 (3¢) 67 38 (1c) 99 25
6 3-BrCqH, CH, 96 56 (3¢) ~74 42 (1¢) -93 22
7 4-BrCeH, CH, 96 56 (3d) 73 41 (1d) 96 24
8 4-BrCeH, CH, 96 54 (3d) -77 42 (1d) -94 27
9 2-CIC¢H, CH, 96 53 (3e) 8o 45 (1e) 92 29
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10° 2-CIC¢H, CH, 96 56 (3e) -69 40 (1e) -85 14
1 4-CICeH, CH, 96 53 (3f) 81 45 (1f) 94 33
12° 4-CIC¢H, CH, 96 54 (3f) —76 43 (1) -90 22
13 4-FC¢H, CH, 108 54 (38) 72 42 (1g) 85 16
14 4-FCeH, CH, 108  53(38) -75 42 (1g) -88 20
15 4-CH,C6H, CH, 96 52 (3h) 82 44 (1h) 94 35
16° 4-CH,CeH, CH, 96 54(3h)  -80 43 (1h) -95 33
17 4-CH,0C¢H, CH, 96 52 (3i) 78 42 (1i) 89 24
18° 4-CH,0C¢H, CH, 96 57 (3i) -73 41 (i) -97 26
19 4-CH,0C(O)CH,  CH, 108 52 (3j) 78 42 (1j) 87 23
20° 4-CH,0C(O)C¢H, CH, 108 55 (3j) -52 42 (1) -65 6
a'  4-NOGH, CH, 108 4a(3k) o3 55 (1k) 65 54
22" 4-NO,CeH, CH, 108 41 (3k) -96 53 (1k) -69 101
23 4-CF,.CeH, CH, 96 54 (31) 76 44 (1) o1 23
24° 4-CF,C¢H, CH, 96 52 (31) -80 47 (al) -87 25
25 4-SF.CsH, CH, 96 533m) 75 43 (1m) 88 20
26° 4-SF.CsH, CH, 96 56 (3m) -73 41 (1m) -93 21
27 2-naphthyl CH, 96 54 (3n) 79 43 (1n) 96 33
28"  2-naphthyl CH, 96 54(3n)  -80 44 (1n) -95 33
29 2-pyridyl CH, 120 52 (30) 43 44 (10) 48 4
30" 2-pyridyl CH, 2o  54(30)  -53 44 (10) -63 6
31 CeH; cyclopropyl 96 54 (3p) 84 44 (1p) 99 60
32¢ CeH; cyclopropyl 96 54 (3p) -79 44 (1p) -93 29
33 CeH, CeH.CH, 96 53 (3q) 78 45 (1q) 90 25
34°  CeHs CsH5CH, 96 56(3q)  -69 40 (19) -90 16
35 CeH, CF, 72 53 (3s) 20 30 (1s) 30 2
36° CeH, CF, 72 50 (3s) o 35 (1) o o
37 t-Bu CH, 48 35 (3t) 27 60 (1t) ND -
38° t-Bu CH, 48 36 (3t) -37 58 (1t) ND --
39 2-NHBocC¢H, CeH, 96 20 (3u) o 65 (1u) o -
40° 2-NHBocCgH, CeH, 96 25 (3u) 14 68 (1u) ND --
fa 4-CH,C(O)CsH, CeH; 96 55 (3v) 44 42 (1v) 57 4
42° 4-CH,C(O)CeH, CeH, 96 52 (3v) -52 46 (1v) -58 6

“ Unless otherwise noted, all reactions were carried out with 6¢ (5 mol %), 1 (0.20 mmol), 2b (21 mg, 0.12 mmol),
DBU (30 pL, 0.2 mmol), 4 A MS (30 mg) and oxidant 7 (49 mg, 0.12 mmol) in THF (1.0 mL) at —60 °C. ® Determined
by HPLC analysis. ¢ Catalyst 5b was used instead of 6¢. ¢ 10 mol % of catalysts were used.

o

PhN, NH N PAN.  NH

S PhN, N S’
oy 2b (0.12 mmol) SN . © CHy
standard conditions Ej CH3 Y2

rac-1r 3r 1r
6¢C as catalyst s =4 16% vyield, 58% ee 82% vyield, 11% ee
5b as catalyst s=8 18% vyield, -75% ee 80% vyield, -17% ee

Scheme 3. Sulfondiimide as the substrate

(F) Scale-up experiment and its application

To a stirred solution of triazolium salt 6¢ (0.12 g, 5 mol%), sulfoximine 1j (1.20
g, 5.6 mmol), 4 A MS (0.84 g), cinnamaldehyde (2b, 0.59 g, 3.3 mmol) and
quinone 7 (1.34 g, 3.3 mmol) in THF (25 mL) was added DBU (0.84 mL, 5.6
mmol) at —60 °C. After stirring for 108 h (detection by TLC), the mixture was
filtered through a plug of celite, and the filtrate was concentrated under

reduced pressure. The product was purified by column chromatography (silica
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gel) to afford amide 3j (pentane/EtOAc = 4/1 to 1/1 as eluent) as a light yellow
oil (1.20 g). Unreacted sulfoximine 1j was recovered (pentane/EtOAc = 1/5 to
EtOAC as eluent) as a white solid (0.52 g). The yields of 3j and recovered 1j were

calculated according to the amount of sulfoximine 1j.

For details of the synthesis of F, see ref. 2b.

O NH o o
S J_ s
CH3 o N -
o) 2b (3.3 mmol, 0.59 g) g . o
= ‘CH; ON
OCHs 6¢ (5 mol%). . o S,
rac-1j standard conditions T )3 1
5.6mmol, 1.2 g  Ba%yield, 1.16g  43%yield, 0.52 g, 90% ee
| 74% ee recrystalization: 0.39 g, 95% ee
2 0, -NCbz
ST S, b e, Nov: o
CHy —— o CHy —— > ,‘\s
’ o _H/N / Cl
()1 OCH; 8 o
OCHg3 . T
0.39 g, 95% ee
N Cl
HN Qu Q
o N
def cH
CH HN cl - > _2
CbZN_é"'3 56%, 0.52 ¢ RN ﬁ
K o O R = C(O)CH,NEL,
(0]

(+)-F, 052 g
[a]p?® = +44.1, (c = 2.2, in DMSO).

11

(a) CIC(O)OBn, py, CH,Cl,, 98%; (b) NaOH, THF/H,0 (v/v, 1/1), 96%; (c) oxalyl chloride, CH,Cl,; then 10,
94%; (d) H,SO0y; (e) CICH,C(0)CI, TEA,THF; (f) NH(Et), KI, DMF, 56% over 3 steps.

Scheme 4. Scale-up experiment and its application
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(G) Typical procedure for preparations of the hydrazine hydrochlorides

Cy Cy Boc
gr 1) n-Buli N-NHBoc
Q """"""" .
AICl3, DCM, " AICH, DCM. 0°C Cy CHCl3, 0 C o oy 2) BooN=NBoc o Sy
2 h, 80% 2 h, SOA; Low yield
’ <10%
1) Mg,
Br\/\Br 2) BocN=NBoc
70%
Cy c B ’ Cy
y Boc . )
NHNH,*HCI HCl in dioxane N-NHBoc HClin dioxane /©:NHNH2 HCI
-
0
rt, overnight 110 C'_4 h Cy Cy
Cy Cy under Ar Cy Cy Low yield

80% decomposed
0

Scheme 5. Typical procedure for peparations of the hydrazine hydrochlorides

(1) Synthesis of aryl magnesium bromides:

(2,4,6-Triisopropylphenyl)magnesium bromide, (2,4,6-tricyclopentylphenyl)
magnesium bromide and (2,4,6-tricyclohexylphenyl)magnesium bromide were
prepared according to the reported procedures.? 9-Phenanthrenylmagnesium
bromide and 4-pyrenylmagnesium bromide were synthesized from the
reactions of corresponding arylbromides and Mg.

(2) Synthesis of Boc-protected hydrazines:*

Azodicarboxylate (15 mmol) was dissolved in dry THF (10 mL) under an
argon atmosphere and added to a stirred solution of the corresponding
arylmagnesium bromide (20 mmol) in THF (40 mL) at —78 °C. The mixture was
stirred at -78 °C for 4 h, and then, acetic acid (20 mmol) was added. After
warming up to rt, H,O (40 mL) was added to the reaction mixture and the
aqueous phase was extracted with Et,O (3 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over Na,SO, and concentrated to
give the product, which was purified by flash chromatography.

(3) Synthesis of hydrazine hydrochlorides:

The Boc-hydrazine (10 mmol) was dissolved in i-PrOH (12.5 mL) under an
argon atmosphere, and HCl (4 M in dioxane, 12.5 mL, 50 mmol) was added to

the solution. The reaction mixture was stirrred at rt overnight. (If the reaction
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was stirred at 110 °C for 4 h, the yield of the hydrazine hydrochloride was low
probably due to decomposition.) After full consumption of the starting material,
the mixture was cooled to o °C and diluted with Et,O (10 mL). The formed
precipitate was collected by filtration, washed with Et,O and dried under
high-vacuum to give the corresponding arylhydrazine hydrochloride as a white
to gray solid.

Due to their poor solubility and pronounced instability towards oxygen and

light, some products were only characterized by HRMS.

(2,4,6-Triisopropylphenyl)hydrazine hydrochloride (12)
Py (C,sH.,CIN,) 80% yield, white solid. HRMS (ESI) (m/z)

N.
NHz-HC [C,sH,,N,]": Caled. 235.2169, found 235.2167.

i-Pr i-Pr
(2-Bromobenzene-1,3,5-triyl)tricyclohexane (13)

Br (C,,H;sBr) '"H NMR (400 MHz, CDCI3) 8 6.92 (s, 2H), 3.06 (tt, ]

“ & =11.4, 2.9 Hz, 2H), 2.44 (s, 1H), 1.91 - 1.75 (m, 15H), 1.52 - 118 (m,

Sy 15H). 2C{'H} NMR (100 MHz, CDCl;) d 146.97, 146.46, 124.12,

123.49, 123.05, 115.17, 44.95, 44.64, 44.29, 34.73, 34.64, 33.71, 27.15,

27.06, 26.50, 26.42, 26.29.

Di-tert-butyl 1-(2,4,6-tricyclohexylphenyl)hydrazine-1,2-dicarboxylate (14)
5o NHBOC (C5,H,,N,0,) (1.9:1 mixture of carbamate rotamers): 70% yield;

Cy Cy vyellow solid; eluent: petane/ethyl acetate (1/20); 'H NMR (400
MHz, CDCL) 8 6.94 (d, J = 13.4 Hz, 2H), 6.27 (s, 1H), 2.89 (s,

Cy 2H), 2.56 - 2.38 (m, 1H), 1.94 - 1.68 (m, 15H), 1.56 - 1.23 (m,
33H). ®C{'"H} NMR (100 MHz, CDCL) § 155.59, 155.48, 148.24, 148.06, 145.85,
145.24, 135.13, 134.93, 123.45, 123.13, 81.35, 44.89, 44.68, 39.18, 39.00, 34.87, 34.55,
28.35, 28.28, 28.23, 27.16, 27.08, 26.99, 26.74, 26.44, 26.40, 26.33 (1.9:1 mixture of
carbamate rotamers). MS (ESI): ([M+Na]*) 557.396. HRMS (ESI) (m/z)

[C;,H,,N,O,+Na]": Caled. 577.3976, found 577.3972.
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(2,4,6-Tricyclohexylphenyl)hydrazine hydrochloride (15)
(C4H;34CIN,) 80% yield, a white solid. 'H NMR (400
/@iH\NHz'HQ MHz, DMSO-d¢) § 9.67 (s, 3H), 6.93 (s, 2H), 6.46 (s,
Cy Cy 1H), 3.03 (t, ] = 1.4 Hz, 2H), 2.42 (d, ] = 8.5 Hz, 1H), 1.1
- 1.68 (m, 15H), 1.51 - 1.28 (m, 15H). 3C{'"H} NMR (100
MHz, DMSO-ds) 8 146.92, 144.99, 135.84, 122.48, 43.95, 37.31, 34.05, 33.98, 26.38,
26.30, 25.76, 25.56. HRMS (ESI) (m/z) [C,,H3N,]": Calcd. 355.3108, found

355.3104-

(2,4,6-Tricyclopentylphenyl)hydrazine hydrochloride (16)
(C,H;3;CIN,) 70% yield, a grey solid.
§ HRMS (ESI) (m/z) [C,,H3;N,]*: Calcd. 313.2638, found

“NHy+HClI
313.2644.

Phenanthren-9-ylhydrazine hydrochloride (17)
NHNH,-HCI (C,,Hy;5CIN,) 83% yield, a yellow solid.
OO HRMS (ESI) (m/z) [C,H;N,]": Caled. 209.073, found
209.1073.

Pyren-4-ylhydrazine hydrochloride (18)
NHNH,-HCI (C,sHi5CIN,) 85% yield, a yellow solid.

OO HRMS (ESI) (m/z) [CieHuN,]*: Caled. 2331073, found
O‘ 233.1073.

Note: Di-tert-butyl  1-(2,4,6-tri-tert-butylphenyl)hydrazine-1,2-dicarboxylate
could not be obtained probably due to the large steric hindrance.
9-Anthracenylhydrazine hydrochloride decomposed in the reaction mixture due

to poor stability towards oxygen and light.
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(H) Typical procedure for preparations of the N-heterocyclic carbenes®

CH DMAP (cat. CH; O CH; OCH .
CH3 (cat) C 3JJ\ (CH2):0BF, CHs 3 ArNHNH#HCI
HsC NH Ac,0 HsC N CH »H3C CH
2 3 3 MeOH/CH,CI, (1/1, viv
HEC Ch CH,Cl, 98% 13 ¢y, H CH,Clp, 70% HsC ¢y 2Cla ( )
® HsC H3C _No
CHs NHNHAr HC(OE); =N NaBF, N-Ar
HaC A~ T ..  He, NY ——> H, N
HaC H CHj PhCl, 110 °C v o CH,Cl,,98% €]
3 BF
CHs e 30% for two steps ch! Hee WCHz *
Cl 0 p H3C CH3 3 3 CH3

Scheme 6. Typical procedure for the NHC preparations

(1) Synthesis of amides:

To a solution of the chiral amine (20 mmol) and DMAP (1 mmol) in CH,Cl,
was added acetic anhydride (22 mmol). The resulting reaction mixture was
stirred at rt for 4 h. Then, the reaction mixture was sequentially washed by 1 N
HCl, 1 N NaOH and brine, dried over Na,SO, and concentrated to give the
crude product, which was directly used in next step without further
purification.

(2) Synthesis of imidates:

To a solution of the chiral amide (8 mmol) in CH,Cl, (20 mL) was added
trimethyloxonium tetrafluoroborate (12 mmol, 1.5 equiv) under an argon
atmosphere. The mixture was stirred at rt overnight. Sat. NaHCO; (20 mL) was
then added to the reaction mixture, and the aqueous phase was extracted with
CH,Cl, (2 x 20 mL). The combined organic layers were washed with brine (10
mL), dried over Na,SO, and concentrated to give the crude product, which was
directly used in next step without further purification.

Note: (a) Because the boiling point of methyl (S,Z)-N-(3,3-dimethylbutan-2-yl)
acetimidate is low, do not remove the solvent (CH,Cl,) at more than 35 °C. (b)
Some amine-derived acetimidates, for example, methyl
(S,Z)-N-(3,3-dimethylbutan-2-yl)-acetimidate, are not stable and decompose

during the process of flash column chromatography on silica.
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(3) Synthesis of the triazolium salts:

The acetimidate and the hydrazine hydrochloride (4 mmol) were dissolved in
the mixed solvent of CH,Cl, and MeOH (10 mL, v/v, 1/1) under the protection of
argon. HCl (4 M in dioxane, 0.1 mL, 0.4 mmol) was added to the solution. The
reaction mixture was stirrred at rt for 4 h. The mixture was evaporated to
dryness to afford the crude product, which was directly used in the next step
without further purification.

The crude arylacetimidohydrazide hydrochloride was dissolved in
chlorobenzene (3 mL) and then, HC(OEt); (5 mL) and HCI (4 M in dioxane, 1
mL, 4 mmol) were added. The reaction mixture was heated at 1o °C for 1-3 h
untill it became a clear solution. The solvent was removed under reduced
pressure and the product was purified via flash column chromatography on
silica gel (CH,Cl,/MeOH = 15/1) to afford the triazolium salt as white solid.

(4) Counter ions exchange6

The triazolium salt was dissolved in CH,Cl,and NaBF, (3 equiv.) was added.
The reaction mixture was stirred at rt for 6 h. Then. it was filtered through a
plug of celite, and the filtrate was concentrated under reduced pressure to give

an off-white solid triazolium salt.

(R)-1-Mesityl-3-methyl-4-(1-phenylethyl)-4H-1,2,4-triazol-1-ium

tetrafluoroborate (C1)

HsC (C,oH,,BF,N;) a white solid, 47% yield, melting
H3CYN\@
HOny N CHs point: 136-137 °C. [a]p® = -55.9 (c = 135, in
b HC CH,CL). 'H NMR (600 MHz, CDCL) 8 9.86 (s, 1H),
BF,

7.41 (t, ] = 7.3 Hz, 2H), 7.36 (dd, ] = 10.4, 4.2 Hz,
1H), 7.31(d, J = 71 Hz, 2H), 6.98 (d, ] = 13.8 Hz, 2H), 5.80 (q, ] = 6.9 Hz, 1H), 2.41
(s, 3H), 2.31 (s, 3H), 2.05 (s, 6H), 2.03 (d, ] = 7.0 Hz, 3H). *C{'"H} NMR (150 MHz,
CDCL) 3 154.31, 142.69, 141.84, 137.60, 135.03, 131.06, 129.86, 129.72, 129.39, 126.42,
59.53, 21.31, 17.24, 11.25. IR (ATR): v = 2993, 2288, 1740, 1589, 1452, 1373, 1220,
1044, 883, 768, 703. MS (EI): m/z = 104.4 (15), 105.3 (13), 109.3 (13), 119.3 (12), 124.3
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(11), 132.3 (15), 133.3 (22), 134.3 (42), 1593 (100), 160.3 (25). 200.3 (19), 201.3 (86),
202.3 (13), 304.4 (22), 306.4 [M]" (1). MS (ESI): ([M]") 306.197. HRMS (ESI) (m/z)
[C,oH,,N;]": Caled. 306.1965, found 306.1965.

(R)-1-(2,6-Dimethoxyphenyl)-3-methyl-4-[1-(naphthalen-1-yl)ethyl]-4H-1,2

,4-triazol-1-ium tetrafluoroborate (C2)

e NH3CO (C;H,,BF,N;0,) a white solid, 52% yield, melting
-\ @ . o 2 . 1

HsC E/\//N point: 172-173 °C. [a]p® = -108.0 (¢ = 0.5, in CH,CL,). 'H

HCO NMR (600 MHz, CDCL;) 8 9.93 (s, 1H), 8.12 (d, ] = 8.6

OO BF? Hz, 1H), 7.091 (d, J = 8.1 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H),

7.63 (t, ] = 7.6 Hz, 1H), 7.55 (t, ] = 7.5 Hz, 1H), 7.47 (t, ]
= 7.7 Hz, 1H), 7.41 (t, ] = 8.5 Hz, 1H), 7.20 (d, ] = 7.2 Hz, 1H), 6.69 - 6.60 (m, 3H),
3.80 (s, 6H), 2.28 (s, 3H), 2.14 (d, ] = 6.9 Hz, 3H). ®C{'"H} NMR (150 MHz, CDCL,)
d 155.46, 153.50, 144.85, 133.96, 133.53, 133.05, 130.09, 129.80, 129.40, 127.96, 126.73,
125.66, 123.73, 121.79, 112.49, 104.47, 56.61, 55.51, 21.07, 11.04. IR (ATR): v = 2953,
2099, 1933, 1739, 1591, 1463, 1377, 1256, 1040, 777. MS (EI): m/z = 150.2 (20), 151.2
(16), 152.2 (47), 153.3 (100), 154.3 (98), 155.3 (16), 159.3 (59), 160.3 (14), 165.3 (14),
174.3 (29), 177.3 (28), 219.3 (61), 220.3 (10), 308.3 (14). MS (ESI): ([M]") 374.188.
HRMS (ESI) (m/z) [C,;3H,,N;0,]": Calcd. 3741863, found 374.1858.

(S)-4-(1-Cyclohexylethyl)-1-(2,6-dimethoxyphenyl)-3-methyl-4H-1,2,4-triaz
ol-1-ium tetrafluoroborate (C3)

(C,yH,sBF,N;0.,) a white solid, 45% yield, melting point:

HsCO
HsC N 171172 °C. [a]p™ = +23.3 (¢ = 0.63, in CH,CL). "H NMR
N/
HaC-., \/H . (600 MHz, CDCL,) & 9.79 (s, 1H), 7.45 (t, J = 8.6 Hz, 1H),
3

o 6.67 (d, J = 8.6 Hz, 2H), 4.33 (dd, J = 8.5, 7.2 Hz, 1H), 3.81

oFe (s, 6H), 2.67 (s, 3H), 1.96 - 1.87 (m, 1H), 1.86 - 1.69 (m,

3H), 1.66 (d, ] = 6.9 Hz, 4H), 1.27 (dddd, J = 16.0, 14.2, 12.7, 7.8 Hz, 3H), 1.19 - 1.02
(m, 2H), 0.95 (qd, J = 12.3, 3.5 Hz, 1H). *C{'H} NMR (150 MHz, CDCL) 3 155.29,

152.82, 144.96, 133.49, 112.51, 104.53, 61.25, 56.62, 42.99, 29.46, 29.03, 25.79, 25.50,
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25.48, 18.03, 11.28. IR (ATR): v = 3462, 3100, 2932, 2284, 2092, 1923, 1740, 1588,
1465, 1261, 1058, 779. MS (EI): m/z = 105.3 (34), 149.3 (13), 150.3 (10), 159.3 (22),
160.3 (14), 177.3 (14), 178.3 (11), 198.3 (13), 200.3 (22), 201.3 (14), 219.3 (20), 220.3
(30), 247.3 (57), 248.3 (10), 276.2 (31), 304.4 (86), 305.5 (30), 330.4 [M]" (5). MS
(ESI): ([M]*) 330.217. HRMS (ESI) (m/z) [C,yH.sN;0,]": Calcd. 330.2176, found

330.2176.

(S)-4-(3,3-Dimethylbutan-2-yl)-1,3-diphenyl-4H-1,2,4-triazol-1-ium
tetrafluoroborate (C4)

(C.oH,,BF,N;) a white solid; 10% yield, melting point:
Ph
N
Y/\N@@ 85-86 °C. [a]p®® = +1.2 (¢ = 0.43, in CH,CL), '"H NMR

HsC.,, N
/L - (600 MHz, CDCL,)  10.51 (s, 1H), 8.06 (d, J = 7.7 Hz, 2H),
CH
H3C CHy ° BF4 7.67 (dd, ] = 8.2, 7.4 Hz, 3H), 7.65 - 7.60 (m, 2H), 7.54 (t,

J=7.8Hz, 2H), 7.49 (t, ] = 7.4 Hz, 1H), 4.49 (d, J = 7.2 Hz, 1H), 1.76 (d, ] = 7.2 Hz,
3H), 0.79 (s, 9gH). *C{'"H} NMR (150 MHz, CDCL) 8 156.06, 139.20 (d, ] = 9.4 Hz),
134.99, 132.48, 130.94, 130.28, 130.05, 129.78, 123.18, 120.90, 65.22, 35.98, 26.37,
15.26. IR (ATR): v = 3634, 3124, 2966, 2323, 2101, 1926, 1562, 1470, 1377, 1303, 1241,
1184, 1046, 762, 689. MS (EI): m/z = 194.3 (22), 221.4 (100), 222.4 (16), 306.4 [M]"
(1). MS (ESI): ([M]") 306.196. HRMS (ESI) (m/z) [C,oH.,N;]": Calcd. 306.1965,
found 306.1965.

(R)-4-[2,2-Dimethyl-1-(o-tolyl)propyl]-1-mesityl-3-methyl-4H-1,2,4-triazol-
1-ium tetrafluoroborate (Cs)’
H3C
CH, %N\ ®
H3C N—-Mes o) 25 . 1
HyC N 92-93 °C. [a]p* = =72 (¢ = 0.5, in CH,CL,), 'H NMR (400

CHs BF@ MHz, CDCL) § 10.42 (s, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.39
4

(C.,H;,BF,N;) a white solid; 20% yield, melting point:

- 732 (m) IH)’ 7-31-7.24 (m) 2H); 7-01 (S, 2H)) 574 (S: IH)y
2.63 (s, 3H), 2.55 (s, 3H), 2.33 (s, 3H), 2.03 (s, 6H), 1.22 (s, 9H). *C{'"H} NMR (100

MHz, CDCL) 6 154.69, 143.38, 142.05, 136.81, 134.57, 131.96, 131.79, 13116, 129.83,
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129.48, 128.39, 127.70, 67.85, 37.51, 27.43, 21.38, 20.58, 17.38, 11.68. IR (ATR): v =
3640, 3126, 2966, 2305, 2072, 1998, 1715, 1582, 1529, 1476, 1379, 1295, 1200, 1042,
854, 752, 675. MS (EI): m/z =49.4 (12), 57.4 (14), 65.3 (11), 77.3 (16), 91.3 (37),
103.2 (12), 105.2 (19), 115.2 (24), 116.2 (12), 17.2 (39), 118.2 (13), 119.3 (80), 120.3 (12),
128.3 (13),129.3 (11), 130.3 (16), 131.3 (12), 132.3 (19), 145.3 (91), 146.3 (13), 159.2 (100),
160.3 (69), 180.3 (15), 200.2 (12), 201.3 (73), 202.3 (26). MS (ESI): ([M]") 362.258.
HRMS (ESI) (m/z) [C,,H;.N;]": Caled. 362.2501, found 362.2584.

(S)-5-Benzyl-6,6-dimethyl-2-(2,4,6-triisopropylphenyl)-5,6-dihydro-8H-[1,
2,4]triazolo[3,4-c][1,4]oxazin-2-ium tetrafluoroborate (5b)

C,oH,oBF,N.O) a white solid; 55% yield, meltin
H3C O/§:N i-Pr (CoHeBEN;O) DY 8
HsC N\éN@ point: 98-99 °C. [a]p* = -79.8 (¢ = 0.5, in CH,CL,),

S pr "H NMR (400 MHz, CDCL) 8 8.56 (s, 1H), 7.37 -
BF4 i-Pr

7.22 (m, 5H), 7.07 (s, 1H), 7.00 (d, J = 1.4 Hz, 1H),
5.38 (dd, J = 1.7, 4.4 Hz, 1H), 5.14 (dd, ] = 71.4, 17.5 Hz, 2H), 3.53 (dd, ] = 14.1, 4.3
Hz, 1H), 2.99 (dd, J = 14.0, 1.9 Hz, 1H), 2.90 (dt, ] = 13.8, 6.9 Hz, 1H), 2.11 (dt, ] =
13.5, 6.8 Hz, 1H), 1.67 (dt, ] = 13.6, 6.8 Hz, 1H), 1.60 (s, 3H), 1.46 (s, 3H), 1.21 (dd, J
= 23.4, 6.8 Hz, 9gH), 1.02 (dd, J = 10.8, 4.2 Hz, 9H). 3C{'H} NMR (100 MHz,
CDCL) § 153.58, 148.50, 146.47, 144.47, 144.08, 134.46, 129.70, 129.64, 128.22,
128.14, 122.87, 121.98, 74.21, 63.29, 57.01, 36.89, 34.59, 28.74, 28.58, 25.16, 24.97,
24.76, 23.89, 23.84, 23.22, 23.03, 22.27. IR (ATR): v = 3927, 3877, 3837, 3723, 3645,
3279, 3143, 3067, 2966, 2872, 2662, 2491, 2331, 2226, 2182, 2101, 2060, 1998, 1972,
1935, 1812, 1696, 1653, 1574, 1526, 1497, 1456, 1390, 1285, 1231, 1055, 975, 879, 828,
801, 758, 703, 671. MS (EI): m/z = 91.1 (100), 145.1 (11). MS (ESI): ([M]") 446.317.
HRMS (ESI) (m/z) [C,oH,0N;0]": Caled. 446.3166, found 446.3171.
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(S)-5-Benzyl-6,6-dimethyl-2-(phenanthren-9-yl)-5,6-dihydro-8H-[1,2,4]tria
zolo[3,4-c][1,4]oxazin-2-ium tetrafluoroborate (5c¢)
(C.sH,6BF,N;0) a yellow solid; 43% yield, melting
HI—TSC%/N N OO point: 132-133 °C. [a]p® = -177.5 (c = 0.83, in
CH,CL), '"H NMR (400 MHz, CDCL,) 6 8.62 (d, ] =
Q 8.2 Hz, 1H), 8.55 (d, ] = 8.4 Hz, 1H), 8.35 (s, 1H),
7.86 (s, 1H), 7.84 (d, ] = 7.9 Hz, 1H), 7.68 (dd, J = 10.9, 4.4 Hz, 2H), 7.62 (t, ] = 7.2
Hz, 1H), 7.53 (t, ] = 7.5 Hz, 1H), 7.33 (d, ] = 7.8 Hz, 1H), 7.23 (dt, ] =19.3, 5.2 Hz,
4H), 713 (t, ] = 7.2 Hz, 1H), 518 (dd, J = 68.5, 13.9 Hz, 2H), 5.07 - 5.03 (m, 1H),
3.46 (dd, ] = 13.7, 4.7 Hz, 1H), 3.04 (dd, J = 13.6, 11.6 Hz, 1H), 1.55 (d, ] = 12.4 Hz,
6H). *C{'H} NMR (100 MHz, CDCL) 8 148.84, 143.18, 135.20, 131.13, 130.16, 129.81,
129.78, 129.57, 129.40, 129.14, 128.34, 128.29, 127.92, 127.86, 127.01, 125.48, 123.36,
122.66, 122.22, 73.99, 64.06, 56.88, 37.00, 24.85, 22.51. IR (ATR): v =3835, 3642,
3142, 3069, 2986, 2936, 2662, 2334, 2227, 2183, 2104, 2015, 1986, 1819, 1575, 1526,
1497, 1452, 1392, 1347, 1286, 1211, 1050, 921, 899, 856, 830, 800, 756, 711, 660. MS
(EI): m/z =48.2 (24), 49.2 (100) 91.1 (69), 98.1 (15), 127.0 (17), 131.1 (18), 146.1 (10),
165.1 (52), 193.1 (37), 203.0 (14), 204.1 (11), 218.1 (25), 321.2 (29), 418.2 (15), 419.2 (1),
420.2 [M]* (3). MS (ESI): ([M]*) 420.208. HRMS (ESI) (m/z) [C,sH,sN;0]":

Calcd. 420.2070, found 420.2072.

(S)-5-Benzyl-6,6-dimethyl-2-(pyren-4-yl)-5,6-dihydro-8H-[1,2,4]triazolo[3,
4-c][1,4]oxazin-2-ium tetrafluoroborate (5d)
o/»— (C30H,6BF,N;0) a yellow solid; 67% yield,

H3C v®
HsC N N O melting point: 275-276 °C. [a]p™ = —322.8 (¢ =
Bn
BF4

Q’ 0.57, in CH,CL,), "H NMR (600 MHz, DMSO-ds)

d 9.93 (s, 1H), 8.54 - 8.49 (m, 2H), 8.46 (dd, ] =

16.4, 8.4 Hz, 2H), 8.39 (d, ] = 9.0 Hz, 1H), 832 (d, ] = 9.0 Hz, 1H), 8.23 (t, ] = 7.6
Hz, 1H), 8.15 (d, ] = 8.2 Hz, 1H), 7.85 (d, J = 9.2 Hz, 1H), 7.41 (dd, J = 7.8, 5.7 Hz,
4H), 7.32 (td, J = 5.7, 2.8 Hz, 1H), 5.33 (dd, J = 125.1, 17.2 Hz, 2H), 4.92 (dd, ] = 9.6,
5.3 Hz, 1H), 3.48 (dd, J = 13.8, 5.2 Hz, 1H), 3.23 (dd, J = 13.7, 9.7 Hz, 1H), 1.58 (s,
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3H), 1.45 (s, 3H). *C{'H} NMR (150 MHz, DMSO-ds) 6 149.12, 143.95, 136.11,
132.81, 130.52, 130.23, 130.00, 129.79, 129.15, 127.55, 127.54, 127.45, 127.18, 126.93,
126.85, 125.36, 124.88, 124.27, 123.77, 122.92, 120.45, 73.58, 63.99, 56.43, 36.06,
23.61, 23.20. IR (ATR): v = 3150, 3050, 2979, 2323, 2190, 2099, 2000, 1961, 1920,
1809, 1669, 1580, 1529, 1495, 1451, 1403, 1347, 1284, 1233, 1184, 1054, 845, 764, 715,
683, 662. MS (EI): m/z = 47.3 (100), 48.23 (88), 49.3 (22), 83.2 (76), 85.1 (41). MS
(ESI): (IM]") 444.209. HRMS (ESI) (m/z) [C30H,6N;0]": Calcd. 444.2070, found

444.2083.

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-phenyl-4H-1,2,4-triazol-1-ium
tetrafluoroborate (6a)

HSCYN\ ® (CsH..BF,N;) a white solid; 50% yield, melting point:
HsC.., N\//NO 104-105 °C. [a]p® = +22.1 (¢ = 0.72, in CH,Cl,), '"H NMR
Hsc/g_lcsHs BF? (600 MHz, CDCL) 8 10.16 (s, 1H), 7.91 (d, J = 7.8 Hz, 2H),

749 (dt, J = 25.7, 7.3 Hz, 3H), 4.36 (d, ] = 6.9 Hz, 1H),
2.69 (s, 3H), 1.62 (d, J = 7.1 Hz, 3H), 0.97 (s, 9H). *C{'"H} NMR (150 MHz, CDCl,)
d 154.59, 138.55, 134.81, 130.78, 130.21, 120.56, 64.69, 35.79, 26.21, 15.71, 11.52. IR
(ATR): v = 3136, 2964, 2324, 2110, 1882, 1582, 1539, 1476, 1381, 1300, 1231, 1200, 1044,
016, 863, 826, 762, 684. MS (EI): m/z = 132.3 (11), 159.3 (100), 160.3 (26), 186.3 (19),
187.4 (53), 243.4 (17), 244.4 [M]" (6). MS (ESI): ([M]*) 244.181. HRMS (ESI) (m/z)
[CisH,.N;]": Caled. 244.1808, found 244.1808.

(S)-4-(3,3-Dimethylbutan-2-yl)-1-mesityl-3-methyl-4H-1,2,4-triazol-1-ium

tetrafluoroborate (6b)

e\ Z;C (C,sH,sBF,N;) a white solid; 18% yield, melting
e TJNQCW’ point: 188-189 °C. [a]p* = +10.1 (¢ = 0.35, in CH,CL,),
4[ HiC 'H NMR (600 MHz, CDCL,) § 9.79 (s, 1H), 6.98 (s,
H3C CHEH3 BF4@ 2H), 4.47 (d, J = 6.7 Hz, 1H), 2.72 (s, 3H), 2.32 (s,

3H), 2.02 (s, 6H), 1.67 (d, /] = 7.0 Hz, 3H), 1.00 (s,
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oH). 3C{'H} NMR (150 MHz, CDCL) 8 154.64, 143.10, 141.91, 134.61, 131.19, 129.79,
64.47, 35.89, 26.34, 21.31, 17.29, 15.86, 11.62. IR (ATR): v = 3120, 2965, 2294, 2111,
1993, 1928, 1694, 1579, 1531, 1460, 1390, 1288, 1220, 1196, 1025, 860, 766, 734, 680.
MS (EI): m/z = 49.2 (30), 51.2 (20), 52.2 (13), 53.2 (25), 55.2 (22), 56.3 (10), 63.2
(12), 65.2 (25), 67.2 (1), 69.2 (57), 77.2 (37), 78.2 (15), 792 (15), 84.2 (21), 89.1 (),
911 (64), 1031 (22), 104.1 (14), 105.1 (14), 115.1 (21), 16.1 (20), 117.1 (41), 18.1 (16),
119.1 (18), 130.1 (22), 131.1 (17), 132.1 (29), 133.1 (14), 134.1 (15), 144.1 (16), 145.0 (27),
146.1 (21), 159.0 (100), 160.1 (34), 200.1 (15), 201.1 (49), 202.1 (19), 229.2 (24), 286.2
M]* (6). MS (ESI): ([M]") 286.227. HRMS (ESI) (m/z) [C,sH,sN;]": Caled.
286.2278, found 286.2278.

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-triisopropylphenyl)-4H-1,
2,4-triazol-1-ium tetrafluoroborate (6¢)

(C,,H,oBF,N;) a white solid; 25% yield, meltin
4 40DE N3 y g

i-Pr
H3CYN\ ® point: 207-208 °C. [a]p* = +7.6 (¢ = 0.71, in CH,CL,),
N i-Pr
HSC',,AEN\// 'H NMR (400 MHz, CDCL,) 6 9.72 (s, 1H), 7.08 (dd,
i-Pr
HsC CHCH3 o J = 1.9, 1.8 Hz, 2H), 4.55 (q, ] = 6.9 Hz, 1H), 3.00 -
*  BF,

2.86 (m, 1H), 2.72 (s, 3H), 2.22 (dt, ] = 13.6, 6.8 Hz,
1H), 2.06 (dt, ] = 13.6, 6.8 Hz, 1H), 1.68 (d, ] = 7.1 Hz, 3H), 1.25 (d, ] = 6.9 Hz, 6H),
118 - 1.08 (m, 12H), 0.99 (s, 9H). *C{’'H} NMR (100 MHz, CDCL,) 8 154.55, 153.25,
145.69, 144.88, 143.46, 128.55, 122.63, 122.17, 64.42, 35.88, 34.53, 29.10, 28.90, 26.25,
24.14, 24.08, 23.89, 23.72, 23.62, 15.93, 11.65. IR (ATR): v = 3110, 3077, 3038, 2964,
2876, 2330, 2138, 2109, 1976, 1579, 1529, 1464, 1388, 1367, 1310, 1281, 1249, 1219, 1191,
1026, 968, 875, 770, 734, 688. MS (EI): m/z =49.2 (24), 53.2 (12), 55.2 (25), 56.3
(10), 57.2 (100), 69.2 (54), 84.2 (19), 85.2 (16), 91.1 (16), 115.1 (12.3), 7.1 (12), 128.0
(13), 1441 (13), 146.1 (14), 172.0 (10), 184.0 (11), 186.1 (14), 187.1 (11), 188.1 (13), 200.1
(1), 202.1 (14), 2121 (16), 2131 (61), 214.12 (11), 228.1 (15), 229.1 (71), 230.12 (36),
284.2 (15), 285.2 (37), 286.2 (13), 313.3 (19), 370.3. [M]" (5). MS (ESI): ([M]")
370.322. HRMS (ESI) (m/z) [C,,H oN;]": Caled. 370.3217, found 370.3217.
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-tricyclohexylphenyl)-4H-

1,2,4-triazol-1-ium tetrafluoroborate (6d)

HC N @Cy (C3;3H5,.BF,N;) a white solid; 23% yield, melting point:
Hye., N2 CY 247-248 °C. [a]p® = +9.8 (c = 0.9, in CH,CL), 'H
/LCH Cy NMR (400 MHz, CDCL) 6 9.63 (s, 1H) , 7.07 (d, ] =

H3C 3
e BF4@ 14.4 Hz, 2H), 4.58 (d, ] = 6.6 Hz, 1H), 2.77 (s, 3H),

2.52 (s, 1H), 1.94 - 1.56 (m, 21H), 1.50 - 1.13 (m, 14H), 1.04 (s, 9H). ®C{’"H} NMR
(100 MHz, CDCL) § 154.43, 152.33, 144.66, 143.86, 143.30, 128.65, 123.86, 123.42,
64.54, 45.00, 40.13, 39.67, 36.04, 34.52, 34.38, 34.23, 27.03, 26.95, 26.88, 26.56,
26.53, 26.34, 26.16, 26.01, 25.87, 16.10, 11.81. IR (ATR): v = 3781, 313, 3079, 2925,
2853, 2662, 2326, 2226, 2183, 2105, 1982, 1945, 1578, 1530, 1448, 1394, 1369, 1308,
1282, 1224, 1194, 1055, 890, 862, 765, 730, 687. MS (EI): m/z =49.2 (19), 53.2 (14),
55.2 (100), 56.3 (64), 57.3 (16), 67.2 (26), 69.2 (59), 81.2 (12), 83.2 (44), 84.2 (20),
348.2 (12), 404.2 (11), 405.2 (37), 406.2 (12). MS (ESI): ([M]") 490.415. HRMS

(ESI) (m/z) [C53H5N;]": Caled. 490.4156, found 490.4154.

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-tricyclopentylphenyl)-4H
-1,2,4-triazol-1-ium tetrafluoroborate (6e)

(C30H6BF,N;) a white solid; 30% yield, melting

HiC_N & point: u13-14 °C. [a]p” = +1.6 (c = 0.79, in
HoCo) N CH.,CL), 'H NMR (400 MHz, CDCL) & 9.64 (s,
@ el =
HLC C,_?H3 BF, 1H), 712 (d, J = 16.2 Hz, 2H), 4.58 (d, ] = 6.9 Hz,
3

1H), 3.09 - 2.94 (m, 1H), 2.77 (s, 3H), 2.46 - 2.32
(m, 1H), 2.21 - 2.02 (m, 3H), 1.93 - 1.41 (m, 25H), 1.02 (s, 9H). 3C{'"H} NMR (100
MHz, CDCL) 8 154.58, 150.98, 143.88, 143.25, 142.48, 130.08, 123.83, 123.31, 64.46,
46.28, 40.79, 40.13, 35.92, 35.21, 34.91, 34.70, 26.27, 25.94, 25.83, 25.61, 25.43, 15.97,
11.80. IR (ATR): v = 3782, 3115, 3080, 2952, 2869, 2328, 2180, 2115, 1992, 1936, 1700,
1578, 1530, 1452, 1394, 1370, 1307, 1220, 1195, 1054, 872, 765, 731, 686. MS (EI): m/z
= 49.2 (30), 53.2 (14), 55.2 (27), 57.3 (15), 59.2 (12), 67.2 (31), 69.2 (100), 84.1 (20),
115.0 (10), 128.0 (13), 141.0 (10), 154.0 (11), 155.0 (10), 156.0 (11), 167.0 (12), 168.0 (15),
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169.0 (10), 236.0 (13), 238.1 (10), 253.1 (11), 264.1 (10), 277.1 (11), 293.1 (27), 294.2
(15), 3051 (19), 306.1 (30), 362.1 (12), 3631 (54), 364.2 (16). MS (ESI): ([M]")
448.367. HRMS (ESI) (m/z) [C30H,6N;5]": Caled. 448.3686, found 448.3686.

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(phenanthren-9-yl)-4H-1,2,4-tri
azol-1-ium tetrafluoroborate (6f)
(C5;H,6BF,N;) a yelow solid; 34% yield, melting point:
HiC N @ O 166-167 °C. [a]p® = +33.2 (¢ = 0.53, in CH,CL), '"H
HsC.,, N\//N OQ NMR (400 MHz, CDCL;) 6 9.85 (s, 1H), 8.64 (d, ] =
Lo

s 8.3 Hz, 1H), 8.54 (d, ] = 8.4 Hz, 1H), 8.13 (s, 1H), 7.94
CHs BF4@

H4C
(d, J = 7.8 Hz, 1H), 7.73 - 7.56 (m, 4H), 7.50 (t, ] = 7.4
Hz, 1H), 4.38 (q, /] = 6.8 Hz, 1H), 2.69 (s, 3H), 1.60 (d, J = 7.0 Hz, 3H), 0.96 (s,
oH). 3C{'H} NMR (100 MHz, CDCL) 3 154.73, 142.41, 131.27, 131.12, 130.37, 129.83,
129.44, 129.21, 128.18, 128.07, 127.80, 126.96, 126.77, 125.78, 123.31, 122.55, 64.74,
35.84, 26.30, 15.57, 11.66. IR (ATR): v = 3566, 3120, 3086, 2961, 2880, 2331, 2184,
2090, 2007, 1937, 1824, 1580, 1529, 1475, 1454, 1391, 1370, 1309, 1225, 1175, 1061, 919,
881, 854, 767, 747, 724, 692, 663. MS (EI): m/z =493 (14), 573 (14), 69.2 (57),
81.6 (27), 82.3 (22), 84.2 (28), 95.6 (32). 168.0 (13), 164.0 (11), 165.1 (13), 176.1 (14),
190.0 (65), 192.1 (10), 193.1 (22), 204.0 (12), 218.1 (38), 259.1 (100), 260.2 (22), 304.2
(13), 344.3 [M]" (1). MS (ESI): ([M]") 344.212. HRMS (ESI) (m/z) [C;3H,6N;]":

Calcd. 344.2121, found 344.2116.

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(pyren-4-yl)-4H-1,2,4-triazol-1-i
um tetrafluoroborate (6g)
(CsHL6BF,N;) a yellow solid; 37% yield, melting
HiC._N @ 0‘ point: 240-241 °C. [a]p* = —15.0 (¢ = 0.38, in CH,CL,),
HiC, 11/\//'“ OQ 'H NMR (600 MHz, DMSO-ds) 5 11.00 (s, 1H), 8.58

h.c T CH, (d, J = 8.2 Hz, 1H), 8.50 (t, ] = 7.2 Hz, 2H), 8.47 - 8.43
¥~ CH ©
*  BF, (m, 2H), 8.40 (dd, J = 32.8, 9.0 Hz, 2H), 8.24 (t, ] =

7.6 Hz, 1H), 8.15 (d, ] = 9.2 Hz, 1H), 4.68 (q, J = 7.0 Hz, 1H), 2.83 (s, 3H), 1.67 (d, J
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= 7.0 Hz, 3H), 1.09 (s, 9H). ®C{'"H} NMR (150 MHz, DMSO-d5) 8 154.48, 144.16,
132.75, 130.56, 130.11, 130.02, 129.66, 127.87, 127.41, 127.09, 127.00, 126.72, 125.44,
124.91, 124.59, 123.90, 122.98, 120.83, 62.89, 35.39, 25.76, 15.81, 11.08. IR (ATR): v =
3126, 2965, 2187, 2108, 2043, 2002, 1956, 1826, 1584, 1534, 1465, 1393, 1308, 1227,
1190, 1056, 847, 776, 721, 683. MS (EI): m/z =187.3 (10), 214.3 (46), 215.3 (71), 216.3
(13) 283.3 (100), 284.3 (20). MS (ESI): ([M]") 368.214. HRMS (ESI) (m/z)
[C,sH,6N;]™: Caled. 368.2121, found 368.2125.

(I) Spectral characterization data and HPLC conditions
NH-S-Methyl-S-phenyl-sulfoximine (1a)®
(C,HoNOS) a colorless oil. For cat 6¢: 43% yield, 01% ee. [a]p™ =
OS\ +17.0 (¢ = 0.76, in CHCL). For cat 5b: 42% yield, —-95% ee. [a]p® =
©/ -18.7 (¢ = 0.67, in CHCl;). HPLC ADH, 2-propanol/n-heptane =
20/80, flow rate = 0.6 mL/min, A = 230 nm, retention time: 17.9 min (S), 19.6
min (R). 'H NMR (400 MHz, CDCL) 8 7.97 - 7.91 (m, 2H), 7.59 - 7.53 (m, 1H),
7.52 — 7.46 (m, 2H), 3.04 (s, 3H), 2.72 (s, 1H). *C{'"H} NMR (100 MHz, CDCL,)
143.46, 132.99, 129.21, 127.61, 46.16. [a]p™ = +30.8 (c = 0.95, in acetone; 91% ee),

[[a]p™ = —36.2 (c = 1.06 in acetone, enantiopure (R)-enantiomer)].?

DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2014-11-14 10-27-44\SD48B.D)

i mAUj’ §,\\ g);{\
| - ":" \ ‘U_} \ |
1004 I\ | \ !
1 J NN i
e e R e T T R e e et
0 5 10 15 20 min
DADL D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height ] Area j Area % |
I# | in min | in min | in mAU | in mAU*s i |
! _______ 1 ................ i ____________ ‘ _________________ I ~~~~~~~~~~~~~~~~~~~~~ | mmmmmmmmmmmmmmmmm ]
| 1] 17.902] 0.3851] 223.40295| 5843.19141| 50.0554 |

| 21 19.639] 0.4177] 206.33871| 5830.26123]| 49.9446|
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DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-09-22 17-39-16\6D3958.0)
mAU — = ey
140 - ‘g}q.
E a
120 @
] &
100
80
o
60 ! o
40 \ g8 &
E «Q 2?
20 A"
04 — o ) X
S s
0 2.5 5 75 10 125 15 17.5 20 min

Signal 3: DAD1 D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min} [rain? (rAU*s] [mAT] %
————— i il B e B et T T |
1 17.017 MF 0.4043 3859,38745 159.08342 95,3236
2 18.800 FM 0.6044 189.33450 5.22117 4.6764

 DAD1 D, Sig=230,76 Ref=360,100 (SDWMARCUS 2015-09-29 10-23-25\5D401B.D)

mAU ] b
200

100 R ' .

0 — = e

0 5 10 15 20 min

14 17.391

DAD1 D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
[ |  in min |  in min | in mAU | in mAU*s | |
f————= frmmm fmmm e [ rmm [ —=—— = |—mmm !
| 1] 17.3914 0.4424) 7.01075} 211.77266] 2.7491|
| 2| 18.931] 0.3867] 292.61261| 7491.47070 97.2509]

N-[Methyl(oxo)(phenyl)- A°-sulfanylidene]cinnamamide (3aa)
O (C,6HisNO,S) a white solid; 31% yield, 69% ee, melting

O N Z
% point: 136-137 °C. [a]p® = +21.7 (¢ = 0.70, in CHCL),
CHs

©/ HPLC ADH, 2-propanol /n-heptane = 25/75, flow rate

29.3 min. 'H NMR (400 MHz, CDCl,;) § 8.07 - 7.94 (m, 2H), 7.73 - 7.62 (m, 2H),

= 0.8 mL/min, A = 254 nm, retention time: 25.3 min,

7.62 - 7.55 (m, 2H), 7.55 - 7.47 (m, 2H), 7.40 - 7.28 (m, 3H), 6.61 (d, ] = 15.9 Hz,
1H), 3.40 (s, 3H). *C{'"H} NMR (100 MHz, CDCL;) § 174.50, 142.88, 139.05, 135.16,
133.88, 129.86, 129.77, 128.89, 128.15, 127.25, 124.96, 44.43. IR (ATR): v = 35209,
3022, 2926, 2301, 2168, 2058, 1903, 1637, 1597, 1487, 1446, 1406, 1313, 1195, 1094,
1052, 970, 885, 832, 746, 684. MS (EI): 51.4 (12), 77.3 (34), 102.3 (18), 103.3 (19),
125.3 (29), 129.3 (15), 130.3 (27), 131.3 (18), 141.3 (12), 156.3 (99), 182.3 (100), 183.3
(10), 192.3 (12), 207.3 (30), 222.4 (48), 270.3 (53) 286.3 [M]" (9). MS (ESI):
([M+Na]*) 308.070. HRMS (ESI) (m/z) [CicH,;sNO,S+Na]*: Calcd. 308.0721,
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found 308.0715.

DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-01-22 11-26-35\SD155A.D)

mAU 1 © -

300~:

200%

100—i

I - J
R R T T T T
Signal 1: DAD1 A, Sig=254,4 Ref=360, 100
Peak RetTime Type Width Area Height Area
# [min] [rin] [mAU*g] [reAU] %

e It | == | e mm o | == | —=mm e | e |
1 25.358 BB 0.5643 1.56157e4 427.39447 48.3662

2 29,321 BB 0.6567 1.66706=4 397.96985 51.6338

DAD1 A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-02-20 11-07-16\SD184.D)
mAU 3
50

40-
30
20

wé /\\ N

04
T T T T e T T T T T[T T —
0 5 (1 15 . 20 25 30 min|

25.840

Signal 1: DADLl A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i {min] {min] [mAU*s] [mAU] %
----- e Bttt Bttt bl Rttt Rttt ettt
1 25.840 BB 0.4480 440.92123 12.13345 15.7488
2 29.854 BB 0.6354 2358.79541 56.00438 84.2512

(E)-N-[Methyl(oxo)(phenyl)-A°-sulfanylidene]- 3-(2-nitrophenyl)

acrylamide (3ab)
(C,6H,N.O,S) a yellow oil. For cat 6¢: 53% yield, 81%
o N%Z ee. [a]p™ = +31.8 (c = 1.7, in CHCL,). For cat 5b: 56%
©/S<CH3 yield, -75% ee. [a]p™ = —32.0 (¢ = 190, in CHCL).
HPLC ADH, 2-propanol/n-heptane = 50/50, flow rate

= 0.5 mL/min, A = 254 nm, retention time: 26.0 min, 30.7 min. '"H NMR (400
MHz, CDCL;) 8 8.14 (d, J = 15.7 Hz, 1H), 8.03 (ddt, J = 9.2, 8.2, 1.7 Hz, 3H), 7.71 -

7.65 (m, 2H), 7.65 - 7.59 (m, 3H), 7.54 - 7.42 (m, 1H), 6.51 (d, J = 15.7 Hz, 1H),
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3.43 (s, 3H). BC{'H} NMR (100 MHz, CDCL) 3 173.57, 148.51, 138.79, 137.86,
134.02, 133.48, 131.25, 130.07, 129.90, 129.84, 129.22, 127.28, 124.90, 44.45. IR
(ATR): v = 3066, 3024, 2928, 2332, 2106, 1909, 1732, 1640, 1605, 1521, 1444, 1405,
1283, 1204, 1096, 1046, 969, 890, 858, 786, 743, 686. MS (EI): m/z = 51.3 (43), 63.3
(17), 65.3 (49), 77.3 (56), 93.2 (15), 94.2 (17), 125.1 (16), 130.2 (10), 156.1 (11), 182.1
(100), 284.1 (14), 331.1 [M+1]* (3). MS (ESI): ((M+H]") 331.075. HRMS (ESI) (m/z)

[Ci6H1,N,O,S+H]": Calcd. 331.0747, found 331.0747.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD21ARAC-ADHT.D)

mAU I~
300 - g P
250 | [ﬁ:
2001 I i
150 .l l | l\
1003 @ © 1 {1
50 K. f I\
o s R T " 0 35 mir
Peak RetTime Type Width Area Height Area
it [10in] (min] [mAU* s3] [AU] &
o | | | | == e o | =mm e
3 ::':6";@2}:1BB 0,624z 1.40463e4d 342.70193 48,9204
4 30%767 R 0.7356 1.40622e4 293,18570 48.9761
DAD1 A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-09-22 10-52-37\SD395.D) |
{ mAU ?;
1754
150 H
125 3 A
100 3 {1
75 © |
50 & | 15
25 PN i
0;7" - _'r‘:“'.l' ) .y o ; - -“ . . " - . - | - . — ‘Ir 7’}; - 7'/;' - ‘\’| . .
0 5 B 10 ' 15 20 25 ) 30 mi
Peak RetTime Type Width Area Height Area
3 [min] [min} [mAU*s] [mAU] %

1 23.673 BB 0.5022 791.55939 23.66637 9.4617
2 27.414 BB 0.5943 7574.40527 196.22772 90.5383

DAD1 A, Sig=254,4 Ref=360,100 (SD\WMARCUS 2015-09-28 10-17-45\SD401.D)

mAU ] g
] ° 9 &4
. s 8 7 8
3 T o , - j
0 e e e e e e e e e e e T S
20 25 30 min
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DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width i Height | Area } Area % |
| # | in min | in min | in mAU | in mAU*s | |
| =mmm | ==mmm | == | m e e e = = |
| 1] 16.440] 0.3707] 0.991921 22.06370] 0.4472|
| 2] 18.895] 0.3655] 5.96579| 150.06769| 3.0413]|
[ 3] 24,083 0.5683] 122.68548} 4183.56689| 84,7861 |
| 4] 28,142} 0.5471] 14.76563| 578.56305]| 11.7254|

(E)-N-[Methyl(oxo)(phenyl)- A*-sulfanylidene]-3-(4-nitrophenyl)acrylami
de (3ac)

o (C,6H,N.O,S) a yellow oil, 43% yield, 69% ee.

o, NJK/\@\ [a]p® = +19.5 (¢ = 1.21, in CHCl;), HPLC ADH,

©/ S:CH3 NO, 2-propanol/n-heptane = 50/50, flow rate = 0.5

58.0 min. '"H NMR (400 MHz, CDCL) 3 8.24 - 8.17 (m, 2H), 8.03 (ddd, J = 7.1,

3.2, 1.9 Hz, 2H), 7.73 - 7.57 (m, 6H), 6.72 (d, ] = 15.9 Hz, 1H), 3.44 (s, 3H). 3C{'"H}

mL/min, A = 230 nm, retention time: 51.9 min,

NMR (100 MHz, CDCL;) 8 173.46, 148.23, 141.50, 139.72, 138.64, 134.10, 129.86,
129.23, 128.62, 127.19, 124.19, 44.40 (d, J = 3.3 Hz). IR (ATR): 3514, 3026, 2931,
2324, 2101, 1912, 1744, 1608, 1514, 1412, 1308, 1200, 1092, 976, 847, 741. MS (EI): m/z
= 94.4 (19), 125.3 (19), 156.3 (94), 175.3 (60), 176.3 (20), 182.3 (100), 315.2 (13) 331.3
[M+1]* (1). MS (ESI): ([M+Na]*) 353.056. HRMS (ESI) (m/z) [C,cH,,N,O,S+Na]":

Calcd. 353.0570, found 353.0564.

DADA B, Sig=230,16 Ref=360,100 (SD\SD217RAC-ADHT.0) -
mAU - o, O >
30 RS-
ED R P
254 : A
m{ o A8 ? )
163 3 119%. o~ S
104 N o Y f
E Xy & / / \
5 N N\ - AN / v,
0 o el P e e A Kl [V -t S S
v T T T I J 4 T T ¥ Y
_ 0 10 20 30 40 50 60  min
Peak RetTime Type Width Area Height Area
# [min] [rmin} [}AU*s] [AU] %

1 27.288 MM 0.6565 209,52809 5.31921 3.3725
2 35.812 MM 0.8413 201.71494 3.59614 3.2468
3 51.949 MM 1.3820 2906.33228 35.04549 46,7801
4 58.032 MM 1.6319 2895,.17896 29.56872 46.6006

. DAD1 D, Sig=230,16 Ref=360,100 (SD\SX434A.D)

mAU 3 &
20 ) ,
104
i A AN BN

0 = S

0 20 40 60 miny

~, 47.620
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DADL D, 8ig=230,16 Ref=360,100

| Peak | Ret, Time | Width | Height | Area | Area % |
I % |  in min | in min | in mAU I in mAU*s I !
| == Eaa—" | =mmmmmm e |~ e | = e | === mm e !
i 11 47.620] 1.2434]| 8.416921 627.93951] 15.4860]
i 2 53,056} 1.4801§ 28.59017/| 3426.93652} 84.5140]

(E)-3-(2-Bromophenyl)-N-[methyl(oxo)(phenyl)-A°-sulfanylidene]acrylam
ide (3ad)

o Br (C,eH,BrNO,S) a colorless oil, 47% yield, 66% ee.

. N)%@ [alp® = +7.8 (¢ = 0.94, in CHCL), HPLC ADH,
©/\ \S/:CHs 2-propanol/n-heptane = 50/50, flow rate = o.5
mL/min, A = 254 nm, retention time: 17.4 min, 19.3

min. 'H NMR (400 MHz, CDCL,;) 6 8.10 - 8.03 (m, 3H), 7.71 - 7.65 (m, 1H), 7.65
- 7.56 (m, 4H), 7.33 - 7.27 (m, 1H), 7.19 (td, J = 7.8, 1.6 Hz, 1H), 6.56 (d, ] = 15.8
Hz, 1H), 3.43 (s, 1H). *C{'"H} NMR (100 MHz, CDCl;) 3 174.01, 141.22, 138.96,
135.16, 133.95, 133.42, 130.83, 129.80, 127.90, 127.74, 127.70 (d, J = 1.9 Hz), 127.27,
125.40, 44.42 (d, ] = 2.7 Hz). IR (ATR): v 3365, 3024, 2929, 2329, 2099, 1911, 1717,
1610, 1445, 1199, 1077, 979, 859, 741. MS (EI): m/z = 102.3 (1), 125.3 (18), 156.3
(100), 182.2 (49), 208.1 (27), 209.1 (11), 210.2 (27), 211.2 (10), 284.2 (38). MS (ESI):
([M+Na]*) 385.982, 387.980. HRMS (ESI) (m/z) [C,cH,,BrNO,S+Na]": Calcd.

385.9821, 387.9800, found 385.9821, 387.9800.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD242RAC-ADH1.D)

A3
. T\ 7

0 E - : .."_____ ,.:,_,___’h,,_ '_.M___I - - ‘I"n.. : - - ._:.l "'--"'r" - \;:.,;’A. e ﬂ,‘_,,_i S
0 5 10 15 20 25 enir]
DADLI A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Wicdth | Height | Area | Area %
foo# | in min ! in min | in mAU i in mAU*g | i
| === frmmm e et | e miadaleede o e !
i 11 17.426] 0.4302] 19.55596| 504,752561 . 50.0312¢
| 2| 19.294| 0.4787] 17.550569] 504.12329] 49.96881
DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-11-06 10-52-04\5X433A.1))
mAU 7 &
100 g
50 =
0 AN
T T | |l I T T T I
¢ 10 20 30
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DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in min | in mAU i in mAU*s | |
[ =msme [ e e e e [ e e e [ frmmm [
| 11 17.074} 0.4151| 33,19492/4 826.704041) 16.7298]|
| 2| 18.921| 0.4226]| 146.97795| 4114.79492 83.2702|

Methyl-(E)-2-(3-{[methyl(oxo)(phenyl)-A°-sulfanylidene]amino}-3-oxopro
p-1-en-1-yl)benzoate (3ae)

(C,sH,,NO,S) a colorless oil, 37% yield, 74% ee.
71Ny y

0 COOCH; . _
P [a]p® = +15.4 (¢ = 0.55, in CH,Cl,), HPLC ADH,
\\S/:C 2-propanol/n-heptane = 50/50, flow rate = 0.5
Hs
©/ mL/min, A = 254 nm, retention time: 19.6 min,

24.6 min. '"H NMR (400 MHz, CDCL) 3 8.46 (d, ] = 15.7 Hz, 1H), 8.12 - 8.03 (m,
2H), 7.92 (dd, J = 7.8, 1.2 Hz, 1H), 7.69 - 7.57 (m, 4H), 7.54 - 7.46 (m, 1H), 7.40
(td, J = 7.6, 1.2 Hz, 1H), 6.49 (d, ] = 15.7 Hz, 1H), 3.01 (s, 3H), 3.44 (s, 3H). C{'"H}
NMR (100 MHz, CDCl;) 3 141.74, 139.09, 136.81, 133.88, 132.29, 130.76, 130.08,
129.74, 129.05, 127.96, 127.76, 127.35, 52.42, 44.41. IR (ATR): v 3061, 3022, 2941,
2328, 2102, 1910, 1715, 1609, 1443, 1201, 1091, 972, 851, 741. MS (EI): m/z = 161.3
(100), 173.2 (11), 182.3 (31), 284.3 (60) 343.1 [M+1]" (1). MS (ESI): ([M+Na]")
366.076. HRMS (ESI) (m/z) [CsH,,NO,S+Na]": Calcd. 366.0770, found

366.0765.
DAD1 A, Sig=254,4 Ref=360,100 (SD\SD257R-ADH1.D)
mAU -
] &) 3,
3 @i g\
20—_2 ’ ‘\ ,", \\
4] i’ — s e ——— —————— - — A l’. - ,\5- r—‘/ N .
T T g v T 7 LA g T T T T T T T T T L T i v
0 5 10 15 20 25
DADL A, Sig=254,4 Ref=360,100C
| Peak | Ret., Time | Width | Height | Area | Area % |
| i in min |  in min | in mAU | in mAU*s | |
, ______ | ______________ | ___________ [ .......................... ’ ______________ , __________________ {
| 11 19,5944 0.5073] 53.23308| 1620.34143 50.1746|
| 2| 24.641 1 0.6461| 47 ,50748| 1609.06738]| 49,8254

DADT A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-11-06 10-52-04\SX436A.D)
mAU k| ;
3 2 a
i S
100 :‘ B
I S\
0+ ; ; — ; : ; = - : ; —ter e e 7 ; ; :
0 _ 10 20 30 40 min




S29

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % }
I # | in min |  in min | in mAU | in mAU*g | i
[ [ e e e | e J o o e | o [ [
| 1} . 19,089} 0.4463] 51.60894} 1505,14282) 13.1608]
| 21 23.951] 0.5860] 256,33926]| 9931.43652| 86.83921

NH-S-(2-Bromophenyl)-S-methyl- sulfoximine (1b)°
o NH (C,HsBrNOS) a white solid. For cat 6c: 43% yield, 92% ee. [a]p™
@S\CH3 = +39.0 (c = 0.78, in CHCL). For cat 5b: 40% yield, -90% ee.
Br [a]p® = -350 (¢ = 0.81, in CHCL). HPLC ADH,
2-propanol/n-heptane = 20/80, flow rate = 0.8 mL/min, A = 210 nm, retention
time: 18.3 min, 20.9 min. "H NMR (400 MHz, CDCl;) 3 8.23 (dd, J = 7.8, 1.8 Hz,
1H), 7.76 (dd, J = 7.8, 1.2 Hz, 1H), 7.50 (td, J = 7.6, 1.2 Hz, 1H), 7.42 (td, ] = 7.6, 1.8
Hz, 1H), 3.32 (s, 3H), 2.59 (s, 1H). *C{'"H} NMR (100 MHz, CDCL) 8 142.74,

135.75, 134.11, 131.05, 128.18, 120.83, 43.22.

DAD1 C, Sig=210,8 Ref=360,100 (SD\SD-R260B-ADH1.0)

MAU - }g g
800 f—‘? ﬁ
600 \ ('
400 f H
200 } I \

o S B I VY S

5 10 15 20 25 30 mir

3
Signal 2: DAD1 ¢, $Sig=210,8 Ref=360,100

Peak RetTime Type Width Area Height Area
# {min] [min] [mAU*s] {mAU] B
e e e e | ==——f - e [ == |
1 18.276 BB 0.3860 2.48308e4 1005.71100 49.590%9
2 20.920 BB 0.4318 2.52405e4 909.38849 50.4091

mAU 3\
400

200 JA & &
0 S T T L S o

[ 0 5 ) 15 20 25 min
| Peak | Ret. Time | Width | Height | Area | Area %
HE { in min [ in min | in mAU | in mAU*s ] |
| === | = R | = e s [mmmm |
| 1 18.440] 0.4206] 776.49915| 19595.,63477| 93.3971|
| 2| 21.126| 0.4447} 27.82069| 812.51660]| 3.8726]|
|

3] 26.551] 0.4980] 13.98288]| 572.84473| 2.73031
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DAD1 C, Sig=210,8 Ref=360,100 (SDWIARCUS 2015-09-29 11-47-22\SD4058.D) |
mAU 1 §{\ |
A i

500 %. (7' \
°3 / ‘
3 :

| T T T a T

| 5 10 15 20 an
| Peak | Ret, Time | Width | Heighti ) | Area | Area % M’|
{# I in min I in min | in mAU | in mAU*s | |
| ==mmme | == mm e | = e | o m e | = e e | e e |
| 1] 18.489| 0.3827] 83.15352¢ 2114.43970} 5.3296]
| 2] 21.126]| 0.4788} 1235.08569] 37558.,80078] 94.6704|

(E)-N-[(2-Bromophenyl) (methyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl

)acrylamide (3b)
o NO, (C,sH3BrN,O,S) a yellow oil. For cat 6c: 54% yield,
0 N NF 78% ee. [a]p™ = +9.5 (c = 2.21, in CHCL,). For cat 5b:
()i\s/:(it/\@ 57% yield, -67% ee. [a]p™ = -7.7 (c = 2.39, in CHCL).
Br HPLC IB, 2-propanol/n-heptane = 50/50, flow rate =

0.5 mL/min, A = 254 nm, retention time: 32.7 min, 36.0 min. 'H NMR (400 MHz,
CDCL)d 833 (dd, J = 8.0,1.7 Hz, 1H), 8.13 (d, = 15.6 Hz, 1H), 7.99 (dd, ] = 8.2, 1.1
Hz, 1H), 7.78 (dd, J = 7.9, 1.2 Hz, 1H), 7.71 - 7.56 (m, 3H), 7.50 (tdd, ] = 6.9, 5.0,
1.6 Hz, 2H), 6.46 (d, J = 15.6 Hz, 1H), 3.55 (s, 3H). *C{'"H} NMR (100 MHz,
CDCL) 6 173.01, 148.51, 138.36, 137.70, 135.92, 134.89, 133.45, 132.03, 131.27, 129.91,
129.50, 129.22, 128.60, 124.88, 119.56, 42.01. IR (ATR): v = 3864, 3559, 3298, 3078,
3023, 2927, 2860, 2679, 2315, 2234, 2141, 2029, 1934, 1719, 1607, 1519, 1435, 1335,
1288, 1201, 1099, 1027, 965, 858, 751. MS (EI): m/z = 50.3 (13), 63.3 (32), 75.2 (26),
76.4 (29), 773 (15), 89.2 (37), 90.3 (11), 91.2 (22), 92.2 (10), 102.2 (23), 130.1 (19),
142.9 (1), 155.0 (20), 157.0 (18), 171.0 (20), 172.0 (33), 173.1 (20), 174.1 (18), 175.1 (26),
202.9 (14), 204.8 (15), 233.9 (32), 235.9 (35), 259.9 (100), 2611 (15), 261.9 (95),
329.0 (13), 361.9 (39), 363.9 (43). MS (ESI): ([M+Na]*) 430.966, 432.964. HRMS
(ESI) (m/z) [C,Hy;3BrN,O,S+Na]*: Calcd. 430.9672, 432.9651, found 430.9663,

432.9640.

[ " DADT A, Sig=254,4 Ref=360,100 (SD\SD260RAC-181.D)

i mAU
‘ 20

8
| 8 .
= 0 E e ————— === JI s———L e e —f‘j
L 0 10 . 20 o 30 ) 40 min

—as.904

—

32718
T
T35
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DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
(I | in min | in min | in mAU | in mAU*s | |
| === e intatalbete = [~mm e fmmm [ = e ]
) 1} 29.155{ 0.8294| 1.177281% 58.58292) . 0.8873]1
| 21 30,1391  1.0338] 1.19039] 73.83624] 1.11831
| 3 32.719] 1.1118} 47.65208] 3178.81738} 48,1448
| 41 35,984 1.32404 41.43357] 3291.38013] 49.8496}

DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-08-28 10-17-03\SD404.D)

mAU | §\
20 — 7

0 . :
h T T T T T T T T T T T T T T T T T T T

0 10 20 30 40 min

DAD1 A, Sig=254,4 Ref=360,100

] Peak | Ret. Time | Width | Height | Area | Area % i
boo# { in min i in min | in mAU | in mAU*s | |
[====== [ [ === [ = m [-==mmm e [—==mm e |
| 1| 32.869| 1.1364] 53.69778| 3661.26636]| 88.8679|
| 2| 36.615] 1.3753% 5.55790] 458.63101}] 11.1321|
DAD1 A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-08-28 10-17-03\SD405.D)
mAU
- N
] &
20 8
o AN
0o ' ' R ' ' 7' 20 o 30

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret., Time | Width { Height i Area | Area % |
| # |  in min | in min | in mAU | in mAU*s | |
[~===—- |~ | e jrrmm | = [ - e e |
| 1] 33.212]| 1.1028] 11.39455] 753.95416]| 16.0182]
| 2| 36.3821 1.2962] 50.82732| 3952.895261 83,9818

NH-S-(3-Bromophenyl)-S-methyl- sulfoximine (1c)"

ny  (GHSBrNOS) a white solid. For cat 6c: 38% yield, 99% ee.

\ 7/

S\CH3 [a]p® = +15.4 (c = 0.85, in CHCl,). For cat 5b: 42% yield, -93%

ee. [a]p® = -142 (c = o0.92, in CHCL). HPLC O],

o 2-propanol/n-heptane = 30/70, flow rate = 0.7 mL/min, A = 210
nm, retention time: 17.0 min, 28.7 min. '"H NMR (400 MHz, CDCL) 8 8.15 (t, J =
1.8 Hz, 1H), 7.93 (ddd, J = 7.8, 1.7, 1.0 Hz, 1H), 7.73 (ddd, ] = 8.0, 1.9, 1.0 Hz, 1H),
7.42 (t, ] = 7.9 Hz, 1H), 3.10 (s, 3H), 2.47 (s, 1H). *C{"H} NMR (100 MHz, CDCl,)

d 145.66, 136.23, 130.90, 130.85, 126.37, 123.38, 46.21.
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DAD1 C, Sig=210,8 Ref=360,100 (SDWARCUS 2015-05-28 16-10-01\5D-R261B.0) T
mAU o
: B
N 3 [
A, 2 |
600 - I' L& g
400 -] [ ‘/\\
I [
{ ! \
200: '| \ / \
[} A — /4\‘- - .f"[\ ~ S n,‘l A . R 1/ B
e e e —— e T s S e S S——
0 5 10 15 o 20 25 30 min
Signal 2: DADL C, Si¢g=210,8 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [rAD*s ) [mAD} %
..... i__..___.. I - - - I ——————— l - e o s s o - o | Y S '_.._.._____ I
1 16,992 MM 0.8221 4.31201e4 874,21368 43.8783.
2 28.684 BR 1.2482 4.50993e4 524.99542 51.1217
Totals 2.86219%4ed  1399.20911
’ DAD1 C. Sig=210.8 Ref=360,100 (SDWMARCUS 2015-09-23 10-18-18\5X3978.0)
mAU g
o)
200 & ;
© \.
P - N = - /
: ———r
0 10 20 30 40 mi
| Peak | Ret. Tine ! Width ~|_ Height ' | Area | Area $ |
i# I in min | in min | in mAD | in mAU*s | |
I_..........._..I..,“M.W........ — - I s pon -‘.-._‘...___i____.__.._..‘_.,...‘.-b.l_.__.....A.......,.....,—»-»-.—I————————-—————I
| 1] 18.283| 0.6085¢ 1.61085] 58.80740]| 0.1487]
| Z| 30.879| 1.50801 436,37665] 39483.871091 99,8513|
Total T 39542.67849 100.00008
DADT C, Sig=210.8 Ref=360,100 (SD\SD4068.D)
mAU ?\
200 8
0 ] PN : /’ \\‘ . s 5_ s i
0 10 20 30 min}
| Peak | Ret. Time | Width | Height | Area | Area $ |
[ i in nin | in min | in mAU | in mAU*s | |
| —————- = {=m——————— | === | === frmmmm e ————— |
! 1} 17.776] 0.9686] 529.84937| 30791.462389| 96.3553|
i 2| 31.081] 1.3740] 14.12767| 1164.69836| 3.6447]
Total 31956.16125 100.0000

(E)-N-[(3-Bromophenyl)(methyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl

)acrylamide (3¢)
(C,sHi3BrN,O,S) a yellow solid, melting point: 94-95

o N i >~ I °C. For cat 6¢: 59% vyield, 67% ee. [a]p™ = +29.1 (c =
S\CH3 2.36, in CHCL,). For cat 5b: 56% yield, —74% ee. [a]p™

= —31.5 (¢ = 2.30, in CHCl;). HPLC ADH, 2-propanol

B /n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254

nm, retention time: 25.5 min, 27.6 min. 'H NMR (400 MHz, CDCL) 8 8.15 (dd, J
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= 9.6, 7.8 Hz, 2H), 8.05 - 7.91 (m, 2H), 7.80 (ddd, J = 8.0, 1.8, 0.9 Hz, 1H), 7.71 -
7.58 (m, 2H), 7.50 (ddd, J = 8.0, 5.9, 2.1 Hz, 2H), 6.50 (d, J = 15.6 Hz, 1H), 3.42 (s,
3H). 3C{"H} NMR (100 MHz, CDCL) § 173.47, 148.51, 140.72, 138.27, 137.11, 133.50,
131.32, 13111, 130.24, 130.01, 129.68, 129.22, 125.88, 124.93, 123.79, 44.45. IR (ATR):
v = 3065, 2927, 2335, 2097, 1893, 1732, 1609, 1521, 1290, 1202, 1089, 972, 863, 756.
MS (EI): m/z = 63.3 (1), 75.3 (13), 76.3 (22), 89.2 (12), 155.0 (20), 157.0 (14), 172.0
(14), 175.1 (13), 259.9 (100), 262.0 (84), 362.0 (27), 363.9 (38). MS (ESI): ([M+Na]")
430.966, 432.964. HRMS (ESI) (m/z) [C,¢H,;BrN,O,S+Na]": Calcd. 430.9672,

432.9651, found 430.9665, 432.9641.

DADA A, Sig=254,4 Ref=360,100 (SD\SX261RAC-ADH1.D) v i
§ ® s
. . ) Cc
i
50 - (
404 |
0 A
20 \ f
10 1 ! / \
0 - — VAN NP - — O L
. — . . S s —_
0 5 10 15 20 25 3 35 min

Signal 1: DADl A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i {rain] [min] (mAU*s) {mAU] %

1 25.476 BB 0.5741 2830.29980 75.70982  49.9659
2 27.641 BB 0.6129 2834.16528 72.04626 50.0341

DADT A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-09-22 10-52-37\50397.D)

mAU ] '
100
80- |
60
\
\

40 %
20 - /\\ \

s —_ - - — —
; — Y —— e —— —
0 5 10 15 20 25 30 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*3) [mAU] %

1 25.659 BB 0.5705 911.61450 24,03331 16.5486
2 27.776 BB 0.6196 4597.09082 115.69849 83.4514

DADT A, Sig=254.4 Ref=360,100 (SDWMARCUS 2015-09-28 10-17-45\SD408.D)

mAU . ™~
: g
504 . ' %
1 S . ANy
T — — : ; — e

|[17.802
20,031
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DADL A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in min | in mAU | in mAU*s i :
------ T e et B et ittt Rt
: 1] 17.892] 0.3802] 0.78885] 17.99625] 0.3592]
| 2] 20.031) 0.3896/ 4,96885]| 136.117054 2.7171|
| 31 25.847) 0.6426] 109.77354] 4232.21826/ 84.4822|
| 4] 28.049} 0.6870] 15.11985] 623,26630] 12,4414

NH-S-(4-Bromophenyl)-S-methyl-sulfoximine (1d)"
O, NH (C,HgBrNOS) a white solid; For cat 6c: 41% yield, 96% ee.

S.
Br

-94% ee. [a]p”

0.93, in CHCl,). For cat 5b: 42% yield,

-16.9 (¢ = 0.92, in CHCL). HPLC O],
2-propanol/n-heptane = 30/70, flow rate = 0.7 mL/min, A = 230 nm, retention
time: 16.3 min (R), 28.2 min (S). 'H NMR (400 MHz, CDCL,;) 6 8.03 - 7.80 (m,
2H), 7.76 - 7.61 (m, 2H), 3.09 (s, 3), 2.50 (s, 1H). *C{'"H} NMR (100 MHz, CDCl,)
d 142.74, 132.66, 129.47, 128.42, 46.33. (R)-1d: [a]p = -13.0 (¢ = 1.07, 299% ee, in
MeOH)™,

DAD1 D, Sig=230,16 Ref=360,100 (SD\MARCUS 2015-05-28 16-10-01\SD-R2628.D)
mAU 3 <

5003
400
300
200
100 4
ol ~

> 28.247

o
—

T T T T T T T T T ¥ T * v T T T T ¥ T T T T YT ““| - T
0 5 10 15 20 28 .30 miny

Signal 3: DAD1 D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] fmAU*s] [mAU] %

1 16,304 BB 0.6868 2,93625e4 631.12866 49,8041
2 28.247 BB 1.1786 2.85936e4 374.21097 50.1959

DAD1 D, Sig=230,16 Ref=360,100 (SDWIARCUS 2016-09-23 10-18-18\SX398B.D)
mAU 3
200 2 3
100 : 5
0 i T g T i X : T % = i T T T v 7 T T T T
0 10 2 30 40 min
DAD1 D, Sig=230,16 Ref=360,100
i Peak | Ret. Time | Width | Height i Area | Area % |
bo# | in min }  in min | in mAU | in mAU*s | |
| === [~ [~=——mm |~ = [~=—mm |
| 1] 17.379] 0.8429| 13.18658] 666.88403] 1.9425]
| 2 19.884| 1.0149} 0.90353] 55.01755] 0.1603}
|

31 30.356] 1.4354] 390.24210]| 33605.72656| 97.8973|
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_DAD1 D, Sig=230,16 Ref=360,100 (SD\SDA078.D)

mAU v
400 ?/\ 5
200 o

04 Iy . @

T T T T T T T T T ¥ T N T T T T ¥ T T T T N T T T T
Q 5 10 16 20 25 30 min

DAD]1 D, Sig=230,16 Ref=360,100 }
| Peak | Ret. Time | Width | Height | Area | Area %
[ | in min {  in min | in mAU | in mAU*s | |
| | = e | |——mm e [ = e |
{ 1) 16.955] 0.8959| 776.62769] 41745.04297) 97.1253]
| 21 30.371| 1.3307] 15.47513] 1235.57214| 2,8747|

(E)-N-[(4-Bromophenyl)(methyl)(ox0)-A°-sulfanylidene]-3-(2-nitrophenyl
)acrylamide (3d)
(C,6H:3BrN,O,S) a yellow oil. For cat 6¢: 56% yield,

o) NO,
o NJV\© 73% ee. [a]p® = +28.8 (c = 2.12, in CHCL;). For cat

\ 7/
/O/S\CHs 5b: 54% yield, —77% ee. [a]p® = —33.4 (c = 2.34, in
Br CHCl;). HPLC IB, 2-propanol /n-heptane = 50/50,

flow rate = 0.5 mL/min, A = 254 nm, retention time: 32.2 min, 35.1 min. 'H NMR
(400 MHz, CDCL;) 6 8.14 (d, J =15.6 Hz, 1H), 8.00 (dd, J = 8.1, 0.9 Hz, 1H), 7.92 -
7.86 (m, 2H), 7.79 - 7.74 (m, 2H), 7.68 - 7.59 (m, 2H), 7.54 - 7.47 (m, 1H), 6.49
(d, J =15.6 Hz, 1H), 3.42 (s, 3H). 2C{'H} NMR (100 MHz, CDCL) § 173.52, 148.50,
138.22, 137.87, 133.52, 133.17, 131.15, 130.00, 129.77, 129.45, 129.22, 128.88, 124.95,
44.43. IR (ATR): v = 3495, 3026, 2927, 2314, 2081, 1909, 1732, 1605, 1518, 1291, 1199,
1066, 969, 749. MS (EI): m/z = 63.3 (13), 75.4 (13), 763 (13), 89.2 (12), 155.0 (13),
157.0 (11), 170.2 (13), 1711 (22), 172.1 (20), 173.0 (18), 175.0 (25), 202.9 (13), 204.9
(14), 233.9 (37), 236.0(38), 259.9 (93), 261.9 (100), 361.9 (32), 363.9 (35). MS (ESI):
([M+Na]*) 430.966, 432.964. HRMS (ESI) (m/z) [C,sH3BrN,O,S+Na]*: Calcd.

430.9672, 432.9651, found 430.9665, 432.9643.

DADT A, Sig=254,4 Ref=360,100 (SD\SX262RAC-IB1.D}

~d \
20 T \

0 _ NN e
: 7 ; ; T = T P 7 7 7 v 3 T . ; . i T ; v T T
0 10 20 30 40 50min

DADL A, S5ig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area ] Area % i
i # |  in 1in | in min | in AU | in mAU*s | |
| === | mmm | o e e = | == jmmmmm |
1 1l 32.241] 1.0772] 70.37314| 4548.46631] 48,4893}

| 21 35,105}  1.2736| 63.23286| 4831.87598| 51.5107}
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DAD1 A, Sig=254,4 Ref=360,100 (SD\SD398.D)

mAU-i »,
200 P
100 3
0 B -
L T s M | U ey T T "
0 10 20 30 40 50 80 min|
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width i Height | Area | Area % |
I | in min | in min | in mAU | in mAU*s | |
| I inte i fmmm fmmm e |- [ == |
| 11 31.573} 1.0499] 330.944891 20846.69531 | 86.2757|
| 21 34,853} 1.2705] 43.50177] 3316,17896} 13.7243|
DAD1 A, Sig=254,4 Ref=360,100 (SDIMARCUS 2015-09-28 10-17-03\SD407.0)
mAU 1
40 -
] 2
20 o
J (; ..
0 T T T T T T T T i ——
¢} 10 20 30 40 min|
DADL A, Sig=254,4 Ref=360,100
[ Peak | Ret, Time | Width | Height ] Area | Area %
| # |  in min |  in min | in mAU | in mAU*s |
| === f=mmmm e e frmmm e e | = | |
| 11 32.554] 1.1246] 8.13971| 549,22559| 11,2202
| 2] 35.2731 1.2670] 57.165511 4345.74854 | 88.77981
Total 4894,97412 ) 100.0000

NH-S-(2-Chlorophenyl)-S-methyl- sulfoximine (1e)*“"

O, NH

\ 7/

S
@ “CH,

Cl

20/80, flow rate

(C,HsCINOS) a white solid; For cat 6¢: 45% yield, 92% ee. [a]p®

+31.2 (c = 0.80, in CHCL,). For cat 5b: 40% yield, -85% ee. [a]p™

—37.0 (¢ = 0.76, in CHCL;). HPLC IA, 2-propanol/n-heptane =
= 0.7 mL/min, A = 230 nm, retention time: 19.0 min, 20.7 min.
'H NMR (400 MHz, CDCL;) 6 8.31 - 7.95 (m, 1H), 7.56 - 7.48 (m, 2H), 7.44 (ddd,
J=17.9, 6.2, 2.5 Hz, 1H), 3.30 (s, 3H), 2.73 (s, 1H). ®C{'"H} NMR (100 MHz, CDCL)

0 141.06, 134.12, 132.46, 132.15, 130.75, 127.52, 43.59.

. DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWME-2CLPH-SULF-IA1.D)

mAU R b
200 4
100 \
0 — e e
20

T T T G T T T T T T T

o
0 5 25

T
min|

16
DAD1 D, S8ig=230,16 Ref=360,100
| Peak | Ret., Time | Width | Height | Area { Area % |
S |  in min | in min | in mAU | in mAU*s i |
f-———- [ —mmm | [ == [ e e f=—m—————————— i
| 1] 19.020] 0.527¢| 305.93484 | 9685.177732| 49,9610
| 21 20.730] 0.5387| 300.09048| ‘9700.31543]| 50.0390]
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. DAD1 D, Sig=230,16 Ref=360,100 (SD\SD410BC.D)

mAU ' N
4004 ?\ Q.
200 3
0 SN S
Y O L
0 5 10 15 20 25 min
DADL D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height | Area | Area % ]
S |  in min |  in min | in mAU ] in mAU+*s | |
frmmm= [ [~ [ e frmmmm e = m e |
| 1 19.222| 0.5598] 628.35632] 21106.05273} 95.8817|
} 24 21,393 0.5876] 25.71187| 906.547671| 4.1183|

. DAD1 D, 8ig=239,16 Ref=360,100 (SD\SD-C-410B.D}

mAU 3 g\
1004 5§
50 o j
—_— e _
0 5 10 15 20 mir
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height i Area | Area % |
¥ |  in min |  in min | in mal | in mAU*s | |
[ | == | ——— e | = e e [ o e e {
} 11 19.187| 0.5288{ 15.06720| 478.02396| 7.4652f
| 2| 20.447} 0.55704 177.31323| 5925.31543]| 92.5348|

(E)-N-[(2-Chlorophenyl)(methyl)(0ox0)-A°®-sulfanylidene]-3-(2-nitrophenyl
)acrylamide (3e)

o NO, (C,6HCIN,O,S) a yellow oil. For cat 6c: 53% yield,
=
O\\S/’N 80% ee. [a]p™ = +15.1 (¢ = 2.15, in CHCL,). For cat 5b:
@ CHs 56% yield, -69% ee. [a]p™ = -15.7 (c = 2.34, in CHCL,).
Cl

HPLC ADH, 2-propanol /n-heptane = 50/50, flow rate
= 0.5 mL/min, A = 254 nm, retention time: 31.9 min, 35.8 min. '"H NMR (400
MHz, CDCL) 8 8.32 - 8.27 (m, 1H), 8.11 (d, J = 15.6 Hz, 1H), 7.98 (dd, J = 8.1, 11
Hz, 1H), 7.68 - 7.53 (m, 5H), 7.52 — 7.46 (m, 1H), 6.46 (d, ] = 15.6 Hz, 1H), 3.54 (s,
3H). BC{'H} NMR (100 MHz, CDCL) 3 172.99, 148.52, 138.20, 136.05, 134.95,
133.42, 132.33, 131.80, 131.44, 131.22, 129.90, 129.52, 129.20, 128.00, 124.87, 42.34. IR
(ATR): v = 3071, 2930, 2256, 2103, 1740, 1611, 1521, 1446, 1291, 1203, 1047, 969, 887,
736. MS (EI): m/z = 50.3 (29), 51.3 (50), 52.3 (13), 55.3 (13), 57.3 (30), 63.2 (100),
64.2 (19), 65.3 (43), 69.3 (13), 71.2 (19), 74.2 (12), 75.2 (71), 76.2 (40), 77.2 (42),
89.2 (57), 90.2 (23), 91.2 (25), 92.2 (23), 99.1 (79), 1011 (34), 102.1 (49), m.1 (56),
13.1 (14), 127.0 (40), 128.1 (90), 129.1 (21), 130.1 (59), 131.1 (15), 159.0 (32), 175.1 (21),
190.0 (20), 215.9 (77), 218.0 (21), 318.0 (42), 320.0 (18), 329.0 (15), 364.9 (11). MS



S38

(ESI): ([M+Na]*) 387.016, 389.013. HRMS (ESI) (m/z) [C,¢H,;CIN,O,S+Na]":

Calcd. 387.0177, 389.0147, found 387.0163, 389.0133.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD410RAC-ADH1.D)
mAU'g 20,
50
25
03 : : : - ; : - ; ; ; ; ; : : —
0 10 20 30
DAD1l A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height i Area | Area % |
P# | in min |  in min | in mAU | in mAU*s | |
{——— [—====———= |- - [-=——m | = e = |
i 1] 31.9081 0.7102] 96.31115] 4410.16211} . 49.9726|
| 2] 35.857] 0.7589] 86.87320] 4414,99316]| 50.0274 |
DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-09-30 19-20-52\SD410.D)
mAU
8
50 @
3 © /
3 AN i . o
0 : : : ; i ; : : : ; - : ; : ; S T : ;
0 10 20 30 40 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area %
I # | in min | in min | in mAU I in mAU*s |
[ [ e e aind i ity [-———— o e |
i 1] 31.580} - 0.7607] 14.84503] 677.587281 10.1847]
H 2] 35.404] 0.8405] 118.48962] 5975.392091 89.8153]
Total 6652.97937 100.0000
DAD1 A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-05 14-03-47\SD-C-411.D)
AU 3 Y
1 , [{a]
100 2 h
50 & )
0 ; N
: : ; : ; : : : / ; : : ; : : ; : v 3
0 10 20 30 miry
DADL1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height ] Area | Area %
(I |  in min | in min | in mAU | in mAU*s | |
== |———— e B [==mmm e | mm e e |
| 1 17.938] 0.3135] 1.02674| 19.31595] 0.2012]
| 21 18.488]| 0.4407] 5.37964 | 142.23415)| 1.4817|
| 3] 32.169| 0.77371 171.94371] 7981.87988} 83.1476|
[ 4] 36.116]| 0.8575] 28.30407] 1456.21997} 15,1695}

NH-S-(4-chlorophenyl)-S-methyl- sulfoximine (1f)"
O, NH (C;HgCINOS) a white solid; For cat 6¢: 45% yield, 94% ee.

EN
Cl

-90% ee. [a]p®

0.92, in CHCL). For cat 5b: 43% yield,

-17.8 (¢ = 0.86, in CHCL). HPLC O],
2-propanol/n-heptane = 30/70, flow rate = 0.7 mL/min, A = 230 nm, retention
time: 14.8 min, 23.8 min. 'H NMR (400 MHz, CDCL,) & 7.95 - 7.92 (m, 2H), 7.53
- 7.49 (m, 2H), 3.09 (s, 3H), 2.54 (s, 1H). *C{'"H} NMR (100 MHz, CDCl;) 8

142.21, 139.87, 129.64, 129.35, 46.36.
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. DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWME-4CLPH-SULF-OJ1.D)

mAU 3 o 8

4004 @

200 \
] N .

R e R e e e e e NI
0 5 10 15 20 25 30 35an

DAD1 D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
[ | in min |  in min | in mAU } in mAU*s ] |
| == R niate | === | mm e e fmmm e = |
| 1 14.812| 0.6106] 534.49127] 22110.35352] 49.9065]
| 21 23.805] 0.9928] 335.03723} 22193.20898| 50,0835]

_ DAD1 D, Sig=230,16 Ref=360,100 (SD\SD411BC-1.D) - = =
mAU ]
g ] »
200 A {
] I
0 T e I e e e
0 5 10 15 20 25 min
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height | Area | Area % |
I # | in min |  in min | in mAU | in mAU*s | |
| === | e [ ==mm e jmmmmm [ = e [=mmmm = |
| 1] 14.489)" 0.6598] 20.59085] 815.20551 ] 2.8011]
| 2| 22.771| 1.0599] 444.80258] 28287.40430) 97.1989]
Total 29102,60280 100.0000

. DAD1 D, 8ig=230, 16 Ref=360,100 (SD\WMARCUS 2015-10-05 20-22-50\8D-C-411B.D)

mAU &
200 ?\ g
4 «©
0 . A , N ]
T T * T T T T T T
0 5 10 15 20 25 min
DADL D, Sig=230,16 Ref=360, 100
| Peak | Ret. Time | Width { Height | Area | Area $% |
I |  in min |  in min | in mAU | in mAU*s | |
|- j-————— f—m—— | e e = | == e |
| 1] 14.669| 0.6941] 414.01340} 17243.10937] 95.0658|
| 2] 23.829| 1.0739] 13.88979] 894.963621 4.9342]

(E)-N-[(4-Chlorophenyl)(methyl)(0oxo0)-A°-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3f)
o NO, (C,6H,;3CIN,O,S) a yellow solid, melting point:
o N = 109-110 °C. For cat 6c¢: 52% yield, 80% ee. [a]p* =
/©/ “CH,4 +36.7 (c = 2.21, in CHCL). For cat 5b: 54% yield,
Cl

-76% ee. [a]p™ = -35.2 (¢ = 2.07, in CHCl;). HPLC
ADH, 2-propanol /n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254 nm,
retention time: 26.1 min, 38.1 min. 'H NMR (400 MHz, CDCL)d 8.13 (d, J = 15.6
Hz, 1H), 8.00 (dd, ] = 8.2, 0.9 Hz, 1H), 7.98 - 7.95 (m, 2H), 7.64 (ddd, J = 7.9, 7.4,
1.2 Hz, 2H), 7.61 - 7.57 (m, 2H), 7.50 (ddd, J = 8.6, 7.2, 1.7 Hz, 1H), 6.49 (d, J =
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15.6 Hz, 1H), 3.42 (s, 3H). *C{'H} NMR (100 MHz, CDCL,;) § 173.50, 148.49,
140.87, 138.18, 137.27, 133.51, 131.13, 130.17, 129.99, 129.78, 129.20, 128.83, 124.93,
44.46. IR (ATR): v = 3032, 2928, 2321, 2104, 1918, 1736, 1608, 1519, 1294, 1200, 1091,
1040, 970, 730. MS (EI): m/z = 50.2 (27), 51.3 (44), 52.3 (10), 63.2 (99), 64.2 (20),
65.2 (38), 74.2 (12), 75.2 (68), 76.2 (48), 77.2 (39), 89.2 (54), 90.2 (20), 91.2 (16),
92.2 (21), 99.1 (58), 1011 (32), 102,1 (44), 103.2 (11), 111 (59), 113.1 (18), 16.1 (13),
127.0 (100), 128.0 (70), 129.0 (46), 131.0 (59), 131.1 (14), 159.0 (47), 161.0 (12), 175.1
(39), 190.0 (41), 192.0 (16), 216.0 (94), 218.0 (32), 318.0 (47), 320.0 (18), 365.0
(M+1)" (8). MS (ESI): ([M+Na]") 387.016, 389.013. HRMS (ESI) (m/z)
[Ci6Hy;3CIN,O,S+Na]": Caled. 387.0177, 389.0147, found 387.0170, 389.0140.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD411RAC-ADH1.D)

mAU : b 3
40 i
*1 ;7\\‘

B —— ' . A\

—_— e
0 10 20 30 40 i

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret, Time | Width } Height | Area | Area %

| # [ in min I oin min | in mAU ] in mAU*s J [
| o [ ————— == | == e — [———mm e ininiatataladed |
1 1] 26.091]  0.5777] 56.43488| 2126.99609} . 49.8756|
( 2| 38.109| 0.8196]| 38.04002] 2137.60425| 50.12441|
Total 4264.60034 100.0000

DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-08-30 19-20-52\SD411.D)

mAU =7
60 T
40 4 g
20 N
e N J\

T . 7 T . T ~ T : T Y T T v 7 T T T
0 10 20 3ID 40 mi

DADl A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width i Height | Area | Area % ]
| # { in min { in min | in mAU | in mAU*s | !
| === fomm e e fmm e | e e e — e e R et bt B | m e e |
| 1] 25.941 | 0.5216]| 13.73117] 503.29477) 9.8010]
| 2] 37.804| 0.8498| 82.40132] 4631.860351 90.1950]|

DAD1 A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-06 14-03-47\SD-C-410.D)

mAU &
100 2
3
50 @
: oo . e,
0 : ——————

| R T 30 40 min

r19.488
24.014




DAD1 A, Sig=254,4 Ref=360,100
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| Peak | Ret., Time | Width | Height | Area | Area % |
| # | in min } in min | in mAU | in mAU*s | |
| === [ mmmmmm fmmm | —mm | =mmmm | mmmm e |
| 1] 19.488| 0.4164| 0.82665] 20.65311| 0.3169]
| 2] 24,014 0.2299] 0.91352] 12.60220} 0.19331
| 3| 24,535] 0.6034] 4.72165| 170.92854 1 2.6223]
| 4] 26,417 0.6487| 142.85426| 5559.80518| 85.2961]
| 51 38.875] 0.9592] 13.10597| 754.,25488]| 11.5714|

NH-S-(4-Fulorophenyl)-S-methyl- sulfoximine (1g)"

O, NH

\\S//\
o
F

2-propanol/n-heptane = 30/70, flow rate = 0.7 mL/min, A = 230 nm, retention

(C,HsFNOS) a white solid; For cat 6c: 42% yield, 84% ee.
[a]p® = +13.2 (¢ = 0.75, in CHCL,). For cat 5b: 42% yield, -88%
ee. [a]p® = -141 (¢ = o.74, in CHCl). HPLC O],
time: 14.2 min, 18.5 min. "H NMR (400 MHz, CDCL) 3 8.18 - 7.82 (m, 2H), 7.25
- 748 (m, 2H), 3.09 (s, 3H), 2.55 (s, 1H). *C{'"H} NMR (100 MHz, CDCl;) 6 165.61
(d, ] = 254.8 Hz), 139.65 (d, J = 3.0 Hz), 130.64 (d, ] = 9.5 Hz), 16.55 (d, ] = 22.4

Hz), 46.53. F NMR (375 MHz, CDCl;) § -105.21 (dq, J = 8.3, 5.1 Hz).

~DADT D, Sig=230,16 Ref=360,100 (NH-SULFWE-4FPH-SULF-0J1.D)
mAU 7 kY
E bt
100 .
50 \
0 ' . : I e
T ) T
Q 5 10 15 20 25 min
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width ! Height | Area | Area % |
| # | in min I in min | in mAU | in mAU*s I [
[===——= f=——mm [===mmm= [ == e = e [ e |
| 1] 14.183] 0.6709] 196.21474| 7899.00928 | 50.3988|
| 2| 18.525] 0.7563] 152.60385]| 7774.01172] 49,6012|
T DAD1 D, Sig=230,16 Ref=360,100 (SD\SD-RA412.D)
mAU : 4
w
200 8 '
i
100 . ;}\ﬁw_r_%____T —
0 E,_ ! é ! ' ! ! 1|0 " i ' ' 1‘5 ' ' ' ' 2‘0 25 mi
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height ! Area | Area % |
P4 | inmin | in min | in mAU I in mAU*s | I
| o jmmmm | ———— == == |mmmm e |
| 1i 14.565} 0.7023] 43.40452] 18286.87573| 7.9083]
| 2| 18.790| 1.0163] 349.24695] 21297.08203| 92.0917|

. DAD1 D, Sig=230,16 Ref=360,100 (SD\SD-RB412B.D})

mAU'_:
100 \\\\

1] 5 10 15
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DADl D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area { Area % |
| & i in min I in min | in mAU | in mAU*s | ]
fmmm == [ == [ e e e e o e e |
} 1] 14.,440] 0.7396] 251.27304| 11150.43164| 93,7740
| 21 19,140| 0.85901 14.36328} 740.317811 6.2260]

(E)-N-[(4-Fluorophenyl)(methyl)(oxo0)-A%-sulfanylidene]-3-(2-nitrophenyl
)acrylamide (3g)
(C,6H3FN,0O,S) a yellow oil. For cat 6¢: 54% yield,

0 NO,
o NJV\© 71% ee. [a]p® = +31.0 (¢ = 2.21, in CHCl;). For cat

\ 7/
/©/S\CH3 5b: 53% yield, -75% ee. [a]p® = -31.6 (c = 1.97, in
F CHCl;). HPLC IB, 2-propanol /n-heptane = 50/50,

flow rate = 0.6 mL/min, A= 254 nm, retention time: 23.6 min, 27.6 min. '"H NMR
(400 MHz, CDCL)d 8.13 (d, J = 15.6 Hz, 1H), 8.08 - 8.01 (m, 2H), 7.99 (dd, J =
8.2, 0.9 Hz, 1H), 7.68 - 7.56 (m, 2H), 7.49 (ddd, J = 8.5, 7.2, 1.7 Hz, 1H), 7.33 -
7.25 (m, 2H), 6.48 (d, J = 15.6 Hz, 1H), 3.42 (s, 3H). *C{'"H} NMR (100 MHz,
CDCL) § 173.53, 166.06 (d, J = 256.8 Hz), 148.50, 138.13, 134.66 (d, J = 3.1 Hz),
133.52, 131.19, 130.25 (d, J = 9.6 Hz), 129.98, 129.89, 129.22, 124.94, 117.24 (d, ] =
22.9 Hz), 44.66.F NMR (375 MHz, CDCL) 8 -103.07 - -103.16 (m). IR (ATR): v
= 3072, 2929, 2251, 2113, 1912, 1726, 1599, 1521, 1404, 1286, 1207, 1097, 1047, 970,
905, 832, 726. MS (EI): m/z = 63.3 (12), 75.2 (12), 83.2 (14), 89.1 (12), 95.1 (19),
102.1 (12), 111.1 (30), 112.1 (24), 130.1 (16), 143.0 (33), 158.1 (10), 174.0 (52), 175.0 (20),
2001 (100). MS (ESI): ([M+Na]®) 371.046. HRMS (ESI) (m/z)
[Ci6H;3FN,O,S+Na]™: Calced. 371.0472, found 371.0473.

DAD1 A, Sig=254,4 Ref=360,100 (C:\SD412RAC-IB1.D)

mAU -

: N

0
T T T . T T v T T T
0 5 10 15 20 25 30 35 min

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width ] Height | Area | Area % |
I # | in min |  in min | in mAU | in mAU*s | |
|-—————— [—— e frmmm——— |—==—m [ e = |
| 1] 23.590] 0.9217| 63.89056| 3533.40894| 50.1486|

| 2] 27.602] 1.0995] 53.24116| 3512,46680]| 49,8514
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DADT A, Sig=254,4 Ref=360,100 (SD\SD-RA412.D)
mAU €N
100 &
@
50 )
. ; ] ; : et =]
(l) fli 1|0 1l5 20 2l5 miny
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min |  in min in AU | in mAU*s I |
| === | === [==mmmm ittt [ e e | = |
| 114 21,433 0.7370}% 183.05394 8095.00146]| - 85,3401
| 2| 24,334} 0.8883] 26,09118/| 1390.58069| 14,6599}
DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-RB412.D)
mAU 3
E <~
50 g
25 N
e L e e e
0 5 10 15 20 25 min
PADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width i Height | Area | Area % |
| # ] in min | in min | in mAU | in mAU*s | |
[ | mmm e I el B b | = [ m e
| 1 21.704{ 0.7632} 14,43681} 661.10846| 12.87006]|
| 2 24,2351 0.84011 88.783661 1475.47656]| 87.1294 |

NH-S-Methyl-S-(p-tolyl)-sulfoximine (1th)"*
(CsH,NOS) a white solid; For cat 6¢: 44% yield, 94% ee.

\ 7/

EN
H3C

EtOH/n-heptane = 20/80, flow rate = 0.7 mL/min, A = 230 nm, retention time:

[a]p® = +19.0 (¢ = 0.72, in CHCL;). For cat 5b: 43% yield,
-94% ee. [a]p® = -19.a1 (c = 0.71, in CHCL;). HPLC ADH,

29.5 min (S), 33.6 min (R). Or HPLC ADH, 2-propanol/n-heptane = 20/80, flow
rate = 0.7 mL/min, A = 230 nm, retention time: 14.6 min (S), 15.7 min (R). 'H
NMR (400 MHz, CDCL) 8 8.22 - 7.66 (m, 2H), 7.33 (dd, J = 8.5, 0.6 Hz, 2H),
3.07 (s, 3H), 2.52 (s, 1H), 2.43 (s, 3H). *C{'"H} NMR (100 MHz, CDCL) 6 144.02,

140.68, 129.97, 127.82, 46.42, 21.61. (S)-1h: [a]s,6” = +38.5 (c = 0.71, acetone)

DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWE-4MEPH-SULF-RAC-ADH2.D) N }
mAU "* &
200 Sn H
0 :":-.".:'_ = ,A S = e - = —d s L — - —
) % % % i
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height | Area i Area % |
1 ¥ | in min ! in min | in maU | in mAU*s | |
o= [ | oo | == [ == e |- !
| 1 29.524 0.5424) 299,30762| 10476.98730] 49,9813
| 2| 33.584| 0.6151] 264.149751 10484.83594 | 50.0187|
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~DAD1 D, Sig=230,16 Ref=360,100 (SD\SD413BC.D}) -
mAU @
400 - o
200 ' 8
] &
0 T g T ¥ T 7 v T T T T T 7 e 7 T
0 10 20 30 40 miny
DAD1 D, S$Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area i Area %
| % |  in min ' in min | in mAU | in mAU*s i |
===~ [ mmmmm e [ = = e [ o e e e f=mmmm |
| 11 29.459| 0.6066]| 662.820961 24127.38086| 96.9792|
| 21 "33.580] 0.6624)| 18.91046/1 751.53827| 3.0208]

DAD1T D, 8ig=230,16 Ref=360,100 (NH-SULFWE-4MEPH-SULF-RAC-ADH1.D)

mAU Q
200 J\ 7\
0- | : /. \ ,

I T R 20 i
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height | Area | Area % |
[ | in min ] in min | in mAU | in mAU*s | |
I ______ I ___________ | __________ I ..................... | —————————————— ] —————————————— |
| 1] 14.574| 0.3567] 418.01590] 9842.77051 | 49,4298
| 2| 15.745] 0.4042} 369.16998| 10069.85645| 50.5702|
~DADT D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-10-05 18-55-60\80-C-4138.D) -
mAU 1
1 f=]
500 )
3 3 -
0 T K N : 'I ¥ T T T T T T T T === j ; T = T T v
0 5 10 15 min
DADL D, 8ig=230,16 Ref=360, 100
| Peak { Ret. Time | Width | Height | Arez i Area %
| # | in min | in min | in mAU | in mAU*s | |
| === |- fommm [ - [ = e e | = e |
| 1] 14.620]| 0.4588] 36.92802| 1016.56653| 2.9233]
} 2| 15.544| 0.4235] 1328.62781} 33757.58984| 97.0767}

(E)-N-[(Methyl)(p-tolyl)(ox0)-A°®-sulfanylidene]-3-(2-nitrophenyl)acrylam
ide (3h)

0 NO, (C,,H,6N,O,S) a yellow oil. For cat 6¢: 52% yield,
=
QN 82% ee. [a]p® = +35.8 (¢ = 2.22, in CHCl;). For cat
/©/ “CHs 5b: 54% yield, —-80% ee. [a]p® = —34.0 (c = 2.01, in
H;C

CHCl;). HPLC ADH, 2-propanol/n-heptane =
50/50, flow rate = 0.5 mL/min, A = 254 nm, retention time: 26.6 min, 32.4 min.
'H NMR (400 MHz, CDCL;) 6 8.14 (d, J = 15.6 Hz, 1H), 8.00 (dd, J = 8.2, 1.0 Hz,
1H), 7.01 (d, J = 8.4 Hz, 2H), 7.69 - 7.57 (m, 2H), 7.50 (dd, J = 1.1, 4.3 Hz, 1H),
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7.41 (d, J = 8.1 Hz, 2H), 6.51 (d, J = 15.6 Hz, 1H), 3.42 (s, 3H), 2.46 (s, 3H). *C{'"H}
NMR (100 MHz, CDCL) 6 173.58, 148.53, 145.16, 137.72, 135.70, 133.46, 13131,
130.47, 130.20, 129.86, 129.22, 127.30, 124.90, 44.55, 21.75. IR (ATR): v = 3614, 3037,
2928, 2268, 2099, 1610, 1523, 1297, 1203, 1087, 972, 735. MS (EI): m/z = 63.2 (12),
65.2 (15), 77.2 (17), 79.2 (18), 91.1 (33), 107.1 (100), 108.1 (22), 139.1 (11), 170.1 (17),
196.0 (15). MS (ESI): ([M+Na]") 367.071. HRMS (ESI) (m/z) [C,;H,sN,O,S+Na]":

Calcd. 367.0723, found 367.0726.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD413RAC-ADH1.D)

mAU )
<t
40 o P
20 2 g
0 T N\ .
{ v T ¥ v Y T v v T 1 T N T T U T T T T T T T T T
0 10 20 30 40 i}
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
[ # |  in min | in min | in mAU | in mAU*s | i
fmmmm—- [mmm fmm——————— [~ = fmmmmm e |
| 1 17.382| . 0.3743| 0.53858] 12.09626§F - 0.2246]|
| 2| 23,631 0.6309] 0.47858] 18.11552¢ 0.3364]
| 3] 26.656| 0.6455! 69.06002| 2674.49438| 49.6687|
| 4] 32.413) 0.78861 56.63833| 2679.963621 . - 48,7703
DAD1 A, 8ig=254,4 Ref=360,100 (SD\MARCUS 2015-09-30 19-20-52\SD413.D)
mAU >
] 3
s )
0 . ; - s - ; - - - : = - ‘A g : ‘. S, - - | - - -
0 10 20 30 40 in|

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height i Area | Area % |
[ { in min { in min | in mAU | in mAU*s | |
e talad [ o j——mm—— |- [ s e e — [ === !
| 1] 27,039] 0.6557] 5.39267] 212.16930| . 9.16871
| 2| 32.867| 0.8004 1 43.76657) 2101.893890] 90.8313]
DADT A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-05 14-03-47\SD-C-413.D)
mAU 2
200 ~ Q
E 3 N
100 3 g @ &
0""I""I""l"_"'l"'.‘l.""‘I“}"'I"'
0 5 10 15 20 25 30 35 mir
Dapl A, Sig=254,4 Ref=360,100
| Peak | Ret, Time | Width | Height f Area | Area % |
| # |  in min ] in min | in AU | in mAU*s | |
il R [—==—mm—— == R indate et = |
| 1 17.444| 0.3863] 1.22086] 28.29897] 0,20221
| 2| 23.842] 0,4513] 8.20732| 271.06189| 1.9372|
| 3] 26.775| 0.6597] 312,20190] 12357.78613] 88.3190]
[ 4 32.706] 0.6711] 28.16105{ 1335.06458 9,5415}
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NH-S-(4-Methoxyphenyl)-S-methylsulfoximine (1i)**

(CsH,NO,S) a white solid; For cat 6c: 42% yield, 89% ee.

\ 7/

/@/S\CHS [a]p® = +12.9 (c = 0.78, in CHCL). For cat 5b: 41% yield,
HsCO

-97% ee. [a]p™ = -13.4 (c = 0.69, in CHCl;). HPLC ADH,

2-propanol /n-heptane = 20/8o0, flow rate = 0.7 mL/min, A = 230 nm, retention

time: 18.2 min, 20.0 min. 'H NMR (400 MHz, CDCL) § 8.13 - 7.77 (m, 2H), 7.1 -
6.83 (m, 2H), 3.86 (s, 3H), 3.07 (s, 3H), 2.47 (s, 1H). ®*C{"H} NMR (100 MHz,

CDCL) 8 163.40, 135.11, 129.95, 114.48, 55.79, 46.68.

;DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWE-4MEOPH-SULF-RAC-ADH1.D)

mAU §
500
2503
03 T g T g T T T T T T T T v T B —
0 5 10 15 i
PADL D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
[ |  in min | in min | in mAU | in mAU*s | |
| == | [ e = |——— e | mmm e o e i
| 1] 18.236} 0.4592] 925.03711| 25485.976561 49.4809¢
| 2| 20.0081 0.5177] 837.76349| 26020.728521 50.51911
. DAD1 D, Sig=230,16 Ref=360,100 (SD\SD414BC.D)
mAU P
500 §8 g
1 g &
0 — | . ..
0 5 10 18 20 min
DAD1 D, Sig=230,16 Ref=360,100
i Peak ] Ret. Time | Width | Height | Area | Area %
| # I in min |  in wmin |} in mAU ] in mAU*s | |
[ —————= |- |-—=————— |- [ e e [ o e e e e e |
| 1] 10.4221 0.2815] 35.27355] 595.80536| 1.7909|
| 2 11.055] 0.3213] 34.77941| 670.52325} 2.0155}
| 3 18.282| 0.4655] 1083.44788]| 30262.494141 90.9627]
| 41 20.382] 0.6874]| 42.,19483) 1740.31519} 5.2310]
- DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-10-05 18-55-54\SD-C-414B.D)
MAU 3
1500 = - 4
1000 38 2
500 4 S3s 5 }
0 ey b e =
T l T J
1] 5 10 18 20 mirJ
DADL1 D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # |  in min | in min | in mAU | in mAU*s | |
| =mmem |- e [===mmmmmmm == mmm e == | mmmmmmmmm e !
| 1] 10.3247) 0.3052] 124,42525] 2278.82153] 2.5575|
| 21 10.956| 0.3413] 126.68128]| 2594,15234 | 2.9114]
| 3| 18.419¢ 0.6251] 43,10360} 1616.58191 | 1.8143}
|

4| 19.877| 0.6811] 2021.55920] 82614.78125| 92,7169}
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(E)-N-[(4-Methoxyphenyl)(methyl)(oxo)-A°%-sulfanylidene]-3-(2-nitrophen
yl)acrylamide (3i)

o NO, (C,;H,6N,O5S) a yellow oil. For cat 6c: 52%
o0 N F yield, 78% ee. [a]p™ = +35.2 (¢ = 2.10, in CHCL).
\\S//:_:\/\@ For cat 5b: 57% yield, —73% ee. [a]p® = -33.8

3

H3CO (C

2-propanol/n-heptane = 50/50, flow rate = 0.6 mL/min, A = 254 nm, retention

= 216, in CHClL). HPLC IB,

time: 31.5 min, 35.7 min. 'H NMR (400 MHz, CDCI3) & 8.14 (d, ] = 15.6 Hz, 1H),
8.00 (dd, J = 8.2, 1.1 Hz, 1H), 7.98 - 7.93 (m, 2H), 7.70 - 7.58 (m, 2H), 7.54 - 7.44
(m, 1H), 7.12 - 7.02 (m, 2H), 6.52 (d, ] = 15.6 Hz, 1H), 3.89 (s, 3H), 3.43 (s, 3H).
BC{'H} NMR (100 MHz, CDCL) 3 173.42, 163.94, 148.36, 137.49, 133.32, 13118,
130.15, 129.69, 129.63, 129.34, 129.07, 124.75, 114.93, 55.77, 44.65. IR (ATR): v =
3021, 2933, 2594, 2254, 2091, 1902, 1596, 1513, 1278, 1198, 1094, 1029, 971, 823, 729.
MS (EI): m/z = 123. (100), 155.0 (38), 186.0 (12), 212.1 (27). MS (ESI): ([M+Na]")
383.068. HRMS (ESI) (m/z) [C,,H,sN,OsS+Na]": Calcd. 383.0672, found

383.0675.

DAD1 A, Sig=254,4 Rei=360,100 (SD\SD414RAC-IB1.D)

f N

1 T T T T T T T T T  — T T T
0 10 20 30 40 miry

DAD1 A, Sig=254,4 Ref=360,100

{ Peak | Ret. Time | Width | Height | Area | Area %
i # | in min | in min | in mAU | in mAU*s |
|- - e |- |-—=——— | = |
| 1i 31.498} _ 1.3953| 23.,7292314 1986.53125| 48.6948|
| 2! 35.697] 1.6744| 20.83304] 2093.02124} 51.3082]|
DADT A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-10-01 10-18-4316D414.D)
mAU E
50 ' 3
26 - @
0 E J ‘%‘j) -— T
0 1I0 2|0 3|0 4|0 miny
DAD]1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height f Area | Area % |
| # ] in min |  in min | in mAU | in mAU*s ] |
fmm | ——— e - | === o e e e [
} 1] 31.009] 1.3237| 91.70594 | 7283.70508] 88.7724 |

| 2| 35.687] 1.68211 - 8.12748]| 921.21484| 11.2276}
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DADT A, Sig=264,4 Ref=360,100 (SDWIARCUS 2015-10-05 17-56-05\SD-C-414.D)
mAU
40 N d
] © K
20 ) g
0 Bl Sy —
S ,zl,o, 30 4I0 min
DAD1l A, Sig=254,4 Ref=360,100
| Peak | Ret., Time | Width | Height | Area | Area % |
I# | in min | in min | in mAU i in mAU*s | |
== fmmmm e |- | m=—mmm e = |————————— |
| 1| 28.526] 1.5699] 2.75343} 259,352944} 3.5253]
| 21 31.772] 1.4737} 10.70985] 946.98456| 12.8720]
| 3| 35.629| 1.6541 61.97117} 6150.57568) 83.60271

NH-S-[4-(Methoxycarbonyl)phenyl]-S-methyl-sulfoximine (3j

%

)

OCH,

CHj,

)zb

(CoH,NO;S) a white solid, melting point: 127-128 °C. For
cat 6c: 42% yield, 87% ee. [a]p® = +19.2 (c = 0.88, in
CHCL,). For cat 5b: 42% yield, -65% ee. [a]p™ = -13.6 (c =
0.88, in CHCL,;). HPLC IA, EtOH/n-heptane = 40/60, flow

rate = 0.6 mL/min, A = 230 nm, retention time: 23.2 min, 25.2 min. 'H NMR

(400 MHz, CDCL;) 8 8.17 (d, J = 8.4 Hz, 2H), 8.05 (d, J = 8.4 Hz, 2H), 3.94 (s,

3H), 3.10 (s, 3H), 2.68 (s, 1H). *C{'"H} NMR (100 MHz, CDCL,) § 165.67, 147.57,

134.31, 130.51, 127.83, 52.77, 46.05.

_DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWIE-4-CO2ME-PH-SULF-1A2.D) - -
mAU 3 St &
E N
200
100§
0 oA
TR B e e e e e, S
0 10 20 30 40 50 60 min

DAD1 D, 8ig=230,1%6 Ref=3G0,100

| Peak | Ret., Time } Width | Height | Area | Area % |
P& { in min |  in min | in mAU ) in mAU*s | |
| = - | = | == f———m [~ e |
] 1 23.291} 0.4948} 359.96408] 10686,73438| 49,7732}
| 2| 25.2204 0.5326| 337.44434| 10784.145511 50.22681
DADT D, Sig=230,16 Ref=360,100 (SD\SD415BC.D)
mAU § o
100-; ?_
&
0 : = e : T :
0 5 10 15 20 25 min
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DAD1 D, 8ig=230,16 Ref=360,100

{ Peak | Ret. Time | Width | Height | Area | Area % |
| # {  in min | in min | in AU | in mAU*s | |
| mmmm [ oo e | e fm e e e aiada ettt e iniala sl |
| 1] 23.165]| 0.4906] 261.74963{ 7705.28564 | 93.6179|
| 2| 25.143} 0.5070] 17.26686| 525.285891 6.38211
Total 8230.57153 100.0000
DAD1 D, 51g=230,16 Ref=360,100 (SD\SD-C-415B.D)
mAUE o %{\
2003 . o Tk
100 3 &
o] - _ ANV
0 5 10 15 20 25 i
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % }
S ] in min |  in min | in mAU | in mAU*s | |
== [ | It e f—mmm |
| 1l 23.515] 0.4542) 84,50294 2492.75635] 17.8356|
| 21 25.432| 0.4929] 361.17230] 11483.54199| 82.1644}

Methyl-(E)-4-{S-methyl-N-[3-(2-nitrophenyl)acryloyl]sulfonimidoyl}benz

oate (3j)
o NO2  (C,3H,6N,O6S) a yellow oil. For cat 6¢: 52% yield,

N % = = 191, in CHCL). F
% 78% ee. [0]p™ = +69.5 (¢ = 1.91, in CHCL;). For
CH

OY©/ ) cat s5b: 55% yield, -52% ee. [a]p® = -23.9 (c =

OMe 228, in  CHCL).  HPLC  ADH,
2-propanol/n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254 nm, retention
time: 35.1 min, 52.4 min. 'H NMR (400 MHz, CDCL) § 8.28 - 8.24 (m, 2H), 8.18
- 8.08 (m, 3H), 8.00 (dd, ] = 8.2, 1.0 Hz, 1H), 7.69 - 7.59 (m, 2H), 7.50 (ddd, ] =
8.6, 7.2, 1.7 Hz, 1H), 6.49 (d, ] = 15.6 Hz, 1H), 3.97 (s, 3H), 3.44 (s, 3H). *C{'H}
NMR (100 MHz, CDCL;) 3 173.50, 165.43, 148.50, 142.85, 138.29, 135.14, 133.51,
131.12, 130.93, 130.01, 129.68, 129.21, 127.46, 124.94, 44.22. IR (ATR): v = 3036, 2929,
2257, 2093, 1928, 1724, 1612, 1521, 1288, 1204, 1082, 974, 835, 735, MS (EI): m/z =
472 (42), 48.2 (22), 49.2 (12), 50.2 (14), 55.2 (14), 57.3 (25), 63.2 (16), 65.3 (17), 71.3
(16), 77.2 (13), 83.0 (100), 85.1 (55), 91.1 (12), 92.2 (15), 389.0 (M+1)" (1). MS (ESI):
(IM+Na]*) 411.061. HRMS (ESI) (m/z) [CisH,eN.O¢S+Na]™: Caled. 411.0621,

found 411.0621.
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DADT A, Sig=254,4 Ref=360,100 (SD\SD415RAC-ADH1.D)
mAU 7 E
407 © ~ 2
20 § 5 7\
" D
Q- - : ; - N = - o = J : - : e
0 10 20 30 40 50 60_min
DADL A, Sig=25d4,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # ! in min | in min | in mAU | in mAU*s | |
[ === [ == [ = = == fmmm |
| 1 23.493| 0.55611 0.48491| 16.17918| 0.2417]
i 2] 29.617{ 0.6847] 0.33556] 13.78568] ¢.2060/
| 31 35.144| 0.9441] 58.72052] 3326.20459] 49.6987|
| 4] 52,4111 1.7520] 31.74010] 3336.56885] 49.853¢|
DADT A, Sig=254,4 Ref=360,100 (SD\SD415.D)
mAU 3
E 2
203 §
10
o] A ANS . i
7 J U T T T N T T "
0 10 20 30 40 50 migs
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height ] Area | Area % |
| # | in min | in min | in mAU | in mAU*s i |
| [ e e [—mm e [~ [———m e |
! 1] 35.273] 0.9691| 9.59646| 557.96973| - 11.78141
| 2| 52.256| 1,8034] 38.61266| 4178.05762| 88.21861
DAD1 A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-10-05 14-03-47\SD-C-415.D)
mAU 4 by
100-5 ~ § g
50 S P b
E N & . :
0 L — 7 T T T T T y
0 10 20 30 40 50 60 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % i
| # [ in min | in min | in mAU | in mAU*s | |
| =====- [ i | == | e e [ e |
] 1] 24.277| 0.6066] 2.16065/ 78.64447} 0.7088|
| 2| 30.995| 0.8051| 5,13148] 247.87189] 2.23381
| 31 36.2261 0.9761] 140.16263] 8208.52832| 73.9760]|
| 4] 54.839] 1.7952} 23.77806| 2561.16089] 23.0814|

NH-S-Methyl-S-(4-nitrophenyl)-sulfoximine (1k)**

O, NH

\ 7/
S\
/©/ CH,
O,N

2-propanol/n-heptane = 20/80, flow rate = 0.7 mL/min, A = 254 nm, retention

(C,HsN,O,S) a yellow solid; For cat 6¢: 55% yield, 65% ee.
[a]p® = +15.2 (¢ = 0.52, in CHCl;). For cat 5b: 53% yield,

-69% ee. [a]p® = -14.0 (c = 0.39, in CHCL;). HPLC ADH,
time: 27.4 min (R), 29.9 min (S). 'H NMR (400 MHz, CDCL;) 8 8.51 - 8.29 (m,
2H), 8.29 - 8.02 (m, 2H), 3.14 (s, 3H), 2.70 (s, 1H). ®C{'"H} NMR (100 MHz,

CDCL,) 8 150.61, 149.51, 129.25, 124.58, 46.05. (S)-1k: [a]p® =18 (c =1, MeOH).™
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DAD1 A, Sig=254,4 Ref=360,100 (NH-SULFWE-4NO2PH-SULF-RAC-ADH1.D)
3
8 8 ?\
]
3 @ )
B S S S S N T 3 T 1T i
5 10 15 20 25 30 miry
DAD1 A, Sig=254,4 Ref=360,100
| Peak { Ret. Time | Width | Height | Area | Area % I
| # | in win | in min | in AU | in mAU*s | I
Tl e |- jrmmrrm e | = | —m e e |
| 1] 14.280] 0.27321 6.75939| 120.03467| 0.8201]
| 21 15.603] 0.2860] 6.24298]| 119.86845] 0.8189]
i 3] 27.368]| 0.5797| 187.83084! 7207.75977| 49,2437
| 4] 29.909| 0.6342] 171.81041| 7189.24072| 49,1172
DADT A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-12 14-36-53\8X-A-4 18B.D)
mAUT o)
20 3
10 5
E \
o e S — ‘/, il
0 10 20 30 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area ] Area % ]
[ | in min | in min | in mAU | in mAU*s | |
frmmm |~ f——mm f e e [ e e = e |
] | 27.914| 0.7274} 6.51864 | 284.48700| 17.7336}
| 21 30.598| 0.7561] 29.09169) 1319.73645| 82.2664|
DADT A, Sig=254,4 Ref=360,100 (SD\SD-RB418B.D)
mAU 1 5
] o
100 - 7 §
3 (2]
o L e A B e \ﬁ/*\: T
[¢] 5 10 15 20 25 30 35 miy
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # |  in min | in min | in mAU | in mAU*s | |
|~=——==- e et | e [ e frmmmm e | = |
] 1] 28.056} 0.7544| 240.27162| 10876.21973 £4.3006|
} 2| 30.960| 0.8585] 39.32306] 2025.49048| 15.6994

(E)-N-[Methyl(4-nitrophenyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl)acr

ylamide (3k)

93% ee. [a]p™

cat 5b: 41% yield, —-96% ee. [a]p™ = -2.34 (c
0.99, in DMSO). HPLC IB, EtOH/n-heptane

(C,6Hi3N;06S) a yellow oil. For cat 6¢: 41% yield,

+3.27 (¢ = 1.99, in DMSO). For

50/50, flow rate = 0.6 mL/min, A = 254 nm, retention time: 22.0 min, 23.3 min.

"H NMR (400 MHz, DMSO-dg) 6 8.52 - 8.46 (m, 2H), 8.31 - 8.22 (m, 2H), 8.04
(dd, J = 8.1, 1.1 Hz, 1H), 7.94 (d, J = 6.7 Hz, 1H), 7.81 (d, ] = 15.7 Hz, 1H), 7.78 -

7.72 (m, 1H), 7.68 - 7.61 (m, 1H), 6.64 (d, J = 15.7 Hz, 1H), 3.66 (s, 3H). *C{'"H}
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NMR (100 MHz, DMSO-ds) 6 172.08, 150.45, 148.41, 144.43, 136.70, 133.80, 130.67,
129.42, 129.13, 129.02, 124.66, 42.54. IR (ATR): v = 3456, 3089, 2924, 2653, 2302,
2094, 1912, 1740, 1604, 1518, 1200, 976, 755. MS (EI): m/z = 130.2 (16), 181.1 (89),
227.0 (100), 2281 (13). MS (ESI): ([M+Na]*) 398.041. HRMS (ESI) (m/z)
[Ci6H;3N;06S+Na]": Caled. 398.0417, found 398.0416.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD418RAC-IB1.D)
mAU 3 © « o
o] 3 & ?\/ \
27 © (3 o
0 ’é“’"—" “‘“—*‘H‘J\f"“* '/\,.-_AL_ r.._,.iL - ‘T.»hr,,._,,._,.n,MA_,__,,___,* SO
1 T T T I T T T T ' T T T T I T T Al T ] T ¥ T ' T T T ] T
0 5 10 16 20 25 30 mini
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret., Time | Width { Height | Area { Area % |
| # | in min |  in min | in mAU | in mAU*s | (
f———— [ m e [ —mm |=—mmm |mm e frmmm |
| 1] 16.948|  0.4310] 2.77501] 71.75449} 6.2534|
| 2| 19,234 0.4602] 2.652601 73.24674| 6.3835]
| 31 21.999| 0.6287] 12.71004} 479,42862 | 41.7823]|
| 4] 23,2914 0.6788] 12,84140] 523.01398] 45,5808
DAD1 A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-10-12 11-38-57\SD-AB-418.D)
mAU -
50 8
- 8
0 —
T T T T T T — ! T
0 10 20 30 miré
DADYI A, Sig=254,4 Ref=360,100
| Peak | Ret, Time | Width [ Height | Area t Area % |
| | in min I in min | in mAU | in mdU*s | |
| R inie fomm—————— [ == [ e |———— - |
| 1] 22,100/ 0.5635] 4,24963| 143.67755] 3.72031
| 2| 23.354] 0,6013} 103.05841 3718.32178| 96.27971
DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-RB418.D)
mAU
100 5 w
503 =
04 ) S -
0 5 10 15 20 25 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area l Area % |
. !} in min |  in min | in AU | in mAU*s ] |
[== = frmm [ it from e [=——m e [ == |
| 1] 21.394 ¢ 0.5395] 185.69749| 6010.58691| 97.7735}
| 2| 22.825] 0.6498| 3.510521 136.87077| 2.2265]|

NH-S-Methyl-S-[4-(trifluoromethyl)phenyl]-sulfoximine (11)"

O, NH

N\

(CsHgF;NOS) a white solid. For cat 6¢: 44% yield, 91% ee.

/©/ “CHy [a]p® = +16.3 (¢ = 1.1, in CHCL). For cat 5b: 47% yield, -87%
F5;C
3 0.8, in CHCl). HPLC O],

ee. [a]p®

-153 (c =
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EtOH/n-heptane = 30/70, flow rate = 0.6 mL/min, A = 230 nm, retention time:
14.6 min, 29.0 min. Or HPLC ADH, EtOH/n-heptane = 15/8s5, flow rate = 0.7
mL/min, A = 230 nm, retention time: 30.1 min, 33.0 min. 'H NMR (400 MHz,
CDCL) 8 8.15 (d, J = 8.1 Hz, 2H), 7.82 (d, ] = 8.2 Hz, 2H), 3.12 (s, 3H), 2.58 (s, 1H).
BC{'H} NMR (100 MHz, CDCL,;) § 147.32, 135.01 (q, J = 33.0 Hz), 128.47, 126.57 (q,
J =3.7Hz), 123.35 (d, ] = 273.0 Hz), 46.14. °F NMR (375 MHz, CDCl;) § -63.15.

DAD1 D, Sig=230,16 Ref=360,100 (NH-SULF\ME-4CF3PH-SULF-RAC.D)

MAU ] @ §
40 3 &
] AN
_— e
0 10 20 30 40 min
| Peak | Ret. Time | Width | Height | Area | Area % |
| % | in min | in min | in mAU | in mAU*s | |
o |-— R i iadate [ === m e | == e | mmmmm e ]
| 11 14,561 0.6291| 184.08417) 6948.41797| 49,6580
| 2] 28,981 1.2700) 92.43967| 7044.13086] 50.3420]

- DAD1 D, 8ig=230,16 Ref=360,100 (SD\SX421B-1S-422B.D)

mAU 3 @
~ 3
40 Q .
20 0

0 — = L2 .
0 10 20 30 min|

DAD1 D, 8ig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
# | in min | in min | in mAU | in mAU*s [ |
frmmm— frommm e [—==—m—— fomm e fmmm frmm e |
| 1] 15,737 0.7060} 8.77597| 371.748781 4.61751
| 2] 33.049) 1.6874] 75.84718| 7679.03516] 95,3825
DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFWE-4CF3PH-SULF-RAC-ADH.D)
mAU 3 o ~
407
203
0 e e A e e e el Bs e
0 10 } 20 30 40 min
DAD1 D, Sig=230,16 Ref=3G60,100
| Peak | Ret. Time | Width | Height | Area | Area % |
i# | in min | in min | in maU | in mAU*s I |
f=—=———= Jmmmm fommmm | mmm—mm [—=———- [ |
| 1] 27,773 0.5227] 72.18268| 2454 ,39111 50.,0429]
] 2| 30.347| 0.56641 66.41125] 2450.18677} 49,9571
“DADT D, Sig=230,76 Ref=360,100 (S0\SD-B-422B.D)
mAU 3
7 N
100 =
] 3
0 e — \I
0 110 20 30 4 minj
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DAD1 D, Sig=230,16 Ref=360,100

{ Peak | Ret. Time | Width | Height [ Area | Area % |
P ]  in min | in min | in mAU | in mAU*s | |
f fmmmm [ === e frmm frmm |
| 1] 30.139] 0.5521} 17.49603| 687.02271 ] 6.5199]
| 2| 32.9506] 0.6876] 219.46620]| 9850.32422| 93.4801 |

(E)-N-{Methyl(oxo0)[4-(trifluoromethyl)phenyl]-A°-sulfanylidene}-3-(2-nit
rophenyl)acrylamide (31)

0 NO, (C,,H;F;N,0,S) a yellow solid, melting point:
=
O\\S N 104-105 °C. For cat 6¢: 54% yield, 76% ee. [a]p™ =
/O/ CHs +30.8 (¢ = 2.26, in CHCL,). For cat 5b: 52% yield,
Fs;C

-80% ee. [a]p* = -31.2 (¢ = 2.04, in CHCL;). HPLC
ADH, 2-propanol/n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254 nm,
retention time: 17.4 min, 26.3 min. 'H NMR (100 MHz, CDCL) § 8.19-8.15 (m,
3H), 8.02 (dd, J = 8.2, 1.0 Hz, 1H), 7.90 (d, J = 8.3 Hz, 2H), 7.69 - 7.61 (m, 2H),
7.52 (ddd, J = 8.6, 7.1, 1.8 Hz, 1H), 6.49 (d, ] = 15.7 Hz, 1H), 3.44 (s, 3H). ®C{'"H}
NMR (400 MHz, CDCL,;) § 173.56, 148.54, 142.65, 138.57, 136.28, 135.78 (q, ] = 33.3
Hz), 131.12, 130.10, 129.55, 129.25, 128.07, 127.05 (dd, J = 7.2, 3.5 Hz),125.00, 123.17
(d, J = 273.3 Hz), 44.30. F NMR (375 MHz, CDCL;) § -63.27. IR (ATR): v =
3880, 3366, 3066, 2919, 2655, 2316, 2104, 1926, 1610, 1522, 1439, 1304, 1199, 983, 872,
756. MS (EI): m/z = 50.3 (28), 51.3 (30), 62.2 (11), 63.2 (100), 64.2 (16), 65.3 (25),
74.2 (19), 75.2 (48), 76.2 (53), 77.2 (26), 89.1 (83), 90.2 (23), 911 (13), 92.2 (16),
95.2 (19), 101.1 (15), 102.1 (36), 125.1 (20), 126.1 (1), 130.1 (10), 133.1 (13), 145.1 (75),
165.0 (18), 192.0 (17), 193.0 (47), 208.0 (10), 250.0 (36). MS (ESI): ([M+Na]")
421.043. HRMS (ESI) (m/z) [C,,H,;F;N,0,S+Na]™: Calcd. 421.0440, found

421.0433.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD422RAC-ADH1.D)

mAU
0 | T T T .: T T T T T T T T A T (l T

| T T — T
0 5 10 15 20 25 30 min

6

: _>6.333
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DAD]1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area } Area % |
I # | dnmin | in min | in mAU | in mAU*s | I
| —==m— | = [=mmmm |mmmmmm [ == [ e |
| 1l 17.426| 0.4382] 42.34636]| 1113.45337] 50.0798]
| 21 26.333]| 0.6878]| 26.89562] 1109.90430] 49.92021
DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 20715-10-12 10-38-35\6D-A-421.D)
mAU &
] 8 .
200 o &
1005 S -
E - . . y l . T . ./\ L
0 10 2]0 3'0 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height ] Area | Area % |
| # | in min |  in min | in mAU | in mAU*s ! i
| === fmmm [ —=—mm [=mmmm [ i [ === |
| 1] 15.040] 0.3537] 17.410461 369.50061| 2.2396]
| 2| 17.336] 0.4319} 75.03887| 1944.603151 11.78641
{ 31 26.473| 0.,7089] 333.50058] 14184,.53766] 85.9740|
DADT A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-15 11-50-20\5D-B-422.0)
mAU ] &
: i :
200 I
3 7 &
0 B e e e N R R e e e R S
0 5 10 16 20 25 30 35 min|
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
[ | in min | in min | in mAU | in mAU*s i |
[ === o [ === [~mmm |~ e j——— |
| 1] 17.254| 0.3951] . 481.127691 12333.7753%| - 89.7934|
| 2] 26.250] 0.6104] 34,478361 1401,95117]| 10.2066|

NH-S-Methyl-S-[4-(pentafluorosulfanyl)phenyl]-sulfoximine (1m)*
Ny (CHgFNOS,) a white solid; For cat 6¢: 43% yield, 88% ee.

\ 7/

/©/S\CH3 [a]p® = +12.9 (c = 0.93, in CHCly). For cat 5b: 41% yield,
FsS -93% ee. [a]p” = -13.1 (¢ = 105, in CHCLy). HPLC IA,
2-propanol /n-heptane = 20/8o0, flow rate = 0.7 mL/min, A = 254 nm, retention
time: 13.4 min, 14.8 min. '"H NMR (400 MHz, CDCl;) 8 8.13 (d, J = 8.8 Hz, 2H),
7.98 - 7.92 (m, 2H), 3.13 (s, 3H), 2.61 (s, 1H). *C{'"H} NMR (100 MHz, CDCl;)
157.09 (t, J = 18.7 Hz), 146.96, 128.57, 127.59 - 126.68 (m), 46.08. ’F NMR (375
MHz, CDCL) § 81.92 (tt, ] = 155.3, 147.6 Hz, 1F), 62.62 (d, ] = 150.5, 4F).

DAD1 A, Sig=254,4 Ref=360,100 (NH-SULFME-4-SF5-PH-SULF-1A1.D)

mAU 3 2 5
100
1
50 > 9 \
E Jo N -
T ll T = T T
15

v
!
i

11.627
TH2479

]
0= =
T 7 7 T T T v : T

T
0 5 10 mir




S56

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
| # [ in min b in min | in mAU | in mAU*s | |
| === === [=mmmmm [ | ——=m e e | —mm e e |
| 1] 11,627  0.2154] 2.77682] 47.45623] - 0.7327|
| 2] 12.479] 0.2316]| 2.512251 44,28370) 0.68371
| 34 13.419| 0.3612] 145,77846| 3159.22656{ 48.77701
| 41 14.837| 0.3899] 137.88666| 3225.90894|‘ 49,8066 |
DADT A, Sig=254,4 Ref=260,100 (SD\SD-RB417B.D) i
mAU 3 g
100 7\ 0
b <~
50 o
1 e
0 - - ; n - | - = = : = : - - ‘l ‘\Y" .,|\~ — - 2 g p—_—
4] 5 10 15 min
DADLl A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height i Area | Area % H
| # | in min | in min | in mAU | in mAU*s | |
| === fmmm oo [ e e [==—= e | |
| 1] 13.426| 0.3659] 138.79639| 3047.37036] . 94,0190
) 2| 14.845] ~ 0.4412{ 7.32243| 193.85893} 5.9810]
DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-C-417B.D)
mAU
20
10
03 e —_m
T T T T 1
0 5 10

DADL A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width i Height | Area | Area % |
i 4 | in min | in min | in mAU | in mAU*s ] |
| === fmmmm e | |- f=mmm [===—==mm |
| 1} 13.818] 0.3554 | 1.34639] 28.70843| 3.6511}
| 2| 15.285( ~ 0.4130] 30.57507| 757.59357| - 96.3489¢

(E)-N-{Methyl(ox0)[4-(pentafluoro-A°-sulfanyl)phenyl]-A°-sulfanylidene}-
3-(2-nitrophenyl)acrylamide (3m)
(C,eH3FsN,O,S,) a yellow solid, melting point:

0 NO,
Z no-1 °C. For cat 6c¢: 53% yield, 75% ee. [a]p® =
\ 7/
/©/ “CH,4 +27.8 (c = 2.34, in CHCl;). For cat 5b: 56% yield,
FsS -73% ee. [a]p® = -27.0 (c = 2.50, in CHCL).

HPLC ADH, 2-propanol/n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254 nm,
retention time: 15.2 min, 25.8 min. 'H NMR (400 MHz, CDCL) § 8.20 - 8.13 (m,
3H), 8.02 (dd, J = 7.1, 1.9 Hz, 3H), 7.70 - 7.60 (m, 2H), 7.52 (ddd, J = 8.6, 6.9, 2.0
Hz, 1H), 6.48 (d, ] = 15.7 Hz, 1H), 3.44 (s, 3H). *C{'"H} NMR (100 MHz, CDCL;) 8
173.35, 157.40 (t, J = 18.7 Hz), 148.32, 142.12, 138.51, 133.43, 130.85, 129.98, 129.21,
129.06, 128.02, 127.77 - 127.47 (m),124.82, 44.05. °F NMR (375 MHz, CDCL;) §
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82.58 - 79.99 (m, 1F), 62.51 (d, J = 150.5 Hz, 4F). IR (ATR): v = 3032, 2931, 2257,

1741, 1612, 1522, 1294, 1207, 1102, 976, 832, 736. MS (EI): m/z = 50.

2 (15), 51.2 (20),

63.1 (45), 64.2 (12), 65.2 (20), 75.1 (25), 76.1 (25), 77.1 (18), 83.2 (12), 89.1 (68), 90.1

(12), 92.1 (14), 95.1 (17), 102.0 (17), 130.1 (19), 308.0 (100), 410.0 (28). MS (ESI):
([M+Na]*) 479.012. HRMS (ESI) (m/z) [C,sHi3FsN,O,S,+Na]*: Calcd. 479.0129,

found 479.0126.

DADT A, Sig=254,4 Ref=360,100 (SD\SD417RAC-ADH1.D)
mAU_: ~ §
w0
50 § 8 g 7\
i g 2 e
0 R e e e e T T
0 5 10 15 20 25 min
DADL A, S8Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width |  Height ] Area | Area % |
| # [ in min I in min | in mAU | in mAU*s | |
| === I [ [ e | === [ = e e |
i 1] 12.4701  0.2976} 0.71048] 12.68594 | 0.2153]
i 2| 13.521| 0.2406| 1.48437| 28.82849| 0.4894|
| 31 15.221 | 0.3847] 126.09164 | 2910.43091| 49,4033
| 4] 18.7001 0.5810] 1.08672] 37.880311| 0.6430}
| 51 25.834] 0.6929| 69.78643| 2901.34082| 49.24901¢
DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-RA417.D)
mAU 3 o
oo 2 e g
3 po o
L L B e e ey 'Tﬁ_Jf/\AT"" 'r"x S —
0 5 10 15 20 25 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # {  in min bodin min | in mAU | in mAU*s | |
| ==m== e e intiat [~==mmm |- | mm e e |
| 1] 13.5581 = 0.3460] 1.43098] 29.70414| 0.3588]
! 2| 15.253] 0.3529] 43.37567] 999.93292| 12.0775]
| 3| 18.806| 0.39071 5.00032] 142.58319] 1.7222]
| 4] 25.960] 0.6988| 169.51630]| 7107.10547} 85.8416]
DAD1 A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-10-05 14-03-47\SD-C-417.D)
mAU 4 &
] 5 @ e
100~E g g, g
0 DS S e I R
o 5 10 15 20 25 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width ] Height | Area | Area % [
| # | in min | in min | in mAU | in mAU*s | |
{—————- [~ [ ialate [~mmmmmmm e R ittt | —m = e |
| 1] 12.301} 0.2638) 7.62835] 131.93282} 2.2066|
| 21 13.381] 0.2972] 4,62994) 91.77205]| 1.5349]
| 3 15.038] 0.3464) 220.45569| 4957,48828]| 82.9167]
| 4] 25.216} 0.5760] 20.406961 797.68298| 13.3417]
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NH-S-Methyl-S-(2-naphthyl)-sulfoximine (1n)**"

O, NH

\ 7/

(C,,H,NOS) a white solid, melting point: 144-145 °C. For cat

SN
CHs  6c: 43% yield, 96% ee. [a]p®® = +20.8 (c = 0.88, in CHCL,).

For cat 5b: 44% yield, -95% ee. [a]p®

= -19.5 (¢ = 0.82, in

CHCl;). HPLC ADH, 2-propanol /n-heptane = 20/80, flow rate = 0.7 mL/min, A

= 210 nm, retention time: 20.0 min, 21.8 min. '"H NMR (400 MHz, CDCl,;) § 8.56

(d, ] = 0.7 Hz, 1H), 8.01 - 7.95 (m, 3H), 7.95 - 7.89 (m, 1H), 7.69 - 7.58 (m, 2H),
3.16 (s, 3H), 2.65 (s, 1H). 2C{'"H} NMR (100 MHz, CDCL;) 8 140.48, 135.11, 132.41,

129.66, 129.42, 129.12, 129.06, 128.00, 127.70, 122.94, 46.28.

DAD1 C, Sig=210,8 Ref=360, 100 (NH-SULFME-2NAPHTH-SULF-RAC-ADH1.D)
mAUE 5 5
500
250 J
04 T+ ' v 1 v T ' 1 e T
Q 5 10 18 20 : 25 min
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in min | in mAU | in mAU*s i . |
| = [=mm e | === [ o e [ e [ === [
| 1] 20,007} 0.4494} 959.38928] 28071.63672| 49.7713|
| 2| 21.797] 0.4777]| 903.71429| 28329.,64648} 50.2287}
DAD1 C, Sig=210,8 Ref=360,100 (SD\SDA16BC.D)
mAU o
500 = G 8
o
250 . ’ / R
0= ; F——————— e
0 5 10 15 20 miny
| Peak | Ret. Time | Width | Height | Area [ Area % ]
| ¥ | in min | in min | in 1AU | in mAU*s ! 1
| ——=——= it [mmm e [ === | = e T i
| 1] 20,251 0.4859] 890.46887| 25961.85938] 98.8110%
| 2| 22.2321 0.5637] 9.23589| 312.40036] 1.1890}
DADT C, Sig=210,8 Ref=360,100 (SDWIARGUS 2015-10-05 18-55-54\SD-C-4168.0) =
mAU 3 o,
600
400 8
200 o 7
07 —_— e
0 5 10 15 20 ming
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min i in min | in mAU | in mAU*s i [
[===——- [ == | = r————— fomm e |==mmm [ e I
| 1] 20.270| 0.5876} 20,88005| 736.09375/( 2.7345|
i Z | 21.900| 0.5389] 809.79309| 26182.21289| 97,2655
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Methyl-(E)-4-{S-methyl-N-[3-(2-nitrophenyl)acryloyl]sulfonimidoyl}benz
oate (3n)
(C2oH,6N,0,S) a yellow oil. For cat 6c: 54% yield,
0 NO,
o NJV\Ej 79% ee. [a]p® = +34.3 (c = 1.87, in CHCL). For
S\CH3 cat 5b: 54% yield, -80% ee. [a]p™ = —35.5 (¢ =
1.66, in CHCL;). HPLC IB, 2-propanol/n-heptane

= 50/50, flow rate = 0.6 mL/min, A = 254 nm, retention time: 30.9 min, 34.4 min.
'H NMR (400 MHz, CDCL)d 8.65 (d, J = 1.8 Hz, 1H), 8.20 (d, J = 15.6 Hz, 1H),
8.05 (t, ] = 7.3 Hz, 2H), 8.00 (dd, J = 8.2, 1.1 Hz, 1H), 7.97 - 7.92 (m, 2H), 7.72 -
7.59 (m, 4H), 7.53 - 7.44 (m, 1H), 6.54 (d, ] = 15.6 Hz, 1H), 3.50 (s, 3H). *C{'H}
NMR (100 MHz, CDCL) & 173.64, 148.52, 137.89, 135.47, 133.47, 132.42, 131.23,
130.29, 130.10, 129.90, 129.64, 129.61, 129.44, 129.20, 128.12, 128.06, 124.91, 121.61,
44.45. IR (ATR): v = 3040, 2928, 2255, 2094, 1612, 1521, 1293, 1204, 1074, 974, 831,
740. MS (EI): m/z = 47.2 (63), 48.2 (37), 49.1 (20), 50.1 (13), 83.0 (100), 85.0 (62),
87.0 (10). MS (ESI): ([M+Na]*) 403.072. HRMS (ESI) (m/z) [C,,H,cN,O,S+Na]":
Calcd. 403.0723, found 403.0724.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD416RAC-1B1.D)

mAU J o
40
20 /
1 ) N

0 e e

0 10 20 30 40 50 min

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Tiwme | Width | Height f Area | Area % |
| i# | in rain | in min | in mAU I in mAU*s | }
| === [—mmmmm e | —== e R o e Jmmmmmm o |
| 1i 30,8591 ~ 1.1656} 66.97008| 4683.511231 49.4349]
i 21 34.382] 1.3612] 58.65851| 4790.58398| 50.5651|

DAD1T A, Sig=254.4 Ref=360,100 (SD\MARCUS 2015-10-05 17-59-05\5D-C-416.0D)

3
88 ¢
1 [ n
~1426.482
\8\393
31.570
7
{
e

I S N
R P A w0 i
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width i Height | Area | Area % |
| # |  in min | in min | in mAU | in mAU*s { |
[ === | == | -==————- === [ e [ e e e I
| 1] 26,482] 1.1587] 2.12867] 147.99055| 2.1785])
| 2| 28.393] 1.1458} 0.42542] 29.,24714 | 0.4305}
| 3] 31.570] 1.2530} 9.00661| 677.09027| 9.9670]
| 4 34,878 1.4275| 69.34054| 5938.99463| 87.4240|
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DADT A, Sig=254,4 Ref=360, 100 (SDWMARCUS 2015-10-01 10-18-43\5D416.D)
mAU
100 §
50 o3
0= T T T = R 7 i
0 10 20 30 40 min
DAD1 A, Sig=254,4 Ref=360,100 :
| Peak | Ret. Time | Width | Height | Area | Area % |
| # |  in min | in min | in mAU | in mAU*s : :
----------------- | = | e [ e e | e e
1 1: 30,4881 1.1404]| 151.311871 10353,42383] 89.2644|
| 21 34,4841} 1.4479]| 14.33308] 1245,18506] 10.7356]

NH-S-Methyl-S-(2-pyridyl)-sulfoximine (10)**"
O, NH (C6HsN,OS) a yellow solid. For cat 6c: 44% yield, 65% ee. [a]p®
N7 CH;

N

| +9.3 (c = 0.69, in CHCL;). For cat 5b: 44% yield, -61% ee. [a]p*

= -8.5 (¢ = 0.63, in CHCL;). HPLC ADH, EtOH/n-heptane = 20/8o0,
flow rate = 0.8 mL/min, A = 230 nm, retention time: 27.6 min, 29.9 min. 'H
NMR (400 MHz, CDCL)d 8.71 (d, ] = 4.3 Hz, 1H), 8.1 (d, J = 7.9 Hz, 1H), 7.93
(td, J = 7.8, 1.7 Hz, 1H), 7.49 (ddd, J = 7.6, 4.7, 1.0 Hz, 1H), 3.24 (s, 3H), 2.70 (s,

1H). BC{'H} NMR (100 MHz, CDCL) 3 160.59, 150.12, 138.34, 126.81, 121.16, 42.41.

TDAD1 D, $ig=230,16 Ref=360,100 (SD\SD409B-RAC-ADH1.D)
mAU 3 [~ &
100 \
50 \
0_‘%\—«_ A LA — r
A e S e ey -
0 5 10 15 20 25 30 min
DAD1 D, 8ig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height { Area i Area % |
| # |  in min | in min | in mAU | in mAU*s [ |
j o [~ [ mmm e e frmmm e fmmmm e [ o e [
| 1] 27.577} 0.5369] 141.07852| 4969.00146] 50.3565|
| 21 29,924 0.5931] 126.,68403] 4898.65430| 49.,6435|
“DAD1 D, 5ig=230,16 Ref=360,100 (SDWARCUS 2015-11-06 13-42-23\SD-RB409B.D)
mAU ] o
100+ _ 5
50 - &
O e e e .[\,‘ =
0 5 10 15 20 25 30 min
DADL1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width } Height | Area | Area % |
[ I in min | in min | in mAU | in mAU*s | |
o o it | == [ oo e e e foommm |
| 1] 27.022] 0.6296| 152.91451¢ 5776.82178] 82.4245]|
| 2| 29,474} 0.7013] 29.27465| 1231,80444]| 17.5755]
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. DAD1 D, Sig=230,16 Ref=360,100 (SD\SD409B.D)

mAU 3

100 §

504 B ?/\
0 NN - ./\ Y -

B B e e e e e e e S e e e s e e A B s e
0 5 10 I 1 .20 26 30 min|

DAD1 D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in min | in mAU | in mAU*s | i
| === e frmmm | = [—=mm e | -——m |
] 1] 27.534) 0.6152] 35.64132]| 1315.69421 | 19,1090
| 2| 29.777| 0.6516] 142.46613| 5569.51709| 80.8910]

(E)-N-[(Methyl)(2-pyridyl) (ox0)-A%-sulfanylidene]-3-(2-nitrophenyl)acryla

mide (30)**"
o NO, (CsH3N;0,S) a yellow oil. For cat 6c¢: 52% yield, 43%
o, NJV\© ee. [a]p™ = +12.0 (c = 1.67, in CHCL;). For cat 5b: 54%
\S//
| N T °CH, yield, -53% ee. [a]p® = -16.0 (¢ = 1.86, in CHCL,).
N

HPLC IA, EtOH/n-heptane = 50/50, flow rate = 0.5
mL/min, A = 254 nm, retention time: 51.5 min, 60.2 min. 'H NMR (400 MHz,
CDCL) 4 8.71 (ddd, J = 4.7, 1.6, 0.8 Hz, 1H), 8.33 (dd, J = 8.0, 0.8 Hz, 1H), 8.07 (d,
J =15.7 Hz, 1H), 8.02 (td, J = 7.8, 1.7 Hz, 1H), 7.96 (dd, J = 8.1, 1.0 Hz, 1H), 7.65 -
7.54 (m, 3H), 7.50 - 7.45 (m, 1H), 6.47 (d, ] = 15.7 Hz, 1H), 3.51 (s, 3H). *C{'H}
NMR (100 MHz, CDCL;) 8 173.32, 156.80, 150.10, 148.51, 138.43, 137.87, 133.39,
131.08, 129.89, 129.51, 129.12, 127.57, 124.84, 123.51, 39.87. IR (ATR): v = 3510, 3041,
2929, 2326, 1876, 1732, 1606, 1521, 1436, 1296, 1202, 974, 858, 753. MS (EI): m/z =
51.4 (11), 78.3 (100), 88.2 (40), 96.2 (35), 130.2 (18), 183.1 (50), 285.0 (15). MS (ESI):
([M+Na]*) 354.051. HRMS (ESI) (m/z) [C,sH;3N;0,S+Na]™: Caled. 354.0519,

found 354.0512.
DADT A, Sig=254,4 Ref=360,100 (SD\SD40IRAC-IA1.D)
mAU IS @
20 3
10 \
0 N — L r >
——r— e e ————r
0 10 20 30 40 50 60 rmir
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in nin | in 1AU i in mAU*s | |
| === |-—=m jmmmmm——— - [==—mm s s e f
{ 1] 51.520} 1.1108] 31.85859| 2123.,39844] 50.3210¢

[ 2} 60.219]| 1.4249] 24.52022| 2096.306401 49,6790}
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DADT A, Sig=254,4 Ref=360,100 (SD\SD409.D)
mAU 8 g
40 & ;
20
s I W A
——— — ; N — ;
0 10 20 30 40 50 60 mir
DADl A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height f Area | Area % |
| # | in min |  in min | in mAU | in mAU*s | |
[===—== [====m e iate | === === [ e |
| 1 52.1581 1.1749] 24.36259| 1717.41382} 23.4880|
} 2| 59.846] 1.4642] 63.67914| 5594 .47314| 76.5120)

NH-S-Cyclopropyl-S-phenyl-sulfoximine (1p

O. NH
\ 7/

)ub

(CoH,,NOS) a white solid; For cat 6c: 44% yield, 99% ee. [a]p® =
9 Yy

S
©/ W -11.8 (¢ = 0.76, in CHCL,). For cat 5b: 44% yield, -93% ee. [a]p* =

+10.8 (¢ = 0.61, in CHCl;). HPLC ADH, 2-propanol/n-heptane

20/80, flow rate = 0.7 mL/min, A = 230 nm, retention time: 15.5 min, 19.4 min. 'H

NMR (400 MHz, CDCl;) 8 7.95 (ddd, J = 7.0, 3.2, 1.9 Hz, 2H), 7.62 - 7.56 (m, 1H),

7.56 — 7.48 (m, 2H), 2.57 - 2.49 (m, 2H), 1.37 (ddt, ] = 9.8, 7.0, 4.9 Hz, 1H), 1.22 -

114 (m, 1H), 1.08 - 0.98 (m, 1H), 0.94 - 0.85 (m, 1H). *C{'"H} NMR (100 MHz,

CDCL) 3 143.23, 132.85, 129.20, 127.93, 34-32, 6.09, 5.72.

"DAD1 D, Sig=230,16 Ref=360,700 (NH-SULACPR-PH-SULF-RAC-ADHT.D)
mAU = 3
400 v i
E &
-
0 T T T e T = T T T T T T T T T
0 10 20 30 40 mi
bAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # I in min i in min | in mAU i in mAU*s ] ]
| =—===- [ = e [ - [ e R e D L | e —————— |
| 1] 8.642| 0.1646]| 46.81973| 499,85938| 2.0471)
| 21 9.325] 0.1743] 43,95275| 498.28677) 2.04061
| 31 15.510] 0.3157] 564.58356] 11697.48633| 47.9050]
| 4 19.440% 0.3894| 462.99667] 11722.44531) 48.0072|
"DADT D, Sig=230,16 Ref=300,100 (SDWIARCUS 2015-10-12 14-36-53\SX-A422B-15-421B.D)
mAU 2
400 ?\ o
200 by
1 )
0 5 10 16 20 min|
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width ] Height | Area | Area $ |
I # |  in min |  in min | in mAU | in mAU*s | |
from———- [ == | == | e [ [-=—mm |
| 1} 15,619 0.3069] 583.01263| 11837.69238]| 99.5042}
| 21 19.673} 0.3846} 2.229501 58,97961 | 0.4958{
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“DAD1 D, 5ig=230,16 Ref=360,100 (SDWARGCUS 2015-10-15 13-13-30\6D-B-421B.0) -
mAU - h
200 4 g %\
100 :
o] _ _ £ J x
— = —— e e e e
0 5 10 15 20 25 min
DAD1 D, Sig=230,16 Ref=360,100
| Peak | Ret., Time | Width | Height | Area | Area % |
| # } in wmin | in min | in mAU | in mAU*s | |
| === o | === fmm e e e - |
| 1] 16.156] 0.4159] 14.78821| 369.02640| 3.6356|
J 2| 20.182] 0.5048| 322.96982| 9781.45020| 96.3644|

(E)-N-[Cyclopropyl(oxo)(phenyl)-A°-sulfanylidene]-3-(2-nitrophenyl)acryl
amide (3p)

o NO, (CisH,6N.NaO,S) a yellow solid, melting point:

o, N% 105-106 °C. For cat 6¢: 54% yield, 84% ee. [a]p® =
©/\S//W +11.4 (c = 2.00, in CHCL). For cat 5b: 54% yield,
-79% ee. [a]p™ = —9.26 (c = 2.22, in CHCl;). HPLC

ADH, 2-propanol/n-heptane = 50/50, flow rate = 0.5 mL/min, A = 254 nm,
retention time: 26.6 min, 28.3 min. 'H NMR (400 MHz, CDCL;) 6 8.12 (d, J =15.6
Hz, 1H), 8.00 (dd, J = 8.2, 1.1 Hz, 1H), 7.96 (dt, ] = 3.4, 2.4 Hz, 2H), 7.70 - 7.55 (m,
5H), 7.53 — 7.45 (m, 1H), 6.49 (d, ] =15.6 Hz, 1H), 2.74 (tt, ] = 7.9, 4.8 Hz, 1H), 1.68
(ddt, J =10.3, 7.4, 5.1 Hz, 1H), 1.36 (ddt, J = 10.3, 7.3, 5.1 Hz, 1H), 1.26 (dtd, ] = 12.9,
7.8, 5.4 Hz, 1H), 110 - 1.00 (m, 1H). *C{'H} NMR (400 MHz, CDCL) 3 173.03,
148.50, 139.05, 137.54, 133.58, 133.45, 131.30, 130.25, 129.83, 129.71, 129.18, 127.36,
124.90, 33.46, 7.10, 5.52. IR (ATR): v = 3504, 3060, 2861, 2661, 2324, 2097, 1907,
1612, 1519, 1287, 1199, 1068, 884, 727. MS (EI): m/z = 89.2 (26), 125.1 (100), 130.2
(20), 1331 (27), 1821 (10), 208.1 (29), 357.0 (M+1) © (9). MS (ESI): ([M+Na]")
379.071. HRMS (ESI) (m/z) [CisH,,N,NaO,S+Na]": Calcd. 379.0723, found

379.0721.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD421RAC-ADH1.D)

mAU_f Y
3 ' }§QM _ PN

0 T T Y T T T T T T T T T T T T T T T T T T T T l
0 5 1 15 20 25 30 min
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DADL A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height i Area { Area % |
| # |  in min | in min | in mAU } in mAU*s | |
fmmmmme s [===mm fomm o e = e [===m |
| 1 26,560} 0.6397] 26.87556] 1031.61096| 50.0261|
| 2] 28,286] 0.6936] 24.76398 | 1030.53491]| 49,9739
DADT A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-10-12 10-38-35\9D-A-422.D)
mAU 3 b
s 5 :
09 ’ T T T T T T =T T T et T i T T
0 10 / \ 20 30 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width ] Height | Area } Area %
| # ! in min I in min | in mAU | in mAU*s | |
[ === = fommm | === e intabiatatniey [ |
| 1j 17.556} 0.3588] . 7.92529| 194.84795| 2.6425|
| 2| 26.266]| 0.6371} 172.59323] 6597.81738]| 89.4786|
| 3] 28.443| 0.6812| 14.21398]| 580.96027| 7.87891
DADT A, Sig=254,4 Ref=360,100 (SDWIARCUS 2015-10-15 11-50-20\6D-B-421.D)
mAU 3 2
3 ®
200 ®
100 &
o O : = — — '""4'_/..\. LA ————
0 5 10 15 20 25 30 35 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret., Time | Width | Height | Area | Area % |
| # { in min I in min | in mAU I in mAU*s | |
[ | = m fmmmmm————— b [ o [ == [
] 1] 26.313] 0.5870] 50,03859] 1900.20007] - 16.8178|
| 2| 28.279] 0.6593} 370.49664 | 15665.36719] 89.1822|
NH-S-Benzyl-S-phenyl-sulfoximine ( 1q )*
o. NH (C;3H3NOS) a white solid; For cat 6¢: 45% yield, 9o% ee.
SN
=S

[a]p® = —22.4 (¢ = 0.97, in CHCL). For cat 5b: 40% yield, —-90%

ee. [a]p® = +223 (¢ = o.79, in CHCl). HPLC ADH,
2-propanol/n-heptane = 20/80, flow rate = 0.7 mL/min, A = 230 nm, retention
time: 20.4 min, 21.7 min. 'H NMR (600 MHz, CDCl;) § 7.77 (dd, J = 7.8, 0.6 Hz,
2H), 7.64 - 7.51 (m, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 7.33 (t, ] = 73 Hz, 1H), 7.27 (¢, ] =
7.5 Hz, 2H), 7.1 (d, ] = 7.5 Hz, 2H), 4.39 (d, J = 13.4 Hz, 1H), 4.31 (d, ] = 13.4 Hz,
1H), 2.81 (s, 1H). ®C{’'H} NMR (150 MHz, CDCL;) 6 140.41, 133.19, 13111, 128.92,
128.84, 128.65, 128.56, 64.71.

DADT D, Sig=230,16 Ref=360, 100 (NH-SULF\BN-PH-SULF-RAC-ADH.D)
mAU x B,

ol
100
50
04 S — S NN

0 5 10 15 20 25 80 36  min
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DAD1 D, Sig=230,16 Ref=360,100

| Peak | Ret, Time | Width ] Height | Area { Area % i
I# | in min |  in min | in mAU | in mAU*s | |
| ~mmmmm e R | =mmmmm oo e | == mm oo !
| 1] 20,429} 0.4057} 152.40967| 4045,067285| 49.9402]
[ 2| 21.708| 0.4336] 142.,.66501 4055, 35596 50,0598
Total 8101.02881 100.0000
"DAD1 D, Sig=230,16 Ref=360,100 (SDWIARCUS 2015-10-15 13-13-30\SD-A-426B.0) =
mAU_f 4,

400 9

200 &

LN

0 e e R e e i e e e
0 5 10 15 20 25 min
DAD]1 D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width i Height | Area | Area % |
S | in mnin | in min | in mAU - | in mAU*s | |
] — v | e e e e e v v e e i i vy e i 5 o I 545 AR e i B e A Y BAS  R SA I P, ' -_.........._.u.“_.-..__.___i
| 1 21.894| 0.5272] 695.91089| 24067.11328| 94,5746
| 2| 23.436]| 0.5246] 38.,47472]| 1380.63464 | 5.4254|

. DAD1 D, 8ig=230,16 Ref=360,100 (SDWARCUS 2016-10-16 13-13-340\SD-B-426B.D)

mAU 3 &
200 ‘ P
100 <

0 = = = = ; - - = = ; = = - - : = = - .', - ....‘ : = L .vh_ ' : ; = . =

0 5 10 15 20 25 min
DAD1L A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % [
i # |  in min I in min | in mAU i in mAU*s | ]
jmmm—- | mmmm f——mmm fmmm e | mmmm e e | == |
| 1 21.8471  0.3610]| 3.63931| 108.87419| 5.0938]
| 2} 23.336] 0.5233] 59.26561 2028.502081 94,9062 |

(E)-N-[Benzyl(oxo)(phenyl)-A°-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3q)
o NO, (C,.HsN,0,S) a yellow solid, melting point: 16-117 °C.
. Z For cat 6¢: 53% yield, 78% ee. [a]p™ = +77.3 (c = 2.23,
©/ S\ in CHCL,). For cat 5b: 56% yield, -69% ee. [a]p™ =
-755 (¢ = 261, in CHCl). HPLC ADH,
2-propanol/n-heptane = 50/50, flow rate = o.5

mL/min, A = 254 nm, retention time: 41.1 min, 48.5 min. '"H NMR (400 MHz,
CDCL) 6 8.14 (dd, J = 15.6, 4.8 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.60 (dt, ] = 16.5,
6.5 Hz, 5H), 7.49 - 7.36 (m, 3H), 7.30 - 7.3 (m, 3H), 6.97 (d, ] = 6.7 Hz, 2H),
6.48 (dd, J = 15.6, 5.0 Hz, 1H), 4.77 (dt, J = 13.6, 11.3 Hz, 2H). 3C{'"H} NMR (100

MHz, CDCL) 3 173.92, 148.56, 137.81, 135.40, 134.03, 133.49, 131.42, 131.27, 130.32,
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129.91, 129.36, 129.27, 129.20, 128.72, 128.68, 127.24, 124.94, 62.46. IR (ATR): v =
3534, 3312, 3064, 2927, 2666, 2331, 2106, 1994, 1900, 1734, 1640, 1605, 1521, 1446,
1404, 1340, 1288, 1210, 1092, 973, 892, 752, 692. MS (EI): m/z = 65.4 (12), 91.3 (100),
130.3 (11). MS (ESI): ([M+Na]") 429.086. HRMS (ESI) (m/z) [C,.H,sN,O,S+Na]":
Calcd. 429.0879, found 429.0879.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SX426RAC-ADH1.D)
mAU 3 o i
E 9
20 S
103 / \
B e e e S S enaman eSS
0 10 20 30 40 50 60 min|
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area ! Area % ]
| & |  in min |  in min | in mAU | in mAU*s | |
| = | [—mmm | o e e == fmmm e {
| 14 41.051]  1.0493] 35,70842] 2248.10059} 50.3263]
| 2| 48,514 1.9164) 19.29782] 2218.95150| 49,6737|
DADT A, Sig=254,4 Ref=360,100 (SDWMARCUS 2015-10-15 11-50-20\SD-A-426.D)
mAU 7 &
] e
504 §
o = = 1 . = 1 - - = -
T N 1 T T T T J T T T T j T T T T } T T f) T '
0 10 20 30 40 50 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # ]  in min |  in min | in mAU | in mAU*s i |
[=====- e it R |~ |=m—mmm e e Sininiakelales |
| 1] 41,0211  1.0474| 128.,02086] 8044.97070| - 89.1635]
| 2| 48.743] 1.9102} 8.53108| 977.74750] 10,8365}
DADT A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-15 11-50-29\SD-B-426.D)
mAU © A
40 @ j% \
<
20
R e L L L I)/\" P S
0 10 20 30 40 50 miny
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # I in min |  in min | in mAU | in mAU*s ] |
| === [ ~m—mm fommm e [ mmm e fommm e e |
| 1] 40.818| 1.0252} 21,35405| 1313.47058]| 15,5311
| 2| 48.012| 1.84561 64.,51118| 7143.53809] 84,4689}

NH-N’-Phenyl-S-methyl-S-phenyl-sulfondiimide (1r)"®
(C;3H,NS,S) a grey solid. For cat 6¢: 82% yield, 1% ee. [a]p™ = -11.3

(¢ = 0.79, in CHCL,). For cat 5b: 80% yield, -17% ee. [a]p® = +17.7

0.82, in CHCl;). HPLC IA, 2-propanol/n-heptane = 30/70, flow

Sl
rate = 0.6 mL/min, A = 230 nm, retention time: 1.9 min (S), 13.3
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min (R). '"H NMR (400 MHz, CDCL) 8 8.20 - 8.13 (m, 2H), 7.62 - 7.50 (m, 3H),
7.20 - 7.12 (m, 2H), 7.1 - 7.06 (m, 2H), 6.92 - 6.81 (m, 1H), 3.24 (s, 3H), 2.25 (s,
1H). BC{'H} NMR (100 MHz, CDCL) § 146.00, 141.94, 132.72, 129.42, 129.04,

127.83, 123.11, 121.01, 48.33. (R)-1r: [a]p™ = +110.5 (C = 1.0, 99% ee,CHCl,)"

. DAD1 D, 8ig=230,16 Ref=360,100 (SD\SD-G2RE-RAC-IA1.D)

mAU 3 oy &
500% ;j}\?\

0

T T T T

| : S : B e e T e s
4] 5 10 i5 20 25 mlg’

PDADL D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height | Area i Area $
| & |  in min | in min | in mAU | in mAU*s | |
== {—mm e f=m e e e | == | mm e e e I bt |
| 1] 11.858} 0.3610] 1163.13611| 25192,28125] 49,2144 |
| 21 13.284| 0.33%94} 1112.56506] 25996,51367] 50.7856)
“DAD1 D, 5ig=230,16 Ref=360,100 (SDWARCUS 2015-10-27 11-35-46\0D-RB430B.D) =
mAU - 3
1 9
200-] j\
Y R B e e s S e e . ———
0 5 10 5 20 25 min
DAD1l D, Sig=230,16 Ref=360,100
| Peak | Ret, Time | Width | Height | Area i Area % |
I | in min | in min | in mAU | in mAU*s | |
[ e | == fmmm |[==mmm e o jrmmm |
| 1] 11.954} 0.3288| 328.16852] 7391.080081 41.2334]
| 2| 13.382] 0.3545] 438.057861 10533.89844] 58.7666|
~ DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-10-27 11-35-46\SD-RA430A.D)
mAU o @
750 &
500
250
i S S S T T —3y ' r r 1 Fr T T 7
0 5 10 15 20 25 mis
DAD1 A, Sig=254,4 Ref=360,100
] Peak | Ret. Time | Width | Height | Area } Area % |
I | in min | in min | in mAU | in mAU*s | |
| == [ e | ——— | = fome e | e |
| 1] 12.013} 0.3285] 936.23303] 20907.77344] 55.4630]
| 2| 13.546] ©0.35341 700.92310) 16789.04688} 44,5370

(E)-N-[Methyl(phenyl)(phenylimino)-A°-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3r)
o O NO; (C,,H,yN;05S) a yellow oil. For cat 6¢: 16% yield, 58%
\N\S/’N ~ ee. [a]p™ = +6.4 (c = 0.44, in CHCL;). For cat 5b: 18%
©/ “CHg yield, -75% ee. [a]p® = -7.5 (¢ = 0.42, in CHCL,).

HPLC ADH, EtOH/n-heptane = 50/50, flow rate = 0.5
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mL/min, A = 254 nm, retention time: 29.1 min, 32.1 min. 'H NMR (400 MHz,
CDCL) 8 8.21 (d, J =15.7 Hz, 1H), 8.17 (dt, ] = 3.5, 2.1 Hz, 2H), 8.02 (dd, J = 8.2, 1.2
Hz, 1H), 7.72 - 7.58 (m, 5H), 7.53 — 7.46 (m, 1H), 7.13 (dt, ] = 9.1, 1.9 Hz, 2H), 7.09
- 7.04 (m, 2H), 6.91 - 6.86 (m, 1H), 6.58 (d, J = 15.7 Hz, 1H), 3.72 (s, 3H). *C{'H}
NMR (100 MHz, CDCL;) d 173.94, 148.53, 144.34, 137.92, 137.08, 133.73, 133.46,
131.51, 130.92, 130.03, 129.75, 129.23, 129.10, 128.27, 124.96, 123.63, 122.01, 45.70. IR
(ATR): v = 3473, 3063, 2928, 2857, 2245, 2112, 1922, 1717, 1639, 1595, 1520, 1484,
1445, 1404, 1256, 1193, 1065, 969, 905, 836, 731, 689. MS (EI): m/z = 51.4 (32), 55.4
(12), 57.4 (19), 633 (13), 64.3 (19), 65.4 (23), 77.3 (36), 78.3 (13), 91.3 (31), 109.3 (15),
124.2 (100), 125.2 (16), 130.2 (29), 166.2 (20), 200.3 (16). MS (ESI): ([M+Na]")
428.104. HRMS (ESI) (m/z) [C,,H,(N;O;S+Na]": Calcd. 428.1039, found

428.1039.

DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-A430RAC-ADH2.D)

mAU Y, 2
400 3 @ g\ 8
E 3 ™~ g e
200 g N j M
B SE— o . :‘L“l__,| o e he |«’ -
e

—_— e . :
0 10 20 - 30 40 min

~15.405

DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height ! Area | Area % |
| ¥ ]  in win | in min | in mAU { in mAU*s | |
| ==——== fmmm e [ === |- e [ e e e e |
| 1] 15.405] 0.3372] 31.34211} 634.,03296| 0.8163]
| 2| 15.952| 0.40501 31.88547] T774.75769| 0.9975]
| 3 20.734| 0.5063] 13.14050] 399.20367| 0.5140]
| 4| 26,409 0.5720] 21.06226| 722.85175} 0.9307|
| 5i 27.176) 0.4054] 1.71589| 58.320911 0.0751|
| 61 29.126} 0.7801 | 793.92291 | 37161.28125] 47.8452|
| Ti 32.149} 0.9117] 688.19604 ] 37644,.51562| 48,4673
| 8| 35.133] 0.8676]| 5.28169} 274.92816| 0.3540]

DAD1 A, Sig=254,4 Ref=360,100 (SDWARCUS 20156-10-28 10-40-46\SD-RA430.D)

T T T T T T T T T T T T T T ‘l' ,l T T
0 10 20 30 mirg

DADL A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % {
| # | in min [ in min | in mAU | in mAU*s f i
| === [=== = [ o e | e e ity [ o e e |
| 1] 29.021| 0.6056]| 47.53400/1 2035.47913( . 20.8100]
| 2} 31.965]  0.7493] 152.93034 7698.99902 79.0900]

DAD1 A, 8ig=254,4 Ref=380,100 (SD\MARCUS 2015-10-28 10-40-46\SD-RB430.D)

mAU J ©
50 %\
o ; T T T : !

T T 1) v T T T T T T 3 I T T T
0 10 20 30 i

1N 31.966
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DAD1 A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area | Area % i
| # { in min | in min | in mAU | in mAU*s | |
oo | == [ o fmmm e e e intnintn i |
| 1] 28,926 . 0.6509} 134.07367 5847.94824 | 87.1650]
| 21 31.966] 0.5862] 17.80624| 861.10730]| 12.8350]

NH-S-Phenyl-S-trifluoromethylsulfoximine (1s)"”
O\\S”NH (C,H6F;NOS) a white solid. For cat 6¢: 30% yield, 30% ee. [a]p™ =
©/ “CF3 +13.3 (c = 0.03, in CHCL,). For cat 5b: 35% yield, 0% ee. HPLC
ADH, 2-propanol/n-heptane = 20/80, flow rate = 0.7 mL/min, A =
230 nm, retention time: 8.5 min (S), 8.9 min (R). 'H NMR (400 MHz, CDCl;) 8
8.18 - 8.12 (m, 2H), 7.82 - 7.74 (m, 1H), 7.68 - 7.60 (m, 2H), 3.63 (s, 1H). *C{'H}
NMR (100 MHz, CDCL) § 135.58, 131.67, 130.71, 129.60, 121.04 (q, J = 332.3 Hz,
CF;). “F NMR (375 MHz, CDCL) § -78.87. (R)-1s: [at]p® = +16.6 (¢ = 0.023, in

CH,CL,)"7
. DAD1 D, Sig=230,16 Ref=360,100 (NH-SULFCF3-PH-SULF-ADH1.D)
mAU 3 (&
500
250
Ve e e — e
0 2.5 5 7.5 10 12,5 15 mm]
DAD1 D, Sig=230,16 Ref=360,100 '
| Peak | Ret, Time | Width | Height | Area j Area % |
] # | in min | in min | in mAU | in mAU*s | |
frm——- [-==———— |- [ = e [ [==mmmm |
b 1 8.,466] 0.1773] 984.13007| 10466.56934 | 49,2063}
Iy 2] 2.926| 0.1880] 8952.53247| 10804.20996| 50.7937|
~DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-10-12 14-36-53\SX-A-424B.D)
mAU 3
E 9
400*; w
200 /\7
0y e e e e e e e e
0 2 4 8 8 10 12 miny
DAD1 D, $ig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area } Area % |
(. | in min | in min | in mAU | in mAU*s | f
fmmmm—= |~ | mmm [ === | === |- }
| 11 8.549] 0.1449] 380.40948| 3616.21362| 35.2720]
| 2| 9.021| 0.1585] 642.44836| 6636.14160| 64.7280|
“DAD1 D, Sig=230,76 Ref=360,100 (SDWIARCUS 2015-10-15 13-13-34\SD-B-424B.D)
mAU 73 I o,
2004
100 3
0 e i N |
T - e ——— —t—=L :
4] 2 4 6 8 10 miny
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DADL D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height { Area | Area % |
| # | in min I in min | in mAU | in mAU*s i |
[ e | e frommm e |~ |-—————— [ =mm e |
| 1] 8.632] 0.1855] 381.66580] 4758.68066| 48,3523
| 21 9.128| 0.20241 369.61230) 5083.01074| 51.6477|

(E)-3-(2-Nitrophenyl)-N-[oxo(phenyl)(trifluoromethyl)-A°-sulfanylidene]

acrylamide (3s)
o NO, (C,6HuF;N,0,S) a yellow solid, melting point:
o, ’N% 192-193 °C. For cat 6¢: 53% yield, 20% ee. [a]p® =
S/CF3 +7.1 (c = 2.16, in CHCL,). For cat 5b: 50% yield, 0% ee.

.

= 0.6 mL/min, A = 254 nm, retention time: 11.1 min, 12.0 min. '"H NMR (400

HPLC IB, 2-propanol /n-heptane = 50/50, flow rate

MHz, CDCL,;) § 8.28 (d, / =15.6 Hz, 1H), 8.12 (d, J = 7.6 Hz, 2H), 8.07 (dd, ] = 8.2,
0.8 Hz, 1H), 7.89 - 7.82 (m, 1H), 7.76 - 7.63 (m, 4H), 7.55 (ddd, J = 8.6, 6.9, 1.9
Hz, 1H), 6.54 (d, ] = 15.6 Hz, 1H). 3C{'H} NMR (100 MHz, CDCL) § 172.12,
148.45, 140.51, 136.37, 133.71, 130.84, 130.45, 130.38, 130.32, 129.61, 129.36, 128.42,
125.14, 120.46 (q, J = 328.5 Hz).”F NMR (375 MHz, CDCL) § -74.22. IR (ATR): v
= 3081, 2929, 2643, 2304, 2090, 1912, 1640, 1518, 1236, 1104, 842, 749, 687. MS (EI):
m/z =513 (29), 63.2 (11), 65.2 (20), 69.2 (11), 76.2 (15), 77.2 (68), 89.1 (17), 92.1 (11),
97.1 (18), 102.1 (26), 125.0 (49), 130.1 (72), 151.0 (71), 176.0 (16), 194.0 (12), 221.1 (11),
236.0 (100), 338.0 (26). MS (ESI): ([M+Na]*) 407.027. HRMS (ESI) (m/z)

[Ci6HuF;N,0,S+Na]": Calcd. 407.0284, found 407.0279.

DAD1 A, Sig=264,4 Ref=360,100 (SD\SD424RAC-IB1.D)

mAUk 0, OQJ
50 7
0- S — :

L B B e e e I e B S e e

0 25 5 75 10 125 15 " 175 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width { Height | Area [ Area % |
I # | in min | in min | in mAU | in mAU*s | !
| === [ == [==mmm [ == e f=mmmm [=mmmmm e |
) 1] 11,096} 0.2430] 124.29418| 1971.23523] . 49.8238|

I 2] 11.943] 0.2589} 117.62961| 1985.18054 | 50.1762]
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DAD1 A, Sig=254,4 Ref=360,100 (SD\SD-A-424.D)
mAU

200

:::£;W7
g—4
o

—_— e

; 0 5 10 5
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min |  in min | in mAU | in mAU*s | |
[ [ e e f——— | === = | [
i 1] 11.077} 0.2683] 309.05746| 4975.41162] 39.4660]|
| 21 11.927| 0.2894| 439.55841| 7631.42432) 60.5340]

DADT A, Sig=254,4 Ref=360,100 (SD\SD-B-424.D)

¥ Y T T v T T T T T T T T v T T T T - T T T T
0 2 4 10 12 14___nin

DAD1 A, Sig=254,4 Ref=360,100

»—
o~

| Peak | Ret. Time | Width | Height | Area | Area % |
I | in min i in min | in AU | in mAU*s | |
| === it e jmm e e ittty [———r——m [
| 1i 11.1690]| 0.2701] 209,70497| 3398.22534 | 49.8416|
| 2| 12.024] 0.2878]| 198.05962 | 3419.826421 50.1584|

NH-S-tert-Butyl-S-methylsulfoximine (1t)"®
(CsH,3NOS) a white solid; For cat 6¢: 60% yield. For cat 5b:

EEEXSQCHS 58% yield, [a]p® = -4.3 (c = 114, in CHCL,). '"H NMR (300 MHz,
CHs CDCL) 8 2.79 (s, 3H), 2.29 (s, 1H), 1.35 (s, 9H).

(E)-N-[tert-Butyl(methyl)(oxo0)-A%-sulfanylidene]-3-(2-nitrophenyl)acryla

mide (3t)
o NO, (C,,H:sN,O,S) a yellow oil. For cat 6c: 35% yield,
o, /NJ\/\© 27% ee. [0]p® = —21.1 (¢ = 1.08, in CHCL;). For cat 5b:
:zgirj:cm 36% vyield, —37% ee. [a]p® = +28.4 (¢ = 0.58, in
3

CHCL,;). HPLC IA, EtOH/n-heptane = 30/70, flow rate
= 0.7 mL/min, A = 254 nm, retention time: 17.6 min, 20.7 min. '"H NMR (400
MHz, CDCL,;) 6 8.09 (d, ] =15.6 Hz, 1H), 8.01 (dd, J = 8.2, 1.1 Hz, 1H), 7.67 (dd, J =
7.8, 1.5 Hz, 1H), 7.62 (td, ] = 7.6, 0.7 Hz, 1H), 7.53 - 7.45 (m, 1H), 6.47 (d, ] = 15.6
Hz, 1H), 3.36 (s, 3H), 1.54 (s, 9H). ®*C{'H} NMR (100 MHz, CDCl;) 8 174.07,
148.45, 137.20, 133.49, 131.44, 130.88, 129.76, 129.20, 124.96, 60.61, 32.49, 23.14. IR
(ATR): v = 3520, 2982, 2937, 2664, 2326, 2251, 2107, 1994, 1909, 1725, 1639, 1600,
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1521, 1472, 1406, 1293, 1200, 1052, 962, 904, 840, 727. MS (EI): m/z = 57.5 (17),
130.3 (10), 176.3 (100), 208.3 (40). MS (ESI): ([M+Na]") 333.087. HRMS (ESI)

(m/z) [C,,H,sN,0O,S+Na]": Calcd. 333.0879, found 333.0877.

DADT A, Sig=254,4 Rei=360,100 (SD\SD427RAC-IA3.D)
mAU 7 8 5
300
200 3 &
JU s |
, 0 5 10 15 20 2% "~ 30 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| % | in min | in min | in AU | in mAU*s ] |
|- fmmm e | === [ == | == | == |
| 1] 13.109] 0.2781] 5.31948] 88.,76286| ; 0.4055]
| 2| 17.600] 0.4384) 410.26688| 10790.51855} 49.2969]
| 3] 20.657] 0.4820] 369.41321| 10683.94238] 48.8100}
| 41 21.926] 0.4953] 10.957281 325.60956] 1.4876|
DADT A, Sig=254,4 Ref=360,100 (SDWARCUS 2015-10-29 13-25-25\5D427-1.D)
mAU 7 o &
0
b ¥ <
A
Q 1 - - T " =
T y " ’ T T ' ¥ T T ' T T T . i J y 1 v
0 5 10 15 20 i
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Heilght | Area | Areca % |
o# | in min | in min | in mAU | in mAU*s | ]
f———- [=mmm f=mmm [——m e o e o e o t
| 1] 17.551} 0.4243] 239.32700¢ 6092.453611 63.6446]
| 2] 20.320]| 0.4664 | 124.361111% 3480,16382] 36.3554
DAD1 A, Sig=254,4 Ref=360,100 (SDIWMARCUS 2015-10-29 13-25-25\8D427-4.D)
mAU @ b/
0
40 L
20 NN
0 ——— — : S
T T T v T T i T T 1 T - 4 i T v " g T T i ’ ’ r
0 5 10 15 20 min
DADL A, Sig=254,4 Ref=360,100
| Peak | Ret, Time | Width | Height I Area | Area % |
| # |  in min { in min | in mAU | in mAU*s | |
[====== | === e = [ e e b |
| 1 17.519] 0.4284| 36.72999| 944,08710| 31.471¢8|
| 2 20.338] 0.4758] 72.0114214 2085.70142| 68.5282]|

tert-Butyl-(E)-(2-{N-[3-(2-nitrophenyl)acryloyl]phenylsulfonimidoyl}phen
yl)carbamate (3u)

O NO2  (C,6H,5N;06S) a yellow oil. For cat 6¢: 20% yield, 0%

=
O\\S N ee. For cat 5b: 25% yield, —-10% ee. [a]p® = +7.0 (c
©/ @ 0.43, in CHCl;). HPLC IA, 2-propanol/n-heptane

BocHN

25/75, flow rate = 0.6 mL/min, A = 254 nm, retention

time: 21.6 min, 23.4 min. '"H NMR (400 MHz, CDCl;)
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8 9.39 (s, 1H), 8.27 (d, J = 15.7 Hz, 1H), 8.22 (d, ] = 7.8 Hz, 1H), 8.04 (dd, ] = 8.2,
11 Hz, 1H), 8.02 - 7.98 (m, 2H), 7.96 (dd, J = 8.2, 1.5 Hz, 1H), 7.70 (dd, ] = 7.8, 1.4
Hz, 1H), 7.67 - 7.63 (m, 1H), 7.63 - 7.59 (m, 1H), 7.58 - 7.49 (m, 4H), 7.19 - 7.15
(m, 1H), 6.57 (d, ] = 15.7 Hz, 1H), 1.45 (s, 9H). *C{'"H} NMR (100 MHz, CDCl;) §
172.71, 152.21, 148.46, 139.15, 138.56, 138.47, 135.05, 133.87, 133.53, 131.13, 130.12,
129.77, 129.66, 129.26, 129.23, 127.50, 125.04, 124.88, 123.11, 122.04, 81.29, 28.31. IR
(ATR): v = 3356, 3075, 2978, 2930, 2665, 2327, 2256, 2107, 1913, 1730, 1646, 1587,
1520, 1436, 1343, 1236, 1157, 1085, 1033, 970, 905, 844, 729. MS (EI): m/z = 47.4
(27), 48.4 (19), 83.2 (100), 85.2 (67), 87.3 (15), 97.3 (11), 109.3 (14), 18.1 (10), 120.1
(10), 1493 (16), 153.3 (11), 154.3 (43), 155.3 (10), 173.3 (13), 202.3 (81), 203.3 (15). MS
(ESI): ([M+Na]*) 530.134. HRMS (ESI) (m/z) [C.,sH,sN;06S+Na]™: Calcd.

530.1356, found 530.1344.

DAD1 A, Sig=254 4 Ref=360,100 (SD\SX431RAC-IA2.D)

AU ] g
] w N~
200 < 2 ?\%\
] =R
D B e e e -
0 5 10 15 20 25 30 35 minl
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width i Height | Area | Area % i
| # j in min | in min | in mAU } in mAU*s ] |
| = [====mm == [mmm e e frmm | == e |
| 1] 17.155] 0.3417] 6.80606] 167.86649| 0.4809]
| 21 18.457| 0.3183] 6.23681| 160.54379} 00,4599
| 31 21.5801 0.5067] 524.95502| 17218.27734 | 49,3222
| 4] 23,441} 0.5384| 491.23978( 17363.13477] 49.7371|
DAD1 A, Sig=254,4 Ref=360,100 (SDVSX-A431.D)
mAUj—__“__kﬂ—dﬂ—_ & %%
© =
©
0 — o . 4
] v T T ¥ [ ’ T T ] T T T N T T T T — [ T T
0 5 10 15 20 25 30 miny
DADLl A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
| # | in min | in min | in mAU | in mAU*s | |
= | == |=——m————— jmmmmm | ===—mmmm = i
| 1] 16.892| 0.3851]| 1.19617] 27.63950{ 1.0194}
| 21 18,107 0.3713] 1.11675] 24.87896] 0.91761
| 3] 21.235] 0.5566| 40.07304 | 1338.30857] 49.3576|
! 4 23,108} 0.5966] 36.890221 l320.62744|l 48.7055]
DADT A, Sig=254,4 Ref=360,100 (SD\SX-B431.D)
mAU 7 o Yy
‘! TR S
0 == = . e .'/. o .
0 % 1|0 115 20 - 25 min
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DADI A, Sig=254,4 Ref=360,100

| Peak | Ret. Time | Width | Height | Area } Area % |
| # |  in min boin min | in mAU | in raAU*s | |
e [=m=—m————— | === | e e intnteteldates [mrmmmm e |
} 1] 16.765]| 0.4311| 1.87910| 48.59937| - 1.2046]
f 2] 17.953] 0.4347] 2.15237] 56.13601| 1.3914)
| 31 21.012] 0.5464} 53.416511 1751,32361]| 43,4096
| 4] 22.8421 0.5932] 61.207411 2178.35913] 53.9944 |

NH-S-[4-Acetylphenyl]-S-methyl-sulfoximine (1v)"
o, NH (CoHLNO,S) a white solid, melting point: 98-98.6 °C. For

O\\‘/©/S\CH3 cat 6¢: 42% yield, 57% ee. [a]p™ = +12.7 (¢ = 0.80, in CHCL).
CH, For cat 5b: 46% yield, -58% ee. [a]p® = -12.8 (¢ = 0.89, in
CHCl;). HPLC O], 2-propanol/n-heptane = 50/50, flow rate
= 0.5 mL/min, A = 254 nm, retention time: 31.8 min, 40.6 min. '"H NMR (400
MHz, CDCL;) 6 8.06 - 7.98 (m, 4H), 3.06 (s, 3H), 2.81 (s, 1H), 2.59 (s, 3H). *C{'H}
NMR (100 MHz, CDCL) 6 196.82, 147.36, 140.29, 129.00, 127.99, 45.93, 26.93. IR
(ATR): v = 3172, 3000, 2295, 2098, 1682, 1389, 1218, 1106, 964, 834, 731. MS (EI):
m/z = 92.1 (22), 106.2 (46), 19.2 (32), 121.2 (12), 134.3 (84), 152.2 (15), 167.2 (18),
182.2 (100), 183.2 (17), 197.2 (14), 198.2 (M+1)" (78). MS (ESI): ([M+H]") 198.058.
HRMS (ESI) (m/z) [CgH,NO,S+H]": Calcd. 198.0583, found 198.0579.

DAD1 D, 8ig=230,16 Ref=360,100 (SD\SD399B-RAC-0J1.D)

mAU - o
3 oD
100 E : '3‘)'
80—: ] i
60
40
20 ’
L

0

0 10 20 30 40 min

Signal 3: DAD1 DR, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [rmin] [min] [mAU*s] [mAU] %

1 31.808 MM 1.7603 1.22995e4 116.45171 49.9347
2 40.594 MM 2.0188 1.23317e4 101.80810 50.0653

~ DAD1 D, Sig=230,16 Ref=360,100 (SD\WMARCUS 2015-11-06 10-52-181SD-RA3998.D)

mAU © g
8 -
40 . 3
20 “
04— S AN -
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DAD1 D, Sig=230,16 Ref=360,100

| Peak | Ret. Time | Width | Height ) Area ] Area % |
| # |  in min | in min | in mAU ] in mAU*s { |
| —————- f—m—— [=———————=- o [ o e e — [ |
| 1 33,436 1.82111 19.03669| 2080.01831| 18.7620]
| 2| 42.138| 2.14061 70.12296| 9006.33398| 81,2380
~DAD1 D, Sig=230,16 Ref=360,100 (SDWARCUS 2015-11-06 10-52-18\SD-RB399B.D)
mAU
1004 i 5
E o
50 ¢
Herrreeeee————————e e e
0 10 20 30 40 50 min
DAD1 D, 8ig=230,16 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % }
| # |  in min |  in min | in mAU | in mAU*s | |
|~—===- | m—mm e [ —mmmm | —=——m [ —m e | ——— i
| 1] 32.698| 1.90234 165.18648| 18854.05078| 88.1083]|
| 21 42,254 2.0923} 20.27018| 2544.66797] 11.8917|

(E)-N-[(4-Acetylphenyl)(methyl)(0oxo0)-A%-sulfanylidene]-3-(2-nitrophenyl)
acrylamide (3v)

O NO2  (C,sH,6N,OsS) a yellow oil. For cat 6¢: 55% vyield,
O\\S//NJ\/\© 44% ee. [a]p™ = +19.3 (c = 2.2, in CHCL,). For cat
s 5b: 52% yield, —52% ee. [a]p® = —21.7 (¢ = 2.2, in

CH, CHCL;). HPLC ADH, 2-propanol/n-heptane =
50/50, flow rate = 0.5 mL/min, A = 254 nm, retention time: 35.5 min, 68.4 min.
'H NMR (400 MHz, CDCL,;) 6 8.18 - 8.09 (m, 5H), 7.99 (dd, J = 8., 1.0 Hz, 1H),
7.69 - 7.58 (m, 2H), 7.50 (ddd, J = 8.6, 7.1, 1.8 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H),
3.43 (s, 3H), 2.66 (s, 3H). 2C{'H} NMR (100 MHz, CDCL;) § 196.66, 173.48,
148.48, 142.74, 141.09, 138.29, 133.52, 131.07, 130.03, 129.61, 129.51, 129.19, 127.75,
124.92, 44.16, 27.06. IR (ATR): v = 3615, 3018, 2930, 2674, 2329, 2104, 1919, 1691,
1605, 1521, 1436, 1399, 1269, 1208, 1101, 1054, 967, 892, 832, 783, 733. MS (EI): m/z
= 51.2 (14), 55.2 (40), 56.2 (21), 57.3 (72), 64.2 (18), 67.2 (1), 69.2 (27), 70.2 (17),
71.3 (39), 77.2 (20), 81.2 (14), 83.1 (32), 85.2 (31), 91.1 (100), 95.1 (13), 97.1 (22), 201.1
(21). MS (ESD): ([M+Na]") 395.066. HRMS (ESI) (m/z) [CisHisN,O.S+Na]*:
Calcd. 395.0672, found 395.0672.
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DADA A, Sig=254 4 Ref=360, 100 (SD\SD399RAG-ADH1 D)
mAU_; o ®
150§ K
1252 3 &
1004 g%o’b‘
75
50 4 .
25 A
0 : .
L LA R R R N T T T v T ]
Q 10 20 50 60 70 80 min
Peak RetTime Type Width Area Height Area
il {min) min] [(mMAU*s] [mAU] %

3 35.452 MM 0.9529 1,02186e4 178.72801 49.3690
34 68.349 MM 2.1213 1.02110e4 80.22574 49.3321
Y ~

DADTA, Sl‘g=.254.4 Ref=360,100 (SD\WARCUS 2015-11-05 14-54-31\5D-RA399.D)
MAU 5 &
E w 4
N
03 Fe T T - > N
0 20 40 60 80 T miny
DADl A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % [
| # |  in min I in min | in mAU ! in mAU*s | |
|===-- | == | = | o Rttt — | == !
| 14 37.587| 1.0792] 19.20394| 1243,43628}1 20,9297
| 2] 74.662) 2,3387] 33,47750| 4697.58984 | 74,0703}
DAD1T A, Sig=254,4 Ref=360, 100 (SDWARCUS 2015-11-05 14-54-31\SD-RB399.D)
mAU 3 po
50 3
25 R
0 —— e
0 20 40 60 80 min
DAD1 A, Sig=254,4 Ref=360,100
| Peak | Ret. Time | Width | Height | Area | Area % |
T ] in min |  in min | in mAU | in mAU*s | |
| m—m—— o [ e e [ o e e J e e e [ == e |
i 1 36,631 1.0550] 98.147581 6212.47754] . 80.2029}
| 2| 73.0851 2.1608] 11.82785]| 1533.47461} 19.79711

Methyl 4-{N-[(benzyloxy)carbonyl]-S-methylsulfonimidoyl}benzoate (8)

o (C,;H,,NO,S), a white solid, 98% yield. 'H NMR (600
“ .NCbz

N »CHS MHz, CDCl;) § 8.31 - 8.06 (m, 2H), 8.06 - 7.80 (m,

H3,C/O 2H), 7.32 - 7.17 (m, sH), 5.09 (d, J = 12.3 Hz, 1H), 5.01
© (d, J = 12.3 Hz, 1H), 3.97 (s, 3H), 3.30 (s, 3H). ®C{'H}

NMR (150 MHz, CDCl;) 3 165.35, 158.38, 142.41, 136.01, 135.15, 130.84, 128.47,

128.35, 128.16, 127.64, 68.07, 52.91, 44.37.
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4-{N-[(Benzyloxy)carbonyl]-S-methylsulfonimidoyl}benzoic acid (9)
(Ci6H,sNOSS), a white solid, 96% yield. 'H NMR (400

O\
‘\:SfNCbZ MHz, DMSO-ds) 6 8.21 - 8.13 (m, 2H), 811 - 8.03 (m,
CHj
Hop 2H), 7.37 - 7.28 (m, 3H), 7.25 - 718 (m, 2H), 4.97 (d, ] =
O 12.6 Hz, 1H), 4.92 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H).

2-Amino-5-chloro-N-(5-chloropyridin-2-yl)benzamide (10)
0 (C,.HyCLN;0S), a yellow solid. 'H NMR (400
Cl\(:ﬁ‘\NOCI MHz, DMSO-ds) & 10.77 (s, 1H), 8.40 (dd, J = 2.7,
NH, N 0.6 Hz, 1H), 8.10 (dd, J = 8.9, 0.6 Hz, 1H), 7.01 (dd, |
= 8.9, 2.7 Hz, 1H), 7.77 (d, ] = 2.5 Hz, 1H), 7.22 (dd, J = 8.8, 2.5 Hz, 1H), 6.78 (d, ]
= 8.8 Hz, 1H), 6.55 (s, 2H). *C{'"H} NMR (100 MHz, DMSO-ds) 8 167.19, 150.85,

149.04, 146.31, 137.65, 132.46, 128.62, 125.47, 118.17, 117.96, 116.06, 114.72.

5-Chloro-N-(5-chloropyridin-2-yl)-2-[4-(S-methylsulfonimidoyl)benzamid
o]benzamide (11)

— (C2oH,6CLLN,O;S), a yellow solid. 'H NMR
HN—{(i)}—m
o) N (400 MHz, DMSO-dg) 6 11.26 (s, 1H), 11.19

C':H3 HN Cl (S’ IH)’ 844 (di ] = 2.6 HZ; lH)) 814 (d) ] =
HN=S!-
3 ©_<O 4.0 Hz, 1H), 8.1 (d, J = 4.2 Hz, 1H), 8.07 (s,

4H), 7.95 (dd, J = 8.9, 2.7 Hz, 1H), 7.92 (d, J = 2.5 Hz, 1H), 7.68 (dd, J = 8.8, 2.5
Hz, 1H), 4.40 (s, 1H), 3.11 (s, 3H).

(S)-2-({[4-({4-Chloro-2-[(5-chloropyridin-2-yl)carbamoyl]phenyl}carbamo
yl)phenyl](methyl)(ox0)-A6-sulfanylidene}amino)-N, N-diethyl-2-oxoetha
n-1-aminium chloride (F’)
— (C,6H.sCL,N,0,S) a yellow solid,
HN@CI . . o D
0 N melting point: 178-179 °C. [a]",5

Hg HN Cl = +38.3, (¢ = 0.6, in DMSO). 'H

\j o)

©) C

V,N%N:é.._@
H i S NMR (600 MHz, DMSO-ds) 6
o
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131 (s, 1H), 11.27 (s, 1H), 9.20 (s, 1H), 8.51 - 8.43 (m, 1H), 8.26 - 8.22 (m, 2H), 8.21
- 8.8 (m, 2H), 8.13 (dd, J = 8.8, 6.8 Hz, 2H), 8.00 (dd, J = 8.9, 2.7 Hz, 1H), 7.96
(d, J = 2.5 Hz, 1H), 7.73 (dd, ] = 8.8, 2.5 Hz, 1H), 4.14 (s, 2H), 3.70 (s, 3H), 3.16 (d,
J = 71 Hz, 4H), 1.20 (t, ] = 6.4 Hz, 6H). 3C{'H} NMR (150 MHz, DMSO-d¢) &
172.91, 166.16, 163.82, 150.49, 146.49, 140.45, 139.30, 137.85, 135.99, 131.76, 129.28,
128.55, 128.28, 127.80, 127.12, 125.99, 124.73, 116.26, 55.65, 48.43, 42.90, 8.88.
HRMS (ESI) (m/z) [C,6H,,CIN;O,S+H]": Calcd. 576.1234, found 576.1237.

(S)-5-Chloro-N-(5-chloropyridin-2-yl)-2-{4-[N-(diethylglycyl)-S-methylsulf
onimidoyl]benzamido}benzamide (F)

— (C,6H,,CLLN;O,S) vyellow solid,
HNO—Cl 5
o) N 56% yield for three steps. [a] 55
0] . 1
\ CH HN cl = +44.1, (c = 2.2, in DMSO). 'H
\/N\)J\Nzé..?®_§
S O NMR (400 MHz, DMSO-ds) 6
11.34 (s, 2H), 8.51 - 8.44 (m, 1H),
8.8 (dd, ] = 8.5, 4.9 Hz, 4H), 8.12 (d, J = 8.6 Hz, 2H), 7.97 (dd, ] = 9.5, 2.5 Hz,
2H), 7.70 (dd, J = 8.8, 2.4 Hz, 1H), 3.53 (s, 3H), 3.30 (s, 2H), 2.61 (q, J = 7.1 Hz,
4H), 0.98 (t, ] = 7.2 Hz, 6H). BC{'"H} NMR (101 MHz, DMSO-ds) & 178.93,
166.06, 164.09, 150.68, 146.40, 141.65, 139.12, 138.27, 137.80, 131.63, 129.19, 128.44,
127.89, 127.50, 127.00, 125.80, 124.64, 116.22, 57.73, 46.90, 43.00, 12.20. HRMS
(ESI) (m/z) [C,6H,,CLLN;O,S+H]": Calcd. 576.1234, found 576.1237.
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(R)-1-Mesityl-3-methyl-4-(1-phenylethyl)-4H-1,2,4-triazol-1-ium

(K) Copies of NMR spectra for the catalysts and products
tetrafluoroborate (C1)
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(R)-1-(2,6-Dimethoxyphenyl)-3-methyl-4-[1-(naphthalen-1-yl)ethyl]-4H-1,2

,4-triazol-1-ium tetrafluoroborate (C2)
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(S)-4-(1-cyclohexylethyl)-1-(2,6-dimethoxyphenyl)-3-methyl-4H-1,2,4-triaz

ol-1-ium tetrafluoroborate (C3)
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-1-1um

(S)-4-(3,3-Dimethylbutan-2-yl)-1,3-diphenyl-4H-1,2,4-triazol

tetrafluoroborate (C4)
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(R)-4-[2,2-Dimethyl-1-(o-tolyl)propyl]-1-mesityl-3-methyl-4H-1,2,4-triazol-

tetrafluoroborate (Cs)
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(S)-5-Benzyl-6,6-dimethyl-2-(2,4,6-triisopropylphenyl)-5,6-dihydro-8H-[1,

$86
2,4]triazolo[3,4-c][1,4]oxazin-2-ium tetrafluoroborate (5b)

uu L]
101
z0'14
F0'1
L1
8Ll
€T
T
ov,:
o |
€911
'L
L9'14
89'1

60T
:.NW
£Le

06T
86'C
66T

0e—

[E3

(4%
wm.m\
9s°¢

€0's
xo.m%
_m.m/

9’
om,m./.
Le'S
6E'S
or's

00'L
00'L
LoL
€L
STL
9T'L
L
6Z'L
el
pe'L
9e'L

98'8—

-Pr
N®

O’x‘
N
N7

Bn

i-Pr

BF4© i-Pr

L0°T
80'1
Fers

00T

-0.5

0.0

8.0

%]

9.0

Lzee
€0'€T
e
Vx.mmv.

68'€T

ch.vmﬁ
L6'vT
91'sT
8S'8T
PL'8T

6S'PE
68'9¢

L0°Ls—

62°¢9—

1ZvL
Vx.c\.‘”
91 .ELW
SP'LL

86'1Z1
L8TTL V
PL'8TL
T8l
P96zl
0L'6zl
@v.vmﬁ\

uoeiv
Lyl
rorl
0S'8%1
86'€S1"

|

i-Pr

N Pr
N®

N
BF4® i-Pr

o

Bn

Jwvmmmmm L nm_l:—lx

|

Al




587

(S)-5-Benzyl-6,6-dimethyl-2-(phenanthren-9-yl)-5,6-dihydro-8H-[1,2,4]tria

zolo[3,4-c][1,4]oxazin-2-ium tetrafluoroborate (5¢)
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(S)-5-Benzyl-6,6-dimethyl-2-(pyren-4-yl)-5,6-dihydro-8H-[1,2,4]triazolo[3,

tetrafluoroborate (5d)

in-2-ium

4-c][1,4]oxaz
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-phenyl-4H-1,2,4-triazol-1-ium
tetrafluoroborate (6a)
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(S)-4-(3,3-Dimethylbutan-2-yl)-1-mesityl-3-methyl-4H-1,2,4-triazol

tetrafluoroborate (6b)
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-triisopropylphenyl)-4H-1,

2,4-triazol-1-ium tetrafluoroborate (6¢)
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(2-Bromobenzene-1,3,5-triyl)tricyclohexane (13)
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Di-tert-butyl 1-(2,4,6-tricyclohexylphenyl)hydrazine-1,2-dicarboxylate (14)
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(2,4,6-Tricyclohexylphenyl)hydrazine hydrochloride (15)
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-tricyclohexylphenyl)-4H-

1, 2,4-triazol-1-ium tetrafluoroborate (6d)
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(2,4,6-tricyclopentylphenyl)-4H

-1,2,4-triazol-1-ium tetrafluoroborate (6e)
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(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(phenanthren-9-yl)-4H-1,2,4-tri

azol-1-ium tetrafluoroborate (6f)
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-1-1

(S)-4-(3,3-Dimethylbutan-2-yl)-3-methyl-1-(pyren-4-yl)-4H-1,2,4-triazol

um tetrafluoroborate (6g)
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NH-S-Methyl-S-phenyl-sulfoximine (1a)
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N-[Methyl(oxo)(phenyl)- A°-sulfanylidene]cinnamamide (3aa)
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(E)-N-[Methyl(oxo)(phenyl)-A°-sulfanylidene]- 3-(2-nitrophenyl)

acrylamide (3ab)
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(E)-N-[Methyl(oxo)(phenyl)- A*-sulfanylidene]-3-(4-nitrophenyl)acrylami

de (3ac)
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(E)-3-(2-Bromophenyl)-N-[methyl(oxo)(phenyl)-A°-sulfanylidene]acrylam

ide (3ad)

Br

N

‘s

0}

W

“CHs,

PS 9~
81
8S'L
8S'L
09°L
1oL
£9°L
69'L"
€08
€08
SO'8
S0'8
90'8
0L's

J

_

FL0'E

F00°1T

ET0°T
RTINS
w0y
P0'

Froe

15 1.0 0.5 0.0 -0.5

2.0

40 35 30
f1 (ppm)

45

8844
a4

Vx.wb
c_ .E.W
8PLL

0r'sel
Lz'Lel
69°LTL
Lzl
pLLTL
06'LZ1
08'6Z F\
€80€1
el
S6'EEL
9L'sEl
96'8€1
[4A84!

LO'PLL—

Br

4

0N

“CH3;
L

30 20

40

80 70 60

f1 (ppm)

170 160 150 140 130 120 110 100 90

180



COOMe

“CH4

W

O N

5104

Methyl-(E)-2-(3-{[methyl(oxo)(phenyl)-A°-sulfanylidene]amino}-3-oxopro

p-1-en-1-yl)benzoate (3ae)
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(1b)

imine

NH-S-(2-Bromophenyl)-S-methyl-sulfox
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(E)-N-[(2-Bromophenyl) (methyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl

)acrylamide (3b)
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NH-S-(3-Bromophenyl)-S-methyl- sulfoximine (1c)
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(E)-N-[(3-Bromophenyl)(methyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl
)acrylamide (3¢)
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NH-S-(4-Bromophenyl)-S-methyl-sulfoximine (1d)
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(E)-N-[(4-Bromophenyl)(methyl)(ox0)-A°-sulfanylidene]-3-(2-nitrophenyl

)acrylamide (3d)
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NH-S-(2-Chlorophenyl)-S-methyl- sulfoximine (1e)
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(E)-N-[(2-Chlorophenyl)(methyl)(ox0)-A°®-sulfanylidene]-3-(2-nitrophenyl

)acrylamide (3e)

54

0 NO,
o N
S
oL
Cl

L.J L o IJLI l JL.J{. M~ .
et JRT . 4l ¥
“ne a® - -
ok gl 3. =
S = v - )
9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 0.3
f1 (ppm)
o NOVVAMOTNODND O
=N NACATMXIITNRNAS X ® o g <
o VXS F AN === NN NI T T o
[ TEOHEREEOEmOnNNNNQ =~ 8 I
— e e e e e e e =~ <
[RECScynininSnintatey N
0 NO,
Z
o N
W)
N
o
Cl
|
|
Tam
1
l
|
|
Ll ;
e ) oy h L Y gl ; e Ll dving o
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



S113

NH-S-(4-Chlorophenyl)-S-methyl- sulfoximine (1f)
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(E)-N-[(4-Chlorophenyl)(methyl)(0oxo0)-A°-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3f)
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NH-S-(4-Fluorophenyl)-S-methyl- sulfoximine (1g)
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NH-S-Methyl-S-(p-tolyl)-sulfoximine (1h)
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(E)-N-[(Methyl)(p-tolyl)(ox0)-A®-sulfanylidene]-3-(2-nitrophenyl)acrylami
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NH-S-(4-Methoxyphenyl)-S-methylsulfoximine (1i)
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(E)-N-[(4-Methoxyphenyl)(methyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophen
yl)acrylamide (3i)
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Methyl-(E)-4-{S-methyl-N-[3-(2-nitrophenyl)acryloyl]sulfonimidoyl}benz
oate ()
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NH-S-Methyl-S-(4-nitrophenyl)-sulfoximine (1k)
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(E)-N-[Methyl(4-nitrophenyl)(oxo)-A°-sulfanylidene]-3-(2-nitrophenyl)acr

ylamide (3k)
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NH-S-Methyl-S-[4-(trifluoromethyl)phenyl]-sulfoximine (11)
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NH-S-Methyl-S-[4-(pentafluorosulfanyl)phenyl]-sulfoximine (1m)
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NH-S-Methyl-S-(2-naphthyl)-sulfoximine (1n)

o o 00 00 [ [~ V1 00 00 OO vy
10 S0 I Oy AD A0 S0R00] T O
L R S | SN N S S o o
(S By |
O, NH
N/
S
O CHj
|
|
1
s J 1 L
4! Ak T 1 i
=] S - - - -
= i o = S
— o) = 2] o —
9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0
fl1 (ppm)
= — O NNV O
NSO —TOocomON o o T oo
SUNR AR RGN 500 o
FTreadddddaQ =~ S &
~~~~~~~~~~ [N ~
RO PnSnRninty S |
NH
N
1
|
1
1
|
|
1
| J "
145 135 125 15 105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0 5

f1 (ppm)



$133

Methyl-(E)-4-{S-methyl-N-[3-(2-nitrophenyl)acryloyl]sulfonimidoyl}benz

oate (3n)
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NH-S-Methyl-S-(2-pyridyl)-sulfoximine (10)
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(E)-N-[(Methyl)(2-pyridyl) (ox0)-A%-sulfanylidene]-3-(2-nitrophenyl)acryla
mide (30)
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NH-S-Cyclopropyl-S-phenyl-sulfoximine (1p)
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(E)-N-[Cyclopropyl(oxo)(phenyl)-A°-sulfanylidene]-3-(2-nitrophenyl)acryl

amide (3p)
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(E)-N-[Benzyl(oxo)(phenyl)-A°%-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3q)
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NH-N’-Phenyl-S-methyl-S-phenyl-sulfondiimide (ir)
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(E)-N-[Methyl(phenyl)(phenylimino)-A°-sulfanylidene]-3-(2-nitrophenyl)

acrylamide (3r)
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NH-S-Phenyl-S-trifluoromethyl-sulfoximine (1s)
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NH-S-tert-Butyl-methyl-S- sulfoximine (1t)
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-5-chloro-N-(5-chloropyridin-2-yl)benzamide (10)
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5-Chloro-N-(5-chloropyridin-2-yl)-2-[4-(S-methylsulfonimidoyl)benzamid

o]benzamide (11)
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(S)-2-({[4-({4-Chloro-2-[(5-chloropyridin-2-yl)carbamoyl]phenyl}carbamo
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hloride (F’)
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(S)-5-Chloro-N-(5-chloropyridin-2-yl)-2-{4-[N-(diethylglycyl)-S-methylsulfonimidoyl

]benzamido}benzamide (F)
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