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Heme is an abundant and widely existed cofactoraforariety of metalloenzymes, whi
broader use is generally impeded by its high inktatand poor solubility. Here we report
environment-benign and efficient strategy for thEanium ylide formation and subsequentsSC-
bond cleavage of aromatic isopropyl sulfides, whigds catalyzed by hemin in assistanc
Triton X-100. This aqueous catalytic system exhibited gaotttfonal group tolerance tc
variety of sulfides and diazo esters. And the tieaanechanism was preliminarily proposec
the basis of designed reactions. Furthermore, [d#avage of CS bond followed by introducir
a functional ester group to aromatic sulfides, rpagentially be employed for the late st
functionalization (LSF) of organosulfur drug in theure.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The Late stage functionalization (LSF), which ains t
generate ameliorative drug analogs without resotiinde novo
synthesis, has received great attention |dt2lyHowever,
molecules bearing C-S bonds are rarely appliedSFR,lwhich is
possibly due to the difficulty in breaking the CH®nds and
introducing another group subsequently. The C-Sibdeavage
is crucial to synthetic chemistry and petroleum ustdy.
Although C-S bond cleavage reactions mediated by tiaw
transition metals have been repoftédviost applied C-S bond
cleavage cannot be easily achieved, requiring esipercatalysts,
harsh reaction conditions, and organic solventsregsorted
(Scheme 1aJ*® Thus, it is of great importance to develop mild

functionalization of C—H bond$. Very recently, Cheet. al.
reported several cobalt (II) porphyrins catalyzattamolecular
cyclopropanation/ring opening cascade reactiorramolecular
Buchner reaction and arene cyclopropanation, afigrd
corresponding nitrogen-containing polycyclic progu@a good
yields??° Simple iron-porphyrin based catalysts and theti@ac
with diazoalkanes have also been achieved by Caiteind
other group$® * However, as the most easily available form of
porphyrin, only few catalytic reactions employingntie itself as
catalyst have been report&d®*in some degree owing to its high
instability and poor solubility in both organic arehueous
solvent®®" In recent years, our group have developed some
green catalytic strategi#®s® based on hemin for transformation
of diazo esters, especially for the formation dfasium ylide

and green methotfsfor the cleavage of C-S bond and subsequents For instance, [2, 3]-sigmatropic rearrangementhége 1¢f

formation of new C-S bond, which may also contribttethe
LSF of organosulfur drug leads

On the other hand, a great endeavor has been deiwwotbéd
modification and application of porphyrin or metafiorphyrin
enzymes in the past decade. For instance, a sériesme-based
engineered metalloproteins were developed for thedysis with
excellent conversion and selectivity by Arnold groifp and

and Sommelet-Hauser rearrangem@mwere successfully carried
out with hemin as the catalyst in aqueous system.oAs
continuous interest in green catalysis of hemin aatfonium
ylide formation, herein, a concise and efficienttmoel was
developed for the sulfonium ylide formation and seduent C-S
bond cleavage of aromatic isopropyl sulfide (Schemg This
reaction was catalyzed by hemin and conducted in rvaité

Fasan grouf® Among them, the diazo compound-basedassistance of a surfactant Triton X-100.

reactions were intensively studied. Fasan group rtegothe
myoglobin variant catalyzed S-H insertion of diaziees with
remarkable conversions (Scheme %b)Hartwig prepared
modified myoglobins by replacing the iron in Fe4ployrin IX

(Fe-PIX) proteins with abiological, noble metalscatalyze the



2

Hu's work

[Rh)/CH,Cly 0
- S._COOR?

o
I
a) R/S\l< + Ny -COOR? >

Fasan's work
Myoglobin/buffer
-

b) RS>y + Ny COOR? g-S~~COOR?
This work

S hemin/H,0 2
o R \( + NasCOOR? g-S~COOR

Scheme 1 Strategies involving C-S bond transformation

2. Results and discussion

Table 1 Optimization of reaction conditiofs

4 Ny COOE hemin

Y S._ COOEt
o o

3mLH,0
40 °C
1a 2a 3a
Entry /2a Catalyst Time Additive Yied®
la (mol %) (d) (mol %) (%)
1 1.2 hemin (10) 5 \ 8
2 1.2 hemin (10) 5 B-CD (20) 17
3 1.2 hemin (10) 5 SDBS (20) 42
4 1.2 hemin (10) 5 SDS (20) 58
5 1.2 hemin (10) 5 Triton X-100 (20) 89
6 1.2 hemin (1) 5 Triton X-100(20) 70
7 1.2 hemin (5) 5 Triton X-100(20) 96
8 1.2 hemin (5) 2 Triton X-100 (20) 57
9 1.2 hemin (5) 3 Triton X-100 (20) 80
10 1.2 hemin (5) 4 Triton X-100 (20) 98
11 0.5 hemin (5) 4 Triton X-100 (20) 33
12 1.0 hemin (5) 4 Triton X-100 (20) 80
13 2.0 hemin (5) 4 Triton X-100 (20) 98
14 1.2 hemin (5) 4 Triton X-100 (5) 36
15 1.2 hemin (5) 4 Triton X-100 (10) 71
16 1.2 hemin (5) 4 Triton X-100 (30) 98
Cu(ll)protoporp

17 1.2 hyrinIX(5) Triton X-100 (20) 0
18 1.2 FeG6H0() 4  Triton X-100 (20) 0

*Reactions were carried out with 3 mL of®Hat 40°C in a thermo shaker.
®Yields were determined By NMR analysis of the crude reaction mixtures.

In the initial study, 0.5 mmol phenyl isopropyl fdé (1a)
and 0.6 mmol ethyl diazo acetate (ED28) were employed as
substrates to optimize the reaction conditions igdl). Upon
treatment ofla and2a in 3 mL water at 40C for 5 days with 10
mol% hemin as the catalyst, the desired produdtyl eR-
(phenylthio) acetate3f), was observed in 8% vyield, which was
determined by'H NMR (Table 1, entry 1). Inspired by our
previous studie 20 mol%p-cyclodextrin $-CD) was added to
the catalytic system. However, the yield3af was only slightly
raised to 17% (Table 1, entry 2). Several commbycévailable
surfactants were screened for their ability in inyerment of the
catalytic effect in this reaction (Table 1, entrié). Among
them, Triton X-100 showed superior capacity in corapan
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with sodium laurylsulfonate  (SDS) and  sodium
dodecylbenzenesulfate (SDBS), with the yield3afreached as
high as 89%. This result is in accordance with #ported works
that Triton X-100 can inhibit the aggregation ofntie in
aqueous solutidhand further improve its catalytic capacifyin
addition, one similar result that appropriate anmafriTriton X-
100 obviously increase conversation was obtaineshi of our
previous studie® Thus, Triton X-100 was chosen as the additive
in this reaction. Several other reaction parametemre
optimized, including the amount of hemin (Tableehjries5-7),
reaction time (Table 1, entries 7-10), molar rai®a/la (Table

1, entries 10-13) and the amount of Triton X-10@H[E 1,
entries 13-16). Finally, the optimized reaction ditibpn was as
follows, 5 mol% hemin and 20 mol% Triton X-100 shalka 40

C for 4 days (Table 1, entry 10). Considering theaghge of C-

S bond cannot be easily achieved in transition hettalyzed
reactions conducted in organic solvent at high &mampire® ", it
is worth mentioning that the reaction time is acabl& for diazo
compound involved reactions conducted in aqueolsgesb at
low temperature (40C) compared with previous studi&s?®
*The optimized reaction yield was 98%. No desired pcosvas
observed when Cu (Il) protoporphyrin IX (Table 1,rgrit7) or
iron salt FeG « 6H,0 (Table 1, entry 18) was used as catalyst in
the reaction. This indicated that both porphyrinciure and iron
center were crucial for the reaction. Moreover, pant
experiments showed that the reaction didn't proceetl in the
absence of hemin or Triton X-100 (Table S1, enttiég. During
the whole course of the experiments, only tiny an®wi the
dimerization of EDA were observed in the context otess
EDA, which was added without drop wise.

Using the optimized reaction conditions, a variety
substituted isopropyl sulfides were employed in themin-
catalyzed sulfonium ylide formation and subsequefs bond
cleavage reaction with EDA. The results are summarired
Table 2. It is demonstrated that the catalytic eyshas good
functional group tolerance to halogenated
phenylisopropylsulfides3p-3g), as well as trifluoromethyadh),
ester 8i-3j), methoxylBk-3l) and alkylphenylisopropylsulfides
(3m-3p). In most cases, th@ra-, ortho- andmeta-chlorophenyl
isopropyl sulfides performed well, furnishing therrezponding
phenylthioacetate in comparable yields (49%-58%)h wito
obvious position effects, whil&f is more popular for the
reaction. In general, both electron-withdrawing guRb-3j)
and electron-donating group8k¢3p) on the aryl ring of the
initial thioether substrates were well tolerated,retleough the
substitution in the substrate could bring down theldy In
addition, 2-(isopropylthio) naphthalene3qj was readily
converted to the corresponding thioacetate in naideyield
(43%). What's more, substrates containing N- oh&erocycles
such as 2-(isopropylthio)pyridine 3r(), 2-(isopropylthio)-6-
methylpyridineBs) and 2-(isopropylthio)thiophene3tj, which
are poisonous to rhodium or other metal-based ystaln most
organic reaction¥; could also be converted to the corresponding
products in good yields(60%-68%). Subsequentlymgiscale
synthesis 08a and3p were realized.

As an extension of this catalytic system, severttents with
tertiary carbon involved alkyl groups a$ gtoups were designed
and their reactivities were investigated under thptinuzed
conditions (Table 3). The results showed that
pentylphenylsulfide Xu), cyclohexylphenylsulfide 1) and
cyclopentylphenyl sulphide 1) all generate product3a.
However, the yields were all not as goodlaswhich might due
to the steric hinderance of the formed sulfoniuidey

3-



Some other thioethers were also investigated. Thgtseare
also shown in Table 3, no desired products were vbderhen
methylphenyl sulfideix), ethyl Ly), vinyl (12), tert-butyl (laa)

and halomethyl Yad-1ae) phenyl sulfides were employed as
for

substrates. The  similar result was observed
phenylethanethioateldh). Meanwhile, diphenylsulfide 16b)
and diphenylmethyl phenyl sulfiddgc) were also found to be
incompatible, which may due to the large steric hande.
Considering no desired reactions fotaf) and (ag), we
supposed that the aliphatic thioethers might bgpheable to
this catalytic system.

Table 2 Investigation of diverse substituted sulfi$i8s

hemin (5 mol%)

Triton X-100 (20 mol%)
RDS/ 4+ Nax_COOEt —; 1-S_ COOEt
3mL H,0
O
1at 2a 40°C, 4d sat

/©/svcooa
cl

3b 49% (42%)

/©/svcooa
F

3e 54% (43%)

CI\©/S\/COOEt

3¢ 58% (50%)

F\©/S\/COOEt

3f 98% (84%)

- S._COOEt
o
o

3i 74% (67%)

©/s\/cooa

3a 98% (89%)
(873 mg)
cl

©/svcooa

3d 51% (44%)

S._COOEt S._COOEt
o ;
Br F

F

39 72% (63%) 3h 52% (42%)

Table 3 Investigation of diverse substituted sulfities

2
"Q hemin (5 mol%)
Triton X-100 (20 mol%)

s
N, COOEt
@ TN T o H,0

40°C,4d
1u-ah

oTC ©“© o0

1u 24 (20) 1v 43 (37) 1w 74 (68)
Incompatible:

o> oY o
1x 1y 1z

©/ S._ COOEt

S
laa

©/s\© ©/ ©/s\/cu ©/st
lab lad lae
1ac
T @ Y
1af lah

*Reactions were carrled out with 3 mL of®Hat 40°C for 4 d in a thermo
shaker;"Yields were determined b{4 NMR analysis of the crude reaction
mixtures. Values in the parentheses are isolatdsyi

Table 4 Investigation of various diazo esfers

[o] hemin (5 mol%)

C. o R4  Triton X-100 (20 mol%)
3mLH,0

0
4
sj)k o
40°c,4d R3

1a 2u-z 3u-3z

S COOEt
\O:KQ/ e /O/SVCOOE‘ /°\©/S\/COOE‘ Entry Diazo ester Product Yield® (%)
~,
) o o
°= H, R=tBu S\)L0J<
3j 81% (70%) 3k 34% (28%) 31 40% (35%) 1 ' ©/ 77 (58)
S._COOEt s 2u 3u
/@/S\/COOB Y©/ ~ >p/ _COOEt 5
R?=H, R=Bn N
2 A O )
3m 58% (50%) 3n 44% (39%) 30 50% (41%) 2v 3\:)
S COOEt S COOE N_S~_-COOEt 3 R’= H, R'= CeHy ©/$Qko’ C 61 (50)
o J
3p 78% (68%) 2 s
p 0 0 0
39 43% (39%) 3r 60% (52%)
(953 mg) q Rz H. K= Gt ©s¢OD
N_-S~_-COOEt S-_S-_COOEt 4 53 (42)
U <\/\l// 2X 3x
o
3569% (58%) 3t 68% (62%) R*= H, R'= CioH1s s Mo
5 80 (64)
®Reactions were carried out with 3 mL of®at 40°C for 4 d in a thermo 2y 3y
shaker;"Yields were determined b{4 NMR analysis of the crude reaction
mixtures. Values in the parentheses are isolatds/and products obtained. R’= Bn, R= Et / .

Furthermore, the reaction scope afdiazo esters was
investigated. As shown in Table #yt-butyl (2u), benzyl @v), 27
cyclohexyl @w), cyclopentyl £x), and adamantine-2-yl2y)
diazoacetate can react smoothly with sulfide, leadio the
corresponding products in moderate to good yie94-80%).
No reaction was detected wh2nwas employed, indicating that
a-substitutions on the carbenoid moiety may be ottrated.
Several other diazo esters which are not compatibleéhe
reaction system are listed in the supporting infation (Table S2,
2b-2¢€)

*Reactions were carried out with 3 mL of@®Hat 40°C for 4 d in a thermo
shaker;?Yields were determined b{4 NMR analysis of the crude reaction
mixtures. Values in the parentheses are isolatddsyi

Even though some of the-arylthio carbonyl compounds
could be obtained from nucleophilic substitution cebromo-
acetates with thiols and other ways, However, mostho&d
methods must be conducted either in organic solwtht harsh



4

conditior®* or with expensive transition metal cataly¥ts.
What's more, the present work consists of two pategvage of
non-activated C-S bond and synthesis osérylthio carbonyl
compounds, which is different from Fasan’s work(scaeh)
and other work that only provide accessatarylthio carbonyl
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4. Experimental Section

4.1. General information

All reagents were purchased at the highest commeqallty
and used without further purification. NMR spectra reve

compounds” To our best knowledge, there is no aqueous C-Secorded at 400 MHz and 100 MHz with Bruker ARX-400

bond cleavage reaction reported yet (for refereBic€HCE is
added).

In order to dug deeper into the mechanism of thetien, (2,
3-dihydro-1H-inden-1-yl) (phenyl) sulfideldi) was designed to
react with EDA under the standard reaction conditiésshown
in Scheme 2, the compound 1-indantd)(instead of 1-indort&
was confirmed as the main byproduct wah, 4a in 46% and
33% vyield respectively. It could be inferred thae tcleaved
fragment of aromatic isopropyl sulfide was furthétaeked by
water to form the alcohol product, which is isopragan most

cases aforementioned.
s S COOE! Ho
©/ 8 + Npx COOEt ©/ NAO0R 8
1ai 2a 3a

46%
Scheme 2 Reaction between (2, 3-dihydro-1H-inden-1-yl) (pyiersulfide
(1ai) and EDA

hemin (5 mol%)
Triton X-100 (20 mol%)
—_—
3mLH,0

40°C,4d

4a
33%

Based on the reported literatures and the observabf

hydrolysed productla, the proposed mechanism is depicted in

Scheme 3. Initially, hemin reacts with the diazoeedl) to
generate hemin carbene intermedia®),’t ® which has
electrophilic character and can react with sulfigieing rise to
sulfonium ylide 8). ** *® ®* Then, the desired product from the
cleavage of C-S bond and subsequent formationwfGwS bond
is formed. At the same time, the attack @OHo sulfonium ylide
led to the formation of isopropanol as byproduct.

H__coor'
N<”;:;N s
N2 N//Fe\N/ ©/ Y COOR'
: r
o
v
COOR!
N '(
N ~ S OH
‘2COOR' N//Fe\N ©/+\( /_\ \r
3 H,0

Scheme 3 The proposed reaction mechanism

3. Conclusions

instrument or 600MHz and 150 MHz with Bruker Avance BM
500 instrument. High resolution mass spectra (HRMSjewe
recorded on a Shimadzu LC/MS IT-TOF and a Waters
Micromass GCT instrument. All reactions were monitotsd
TCL with silica gel-coated plates. For chromatogsgd00-200
mesh silica gel (Qingdao, China) was employed.

4.2. General procedures

Sulfide (0.5 mmol) was added into 3 mL of aqueoustim
of 25.0 umol hemin and 0.1 mmol Triton X-100, followed by
adding 0.6 mmol diazo ester in one portion. Thetiea vial was
then placed in a constant temperature shaker dintbIshake at
220 rpm under 40C. After 4 days, the mixture was extracted
twice with EtOAc (2 mLx2). The organic layer was further
washed with brine and then dried with,8&),. Then the organic
solvent was removed in vacuum and hemin was remoyed b
short silica gel column, and eluted by petroleuheeto give the
corresponding product. For gram scale synthisiand1p were
employed with 5 mmol, 6.25 mmol respectively.

4.3. Characterization of products
4.3.1. Ethy 2-(phenylthio) acetate (3a)

Colorless oil; 873 mg; 89%yieldH NMR (400 MHz, CDCJ)
8 7.44-7.38 (m, 2H), 7.34-7.27 (= 7.5 Hz, 2H), 7.25-7.20 (4,
= 7.3 Hz, 1H), 4.16 (q) = 7.1 Hz, 2H), 3.64 (s, 2H), 1.22 {t=
7.1 Hz, 3H).”C NMR (100 MHz, CDCJ) & 169.9, 135.1, 130.1,
129.2, 127.1, 61.7, 36.9, 14.2. HRMS (ESI) calcd. (Md+H)"
(C1H140,S)": 197.0631, found: 197.0629.

4.3.2. Ethyl 2-(4-chlorophenylthio) acetate (3b)

Colorless oil; 48.4 mg; 42%yieldd NMR (400 MHz, CDCJ)
8 7.32 (d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H)34(q, J =
7.1 Hz, 2H), 3.58 (s, 2H), 1.19 (t, J = 7.1 Hz, 3R NMR (100
MHz, CDCL) & 169.4, 133.5, 133.1, 131.4, 129.1, 61.6, 36.8,
14.1. HRMS (El) calcd. for (M) (C,oH1;,CIO,S): 230.0168,
found: 230.0170.

4.3.3. Ethyl 2-(3-chlorophenylthio) acetate (3c)

Colorless oil; 57.6 mg; 50%yield NMR (400 MHz, CDCJ)
8 7.43-7.40 (m, 1H), 7.32-7.28 (m, 1H), 7.27-7.19 ), 4.21
(9, J = 7.1 Hz, 2H), 3.67 (s, 2H), 1.27 (t, J = 7.1 Bi). °C
NMR (100 MHz, CDCJ)) & 169.4, 137.3, 134.8, 130.1, 129.2,
127.6, 127.0, 61.8, 36.3, 14.2. HRMS (ESI) calcd.(fd+Na)
(C1gH1:CIO,SNa): 253.0060, found: 253.0044.

4.3.4. Ethyl 2-(2-chlorophenylthio) acetate (3d)

In summary, we developed an aqueous hemin-catalyzed

reaction between diazo esters and aromatic isoprsgplfides,
which involved the sulfonium ylide formation and sehQuent C-
S bond cleavage. With the assistance of Triton B;1the
reaction is efficient under mild and eco-friendiynditions. The
wide substrates scope and concise reaction conslitrmay
contribute to a biocompatible green catalytic sysfer the LSF
of organosulfur drug leads in the future. This gtuday also
expand the range of carbene-mediated transforngati@nheme-
based catalysts.

Colorless oil; 50.8 mg; 44%yield’;H NMR (400 MHz,
CDCly) & 7.42-7.34 (m, 2H), 7.25-7.18 (m, 1H), 7.17-7.12 (m,
1H), 4.16 (q, J = 7.1 Hz, 2H), 3.67 (s, 2H), 1.22 ( 3.1 Hz,
3H). 3¢ NMR (100 MHz, CDGC)) 8 169.3, 134.3, 129.9, 127.8,
127.4, 61.8, 35.3, 14.2. HRMS (ESI) calcd. for (M*H)
(C1H12,CIO,S)": 231.0241, found: 231.0230.

4.3.5. Ethyl 2-(4-fluorophenylthio) acetate (3e)

Colorless oil; 46.0 mg; 43%yield’;H NMR (400 MHz,
CDCI3)6 7.30-7.21 (m, 1H), 7.19-7.07 (m, 2H), 6.91 (td, 8.4,
2.3 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.65 (s, 2H)4112J = 7.1
Hz, 3H). ¥C NMR (100 MHz, CDGJ) & 169.4, 164.1, 161.6,



137.6, 130.4, 124.8, 116.3, 116.0, 113.9, 113.8,66.2, 14.2.
HRMS (ESI) calcd. for (M+H) (C,gH.FO,S)": 215.0537, found:

215.0545.
4.3.6. Ethyl 2-(3-fluorophenylthio) acetate (3f)

Colorless oil; 90.0 mg; 84%yield‘H NMR (400 MHz,

CDCl) & 7.29-7.24 (m, 1H), 7.19-7.08 (m, 2H), 6.95-6.87 (M

1H), 4.19 (q, J = 7.1 Hz, 2H), 3.66 (s, 2H), 1.24 (& 2.1 Hz,

3H). *C NMR (100 MHz, CDCJ) § 169.5, 130.5, 124.9, 116.3,

116.1, 113.9, 113.7, 61.9, 36.3, 14.2. HRMS (Elgaafor (M)
(CiH1.FOS)': 214.0464, found: 214.0465.

4.3.7. Ethyl 2-(4-bromophenylthio) acetate (3g)
Colorless oil; 86.6 mg; 63%yield’;H NMR (400 MHz,

CDCl) § 7.45-7.39 (m, 2H), 7.30-7.23 (m, 2H), 4.16 (q, J.£ 7

Hz, 2H), 3.61 (s, 2H), 1.23 (t, J = 7.1 Hz, 3C NMR (100

MHz, CDCL) & 169.6, 134.3, 132.2, 131.7, 121.2, 61.8, 36.8,

14.2 .HRMS (El) calcd. for (M) (C,gH1:BrO,S)": 273.9663,
found: 273.9656.

4.3.8. Ethyl 2-(4-Trifluoromethyl phenylthio) acetate (3h)
42%yield'H NMR (400 MHz,

Colorless oil; 55.6 mg;

CDCly) § 7.53 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H)94.

,J = 7.1 Hz, 2H), 3.70 (s, 2H), 1.24 (t, J = 7.1 BR). ©°C
(g ) ( ) ( )

NMR (100 MHz, CDC})) s 169.3, 140.3, 128.2, 125.9, 62.0,

35.4, 14.2. HRMS (ESI) calcd. for (M+N&)C,H,,F:0,SNay:
287.0324, found: 287.0315.

4.3.9. 4-(Ethoxycarbonylmethylsulfanyl) benzoic acid ethyl ester
(30)

Colorless oail; 89.8 mg; 67%yielaﬂ NMR (400 MHz, CDC))
8 7.98 — 7.91 (m, 2H), 7.39 — 7.33 (m, 2H), 4.35 (g, 2.1 Hz,
2H), 4.19 (g, J = 7.1 Hz, 2H), 3.71 (s, 2H), 1.38 (£ 2.1 Hz,
3H), 1.24 (t, J = 7.1 Hz, 3H}*C NMR (100 MHz, CDCI3)5
169.26, 166.27, 141.98, 130.17, 128.22, 127.2906261.13,
35.23, 14.46, 14.23. HRMS (ESI) calcd. for (M-3,5H:50,S)':
267.0697, found: 267.0705.

4.3.10. Isopropyl 4-((2-ethoxy-2-oxoethyl) thio) benzoate (3j)
Colorless oil; 98.8 mg; 70%yieldH NMR (400 MHz,

CDCly) § 7.94 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H335.
(hept, J = 6.3 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), II2H), 1.35

(d, J = 6.3 Hz, 6H), 1.24 (t, J = 7.1 Hz, 3L NMR (100 MHz,

CDCly) 6 169.26, 165.74, 141.77, 130.15, 128.68, 127.355%8

61.98, 35.29, 22.07, 14.23. HRMS (ESI) calcd. for-Hiy
(CraH170,S): 281.0853, found: 281.0892.

4.3.11. Ethyl 2-(4-methoxyphenylthio) acetate (3k)
Colorless oil; 31.6 mg; 28%yield‘H NMR (400 MHz,

CDCl) § 7.37 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 8.9 Hz, 1Hy46.

6.82 (M, 2H), 4.12 (g, J = 7.1 Hz, 2H), 3.88 (s, BHB1 (s, 2H),
1.18 (t, J = 7.6 Hz, 3H)*C NMR (100 MHz, CDG)) & 169.9,
158.0, 131.7, 128.8, 121.1, 110.7, 61.4, 55.8,,36412. HRMS
(ESI) calcd. for (M+H) (C;H.s0,S): 227.0736,
227.0726.

4.3.12. Ethyl 2-(3-methoxyphenylthio) acetate (31)

Colorless oil; 39.6 mg; 35%yiefty NMR (400 MHz, CDCJ)
8 7.19 (t, J = 7.9 Hz, 1H), 6.96 (d, J = 7.2 Hz, 2HJ666.70 (m,
1H), 4.16 (g, J = 7.1 Hz, 2H), 3.77 (s, 3H), 3.63 t4),2.22 (t, J

= 7.1 Hz, 3H)."®C NMR (100 MHz, CDG)) & 169.7, 159.9,

136.4, 129.9, 121.7, 114.9, 112.7, 61.6, 55.3,,3645l. HRMS
(ESI) calcd. for (M+H) (C;H.s0,S): 227.0736,
227.0723.

found:

found:

5
4,313, Ethyl 2-[(2, 4-dimethyl) phenylthio] acetate (3m)

Colorless oil; 56.0 mg; 50%yieIEH NMR (400 MHz, CDC))
87.29 (d, J = 7.9 Hz, 1H), 7.02 (s, 1H), 6.97 (d, WSHz, 1H),
4.14 (q, J = 7.1 Hz, 2H), 3.55 (s, 2H), 2.40 (s, 3H)94s, 3H),
1.22 (t, J = 7.1 Hz, 3H)°C NMR (100 MHz, CDCJ) 5 169.9,
139.1, 137.4, 131.2, 130.3, 127.4, 61.5, 36.7,,22005, 14.2.

'HRMS (ESI) calcd. for (M+H) (CoH1,0,S)": 225.0944, found:

225.0939.
4.3.14. Ethyl 2-[4-(1-methylethyl) phenylthio] acetate (3n)

Colorless 0il46.2 mg; 39%yielde NMR (400 MHz, CDC))
8 7.38-7.33 (m, 2H), 7.19-7.13 (m, 2H), 4.15 (q, JEHz, 2H),
3.59 (s, 2H), 2.88 (hept, J = 6.9 Hz, 1H), 1.25-1m9 gH). *C
NMR (100 MHz, CDC}) 5 167.0, 148.3, 131.6, 131.0, 127.3,
61.5, 37.4, 33.8, 24.0, 14.2. HRMS (ESI) calcd. fvr+H)"
(C13H160,S)": 239.1100, found: 239.1088.

4.3.15. Ethyl 2-[4-(1, 1-dimethylethyl) phenylthio] acetate (30)

Colorless oil; 51.8 mg; 41%yield‘H NMR (400 MHz,
CDCly) 8 7.39-7.30 (m, 4H), 4.16 (q, J = 7.1 Hz, 2H), 3.60 (s,
2H), 1.30 (s, 9H), 1.21 (t, J = 7.1 Hz, 3H)C NMR (100 MHz,
CDCly) 8 169.9, 150.5, 131.4, 130.5, 126.2, 61.5, 37.26,34.
31.3, 14.2. HRMS (ESI) calcd. for (M+H)(CyH,,0,S)"
253.1257, found: 253.1246.

4.3.16. Ethyl 2-(4-ethylphenylthio) acetate (3p)

Colorless oil; 953 mg; 68%yieldH NMR (400 MHz, CDCJ)
8 7.38-7.33 (m, 2H), 7.13 (d, J = 8.2 Hz, 2H), 4.15)(g,7.1 Hz,
2H), 3.58 (s, 2H), 2.61 (g, J = 7.6 Hz, 2H), 1.21 (& 3.6 Hz,
6H). *C NMR (100 MHz, CDCJ) § 169.9, 143.7, 131.5, 131.0,
128.7, 61.5, 37.4, 28.5, 15.5, 14.1. HRMS (ESI) dalfor
(M+H)" (C,H;/0,S)": 225.0944, found: 225.0936.

4.3.17. Ethyl 2-(2-naphthalenylthio) acetate (3q)

Yellow oil; 48.0 mg; 39%yield*H NMR (400 MHz, CDC)) &
7.87 (s, 1H), 7.81-7.75 (m, 3H), 7.53-7.42 (m, 3H184(q, J =
7.1 Hz, 2H), 3.75 (s, 2H), 1.22 (t, J = 7.1 Hz, 3% NMR (100
MHz, CDCL) & 169.7, 133.7, 132.5, 132.1, 128.6, 128.1, 127.6,
127.3, 126.6, 126.1, 61.6, 36.6, 14.1. HRMS (ESlyctafor
(M+H)" (C4H1:0,S)": 247.0787, found: 247.0767.

4.3.18. Ethyl 2-(2-pyridinylthio) acetate (3r)

Colorless oil; 51.2 mg; 52%yield’;H NMR (400 MHz,
CDCly) 6 8.37 (d, J = 4.1 Hz, 1H), 7.47 (td, J = 7.7, 1.7 H3),
7.21 (d, J = 8.7 Hz, 1H), 7.00-6.96 (m, 1H), 4.18X¢, 7.1 Hz,
2H), 3.96 (s, 2H), 1.24 (t, J = 7.1 Hz, 383 NMR (100 MHz,
CDCly) 6 169.8, 156.9, 149.4, 136.2, 122.1, 119.9, 61.64,32
14.2. HRMS (ESI) calcd. for (M+H)(CsH,NO,S)": 198.0583,
found: 198.0576.

4.3.19. Ethyl 2-((6-methylpyridin-2-yl) thio) acetate (3s)

Yellow oil; 61.2 mg; 58%yieIdJ;H NMR (400 MHz, CDCJ) &
7.36 (t, J = 7.7 Hz, 1H), 7.02 (d, J = 7.9 Hz, 1H)26& J = 7.5
Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.93 (s, 2H), 2.48K), 1.26
(t, 3 = 7.1 Hz, 3H)*C NMR (100 MHz, CDCJ) & 170.06,
158.42, 155.94, 136.45, 119.23, 118.88, 61.52, 3322836,
14.28.HRMS (ESI) calcd. for (M+HYC;oHJNO,S)": 212.0745,
found: 212.0746.

4.3.20. Ethyl 2-(2-thienylthio) acetate (3t)

Colorless oil; 62.8 mg; 62%yield’;H NMR (400 MHz,
CDCly) 6 7.39 (dd, J = 5.4, 1.2 Hz, 1H), 7.22-7.21 (m, 1H)96.
6.97 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.49 (s, 2H241(t, J =
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7.1 Hz, 3H)."*C NMR (100 MHz, CDG) & 169.5, 135.3, Supplementary data to this article can be found.
130.7, 127.7, 61.7, 41.1, 14.3. HRMS (ESI) calcd. (Md+H)"
(CgH1105S,)": 203.0195, found: 203.0203. References

4.3.21. Tert-Butyl (phenylthio) acetate (3u) 1 T. Cernak, K. D. Dykstra, S. Tyagarajan, P. Vadrad S. W. Krska,

. . Chem. Soc. Rev., 2016,45, 546-576.
Colorless oil; 65.0 mg; 58%y|eld}H NMR (400 MHz, 2 E. Lee. A. S. Kamlet. D. C. Powers. C. N. Neumaf. B.

CDCly) 6 7.42-7.39 (m, 2H), 7.32-7.27 (m, 2H), 7.23-7.19 (M, Boursalian, T. Furuya, D. C. Choi, J. M. Hooker afid Ritter,
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Colorless oil; 49.6 mg; 42%yiel# NMR (400 MHz, CDCJ) 16 R.A. SheldonGreen Chem, 2016,18, 3180-3183.
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