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An organocatalyzed asymmetric sulfa-Michael additiof thiocarboxylic acids tog-
trifluoromethyle,f-unsaturated ketones with a chiral bifunctional reesiquaramide as t
catalyst is presented. A wide range of chiral ketaompounddearing a sulfur atom anc
trifluoromethyl group at the stereogenic carbonteenould be obtained with excellent res
(up to 99% vyield, 97% ee) under mild conditions.eTdeveloped catalytic system is well-
tolerated to bothK)-and @)-g-trifluoromethylateds,S-unsaturated ketones.
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1. Introduction

Chiral sulfur-containing motifs are widespread inbebad
range of natural and unnatural biologically actm®ducts, as
well as pharmaceutically important compouhddn the other
hand, incorporating a trifluoromethyl group into amganic
molecular structure can greatly improve their pbagsichemical,
and biological properties, such as enhanced bindeigctivity,
higher lipophilicity, and increased metabolic skiap? With the
objective to design potential new drugs, the develm of
efficient strategies for the enantioselective sgsif of new
skeletons possessing a sulfur atom and a trifluetbyh group
together into a carbon atom is valuable. As expectacherous
biologically active compounds containing a sulfitora and a
trifluoromethyl group at the stereogenic carbonteemxist in
fact (Fig. 1) For example, (R)-trifluoromethyl y-sulfone
hydroxamate is the potent inhibitor of MNP23Therefore,
development of simple and convenient strategies the
construction of chiral molecules bearing a sulftona and a
trifluoromethyl group at the stereogenic carbonteeis not only
a necessity for biochemists and medicinal chembsis$,also a
challenge for organic synthetic chemists.
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Fig. 1. Biologically active compounds bearing a sulfur atemd a
trifluoromethyl group at the stereogenic carborteen
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Asymmetric sulfa-Michael addition of sulfur-centdre
nucleophiles to electron-deficient alkenes has ivede
tremendous attention and has been recognized asmtist
efficient and straightforward method to create dhre8 bonds.
Meanwhile, well-documented approaches to access afigtic
active chiral trifluoromethylated compounds are mow in
recent years.Many approaches for the construction of chiral
skeletons bearing a sulfur atom and a trifluororylegnoup at the
stereogenic carbon center have been rep8itmvever, most of
the developed methods were restricted to the suitdél
addition of thiols to trifluoromethydsf-unsaturated substrates.
Furthermore, we found that thiocarboxylic acidsclass of good
sulfur-centered nucleophiles, have not been exgldce react
with trifluoromethyle,f-unsaturated substrates the synthesis
of such chiral skeletons. More recently, our graaported an
efficient organocatalyzed enantioselective conjedatddition of
sodium bisulfite tog-trifluoromethylea,f-unsaturated ketones to
access a series of optically active sulfonic acidsaring a
tertiary stereocenter containing a trifluorometlyybup and a
SOH group? As part of our interest in asymmetric
organocatalysi$, during our studies, we have found that
trifluoromethyla,f-unsaturated keton®sare able to react with
thiocarboxylic acids by using suitable chiral biftional
organocatalysts for the direct construction of ahimolecules
bearing a sulfur atom and a trifluoromethyl group the
stereogenic carbon center. It is noteworthy that dbeeloped
protocol is well-tolerated to both Efand (2)f-
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trifluoromethylateds,f-unsaturated ketones. Herein we wish to80% ee (Table 1, entry 16). We were gratified tal finat the ee

report our research results on this subject.

2. Results and discussion

Table 1
Optimization of reaction conditiofis
)Oj\/A  posy  Cat20moi%) j\jf"
Ph CF3 solvent, T,4-6h  Ph CF3
1a 2a 3a

F:R =MeO
G:R=H

entry Cat. solvent ee (%)
1 A CH:Cl, 10
2 B CH:Cl, 53
3 C CH.CI, -6
4 D CH:Cl; 52
5 E CH.Cl, -45
6 F CH:Cl; 73
7 G CH:Cl; 61
8 H CH.Cl, -66
9 | CH:Cl, -68
10 F toluene 75
11 F xylenes 77
12 F MTBE 77
13 F CHiCN 28
14 F ethyl acetate 51
15 F  MTBE/xylenes= (1:5) 0 99 79
16 F MTBE/xylenes= (1:5) -40 99 80
17 F  MTBE/xylenes= (1:5)  -40 99 84
18 F  MTBE/xylenes= (1:5)  -40 99 88

“Unless noted, the reactions were carried out Wwah(0.1 mmol),2a
(0.12 mmol), and 20 mol % catalyst in 1.0 mL ofveoit at specified
temperature for 4-6 h. MTBE = Methtgrt-butyl ether

PIsolated yield.

‘Enantiomeric excess was determined by chiral HPh&lyais.

% mL of solvent was used.

%50 mg 4 A MS was used.

We initiated our investigation by examining the rabd
reaction of E)-g-trifluoromethylateds,f-unsaturated ketonéa
and thioacetic aci@a with different organocatalysts in GEl, at
0 °C. With 20 mol % commercial quinind as catalyst, the
reaction gave the desired prod@etin 99% yield with only 10%
ee (Table 1, entry 1). And then, using cinchonidieeved
thiourea bifunctional cataly® for the reaction3a was obtained
in 99% vyield with 53% ee (Table 1, entry 2). In fresence of

could be elevated to 84% by reducing the substrates
concentration (Table 1, entry 17). Ultimately, adgf0 mg 4 A
molecular sieves (MS) into the reaction mixtureg #e value
could be further improved to 88% (Table 1, entry. 18
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Scheme 1.Substrate scope of asymmetric sulfa-Michael aafulitdf
thiocarboxylic acids toH)-g-trifluoromethylateds,-unsaturated ketones.
Reaction conditions: the reactions were carriedvatit 1 (0.1 mmol),2
(0.12 mmol), 50 mg 4 A MS, and 20 mol % catalfstn 5.0 mL of
MTBE/xylenes (1:5) at -46C for 6-12 h. The ee values were determined
by chiral HPLC.

With the optimized reaction conditions in hatitg substrate
scope of the enantioselective sulfa-Michael additi@f
thiocarboxylic acids to E)-g-trifluoromethyl«,f-unsaturated
ketones was examined. As shown in Scheme 1, instading
electron-donating or electron-withdrawing group ittte phenyl
ring of (E)-g-trifluoromethylw,f-unsaturated ketones, regardless
of their different positions, the Ej-g-trifluoromethyle,s-
unsaturated ketones could react smoothly with tkit@cacid,
delivering the corresponding produ@s-p in quantitative yields
with moderate to excellent ee values. It should &edthat the
substituent atortho-position of the phenyl ring of B-4-
trifluoromethyle,f-unsaturated ketones gave poor
enantioselectivity, possibly due to the steric kirohce effect
(for products3d and3p). Moreover, product8q and3r bearing

o
o

catalystC, 3awas obtained in nearly racemate (Table 1, entry 3jwo substituent groups could be readily obtaineduantitative

Furthermore3a could be obtained in 99% yield with 52% ee by yields with 93% and 92% ee,

employing Takemoto's cataly® (Table 1, entry 4). Different
squaramide catalysts, which had a longer distantselea the
two donor hydrogen atoms than that of thioureéasere screened
and quinine-derived squaramide catalffsis better than other
squaramide catalysts and G-H in term of enantioselectivity,

respectively. Furtheemor
heteroaromatic ring substituted substrates alsoveproto be
amenable to this developed protocol, and the cooreding
products 3su could be obtained with satisfactory results.
Introducing sterically hindered 2-naphthyl subgtiitigroup into
the a,f-unsaturated ketone had no obvious effect on taetio,

(Table 1, entry 6ss entries 5 and 7-9). Afterwards, experimentsyielding 3v in 99% yield with 84% ee. Nevertheless, an aliphatic

were carried out with different single solvents imthg toluene,

substrate could still proceed smoothly under thandsrd

xylenes, MTBE, CHCN and ethyl acetate, and it revealed thatconditions and furnished produwv in 99% vyield with 67% ee.

xylenes and MTBE were better than other solventdblérd,
entry 10-14). Despite all this, the enantioselestiwvas still
unsatisfactory. Therefore, we further screened miffe mixed
solvents and found that the mixture solvent of MT:BEenes

On the other hand, a survey of thiocarboxylic acibs¢rates was
also conducted. Thiobenzoic acid could react Wihproviding
3x in 99% vyield with only 20% ee. Some aliphatic sitbstd
thiocarboxylic acids serving as nucleophiles additio substrate

(viv=1:5) gave3a in quantitative yield with 79% ee (Table 1, 14, the reaction provided the produBgz in quantitative yields

entry 15). Lowering the reaction temperature to°@®@esulted in
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with moderate ee values. Unfortunately, the reactigth p- the reaction could smoothly proceed to completiffiprding
trifluoromethyl$,p-disubstituteds,f-unsaturated ketonda' as  the corresponding products in quantitative yield$ Ww0-96% ee
substrate proceeded slowly under the standard domslitgiving  with Sconfiguration. It suggests that the catalytic eystis
3a' with only a trace amount, and maybe it was due tdiipely = compatible to both E)-and @)-g-trifluoromethylateds,s-
steric hindrance at thg-position. Finally, we tried to use unsaturated ketones.

different thiophenols as nucleophiles to react with in the o0 shc SO
standard conditions, and the expected proditise’ were Clj@)\/v\cﬁ H,0,, HCOOH CID)‘\A
obtained with quantitative yields, but in low ee \eslu o CHz%zhO °C
MTBE/xylenes = 1:5 Ph R' 2
! 2 4AMS, -40°C 3 NaBH, O oF

EtOH, 0°C
2h BnO 5

69% yield, 99:1 dr, 92% ee

(o] SH
N
50°C,24 h BhO 6

MeOQOH/HCI

In order to evaluate the important role of the &twc 88% yield, 92% ee
withdrawing Ck group in the sulfa-Michael addition, some Scheme 4Different transformations of the prodi8d and3r.
control experiments were carried out (Scheme 2).hWite
aforementioned standard conditions, the reaction (EF1-
phenylbut-2-en-1-one 16a) with 2a became sluggish, an
afforded the desired produ8aain 80% yield with only 10% ee
along with prolonging reaction time to 12 h (Schethgb)).
Similarly, changing the GFgroup of g-trifluoromethyle,s-
unsaturated ketone to phenyl group, the reactiso hAecame
sluggish, and the corresponding prodsab was formed in 75%
yield with 49% ee after 12 h (Scheme 2 (c)). Conmuaihe
results of the reactions of differeng-trifluoromethylea,s-
unsaturated ketones wita (Scheme 2), we concluded that (1) .
carbon-carbon double bond déf3-unsaturated ketone was better
activated by the electron-withdrawing £group than methyl or
phenyl group, and hence accelerated undergoing shifa-
Michael addition®®®'2 (2) it could be some extra H-bonding
between the catalyst and trifluoromethyl group whighybe lead
to higher stereoselectivify.

R'=CF3(1a), 6h 3a, 99% yield, 88% ee  (a)

R'=Me (1aa), 12h 3aa, 80% yield, 10% ee  (b)

R'=Ph (1ab), 12h 3ab, 75% yield, 49% ee  (c) :@J\/k
Scheme 2Control experiments to evaluate the role of thg @6up in

the sulfa-Michael addition reaction. sz e

In order to highlight the potential utility of thimethodology,
4 some transformations of the products into otherpmmds were
performed. ProducBqg could be oxidized to sulfonic acid by
using 30% HO, and formic acid, giving compourdl in 99%
yield without loss of the enantioselectivity. Theluetion of the
carbonyl moiety oBr into hydroxyl group with NaBkldelivered
product5 in 69% yield with 99:1 dr and 92% ee. The absolute
configuration of5 was assigned by comparing electronic circular
dichroism (ECD) spectrum which was recorded in MeOH with
the theoretically calculated resulfsTreating3r with 12 M HCI
in MeOH at 50°C for 24 h, the unprotected thi6l could be
obtained in 88% yield with 92% ee.

O SAc
O CF; [o] F (20 mol %) 5
R1J\/ * Me)LSH MTBE/xylenes = 1:5 R1JK/\CF3
4AMS,-40°C,6-24h t
21 22 (53 Fig. 2. X-ray crystal structure d@r.
0 Shc 0 Shc 9 $hc The absolute configuration of prodiBit was determined to be
WCFs Q)\/\CFS D)\ACFS R-configuration by single-crystal X-ray analysis (Fi@)*
Me cl Assuming through a common reaction pathway, the atesol
(S)-3a, 99% vyield, 94% ee  (S)-3b, 99% yield, 93% ee (S)-3i, 99% yleld 93% ee configuration Of the other products was assignedrbyogy.
(0]
C|\©)\A /©)‘\A J@)\A 3. Conclusion
OsN ..
(S)-3], 99% yield, 92% ee (s> 3k, 99% yield, 93% ee  (S)-3n, 99% yield, 93% ee In summary, we have developed an efficient orgamdyzatd
0 enantioselective sulfa-Michael addition of thioaatlic acids to
OZN\©)\A @*ﬂ ]@)‘\A p-trifluoromethyleo,f-unsaturated ketones using the cinchona-
derived squaramide bifunctional catalyst. With ttheveloped
(S)-30, 99% yield, 90% ee S) -31, 99% yield, 93% ee (S) 3r, 99% yield, 96% ee protocol, a Wlde range Of Chlral ketone Compoundarlbg a

Scheme 3.Substrate scope of asymmetsalfa-Michael addition of : :
thioacetic acid to Z)-g-trifluoromethylateds,f-unsaturated ketones. sulfur atom and a ifluoromethyl group at the stggenic carbon

Reaction conditions: the reactions were carriedwtit (7)-1 (0.1 mmol), ~ center could be obtained with excellent resultst(up9% yield,
2a(0.12 mmol), 50 mg 4 A MS, and 20 mol % catalysn 5.0 mL of  97% ee). Importantly, this catalytic system was walkrated to
MTBE/xylenes (1:5) at -468C for 6-24 h. The ee values were determined hoth €)- and @)-p-trifluoromethylateds,f-unsaturated ketones.
by chiral HPLC. The usefulness of the protocol was also demonstragethe

Importantly, @)-g-trifluoromethylateds,s-unsaturated ketone conversions of the products into other compoundsithEr
(2)-1a could also react smoothly with thioacetic acid unthe ~ investigations on the synthetic application of thisthodology
standard conditions, givingS-3a in 99% yield with 94% ee. are ongoing in our laboratory.

Hence, in order to explore the effectadd- andtrans-isomers of 4 Experimental section Conclusion
p-trifluoromethylateds,s-unsaturated ketones on the reaction, wey 1 General

further examined the scope of asymmetric additibthimacetic Reagents were purchased from commercial sourcesvered
acid to diverseZ)-p-trifluoromethylateds,f-unsaturated ketones |;seq as received unless mentioned otherwise. Reacti@re
under the standard conditions (Scheme 3). By imwating  monitored by TLC.'H NMR and ®C NMR spectra were

various groups on the aromatic ring E[H?-trifluoro_rnathylated- recorded in CDGland DMSOd,. '"H NMR chemical shifts are
a,f-unsaturated ketones, irrespective of the subistitupattern,  yeported in ppm relative to tetramethylsilane (TM&ith the
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solvent resonance employed as the internal stan(@€k at

7.26 ppm, DMSQdg at 2.50 ppm). Data are reported as follows:Hz),

chemical shift, multiplicity (s = singlet, br s xdad singlet, d =
doublet, t = triplet, q = quartet, m = multiplethupling constants
(Hz) and integration’®C NMR chemical shifts are reported in
ppm from tetramethylsilane (TMS) with the solvergamance as
the internal standard (CDgCht 77.20 ppm, DMS@g at 39.51
ppm). Melting points were recorded on a Buchi MgtfPoint B-
545.

4.2. General experimental procedures for asymmetric
synthesis of compounds 3In an ordinary vial equipped with a
magnetic stirring bar, the compourtd§0.10 mmol), 50 mg dried
4 A MS and catalysF (20 mol %) were dissolved in 5.0 mL of
MTBE/xylenes (1:5), stirred for 15 minutes at -40 and then
the compound2 (0.12 mmol) was added. After completion of
the reaction at -40 °C, the reaction mixture wasedally purified
by flash chromatography on silica gel (petroleumrheet
dichloromethane = 4:1~1:1) to give the desired pob8.

421 (R)-S(1,1,1-Trifluor o-4-oxo-4-phenyl butan-2-yl)
ethanethioate (3a). Colorless oil; 27.4 mg; 99% vyield; 88% ee;
[0]p?®® = -104.1 (c 1.50, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectiore&# nm;
tr = 8.69 min (major), 7.81 min (minorfH NMR (300 MHz,

Tetrahedron

128.6, 128.6, 125.9 (d} = 276.2 Hz), 125.3, 40.5 (d4,= 30.8
36.9, 300, 21.2; HRMS (ESI-TOF) Calcd.
CiH15F:0,SNa [M+Na]: 313.0481, found: 313.0485.

424 (R)-S(1,1,1-Trifluor o-4-oxo-4-(o-tolyl)butan-2-yl)
ethanethioate (3d). Colorless oil; 28.9 mg; 99% vyield; 42% ee;
[a]p®® = -45.2 (c 1.49, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 3/97; flow rate = 0.7 mL/min; UV detectior2&4 nm;
tr = 10.84 min (major), 9.59 min (minot NMR (300 MHz,
CDCly) 8 7.59 (d,J = 7.8 Hz, 1H), 7.44-7.35 (m, 1H), 7.32-7.22
(m, 2H), 4.97-4.79 (m, 1H), 3.51-3.26 (m, 2H), 2.483H),
2.37 (s, 3H);*C NMR (75 MHz, CDC}) § 197.1, 190.9, 138.8,
136.4, 132.2, 132.0, 128.4, 125.9 Jor 276.3 Hz), 125.8, 40.6
(g,J = 30.8 Hz), 39.5, 30.0, 21.2; HRMS (ESI-TOF) Calfrt.
Cy5H13F0,SNa [M+NaJ: 313.0481; found: 313.0482.

425 (R)-S(1,1,1-Trifluoro-4-(4-methoxyphenyl)-4-oxobutan-2-

yl) ethanethioate (3€). Colorless oil; 30.4 mg; 99% vyield; 77%
ee; p]p?°= -117.2 (c 1.56, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;
tr= 18.71 min (major), 13.40 min (minoftd NMR (300 MHz,
CDCly) 6 7.97-7.82 (m, 2H), 7.01-6.88 (m, 2H), 5.01-4.82 (m,
1H), 3.86 (s, 3H), 3.42 (d] = 6.7 Hz, 2H), 2.37 (s, 3H)C
NMR (75 MHz, CDC}) & 192.1, 191.1, 164.0, 130.4, 129.0,

for

CDCly) & 7.98-7.88 (m, 2H), 7.63-7.55 (m, 1H), 7.52-7.42 (m,126.0 (d,J = 276.2 Hz), 114, 55.5, 40.4 (§,= 30.8 Hz), 36.4,

2H), 5.02-4.82 (m, 1H), 3.54-3.38 (m, 2H), 2.36 (s,;3F0
NMR (75 MHz, CDC}) & 193.6, 190.9, 135.8, 133.7, 128.7,
128.0, 125.9 (q) = 276.0 Hz), 40.2 (g] = 30.8 Hz), 36.9, 29.9;
HRMS (ESI-TOF) Calcd. for GH;;F:O,SNa [M + NaJ:
299.0324; found: 299.0325.

(9-S(1,1,1-Trifluoro-4-oxo-4-phenylbutan-2-yl)  ethanethioate
(3a). Colorless oil; 27.5 mg; 99% yield; 94% ee}f°= +107.2

30.1; HRMS (ESI-TOF) Calcd. for ;@4,5F0sSNa [M+NaJ:
329.0430, found: 329.0431.

426 (R)-S(1,1,1-Trifluoro-4-(3-methoxyphenyl)-4-oxobutan-2-
yl) ethanethioate (3f). Colorless oil; 30.1 mg; 99% vyield; 89% ee;
[0]p?® = +94.3 (c 1.39, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;

(c 1.38, CHQ)); the enantiomeric excess was determined byz = 7.89 min (major), 9.43 min (minorfH NMR (300 MHz,

HPLC on Chiralpak IA columni-propanolh-hexane = 5/95;
flow rate = 1.0 mL/min; UV detection at 254 nta= 7.92 min
(major), 8.93 min (minor).

422 (R)-S(1,1,1-Trifluor o-4-oxo-4-(p-tolyl)butan-2-yl)
ethanethioate (3b). Colorless oil; 29.1 mg; 99% yield;81% ee;
[0]p®® = -118.3 (c 1.48, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectiorR&# nm;
tr = 9.24 min (major), 8.72 min (minorfH NMR (300 MHz,
CDCl) 5 7.83 (d,J = 8.2 Hz, 2H), 7.27 (d] = 8.1 Hz, 2H), 5.01—
4.81 (m, 1H), 3.45 (d] = 6.3 Hz, 2H), 2.41 (s, 3H), 2.37 (s, 3H);
*C NMR (75 MHz, CDC)) § 193.2, 190.9, 144.7, 133.5, 129.4,
128.2, 126.0 (dJ = 276.2 Hz), 40.4 (q] = 30.9 Hz), 36.8, 30.0,
21.6; HRMS (ESI-TOF) Calcd. for ;@H,5F;0,SNa [M+NaJ:
313.0481, found: 313.0489.

(9-S(1,1,1-Trifluoro-4-oxo-4-(p-tolyl)butan-2-yl) - ethanethioate
(3b). Colorless oil; 29.0 mg; 99% yield; 93% ee]°= +124.5

(c 1.46, CHCJ); the enantiomeric excess was determined b

HPLC on Chiralpak IA columni-propanolh-hexane = 5/95;
flow rate = 1.0 mL/min; UV detection at 254 nta= 7.86 min
(major), 9.70 min (minor).

423 (R)-S(1,1,1-Trifluoro-4-oxo-4-(m-tolyl ) butan-2-yl)
ethanethioate (3c). Colorless oil; 28.7 mg; 99% yield; 86% ee;
[0]p?® = -111.2 (c 1.43, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&# nm;
tr = 6.98 min (major), 6.44 min (minorfH NMR (300 MHz,

CDCly) § 7.73 (d,J = 8.2 Hz, 2H), 7.46-7.32 (m, 2H), 5.01-4.84

(m, 1H), 3.47 (dJ = 6.3 Hz, 2H), 2.41 (s, 3H), 2.38 (s, 3HC
NMR (75 MHz, CDC}) 5 193.8, 190.9, 138.7, 135.9, 134.5,

CDCl,) & 7.53-7.43 (m, 2H), 7.42-7.33 (m, 1H), 7.17-7.06 (m,
1H), 5.01-4.81 (m, 1H), 3.84 (s, 3H), 3.54-3.37 (m,, 238 (s,
3H); **C NMR (75 MHz, CDCJ) & 193.5, 190.9, 160.0, 137.2,
129.8, 125.9 (qJ = 276.3 Hz), 120.6, 120.3, 112.3, 55.4, 40.3 (q,
J = 30.8 Hz), 37.1, 30.0; HRMS (ESI-TOF) Calcd. for
CyaH13F505SNa [M+Na]: 329.0430; found: 329.0433.

4.2.7 (R-S(1,1,1-Trifluoro-4-(4-fluorophenyl)-4-oxobutan-2-yl)
ethanethioate (3g). Colorless oil; 29.1 mg; 99% vyield; 88% ee;
[a]p®® = -100.6 (c 1.50, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tr = 9.75 min (major), 7.73 min (minorfH NMR (300 MHz,
CDCly) 4 8.06—7.88 (m, 2H), 7.21-7.05 (m, 2H), 4.99-4.81 (m,
1H), 3.55-3.36 (m, 2H), 2.38 (s, 3HJC NMR (75 MHz, CDC))

5 192.1, 190.8, 166.1 (d, = 254.6 Hz), 132.4 (d) = 3.0 Hz),
130.8 (d,J = 9.4 Hz), 125.9 (q) = 276.3 Hz), 116.0 (d] = 22.0
Hz), 40.3 (gJ = 30.9 Hz), 36.9, 30.0; HRMS (ESI-TOF) Calcd.
for CyH1F,0,SNa [M+Na]: 317.0230, found: 317.0231.

y

4.2.8 (R)-S(1,1,1-Trifluoro-4-(3-fluorophenyl)-4-oxobutan-2-yl)
ethanethioate (3h). Colorless oil; 29.2 mg; 99% vyield; 91% ee;
[a]p?® = -104.1 (c 1.52, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tx = 7.55 min (major), 6.61 min (minorfH NMR (300 MHz,
CDCly) 6 7.74-7.67 (m, 1H), 7.65-7.57 (m, 1H), 7.52-7.42 (m,
1H), 7.34-7.25 (m, 1H), 4.99-4.81 (m, 1H), 3.58-3:181 ZH),
2.39 (s, 3H);®*C NMR (75 MHz, CDCJ) § 192.5 (d,J = 2.2 Hz),
190.8, 162.9 (dJ = 247.2 Hz), 138.0 (d] = 6.2 Hz), 130.5 (d
=7.7 Hz), 125.8 (@) = 276.3 Hz), 123.8 (dl = 3.1 Hz), 120.8 (d,
J=21.4 Hz), 114.9 (d] = 22.4 Hz), 40.3 (¢J = 31.1 Hz), 37.3,



30.0; HRMS (ESI-TOF) Calcd. for ,¢H,0F4O,SNa [M+Na]:
317.0230, found: 317.0226.

4.2.9 (R)-S-(4-(4-Chlorophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3i). Colorless oil; 31.4 mg; 99% vyield; 89% ee;
[0]p?®® = -125.3 (c 1.55, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tr= 11.03 min (major), 8.94 min (minorH NMR (300 MHz,
CDCly) 6 7.87 (d,J = 8.5 Hz, 2H), 7.45 (d] = 8.5 Hz, 2H), 5.01—
4.77 (m, 1H), 3.55-3.34 (m, 2H), 2.38 (s, 3HC NMR (75
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(minor); '*H NMR (300 MHz, CDC}) 6 8.04 (d,J = 8.1 Hz, 2H),
7.75 (d,J = 8.2 Hz, 2H), 5.03-4.79 (m, 1H), 3.61-3.40 (m, 2H),
2.39 (s, 3H);*C NMR (75 MHz, CDCJ) & 192.9, 190.8, 138.6,
135.1 (qJ = 32.9 Hz), 128.5, 125.9 (4,= 3.8 Hz), 125.8 (o] =
276.2 Hz), 123.4 (q) = 271.1 Hz), 40.3 (¢J = 31.3 Hz), 37.4,
300 (d, J 2.6 Hz); HRMS (ESI-TOF) Calcd. for
C1aH10Fs0,SNa [M+NaJ: 367.0198; found: 367.0194.

(9-S(1,1,1-Trifluoro-4-oxo-4-(4-(trifluoromethyl) phenyl ) butan-
2-yl) ethanethioate (3I). Colorless oil; 34.2 mg; 99% vyield; 93%
ee; i]p*°= +86.1 (c 1.71, CHG); the enantiomeric excess was

MHz, CDCLk) 4 192.5, 190.9, 140.4, 134.2, 129.5, 129.2, 125.8 (gletermined by HPLC on Chiralpak IA columitpropanolh-

J = 276.3 Hz), 40.2 (¢J = 31.0 Hz), 37.0, 30.1; HRMS (ESI-
TOF) Calcd. for GH;CIF;0,SNa [M+Na]: 332.9934; found:
332.9941.

(9-S-(4-(4-Chlorophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3i). White solid; 31.5 mg; 99% vyield; 93% ee;
[0]p®® = +86.7 (¢ 1.92, CHG); m.p. = 54.9-55.7 °C; the
enantiomeric excess was determined by HPLC on Chkalf
column:i-propanolh-hexane = 5/95; flow rate = 1.0 mL/min; UV
detection at 254 nntz = 8.31 min (major), 10.89 min (minor).

4.2.10 (R)-S(4-(3-Chlorophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3j). Colorless oil; 30.6 mg; 99% vyield; 87% ee;
[0]p®° = -106.8 (c 1.58, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak AD-H colunirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;
tr = 8.61 min (major), 7.50 min (minorfH NMR (300 MHz,

hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;
tr= 7.63 min (major), 9.92 min (minor).

4.2.13 (R)-S-(4-(4-Cyanophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3m). Colorless oil; 29.7 mg; 99% vyield; 86% ee;
[0]p®® = -97.9 (c 1.49, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectiar284 nm;
tr= 25.60 min (major), 23.51 min (minorftd NMR (300 MHz,
CDCl) & 8.08-7.96 (m, 2H), 7.85-7.71 (m, 2H), 4.99-4.77 (m,
1H), 3.61-3.34 (m, 2H), 2.39 (s, 3HJC NMR (75 MHz, CDC))

5 192.6, 190.7, 138.7, 132.6, 128.5, 125.7 &5 276.3 Hz),
117.6, 117.1, 40.2 (§,= 31.1 Hz), 37.5, 30.0; HRMS (ESI-TOF)
Calcd. for GiH;oFsNO,SNa [M+Na]: 324.0277, found:
324.0283.

4.2.14 (R)-S(1,1,1-Trifluoro-4-(4-nitrophenyl)-4-oxobutan-2-yl)

CDCly) 6 7.93-7.86 (m, 1H), 7.85-7.76 (m, 1H), 7.62—7.52 (m ethanethioate (3n). White solid; 31.8 mg; 99% vyield; 91% ee;

1H), 7.49-7.38 (m, 1H), 5.00—4.81 (m, 1H), 3.57-3:184 ZH),
2.39 (s, 3H);*C NMR (75 MHz, CDC)) § 192.5, 190.8, 137.4,
135.2, 133.7, 130.1, 128.2, 126.2, 125.8)(e, 276.3 Hz), 40.2
(q, J = 31.0 Hz), 37.2, 30.0; HRMS (ESI-TOF) Calcd. for
C1H1CIF;0,SNa [M+NaJ: 332.9934, found: 332.9947.

(9-S-(4-(3-Chlorophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3j). Colorless oil; 31.4 mg; 99% vyield; 92% ee;
[0]p?® = +109.7 (c 1.57, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak AD-H colunirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tr= 6.95 min (major), 8.30 min (minor).

4.2.11 (R)-S(4-(4-Bromophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3k). White solid; 35.0 mg; 99% vyield; 90% ee;
[0]p®® = -108.1 (c 1.85, CHG) m.p. = 69.1-70.1 °C; the
enantiomeric excess was determined by HPLC on Chkalf
column:i-propanolh-hexane = 5/95; flow rate = 1.0 mL/min; UV
detection at 254 nniz= 11.93 min (major), 9.12 min (minorH
NMR (300 MHz, CDC)) § 7.86—7.73 (m, 2H), 7.67-7.56 (m,
2H), 5.08-4.71 (m, 1H), 3.57-3.27 (m, 2H), 2.39 (s,;3fQ
NMR (75 MHz, CDC}) é 192.7, 190.8, 134.6, 132.1, 129.5,
129.1, 125.8 (gJ = 276.3 Hz), 40.3 (q] = 30.9 Hz), 37.0, 30.0;
HRMS (ESI-TOF) Calcd. for GH;BrF0,SNa [M+NaJ:
376.9429, found: 376.9440.

(9-S-(4-(4-Bromophenyl)-1,1,1-trifluor o-4-oxobutan-2-yl)
ethanethioate (3k). White solid; 35.1 mg; 99% vyield; 93% ee;
[0]p®® = +98.1 (c 2.34, CHG); m.p. = 71.2-71.7 °C; the
enantiomeric excess was determined by HPLC on Chkalf
column:i-propanolh-hexane = 5/95; flow rate = 1.0 mL/min; UV
detection at 254 nntz = 8.84 min (major), 11.73 min (minar)

4212 (R)-S(1,1,1-Trifluor o-4-oxo-4-(4-
(trifluoromethyl)phenyl)butan-2-yl) ethanethioate (3l). Colorless
oil; 34.1 mg; 99% vyield; 91% eeq]p,°= -84.6 (c 1.77, CHG);
the enantiomeric excess was determined by HPLC oralghk
IA column:i-propanolh-hexane = 5/95; flow rate = 1.0 mL/min;
UV detection at 254 nmtz = 10.24 min (major), 7.95 min

[0]p® = -121.1 (c 1.49, CHG); m.p. = 109.2-110.1 °C; the
enantiomeric excess was determined by HPLC on Chkalp
column: dichloromethane/n-hexane 30/70; flow rate 1.0
mL/min; UV detection at 254 nntz= 22.07 min (major), 19.69
min (minor);"H NMR (300 MHz, CDCJ) 5 8.41-8.27 (m, 2H),
8.17-8.02 (m, 2H), 5.06-4.57 (m, 1H), 3.82-3.32 (), 2.41
(s, 3H);"*C NMR (75 MHz, CDC}) § 192.4, 190.7, 150.8, 140.2,
129.2,125.7 (gJ = 276.5), 124.1, 40.2 (d} = 31.1 Hz), 37.8,
30.1; HRMS (ESI-TOF) Calcd. for ,@4,;FsNO,SNa [M+NaJ:
344.0175, found: 344.0166.

(9-S(1,1,1-Trifluoro-4-(4-nitrophenyl)-4-oxobutan-2-yl)
ethanethioate (3n). White solid; 31.8 mg; 99% vyield; 93% ee;
[0]p?®® = +132.9 (c 0.92, CHG) m.p. = 108.5-108.9 °C; the
enantiomeric excess was determined by HPLC on Chkalp
column: dichloromethane/n-hexane 30/70; flow rate 1.0
mL/min; UV detection at 254 nntz= 19.16 min (major), 23.43
min (minor).

4.2.15 (R)-S(1,1,1-Trifluoro-4-(3-nitrophenyl)-4-oxobutan-2-yl)
ethanethioate (30). Colorless oil; 31.9 mg; 99% vyield; 89% ee;
[0]p?® = -108.6 (c 1.61, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;
tr= 17.57 min (major), 15.64 min (minorft4 NMR (300 MHz,
CDCly) 4 8.82-8.67 (m, 1H), 8.55-8.37 (m, 1H), 8.34-8.21 (m,
1H), 7.80-7.64 (m, 1H), 5.00-4.83 (m, 1H), 3.65-3&3 ZH),
2.40 (s, 3H);*C NMR (75 MHz, CDCJ) & 191.8, 190.7, 148.5,
137.1, 133.6, 130.2, 128.0, 125.7 Jds 276.5 Hz), 123.0, 40.2
(q, J = 31.1 Hz), 37.5, 30.1; HRMS (ESI-TOF) Calcd. for
CyH10FsNO,SNa [M+NaJ: 344.0175, found: 344.0177.

(9-S(1,1,1-Trifluoro-4-(3-nitrophenyl)-4-oxobutan-2-yl)
ethanethioate (30). Colorless oil; 31.8 mg; 99% vyield; 90% ee;
[0]p?® = +105.7 (c 1.61, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&4 nm;
tr= 15.59 min (major), 17.69 min (minor).
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4.2.16 (R)-S(1,1,1-Trifluoro-4-(2-nitrophenyl)-4-oxobutan-2-yl)
ethanethioate (3p). Colorless oil; 31.9 mg; 99% vyield; 69% ee;
[0]p®® = -42.7 (c 1.65, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IC column: ethambixane
= 5/95; flow rate = 1.0 mL/min; UV detection at 254 ;nip=
18.05 min (major), 13.30 min (minorfH NMR (300 MHz,
CDCly) & 8.13 (dd,J = 8.2, 1.0 Hz, 1H), 7.80-7.71 (m, 1H),
7.69-7.60 (m, 1H), 7.40 (dd,= 7.5, 1.3 Hz, 1H), 4.96-4.72 (m,
1H), 3.43 (ddJ = 18.5, 4.1 Hz, 1H), 3.24 (dd,= 18.5, 9.2 Hz,
1H), 2.42 (s, 3H);°C NMR (75 MHz, CDCJ) 6 196.0, 190.9,
145.6, 136.5, 134.4, 131.1, 127.5, 125.6)(¢,276.4 Hz), 124.6,
41.0 (d,J = 1.6 Hz), 39.9 (gJ = 31.1 Hz), 30.0; HRMS (ESI-
TOF) Calcd. for GH;FsNO,SNa [M+Na]: 344.0175, found:
344.0174.

4.2.17 (R)-S-(4-(3,4-Dichlorophenyl)-1,1,1-trifluoro-4-oxobutan-
2-yl) ethanethioate (3qg). White solid; 34.2 mg; 99% yield; 93%
ee; p]p® = -119.8 (c 1.58, CHG); m.p.= 89.1-90.2 °C ; the
enantiomeric excess was determined by HPLC on Chkalf
column:i-propanolh-hexane = 5/95; flow rate = 1.0 mL/min; UV
detection at 254 nntz= 8.71 min (major), 7.91 min (minorH
NMR (300 MHz,CDCls) 4 8.00 (d,J = 2.0 Hz, 1H), 7.75 (dd =
8.4, 2.0 Hz, 1H), 7.56 (d] = 8.4 Hz, 1H), 4.98-4.79 (m, 1H),
3.53-3.30 (m, 2H), 2.39 (s, 3H)'C NMR (75 MHz, CDC)) &
191.6, 190.8, 138.5, 135.3, 133.6, 131.0, 130.7,01225.7 (dJ

= 276.3 Hz), 40.2 (q] = 31.1 Hz), 37.1, 30.1; HRMS (ESI-TOF)
Calcd. for G,H4Cl,F;0,SNa [M+Na]: 366.9545, found:
366.9557.

4218 (R)-S(4-(4-(benzyloxy)-3-nitrophenyl)-1,1,1-trifluoro-4-
oxobutan-2-yl) ethanethioate (3r). White solid; 42.1 mg; 99%
yield; 92% ee; §]p™° = -104.9 (c 2.07, CHG); m.p.= 95.8-
96.4 °C ; the enantiomeric excess was determinedRyC on
Chiralpak IA column:i-propanolh-hexane = 5/95; flow rate =
1.0 mL/min; UV detection at 254 nntg = 54.80 min (major),
60.00 min (minor);'H NMR (300 MHz, CDCJ) & 8.40 (d,J =
2.2 Hz, 1H), 8.09 (ddj = 8.8, 2.2 Hz, 1H), 7.51-7.30 (m, 5H),

7.22 (d,J = 8.9 Hz, 1H), 5.32 (s, 2H), 4.99-4.80 (m, 1H), 3.53—

3.34 (m, 2H), 2.38 (s, 3HJ’C NMR (75 MHz, CDC}) & 190.8,
190.7, 155.6, 139.8, 134.5, 133.6, 128.8, 128.8.412126.9,
125.8, 125.8 (qJ = 276.3 Hz), 114.89, 71.5, 40.2 (= 31.0
Hz), 36.9, 30.0; HRMS (ESI-TOF) Calcd. forg8;sFsNOsSNa
[M+Na]": 450.0593; found: 450.0575.

(9-S-(4-(4-(benzyl oxy)-3-nitrophenyl)-1,1,1-trifluoro-4-
oxobutan-2-yl) ethanethioate (3r). White solid; 42.3 mg; 99%
yield; 96% ee; ¢]p° = +98.6 (c 2.12, CHG); m.p.= 95.8-
96.7 °C ; the enantiomeric excess was determinedRilyC on
Chiralpak IA column:i-propanolh-hexane = 5/95; flow rate =
1.0 mL/min; UV detection at 254 nntz = 59.83 min (major),
56.47 min (minor).

4.2.19 (R)-S(1,1,1-Trifluoro-4-(furan-2-yl)-4-oxobutan-2-yl)
ethanethioate (3s). Colorless oil; 26.4 mg; 99% yield; 90% ee;
[0]p?®® = -115.3 (c 1.38, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior&# nm;
tr= 11.77 min (major), 9.38 min (minortH NMR (300 MHz,
CDCl) & 7.66—7.55 (m, 1H), 7.24 (d,= 3.6 Hz, 1H), 6.60—6.51
(m, 1H), 4.95-4.76 (m, 1H), 3.43-3.20 (m, 2H), 2.38K); °C
NMR (75 MHz, CDCl,) 6 190.8, 182.8, 151.9, 146.9, 125.8 {q,
= 276.4 Hz), 117.8, 112.6, 40.0 (§,= 31.1 Hz), 36.7, 30.0;
HRMS (ESI-TOF) Calcd. for gHoF;0;SNa [M+NaJ: 289.0117,
found: 289.0112.

4.2.20 (R)-S(1,1,1-Trifluoro-4-oxo-4-(thiophen-2-yl)butan-2-yl)
ethanethioate (3t). Colorless oil; mg; 99% yield; 85% ee]f”
-103.2 (c 1.44, CHG); the enantiomeric excess was
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determined by HPLC on Chiralpak IA columipropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tz= 10.91 min (major), 9.27 min (minoH NMR (300 MHz,
CDCly) 6 7.72 (ddJ = 3.8, 1.0 Hz, 1H), 7.69 (dd,= 5.0, 1.1 Hz,
1H), 7.15 (ddJ = 4.9, 3.9 Hz, 1H), 4.99-4.75 (m, 1H), 3.51-3.31
(m, 2H), 2.37 (s, 3H)**C NMR (75 MHz, CDCJ) 5 190.7, 186.5,
143.0, 134.6, 132.4, 128.3, 125.8 J&; 276.5 Hz), 40.41 (q] =
31.0 Hz), 37.5, 30.0; HRMS (ESI-TOF) Calcd.
CioHsF:0,S,Na [M+NaJ: 304.9888; found: 304.9893.

4221 (R-S(1,1,1-Trifluoro-4-oxo-4-(pyridin-2-yl)butan-2-yl)
ethanethioate (3u). Colorless oil; 27.5 mg; 99% vyield; 97% ee;
[a]p?® = -115.9 (c 1.33, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior284 nm;
tz = 8.21 min (major), 6.97 min (minorfH NMR (300 MHz,
CDCly) 6 8.71-8.63 (m, 1H), 8.06—7.98 (m, 1H), 7.89-7.77 (m,
1H), 7.55-7.45 (m, 1H), 5.07-4.80 (m, 1H), 3.82 (@ 18.6,
9.4 Hz, 1H), 3.69 (ddJ = 18.6, 4.4 Hz, 1H), 2.36 (s, 3H)C
NMR (75 MHz, CDC}) & 195.7, 191.2, 152.2, 149.0, 137.0,
127.7, 125.9 (dJ = 276.3 Hz), 122.0, 40.2 (§, = 31.0 Hz),
36.46 (d,J = 1.2 Hz), 30.0; HRMS (ESI-TOF) Calcd. for
Cy1H10FsNO,SNa [M+NaJ: 300.0277; found: 300.0271.

4.2.22 (R)-S(1,1,1-Trifluoro-4-(naphthal en-2-yl)-4-oxobutan-2-
yl) ethanethioate (3v). Colorless oil; 32.4 mg; 99% vyield; 84%
ee; p]p?°= -184.2 (c 1.57, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectiore&# nm;
tr= 11.60 min (major), 9.58 min (minot NMR (300 MHz,
CDCly) 6 8.43 (s, 1H), 8.05-7.93 (m, 2H), 7.94-7.83 (m, 2H),
7.68-7.51 (m, 2H), 5.09-4.93 (m, 1H), 3.71-3.56 (), 2.39
(s, 3H);*C NMR (75 MHz, CDCJ) § 193.6, 190.9, 135.8, 133.3,
132.4, 129.9, 129.6, 128.9, 128.7, 127.8, 127.6.012q,J =
276.3 Hz), 123.52, 40.5 (¢} = 30.9 Hz), 37.0, 30.0; HRMS
(ESI-TOF) Calcd. for GH13sF;0,SNa [M+NaJ: 349.0481; found:
349.0482.

4.2.23 (R)-S(1,1,1-Trifluor o-4-oxo-5-phenyl pentan-2-yl)
ethanethioate (3w). Colorless oil; 28.7 mg; 99% yield; 67% ee;
[a]p?® = -51.6 (c 1.40, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&# nm;
tr = 7.02 min (major), 6.42 min (minorfH NMR (300 MHz,
CDCl) & 7.41-7.25 (m, 3H), 7.23-7.14 (m, 2H), 4.78-4.60 (m,
1H), 3.72 (s, 2H), 3.00 (dd,= 18.1, 4.4 Hz, 1H), 2.86 (dd,=
18.1, 9.2 Hz, 1H), 2.35 (s, 3H)’C NMR (75 MHz, CDCL) &
201.7,190.8, 132.9, 129.4, 128.9, 127.4, 125.6 €q276.3 Hz),
50.0, 39.9 (gJ = 31.0 Hz), 39.8, 30.0; HRMS (ESI-TOF) Calcd.
for C,aH15F:0,SNa [M+Na]: 313.0481, found: 313.0476.

4.2.24 (R)-S(1,1,1-Trifluoro-4-oxo-4-phenyl butan-2-yl)
benzothioate (3x). Colorless oil; 33.6 mg; 99% vyield; 20% ee;
[a]p®® = -8.0 (c 1.83, CHG); the enantiomeric excess was
determined by HPLC on Chiralpak IA columirpropanolh-
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior2&# nm;
tr= 17.14 min (major), 15.88 min (minoftd NMR (300 MHz,
CDCl,) 6 8.06—-7.88 (m, 4H), 7.66—7.54 (m, 2H), 7.53-7.39 (m,
4H), 5.31-5.15 (m, 1H), 3.61 (d,= 6.7 Hz, 2H);"*C NMR (75
MHz, CDCly) 6 193.6, 187.2, 136.0, 135.7, 134.1, 133.7, 128.8,
128.8, 128.1, 127.6, 126.1 @F 276.5 Hz), 40.0 (1) = 30.8 Hz),
37.4; HRMS (ESI-TOF)  Calcd. for,@H,5F:0,SNa [M+NaJ:
361.0481, found: 361.0464.

4.2.25 (R)-S(1,1,1-Trifluoro-4-oxo-4-phenylbutan-2-yl) 2-(4-
chlorophenyl)ethanethioate (3y). colorless oil; 38.4 mg; 99%
yield; 68% ee; ¢]o°= -38.3 (c 2.03, CHG); the enantiomeric
excess was determined by HPLC on Chiralpak IA column:

for
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propanolh-hexane = 5/95; flow rate = 1.0 mL/min; UV detection 4.2.30 (R)-3-((4-Bromophenyl)thio)-4,4,4-trifluoro-1-
at 254 nmiz= 15.60 min (major), 10.05 min (minor¥d NMR phenylbutan-1-one (3€’). colorless oil; 38.7 mg; 99% vyield; 35%
(300 MHz, Chloroformd) & 7.90 (d,J = 7.5 Hz, 2H), 7.65-7.56 ee; ]p*°= -31.3 (c 1.80, CHG); the enantiomeric excess was
(m, 1H), 7.52—7.44 (m, 2H), 7.29 @= 8.4 Hz, 2H), 7.18 (d] = determined by HPLC on Chiralpak IA column: ethandiéxane
8.3 Hz, 2H), 5.02-4.86 (m, 1H), 3.84 (s, 2H), 3.55-3r@82H); = 1/99; flow rate = 1.0 mL/min; UV detection at 254 ;nip=
¥C NMR (75 MHz, Chlorofornd) § 193.5, 192.5, 135.8, 133.8, 9.69 min (major), 14.39 min (minor)H NMR (400 MHz,
133.7, 131.0, 130.8, 128.9, 128.8, 128.0, 125.8 {4278.2 Hz),  Chloroformd) & 8.06—7.93 (m, 2H), 7.69-7.62 (m, 1H), 7.58—
49.0, 40.3 (gJ = 31.0 Hz), 36.9; HRMS (ESI-TOF)  Calcd.  7.45 (m, 6H), 4.37-4.22 (m, 1H), 3.52 (dd= 18.0, 10.1 Hz,
for C,gH,,CIF;0,SNa [M+Na]:409.0253, found:409.0266. 1H), 3.37 (dd,J = 18.0, 3.1 Hz, 1H)}°C NMR (101 MHz,
4226 (R-S(1LLTrifluioro-4-oxo-4-phenyibutan-2yi) 3 <gepoopt'd) 0 1943, 1362, 1356, 1339, 132.4, 131.8, 1289,
. . ) . 2, .8 (@) = 277 Hz), 123.4, 47.4 (d,= 29.8 Hz), 37.6;
phenylpropanethioate (32). colorless oil; 36.4 mg; 99% yield; HRMS (ESI-TOF) Calcd. for GH,BrE,0SNa [M+Na:
. 20 . : : . 12 3 .
71% ee; §]p~ = -45.8 (c 2.11, CHGJ; the enantiomeric excess 4109637 found: 410.9650
was determined by HPLC on Chiralpak IA colurpropanolh- ' ' ' ' '
hexane = 5/95; flow rate = 1.0 mL/min; UV detectior288 nm; 4.2.31 (S-S(4-Oxo-4-phenylbutan-2-yl) ethanethioate (3aa).
tr = 10.48 min (major), 8.10 min (minofd NMR (300 MHz,  Colorless oil; 17.8 mg; 80% vyield; 10% ee]{°= -5.9 (c 1.20,
Chloroformd) 6 7.99-7.91 (m, 2H), 7.67-7.58 (m, 1H), 7.55— CHCl); the enantiomeric excess was determined by HPLC on
7.46 (m, 2H), 7.33-7.25 (m, 2H), 7.24-7.15 (m, 3H);754.91  Chiralpak IC column: ethanoh/exane = 2/98; flow rate = 0.7
(m, 1H), 3.59-3.37 (m, 2H), 3.07-2.97 (m, 2H), 2.9862(m, mL/min; UV detection at 254 nmz= 13.07 min (major), 11.87
2H); **C NMR (75 MHz, Chlorofornd) & 193.8, 193.6, 139.5, min (minor); '"H NMR (300 MHz, CDCJ) & 8.02-7.91 (m, 2H),
135.9, 133.8, 128.8, 128.5, 128.3, 128.1, 126.4.92q,J =  7.61-7.51 (m, 1H), 7.50-7.41 (m, 2H), 4.17-4.00 (h), B.43
278.1 Hz), 45.2, 40.0 (¢} = 31.1 Hz), 37.0, 31.1; HRMS (ESI- (dd,J=16.7,5.0 Hz, 1H), 3.12 (dd= 16.7, 8.3 Hz, 1H), 2.29 (s,
TOF) Caled. for GeH;/FO,SNa  [M+Nal:389.0799, 3H), 1.39 (d,J = 7.0 Hz, 3H);"*C NMR (75 MHz, CDC)) 5
found:389.0815. 197.3, 195.7, 136.5, 133.3, 128.6, 128.1, 45.2,3%0.6, 20.3;
4227  (R)-4,44-trifluoro-1-phenyl-3-(phenylthio)butan-1-one HRMS (ESI-TOF) Caled. for GH,40,SNa [M+Na]: 245.0607,

(3b"). colorless oil; 30.8 mg; 99% yield; 35% ee}°=-17.3 (c found: 245.8608.

0.78, CHCJ)); the enantiomeric excess was determined by HPL@L.2.32 (R)-S(3-Oxo-1,3-diphenylpropyl) ethanethioate (3ab).

on Chiralpak AD-H column: ethanathexane = 1/99; flow rate White solid; 21.4 mg; 75% yield; 49% ee]4*°= -83.3 (c 1.28,

= 1.0 mL/min; UV detection at 254 nmnyi = 8.43 min (major), CHCL); m.p.= 90.4-91.3 °C ; the enantiomeric excess was
10.19 min (minor)H NMR (300 MHz, Chlorofornd) & 8.05—  determined by HPLC on Chiralpak IC columipropanolh-
7.91 (m, 2H), 7.70-7.57 (m, 3H), 7.50 Jt= 7.6 Hz, 2H), 7.38— hexane = 1/99; flow rate = 1.0 mL/min; UV detectior2a8 nm;
7.29 (m, 3H), 4.41— 4.25 (m, 1H), 3.50 (dck 18.0, 9.8 Hz, 1H), tz= 44.48 min (major), 31.36 min (minortd NMR (300 MHz,
3.34 (dd,J = 18.0, 3.4 Hz, 1H)**C NMR (75 MHz, Chloroform- CDCly) & 7.99-7.89 (m, 2H), 7.60-7.51 (m, 1H), 7.48-7.41 (m,
d) 5 194.4, 136.3, 134.0, 133.7, 132.5, 129.2, 12&8,8, 128.1, 2H), 7.41-7.34 (m, 2H), 7.33-7.17 (m, 3H), 5.28 @4d,7.9, 6.5
126.8 (q,J = 276.7 Hz), 47.1 (q] = 29.4 Hz), 37.7; HRMS (ESI- Hz, 1H), 3.77-3.58 (m, 2H), 2.31 (s, 3HJC NMR (75 MHz,
TOF) Calcd. for GgHiaFsOSNa [M+Na]: 333.0531, found: CDCly) § 196.3, 194.4, 140.5, 136.4, 133.2, 128.6, 1280,7,
333.0521. 127.5, 44.5, 435, 30.3; HRMS (ESI-TOF) Calcd. for

4298 (R)-4,4,4-Trifluor o-3-((4-methoxyphenyl)thic)-1- C,7H1¢0,SNa [M+Na]: 307.0763, found: 307.0765.
phenylbutan-1-one (3¢’). colorless oil; 33.9 mg; 99% vyield; 38% 4.3Procedure for the oxidation of 3g.A mixture of formic acid
ee; p]p?°= -26.1 (c 1.60, CHG); the enantiomeric excess was (98%, 1 mL) and hydrogen peroxide (30%, 0.4 mL) stised at
determined by HPLC on Chiralpak AD-H column: ethamol/ 0 °C for 30 min ( peroxyformic acid solution was ppaeed in
hexane = 1/99; flow rate = 1.0 mL/min; UV detectior2&% nm;  situ), then a solution dq (89.7 mg, 0.26 mmol) in THF (1 mL)
tr= 16.05 min (major), 19.97 min (minoffd NMR (400 MHz, was added dropwise. The reaction mixture was stirtedam
Chloroformd) & 8.04—7.95 (m, 2H), 7.68-7.47 (m, 5H), 6.93—temperature for 12 h until completion (monitored TyC) and
6.82 (m, 2H), 4.25-4.10 (m, 1H), 3.83 (s, 3H), 3d& 0=17.9, water (5 mL) was added. The mixture was washed with
10.0 Hz, 1H), 3.30 (dd) = 17.9, 3.2 Hz, 1H)**C NMR (101  dichloromethane (5x3 mL). The aqueous solution wasidirst
MHz, Chloroformd) & 194.6, 160.6, 137.0, 136.4, 133.8, 128.9,under reduced pressure and finally in high vacukimally, the
128.2, 127.0 (qJ = 278.4 Hz), 122.6, 114.7, 55.4, 47.6 Jo crude product was chromatographed on silica geinglutvith
29.2 Hz), 37.5; HRMS (ESI-TOF) Calcd. for;H:5F0,SNa  DCM/MeOH = 20:1 ~ 10:1 to afford the desired sulfoadd4.

[M+Na]': 363.0637, found: 363.0631, 4.3.1 (R)-4-(3,4-Dichlorophenyl)-1,1,1-trifluoro-4-oxobutane-2-
4.2.29 (R)-4,4,4-Trifluor o-3-((4-fluorophenyl)thio)-1- sulfonic acid (4). Pale brown oil; 90.4 mg; 99% yield; 93% ee;
phenylbutan-1-one (3d’). colorless oil; 32,6 mg; 99% yield; 39% [0]p° = +1.2 (c 1.96, EtOH); the enantiomeric excess was
ee; p]p?°= -32.8 (c 1.60, CHG); the enantiomeric excess was determined by HPLC on Chiralpak IA column after dfitation
determined by HPLC on Chiralpak AD-H column: ethamol/ with CH;C(OCH)s: i-propanolh-hexane = 5/95; flow rate = 1.0
hexane = 1/99; flow rate = 1.0 mL/min; UV detectior2&% nm;  mL/min; UV detection at 254 nnz= 11.20 min (major), 11.94
tr = 8.10 min (major), 12.12 min (minoH NMR (400 MHz,  min (minor);'"H NMR (300 MHz, DO) 8 7.77 (s, 1H), 7.62 (dl
Chloroformd) 8 8.03-7.97 (m, 2H), 7.70-7.61 (m, 3H), 7.59—= 8.2 Hz, 1H), 7.32 (d] = 8.3 Hz, 1H), 4.54-4.39 (m, 1H), 3.67
7.47 (m, 2H), 7.10-6.99 (m, 2H), 4.31-4.16 (m, 1H)03dd,J (dd,J = 18.6, 4.8 Hz, 1H), 3.42 (dd,= 18.6, 5.3 Hz, 1H)**C
=18.0, 10.2 Hz, 1H), 3.35 (dd,= 18.0, 3.0 Hz, 1H)**C NMR NMR (75 MHz, CDC}) § 194.5, 137.8, 134.8, 132.6, 130.6,
(101 MHz, Chloroformd) 6 194.4, 163.4 (d]) = 249.7 Hz), 136.8  129.60 127.3, 123.9 (d,= 279.5 Hz), 57.0 (q] = 27.7 Hz), 34.9;
(d,J=8.5Hz), 136.2, 133.9, 128.9, 128.2, 127.6)(d,3.5 Hz), ¥ HRMS (ESI-TOF) Calcd. for gHsCl,F:0,S [M-H]: 348.9321,
126.9 (gq,J = 276 Hz), 116.3 (d) = 22.0 Hz), 47.8 (gJ = 30.3  found: 348.9330.

Hz), 37.5; HRMS, (ESI-TOF) Caled. for,#,,F,OSNa [M+Nal: 4.4 Procedure for the reduction of 3r.3r (85.7 mg, 0.20 mmol)
351.0437, found: 351.0439. - ) .
was dissolved in 1 mL of ethanol and cooled to OofCan ice
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bath. NaBH (4.7 mg, 0.12 mmol) was added portion wise. The

reaction mixture was stirred for 2 h at the sameptature.
After completion of the reaction, ethanol was evagaraff and
brine (3 ml) was added to the residue. The mixture exdracted
with ethyl acetate (2x5 ml) and concentrated. Thelemproducts

were purified by column chromatography with petroleum

ether/ethyl acetate = 20:1~10:1 to afford the @elsproducb.

441 S((2R4R)-4-(4-(benzyl oxy)-3-nitrophenyl)-1,1,1-trifluoro-
4-hydroxybutan-2-yl) ethanethioate (5). Light yellow green oil;
59.5 mg; 69% vyield; 92% ee; 99:1 du]§*°= -10.2 (c 0.94,

3

CHCly); the enantiomeric excess was determined by HPLC on

Chiralpak IA column: ethanaifhexane = 5/95; flow rate = 1.0

mL/min; UV detection at 254 nntz = 26.48 min (major), 19.70
min (minor); 'H NMR (300 MHz, CDC}) § 7.91 (d,J = 2.2 Hz,
1H), 7.55 (ddJ = 8.7, 2.2 Hz, 1H), 7.47-7.33 (m, 5H), 7.14d,

= 8.7 Hz, 1H), 6.00 (dd] = 8.5, 6.5 Hz, 1H), 5.24 (s, 2H), 2.99—

2.83 (m, 1H), 2.47-2.34 (m, 1H), 2.26-2.14 (m, 1K)72s, 3H),
1.93 (d,J = 8.8 Hz, 1H);*C NMR (75 MHz, CDC}) 5 169.7,
152.1, 140.2, 135.2, 132.7, 130.9, 128.7, 128.8,9.225.7 (gJ
=277.6 Hz), 124.1, 115.4, 72.0, 71.3, 38.9)(g,31.5 Hz), 36.8,
21.0; HRMS (ESI-TOF) Calcd. for @H,sFsNOsSNa [M+NaJ':
452.0750, found: 452.0745.

4.5 Procedure for the deacetylation of 3r.3r (69.3 mg, 0.16
mmol) was dissolved in 2 mL of methanol/DCM (v/iv=1/1)
room temperature. To the solution was added 12M agueiCl

(0.5 mL). The reaction mixture was stirred at°&0for 24 h until
the disappearance of the starting material was eetday TLC.

After the solvent was evaporated the residue was lde$an

dichloromethane and dried over JS&,. After concentration
under reduced pressure the crude product was glbfieolumn
chromatography (petroleum ether/DCM=2/1~1/1, v/v)aftord

the desired produé

451 (R)-1-(4-(benzyl oxy)-3-nitrophenyl)-4,4,4-trifluor o-3-
mer captobutan-1-one (6). Off white solid; 54.6 mg; 88% vyield,;

92% ee; §]p°= +7.3 (¢ 2.73, CHG); m.p.= 138.6-139.4 °C; the

enantiomeric excess was determined by HPLC on Chkalp
column: dichloromethane/n-hnexane = 30/70; flow rate =
mL/min; UV detection at 254 nntz = 28.43 min (major), 25.62
min (minor); *H NMR (300 MHz, Chlorofornd) & 8.44 (d,J =

2.0 Hz, 1H), 8.12 (dd] = 8.8, 2.0 Hz, 1H), 7.49-7.34 (m, 5H),

7.22 (d,J = 8.9 Hz, 1H), 4.16-3.98 (m, 1H), 3.42 (dds 17.8,
6.3 Hz, 2H), 2.15 (dJ = 8.8 Hz, 1H);"*C NMR (75 MHz,

1.0

Chloroformd) 6 191.3, 155.7, 139.8, 134.5, 133.7, 128.9, 128.6,

126.9, 126.0 (¢ = 277.3 Hz), 125.9, 114.9, 71.5, 40.6, 36.7 (q,

J = 31.7 Hz); HRMS (ESI-TOF) Calcd. for4;,/NO,SNa
[M+Na]*: 408.0493, found: 408.0484.
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