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1. General information

The solvents were dried and distilled prior to use by the literature methods.
Analytical TLC plates, Sigma-Aldrich silica gel 60F200 were viewed by UV light
(254 nm). Column chromatographic purifications were performed on SDZF silica gel
160. The instrument for electrolysis was IKA ElectraSyn 2.0 and both cathode and
anode electrodes were graphite electrodes (52 mm x 8 mm x 2 mm). 'H and *C NMR
spectra were obtained on a Bruker NMR spectrometer at 400 MHz and 100 MHz,
respectively, and referenced internally based on the residual solvent signal. The data
reporting for 'H NMR spectra is as follows: chemical shift (5, ppm), multiplicity (s,
singlet; d, doublet; t, triplet; q, quartet; m, multiplet), coupling constant in hertz, and
number of protons. The data reporting for 13C spectra is given as chemical shift (3,
ppm). High-resolution mass spectra (HRMS) were measured on a Waters GC-TOF
CA156 mass spectrometer. X-ray Crystallographic analysis was achieved by the
Shanghai institute of Organic Chemistry, Chinese Academy of Sciences. All the
chemical reagents were purchased from commercial sources and used as received
unless otherwise indicated. Compounds 3a,' 3b,! 3¢,! 3d,> 3e,” 3g,’ 3h,* 3i,! 3j,' 3k’
31° 3m,' 3n? 30,' 3p,> 3q.° 3w,” 3y, 3z1,° 5a,° and 5f1° are known and their

spectroscopic feature is in good agreement with that reported in the literature.
2. Experimental procedures

2.1 Preparation of a-diazoesters!

O~ B DBU, MeCN
+ S\\ U, Me ”\”/O\/
0 O MW (400 W), 40°C, 1 h I
sm1 sm2 1b

A typical procedure for the synthesis of a-diazoesters 1 - Synthesis of 1b:
DBU (2.24 mL, 15 mmol) was added slowly to a stirred solution of ethyl 2-
phenylacetate (smla, 1.41 mL, 10.0 mmol) and tosylazide (sm2, 2.42 mL, 11.0
mmol) in the CH;CN (20 mL) at 0 °C. After that, it was placed in microwave reactor
that was heated to 40 °C (400 W, monitored by IR temperature sensor) and

maintained at this temperature for 30 min. After cooling to room temperature, the
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reaction mixture was quenched with saturated aqueous solution of NH4Cl (5 mL),
extracted with DCM (3 x 30 mL), washed with brine (3 % 30 mL), dried over
anhydrous Na,SO,, and concentrated under reduced pressure to give the product. The
residue was purified by flash chromatography (petroleum ether (60-90 °C)/AcOEt,
10:1) to afford the corresponding ethyl-2-diazo-2-phenylacetate 1b as a yellow oil
(1.65 g, 87%).

2.2 Screening the optimum reaction conditions for the synthesis of 5a

Table S1. Screening of reaction conditions.“

CoOOH CMIC()1=5mA coon:) CO,Et
I OH TBAI (0.9 equiv)
©/ CO.Et * (j/ DCE (10 mL) ©/ é
undivided cell, rt, 7 h
1b 4a 5a
Entry Variation from the standard conditions Yield? (%)
1 none 80
2 DCM instead of DCE 51
3 MeCN instead of DCE 40
4 C (1) | Ni(-) instead of C (+) | C () 49
5 C (+) | Pt (-) instead of C (+) | C (-) 37
6 3 mA instead of 5 mA 60
7 7 mA instead of 5 mA 36
8¢ TBAB instead of TBAI 20
9 "BusNBF, instead of TBAI 23
10 0.6 mmol 4a 34
11 1.2 mmol 4a 64
12 No electric current 33

aReaction Conditions: 1b (0.3 mmol), 4a (0.9 mmol), TBAI (0.27 mmol) in DCE (10 mL),
graphite electrodes (52 mm x 8 mm x 2 mm) as anode and cathode, constant current = 5 mA,
undivided cell, room temperature, 7 h. *Isolated yield.

Among a set of representative solvents (Table S1,7 entry 1-3), DCE performed
better. On replacing the graphite cathode with a Ni cathode or a Pt cathode, the yields
decreased strongly (Table S1,§ entries 4 and 5). Decreasing the operating current to 3

mA or increasing the operating current to 7 mA delivered the product 5a in low yield

(Table S1,t entries 6 and 7). Other electrolytes, such as TBAB or "Bu,NBF, gave a

worse performance than TBAI (Table S1,§ entries 8 and 9). The ratio of 4a:1b was
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also evaluated, 1:2 and 1:4 gave inferior results (Table S1,T entries 10 and 11). At last,
it was observed that this conversion reduced sharply without current, suggesting that

electricity was critical for this reaction (Table S1, entry 12).

2.3 General procedure for S-H insertion of thiols

C(#)|C()1=5mA

cl : cl
. \©\ TBAB (0.5 equiv) \©\
AN DCE (10 mL
H™ > COLEt SH CE (10 mL) s7 > CoEt

undivided cell, rt, 2 h
1a 2a 3a

A typical procedure for the synthesis of S-H insertion products of thiols (3) -
Synthesis of ethyl 2-((4-chlorophenyl)thio)acetate (3a): An ElectraSyn vial (12 mL)
with a stir bar was charged with TBAB (80.6 mg, 0.25 mmol), ethyl 2-diazoacetate
(1a) (57.1 mg, 0.5 mmol) and 4-chlorobenzenethiol (2a) (144.6 mg, 1.0 mmol) and
DCE (10 mL). [Liquid compounds were added after the addition of DCE. The order
of the addition does not affect the result] The ElectraSyn vial cap equipped with
graphite electrodes was inserted into the mixture. Then, the reacton mixture was
electrolyzed under a constant current of 5 mA until complete consumption of the
starting material as judged by TLC. After the reaction, the ElectraSyn vial cap was
removed and the combined organic phase was concentrated under reduced pressure.
The resultant mixture was subject to purification by column chromatography on silica
gel (eluent: petroleum ether (60-90 °C)/ethyl acetate = 10:1, v/v) to afford 3a as a

colorless oil (86.5 mg, 75%).

Graphical guide for electrochemical S-H insertion:
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Left: graphite electrodes, ElectraSyn 2.0 cap and ElectraSyn 2.0 vial (12 mL). Middle:
ElectraSyn 2.0 cap equipped with graphite electrodes. Right: the cap was screwed into
the vial and the electrodes were submerged into the solution.

Left: select New experiments. Middle: select Constant Current. Right: adjust the
current value.

Left: select Time. Middle:
substrate.

Left: no alternate polarity. Middle: select the “start”. Right: start the reaction on the
ElectraSyn 2.0 with a stirring speed of 500 rpm.

2.4 General procedure for O-H insertion of salicylic acids
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CHIC(),I=5mA 7o
COOH hi=om 0. CO,Et
oH _ TBAI(0.9 equiv) 2

™~ +
©/ COzE ©/ DCE (10 mL)
undivided cell, rt, 7 h

1b 4a 5a

A typical procedure for the synthesis of O-H insertion products of salicylic
acids (5) - Synthesis of (R)-2-(2-ethoxy-2-oxo-1-phenylethoxy)benzoic acid (5a): An
ElectraSyn vial (12 mL) with a stir bar was charged with TBAI (99.7 mg, 0.27 mmol),
ethyl 2-diazo-2-phenylacetate (1b) (57.1 mg, 0.3 mmol) and salicylic acid (4a) (124.3
mg, 0.9 mmol) and DCE (10 mL). [Liquid compounds were added after the addition
of DCE. The order of the addition does not affect the result]. The ElectraSyn vial cap
equipped with graphite electrodes were inserted into the mixture. Then, the mixture
was electrolyzed under a constant current of 5 mA until complete consumption of the
starting material as judged by TLC. After the reaction, the the ElectraSyn vial cap was
removed and the combined organic phase was concentrated under reduced pressure.
The resultant mixture was subject to purification by column chromatography on silica
gel (eluent: petroleum ether (60-90 °C)/ethyl acetate = 10:1, v/v) to afford 5a as a

colorless oil (72.1 mg, 80%).
2.5 A gram-scale experiment

1 gram-scale experiment for the synthesis of 3a

|
+ © \©\ +)|C(-),I=5mA \©\
H™ >CO,Et SH TBAB (5. 7 mol%) S7 CO,E

DCE (15 mL)

1a, 8.8 mmol 2a, 132 mmol Undivided cell it, 13 h 3a, 82%

1.00g 190 g 167 g

An ElectraSyn vial (20 mL) with a stir bar was charged with TBAB (161.2 mg,
0.5 mmol), ethyl 2-diazoacetate (1a) (1.00 g, 8.8 mmol) and 4-chlorobenzenethiol
(2a) (1.90 g, 13.2 mmol) and DCE (15 mL). [Liquid compounds were added after the
addition of DCE. The order of the addition does not affect the result]. The ElectraSyn
vial cap equipped with graphite electrodes were inserted into the mixture. Then, the

reacton mixture was electrolyzed under a constant current of 5 mA until complete
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consumption of the starting material as judged by TLC. After the reaction, the
ElectraSyn vial cap was removed and the combined organic phase was concentrated
under reduced pressure. The resultant mixture was subject to purification by column
chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate = 10:1,
v/v) to afford 3a as a colorless oil (1.67 g, 82%).

1 gram-scale experiment for the synthesis of Sa

COOH
COOH
I oH CMI|C()I=5mA OG- CO:E
+
©/ COEL TBAI (0.9 equiv)
DCE (15 mL)
undivided cell, rt, 24 h
1b, 5.3 mmol 4a, 10.6 mmol 5a, 79%
1.01g 146 g 125¢g

An ElectraSyn vial (20 mL) with a stir bar was charged with TBAI (0.89 g, 2.4
mmol), ethyl 2-diazo-2-phenylacetate (1b) (1.01 g, 5.3 mmol) and salicylic acid (4a)
(1.46 mg, 10.6 mmol) and DCE (15 mL). [Liquid compounds were added after the
addition of DCE. The order of the addition does not affect the result]. The ElectraSyn
vial cap equipped with anode (graphite) and cathode (graphite) were inserted into the
mixture. Then, the mixture was electrolyzed under a constant current of 5 mA until
complete consumption of the starting material as judged by TLC for 24 hours. After
completion of the reaction, the ElectraSyn vial cap was removed and the combined
organic phase was concentrated under reduced pressure. The resultant mixture was
subject to purification by column chromatography on silica gel (eluent: petroleum

ether (60-90 °C)/ethyl acetate = 10:1, v/v) to afford 5a as a colorless oil (1.25 g, 79%).
2.6 Mechanism research

Radical-trapping experiment with TEMPO

o cl
cl
H™ “CO.Et + \©\ Standard Conditions \©\ . \©\ 5O
SH TEMPO (2 equiv) S/\COZEt

1a 2a 3a, n.d. 6a, 18%

An ElectraSyn vial (12 mL) with a stir bar was charged with TBAB (80.6 mg,

0.25 mmol), ethyl 2-diazoacetate (1a) (57.1 mg, 0.5 mmol), 4-chlorobenzenethiol (2a)
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(144.6 mg, 1.0 mmol), TEMPO (156.3 mg, 1.0 mmol) and DCE (10 mL). [Liquid
compounds were added after the addition of DCE. The order of the addition does not
affect the result]. The ElectraSyn vial cap equipped with graphite electrodes were
inserted into the mixture. Then, the reacton mixture was electrolyzed under a constant
current of 5 mA until complete consumption of the starting material as judged by TLC.
After the reaction, the ElectraSyn vial cap was removed and the combined organic
phase was concentrated under reduced pressure. There, 3a was not detected by TLC
and HRMS. The resultant mixture was subject to purification by column
chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate = 10:1,
v/v) to afford 6a as a colorless oil (27.0 mg, 18%).

Radical-trapping experiment with DPE

ol . “
+ \©\ Standard Conditions \©\ + Ph
N i X
H” >CO,Et SH DPE (2 equiv) S/\COzEt S/\(

Ph
1a 2a 3a, 54% 3a', Detected by HRMS

An ElectraSyn vial (12 mL) with a stir bar was charged with TBAB (80.6 mg,
0.25 mmol), ethyl 2-diazoacetate (1a) (57.1 mg, 0.5 mmol), 4-chlorobenzenethiol (2a)
(144.6 mg, 1.0 mmol), DPE (180.3 mg, 1.0 mmol) and DCE (10 mL). [Liquid
compounds were added after the addition of DCE. The order of the addition does not
affect the result]. The ElectraSyn vial cap equipped with graphite electrodes were
inserted into the mixture. Then, the reacton mixture was electrolyzed under a constant
current of 5 mA until complete consumption of the starting material as judged by TLC.
After the reaction, the ElectraSyn vial cap was removed and the combined organic
phase was concentrated under reduced pressure. The resultant mixture was subject to
purification by column chromatography on silica gel (eluent: petroleum ether (60-90
°C)/ethyl acetate = 10:1, v/v) to afford 3a as a colorless oil (62.3 mg, 54%). And the

radical intermediated 3a’ was trapped by DPE were detected by HRMS (Figure S1).

S8



Mass [ Calc. Mass | mDa | PPM | DBE | Formula [i-FT [-FAT Nom [ FitConf% | € | H [N] s [ Q]
B3 e na N 16 11

323.0656 3230661 05 15 125 C0HI65CI

323.0656

Cl
\©\ Ph —
S/%r

Ph
3a' detected by HRMS
[M+H]+ = 323.0656

100

0
322.750 322800 322850 322,900 322950 323.000 323.050 323.100 323.150 323200 323.250 323.300 323.350

Figure S1. HRMS analysis of the formation of product 3a’.

The experiment starting from disulfide 7a

Cl
" Cl
+ .S Standard Conditions \©\
P S
H” > CO,Et \@\ 0.5 mL MeOH s7 COo,E
Cl

1a 7a 3a, 24%

An ElectraSyn vial (12 mL) with a stir bar was charged with TBAB (80.6 mg,

0.25 mmol), 1,2-bis(4-chlorophenyl)disulfane (7a) (287.3 mg, 1.0 mmol), ethyl 2-

diazoacetate (1a) (57.1 mg, 0.5 mmol), MeOH (0.5 mL) and DCE (10 mL). [Liquid

compounds were added after the addition of DCE. The order of the addition does not

affect the result]. The ElectraSyn vial cap equipped with graphite electrodes were

inserted into the mixture. Then, the reacton mixture was electrolyzed under a constant

current of 5 mA until complete consumption of the starting material as judged by TLC.

After the reaction, the ElectraSyn vial cap was removed and the combined organic

phase was concentrated under reduced pressure. The resultant mixture was subject to

purification by column chromatography on silica gel (eluent: petroleum ether (60-90

°C)/ethyl acetate = 10:1, v/v) to afford 3a as a colorless oil (28 mg, 24%).

The gas protection experiments
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CH|C()I1=5mA

Cl
DCE (10 mL) \©\
TBAB (0.5 equiv), air S/"COzEt

(@) X +

3

H™ “CO,Et SH
undivided cell, rt, 3 h
1a 2a 3a, 75%
N cl CH|C(),1=5mA al
o) . \©\ DCE (10 mL) \©\
H™ ~CO,Et SH TBA.Bl (0.5 equiv), N, S/‘CO,Et
undivided cell, rt, 3 h
1a 2a 3a, 56%

C(H)|C(-),1=5mA

cl
DCE (10 mL) \Q
sH TBAB (0.5 equiv), air S’”COQEt

undivided cell, rt, 3 h
1a 2a 3a, 50%

G}
Z
+
o

H™ ~CO,Et

’ C(#)|C (), 1=5mA
(d) +

3

Cl g
DCE (10 mL) @ -
H™ “CO.Et sH TBA_S (0.5 equiv), O; 87 COLEt
undivided cell, rt, 3 h i
1a 2a 3a, 26%
. CMICE).I=5mA Et0,C. _Ph
© DCE (10 mL)
Ph}"\ CO;E[ TBAB (05 equiv), Nz Ph” \'CO- Et
undivided cell, rt 2
1b 1b', Detected by HRMS

The gas protection test cannot be conducted for IKA ElectraSyn 2.0 in our
laboratory (eqn (a)), thus we use the dual display potentiostat (DP-305) (made in
China) for this control experiments. In an oven-dried undivided three-necked cell (25
mL) equipped with a stir bar, TBAB (80.6 mg, 0.25 mmol) and 4-chlorobenzenethiol
(2a) (144.6 mg, 1.0 mmol) were combined and added. The cell was equipped with
carbon cloth (60 mm x 6 mm) as the anode and cathode and then charged with
nitrogen. Under the protection of N,, DCE (10 mL) and ethyl 2-diazoacetate (1a)
(57.1 mg, 0.5 mmol) was injected respectively into the tubes via syringes. The
reaction mixture was stirred and electrolyzsd at a constant current of 5.0 mA at room
temperature for 3.0 h. After the reaction, the pure product was obtained by flash
column chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate
=10:1, v/v) to afford 3a as a colorless oil (64.0 mg, 56%) (eqn (b)).

In an oven-dried undivided three-necked cell (25 mL) equipped with a stir bar,
TBAB (80.6 mg, 0.25 mmol), 4-chlorobenzenethiol (2a) (144.6 mg, 1.0 mmol), DCE
(10 mL) and ethyl 2-diazoacetate (1a) (57.1 mg, 0.5 mmol) were combined and added.
The cell was equipped with carbon cloth (60 mm x 6 mm) as the anode and cathode.
The reaction mixture was stirred and electrolyzsd at a constant current of 5.0 mA at

room temperature for 3.0 h. After the reaction, the pure product was obtained by flash
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column chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate
=10:1, v/v) to afford 3a as a colorless oil (57.0 mg, 50%) (eqn (c)).

In an oven-dried undivided three-necked cell (25 mL) equipped with a stir bar,
TBAB (80.6 mg, 0.25 mmol) and 4-chlorobenzenethiol (2a) (144.6 mg, 1.0 mmol)
were combined and added. The cell was equipped with carbon cloth (60 mm X 6 mm)
as the anode and cathode and then charged with oxygen. Under the protection of O,,
DCE (10 mL) and ethyl 2-diazoacetate (1a) (57.1 mg, 0.5 mmol) was injected
respectively into the tubes via syringes. The reaction mixture was stirred and
electrolyzsd at a constant current of 5.0 mA at room temperature for 3.0 h. After the
reaction, the pure product was obtained by flash column chromatography on silica gel.
(eluent: petroleum ether (60-90 °C)/ethyl acetate = 10:1, v/v) to afford 3a as a
colorless oil (30.0 mg, 26%) (eqn (d)).

In an oven-dried undivided three-necked cell (25 mL) equipped with a stir bar,
TBAB (80.6 mg, 0.25 mmol) was added. The cell was equipped with carbon cloth (60
mm X 6 mm) as the anode and cathode and then charged with nitrogen. Under the
protection of N, DCE (10 mL) and ethyl 2-diazo-2-phenylacetate (1b) (95.1 mg, 0.5
mmol) was injected respectively into the tubes via syringes. The reaction mixture was
stirred and electrolyzsd at a constant current of 5.0 mA at room temperature (eqn (e)).
And we found the formation of 1b' (the dimerization of 1b) detected by HRMS
(Figure S2).

a 0 Calcd: 347.1254
0 Found: 347.1261

Figure S2. HRMS analysis of the formation of product 1b'.
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2.7 CV experiments

Cyclic voltammetry was performed in a three electrode cell under air at room
temperature. The working electrode was a 3 mm glassy carbon electrode while the
counter electrode was a platinum mesh. The reference was an Ag/AgCl electrode
submerged in saturated aqueous KCl solution. The solvent (DCE = 10 mL) containing
TBAB (0.1 mmol) and "BuyNBF,4 (0.1 mmol) were poured into thr electrochemical
cell in cyclic voltammetry experiments. The scan rate was 0.1 V/s, ranging from 0.0 V
to 3.8 V. The peak potentials vs. Ag/AgCl for used. An obvious oxidation peak of
TEMPO was observed at 2.70 V. The oxidation peak of 4-chlorobenzenethiol 2a
could also observed at 2.50 V. So, 2a was oxidized preferentially at the anode than
TEMPO in this system, which indicated that the feasibility of TEMPO as a free
radical trapping agent. A reduction peak of 4,4'-dichlorodiphenyl disulfide 7a was
observed at -1.58 V under the reaction solvent system. Therefore, the 7a may involve

in reduction processes in the catalytic cycle.

-4 _
2.5x10 blank
4-chlorobenzenethiol 25V
2.0x10* 4 —— TEMPO 127V
1.5x10
<
g 1.0x10™
[P}
e
=
O 5.0x10° 1
0.0

-5.0x10°%

-1.0x10* T T T T T 1

Potential/V (vs Ag/AgCl)

Figure S3. Cyclic voltammograms of related compounds (0.1 mmol) in DCE with
"BuyNBF, (0.01 M) and TBAB (0.01 M) at a scan rate of v= 100 mV/s.
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1x10°% 4

——4, 4'-Dichlorodiphenyl disulfide (7a)
¥ e sl
-1x10°
=
=
=
]
B -2x107 P
= /
&}
/
-3x10°5 4
/
-4x10° / T
-1.58V
-5x10° ...
20 -1.5 -1.0 05 0.0

Potential/V (vs Ag/AgCl)

Figure S4. Cyclic voltammetry of 7a (0.1 mmol) in DCE with TBAB (0.01 M) at a
scan rate of v =100 mV/s.

2.8 Failed experiments

Table S2. Different substituent groups on the benzene ring of phenol.?

N OH CH|C()I=5mA
5 .
P + X TBAI (0.9 equiv) no desired product
Ph”” “CO,Et | R DCE (10 mL)
7 undivided cell, 1t, 7 h
1b B

@@@@@Jf‘

! HN
oMo \f COOH
o
o
o] o) o}
OH ! | '
0 — 0 o : OH !
OHHO™ Y0 oBon | Ho OH |
S S ————
/

@ Conditions: 1b (0.3 mmol), B (0.9 mmol), TBAI (0.27 mmol) in DCE (10 mL), graphite
electrodes (52 mm x 8 mm % 2 mm) as anode and cathode, constant current = 5 mA, undivided
cell, room temperature, 7 h, isolated yield.
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For O-H insertion, we have tried different phenols with diazo compounds for the
construction of C-O bonds. However, no obvious target product was produced. As
shown in the Table S2, 4-hydroxybenzoic acid, 3-hydroxybenzoic acid and 2.4-
dihydroxybenzoic acid all contain carboxyl group, but the envisaged products were
not generated. Therefore, we speculated that it may be related to hydrogen bond and

the damage of this system to the electrode.!!

2.9 NMR experiments

No obvious target product was produced when the substrate contained carboxylic
acids, such as 4-hydroxybenzoic acid 4d and 3-hydroxybenzoic acid 4e. Therefore, it
cannot be ruled out whether acidity can promote the reaction. Based on the above
results and the literature proceedings,'? we speculate that hydrogen bond plays a vital
role in this conversion. Then, hydrogen bond was further studied through NMR in
(CD;),S0. Comparing the chemical shifts of hydrogen in hydroxyl group in Fig S5,
obvious  hydrogen bond was observed for 2-hydroxybenzoic  acid
(13.8921>10.2144>9.7373), which agreed with our previously proposed hydrogen-

bond interaction.

cHlcE),1=5mA
TBAI (0.9 equiv)

PhAcozEt DCE (10 mL)
1b undivided cell, rt, 7 h

no desired product

B: o) o

oo
HO

OH
4d 4e

a |. 8 =13.8921

!

- ‘ | 5=10.2144
|
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Figure S5. 'H NMR spectra of the benzoic acid signals in (CD;),SO. (a) 2-
hydroxybenzoic acid, (b) 3-hydroxybenzoic acid, (c) 4-hydroxybenzoic acid.

3. Characterization data for products

L
s COo,Et

Ethyl 2-((4-chlorophenyl)thio)acetate (3a): 86.5 mg, 75% yield, colorless oil, '"H NMR (400
MHz, CDCly) & 7.35 (d, J= 8.5 Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 4.16 (q, J = 7.1 Hz, 2H), 3.60 (s,
2H), 1.22 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) § 169.6, 133.6, 133.3, 131.6,

129.3, 61.8, 37.0, 14.2. The analytical data are consistent with literature.!

Meo\©\
s >Co,Et

Ethyl 2-((4-methoxyphenyl)thio)acetate (3b): 84.9 mg, 75% yield, colorless oil, "H NMR (400
MHz, CDCly) & 7.42 (d, J= 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.79 (s,
3H), 3.50 (s, 2H), 1.21 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) 8 170.1, 159.8,

134.4,125.1,114.8, 61.5, 55.5, 38.8, 14.2. The analytical data are consistent with literature.!

“CL
s” > COo,Et

Ethyl 2-(p-tolylthio)acetate (3c): 73.6 mg, 70% yield, colorless oil, 'H NMR (400 MHz, CDCl3)
8733 (d,J=8.1 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.15 (q, J = 7.1 Hz, 2H), 3.58 (s, 2H), 2.32 (s,
3H), 1.22 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;): 8 169.9, 137.4, 131.2, 131.0,

129.9, 61.6, 37.5, 21.2, 14.2. The analytical data are consistent with literature.!

Me

s COo,Et

Ethyl 2-(m-tolylthio)acetate (3d): 67.3 mg, 64% yield, colorless oil, 'H NMR (400 MHz, CDCl;)
87.25-7.14 (m, 3H), 7.03 (d, J= 7.0 Hz, 1H), 4.16 (q, J= 7.1 Hz, 2H), 3.62 (s, 2H), 2.32 (s, 3H),
1.22 (t, J= 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCI;) 8 169.8, 138.8, 134.8, 130.6, 128.9,

127.8,127.0, 61.5, 36.7, 21.3, 14.1. The analytical data are consistent with literature.?
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I
Ss” > COLEt

Ethyl 2-(o-tolylthio)acetate (3e): 76.8 mg, 73% yield, colorless oil, 'H NMR (400 MHz, CDCl3)
6 7.38 = 7.33 (m, 1H), 7.20 — 7.09 (m, 3H), 4.15 (q, J = 7.1 Hz, 2H), 3.61 (s, 2H), 2.42 (s, 3H),
1.22 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) & 169.8, 138.5, 134.3, 130.4, 129.7,

127.0, 126.7, 61.7, 36.1, 20.5, 14.2. The analytical data are consistent with literature.?
CF5
s” > Co,Et

Ethyl 2-((2-(trifluoromethyl)phenyl)thio)acetate (3f): 80.6 mg, 61% yield, colorless oil, 'H
NMR (400 MHz, CDCl;) 6 7.66 (d, J= 7.7 Hz, 1H), 7.60 (d, /= 7.9 Hz, 1H), 7.48 (t,J = 7.4 Hz,
1H), 7.33 (t, J = 7.6 Hz, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.65 (s, 2H), 1.20 (t, J/ = 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl3) & 169.2, 134.5, 132.7, 132.3, 130.7 (q, J = 30.2 Hz), 127.1,
127.0 (q, J = 5.7 Hz), 123.8 (q, J=273.7 Hz), 61.8, 37.1, 14.1. HRMS (EI) calcd for C,,;H;,F;0,S

[M+H]" 265.0505, found 265.0513.

Cl
Cl

s COo,Et

Ethyl 2-((3,4-dichlorophenyl)thio)acetate (3g): 120.6 mg, 91% yield, colorless oil, '"H NMR
(400 MHz, CDCls) 6 7.49 (d, J=2.2 Hz, 1H), 7.35 (d, /= 8.4 Hz, 1H), 7.22 (dd, J = 8.4, 2.2 Hz,
1H), 4.18 (q, J = 7.1 Hz, 2H), 3.62 (s, 2H), 1.24 (t, J = 7.1 Hz, 3H). 3C{'H} NMR (100 MHz,
CDCl3) 6 169.2, 135.4, 133.1, 131.3, 130.8, 129.0, 100.1, 62.0, 36.5, 14.2. The analytical data are

consistent with literature.3

‘ s” > Co,Et

Ethyl 2-(naphthalen-1-ylthio)acetate (3h): 103.5 mg, 84% yield, colorless oil, '"H NMR (400
MHz, CDCl;) & 8.45 (d, J = 8.5 Hz, 1H), 7.86 (d, /= 7.6 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.71

(dd, J=7.2, 1.0 Hz, 1H), 7.62 — 7.49 (m, 2H), 7.42 (dd, /= 8.1, 7.3 Hz, 1H), 4.09 (q, /= 7.1 Hz,
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2H), 3.66 (s, 2H), 1.14 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCls) & 169.8, 134.1,
133.4, 131.9, 130.7, 128.8, 126.9, 126.5, 125.7, 125.2, 61.6, 37.4, 14.1. The analytical data are

consistent with literature.*

‘ ‘ ~s” >COo,Et

Ethyl 2-(naphthalen-2-ylthio)acetate (3i): 80.1 mg, 65% yield, colorless oil, 'H NMR (400
MHz, CDCl;) & 7.86 (s, 1H), 7.78 (m, 3H), 7.52 — 7.42 (m, 3H), 4.17 (q, J = 7.1 Hz, 2H), 3.74 (s,
2H), 1.21 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCIl3) § 169.7, 133.7, 132.4, 132.1,
128.6, 128.2, 127.7, 127.6, 127.3, 126.6, 126.1, 61.6, 36.7, 14.1. The analytical data are consistent
with literature.!
[
N” 57 Co,Et
Ethyl 2-(pyridin-2-ylthio)acetate (3j): 94.7 mg, 96% yield, colorless oil, 'H NMR (400 MHz,
CDCly) 6 8.35 (ddd, /=4.9, 1.7, 0.9 Hz, 1H), 7.45 (ddd, J= 8.0, 7.5, 1.8 Hz, 1H), 7.19 (dt, J=8.1,
0.9 Hz, 1H), 6.95 (ddd, J=7.3,4.9, 1.0 Hz, 1H), 4.16 (q, J= 7.1 Hz, 2H), 3.94 (s, 2H), 1.22 (t, J =
7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCls) 5 169.8, 157.0, 149.3, 136.1, 122.0, 119.8, 61.5,
32.3, 14.1. The analytical data are consistent with literature.!
Q.
S7 87 Co,E
Ethyl 2-(thiophen-2-ylthio)acetate (3k): 70.0 mg, 69% yield, colorless oil, "H NMR (400 MHz,
CDCl3) 6 7.38 (dd, J = 5.4, 1.2 Hz, 1H), 7.20 (dd, J = 3.6, 1.2 Hz, 1H), 6.97 (dd, J = 5.4, 3.6 Hz,
1H), 4.16 (q, J = 7.1 Hz, 2H), 3.48 (s, 2H), 1.24 (t, J = 7.1 Hz, 3H). B3C{'H} NMR (100 MHz,
CDCl) & 169.5, 135.2, 132.5, 130.6, 127.7, 61.6, 41.1, 14.2. The analytical data are consistent

with literature.’

oy
S)\S/\COZEt

Ethyl 2-(benzo[d]thiazol-2-ylthio)acetate (31): 100.0 mg, 79% yield, colorless oil, '"H NMR (400

MHz, CDCl;) 6 7.85 (d, /= 8.1 Hz, 1H), 7.75 (dd, J = 8.0, 0.5 Hz, 1H), 7.41 (t, J= 7.7 Hz, 1H),
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7.30 (t, J= 7.6 Hz, 1H), 4.24 (q, J = 7.1 Hz, 2H), 4.17 (s, 2H), 1.29 (t, J = 7.1 Hz, 3H). 3C{'H}
NMR (100 MHz, CDCls) § 168.4, 164.9, 153.0, 135.6, 126.2, 124.6, 121.8, 121.2, 62.2, 35.3, 14.3.

The analytical data are consistent with literature.’

Ul e com

Ethyl 2-(benzylthio)acetate (3m): 65.2 mg, 62% yield, colorless oil, 'H NMR (400 MHz, CDCl3)
6 737 —7.27 (m, 4H), 7.27 — 7.21 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.82 (s, 2H), 3.05 (s, 2H),
1.28 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) & 170.5, 137.3, 129.3, 128.6, 127.4,

61.4,36.4,32.3, 14.3. The analytical data are consistent with literature.!

Cl
T eecos

(4-chlorobenzyl)(2-(ethylperoxy)-2A2-ethyl)sulfane (3n): 74.6 mg, 61% yield, colorless oil, 'H
NMR (400 MHz, CDCls) § 7.28 (d, J = 0.8 Hz, 4H), 4.17 (q, J = 7.1 Hz, 2H), 3.79 (s, 2H), 3.04 (s,
2H), 1.28 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCls) § 170.4, 135.9, 133.2, 130.6,

128.8, 61.5, 35.7, 32.3, 14.3. The analytical data are consistent with literature.?

i ~s” >Co,Et

Ethyl 2-(cyclohexylthio)acetate (30): 40.5 mg, 40% yield, colorless oil, 'H NMR (400 MHz,
CDCl3) 6 4.18 (q, J = 7.2 Hz, 2H), 3.24 (s, 2H), 2.92 — 2.68 (m, 1H), 2.04 — 1.93 (m, 2H), 1.80 —
1.71 (m, 2H), 1.48 — 1.06 (m, 9H). BC{'H} NMR (100 MHz, CDCl3) 8 171.1, 61.4, 44.1, 33.2,

32.2,26.1,25.9, 14.3. The analytical data are consistent with literature.!
S CO,Et
\M; ~N-

Ethyl 2-(octylthio)acetate (3p): 70.9 mg, 61% yield, colorless oil, '"H NMR (400 MHz, CDCl;) §
4.18 (q, J = 7.1 Hz, 2H), 3.19 (s, 2H), 2.67 — 2.57 (m, 2H), 1.63 — 1.53 (m, 2H), 1.40 — 1.32 (m,
2H), 1.30 — 1.23 (m, 11H), 0.87 (t, J = 6.8 Hz, 3H). BC{'H} NMR (100 MHz, CDCI;) 8 170.8,
61.4,33.9, 32.8, 31.9, 29.4, 29.3, 29.1, 28.9, 22.8, 14.3, 14.2. The analytical data are consistent

with literature.?
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L
S7 SCO,Et

Ethyl (S)-2-((4-chlorophenyl)thio)-2-phenylacetate (3q): 98.2 mg, 64% yield, colorless oil, 'H
NMR (400 MHz, CDCls) 6 7.42 (dd, J= 7.7, 1.8 Hz, 2H), 7.36 — 7.32 (m, 1H), 7.31 (m, 3H), 7.28
(m, 1H), 7.25 — 7.20 (m, 2H), 4.86 (s, 1H), 4.21 — 4.07 (m, 2H), 1.18 (t, J = 7.1 Hz, 3H). 3C{'H}
NMR (100 MHz, CDCl;) 8 170.3, 135.5, 134.5, 134.4, 132.2, 129.2, 128.9, 128.7, 128.6, 62.0,

56.6, 14.1. The analytical data are consistent with literature.®

Cl

L
S” > CO,Et

Ethyl (S)-2-(4-chlorophenyl)-2-((4-chlorophenyl)thio)acetate (3r): 117.7 mg, 69% yield,
colorless oil. '"H NMR (400 MHz, CDCl3) 8 7.34 (dd, J= 8.7, 2.1 Hz, 2H), 7.30 (m, 2H), 7.27 (t,J
= 3.5 Hz, 2H), 7.24 (dd, J= 8.6, 2.1 Hz, 2H), 4.80 (s, 1H), 4.18 — 4.09 (m, 2H), 1.18 (t, /= 7.1 Hz,
3H). BC{'H} NMR (100 MHz, CDCls)  169.9, 134.8, 134.7, 134.5, 134.1, 131.7, 130.0, 129.3,
129.0, 62.2, 559, 14.1. HRMS (EI) caled for C;sNH;3Cl,0,S [M+NH4]* 358.0430, found

358.0430.

Br

L
s” "CO,Et

Ethyl (S)-2-(4-bromophenyl)-2-((4-chlorophenyl)thio)acetate (3s): 129.2 mg, 67% yield,
colorless oil, '"H NMR (400 MHz, CDCl3) § 7.44 (dd, J = 8.8, 2.2 Hz, 2H), 7.28 (dd, J = 8.6, 2.1
Hz, 4H), 7.23 (dd, J= 8.7, 2.1 Hz, 2H), 4.79 (s, 1H), 4.19 — 4.08 (m, 2H), 1.18 (t, J= 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCls) & 169.8, 134.8, 134.6, 132.0, 131.6, 130.3, 129.3, 122.7, 62.1,

56.0, 14.1. HRMS (EI) calcd for C¢H,sBrClO,S [M+H]" 384.9659, found 384.9654.
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OMe

RO
s” CO,Et

Ethyl (S)-2-((4-chlorophenyl)thio)-2-(4-methoxyphenyl)acetate (3t): 52.2 mg, 31% yield,
colorless oil, '"H NMR (400 MHz, CDCl3) & 7.34 (dd, J =8.7, 2.5 Hz, 2H), 7.29 (dd, J = 8.8, 2.2
Hz, 2H), 7.23 (dd, J = 8.8, 2.2 Hz, 2H), 6.87 — 6.83 (m, 2H), 4.83 (s, 1H), 4.17 — 4.07 (m, 2H),
3.79 (s, 3H), 1.17 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) & 170.4, 159.7, 134.3,
134.2, 132.4, 129.8, 129.2, 1273, 1142, 61.9, 559, 554, 14.1. HRMS (EI) caled for

C7H,,C103;SNa [M+Na]* 359.0479, found 359.0479.

Me

L
S” > CO,Et

Ethyl (S)-2-((4-chlorophenyl)thio)-2-(p-tolyl)acetate (3u): 83.4 mg, 52% yield, colorless oil, 'H
NMR (400 MHz, CDCl;) 6 7.31 (d, J = 8.3, 4H), 7.23 (dd, J = 8.8, 2.3 Hz, 2H), 7.13 (d, /=7.9
Hz, 2H), 4.84 (s, 1H), 4.12 (m, 2H), 2.33 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100
MHz, CDCl;) 6 170.4, 138.4, 134.3, 134.1, 132.5, 132.4, 129.6, 129.2, 128.5, 61.9, 56.3, 21.3,

14.1. HRMS (EI) caled for C,7H,7C1O0,SNa [M+Na]* 343.0530, found 343.0532.

o

CO,Et

Ethyl (S)-2-((4-chlorophenyl)thio)-2-(naphthalen-1-yl)acetate (3v): 35.7 mg, 20% yield,
colorless oil, "TH NMR (400 MHz, CDCl;) 8 8.15 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 7.9 Hz, 1H),
7.82 (d, J=8.2 Hz, 1H), 7.66 (d, J= 7.2 Hz, 1H), 7.58 (ddd, /= 8.5, 6.9, 1.5 Hz, 1H), 7.52 (ddd, J
=8.0,6.9, 1.2 Hz, 1H), 7.42 (t, /= 7.7 Hz, 1H), 7.30 (dd, J = 8.9, 2.3 Hz, 2H), 7.21 (dd, J = 8.9,
2.3 Hz, 2H), 5.62 (s, 1H), 4.24 — 4.06 (m, 2H), 1.16 (t, J= 7.1 Hz, 3H). BC{'H} NMR (100 MHz,

CDCly) 6 170.7, 134.4, 134.3, 134.1, 132.6, 131.1, 131.0, 129.3, 129.2, 129.1, 127.0, 126.9, 126.1,
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125.5, 123.2, 62.2, 53.3, 14.2. HRMS (EI) calcd for C,H;7C10,SNa [M+Na]* 379.0530, found

379.0525.

L
s” >co,Me

Methyl (S)-2-((4-chlorophenyl)thio)-2-phenylacetate (3w): 103.9 mg, 71% yield, colorless oil,
'H NMR (400 MHz, CDCl;) 8 7.41 (dd, J = 7.7, 1.9 Hz, 2H), 7.34 — 7.27 (m, 5H), 7.23 (dd, J =
8.8, 2.2 Hz, 2H), 4.88 (s, 1H), 3.69 (s, 3H). 3C{'H} NMR (100 MHz, CDCl;) § 170.7, 135.4,
134.5, 134.4, 132.1, 129.2, 128.9, 128.6, 128.5, 56.5, 52.9. The analytical data are consistent with

literature.”

Cl

L
s” ~co,Me

Methyl (S)-2-(4-chlorophenyl)-2-((4-chlorophenyl)thio)acetate (3x): 99.8 mg, 61% yield,
colorless oil, "H NMR (400 MHz, CDCl;) 6 7.34 (dd, J = 8.6, 2.1 Hz, 2H), 7.30 (dd, J = 8.7, 2.6
Hz, 2H), 7.27 (dd, J = 8.7, 2.5 Hz, 2H), 7.24 (dd, J = 8.6, 2.1 Hz, 2H), 4.82 (s, 1H), 3.69 (s, 3H).
BC{'H} NMR (100 MHz, CDCls3) 4 170.3, 134.9, 134.7, 134.5, 134.0, 131.5, 130.0, 129.4, 129.0,

55.8, 53.0. HRMS (EI) calcd for C,5H3CL,0,S [M+H]" 327.0008, found 327.0024.

OMe

L
s” ~co,Me

Methyl (S)-2-((4-chlorophenyl)thio)-2-(4-methoxyphenyl)acetate (3y): 90.38 mg, 56% yield,
colorless oil, "TH NMR (400 MHz, CDCl3) & 7.40 (dd, J=9.2, 2.5 Hz, 2H), 7.35 (dd, J = 8.7, 2.2
Hz, 2H), 7.32 — 7.27 (m, 2H), 6.92 (dd, J = 9.3, 2.6 Hz, 2H), 4.91 (s, 1H), 3.87 (s, 3H), 3.75 (s,
3H). BC{'H} NMR (100 MHz, CDCl3) § 171.0, 159.8, 134.5, 134.4, 132.2, 129.8, 129.3, 127.3,

114.3, 55.9, 55.4, 52.9. The analytical data are consistent with literature.3
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\©\S/\[Oro\’<

Tert-butyl 2-((4-chlorophenyl)thio)acetate (3z1): 81.5 mg, 63% yield, colorless oil, 'H NMR
(400 MHz, CDCl3) 6 7.33 (dd, J = 8.9, 2.3 Hz, 2H), 7.25 (dd, J = 8.9, 2.3 Hz, 2H), 3.52 (s, 2H),
1.40 (s, 9H). BC{'H} NMR (100 MHz, CDCls) & 168.6, 133.9, 132.9, 131.3, 129.2, 82.2, 37.9,

28.0. The analytical data are consistent with literature.’

QA{J@

Benzyl 2-((4-chlorophenyl)thio)acetate (3z2): 93.69 mg, 64% yield, colorless oil, 'H NMR (400
MHz, CDCls) 6 7.35 (m, 3H), 7.29 (dd, J=9.0, 2.4 Hz, 3H), 7.28 — 7.25 (m, 1H), 7.22 (dd, J= 8.9,
2.3 Hz, 2H), 5.13 (s, 2H), 3.64 (s, 2H). 3C{'H} NMR (100 MHz, CDCls) & 169.4, 135.3, 133.4,
133.3, 131.8, 129.3, 128.7, 128.6, 128.5, 67.5, 37.0. HRMS (EI) caled for C;5H4Cl1O,S [M+H]*

293.0398, found 293.0406.

COOH
O.__CO,Et

(R)-2-(2-Ethoxy-2-oxo-1-phenylethoxy)benzoic acid (5a): 72.1 mg, 80% yield, colorless oil, 'H
NMR (400 MHz, CDCls) 6 10.45 (s, 1H), 8.00 (dd, /= 8.0, 1.7 Hz, 1H), 7.59 (dd, J= 7.5, 2.1 Hz,
2H), 7.51 — 7.41 (m, 4H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 6.91 (ddd, J= 8.2, 7.2, 1.1 Hz, 1H), 6.15
(s, 1H), 4.24 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) & 169.4, 168.4,
161.9, 136.4, 133.6, 130.4, 129.6, 129.0, 127.7, 119.5, 117.7, 111.9, 75.3, 62.1, 14.1. The

analytical data are consistent with literature.®

COOH
O«__CO,Et

Me
522



(R)-2-(2-Ethoxy-2-ox0-1-(p-tolyl)ethoxy)benzoic acid (5b): 62.3 mg, 65% yield, colorless oil,
'H NMR (400 MHz, CDCl3) & 10.45 (s, 1H), 7.98 (dd, J = 8.0, 1.7 Hz, 1H), 7.51 — 7.47 (m, 1H),
7.46 (d, J= 8.1 Hz, 2H), 7.25 (d, J= 8.4 Hz, 2H), 6.99 (dd, J = 8.4, 0.8 Hz, 1H), 6.90 (ddd, J = 8.2,
7.2, 1.1 Hz, 1H), 6.11 (s, 1H), 4.30 — 4.15 (m, 2H), 2.39 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H). 3C{'H}
NMR (100 MHz, CDCl;) 6 169.5, 168.6, 161.9, 139.7, 136.3, 130.7, 130.5, 129.7, 127.8, 119.5,

117.7, 112.0, 75.2, 62.0, 21.4, 14.1. HRMS (EI) calcd for C;sH,505Na [M+Na]* 337.1046, found

337.1045.
COOH
O.__CO,Et
OMe

(R)-2-(2-Ethoxy-1-(4-methoxyphenyl)-2-oxoethoxy)benzoic acid (5¢): 21.8 mg, 22% yield,
colorless oil, 'H NMR (400 MHz, CDCl3) & 10.45 (s, 1H), 7.96 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 (d,
J=28.7 Hz, 2H), 7.46 (m, 1H), 6.98 (d, J = 8.5 Hz, 1H), 6.96 (d, J = 8.8 Hz, 2H), 6.89 (t, /=7.1
Hz, 1H), 6.08 (s, 1H), 4.30 — 4.16 (m, 2H), 3.83 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H). ¥C{'H} NMR
(100 MHz, CDCl;) 6 169.5, 168.7, 161.9, 160.6, 136.3, 130.5, 129.3, 125.7, 119.5, 117.7, 114.5,
112.0, 75.0, 62.0, 55.5, 14.2. HRMS (EI) calcd for C;gH;s0¢Na [M+Na]* 353.0996, found

353.0999.

COOH
O.__CO,Et

Cl

(R)-2-(1-(4-Chlorophenyl)-2-ethoxy-2-oxoethoxy)benzoic acid (5d): 47.2 mg, 47% yield,
colorless oil, 'H NMR (400 MHz, CDCl3) & 10.38 (s, 1H), 7.96 (dd, J = 8.0, 1.5 Hz, 1H), 7.52 (d,
J=28.5Hz, 2H), 7.48 (d, /= 8.6 Hz, 1H), 7.42 (d, J = 8.5 Hz, 2H), 7.00 (d, /= 8.4 Hz, 1H), 6.91 (t,
J=17.5Hz, 1H), 6.11 (s, 1H), 4.23 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H). *C{'H} NMR (100 MHz,
CDCl;) 6 169.2, 168.1, 162.0, 136.5, 135.7, 132.1, 130.3, 129.3, 129.1, 119.6, 117.8, 111.7, 74.5,

62.3, 14.1. HRMS (EI) calcd for C;7H,5ClOsNa [M+Na]* 357.0500, found 357.0503.
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COOH
O«__CO,Et

Br

(R)-2-(1-(4-Bromophenyl)-2-ethoxy-2-oxoethoxy)benzoic acid (5e): 83.0 mg, 73% yield,
colorless oil. '"H NMR (400 MHz, CDCl;) 6 10.37 (s, 1H), 7.96 (dd, J= 8.0, 1.7 Hz, 1H), 7.57 (dd,
J=28.7,2.0 Hz, 2H), 7.52 — 7.47 (m, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.4 Hz, 1H), 6.92
(ddd, s=8.1,7.2, 1.0 Hz, 1H), 6.10 (s, 1H), 4.32 — 4.16 (m, 2H), 1.24 (t, J= 7.1 Hz, 3H). BC{'H}
NMR (100 MHz, CDCl5) 6 169.2, 168.0, 162.0, 136.6, 132.7, 132.3, 130.3, 129.4, 123.9, 119.6,
117.9, 111.7, 74.6, 62.3, 14.1. HRMS (EI) calcd for C;7H;5BrOsNa [M+Na]* 400.9995, found

400.9992.

COOH
O.__CO,Me

(R)-2-(2-Methoxy-2-o0xo-1-phenylethoxy)benzoic acid (5f): 39.5 mg, 46% yield, colorless oil,
'H NMR (400 MHz, CDCl;) & 10.43 (s, 1H), 8.00 (dd, J = 8.0, 1.7 Hz, 1H), 7.58 (dd, /= 7.3, 2.2
Hz, 2H), 7.51 — 7.43 (m, 4H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 6.91 (ddd, /= 8.1, 7.3, 1.0 Hz, 1H),
6.18 (s, 1H), 3.77 (s, 3H). BC{'H} NMR (100 MHz, CDCl3) § 169.4, 168.9, 162.0, 136.4, 133.5,
130.4, 129.7, 129.1, 127.8, 119.5, 117.8, 111.8, 75.1, 53.0. The analytical data are consistent with

literature. !0

COOH )

@gw/

(R)-2-(2-(Allyloxy)-2-oxo0-1-phenylethoxy)benzoic acid (5g): 23.4 mg, 25% yield, colorless oil,
'H NMR (400 MHz, CDCl;) 6 10.42 (s, 1H), 7.99 (dd, J = 8.0, 1.7 Hz, 1H), 7.58 (dd, J=17.3, 2.3
Hz, 2H), 7.49 (ddd, J = 8.8, 7.4, 1.8 Hz, 1H), 7.44 (m, 3H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 6.91

(ddd, J=8.2,7.3, 1.1 Hz, 1H), 6.19 (s, 1H), 5.85 (ddt, J = 17.2, 10.6, 5.6 Hz, 1H), 5.23 (ddd, J =
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17.1, 2.9, 1.5 Hz, 1H), 5.20 (ddd, J = 10.1, 2.4, 1.4 Hz, 1H), 4.76 — 4.50 (m, 2H). 3C{'H} NMR
(100 MHz, CDCl;) 6 169.4, 168.2, 162.0, 136.5, 133.5, 131.3, 130.4, 129.7, 129.1, 127.8, 119.5,
118.8, 117.8, 111.9, 75.2, 66.4. HRMS (EI) caled for C,3H;60OsNa [M+Na]* 335.0890, found

335.0890.

COOH
O.__CO,Et

Me

(R)-2-(2-Ethoxy-2-0x0-1-phenylethoxy)-4-methylbenzoic acid (Sh): 33.9 mg, 36% yield,
colorless oil, "TH NMR (400 MHz, CDCl;) 8 10.38 (s, 1H), 7.85 (d, /= 8.1 Hz, 1H), 7.57 (dd, J =
7.3, 2.1 Hz, 2H), 7.47 — 7.40 (m, 3H), 6.80 (s, 1H), 6.72 (dd, J = 8.1, 1.0 Hz, 1H), 6.12 (s, 1H),
429 — 4.16 (m, 2H), 2.35 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) §
169.4, 168.6, 162.0, 147.9, 133.8, 130.2, 129.5, 129.0, 127.8, 120.8, 117.9, 109.3, 75.1, 62.1, 22.1,

14.1. HRMS (EI) caled for C,sH;30sNa [M+Na]* 337.1046, found 337.1045.

COOH
O«__CO,Et

Cl

(R)-4-Chloro-2-(2-ethoxy-2-oxo-1-phenylethoxy)benzoic acid (5i): 30.1 mg, 30% yield,
colorless oil, '"H NMR (400 MHz, CDCl;) 6 10.53 (s, 1H), 7.90 (d, J= 8.6 Hz, 1H), 7.59 — 7.51 (m,
2H), 7.46 — 7.37 (m, 3H), 7.02 (d, J = 2.0 Hz, 1H), 6.89 (dd, J = 8.6, 2.0 Hz, 1H), 6.13 (s, 1H),
430 — 4.15 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H). 3C{'H} NMR (100 MHz, CDCl3) 8 168.9, 168.3,
162.5, 142.3, 133.4, 131.5, 129.7, 129.1, 127.8, 120.3, 118.0, 110.6, 75.5, 62.2, 14.1. HRMS (EI)

caled for C7H,4C10s [M+H]* 335.0681, found 335.0682.
L
O.
SN

1-(((4-Chlorophenyl)thio)oxy)-2,2,6,6-tetramethylpiperidine (6a): 27.0 mg, 18% yield,

colorless oil, "H NMR (400 MHz, CDCl3) 8 7.63 — 7.57 (m, 2H), 7.44 — 7.37 (m, 2H), 1.65 (s, 6H),
S25



1.57 — 1.35 (m, 9H), 0.90 (s, 3H). *C{'H} NMR (100 MHz, CDCI;) § 149.0, 135.8, 128.9, 127.6,

61.6, 59.1, 43.6, 41.5, 35.5, 32.9, 28.9, 28.0, 17.3. HRMS (EI) calcd for C;sHy;CINOS [M+H]*

300.1183, found 300.1186.
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