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1. General experimental methods and equipment

Starting materials, if commercially available, were purchased from standard suppliers (Sigma-Aldrich,
Fluorochem, ABCR, Acros, Alfa Aesar or Apollo scientific) and used as such, provided that adequate
checks by NMR analysis had confirmed the claimed purity. When needed, solvents were purified and
dried following standard procedures. THF was dried by distillation over sodium/benzophenone prior
to use. Toluene, when used anhydrous, was either dried over 4 A molecular sieves previously activated
overnight at 300 °C under vacuum or dried by distillation over sodium. Anhydrous DMF purchased from
Sigma Aldrich was used as received. Air- and moisture- sensitive materials were stored and handled
under an atmosphere of argon. Reactions were carried out under an atmosphere of argon when
needed. Reactions were monitored by using thin-layer chromatography with precoated silica on
aluminum foils (0.25 mm, Merck silica-gel (60-F2s4)). Flash column chromatography was performed on
VWR silica gel (40—63 um) using the indicated solvents, the solvent systems being indicated in v/v.
Butyllithium (1.6 M in hexanes, Aldrich) was used as a solution in hexanes and its concentration was
determined following the Wittig-Harborth double titration method ((total base) - (residual base after
reaction with 1,2-dibromoethane)).l!! Spectroscopic NMR and MS data were obtained using
chromatographically homogeneous samples. *H NMR (400 or 500 MHz), *°F NMR (376 or 472 MHz) and
13C NMR (101 or 126 MHz) spectra were recorded in CDCl3 on Bruker Avance Ill HD 400 and 500 MHz
instruments respectively. Chemical shifts are reported in parts per million (ppm) and are referred to
partially deuterated chloroform (8[*H] = 7.26 ppm and &8[*3C] = 77.16 ppm). Multiplicities were
abbreviated as br s (broad singlet), s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), td
(triplet of doublets), dd (doublet of doublets). Coupling constants J were given in Hz. Spectra were
processed with the program NMR notebook (Version 2.80, NMRtec). IR spectra were recorded on a
Perkin Elmer’s Spectrum one™, the frequencies being reported in cm™. Chiral HPLC analyses were
performed on a Shimadzu Prominence chromatograph. High-resolution mass spectra (HRMS) were
recorded with a TOF mass analyser under ESI in positive ionization mode detection by the analytical
facility at the Université de Strasbourg. The X-ray crystallographic structure analysis was performed by
the radiocrystallographic facility at the Université de Strasbourg. The analysis was carried out on a
Nonius Kappa-CCD diffractometer equipped with an Oxford Cryosystem liquid N device, using Mo-Ka
radiation (A = 0.71073 A).
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2. Synthesis of racemic aryl a,a-difluoromethyl sulfoxides 3a and 3b

a. Ethyl 2,2-difluoro-2-(p-tolylthio)acetate 1a

SH i NaH (1.1 equiv. s i
78%

A solution of p-toluenethiol (1 equiv., 5 g, 39.5 mmol) dissolved in anhydrous DMF (15 mL) was
cannulated dropwise onto a suspension of sodium hydride (60% dispersion in mineral oil; 1.1 equiv.,
1.74 g, 43.4 mmol) in anhydrous DMF (15 mL) at 0 °C under an atmosphere of argon. Ethyl
bromodifluoroacetate (1 equiv., 5.22 mL, 39.5 mmol) was then syringed dropwise into the previous
solution. The reaction mixture was stirred at 40 °C for 20 hours, then cooled to 0 °C and quenched with
water. The aqueous phase was extracted three times with CH,Cl,. The combined organic layers were
washed with large amounts of water and with a saturated solution of NaCl. The resulting organic phase
was dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude product was purified by chromatography on silica gel with cyclohexane/AcOEt (100/0 to 95/5).
Ethyl 2,2-difluoro-2-(p-tolylthio)acetate 1a (7.55 g, 78%) was obtained as a light yellow oil.

H NMR (400 MHz, CDCls) & (ppm) 7.50 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz,

)ij >gko/\ ), 4.26 (g, J = 7.2 Hz, 2H), 2.38 (s, 3 H), 1.27 (t, J = 7.2 Hz, 3H). °F NMR
'@ (376 MHz, CDCls) 6 (ppm) —82.6 (s, 2F). These data are consistent with those

already reported in the literature.?
b. Ethyl 2,2-difluoro-2-(p-tolylsulfinyl)acetate 2a

a. Periodic acid and iron (lll) chloride

H5l0¢ (1.1 + 0.3 equiv.)

: %O/\ FeCIa (3 + 1 mol%) ”%O/\

MeCN 25 °C, 4 days
95%

Ethyl 2,2-difluoro-2-(p-tolylthio)acetate 1a (1 equiv., 12 g, 48.7 mmol) and FeCl; (3 mol%, 244 mg,
1.46 mmol) were dissolved in 75 mL of acetonitrile. After 10 minutes of stirring, periodic acid
(1.1 equiv., 12.3 g, 53.6 mmol) was added to the mixture which was mechanically stirred at 25 °C. After
3 days (ca. 80% conversion, determined by H and °F NMR analysis) were added more periodic acid
(0.3 equiv.) and FeCl; (1 mol%). After 4 days of stirring, the reaction was slowly quenched with a
saturated solution of Na,S;03 and extracted three times with CH,Cl,. The combined organic layers were
washed with water and with a saturated solution of NaCl, dried over anhydrous sodium sulfate and

concentrated under reduced pressure. The crude product was purified by chromatography on

S5



demetalated silica gel with cyclohexane/AcOEt (100/0 to 80/20). Ethyl 2,2-difluoro-2-(p-

tolylsulfinyl)acetate 2a (12.1 g, 95%) was obtained as a yellow oil.

B. Hydrogen peroxide and trifluoroacetic acid

o} o o

/@S%O/\ TFPAA (1 equiv.) S%o/\

FF TFA, 25°C, 23 h FF
75%

To a solution of trifluoroperoxyacetic acid (TFPAA) at 0 °C (1 equiv., prepared by mixing 415 uL of H,0,,
30% w/w in water, with 1.36 mL of trifluoroacetic acid, TFA, at 0 °C) was added dropwise ethyl 2,2-
difluoro-2-(p-tolylthio)acetate 1a (1 equiv., 1 g, 4.06 mmol) dissolved in 6.5 mL of TFA. The solution
was warmed to 25 °C and stirred at this temperature for 23 hours. The reaction mixture was carefully
poured onto a saturated solution of NaHCOs. The aqueous phase was extracted three times with
AcOEt. The combined organic phases were washed with water and with a saturated solution of NaCl,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude product
was purified by chromatography on demetalated silica gel with cyclohexane/AcOEt (100/0 to 80/20).
Ethyl 2,2-difluoro-2-(p-tolylsulfinyl)acetate 2a (800 mg, 75%) was obtained as a yellow oil.

H NMR (400 MHz, CDCls) & (ppm) 7.61 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.2 Hz,

O (0]
5%0/\ 2H), 4.26 (qd, J = 7.2 Hz, 1.7 Hz, 2H), 2.44 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H).
/() FFo2 9 NMR (376 MHz, CDCls) & (ppm) -110.6 (AB system, Jas = 228.0 Hz,

Avag =722.5 Hz, 2F). These data are consistent with those already reported

in the literature.®

c. a,a-Difluoromethyl p-tolyl sulfoxide 3a

Thermal conditions

LiCl (2 equiv.) 0
H,0 (2 equiv.) S

o o
S.
Joraaiicuye o
FF DMSO, 110 °C, 24 h

89%

Ethyl 2,2-difluoro-2-(p-tolylsulfinyl)acetate 2a (1 equiv., 3 g, 10.9 mmol) was dissolved in 85 mL of
DMSO. LiCl (2 equiv., 931 mg, 21.8 mmol) and H,0 (2 equiv., 391 uL, 21.8 mmol) were then introduced.
The reaction mixture was stirred at 110 °C for 24 hours. The mixture was cooled to room temperature
and then poured onto cold water. The aqueous layer was saturated with NaCl and then extracted three
times with AcOEt. The combined organic layers were washed with water and with a saturated solution
of NaCl, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude
product was purified by chromatography on silica gel with cyclohexane/AcOEt (100/0 to 80/20). a,a-

Difluoromethyl p-tolyl sulfoxide 3a (1.83 g, 89%) was obtained as a white solid.
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H NMR (400 MHz, CDCls) & (ppm) 7.61 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.1 Hz,
9 2H), 6.01 (t, J = 55.5 Hz, 1H), 2.44 (s, 3H). '*F NMR (376 MHz, CDCl;) 5 (ppm)
)ij \CS':FZ —119.5 (ABX system, Jas = Jr.r = 261.6 Hz, Jax=Jox = Jus = 55.2 Hz, Avas = 72.3 Hz,
2F). *C NMR (126 MHz, CDCls) 6 (ppm) 143.9, 133.6 (t, J = 2.9 Hz), 130.5, 125.6,
121.1 (t, J = 289.4 Hz), 21.7. IR v (cm?) 3039, 1598, 1495, 1293, 1105, 1080,

1068, 1034, 1019, 969, 952, 808, 709, 694.

d. Ethyl 2-(4-chlorophenylthio)-2,2-difluoroacetate 1b

(0]
SH NaH (1 1 equiv.) % PN
/©/ + Br%o/\ /©/ (6]
ol FF DMF, 0 °C to 40 °C, 21 h ol

94%

A solution of 4-chlorothiophenol (1 equiv., 12 g, 81.3 mmol) dissolved in anhydrous DMF (35 mL) was
cannulated dropwise onto a suspension of sodium hydride (60% dispersion in mineral oil; 1.1 equiv.,
3.58 g, 89.5 mmol) in anhydrous DMF (30 mL) at 0 °C under argon. Ethyl bromodifluoroacetate
(1 equiv., 10.8 mL, 81.32 mmol) was then syringed dropwise into the previous solution. The reaction
mixture was heated at 40 °C for 21 hours, then cooled to 0 °C, quenched with water and extracted
three times with CH,Cl,. The combined organic layers were washed with large amounts of water and a
saturated solution of NaCl. The resulting organic phase was dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The crude product was purified by chromatography
on silica gel with cyclohexane/AcOEt (100/0 to 90/10). Ethyl 2-(4-chlorophenylthio)-2,2-

difluoroacetate (20.4 g, 94%) 1b was obtained as a light-yellow oil.

H NMR (400 MHz, CDCls) & (ppm) 7.55 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.5 Hz,

(0]
2H), 4.29 (g, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H). *°F NMR (376 MHz, CDCl3)

S /\
0
C|/©/ FF b 6 (ppm) —82.1 (s, 2F). These data are consistent with those already reported

in the literature.®
e. Ethyl 2-(4-chlorophenylsulfinyl)-2,2-difluoroacetate 2b

a. Periodic acid and iron (lll) chloride

HslO0g (1 + 0.3 equiv.)

o)
H
S%O/\ FeCls (3 mol%) 7%0/\
C,/© FF MeCN,25°C,50h
94%

Ethyl 2-(4-chlorophenylthio)-2,2-difluoroacetate 1b (1 equiv., 5 g, 18.7 mmol) and FeCl; (3 mol%,
94.1 mg, 562 pumol) were dissolved in 50 mL of acetonitrile. After 10 minutes of stirring, periodic acid
(1 equiv., 4.32 g, 18.7 mmol) was added to the mixture which was mechanically stirred at 25 °C. After
24 h (ca. 80% conversion), 39 h (ca. 87% conversion) and 48 h (ca. 92% conversion), were added each

time 0.1 equiv. of oxidizing agent (total = 0.3 equiv. of HsIOg). After 50 hours of stirring, the reaction

S7



was slowly quenched with a saturated solution of Na,S;0s. The aqueous phase was extracted several
times with CH,Cl,. The combined organic layers were washed with water and with a saturated solution
of NaCl, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude
product was purified by chromatography on demetalated silica gel with cyclohexane/AcOEt (100/0 to
90/10). Ethyl 2-(4-chlorophenylsulfinyl)-2,2-difluoroacetate 2b (4.97 g, 94%) was obtained as a yellow

oil.

B. Hydrogen peroxide and trifluoroacetic acid

0O O
1]
/©/ %o/\ TFPAA (1 equiv.) S%O/\
FF

TFA 25°C,23h
75%

To a solution of trifluoroperoxyacetic acid (TFPAA) at 0 °C (1 equiv., prepared by mixing 383 uL of H,0,,
30% w/w in water, with 1.25 mL of trifluoroacetic acid, TFA, at 0 °C) was added dropwise ethyl 2-(4-
chlorophenylthio)-2,2-difluoroacetate 1b (1 equiv., 1 g, 3.75 mmol) dissolved in 6 mL of TFA. The
solution was warmed to 25 °C and stirred at this temperature for 23 hours. The reaction mixture was
carefully poured onto a saturated solution of NaHCOs. The aqueous phase was extracted three times
with AcOEt. The combined organic phases were washed with water and with a saturated solution of
NaCl, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude
product was purified by chromatography on demetalated silica gel with cyclohexane/AcOEt (100/0 to
80/20). Ethyl 2-(4-chlorophenylsulfinyl)-2,2-difluoroacetate 2b (800 mg, 75%) was obtained as a yellow

oil.

H NMR (400 MHz, CDCls) & (ppm) 7.67 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.5 Hz,

I 2H), 4.30(q, J = 7.1 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCl5)
%o/\
o FF o 6 (ppm) —110.0 (AB system, Jag = 228.0 Hz, Avap = 994.3 Hz, 2F). These data

are consistent with those already reported in the literature.?
f. 1-Chloro-4-((difluoromethyl)sulfinyl)benzene 3b

a. Thermal conditions

LiCl (2 equiv.) 0]
H,0 (2 equiv.) é

o o
s :
/©/ %O/\ /©/ \CHFZ
FF .
cl DMSO, 110 °C,21h

Quantitative yield

Ethyl 2-(4-chlorophenylsulfinyl)-2,2-difluoroacetate 2b (1 equiv., 100 mg, 354 umol) was dissolved in
3 mL of DMSO. LiCl (2 equiv., 30.3 mg, 707 umol) and H,0 (2 equiv., 12.7 uL, 707 umol) were then
introduced. The reaction mixture was stirred at 110 °C for 21 hours, cooled to room temperature and

then poured onto ice-cold water. The aqueous layer was saturated with NaCl and then extracted three
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times with AcOEt. The combined organic layers were washed with water, dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The crude product was purified by
chromatography on silica gel with cyclohexane/AcOEt (90/10 to 70/30). 1-Chloro-4-

((difluoromethyl)sulfinyl)benzene 3b (75 mg, quantitative yield) was obtained as a white solid.

B. Microwave conditions

LiCl (2 equiv.) (0]

/@/(%%OLO Py H,0 (2 equiv.) /©/S\CHF2
al FF NMP, MW 100 °C, 15 min. ¢
Quantitative yield

To a suspension of LiCl (2 equiv., 15.1 mg, 354 umol) and ethyl 2-(4-chlorophenylsulfinyl)-2,2-
difluoroacetate 2b (1 equiv., 50 mg, 177 umol) in 3 mL of N-methylpyrrolidine (NMP) was added H,0
(2 equiv., 6.37 mL, 354 umol). The reaction mixture was heated to 100 °C under microwave irradiation
for 15 minutes. The dark brown reaction mixture was cooled to room temperature. An aqueous
solution of 1M HCl was added to the mixture. The aqueous layer was extracted three times with AcOEt.
The combined organic layers were washed three times with ice-cold water and with a cold saturated
solution of NaCl, dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by chromatography on silica gel with cyclohexane/AcOEt
(100/0 to 70/30). 1-Chloro-4-((difluoromethyl)sulfinyl)benzene 3b (38 mg, quantitative yield) was

obtained as a white solid.

1H NMR (400 MHz, CDCls) 6 (ppm) 7.67 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz,
2H), 6.19 (t, J = 55.2 Hz, 1H). °F NMR (376 MHz, CDCls) & (ppm) —119.3 (ABX
system, Jag = Jr-r = 262.3 Hz, Jax=Jox = Ju-r = 55.2 Hz, Avag = 256.7 Hz, 2F). These

data are consistent with those already reported in the literature.

3. Synthesis of enantiopure a,a-difluoromethyl p-tolyl sulfoxide (S)-3a

a. (+)-Phenylalaninol 4

LiAlH,4 (2.1 equiv.) E?in oH
HZN/\n/ = HNTY
THF, 0°C,1h
66 °C, 21 h

97%

Following a reported procedure, to a slurry of LiAlH, (2.1 equiv., 1.7 g, 44.7 mmol) in 60 mL of freshly
distilled THF at 0 °C was added D-phenylalanine (1 equiv., 3.55 g, 21.3 mmol) under an atmosphere of
argon. The slurry was stirred for 1 h at 0 °C and then heated under reflux for 21 h. The reaction mixture
was cooled to 0 °C. 25 mL of an aqueous solution of NaOH 1M were added dropwise over 2 h. The
slurry was filtered. The cake was washed several times with AcOEt. The organic layer was washed with

a saturated solution of NaCl, dried over anhydrous sodium sulfate and concentrated under reduced
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pressure. The D(+)-phenylalaninol 4 (3.13 g, 97%) was obtained after crystallisation in Et,0 as a white

solid.
'H NMR (400 MHz, CDCl5) & (ppm) 7.33-7.29 (m, 2H), 7.26-7.18 (m, 3H), 3.64
©\ (dd, J = 3.8 Hz, 10.6 Hz, 1H), 3.38 (dd, J = 7.2 Hz, 10.6 Hz, 1H), 3.16-3.09 (m,
4
> 1H), 2.80 (dd, J = 5.1 Hz, 13.4 Hz, 1H), 2.53 (dd, J = 8.7 Hz, 13.4 Hz, 1H), 2.30-
HZN/\/OH

1.70 (br s, 3H). These data are consistent with those already reported in the

literature.!
b. (R)-4-Benzyl-2-oxazolidinone 5

Diethyl carbonate

(2 equiv.) o]
Bn K,CO03 (0.9 equiv.) /u\
N i o
2 145°C,1.5h Bt

84%

Following a reported procedure,'® D(+)-phenylalaninol 4 (1 equiv., 1 g, 6.61 mmol) and dried K,CO3
(0.9 equiv., 823 mg, 5.95 mmol) were put in presence of freshly distilled diethyl carbonate (2 equiv.,
1.62 mL, 13.2 mmol). The slurry was heated to 145 °C and EtOH was removed by distillation until
elution ceased. The reaction mixture was cooled to room temperature and the remaining volatiles
were removed under reduced pressure. CH,Cl, was added to the resulting oil. The organic phase was
washed with water, dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by chromatography on silica gel with cyclohexane/AcOEt

100/0 to 50/50). (R)-4-Benzyl-2-oxazolidinone 5 (986 mg, 84%) was obtained as an orange solid.
(100/ /50). (R) y ( g ) g

o 'H NMR (400 MHz, CDCls) 6 (ppm) 7.33 (t, J = 7.1 Hz, 2H), 7.26 (t, J = 5.4 Hz,
Hwko 1H), 7.17 (d, J = 7.2 Hz, 2H), 5.58 (br s, 1H), 4.44 (t, J = 8.3 Hz, 1H), 4.16-4.04
5 (m, 2H), 2.87 (d, J = 6.8 Hz, 2H). These data are consistent with those already

reported in the literature.[®

c. (R)-4-benzyl-3-((R)-p-tolylsulfinyl) oxazolidin-2-one, (R,R)-6, and (R)-4-benzyl-3-((S)-p-
tolylsulfinyl) oxazolidin-2-one, (R,S)-6

('s? SOCI, (5 equiv.)
“ONa _—
/©/ Toluene, 25°C,2 h 9 )?\ 9 )?\
So N
o fogsi¥ens
1 oBui(equv) | THR 787, 25min y W
HN” O > P A
THF, 0 °C, 10 min. Ys?,:; ;gz//"
s o

Bn

Preliminary synthesis of p-tolylsulfinyl chloride
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SOCl; (5 equiv., 1.57 mL, 21.4 mmol) was diluted in 9 mL of freshly distilled toluene under argon. The
solution was cooled to 0 °C. Sodium p-tolylsulfinate (1 equiv., 762 mg, 4.28 mmol) was slowly added
to the previous solution. The reaction mixture was warmed to room temperature (25 °C) and it was
stirred for 2 h. The remaining SOCI, was distilled (azeotrope with toluene) followed by removal of the

residual solvent under reduced pressure, to afford p-tolylsulfinyl chloride.
Procedure

To a solution of (R)-4-benzyl-2-oxazolidinone 5 (1 equiv., 500 mg, 2.85 mmol) in 6 mL of freshly distilled
THF under an atmosphere of argon at 0 °C was added dropwise n-Buli (1.1 equiv., 1.58 M in hexanes,
1.99 mL, 3.14 mmol) over a 5 to 10 minute-period. The resultant suspension was stirred at this
temperature for 10 minutes and then cooled to -78 °C. It was stirred 10 minutes at this temperature.
The freshly prepared p-tolylsulfinyl chloride (1.5 equiv., 747 mg, 4.28 mmol) dissolved in 4 mL of freshly
distilled THF was then added as a slurry to the previous mixture. The reaction mixture was stirred at -
78 °C for 25 minutes. It was quenched with a saturated solution of NH4Cl and diluted with AcOEt. The
aqueous phase was extracted three times with AcOEt. The combined organic layers were washed with
a saturated solution of NaHCOs and with a saturated solution of NaCl, dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. An NMR analysis of the crude mixture
revealed total conversion with a ratio (R,R):(R,S) of 61:39. The crude product was purified by
chromatography on demetalated silica gel with cyclohexane/AcOEt (100/0 to 80/20). The (R)-4-benzyl-
3-((R)-p-tolylsulfinyl)oxazolidin-2-one (R,R)-6 (426 mg, 48%) was obtained as a white solid and (R)-4-
benzyl-3-((S)-p-tolylsulfinyl)oxazolidin-2-one (R,S)-6 (209 mg, 23%) was obtained as an orange oil. It is
also possible to crystallise (R)-4-benzyl-3-((R)-p-tolylsulfinyl)oxazolidin-2-one (R,R)-6 from Et,0 from

the crude mixture.

(R)-4-Benzyl-3-((R)-p-tolylsulfinyl)oxazolidin-2-one (R,R)-6

H NMR (400 MHz, CDCls) & (ppm) 7.71 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.0 Hz,
2H), 7.29-7.18 (m, 3H), 6.98-6.91 (m, 2H), 4.07 (dd, J = 3.8 Hz, 9.0 Hz, 1H),

3.97 (t, J = 8.0 Hz, 1H), 3.76-3.68 (m, 1H), 3.37 (dd, J = 3.5 Hz, 13.8 Hz, 1H),
2.90(dd, J=10.4 Hz, 13.9 Hz, 1H), 2.51 (s, 3H). These data are consistent with

those already reported in the literature.!”’
(R)-4-Benzyl-3-((S)-p-tolylsulfinyl)oxazolidin-2-one (R,S)-6
1H NMR (400 MHz, CDCls) & (ppm) 7.76 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.0 Hz,

2H), 7.28-7.17 (m, 3H), 6.98-6.92 (m, 2H), 4.59-4.48 (m, 1H), 4.16
(t,J = 8.8 Hz, 1H), 4.08 (dd, J = 4.7 Hz, 8.9 Hz, 1H), 2.43 (s, 3H), 2.20-2.14 (m,

2H). These data are consistent with those already reported in the literature.!”!
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d. Ethyl (5)-2,2-difluoro-2-(p-tolylsulfinyl)acetate (S)-2a
a. Reformatsky-type reaction

o O BrCF,CO,Et (2.4 equiv.)
I )]\ Zn (2.4 equiv.) I

0
S< .
N O K S%J\O/\
)—/ THF, 66 °C, 41 h FF

Bn 72%, 97% e.e.

To a suspension of freshly activated Zn (Zn was activated with an aqueous solution of 4M HCI then
washed several times with water and acetone and finally put under vacuum at 120 °C overnight;
2.4 equiv., 34.8 mg, 533 umol) in 3 mL of freshly distilled THF was added one drop of ethyl
bromodifluoroacetate. The mixture was stirred at 66 °C. A solution of (R)-4-benzyl-3-((R)-p-
tolylsulfinyl)oxazolidin-2-one (R,R)-6 (1 equiv., 70 mg, 222 umol) and ethyl bromodifluoroacetate
(2.4 equiv., 70.4 mL, 533 umol) in 3 mL of freshly distilled THF was then added dropwise to the previous
mixture. The reaction mixture was stirred at 66 °C for 41 hours, then cooled to room temperature and
guenched with an aqueous solution of KHSO4. The mixture was stirred for 30 minutes at 25 °C. It was
then filtered through Celite® and washed carefully with diethyl ether. To the filtrate was added a
saturated solution of NaCl. The filtrate was extracted three times with Et,O. The combined organic
layers were dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure.
The crude product was purified by chromatography on demetalated silica gel in cyclohexane/AcOEt
(100/0 to 90/10). Ethyl (S)-2,2-difluoro-2-(p-tolylsulfinyl)acetate (S)-2a (42 mg, 0.16 mmol, 72%, 97%
e.e.) was obtained as a light yellow oil. The enantiomeric excess of the product was determined by
chiral HPLC using a Chiracel IC column (n-hexane/i-PrOH = 80/20, flow rate: 0.5 mL/min, A = 206 nm,
T=23.9 min and 31.3 min).

B. Honda-Reformatsky-type reaction

BrCF,CO,Et (3 equiv.)
ZnEt, (2 equiv.)

o O o)
I Jl_ RNCI(PPhs); (3 mol%) 0
foge forae

THF, -20 °C, 1 h F F
Bn 20°C,4h
65%, 86% e.e.

(R)-4-Benzyl-3-((R)-p-tolylsulfinyl)oxazolidin-2-one (R,R)-6 (1 equiv., 70 mg, 222 pmol) and RhCI(PPhs);
(3 mol%, 6.16 mg, 6.7 umol) were dissolved in 6 mL of freshly distilled THF. The mixture was cooled to
-20 °C. Ethyl bromodifluoroacetate (3 equiv., 88 pL, 670 umol) was added to the mixture followed by
dropwise addition of diethylzinc (2 equiv., 1 M in hexanes, 444 L, 444 umol). The mixture was stirred
at -20 °C for 1 h. Stirring was continued at 20 °C for 4 h. The reaction mixture was quenched with a
saturated solution of NHCl. The aqueous phase was extracted three times with AcOEt and the
combined organic layers were washed with a saturated solution of NaCl, dried over anhydrous Na;SO,,

filtered and concentrated under reduced pressure. The crude product was purified by chromatography
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on demetalated silica gel using cyclohexane/AcOEt (100/0 to 90/10). Ethyl (S)-2,2-difluoro-2-(p-
tolylsulfinyl)acetate ($)-2a (38 mg, 145 umol, 65%, 86% e.e.) was obtained as a transparent oil. The
enantiomeric excess of the product was determined by chiral HPLC using a Chiracel IC column (n-

hexane/i-PrOH = 80/20, flow rate: 0.5 mL/min, A = 206 nm, T = 24.0 min and 31.6 min).

H NMR (400 MHz, CDCls) 6 (ppm) 7.61 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.2 Hz,
(0]
%O/\ 2H), 4.26 (qd, J = 7.2 Hz, 1.7 Hz, 2H), 2.44 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H).

Q
.S
/@ F'F (s}2a FNMR (376 MHz, CDCls) § (ppm) -110.6 (AB system, Jag = 227.0 Hz,

Avag=727.0 Hz, 2F). These data are consistent with those already reported

in the literature.™
e. (S)-a,a-Difluoromethyl p-tolyl sulfoxide (S)-3a

The enantioenriched ethyl (S)-2,2-difluoro-2-(p-tolylsulfinyl)acetate (S$)-2a (92% e.e.) was
decarboxylated under Krapcho’s conditions previously optimized for the synthesis of the

corresponding racemic compound 2a (see § 1.f.).

a. Thermal conditions

LiCl (2 equiv.) o
H,0 (2 equiv.) 1]

o o

.S S<

. %o/\ , N —
F F DMSO, 110 °C,19 h

9, o,
92% e.e. 98%, 84% e.e.

Under thermal conditions, after 19 h of stirring at 110 °C, (S)-a,a-difluoromethyl p-tolyl sulfoxide
(S)-3a (107 mg, 98%, 84% e.e.) was obtained as a white solid. The enantiomeric excess of the product
was determined by chiral HPLC using a Chiracel IC column (n-hexane/i-PrOH = 80:20, flow rate: 0.5
mL/min, A =205 nm, T = 17.2 min and 23.2 min).

B. Microwave conditions

LiCl (2 equiv.) o
H,0 (2 equiv.) 1

o o

.S N

. %o/\ , N —
FF NMP, 100 °C, 15 min.

9, 0,
92% e.e. 83%, 92% e.e.

Under microwave conditions, after 15 minutes of stirring at 100 °C, (S)-a,a-difluoromethyl p-tolyl
sulfoxide (S)-3a (69 mg, 83%, 92% e.e.) was obtained as a white solid. The enantiomeric excess of the
product was determined by chiral HPLC using a Chiracel IC column (n-hexane/i-PrOH = 80/20, flow
rate: 0.5 mL/min, A =205 nm, T = 17.1 min and 23.0 min).

5 H NMR (400 MHz, CDCls) & (ppm) 7.62 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz,
1l

O\\-S\CHFZ 2H), 6.00 (t, J = 55.5 Hz, 1H), 2.46 (s, 3H). F NMR (376 MHz, CDCls) 6 (ppm)

(S)-3a -119.4 (d, 2F, J = 55.9 Hz). These data are consistent with those already

reported in the literature.®
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y. Crystallographic structure of (S)-a,a-difluoromethyl p-tolyl sulfoxide (S)-3a

It should be noted that (S)-enantioenriched a,a-difluoromethyl p-tolyl sulfoxide 3a can be further
enantioenriched by crystallisation from Et,O to obtain (S)-3a with > 97% e.e.. It was possible to get

suitable crystals for a crystallographic analysis that confirmed the (S) configuration of the sulfur atom.

The crystals were placed in oil, and a single crystal was selected, mounted on a glass fibre and placed
in a low-temperature N, stream. X-ray diffraction data collection was carried out on a Nonius Kappa-
CCD diffractometer equipped with an Oxford Cryosystem liquid N, device, using Mo-Ka radiation (A =
0.71073 A). The crystal-detector distance was 36 mm. The cell parameters were determined (Denzo
software)® from reflections taken from one set of 10 frames (1.0° steps in phi angle), each at 20 s
exposure. The structure was solved by Direct methods using the program SHELXS-2014. The
refinement and all further calculations were carried out using SHELXL-2014.°! The H-atoms were

included in calculated positions and treated as riding atoms using SHELXL default parameters. The non-

H atoms were refined anisotropically, using weighted full-matrix least-squares on F2.

»
= &

3

X-Ray analysis of (S)-a, a-difluoromethyl p-tolyl sulfoxide (S)-3a

Formule CgHgF,0S Cell volume 834.253 A3
M 190.20 Z, Calculated density 4,1.514 Mg/m3
Temperature 173 (2) F(000) 392
Wavelength 0.71073 Crystal size 0.340x 0.180 x 0.120 mm

Theta range for
Crystalline structure Orthorhombic 2.511t0 27.475
data collection

Space group P2:12:2
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a 4.91110 (10) A Z 0

b 8.9793 (2) A z 0

c 18.9180 (4) A Configuration S

o 90° Flack parameter -0.01 (3)

B 90 ° R1 0.0308

v 90 ° wR2 0.0769
Crystallographic data

4. Details concerning the synthesis of a,a-difluoro-8-hydroxy sulfoxides 7a-n

a. Determination of the best reaction conditions — Detailed general procedures

9 o| Base 9 OH
TN T RO
Solvent F F
-30°C, t
Entry Base Solvent Time d.r’
1 THF 40 min 40:60
t-BuOK?
2 DMF 2h 53:47
3 THF 2h 84:16
P4t-Bu‘
4 DMF 2h 55:45 to 99:1
5 P4t-Bu? THF 2h 99:1

9 Diastereomeric ratios were determined by °F NMR and confirmed by
reversed-phase HPLC —® Procedure A: potassium tert-butoxide was solubilized
in the solvent of the reaction —¢ Procedure B: Pst-Bu was used as a
commercially available solution in hexane — ¢ Procedure C: P4t-Bu was added

as a solution in freshly distilled THF.

a. Procedure A

In avial under argon were dissolved a,a-difluoromethyl p-tolyl sulfoxide 3a (1 equiv., 15 mg, 78.9 umol)
and benzaldehyde (1 equiv., 8.13 uL, 78.9 umol) in 1 mL of the appropriate anhydrous solvent. The
mixture was stirred at -30 °C for 10 minutes. Potassium tert-butoxide (2 equiv., 17.7 mg, 158 umol)
previously put in suspension or solubilised in 1.5 mL of the same anhydrous solvent was added

dropwise to the previous solution. The reaction mixture was stirred at -30 °C for 40 minutes up to
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2 hours, then quenched with water at this temperature. The aqueous layer was extracted three times
with Et,0. The combined organic layers were washed with a saturated solution of NaCl, dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The diastereomeric ratio
was determined by °F NMR and confirmed by reverse-phase HPLC. The crude product was purified by
chromatography on silica gel using cyclohexane/AcOEt (100/0 to 80/20) to obtain 2,2-difluoro-1-
phenyl-2-(p-tolylsulfinyl)ethan-1-ol 7a as an oil.

B. Procedure B

In avial under argon were dissolved a,a-difluoromethyl p-tolyl sulfoxide 3a (1 equiv., 15 mg, 78.9 umol)
and benzaldehyde (1 equiv., 8.13 uL, 78.9 umol) in 1 mL of the appropriate anhydrous solvent. P4t-Bu
(0.8 M solution in hexane, 2 equiv., 0.197 mL, 0.158 mmol) was added dropwise to this solution cooled
to -30 °C. The reaction mixture was stirred at -30 °C for 2 hours, then quenched with water at this
temperature. The aqueous layer was extracted three times with Et,0. The combined organic layers
were washed with a saturated solution of NaCl, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The diastereomeric ratio was determined by °F NMR and
confirmed by reverse-phase HPLC. The crude product was purified by chromatography on silica gel
using cyclohexane/AcOEt (100/0 to 80/20) to obtain 2,2-difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-1-

ol 7a as an oil.
y. Procedure C

Hexane was removed under vacuum from 197 plL of the commercially available solution of P4t-Bu
(0.8 M in hexane, 2 equiv., 197 uL, 158 umol). The solid obtained was dissolved in 0.7 mL of freshly
distilled THF previously cooled to -30 °C. To a solution of a,a-difluoromethyl p-tolyl sulfoxide 3a
(1 equiv., 15 mg, 78.9 umol) and benzaldehyde (1 equiv., 8.13 L, 78.9 umol) dissolved in 1.8 mL of
freshly distilled THF at -30 °C was added dropwise the previous solution of P4t-Bu in THF. The reaction
mixture was stirred at -30 °C for 2 hours, then quenched with water at this temperature. The aqueous
layer was extracted three times with Et,0. The combined organic layers were washed with a saturated
solution of NaCl, dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The diastereomeric ratio was determined by °F NMR and confirmed by reverse-phase HPLC.
The crude product was purified by chromatography on silica gel using cyclohexane/AcOEt (100/0 to

80/20) to obtain 2,2-difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-1-ol 7a as an oil.
b. Determination of the diastereomeric ratios by °F NMR and reverse-phase HPLC

To confirm the accuracy of the diastereomeric ratio measured by °F NMR, the ratio was compared

with a determination by reverse-phase HPLC. See below one example (Table 1, Entry 2 of the corpus).
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1F NMR analysis — d.r. = 52.4 (diastereomer 1) : 47.6 (diastereomer 2)

b FL-CB0352crude.1729 2 (1D 19F) CDCI3 400MHz

= m il
1 ¥ ¥ 0 ARy
4
] L
T O OH
| ‘l x
T I 7"/©/ FF s s
ol o
j
D; h_J_JL_QJL llJL_nJL
Tl H H A ol SIS
";"“I-1oal I P P U P PU L T P T e am am

Reverse-phase HPLC analysis — d.r. = 52.35 (diastereomer 1) : 47.65 (diastereomer 2)

Chromatogram :
FL-CB0352crude_HPLC_v6_channel4

System : HPLC-1-PROSTAR Acquired : 7/24/2017 10:41:51 AM
Method : NOT DEFINED Processed : 7/24/2017 4:51:14 PM
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User : User1 Printed : 7/24/2017 4:51:47 PM
FL-CBO0352crude_HPLC_v6_not_saved DATA - 249.00.nm
350 ”
|
Y |
| |
2504 g |
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7a ‘
—, 200] /[ j F F ( j ‘
S | |
150] /| N
|
I
100} I i
.
5 §
g -
JE . S
Df Waste
0 5 10 15 20 25 30 35 40
Min
Peak results :
Index Name Time Quantity | Height Area| Area %
[Min] [% Area] | [mAU] _[mAU.Min] [%]
1 |UNKNOWHN | 3538 2.35) 3406 2348| 52350
2 |UNKNOWN|3932| (4765 2804 2137| 47.650]
Total 100.00.{.639.1 4485 | 100.000



Using °F NMR, we could measure a d.r. of 52.4:47.6 while using reverse-phase HPLC we measured a
d.r. of 52.35:47.65. Both results being identical within experimental error, it was decided to use

1F NMR to determine the diastereomeric ratios on each crude mixture.
¢. Maechanistic hypothesis
a. Evolution of the diastereomeric ratio over time

The diastereomeric excess of the reaction mixture (comprising 1 equiv. of benzaldehyde, 1 equiv. of
sulfoxide and 2 equiv. of P4t-Bu at -30 °C) increases over time. Hereafter are presented the procedure
that has been employed, the °F NMR analysis performed and the graphics showing this evolution over

time for the conditions cited above.

OH

(0] (0] o
g | P,-tBu (2 equiv.) in THF g
SCHF, * I ——
THF F F

-30°C,t

1 equiv. 1 equiv.
Procedure E

Hexane was removed under vacuum from 197 plL of the commercially available solution of P4t-Bu
(0.8 M in hexane, 2 equiv., 197 uL, 158 umol). The solid obtained was dissolved in 0.7 mL of freshly
distilled THF previously cooled to -30 °C. To a solution of a,a-difluoromethyl p-tolyl sulfoxide 3a
(1 equiv., 15 mg, 78.9 umol) and benzaldehyde (1 equiv., 8.13 uL, 78.9 umol) dissolved in 1.8 mL of
freshly distilled THF at -30 °C was added dropwise the previously prepared solution of P4t-Bu in THF.
0.4 mL of the reaction mixture were collected after 5 min, 15 min, 45 min and 2 h. These samples were
each time immediately quenched by syringing them into 2 mL of water. The aqueous phases were
extracted with Et,0 three times. The combined organic layers were washed with a saturated solution
of NaCl, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The

diastereomeric ratio was determined by °F NMR.
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19F NMR of the reaction mixture sampled after 5, 15, 45 and 120 minutes

- 24 o ‘ w0 w
St i = o8
o = @ o (e} OH © ©
3 2 [ 1 =
| | S ]
DO L
M FL-CB0392-2h.1737 2 (1D 19F)
M FL-CB0392-45min.1737 2 (1D 19F) 3 o
B FL:C80392-1 Smin.1737 2 (1D 19F) J - d.r.>99:1 =
Q * - oy o Sy
S~|m FL-CB0392-5min.1737 2 (1D 19F)
i 45 minutes
d.r, 93:7
1 JQL___A.L he —~ ” L
1 JAY
24 |
N 1S minutes
d.r. 73:27
- L o =2
| . | I I
| [ I |
100% conversion I | s
5 S minutes l
d.r. 62:38
= : L
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Evolution of the diastereomeric excess over time for two equivalents of P,t-Bu — Data

Time (min) Diastereomer 1*

Diastereomer 22

Diastereomeric excess (%)

5 62
15 73
45 93

120 99,5

38
27
7
0,5

2 The percentage of each diastereomer was determined via quantitative 1°F NMR integration

Evolution of the diastereomeric excess over time for two equivalents of P,t-Bu — Graphic
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B. Presence of a-fluoro-8-ketosulfoxide in the crude mixtures

P4tBumTHF Q OH 2 o
o ey S e - Y
THE FF e Fool=

7j 8j

-30°C,2h

Here is one example of the F NMR of a crude mixture showing the presence of the corresponding a-
fluoro-8-ketosulfoxide as side product of the reaction. The presence of this side product correlates the

assumed mechanism (cf. Scheme 3 of the manuscript).

4 [ S =
| d.r. 98:2 8j P
20% side product mono fluoro ketosulfoxide F
24

-120 -130 -140 -150 -180 -170 -180 -180

1°F NMR spectra of the crude mixture

Two diastereomers

o H NMR (400 MHz, CDCls) 6 (ppm) 8.22 (d, J = 2.8 Hz, 1H), 7.93 (d, J = 2.9 Hz,

8"/@/%)\@0 0.9H), 7.54 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.1 Hz, 1.8H), 7.44 (t, J = 1.6 Hz, 1H),
F —

7.37 (t,J=1.5Hz, 0.9H), 7.35 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.1 Hz, 1.8H), 6.81

(d, J = 1.6 Hz, 1H), 6.72 (d, J = 1.7 Hz, 0.9H), 5.87 (d, J = 50.5 Hz, 0.9H), 5.63
(d, J = 48.5 Hz, 1H), 2.43 (s, 3H), 2.39 (s, 2.7H). °F NMR (376 MHz, CDCls)
6 (ppm)—189.6 (dd, J=3.4 Hz, 50.4 Hz, 1F) and —190.7 (dd, /= 2.7 Hz, 48.4 Hz,
1F). IRv (cm™) 2926, 2874, 1725, 1669, 1596, 1558, 1514, 1493, 1456, 1382,
1288, 1161, 1143, 1119, 1080, 1057, 1016, 943, 873, 811, 745, 703. HRMS
(ESI positive) calcd for Ci3H::FNaO3S: 289.0305, found: 289.0294.
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5. Synthesis of a,a-difluoro-8-hydroxy sulfoxides 7a-n

a. 2,2-Difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-1-ol 7a

9 OH
S
DOR

Crude mixture — Diastereomeric ratio = 99:1 (°F NMR)
One diastereomer (major one with procedure C)

'H NMR (400 MHz, CDCl3) 6 (ppm) 7.63 (d, J = 7.9 Hz, 2H), 7.54-7.48 (m, 2H),
7.43-7.34 (m, 5H), 5.37 (dd, J = 8.3 Hz, 16.4 Hz, 1H), 3.54 (s, 1H), 2.45 (s, 3H).
19 NMR (376 MHz, CDCls) 6 (ppm) —114.5 (ABX system, Jas = Jr.r = 219.3 Hz,
Jax=Jur = 8.2 Hz, Jox = Jur = 16.3 Hz, Avag = 4311 Hz, 2F). 3C NMR (126 MHz,
CDCls) 6 (ppm) 143.8, 134.2, 132.8, 130.1, 129.6, 128.7, 128.2, 126.5, 123.4
(dd, J = 292.9 Hz, 311.5 Hz), 73.7 (t, J = 21.8 Hz), 21.8. IR v (cm?) 3265, 1595,
1493, 1456, 1205, 1106, 1085, 1067, 1033, 1013, 975, 812, 726, 697. HRMS
(ESI positive) calcd for CisH14F,Na0,S: 319.0575, found: 319.0588.

b. 2,2-Difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-1-ol 7b

O OH
1]

7b S
FF

Crude mixture — Diastereomeric ratio = 56:44 (**F NMR)
Two diastereomers — Diastereomeric ratio = 55:45 (9F NMR)

1H NMR (500 MHz, €DCl3) & (ppm) 7.60 (d, J = 7.8 Hz, 1.6H), 7.58 (m 3.6H),
7.54 (d, J = 8.1 Hz, 2.0H), 7.51-7.39 (m, 2.8H), 7.38-7.31 (m, 6.2H), 4.77 (br s,
0.7H), 4.35 (br s, 1H), 2.44 (s, 2.5H), 2.42 (s, 3H), 2.08 (s, 3H), 1.74 (s, 2.5H).
F NMR (472 MHz, CDCls) diastereomer 1, 6 (ppm) —110.5 (AB system,
Jag=Jre = 221.1 Hz, Avag = 5729 Hz, 1F); diastereomer 2, § (ppm) —112.5 (AB
system, Jas = Jr.r = 219.3 Hz, Avas = 6289 Hz, 0.7F). *C NMR (126 MHz, CDCls)
6 (ppm) 143.9, 143.8, 140.4, 139.0, 132.4, 132.3, 130.0, 130.0, 128.7, 128.7,
128.5, 128.2, 126.9, 126.8, 126.7, 126.4, 78.9 (t, J/ = 21.3 Hz), 77.9 (dd,
J=40.9 Hz, 20.4 Hz), 25.3, 24.3, 21.8, 21.7. IR v (cm™) 3350, 2922, 2852,
1597, 1494, 1449, 1379, 1123, 1082, 1066, 1042, 1016, 969, 810, 761, 699.
HRMS (ESI positive) calcd for Ci6H17F20,S: 311.0912, found: 311.0895.

c. 2,2-Difluoro-1-(naphthalen-1-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7c

0]
n

OH
0

Crude mixture — Diastereomeric ratio = 56:44 (**F NMR)
Two diastereomers — Diastereomeric ratio = 34:66 (**F NMR)

'H NMR (400 MHz, CDCls) 6 (ppm) 8.06 (d, J = 8.1 Hz, 0.5H), 7.93-7.83 (m,
4.5H), 7.79 (d, J = 7.7 Hz, 1H), 7.70-7.62 (m, 3H), 7.57-5.41 (m, 4.5H), 7.40-
7.34 (m, 3H), 6.34 (dd, J = 1.8 Hz, 22.6 Hz, 1H) 6.26 (dd, J = 5.1 Hz, 17.9 Hz,
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0.5H), 4.47-4.39 (br s, 1H), 3.89-3.82 (br s, 0.5H), 2.44 (s, 4.5H). **F NMR
(376 MHz, CDCls) diastereomer 1, & (ppm) -112.4 (ABX system,
Jae=Jrr=221.4 Hz, Jax = Jur = 5.4 Hz, Jox = Jur = 17.7 Hz, Avag = 5292 Hz,
0.34F).;  diastereomer 2, &6 (ppm) -112.9 (ABX system,
Jae = Jrp = 226.2 Hz, Jox = Jur = 21.8 Hz, Avpg = 2931 Hz, 0.66F). 3C NMR (126
MHz, CDCl;) 6 (ppm) 143.9, 143.7, 133.8, 133.6, 132.9, 132.9, 132.7, 131.5,
131.1, 130.6, 130.3, 130.2, 130.1, 129.9, 129.0, 129.0, 128.9, 127.1, 126.8,
126.8, 126.6, 126.5, 126.4, 125.9, 125.8, 125.4, 123.3, 123.1, 69.7 (dd,
J=20.4 Hz, 23.6 Hz), 66.9 (dd, J = 19.5 Hz, 28.6 Hz), 21.8, 21.7.

One diastereomer (major one with procedure C)

H NMR (400 MHz, CDCls) & (ppm) 8.06 (d, J = 8.3 Hz, 1H), 7.92-7.82 (m, 3H),
7.68 (d, J = 8.1 Hz, 2H), 7.58-7.48 (m, 3H), 7.39 (d, J = 8.1 Hz, 2H), 6.28 (ddd,
J=3.5Hz, 5.0 Hz, 18.5 Hz, 1H), 3.60 (d, J = 3.5 Hz, 1H), 2.46 (s, 3H). °F NMR
(376 MHz, CDCls) & (ppm) —112.3 (ABX system, Jag = Jrr = 221.2 Hz,
Jax=Jur = 4.8 Hz, Jox = Jur = 18.4 Hz, Avas = 5566 Hz, 2F). 13C NMR (126 MHz,
CDCl5) 6 (ppm) 143.9, 133.8, 133.0, 132.6, 131.5, 130.3, 130.2, 129.0, 127.1,
126.8,126.4,125.9,125.4,123.3 (d, J = 1.8 Hz), 69.7 (dd, J = 21.3 Hz, 23.8 Hz),
21.8.

IRv(cm™) 3307, 2925, 1597, 1514, 1493, 1398, 1192, 1087, 1041, 1015, 967,
789, 772, 739. HRMS (ESI positive) calcd for CigH17F20,S: 347.0912, found:
347.0889.

d. 2,2-Difluoro-1-(naphthalen-2-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7d

9 OH

7d S
7 0

Crude mixture — Diastereomeric ratio = 73:27 (**F NMR)
Two diastereomers — Diastereomeric ratio = 70:30 (**F NMR)

'H NMR (400 MHz, CDCl3) 6 (ppm) 8.00 (s, 0.7H), 7.94 (s, 0.3H), 7.90-7.81 (m,
3H), 7.67-7.59 (m, 2.7H), 7.57-7.47 (m, 2.3H), 7.4-7.34 (m, 2H), 5.63-5.50 (m,
1H), 4.33-4.15 (br s, 0.4H), 3.79-3.58 (br s, 0.8H), 2.44 (s, 3H). *F NMR
(472 MHz, CDCls) diastereomer 1, & (ppm) -114.5 (ABX system,
Jag=Jre = 218.5 Hz, Jax = Ju.r = 8.7 Hz, Jox = Jur = 14.7 Hz, Avag = 4735 Hz, 0.7F).
diastereomer 2, 6 (ppm) —113.5 (ABX system, Jap = Jer = 225.4 Hz,
Jex = Jnr = 21.7 Hz, Avag = 2483 Hz, 0.3F). *C NMR (126 MHz, CDCl;) 6 (ppm)
143.9, 143.8, 133.9, 133.8, 133.1, 133.1, 132.7, 132.7, 132.0, 131.6, 131.1,
130.2, 130.1, 128.5, 128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 127.8, 126.9,
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126.8,126.6,126.5,126.5,125.1,125.0,73.9(t,J=21.8 Hz), 71.7 (dd, = 20.4
Hz, 28.6 Hz), 21.8, 21.8. IR v (cm™) 3320, 2958, 2924, 2869, 1724, 1597, 1380,
1272,1193, 1107, 1085, 1041, 1015, 976, 951, 900, 863, 795, 749. IR v (cm™)
2957, 2925, 2856, 2872, 1726, 1596, 1491, 1463, 1380, 1274, 1142, 1122,
1075, 1040, 967, 810, 743, 703. HRMS (ESI positive) calcd for Ci9H16F2NaO,S:
369.0731, found: 369.0 718.

e. 2,2-Difluoro-1-(pyridin-2-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7e

9 OH

7e S I\
FF N~

Crude mixture — Diastereomeric ratio = 88:12 (**F NMR)
Two diastereomers — Diastereomeric ratio = 90:10 (9F NMR)

'H NMR (400 MHz, CDCls) 6 (ppm) 8.60 (br s, 1H), 7.81-7.72 (m, 2.7H), 7.65
(d, J = 7.8 Hz, 0.3H), 7.44-7.34 (m, 4H), 5.48 (d, J = 24.0 Hz, 0.1H), 4.92 (d,
J=15.0 Hz, 0.9H), 2.45 (s, 2.7H), 2.43 (s, 0.3H). °F NMR (376 MHz, CDCls)
diastereomer 1, 6 (ppm) —114.8 (ABX system, Jap = Jer = 220.0 Hz,
Jex=Jur=15.7 Hz, Avag = 2776 Hz, 0.9F); diastereomer 2, 6 (ppm) —117.4 (ABX
system, Jag = Jrr = 220.7 Hz, Jax=Jur=2.0 Hz, Jsx = Jur = 23.8 Hz,
Avag = 1145 Hz, 0.1F).

One diastereomer (major one with procedure C)

13C NMR (126 MHz, CDCls) § (ppm) 151.5, 148.2, 143.5, 137.7, 134.0, 130.1,

127.7 (dd, J = 299.7 Hz, 309.3 Hz), 126.7, 124.5, 123.0, 70.9 (t, J = 25.0 Hz),
21.8.

HRMS (ESI positive) calcd for C14H14F2NO,S: 298.0708, found: 298.0699.

f. 2,2-Difluoro-1-(pyridin-3-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7f

(I? OH

7f S X
F F | ~
N

Crude mixture — Diastereomeric ratio = 69:31 (**F NMR)
Two diastereomers — Diastereomeric ratio = 70:30 (**F NMR)

H NMR (400 MHz, CDCls) & (ppm) 8.67-8.47 (m, 2H), 7.94-7.84 (m, 1H), 7.67-
7.60 (m, 2H), 7.42-7.28 (m, 3H), 5.45 (d, J = 22.6 Hz, 0.3H), 5.34 (dd, J = 7.5 Hz,
16.8 Hz, 0.7H), 2.44 (s, 3H). **F NMR (376 MHz, CDCls) diastereomer 1,
6 (ppm) —113.9 (ABX system, Jag = Jer = 221.4 Hz, Jax=Jur=7.5 Hz
Jox =Jur=16.3 Hz, Avag = 4311 Hz, 0.7F); diastereomer 2, § (ppm) —114.3 (ABX
system, Jag = Jrr = 226.8 Hz, Jox = Ju-r = 22.5 Hz, Avas = 2403 Hz, 0.3F). *C NMR
(126 MHz, CDCls) 6 (ppm) 150.1, 149.9, 149.0, 148.8, 144.1, 143.9, 136.5,
136.3,132.5 (d, J = 3.2 Hz), 132.1 (d, J = 3.6 Hz), 131.1, 131.0, 130.2, 129.0,
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126.5,126.4,123.8,123.7,122.9 (dd, /= 292.0 Hz, 311.5 Hz), 71.9 (t, / = 22.7
Hz), 69.0 (dd, J = 19.5 Hz, 29.5 Hz), 21.8, 21.8.

One diastereomer (minor one with procedure C)

1H NMR (500 MHz, CDCls) 6 (ppm) 8.60 (s, 1H), 8.57 (d, J = 4.0 Hz, 1H), 7.86
(d, J=7.9 Hz, 1H), 7.64 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.32 (dd,
J=7.9 Hz, 4.9 Hz, 1H), 5.45 (dd, J = 1.1 Hz, 22.7 Hz, 1H), 2.45 (s, 3H). F NMR
(472 MHz, CDCl3) 6 (ppm) —113.8 (ABX system, Jag = Jre = 227.1 Hz,
Jox = Jur = 23.4 Hz, Avas = 3303 Hz, 2F). 3C NMR (126 MHz, CDCls) § (ppm)
150.2, 149.1, 143.9, 136.0, 132.0 (d, J = 2.3 Hz), 131.1, 130.2, 126.5, 124.2
(dd, J = 297.5 Hz, 305.2 Hz), 123.6, 69.0 (dd, J = 20.0 Hz, 29.1 Hz), 21.8.

IRv(cm™) 3059, 1597, 1493, 1429, 1186, 1110, 1086, 1057, 1043, 1033, 1016,
983, 810, 764, 710. HRMS (ESI positive) calcd for Ci4H14F,NO,S: 298.0708,
found: 298.0720.

g. 2,2-Difluoro-1-(thiophen-2-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7g

9 OH

79 S S
/©/FF W

Crude mixture — Diastereomeric ratio = 70:30 (**F NMR)
Two diastereomers — Diastereomeric ratio = 60:40 (°F NMR)

H NMR (400 MHz, CDCls) & (ppm) 7.63 (d, J = 7.7 Hz, 2H), 7.43-7.34 (m, 3H),
7.25(d,J= 3.3 Hz, 0.6H), 7.14 (d, J = 3.1 Hz, 0.4H), 7.05 (dd, J = 3.5 Hz, 4.9 Hz,
0.6H), 7.02 (dd, J = 5.0 Hz, 3.5 Hz, 0.4H), 5.73-5.59 (m, 1H), 4.86-4.62 (br s,
0.4H), 3.98-3.70 (br s, 0.6H), 2.45 (s, 3H). F NMR (376 MHz, CDCls)
diastereomer 1, 6 (ppm) —114.8 (ABX system, Jap = Jer = 218.0 Hz,
Jax=Jur=8.9 Hz, Jex = Jur = 14.3 Hz, Avag = 3787 Hz, 0.6F); diastereomer 2,
6 (ppm) —114.0 (ABX system, Jag = Jer = 222.1 Hz, Jex = Jur = 15.7 Hz,
Avag = 2026 Hz, 0.4F). 3C NMR (126 MHz, CDCl3) § (ppm) 143.9, 143.8, 137.2,
136.4 (d, J = 2.1 Hz), 132.6 (d, / = 3.6 Hz), 132.2 (d, J = 3.2 Hz), 130.2, 130.2,
128.3,127.6,127.4,127.2,127.0,127.0, 126.5, 126.5,123.4 (dd, J = 297.0 Hz,
305.2 Hz), 122.9 (dd, J = 293.8 Hz, 311.5 Hz), 70.2 (t, J = 22.7 Hz), 68.4 (dd, J
=20.4 Hz, 29.5 Hz), 21.8,21.7. IRv (ecm™) 3295, 2923, 1596, 1493,1435, 1198,
1179, 1113, 1085, 1041, 1015, 965, 856, 810, 785, 705. HRMS (ESI positive)
calcd for Ci3H12F,0,S;: 325.0139, found: 325.0148.
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h. 2,2-Difluoro-1-(thiophen-3-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7h

7h S
S
FF =

O OH
=

Crude mixture — Diastereomeric ratio = 55:45 (**F NMR)
Two diastereomers — Diastereomeric ratio = 54:46 (9F NMR)

'H NMR (400 MHz, CDCl3) § (ppm) 7.66-7.58 (m, 2H), 7.51 (d, J = 2.4 Hz,
0.56H), 7.44 (d, J = 2.8 Hz, 0.44H), 7.40-7.30 (m, 3H), 7.22 (d, J = 4.9 Hz,
0.56H), 7.15 (d, J = 5.0 Hz, 0.44H), 5.56-5.42 (m, 1H), 4.34 (d, J = 5.7 Hz,
0.44H), 3.58 (d, J = 3.9 Hz, 0.56H), 2.44 (s, 3H). 2°F NMR (376 MHz, CDCls)
diastereomer 1, & (ppm) —-114.6 (ABX system, Jas = Jer = 218.7 Hz,
Jax=Jur =9.5 Hz, Jax = Jur = 15.0 Hz, Avap = 3640 Hz, 0.54F); diastereomer 2,
5 (ppm) —113.7 (ABX system, Jag = Jrr = 224.8 Hz, Jox = Jur = 21.1 Hz,
Avag = 1925 Hz, 0.46F); 3C NMR (126 MHz, CDCls) & (ppm) 143.8, 143.7,
135.7,135.1 (d, J = 1.8 Hz), 132.8 (d, J = 3.6 Hz), 132.4 (d, J = 1.8 Hz), 131.1,
130.1, 129.0, 126.7, 126.6, 126.5, 126.4, 126.4, 125.6, 125.0, 123.3 (dd,
J=292.9 Hz, 310.6 Hz), 70.2 (t, J=22.7 Hz), 68.5 (dd, J = 20.9 Hz, 29.1 Hz),
21.8,21.8. IRv(cm™) 3325, 2958, 2924, 2872, 1722, 1596, 1493, 1414, 1401,
1279, 1195, 1111, 1085, 1043, 1015, 986, 930, 836, 810,766, 703. HRMS (ESI
positive) calcd for Ci3H12F2Na0,S;: 325.0139, found: 325.0126.

i. 2,2-Difluoro-1-(furan-2-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7i

(I)I OH

7i S (o)
/©/FF W,

Crude mixture — Diastereomeric ratio = 57:43 (**F NMR)
Two diastereomers — Diastereomeric ratio = 56:44 (**F NMR)

H NMR (400 MHz, CDCls) & (ppm) 7.68-7.60 (m, 2H), 7.47 (d, J = 1.1 Hz,
0.56H), 7.44 (d, /= 1.0 Hz, 0.44H), 7.38 (d, J = 7.8 Hz, 2H), 6.58 (d, J = 3.3 Hz,
0.56H), 6.53 (d, J = 3.2 Hz, 0.44H), 6.42 (dd, J = 1.7 Hz, 3.2 Hz, 0.56H), 6.40
(dd, J = 1.7 Hz, 3.3 Hz, 0.44H), 5.43 (d, J=21.2 Hz, 0.44H), 5.30 (dd,
J=10.3 Hz, 14.2 Hz, 0.56H), 4.32 (s, 0.44H), 3.56 (s, 0.56H), 2.44 (s, 3H).
F NMR (376 MHz, CDCls) diastereomer 1, § (ppm) —114.5 (ABX system,
Jag=Jer = 219.3 Hz, Jax=Jur = 10.2 Hz, Jox = Ju-e = 14.3 Hz, Avag = 3009 Hz,
0.56F); diastereomer 2, 6 (ppm) —113.9 (ABX system, Jag = Jer = 224.1 Hz,
Jox = Jur = 21.1 Hz, Avag = 1381 Hz, 0.44F). 3C NMR (126 MHz, CDCl3) 6 (ppm)
148.0, 147.5, 147.5, 143.9, 143.8, 143.7, 132.8 (d, J = 2.7 Hz), 132.1 (d,
J=3.2 Hz), 130.1, 130.1, 126.6, 126.5, 123.6 (dd, J = 297.0 Hz, 307.5 Hz),
123.5 (dd, J = 294.7 Hz, 308.4 Hz), 111.2, 110.9, 110.9, 110.7, 67.6 (t,
J=23.2 Hz), 66.2 (dd, J = 20.9 Hz, 30.0 Hz), 21.8, 21.8.
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One diastereomer (minor one with procedure C)

H NMR (500 MHz, CDCls) & (ppm) 7.62 (d, J = 6.7 Hz, 2H), 7.42 (d, J = 1.2 Hz,
1H), 7.36 (d, J = 6.4 Hz, 2H), 6.53 (d, J = 3.1 Hz, 1H), 6.37 (m, 1H), 5.51 (d,
J=19.5 Hz, 1H), 5.22 (m, 1H), 2.43 (s, 3H). 2°F NMR (472 MHz, CDCls) & (ppm)
—114.0 (AB system, Jas = Jer = 221.1 Hz, Avas= 1461 Hz, 2F). 3C NMR
(126 MHz, CDCl5) 6 (ppm) 148.3, 143.7, 143.6, 132.3, 130.0, 126.7, 110.7,
110.5, 65.4 (dd, J = 20.4 Hz, 29.1 Hz), 21.7.

IRv(cm™) 3296, 2925, 1597, 1495, 1196, 1147, 1115, 1085, 1047, 1014, 987,
936, 926, 795, 809, 745. HRMS (ESI positive) calcd for C13H13F205S: 287.0548,
found: 287.0560.

j- 2,2-Difluoro-1-(furan-3-yl)-2-(p-tolylsulfinyl)ethan-1-ol 7j

7j S
o)
FF I

O OH
=

Crude mixture — Diastereomeric ratio = 98:2 (9F NMR)
One diastereomer (major one with procedure C)

H NMR (400 MHz, CDCls) & (ppm) 7.66-7.60 (m, 3H), 7.45 (t, J = 1.7 Hz, 1H),
7.38 (d, J = 8.1 Hz, 2H), 6.54 (s, 1H), 5.35 (dd, J = 9.5 Hz, 15.5 Hz, 1H), 3.30-
3.10 (br's, 1H), 2.45 (s, 3H). °F NMR (376 MHz, CDCls) 6 (ppm) —114.9 (ABX
system, Jas = Jrr = 219.3 Hz, Jax=Jur=9.5 Hz, Jeix = Jur = 15.0 Hz,
Avag = 3627 Hz, 0.98F); [diastereomer 2 (minor one with procedure C)
6 (ppm) —114.0 (ABX system, Jag = Jer = 224.8 Hz, Jex = Jur = 20.4 Hz,
Avag = 1921 Hz, 0.02F)]. 3C NMR (126 MHz, CDCl3) § (ppm) 143.8, 142.1,
132.6, 132.6, 130.0, 126.4, 123.4 (dd, J = 293.4 Hz, 310.2 Hz), 119.4 (d,
J=2.7Hz), 109.3, 67.1 (t, J = 23.2 Hz), 21.7. IR v (cm™) 3324, 2926, 1761,
1730, 1596, 1494, 1454, 1286, 1196, 1161, 1112, 1085, 1042, 1016, 980, 953,
875, 811, 790. HRMS (ESI positive) calcd for Ci3H13F,03S: 287.0548, found:
287.0558.

k. 1,1-Difluoro-2-methyl-4-phenyl-1-(p-tolylsulfinyl)butan-2-ol 7|

% OH
7l S
FF

Crude mixture — Diastereomeric ratio = 60:40 (**F NMR)

First diastereomer (major one with procedure C)

1H NMR (500 MHz, CDCls) 6 (ppm) 7.64 (d, J = 7.9 Hz, 2H), 7.69 (d, J = 8.1 Hz,
2H), 7.31-7.25 (m, 2H), 7.23-7.16 (m, 3H), 2.87-2.73 (m, 2H), 2.46 (s, 3H), 2.18
(td, J = 5.0 Hz, 14 Hz, 1H), 1.98 (td, J = 5.5 Hz, 13.4 Hz, 1H), 1.71 (s, 3H).
1F NMR (472 MHz, CDCl;) & (ppm) —113.3 (AB system, Jap = Jrr = 220.0 Hz,
Avag = 6205 Hz, 2F). 3C NMR (126 MHz, CDCls) & (ppm) 143.8, 141.8, 132.5
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(d, J=3.6 Hz), 130.1, 128.6, 128.6, 126.8, 126.1, 123.8 (dd, J = 295.6 Hz,
318.8 Hz), 76.7 (unknown), 37.8, 29.1, 22.4, 21.8.

Second diastereomer (minor one with procedure C)

H NMR (500 MHz, CDCls) & (ppm) 7.63 (d, J = 7.9 Hz, 2H), 7.39 (d, J = 8.1 Hz,
2H), 7.35-7.29 (m, 2H), 7.26-7.19 (m, 3H), 2.93 (td, J = 4.8 Hz, 13.0 Hz, 1H),
2.80 (td, J= 5.5 Hz, 12.2 Hz, 1H), 2.46 (s, 3H), 2.31 (td, J = 4.8 Hz, 13.3 Hz, 1H),
2.20 (tdd, J = 2.1 Hz, 5.4 Hz, 12.2 Hz, 1H), 1.50 (s, 3H). °F NMR (472 MHz,
CDCls) & (ppm) —112.9 (AB system, Jag = Jr.r = 222.8 Hz, Avag = 5686 Hz, 2F).
13C NMR (126 MHz, CDCls) & (ppm) 143.9, 141.5, 132.4 (d, J = 4.1 Hz), 130.0,
128.7,128.6, 126.8, 126.3,39.4, 29.2, 22.9, 21.8.

IRv(cm™) 3369, 2924, 1724, 1598, 1495, 1455,1379,1288,1211, 1180, 1110,
1083, 1065, 1045, 1016, 985, 944, 809, 749, 701. HRMS (ESI positive) calcd
for CigH20F2Na0,S: 361.1044, found: 361.1047.

l.  2,2-Difluoro-1-(4-methoxyphenyl)-2-(p-tolylsulfinyl)ethan-1-ol 7m

(I? OH

7m S
F F

OMe

Crude mixture — Diastereomeric ratio = 79:21 (**F NMR)
Two diastereomers — Diastereomeric ratio = 79:21 (**F NMR)

H NMR (400 MHz, CDCls) & (ppm) 7.66-7.58 (m, 2H), 7.48-7.34 (m, 4H), 6.96-
6.86 (m, 2H), 5.38-5.25 (m, 1H), 3.82 (s, 2.3H), 3.80 (s, 0.7H), 2.44 (s, 3H).
F NMR (376 MHz, CDCls) diastereomer 1, 6 (ppm) —114.9 (ABX system,
Jag=Jrr = 218.0 Hz, Jax=Jur=8.9 Hz, Jex = Jur = 15.7 Hz, Avas = 3905 Hz,
0.79F); diastereomer 2, 6 (ppm) —113.8 (ABX system, Jas = Jer = 226.2 Hz,
Jex = Jur = 21.8 Hz, Avas = 2625 Hz, 0.21F).3C NMR (126 MHz, CDCls) & (ppm)
160.6, 160.4, 143.7, 143.6, 132.9 (dd, J = 2.3 Hz), 130.1, 129.6, 129.3, 126.6,
126.5, 126.4, 126.3 (d, J = 1.8 Hz), 123.6 (dd, J = 292.0 Hz, 309.7 Hz), 114.1,
114.0, 73.3 (t, J = 21.8 Hz), 71.0 (dd, J = 20.0 Hz, 29.1 Hz), 55.4, 55.4, 21.8,
21.7.1Rv(em™) 3325, 2925, 1611, 1498, 1589, 1513, 1463, 1443, 1305, 1249,
1175, 1105, 1085, 1032, 1016, 974, 841, 810, 789, 750, 703. HRMS (ESI
positive) calcd for CigH16F2NaOsS: 349.0680, found: 349.0676.
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6. Access to highly enantioenriched 2,2-difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-

|| P4t-Bu in THF o
“CHF, S
THF FF
-30°C,2h (S.)7a

97% e.e. 43%
97% e.e., 97:3 d.r.

1-ol (Ss)-7a

Hexane was removed under vacuum from 197 pL of the commercially available solution of
P4t-Bu (0.8 M in hexane, 2 equiv., 197 pL, 158 umol). The solid obtained was dissolved in 0.7
mL of freshly distilled THF previously cooled to -30 °C. To a solution of sulfoxide (S)-3a
(1 equiv., 15 mg, 78.9 umol) and benzaldehyde (1 equiv., 8.13 pL, 78.9 umol) dissolved in
1.8 mL of freshly distilled THF at -30 °C was added dropwise the previous solution of P4t-Bu in
THF. The reaction mixture was stirred at -30 °C for 2 hours, then quenched with water at this
temperature. The aqueous layer was extracted three times with Et,0. The combined organic
layers were washed with a saturated solution of NaCl, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The diastereomeric ratio was determined
by °F NMR. The crude product was purified by chromatography on silica gel using
cyclohexane/AcOEt (100/0 to 80/20) to obtain 2,2-difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-
1-ol (Ss)-7a (10 mg, 33.7 umol, 43%, 97% e.e., 97:3 d.r.) as an oil. The enantiomeric excess of
the product was determined by chiral HPLC wusing a Chiracel IC column
(n-hexane/i-PrOH = 80/20, flow rate: 0.5 mL/min, A =210 nm, t=10.1 min, 11.1 min, 21.2 min
and 25.1 min).

Crude mixture — Diastereomeric ratio = 97:3 (°F NMR)

One diastereomer (major one with procedure C)

(S)-7a H 'H NMR (400 MHz, CDCl3) 6 (ppm) 7.63 (d, J = 7.9 Hz, 2H), 7.54-7.48 (m, 2H),
7@ 7.43-7.35 (m, 5H), 5.39 (dd, J = 8.4 Hz, 16.6 Hz, 1H), 3.47 (s, 1H), 2.45 (s, 3H).
F NMR (376 MHz, CDCls) 6 (ppm) —114.4 (ABX system, Jag = Jr-r = 219.3 Hz,

Jax=Jur=7.5Hz, Jox = Jur = 17.0 Hz, Avas = 4447 Hz, 0.97F); [diastereomer 2
(minor one with procedure C) 6 (ppm) -113.4 (ABX system,
JAB: -/F—F =227.5 HZ, JBX = JH.F =23.2 HZ, AVAB = 2664 HZ, OO3F)]
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7. Access to highly enantioenriched 2,2-difluoro-1-phenyl-2-tosylethan-1-ol 9a

||
m- CPBA

o Q
25°C,24h

(Sg)-7a Quantitative
97:3d.r., 97% e.e. yield

To a solution of 2,2-difluoro-1-phenyl-2-(p-tolylsulfinyl)ethan-1-ol (Ss)-7a (1 equiv., 3.3 mg, 11.1 umol)
in 0.2 mL of anhydrous CH,Cl, was added m-CPBA (78% of active oxygen, 1.5 equiv., 3.74 mg,
16.7 umol) at 25 °C. The solution was stirred at this temperature for 24 hours. The reaction was
guenched with a saturated solution of Na;S,0s. The aqueous phase was extracted three times with
CH,Cl,. The combined organic phases were washed with a saturated solution of NaHCO3; and with a
saturated solution of NaCl, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The crude product was purified by chromatography on silica gel using
cyclohexane/AcOEt (100/0 to 80/20) to obtain 2,2-difluoro-1-phenyl-2-tosylethan-1-ol 9a (3.5 mg,

11.1 umol, quantitative yield) as a white solid.

H NMR (400 MHz, CDCls) & (ppm) 7.88 (d, J = 8.3 Hz, 2H), 7.51-7.45 (m, 2H),
o0 T 7.41 (d, J = 8.1 Hz, 2H), 7.40-7.36 (m, 3H), 5.56 (dd, J = 21.3 Hz, 2.1 Hz, 1H),
>8\(j 3.44-3.17 (brs, 1H), 2.48 (s, 3H). °F NMR (376 MHz, CDCls) 6 (ppm) —111.9

(ABX system, Jag = Jrr = 237.1 Hz, Jox = Jur = 21.1 Hz, Avag = 5850 Hz, 2F).
13C NMR (126 MHz, CDCls) 6 (ppm) 147.4, 133.8, 130.9, 130.3, 129.7, 129.7,
128.7,128.3,120.2 (dd, J=288.8 Hz, 298.4 Hz), 71.5 (dd, J = 20.0 Hz, 26.3 Hz),
22.1.1IRv(cm™) 3501, 3067, 2925, 1595, 1494, 1456, 1336, 1307, 1196, 1152,
1111, 1090, 1065, 996, 814, 736, 699. HRMS (ESI positive) calcd for
CisH14F,K05S: 351.0263, found: 351.0271.
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'H NMR (400 MHz, CDCls) — Purified 1a
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'H NMR (400 MHz, CDCls) — Purified 1b
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'H NMR (400 MHz, CDCls) — Purified 2a
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'H NMR (400 MHz, CDCls) — Purified (S)-2a
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Chiral HPLC — Reference racemic 2a

: CBT74A-rac

: CBT4A-rac01_01 led
cHex_IPA_8020_0-Smllcm
: 2016-04-21 Icb

- 11

“1ul

Sample Name
Data Filename
Method Filemame
Batch Filename
Vial #

Injection Volume

Date Acquired S 21042018 11:37:55 Acguired by - User-Adv
IC hexfipreh 80/20 0_.5mil
<PDA Chromatogram:
uAL
E PDA Multi 1 222nm,4nim
20000+ L)
] &
] &
17500
15000 ué}
] 6 o ' o5
- Joraa
] FF o,
10000+
7500H]
5000+
2500+ | | |
] I [
o (VNS B GRS B G N
|
1 o T B o o o L o o o o R o L o e e e R
1] 5 10 15 20 25 a0 a8 40
mim
<PDA Chromatogram:
Peak Tahle
PRy . sl | A% | Cagaciy Facerk] D TR Fro T
AEF . LIHME 1 s dpacily Factor) clel k) e } 0aa AR
| 23,308 IEI850 — 18313 253 = -] R T I SRR
] 30,087 37505 1350 LS 0314 B I35 I3 T60EE
Tatal 052813 32481 10:0.000
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Chiral HPLC — Reformatsky-type reaction

<Sample Information>

Sample Name
Data Filename
Method Filemame
Batch Filename

- CB120B-en0A

- CB120B-enD1_01.lcd

- Hex_IPA_8020_D-5mllcm
- 2015-05-09.Icb

Vial #
Injection Volume -1 ul
Date Acquired S 09052016 13:03:43
IC hexfiproh 80/20 0.5mi

t1-2

Acquired by

- User-Adv

<PDA Chramatagrarn}
uAl
71 PDA Multi 1 208nm,4nm|
_ d=]
4 e
e
250000 !
200000
150000+ 9 (e}
: OO
i FF (52
100000
A0 00+ |
] A {:::? 'l |
I‘ L
= 0 v - Fa P .
T T T T T T T T T T T T T T T T T T T T T T T T T T
lu] 5 10 15 20 25 30 a5 40
min
<PDA Chrarnatogram}
Peak Table
FRaEr y. Bl | A% | Capacity Faciok] TR ekl
ake . ims 27z apacity Factorn] 5001 C5H mbda max
| 13,84 3 =3 1308 ] [ e T N R
] 31,333 5320054 23015 BB, 04 [ E] R A e D) B AL )
Total 367232 254542 100,000

S36




Chiral HPLC — Honda-Reformatsky-type reaction

Sample Name
Data Filename
Method Filename
Batch Filename
“ial #

Injection Volume

- CB119B-enD1

- CB119B-enD1_01.lcd

- Hex_IPA_B020_D-5mllcm
- 2016-05-09 lcb

:1-1

“1ul

Cate Acquired S 090S2016 12:04:23 Acguired by - User-Adv
IC hexfipreh 80/20 0.Smi
<PDA Chromatogram=
uAl
- PDA Multi 1 208nm, 4nim
4 o
1 L)
350000 o
300000
EEDDED—_ 9 o
] S
- N %0/\
20000 FFo(s)2a
150000+
100000+
50000H] ;5? |
] '
] |r|| | |
] I [
3 AL .II IL B A _l"h_ —
T T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
o 5 10 15 20 25 an a5 40
min
<PDA Chrarnatagra m=
Pzak Table
PRt y. £ T T W T T ST ] Fesoltion TS0} s
AEF . LIme - ADACITY I ACToT S| L } 0O MR
PENIE) LEE) BT — s 1210 = - B LR L
] J1.EH0 TI0EISTY 324511 03,700 0318 0 453 I3 IR 335 560
Total 12856728 380224 1080 000
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'H NMR (400 MHz, CDCls) — Purified 2b
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'H NMR (400 MHz, CDCls) — Purified 3a
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13C NMR (126 MHz, CDCls) — Purified 3a
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ppm

1F NMR (376 MHz, CDCls) — Purified (S)-3a
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Chiral HPLC — Reference racemic 3a

Sample Name : CB129-racli6

Data Filename CCB129-racDE_06 lcd
Method Filename - Hex_IPA_2020_0-Smllem
Batch Filemame  : 2016-06-08.lch

Wial # :1-2
Injection Volume 1 ul
Date Acquired - 09062016 D1:29:29 Acguired by - User-Adv

IC hexfiproh 80/20 0.5mi

<PDA Chromatogram>

uAlU

35000+ PDA Multi 1 205nm, 4nm|

T
2 16

30000+

..I:_{Irs

250000 y

' ]

20000 R
] /©/ CHF,
] 3a

15000

o

(7]

100000+

=]
o
r‘_‘_'__
|-

min

<PDA Chromatogram>

Peak Table
%Ehl A Arza Heizht Area” Capacity F &N FesolutionT 58] Lambd
ke . Tima a7 apacity Factorn] 5001 CaB) mhda max
1 17,133 [ EED] 1 ] ELRED] ] o BT ST
b] 13058 GI0343T 241340 30,070 [EEE] 10,067 | IO 200 4T 335988
Total 17189851 556703 104000
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Chiral HPLC — Krapcho decarboxylation under thermal conditions — (S)-3a

Sample Name :CB1383CR-en01

Data Filename - CB133CR-en01_01 lcd
Methed Filename - Hex_ IPA_8020_0-5mllcm
Batch Filename - 2016-06-09.Icb

Wial # -1-3
Injection Volume - 1wl
Date Acquired - 0062016 09:38:37 Acguired by - User-Adv

IC hexfiproh 80/20 0.5ml

<PDA Chramatagrarn:r
uAl
PDA Multi 1 205nm,4nim
T ]
ZEDDED—_ .x':-."
200000+
150000 0
i So
] /@ CHF,
i (S)-3a
100000
50000+ .
i A
] A I
i [
T [ | i
o~ — . ] L
e I R e e e e I e o e e B e e e e LI e s e
o 5 o 5 20 25 30
min
<PDA Chrarnatagra m=
Pzak Table
POACH] 205nm
Peaks [ Elat 1'::12g U Area™c Capacity Factor{k" FesolutonT5E) Lambda max
1 | L] i) bR | [ -] — B2 ANES wIL R
] 13,330 GITTeES 03007 0347 O] B o T S
Taral BE40008 1040000
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Chiral HPLC — Krapcho decarboxylation under microwave conditions — (S)-3a

Sample Name s CB1394-en01
Data Filename
Method Filename
Batch Filename
Wial #

Injection Yolume

: 2016-06-09.Ich
14
1 ul

CB1394-2n01_01.led
cHex_IPA_8020_0-Smllcm

Date Acquired - 05062016 11:44:30 Acguired by cUser-Adv
IC hexfiproh 30/20 0_5mi
<PDA Chromatogram=>
usL
1 PDA Multi 1 205nm,Snim)|
] I
o
4 A
250000
200000+
b 0}
) s
] /@ “CHF,
150000 (S)-3a
100000+
50000+ |
4 i |
: n "l} | |
3 . B _ AN RN . i
T T T T T I T T T I T T T I T T T T I T T T T I T T T T
o] 4] 10 15 20 25 30
min
<PDA Chromatogram:
Peak Table
FRa Ry I Fesli | Ara’. | Capaciy Faconk] Fesahurion U5 T
KT . 1Ime i s ADACITY T actoT QU1 u } IE0aA AR
17108 i i 1] 13800 EREN = = I e T T E ST
] 10T GTOTEEE JORIET 05951 (SN 10,053 S0 TR ET566
Total GOR4684 281287 100,000
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Chiral HPLC — (S)-3a crystallised in Et,0

Sample Name
Data Filename
Method Filename
Batch Filename
Vial #

Injection Volume
Date Acquired

- CB227-cryst-blanc-en01

- CB227-cryst-blanc-en01_01.lcd
- Hex_IPA_ 8020 _0-5mllcm

2 2017-11-16.1cb

212

1ul

2 16/11/2017 15:48:49

Acquired by

IC Hex/IPA 80/20 0.5 ml/mi

<PDA Chromatogram>

- User-Adv

uAl
PDA Multi 1 205nm 4nm
A I~
_ $
] L
fi
- | |
200000 I
150000 ?S.’ | |
' PO |
| (S)-3a | |
100000+ ‘ |
50000+ [
J | ||
4 I |
- oy | |
4 cDr‘_? { \
o = ; ; / AN -
1 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
15,0 17,5 200 225 25,0 275 30,0
min
A Chl 205nm
Peak# Bet. Time Area Heicht Area®s Capacity Factor(k") Resolution(USF) Lambda max
1 18157 88753 4670 1442 N {270/754/655/48537
2 25.050 6065132 225213 08,558 0,380 11,250[204/220/247/658/394
Tota £153885 770892 100,000
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'H NMR (400 MHz, CDCls) — Purified 3b
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'H NMR (400 MHz, CDCls) — Purified 4
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H NMR (400 MHz, CDCls) — Purified (R,R)-6
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7a

Lo e o~ o @

{88 ¥ g3 B8

s Ul A At

S gom oo o @ oo

] 38 &2 i RS

17T 0T T T
=
2

] 7a L
| S
| fog:

o I

4 dor. >99:1

pem =110 =111 =112 =113 -114 -115 -116 =117 -118 -119 -120
'H NMR (400 MHz, CDCls) — One diastereomer — Purified 7a
- N |
= |

1 O OH

| jogge

R A )| TN

! (el

1,0
30

E L L L L L L L L O L L L L L B L B |
75 7 RS [ 58 s 45 4 35 = 25 2 15 1 ns n

$49



F NMR (376 MHz, CDCls) — One diastereomer — Purified 7a
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7b
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50

1F NMR (472 MHz, CDCl5) — Purified 7b
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7c
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'H NMR (400 MHz, CDCl3) — One diastereomer — Purified 7¢
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F NMR (376 MHz, CDCls) — One diastereomer — Purified 7¢
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13C NMR (126 MHz, CDCl3) — One diastereomer — Purified 7¢
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'H NMR (400 MHz, CDCls) — Purified 7d
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F NMR (472 MHz, CDCl;) — Purified 7d

B0S'GLL-
9LLGLL-
ere'glLL-
LIegLL-
£2r'aLL-
Emﬁ@:-/l
PPEGLL-
LBR°GLL-
201 LLL--=
Sm_d:-\l
624°601-
LLLB0OL-

592°601-
Lv2'60L-

7d

200 1LL- —

£28°01LL-

-18(

-160

-140

-120

-100

I
-80

I
-60

I
-40

I
-20

S57

M 5_
(1748 00l 08 09 ot (174 0 *




13C NMR (126 MHz, CDCls) — Purified 7d
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'H NMR (400 MHz, CDCls) — Purified 7e
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13C NMR (126 MHz, CDCl3) — Purified 7e
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'H NMR (400 MHz, CDCl3) — Purified 7f
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1F NMR (376 MHz, CDCls) — Purified 7f
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13C NMR (126 MHz, CDCl3) — Purified 7f
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13C NMR (126 MHz, CDCl3) — One diastereomer — Purified 7f
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7g

——~-116,433
—-116,489
—-117,027
T~-117,083
—~-118,878
T~-118,921
—~-119,453
T~-119,495

100

e 8228 O
Yy |
Il
79 ICI) OH
|| S S
forar
| d.r. 70:30
- L
I [ I I I
ppm 1m 12 -113 114 115

'H NMR (400 MHz, CDCls) — Purified 7g

S P P P P P P P P P P P P P P P P P P U0 WD D WD WD

1,0

3,846
— —2,448

—

S64



19F NMR (376 MHz, CDCls) — Purified 7g
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19F NMR (376 MHz, CDCls) — Crude mixture of 7h
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F NMR (376 MHz, CDCl;) — Purified 7h
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7i
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'H NMR (500 MHz, CDCl3) — One diastereomer — Purified 7i
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1F NMR (472 MHz, CDCl3) — One diastereomer — Purified 7i

ZrastLL-
248511~

OH
F

F

o=n

7i

AN'S

erzi-—  — |

108, 8,

\EEN
‘
T

|
7
i

05

-180

-160

-140

-120

-100

-80

-B0

-40

-20

13C NMR (126 MHz, CDCls) — Purified 7i

gaL 12
. S ———
eLL EY

7i

I
20

I
40

I
60

I
120

S70



ppm

13C NMR (126 MHz, CDCls) — One diastereomer — Purified 7i
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13C NMR (126 MHz, CDCls) — Purified 7j
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'H NMR (500 MHz, CDCl3) — First diastereomer — Purified 7I
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13C NMR (126 MHz, CDCl3) — First diastereomer — Purified 71
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F NMR (472 MHz, CDCls) — Second diastereomer — Purified 71
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19F NMR (376 MHz, CDCl3) — Crude mixture of 7m
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1F NMR (376 MHz, CDCl;) — Purified 7m
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19F NMR (376 MHz, CDCl3) — Crude mixture of (Ss)-7a
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19F NMR (376 MHz, CDCls) — Purified (Ss)-7a
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Chiral HPLC — Racemic 7a — Two diastereomers

Sample Name
Data Filename
Method Filename
Batch Filename
Wial #

Injection Volume
Drate Acquired

IC Hex/IPA 80720 0.5mlfmin

1 CB255A-drracl
- CB255A-drrac01_02 lcd
cHex_ IPA_8020_0-Smllcm
2 20M17-07-11.1ch
s 141
“lul
072017 17:01:49

Acquired by

- User-Adv

<PDA Chramatagrarn:v
uAal
b PDA Multi 1 210nm,4nm|
125000+ S
] & g
_ =
1 O OH
100000 -7Ta g
TEODOH
50000+ .
] <3€ -]
] 1" &
_ | § W
25000H I II II
| | [
1 L] [ 1 Il
i | [ {1 [ I| ||
\
M o\ )\
T T T T T T T T T T T T — T T T T T T
5 10 15 20 25 30
min
DA Chl 210nm
Peak# Ret. Time Area Height Area%o Capacity Factor(k") Resolution(USP) Lambda max
1 21.287 2857542 113392 490.898 - --{205/251/485/441/602
2 25,260 2869276 95014 50.102 0.187 5.409|205/251/655/485/569
Total 5726818 208406 100,000
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Chiral HPLC — Diastereopure racemic 7a — One diastereomer

Sample Name - CB382A _en(1

Data Filename - CB382A _en01_01.lcd
Method Filename : Hex IPA 8020 0-5mllcm
Batch Filename  :2018-07-03.Icb

Vial # 2141
Injection Volume -1 ul
Date Acquired -03/07/2018 16:29:42 Acquired by - User-Adv

1C Hex/IFA 80/20 0.5 mL/min

<PDA Chromatogram>

uAU
125000 N PDA Multi 1 210nm,4nm
] ¥
4 ’ o
' | &
100000 7a O OH &
_ I o
S 1
- Jor |
75000+ | ‘
50000~ ‘ ‘
25000+ ’ ‘ ‘ ‘ |
] | A | || | ||
i i 1]
v o | | |
B | VU S L |4 Il |
S I VU~ N N
e e o o N I A e e e o e e LA B p p o e S
0 5 10 15 20 25 30
min
ACh] 210nm
Pea.L'#l Ret. gﬁeg _ A \;a_ = He{%tgga .-“\Ie;;fhsgg Capacity Factor(k) Eeesolution(USE) £ ﬂt{dgﬁax
L1280 285 /542 2 a5 - - 5/441/602
2 35,260 2869276 93014 30,102 0.187 3.409 3/485/569
Tota 3776818 208406 100.000
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Chiral HPLC — Enantio- and diastereoenriched (Ss)-7a

Sample Name - CB603A_enl

Data Filename : CBe03A_en01_01.lcd
Method Filename - Hex_IPA_8020_0-Smllcm
Batch Filemame  : 2018-07-03.1cb

Wial # i e
Injection Volume -1 wl
Date Acquired - 03/07/2018 18:45:56 Acqguired by : User-Adv

IC HexfIPA 80720 0.5 mL/min

<PDA Ghramatagrarn}
uAl
500000 FDA ML{.I:!"IJI 1 210nm,£nm)
E g
] F A
40000+ |
30000+
1 O OH
] S)72 3
] )@ FF
20000+
10000+ | |
- h..._-\. o |
] |r|| p_r; | I|
4 " e ]
i I AN AY )N _
— 1T — — — — — T — — T
5 10 15 20 25 30
min
<PDA Ghrornatﬂgram:-
Peak Tahle
EDA Chl 210nm
Peak= | Fel [1me ATed Helght Aled s Capaciiy Faciank § Fesounon U5H] [ambda max
1 TLITS [ L7 ] 1305 -] B T L A S
3 1313 ELEREE] 15104 1308 [ T80 03251 EES
3 e 0 I T ) EENEEN o1 008 T,I62 3,301 J05251/830
Total] JER 0] ) il ] T00.
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14 NMR (400 MHz, CDCls) — Purified 8j
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'H NMR (400 MHz, CDCls) — Purified 9a
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13C NMR (126 MHz, CDCls) — Purified 9a
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