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1 Synthetic procedures and characterizations

1.1 General procedures

NMR spectra were acquired with spectrometers Bruker AVANCE 500 ('H at 500.1 MHz and
13C at 125.8 MHz), AVANCE 600 ('H at 600.1 MHz and '3C at 150.9 MHz) and Varian Mer-
cury Plus ("H at 299.97 MHz and 3C at 75.44 MHz) in CDCl;, d¢-DMSO or D,O at 300 K.
Homonuclear 2D-NMR spectra (H,H-COSY) and heteronuclear 2D-NMR spectra (H,C-HSQC
and H,C-HMBC) were used for structural assignment of proton and carbon signals of com-
pounds S and 6. Mass spectra were measured either using ES ionization in positive or negative
mode (Waters micromass ZQ). High resolution mass spectra were measured using nanoESI
ionization on LTQ Orbitrap XL (Thermo Fisher Scientific). Optical rotations were recorded on
AUTOPOL IV (Rudolph Research Analytical). Elemental analyses were carried out on Perkin
Elmer 2400 II, determination of the content of sulfur was made by X-ray fluorescence spec-
trometry on SPECTRO iQ II. Preparative reversed-phase chromatography (RP) was carried out
using medium pressure columns containing C-18 modified silica (Phenomenex Luna, 15 um).
Thin-layer (TLC) and reversed-phase thin-layer (RPTLC) chromatographies were performed
with precoated Silica Gel 60F and RP-18F plates (E. Merck). HPLC analyses were recorded
on Knauer Smartline with UV detector and detector of optical rotatory power CHIRALY SER.
2-(2-Methoxyethoxy)ethyl iodide! (9), 3-methylalloxazine® 3 (10), 10-methylisoalloxazine* (11)
and heptahydrate of mono-6-deoxy-6-amino-f-cyclodextrin® (12) were prepared according to
the described procedures. All other chemicals used were commercially available. Correct ele-
mental analysis for compounds 5 and 6 could not be obtained unless variable numbers of water
molecules were taken into account. Thus, calculations based on accurate weights of these com-
pounds (molarity, optical rotation, yields) were corrected with respect to the water content as

deduced from elemental analysis.

1.2 Synthesis of substrate 13

Me/S KzCOa Me/ S
+ CH3OCH20HQOCHQCH2| _—
OH DMF OCH,CH,OCH,;CH,0CH3

9 13

1-[2-(2-Methoxyethoxy)ethoxy]-4-(methylsulfanyl)benzene (13). 4-(Methylsulfanyl)phe-
nol (0.58 g, 4.16 mmol) was dissolved in DMF and potassium carbonate (3.14 g, 22.68 mmol)
and iodide 9 (0.87 g, 3.78 mmol) was added. The reaction mixture was stirred at 40 °C overnight.
The course of the reaction was monitored by TLC (DCM/MeOH - 30:1). The insolubles were
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filtered off and the filtrate was evaporated in vacuo. Crude oily product was extracted with chlo-
roform (3x25 mL), combined extracts were washed with water and dried over sodium sulfate.
The solvent was evaporated and the crude product was subjected to column chromatography
(ethyl acetate/hexane — 1:2) to give oily material (0.54 g, 59 %). 1H-NMR[CDClg] 0: 2.44 (s,
3H), 3.39 (s, 3H), 3.58 (t, J =4.5,2H), 3.72 (t, ] = 4.8, 2H), 3.85 (t, J = 4.5, 2H), 4.12 (t, ] = 4.8,
2H), 6.86 (m, 2H), 7.24 (m, 2H). 13C—NMR[CDC13] 0:18.1,59.2,67.8,69.9, 70.9, 72.1, 115.6,
129.2, 130.2, 157.6. For C,,H,305S (242.33) calculated: C 59.47 %, H 7.49 %, S 13.23 %;
found: C 59.55 %, H 7.48 %, S 12.93 %. HR-MS (ESI): For C,,H,40;S [M+H]™" calculated
243.10494, found 243.10489.

1.3 Syntheses of flavin-carboxylic acids 3 and 4

COOEt COOH

BrCH,COOEt

SeeNEs = @Iﬁ @Jq

2-(3-Methylalloxazin-1-yl)acetic acid (3). 3-Methylalloxazine (10) (2.0 g, 8.76 mmol) and
dry potassium carbonate (1.20 g, 8.76 mmol) were suspended in dry DMF. Ethyl bromoacetate
(1.26 mL, 17.53 mmol) was added by a syringe. Reaction mixture was stirred under nitrogen at
ambient temperature for three days under monitoring by TLC (ethyl acetate/methanol — 30:1).
Potassium carbonate was filtered off and DMF was removed under reduced pressure. Pale
yellow solid (corresponding ester) was treated with hydrochloric acid (35 % in water, 50 mL)
at 80 °C for 1 hour. Cold water (150 mL) was poured into the reaction mixture. Pale yellow
precipitate was filtered off and recrystallised from 4 M acetic acid (200 mL). Yellow-green
opalescent crystals (1.47 g, 58 %) were obtained, m. p. >300°C. For C;H,;,N,O, (286.24)
calculated: C 54.55 %, H 3.52 %, N 19.57 %; found: C 54.48 %, H 3.15 %, N 19.60 %. MS
(EST", DMSO): m/z (%): 285.1 (90) [M]", 241.1 (100) [M — COO]". For NMR characterization
see Table S1 in chapter 1.5.

BrCH,COOEt

l\(le l\llle
N_ _N H20 N_ _N
Eji Z \fo  KCOs @i HCI @E Z \’40
~ Z NH \/COOEt Z N.__COOH
o] o}
11 4

2-(10-Methylisoalloxazin-3-yl)acetic acid® (4). 10-Methylisoalloxazine (11) (1.37 g, 6.0
mmol) and potassium carbonate (4.65 g, 33.6 mmol) were suspended in dry DMF (250 mL).
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Then ethyl bromoacetate (2.53 mL, 22.8 mmol) was added. Reaction mixture was stirred
overnight under nitrogen, then the solids were filtered off and DMF was evaporated. Wet residue
was diluted with water (200 mL) and the solution was extracted with chloroform (2x200 mL).
Combined extracts were dried over magnesium sulfate and chloroform was removed under re-
duced pressure. Light yellow solid (corresponding ester) was treated with hydrochloric acid
(35 %, 25 mL) at 80 °C for 45 min. The reaction mixture was diluted with water (25 mL) and
allowed to stand overnight. Brown precipitate was collected by filtration and recrystallised from
2M acetic acid (160 mL). Dark orange prisms (1.08 g, 64 %) were obtained, m. p. >300 °C.
For C,;H,,N,O, (286.24) calculated: C 54.55 %, H 3.52 %, N 19.57 %; found: C 54.42 %,
H 3.25 %, N 19.59 %. For NMR characterization see Table S1 in chapter 1.5.

1.4 Syntheses of flavin-cyclodextrin conjugates

NH,
COOH

N N (0] PyBOP, DIPEA
D \f HN
N Me DMF

3 12

N-(6-Deoxy-fB-cyclodextrin-6-yl)  2-(3-methylalloxazin-1-yl)acetamide (5). Acid 3
(16.4 mg, 57.3 yumol), aminocyclodextrin 12 (59.1 mg, 46.9 umol, calculated for heptahydrate)
and PyBOP (29.8 mg, 57.3 ymol) were dissolved in DMF. Then DIPEA (18.1 uL, 140 ymol)
was added. The mixture was stirred overnight under inert atmosphere at ambient tempera-
ture. Then DMF was evaporated under reduced pressure, and the resulting solid was purified
by reversed phase chromatography. Collected main fractions were concentrated in vacuo and
lyophilized. Light yellow fluffy solid (49.9 mg, 72 %, calculated for tetrahydrate) was obtained.
[a] +115.0 (¢ 0.113 in DMSO). For CssH;9N5O55-4H,0 calculated: C 44.81 %, H 5.95 %,
N 4.75 %; found: C 44.46 %, H 5.90 %, N 4.61 %. HR-MS (ESI): For CssH,,N;O,,Na [M
+ Na]* calculated 1424.4352, found 1424.4346. For NMR characterization see Table S1 and
Table S2 in chapter 1.5.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

N /N\’%o
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N _N.__0O PyBOP, DIPEA ©
QLT | s
(P N cooH OMF ©
o} O m

4 12

N-(6-Deoxy-f-cyclodextrin-6-yl) 2-(10-methylisoalloxazin-3-yl)acetamide (6). Acid 4
(32.5 mg, 113.5 ymol), aminocyclodextrin 12 (101.1 mg, 80.19 ymol, calculated for heptahy-
drate) and PyBOP (58.8 mg, 113.0 umol) were dissolved in dry DMF (1.5 mL). Then DIPEA
(35 mL, 201.0 umol) was added. The mixture was stirred for 2 hours under inert atmosphere at
room temperature. Then DMF was evaporated under reduced pressure, and the resulting solid
was dissolved in water and purified by reversed phase chromatography. Collected main fractions
were concentrated in vacuo and lyophilized. Light yellow fluffy solid (48 mg; 40 %, calculated
for hexahydrate) was obtained. [at]f) +92.8 (c 0.097 in H,0). For CssH,oN:05,-6H,0 calcu-
lated: C 43.74 %, H 6.07 %, N 4.64 %; found: C 43.84 %, H 5.85 %, N 4.53 %. HR-MS (ESI):
For CssH;9N;O5,Na [M + Na]* calculated 1424.4346, found 1424.4353. For Cs5HgoN5O5,
[M + H]* calculated 1402.4527, found 1402.4537. For NMR characterization see Table S1 and
Table S2 in chapter 1.5.

1.5 NMR data of compounds 3,4, 5 and 6

CHs

I |
2 N | __CHq 2 N N o
= N A N 8 9a 108 = \2"/
9 10a 2 6a 4a
8 \ a / /K 7 / . N
N N 6] N
9 6
T

o)

©)

W

Figure S1: Numbering of heterocyclic skeletons used in Tables S1 and S2
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Table S2: Carbon and proton NMR data of compounds 5 and 6 (3-cyclodextrin part)

Compound
C-r C-2 C-3 Cc-4 C-5 C-¢’
(solv.; temp.)
5 104.74 75.89 76.14 86.79 74.91 62.99
(D,0;37°C) 104.66 (2) 74.86 76.12 83.72 74.57 (3) 62.93
104.57 74.68 (2) 76.04(2) 83.64 74.51 62.82
104.27 74.65 (2) 75.81 83.55 74.37 62.63 (2)
104.09 74.43 75.51 (2) 83.34 73.95 62.61
103.93 83.32 44.05
83.23
6 104.59 74.66 75.68 85.82 74.31 (2) 6291
(D,0;27°C) 104.46 (2) 74.64 75.66 83.67 74.25 (2) 62.78
104.40 2) 74.62(2) 75.63 (2) 83.59 74.21 (2) 62.67
104.38 74.57 (2) 75.60 83.56 72.83 62.58 (2)
104.34 74.53 75.56 83.54 (2) 62.48
75.38 83.40 43.11
H-1’ H-2’ H-3’ H-4 H-5 H-6’a + H-6'b
5 5.093 3.672 3.984 3.660 3.950 3.998 +3.903
(D,05 37 °C) 5.093 3.645 3.969 3.608 3.850 3.69 +3.48
5.067 3.643 3.899 3.552 3.500 (2) 3.97 +3.883
4.992 3.607 3.800 (2) 3.488 3.480 3.352 +3.241
4.958 3.589 3.729 3.410 3.046 3.573 +3.404
4.901 3.519 3.575 3.400 2.803 3.768 + 3.645
4.875 3.500 3.307 3.934 +3.293
6 5.097 (2) 3.693 3.963 (2) 3.643 3.952 4.01 +3.915
(D,05 27 °C) 5.082 3.666 3.956 3.627 3915 (2) 3.99 +3.93
5.079 3.661 3.940 (2) 3.595 3.867 3.95+3.41
5.042 3.639(2)  3.906(2) 3.58 3.826 3.895 +3.85
5.023 3.604 (2) 3.545 3.780 3.85+3.82
4.995 3.514 3.734 3.825 +3.595
3.46 3.725 + 3.595
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Figure S2: 'H and >*C NMR spectra of compound 3
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Figure S3: 'H and '3C NMR spectra of compound 4
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Figure S4: 'H and '3C NMR spectra of compound 5
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1.6 Preparation of the catalysts 1 and 2

LS
C ]\A A @E ]\A& 0 ¢

EtOH, H,>O, HCIO,4 HN
24 hours 02 HCIO4 ©

1-0x

N-(6-Deoxy-f-cyclodextrin-6-yl) 2-(5-ethyl-5,10-dihydro-3-methylalloxazin-1-yl)acetami-
de (1). Acetaldehyde (170 uL, 3.03 mmol) and palladium on carbon (10%, 2.3 mg, 2.14 umol)
were added to a solution of 5 (15.0 mg, 10.4 umol) in ethanol (800 uL), perchloric acid (0.1 M
in water, 800 uL) and water (600 uL). The resulting mixture was stirred for 24 hours in the auto-
clave under hydrogen (0.6 MPa) at room temperature. Then the palladium-catalyst was filtered
off under argon atmosphere, ethanol and resulting acetaldehyde were evaporated under reduced
pressure. The solution of 1 was stored under argon atmosphere at -78 °C. The concentration
of the catalyst 1 in the stock solution was recalculated with respect to the concentration of the
conjugates prior to the alkylation and the actual volume of the samples after concentration. The
activity of the prepared catalyst (aliquot of the catalyst according to the calculated concentra-
tion was used) was checked in oxidation of thioanisol under standard conditions (see chapter
2.1). The compound was identified by ESI HR-MS as oxidized form of the conjugate 1-0x (see
below).

1-{[N-(6-Deoxy-f3-cyclodextrin-6-yl)carbamoyl]methyl}-5-ethyl-3-methylalloxazin-5-ium
perchlorate (1-0x). HR-MS (ESI): for C5,Hg,N;O5; [M - CIO, 1" calculated 1430.48396,
found 1430.48598.

12
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l\l/le Me Me
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HN 24 hours HN

N-(6-Deoxy-f-cyclodextrin-6-yl) 2-(5-ethyl-5,10-dihydro-10-methylisoalloxazin-3-yl)acet-
amide (2). Acetaldehyde (170 uL, 3.03 mmol) and palladium on carbon (10%, 2.1 mg, 1.9
umol) were added to a solution of 6 (13.8 mg, 9.3 umol) in the mixture of ethanol (1.125 mL)
and perchloric acid (0.1 M in water, 1.125 mL). The resulting mixture was stirred for 24 hours
in the autoclave under hydrogen (0.6 MPa) at room temperature. Then the palladium-catalyst
was filtered off under argon atmosphere, ethanol and resulting acetaldehyde were evaporated
under reduced pressure. The solution of the catalyst 2 was stored under argon atmosphere at
-78 °C. The concentration of the catalyst was recalculated with respect to the concentration of
conjugate 6 prior to the alkylation and the actual volume of the samples after concentration.
The activity of the catalyst (aliquot of the catalyst according to the calculated concentration was
measured) was checked in oxidation of thioanisol under standard conditions (see chapter 2.1).
In freshly prepared samples, the compound was identified by ESI HR-MS in its reduced form
2. HR-MS (ESI): for Cs;Hg( NsO5, [M]* calculated 1432.49961, found 1432.49798.

3-{[N-(6-Deoxy-f3-cyclodextrin-6-yl)carbamoyl]methyl}-5-ethyl-10-methylisoalloxazin-
S-ium perchlorate (2-0x). Solution of 2 was spontaneously oxidized by air oxygen for 1
hour to 2-ox. HR-MS (ESI): for C4;Hg,NsO5, [M - CIO, 1" calculated 1430.48396, found
1430.48347.

13
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1.7 HR-MS spectra of compounds 1-0x, 2 and 2-0x
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Figure S6: High resolution mass spectrum of compound 1-0x
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1.8 Structure of flavinium salts 7 and 8

CHs CHs
©[N\ NYO ©[N /N\I/O
N N. N .
N;E”/ CHs N%‘/N CHs
) O cioy ) O cios
7 8

5-Ethyl-1,3-dimethylalloxazinium perchlorate (7) and 5-ethyl-3,10-dimethylisoalloxazinium per-

chlorate (8) were prepared according to the described procedures.’

16
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2 Enantioselective sulfoxidations

2.1 General procedures

All catalytic oxidations of 4-substituted thioanisoles have been performed in 1 mL thick-walled
cylindro-conical screw-capped vial, anchored on the shaking apparatus with axial shake. The
reaction mixtures were prepared by adding sodium-phosphate buffer (0.05 M, 300 uL), solid or
liquid substrate (4.3-10 mol), appropriate volume of catalyst solution and then the hydrogen
peroxide (10 yL, 30 %, 9.8-10 mol). The vial was capped and the reaction mixture has been
shaken for appropriate time. Then the reaction was quenched by solution of sodium dithion-
ite in water (1.4 M, 100 yL). Product and remaining substrate were extracted to chloroform
(3x500 yL) and reaction conversion was determined by NMR. In oxidations of 4-hydroxy- and
4-carboxy-thioanisoles, perchloric acid (0.1 M, 250 yL) was added before extraction. Thus
acidified mixture was extracted three times with ethyl acetate (3x1 mL). Combined extracts
were evaporated and the NMR spectra were measured to determine the conversion of the cat-
alytic reaction. Analysis of enantiomeric excess of the isolated sulfoxides was done by HPLC

on chiral phases (for details see chapter 2.3).

2.2 NMR spectra of sulfoxides

Table S3: NMR shifts of isolated sulfoxides from catalytic oxidations

o
catalyst (1 mol%) 0
H>O,, phosphate buffer 3
R §S—CHy ————— R S—CHj
®
R S-CH, Ar + p-R
-H* 2.73 (s, 3H) 7.65 (m, 2H), 7.58-7.45 (m, 3H)
—OHP 2.80 (s, 3H) 7.61 (m, 2H), 7.02 (m, 2H)
—Me? 2.71 (s, 3H) 7.54 (m, 2H), 7.34 (m, 2H), 2.42 (s, 3H)
—-OMe? 2.70 (s, 3H) 7.60 (m, 2H), 7.04 (m, 2H), 3.86 (s, 3H)
—-COOH* 2.81 (s, 3H) 8.22 (m, 2H), 7.73 (m, 2H)

7.58 (m, 2H), 7.05 (m, 2H), 4.19 (dd, 2H, J =4.3,5.4), 3.88 (dd, 2H, ] =4.2, 5.4),

-[O(CH,),],0CH,*  2.70 (s, 3H)
; 3.72 (dt, 2H, J = 3.4, 8.3), 3.62-3.55 (m, 2H), 3.40 (s, 3H)

aCDCl,, °CD,0D, *CDCL,/CD,0D (6:1)
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2.3 HPLC chromatograms

HPLC record of the separation of enantiomers of product of thioanisole oxidation cat-
alyzed by 1 (1 mol %), (Entry 1, Tablel, main text)

[%]

[AU] 100
1,2
1,0 80
0,81
ch 60 g
2 06 B
g g
£ #
40
0,4
0,2 50
0,0
T T T T 0
0 10 20 30 40
Time [min.]
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
16,333 33501,497 1204,620 81,9 88,6 0,44
2 21,253 7413,163 154,914 18,1 11,4 0,75
Total 40914,661 1359,534 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
16,720 13777,804 437,742 82,4 88,9 0,49
2 21,647 2934,398 54,664 17,6 11,1 0,83
Total 16712,202 492,406 100,0 100,0

Figure S9: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (17:3), 0.65
mlL/min
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HPLC record of the separation of enantiomers of product of thioanisole oxidation cat-

alyzed by 2 (1 mol %), (Entry 2, Tablel, main text)

[%]
100

60

40

[mAU]
800
600
g
& 400
2
2
<
200
o
0 5 10 15 20
Time
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [MAU.s] [mAU] [%] [%] [min]
17,047 19714,111 737,412 60,7 75,8 0,42
21,293 12754,360 235,890 39,3 24,2 0,84
Total 32468,471 973,302 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
17,420 8096,586 254,854 62,5 75,4 0,47
21,603 4858,386 83,203 375 24,6 0,89
Total 12954,972 338,057 100,0 100,0
Figure S10: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (17:3), 0.65
mL/min
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HPLC record of the separation of enantiomers of product of thioanisole oxidation cat-
alyzed by 7+-CD (1 mol %), (Entry 3, Tablel, main text)

[%]

[au] 100
2,5
80
2,0
g 1,57 60 o)
< 1,0 r40
0,57 A
E 720
0,0
T T T T T T T 0
0 5 10 15 20 25 30 35
Time {rin.]
Table of results from UV detector (black line).
Reten. Time Area Height Area Height Wo05
[min] [MAU.s] [MmAU] [%] [%] [min]
1 16,373 26037,631 1000,380 49,2 69,7 0,41
2 20,060 26891,142 434,090 50,8 30,3 0,95
Total 52928,774 1434,470 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
16,753 10529,740 354,261 50,0 69,1 0,47
2 20,493 10543,052 158,664 50,0 30,9 1,03
Total 21072,792 512,925 100,0 100,0

Figure S11: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (17:3), 0.65
mL/min
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HPLC record of the separation of enantiomers of product of thioanisole oxidation cat-
alyzed by 8+3-CD (1 mol %), (Entry 4, Tablel, main text)

[%]

100

60

40
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2
° 400 f
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S 300 ~
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200 ]
100
0 r
0 5‘ 1‘0 1‘5 Zb
Time
Table of results from UV detector (black line).
Reten. Time Area Height Area Height Wo05
[min] [MAU.s] [mAU] (%] [%] [min]
16,593 8545,609 353,173 49,8 65,9 0,37
20,900 8609,002 182,520 50,2 34,1 0,73
Total 17154,611 535,694 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
16,960 3375,757 117,803 50,0 64,1 0,44
21,347 3379,896 66,031 50,0 359 0,79
Total 6755,652 183,834 100,0 100,0
Figure S12: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (17:3), 0.65
mL/min
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HPLC record of the separation of enantiomers of product of 4-hydroxythioanisole oxida-

tion catalyzed by 1 (1 mol %), (Entry 5, Tablel, main text)
[%]
[mAU] 100

600- 80

9] o)
S 400 3
8 S
= o
2 2
o 3
< @
200+
T T T T T
0 20 40 60 80 100
Time
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [MAU.s] [mAU] [%] [%] [min]
108,927 108772,620 424,479 86,6 87,9 3,91
2 130,020 16874,117 58,389 134 12,1 4,44
Total 125646,737 482,868 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
109,520 16323,932 64,167 82,1 85,6 3,77
2 131,027 3560,493 10,769 17,9 14,4 3,91
Total 19884,425 74,936 100,0 100,0

Figure S13: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (19:1), 0.5
mL/min
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HPLC record of the separation of enantiomers of product of 4-hydroxythioanisole oxida-
tion catalyzed by 2 (1 mol %), (Entry 6, Tablel, main text)
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S 300
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200
100
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Time
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
84,693 91506,910 357,635 54,9 66,1 3,85
100,693 75200,984 183,734 45,1 33,9 6,22
Total 166716,894 541,370 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height WO05
[min] [mV.s] [mV] [%] [%] [min]
85,033 14723,330 54,473 52,0 65,5 3,67
101,447 13589,942 28,741 48,0 34,5 6,10
Total 28313,272 83,213 100,0 100,0
Figure S14: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (19:1), 0.5
mL/min
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HPLC record of the separation of enantiomers of product of 4-methoxythioanisole oxida-

tion catalyzed by 1 (1 mol %), (Entry 7, Tablel, main text)
[%]

[mAU]
800 5 100
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i
<
-80
600
60
g 400 §
£ g
2 3
g 2
40 ©
200
20
0,
0
0 10 20 30 40 50
Time [roin.]
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.] [mAU] (%] [%)] [min]
37,667 11829,334 190,261 14,0 22 0,9
2 41,900 72620,765 667,505 86,0 778 1,71
Total 8450,099 857,766 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mAU.] [mAU] [%] [%] [min]
37,667 11829334 190,261 14,0 22 0,%
2 41,900 72620,765 667,505 86,0 778 1,71
Total 8450,009 857,766 100,0 100,0

Figure S15: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (49:1),
0.65 mL/min
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HPLC record of the separation of enantiomers of product of 4-methoxythioanisole oxida-
tion catalyzed by 2 (1 mol %), (Entry 8, Tablel, main text)

[%]

[mAl] 100
600
500 80
400
3 60 §
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200 40
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20
o
T T T T T T 0
0 10 20 30 40 50 60
Time [rin. ]
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
37,673 32716,813 435,471 35,8 43,4 1,17
43,193 58755,606 567,404 64,2 56,6 1,63
Total 91472,419 1002,875 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height Wo05
[min] [mV.s] [mV] [%] [%] [min]
37,980 5845,034 77,441 35,4 43,3 1,14
43,520 10655,542 101,251 64,6 56,7 1,57
Total 16500,576 178,692 100,0 100,0

Figure S16: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (49:1),
0.65 mL/min
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HPLC record of the separation of enantiomers of product of 4-[2-(2-
methoxyethoxy)ethoxy]thioanisole oxidation catalyzed by 1 (1 mol%), (Entry 9, Tablel,
main text)
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[mAU] 100
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400-|
g S
S 3
o 300 b
< I
200
100
0
T T T T
0 20 40 60 80
Time
Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
1 92,613 164704,413 582,908 88,0 85,9 4,33
2 121,293 22363,357 95,648 12,0 14,1 3,64
Total 187067,771 678,556 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
1 93,060 22703,890 82,293 84,4 84,1 4,13
2 121,807 4197,831 15,521 15,6 159 3,16
Total 26901,721 97,815 100,0 100,0

Figure S17: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (49:1), 0.65
mL/min
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of the

separation of

enantiomers

of product

of 4-[2-(2-

methoxyethoxy)ethoxy]thioanisole oxidation catalyzed by 2 (1 mol%), (Entry 10,
Tablel, main text)

[%]

[mAU] 100
600 80
¥
60
S 400
8
2
Ea
< 40
200
20
o
T T T 0
0 20 40 60 80
Time [min.]
Table of results from UV detector (black line).
Reten. Time Area Height Area Height Wo05
[min] [MAU.s] [MmAU] [%] [%] [min]
1 68,260 138857,882 693,024 60,6 60,8 3,07
2 78,733 90206,370 446,788 39,4 39,2 3,08
Total 229064,252 1139,812 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
1 68,760 23074,065 117,458 60,9 62,0 2,95
2 79,247 14830,705 72,122 39,1 38,0 3,08
Total 37904,769 189,580 100,0 100,0

Figure S18: Conditions: Knauer® Eurocel 01 Sum column, heptane/i-PrOH (9:1), 0.5 mL/min
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HPLC record of the separation of enantiomers of product of 4-(methylthio)benzoic acid
oxidation catalyzed by 1 (1 mol%), (Entry 11, Tablel, main text)

[%]

[maU] 100
ﬁ
800- I 80
I
|
) eoo—wwj‘ 0 -
g g
2 400 - 3
< 5 a0 @
s
200
20
o
T T T T T 0
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
13,573 17253,655 238,167 86,6 79,5 1,14
17,293 2666,446 61,405 134 20,5 0,61
Total 19920,101 299,572 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height Wo05
[min] [mV.s] [mV] [%] [%] [min]
13,780 3163,987 41,876 82,4 80,0 1,13
17,740 678,090 10,484 17,6 20,0 0,70
Total 3842,077 52,360 100,0 100,0

Figure S19: Conditions: Daicel® Chiralcel OJ-H column, heptane/i-PrOH (5:1), 1 mL/min
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HPLC record of the separation of enantiomers of product of 4-(methylthio)benzoic acid
oxidation catalyzed by 2 (1 mol %), (Entry 12, Tablel, main text)
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
14,853 4650,625 101,585 67,3 67,4 0,68
18,513 2260,821 49,128 32,7 32,6 0,66
Total 6911,446 150,713 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height Wo05
[min] [mV.s] [mV] [%] [%] [min]
15,187 936,120 18,267 67,5 66,3 0,69
18,907 450,983 9,292 32,5 33,7 0,69
Total 1387,103 27,559 100,0 100,0
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HPLC record of the separation of enantiomers of product of 4-methylthioanisole oxidation
catalyzed by 1 (1 mol %), (Entry 13, Tablel, main text)
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
1 21,073 499,319 155,601 10,0 16,8 0,50
2 23,533 45098,263 769,944 90,0 83,2 0,92
Total 50094,582 925,545 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
1 21,373 1641,701 48,240 9,5 15,4 0,53
2 23,833 15667,566 265,186 90,5 84,6 0,92
Total 17309,267 313,426 100,0 100,0

Figure S21: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (17:3), 1
mL/min
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HPLC record of the separation of enantiomers of product of 4-methylthioanisole oxidation
catalyzed by 2 (1 mol %), (Entry 14, Tablel, main text)
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
21,187 10725,206 306,661 29,7 37,2 0,55
24,500 25425,787 517,042 70,3 62,8 0,77
Total 36150,993 823,703 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height Wo05
[min] [mV.s] [mV] [%] [%] [min]
21,487 3856,295 98,647 28,9 36,3 0,57
24,787 9468,838 173,105 71,1 63,7 0,80
Total 13325,132 271,752 100,0 100,0

Figure S22: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (17:3), 1

mL/min
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HPLC record of the separation of enantiomers of product of 4-methylthioanisole oxidation
catalyzed by 1 (0.5 mol %), (Entry 15, Tablel, main text)
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
1 20,700 8383,829 260,035 11,3 20,5 0,50
2 23,267 65878,556 1010,249 88,7 79,5 1,05
Total 74262,385 1270,284 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
1 20,987 2797,006 81,890 10,6 18,4 0,53
2 23,567 23499,256 362,044 89,4 81,6 1,02
Total 26296,262 443,934 100,0 100,0

sjyusuodwo)

Figure S23: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (17:3), 1

mL/min
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HPLC record of the separation of enantiomers of product of 4-methylthioanisole oxidation
catalyzed by 1 (0.2 mol %), (Entry 16, Tablel, main text)
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Table of results from UV detector (black line).
Reten. Time Area Height Area Height W05
[min] [mAU.s] [mAU] [%] [%] [min]
21,080 9824,140 296,004 11,3 21,4 0,52
2 23,540 77412,640 1086,872 88,7 78,6 1,14
Total 87236,780 1382,876 100,0 100,0
Table of results from CHIRALYSER (red line).
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
21,380 3261,777 91,874 10,6 19,0 0,55
2 23,840 27442,830 392,185 89,4 81,0 1,11
Total 30704,607 484,059 100,0 100,0

Figure S24: Conditions: Phenomenex® Lux Su Amylose-2 column, heptane/i-PrOH (17:3), 1
mL/min
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