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Abbreviations

Many abbreviations are used throughout in this dissertation in order to

save space. For convenience, a list of most abbreviations is compiled for

€asy access.

AcOH

BINAP

cat
CyJohnPhos
DABCO

dba

DCM

dippf

DME

DMF

DMSO

DPE—Phos

dppb

dppf

equiv.

acetic acid

(2,2'—bis (diphenylphosphino) —1,1'—binaphthyl)

catalytic

(2—biphenyl) dicyclohexylphosphine
1,4—diazabicyclo[2.2.2] octane

tris (dibenzylideneacetone

dichloromethane

1,1'—bis (diisopropylphosphino) ferrocene
1,2—Dimethoxyethane

N, N—dimethylformamide

dimethylsulfoxide

(oxydi—2,1—phenylene)bis (diphenylphosphine)

1,4—bis (diphenylphosphino) butane

1,1'—bis (diphenylphosphino) ferrocene

Equivalent



EtsN
EtOAc

GC

John—phos

Josiphos

triethylamine
ethyl acetate
gas chromatography

(2—=biphenyl) di— tert—butylphosphine

(2R)-1-[(1R)—-1—[Bis(1,1-

dimethylethyl) phosphino] ethyl] —2— (dicyclohexylphosphino) ferrocene

LC
MeCN
MS
NMR
OTf
PEG
Ph

RT

S—Phos

THF

TLC

Xantphos

liquid chromatohraphy
acetonitrile

mass spectroscopy

nuclear magnetic resonance
trimethylfluoromethanesulfonate
polyethyleneglycol

Phenyl

room temperature
2—dicyclohexylphosphino—2',6'—dimethoxybiphenyl
tetradydrofuran

thin layer chromatography

4 ,5—bis (diphenylphosphino) —9,9 —methylxanthene



=28

Abbreviations

List of Figure

List of Scheme

List of Table

L A B s 1
I T LB s 13
II-1. 78 Ful& ©]&3t diaryliodonium salt ¢} aliphatic thiol ¢] C,y—S
AT AT AT e 13
[I-2. Z&5 FulE o] &3 vinyl triflate 9} thioglycolic acid &) Cyinyi—S
AT AN A0 25
R 0000000000000 35
N 37
1. ARTTIT]T T ATOE oo eeeesseessssssssssssssmmsssssss s 37
2 A B T E e 38
1) Diaryliodonium salt&] T . i 38
2) Diaryliodonium salt &} T-2]FW & o] €3t C-S A3 A i, 40
3) Vinyl triflate SFoHE O] A 73

4) Thioglycolic acid®} Z#ts FulE o] &3+ 2— (vinylthio)acetic acid 343



A D ST ACE . ceeeiee et 33
RO O OIIC . e e e e 85
ADDEIIAIK. oot 88

Vi



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10

Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.

Figure 18.

List of Figures

Various compounds with A hydroxy sulfide ......ccccccccceeeinnnnninns 2
Various compounds with thiophene ..........ccccccccinnniiiici . 2
TH NMR SPECIIUM O B8 uveeoeeeeeeee oo e 88
I3C NMR SPECLIUM OF 38 .vveeeeeeeeee oo 38
TH NMR SPeCtrum Of 3D.ueeeeeeee oo oo 89
1C NMR spectrum of 8b.....ocvooieoveiieeieeeeeeeeeeeeee e 89
TH NMR SPECIIUM O B uureeieee oo e e e 90
I3C NMR SPECLIUIM OF BCueeeeeeeee oo 90
TH NMR Spectrum Of Sd...ee oo 91
. 19C NMR spectrum of 3d ....coivoveeieieeeieeieeeeeceeeeeeeee e 91

TH NMR SPECIIUM OF 3. e 92
13C NMR SPECIIUM O B 1vveeeeeeeeee oo 92
"H NMR SPectrum 0f 3f ..eoueeee oo 93
C NMR Spectrum 0f 3f ..o 93
TH NMR SPECIIUM OF B8reieeeeeeeeeeeeeeeee oo 94
13C NMR SPECIIUM O B8 covveeeeeeeeee oo e 94
"H NMR SPectrum 0f 3H..c.eeoeeee e 95

13C NMR SPectrum Of SH coueeeoeeeeee oo 95

Vii



Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.

Figure 39.

TH NMR SPECHIUM O 4@.eeoeieeeeeeee oo 96

13C NMR SPECIIUM O 48.cveeeeeeeeeeeeee oo e 96
"H NMR SPECEIUM OF AD.nveeeeee e 97
C NMR SPectrum 0f 4D ... 97
TH NMR SPECLIUM OF 4Coiieieeeeeeeee oo 98
B3C NMR SPectrum Of 4C.....c.oiioviveeieeeeeeieeeieeeeeeeeeeeeeeeeeeee, 98
TH NMR Spectrum of 4d...o.eeoee oo 99
13C NMR spectrum of 4d c.oooe oo 99
TH NMR SPECEIUM OF 4. eeeeeeeeeeeeeeeeeee e, 100
BC NMR SPectrum of 4€ ......ccocvevevieeeeeieeeeeeeeeeeeeeeee e, 100
TH NMR SPectrum Of 4f woeeeeeoeee oo, 101
13C NMR SPectrum Of 4f .oomeeoee oo, 101
TH NMR SPECtIUM O 4o, 102
I3C NMR SPECIrUM O 4G oovveeeee oo 102
"H NMR SPectrum Of 4h..eooeeeoeee oo, 103
13C NMR SPectrum Of 4R cooveeeeee oo 103
"H NMR SPeCtrum Of 4] .ocvviueeeiriiieieieiieieieceieee e, 104
13C NMR SPECIIUM OF 4 wooereeeee oo, 104
"H NMR Spectrum 0f 4K.....ccoieeuimeirieeiiieeeieieceieeeeenennens 105
13C NMR SPectrum O 4K .ovveeeeeeeeeee oo 105
"H NMR spectrum of 4l 106



Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.

Figure 60.

19C NMR spectrum of 41 ....ooooiovieiiieeeeeeeeeeeeee e 106
"H NMR SPeCtrum Of AIMe..veeeeeeeeeeeeee oo e, 107
13C NMR SPeCtrum OFf 41N covveeeeeeeeeee oo 107
TH NMR SPECtrum Of 5a.eeeeeoeee oo, 108
C NMR SPectrum 0f 5a....cuuceuierieeiiiniieieiereieieseieieneeenieeee. 108
"H NMR spectrtum of 5D. .o 109
C NMR Spectrum 0f BD ... 109
TH NMR SPECLIUIM OF BCorrreeeeeeeeeee oo 110
I3C NMR SPECEIUM OF BCerrvreieeeee oo oo eee e 110
"H NMR spectrum of 5A.....cccieurimeiriiirieieieneeieeeeneieneeens 111
FC NMR spectrum 0f Ba ..o 111
TH NMR SPECLIUIM OF B8.rveeeeeeeeeeeeeeeeeeee oo 112
I3C NMR SPECEIUM OF 5 tavveeeeeee oo 112
"H NMR Spectrtm Of 5f ...oooviioeieeeeeeeeeeeeeeeeee e 113
C NMR spectrum 0f Bf oo 113
TH NMR SPECLIUIM OF Brveeeeeeeeeeee oo 114
I3C NMR SPECEIUM OF B eovveeeeeee oo e 114
"H NMR Spectrum 0f Sh.....cciiciieiieieeieecieieeeee s 115
HC NMR spectrum 0f Bh o 115
'H NMR SPECLIUIM OF B@orvreeeeeeeeeeeeeeeeee e 116
I3C NMR SPECEIUM OF Ba..rveeeeeeeeeeeeee oo 116



Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure &0.

Figure 81.

TH NMR SPECtrUm Of BD.eereeeeeeeeeeeee oo eeee e, 117

13C NMR SPECIIUM OF BD veovveeeee oo eeeee e 117
TH NMR SPECLIUIM OF BCorvreeeeeeeeeeeeeeeeeee e 118
I3C NMR SPECEIUM OF BCorrvieeeeeeeeeeee oo eeee e 118
TH NMR Spectrum Of 6d...c.eeoeee e, 119
BC NMR spectrum of 6d ......ccocveviieeieiieeeeeeeeeceeeeeeeeeen, 119
TH NMR SPECIIUM OF BC.revreeeeeeeeeeeeee oo e, 120
I3C NMR SPECEIUM OF B evveeeeeeeeee e 120
"H NMR Spectrum of 6f ......oceeriieeieeicieeiceeeecieeeen, 121
BC NMR spectrum of Bf .....c.coievoveiiiieeceeeeceeeeeeeeeeeee 121
"H NMR SPECIIUM OF BJ wvveeereeeeeeeeee oo eeee e e, 122
I3C NMR SPECEIUIM OF B wvveeeeeeeee oo 122
"H NMR Spectrum of Bl.......ccciiieericieieccieeeceeen. 123
BC NMR spectrum of Bl .......coveveveiieieiceeeeeeeeeeeeeeeee 123
TH NMR SPECIIUM O Tureeereeeeeeeeeeeeee oo, 124
I3C NMR SPECEIUM OF Tueuvreeeeeee oo eeee e 124
"H NMR Spectrum of 7h...c.oicceiiecieeieieieieteieeeceeeeee. 125
BC NMR spectrum of b ..ccveivevieiceeeeeceeeeeeeeeeeeeeeeeeee, 125
"H NMR Spectrum 0f 7d.....cceeerrirerienieeeieieceieeeeeeeencens 126
I3C NMR Spectrum of Td cveeoe oo 126
TH NMR SPECEIUM OF T€.eeeereeeeeeeeeee oo, 127



Figure 82. 'C NMR SPectrum Of 7€ ....c.ccocvvioveeeieeeeeeeeeeeee e, 127
Figure 83. "H NMR SPECtrum OF Tf covveooeeeeeeeeee oo 128
Figure 84. >C NMR SPectrum Of T cveoeeoe oo 128
Figure 85. 'H NMR SPECLIUM OF T uuvreeoeeeeeeeeee oo 129
Figure 86. 'C NMR SPectrum 0f 78 ..cevveeeriiereiiiereisisseisiesenesinens 129
Figure 87. "H NMR SPectrum Of Ti.....ccooioviieiiieeeeeeeeeeeeeee e, 130
Figure 88. "’C NMR SPectrum 0f 7i ..ccoeeiiieriieinieieeeeiensceieceieneeens 130
Figure 89. "H NMR SPECtrUM OF 7J woveereereeee oo eee e 131
Figure 90. 'C NMR SPectrum 0f 7j ....ccocereirreiiinieiiinseenseseneesennes 131
Figure 91. "H NMR sSpectrum of TK......cococvoiiveieeeeeeeeeeeeeee e, 132
Figure 92. "’C NMR SPectrum 0f 7K c.cooeuriueurreeriieeiiieieeiseeieseeseenene 132
Figure 93. "H NMR Spectrum Of Tl eoreoe oo eee e 133
Figure 94. 'C NMR spectrum of 71 ..o 133
Figure 95. "H NMR SPeCtrum Of Th......c.ccicviiiveieeeeeieeeeeeeeeee e, 134
Figure 96. ">C NMR SPeCtrum Of T ..eeoeeeeeeeeee oo e oo eee s 134
Figure 97. "H NMR SPeCtrum Of T 0. weeeeeee oo 135
Figure 98. '’C NMR SPectrum 0f 70 .ccvieieuiiereiiiereisieseisieneeesisnnes 135
Figure 99. "H NMR SPECLIUM OF TDuuvieeoeeeeeeeeeeee oo eeee e eee s 136
Figure 100. '’C NMR SPeCctrum 0Of 7P c..eeeoveeerrmeeririeeiiieeiieiseeeeeeieeseenens 136
Figure 101. 'H NMR SPeCtrum Of 7q weeeeeoeeeeee oo 137
Figure 102. ">C NMR SPeCtrum Of TG coeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene e, 137

Xi



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

TH NMR SPECEIUM OF T vveeeeeeeee oo ee e eee e, 138

C NMR SPECtrum Of T .o 138
TH NMR SPECEIUM O 7Suuee e, 139
13C NMR SPECITUM OF TS tvveeeeeee oo 139
TH NMR SPECtrum OFf TU cveeeeeeeeeeeee e, 140
BC NMR SPectrum of TU c.ocvovoceeeveieeeeeeeeeeeeeeeeeeeeeeenns 140
TH NMR SPEeCtrum OF 8a8...uveeeeeeeeeeeeeeeeeee oo e eeees e, 141
13C NMR SPECtrum Of 88 vveeveeeeeeeeee e 141
TH NMR SPectrum Of 8D cveeeeeeeeeeeeee oo, 142
BC NMR spectrum of 8B ..ocvoviivoiiiieececeeeeceeeeee e 142
"H NMR Spectrum of 8d .....couiverrireeiiieeeieieienieeseeeeneeene. 143
13C NMR spectrum of 8d c.veouveeee oo 143
TH NMR SPeCtrum Of 8€ cuveeeeeeeeeeeeee oo, 144
BC NMR Spectrum of 8€ ....ooiveveieeveeieeieeeeeeeeeeeeneeenns 144
TH NMR Spectrum 0f 8f .eeeieoeeeeeeeee oo, 145
13C NMR Spectrum of 8f..ueeoeeee oo 145
TH NMR SPeCtrum Of 88 cveeeeeeeeeeee oo, 146
I3C NMR SPECtTUM OF 88 wvveeeeeeeee oo, 146
TH NMR Spectrum 0f 8H c.veeeeeeeeeeeeee oo, 147
13C NMR Spectrum 0f 81 .veoueeeee oo 147
TH NMR Spectrum Of Q8. ..eeeoee oo, 148

Xii



Figure 124. C NMR sSpectrum of 98 ..ocvoeveeeeeeee oo 148

Figure 125. "H NMR Spectrum 0f OB ..ooveeoeeeeeee oo 149
Figure 126. ">C NMR spectrum Of 9D .oeioee oo, 149
Figure 127. "H NMR Spectrum 0f 9C......coeeriiriieriiiieireicieeeceieeee. 150
Figure 128. ">C NMR Spectrum Of OC .oviooeeoeeeeeeeeeeee oo eee e, 150
Figure 129. "H NMR spectrum of 9€ ........ccoceiviiiveeeeeeeeeeeee e, 151
Figure 130. '’C NMR Spectrum 0of 9€ ......cocevriuririeriiierrieineeieciessenene 151
Figure 131. 'H NMR spectrum of Of ...oove oo 152
Figure 132. "C NMR spectrum of 9f .....cccoeivieiiiieieieeeieecinenes 152

List of Scheme

Scheme 1. Synthesis g —hydroxyalkyl aryl sulfide via epoxide ring
DD CIUIILIE et 3
Scheme 2. Synthesis of 8 —hydroxyalkyl aryl sulfide from aryl halide ... 4
Scheme 3. General reaction of diaryliodonium salt......cccoeeiiiiiiiiiiiiiinnnnn. 5
Scheme 4. One—pot synthesis of diaryliodonium salt.......cccoveviviviininnnnns. 5

Scheme 5. Synthesis B —hydroxyalkyl aryl sulfide via diaryliodonium

Xiii



Scheme 6. Previous work on C,y—0O bond formation with diaryliodonium

salts and aliphatic alCORNOl ....oeiin i, 6
Scheme 7. Synthesis of C,y—S bond formation from aryl halide .............. 8
Scheme 8. Synthesis of vinyl sulfide from alkenyl halide .......................... 9
Scheme 9. Application of vINYI triflates .oooviiiiieiiiiie e 10
Scheme 10. C—heteroatom bond formation from vinyl triflates............... 11
Scheme 11. Synthesis of thiophen from 2— (vinylthio) acetic acid ......... 34

List of Tables

Table 1. Effect of solvent on diaryliodonium triflate and 2-—
MY CAPTOCTIIANIOL ¢ e e 14
Table 2. Effect of temperature and time on diaryliodonium triflate and 2—
METCAPTOCTIATIOL 1oeiieiiii et 15
Table 3. Effect of additional reaction on room temperature .......c........... 16
Table 4. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with
various symmetric diaryliodonium Salt ......oooovviiiviiiiiiii 18
Table 5. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with
various asymmetric aryl(mesityl)iodonium triflate ........ccccooovvvveeeeeeeinninn. 19
Table 6. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with

various asymmetric aryl(phenyl)iodonium triflate .........cccoovivveoeeeeeeennnnn. 20

Xiv



Table 7. Cu—catalyzed C—S bond formation of 3—mercaptopropanol with
various diaryliodOnium ST ..eeeeeie it 22
Table 8. Cu—catalyzed C—S bond formation of 1—thioglycerol with
various diaryliodonium SAlt ...oieiieeiiiiiie e 24
Table 9. Solvent effect on C—S bond formation between 4-—¢—
butylcyclohexenyl triflate and thioglycolic acid ......cccccccviiiiiiiiii.. 26
Table 10. Effect of base and temperature on C—S bond formation
between 4 —f—butylcyclohexenyl triflate and thioglycolic acid .............. 27
Table 11. Effect of catalyst and ligand on C—S bond formation between
4—t—butyl—cyclohexenyl triflate and thioglycolic acid ............cccceeeinin. 29
Table 12. Cyinyi—S bond formation with thioglycolic acid and vinyl triflate
ETIVALIVES  tiiiiiiiiiiiiii i 31
Table 13. Screening reagent equivalent, base, temperature and time on
Cyinyi—S bond formation between ethyl bezoylacetyl triflate and
thIOGLY COLIC ACIA  cinieie e e 32
Table 14. Cyinyi—S bond formation with thioglycolic acid and A —keto

ester/amide triflate deriVALIVES oeiieeeee e 33

XV



KGN C-S A% B PUE AT G188, ok, AH R

rlr

EA4stelt 5 gekst Hoko] H&o] sbedle] FEEd] AyHa v 1
FolAE B EE vy Agel hydroxylZ]E Zbe= sulfide: pteriatoxin A,°

6

=

cyclothiocurvularin,® grisemycin’ @} leukotriene E4° 5 A& 31350 A
A" 3] B —hydroxyalkyl aryl sulfidex= %38 Ao 4] vitamin
By Y diltiazem, '° naltiazem¥} ' & &<t S EA, ¥ F-HIV, 5-HT
binding'’e Al WEb= ZE-7) o]t} (Figure 1).

T vinyl Al thioacetic acid’lE  Zi sulfide  3FES
cyclizatione %3}] thiophenes A= FUAZA FL3 Adgs
gch'* . Thiophene 3¢E2 Aok Roko] 7|#x] FA Spiriva, * I
€3 SAA Xarelto, ' #ad §F A Plavix, 7 #Zxd HxA
Invokana '* ¢} #Z& sFE FHAEA T TS stth(Figure 2).
ole] wg} C-S A¥S FAsy] s A7 JAAFHUL ol UH
a&40z 7] A8 55 FWlE o8& AEol BuEdn. AR
B —hydroxyalkyl aryl sulfide®} 2- (vinylthio)acetic acid®] =&l

el et A= wWol BarsA kot



OH

Pteriatoxin A Cyclothiocurvularin A
\N\/\N S \ N S
% N—"
o}

oj/o 0:_0
OCH; ﬁ oCH,

Diltiazem Naltiazem

Figure 1. Various compounds with 8 —hydroxyalkyl sulfide

~./ — 0
- NS @)k \
OQQ‘ OH Cl N/Y\N N o)
\ || H ‘< >*
° ) O«o \_<O

o\/

Spiriva Xarelto

Cl  CO,Me
(OD
S
Plavix Invokana

Figure 2. Various compounds with thiophene



B = [I-19M+= dola% Ful 3 2842 B -—hydroxyalkyl aryl
sulfide®] &Aool el t©FFAtt. B —hydroxyalkyl aryl sulfide:®
AEeHo= of| FAfo] =9 ring—opening W oz A = Tt

PEG4000 ' o]1} ionic liquid ?° & %% wjd® A}L3t9]  thiophenol

N
i
ofo
o
ol
o
X
of
Ir
o
rE
o

I

ok

IS F7MAA  oxiraneo] ¥ z
AFEEQITE FolA Akl ALO3 % 9 ZnCl,* 5 FHwlz ALg-sto] A8t

TE Stk DABCOSH Egtolodolul (BN S W £33 ¢7|=

2
ofo E
kr
re

3} thiophenol¥} of| ZAlo] = ring opening HHH &

B9t (Scheme 1).

R1
o) SH s
AN ©/ PEG 4000 J\OH
R CH,Cl,
rt
OH
o) SH [Emim]BF.
)C( s s A o
o (U0
60 min, reflux

SH  AlLO; (W-200-N-D) 3\©
25°C, 10 min, Et,O “ioH

SH ZnCl, (10 mol%) O\S@
H,0, 30 °C OH

10-60 min

DABCO (1 mol%)

SH S
O O B o
H.0 OH

rt, air, 12 h,

Scheme 1. Synthesis B —hydroxyalkyl aryl sulfide via epoxide ring

opening



1% dolgEy Fui7t gt X F5F 1] SF aryl halide$} aliphatic
thiol?] C-S ZA3% &4 wHkgo]l AFEH O™ g —hydroxyalkyl aryl
sulfide® $Aeh= WHEC] HuFEt Huyd WHEZE UAS Fujz

3k 924 CuO nanoparticled |2 AFE3 W So] Qt}h® (Scheme 2).

Br o/ NI S~
N A " 10 mol% NiBr,/Zn R @/ OH
— PEG 400, NaOH Z
120°C, 8-12 h

i) 7 mol% CuO nano

N b, j\ DMSO, 12 2 h LN S oH
A KS~ “OEt ii) 2-bromoethanol (
KOH, 2 h

Scheme 2. Synthesis of A —hydroxyalkyl aryl sulfide from aryl halide

FH Lol aryl halide® ©AIE=Z hypervalent iodine 3¥3Eo|] A5

rfo

3}3tar

Jol =olt hypervalent iodine 3}¢E-2

olo

Hauwa Qo W

5ol glon =% FujE o] 83k C—heteroatom(N, O, S) A3 F4do]
golgt 54 FES wolstth, B 152 dH R g Aoln FiAdol

s WY ofygl WEEAol ol okt whgelx  EHUEAR
A2 &Skt (Scheme 3). %719 hypervalent iodine 3}3&E A WH§
7oA JhgAIZe] A oy @AY vkeE A W FEE A HAT
# ol hypervalent iodine 33&ES 3 WA ¥HEgow A= WO

TEW 2 ZA AFLo] fola Ktk (Scheme 4) “C.

o

N



| Nu I
- XX AN
R']_' Ny + | \_R2 Nu » R1 : + R2 :

Dummy

Scheme 3. General reaction of diaryliodonium salt

mCPBA

OTf
.
| |
X X X X
Ri- ]+ [ R—250 R L R
= = DCM = =

t, 2 h
(OH),
O[T
. N ! N | _TOH, ,
BF;OEt, > R R

Scheme 4. One—pot synthesis of diaryliodonium salt

Hypervalent  iodine<] =2 HESAd S o] g3} = ulf ol
vlo]l AR ol B2 Ao ZEbg ZHwjE AFE3S C-S Ae A4 Wyo)

B9 (Scheme 5). 184 o] HF$EL W

=
olo
oX
©
48

o]\ hypervalent

iodine S ES FLEAZ AT =

o
)
"

& exy U BehE

off

3
Sulg Abgalol s dAE e 73 Sk



oTf OH
! KSCN SCN |  HO S eon
©/ \© MW, 20 min ©/ MW ©/
100 °C, DMF 15 min, 100 °C

oTf

I Pd(PPh S.
it X | \—R1 + R2SH [Pd(PPh3)4] e AN R2

O = NaHCO, -
RT, 1h
R? = aryl or alkyl

Scheme 5. Synthesis B —hydroxyalkyl aryl sulfide via diaryliodonium salt

2 AN E T FuE o]&sto] diaryliodonium salte} CEd
=efol FE oiyet 12 g3E, 22 IS, Wd dFISFS EFshe
t}ek3t aliphatic diols2 o] &8 A&oX Cuy—0 At Aol dis] o3

H

I 2t} (Scheme 6).

oTf
|
+
©/ +\© H O/\/OH

Scheme 6. Previous work on Cgy—O bond formation

Cuy0 2 mol%

Ethylene glycol
rt, 10 min

salts and aliphatic alcohol

o

with diaryliodonium



e
r
o

[-1eAM+= FAe A7d C-0 A WHES HEAA

—
i)
I
=)
i

0] g3t diaryliodonium salt?} 2—mercaptoethanol®] C—-S ZA3g

ot

A HF$ o0 % B —hydroxyalkyl aryl sulfide? 3dA4<S t+&Etv}. Sulfur

source®A]  2—mercaptoethanol ©]2]°9] 3—mercaptopropanol®} 1-—

= o

thioglycerol 5= WHSAl#A ©st y —hydroxyalkyl aryl sulfide 33&ES

945 v,



& =% I-29M= Zes S 8k Cungell thioglycolic acid= =915}

)
o

= el disfl 2o Cong—

ol

=

hirsi)

2— (vinylthio) acetic acidE &% A

S A% FHe wol delAA e el Wl Cou-S AF FHE Aol
% S99 aryl halide® FWEAZ AR YW EO] Wol nuHUTh

Pd(OAc), vl 3} tjekst g3t =5 AFg3te] 12} alkyl thiol? aryl thiol®]
Cay—S A% A ¥H 23} ethylene glycols Te&w) obgo gt==
o] g3kl Cul vl & aryl thiol#e] Cuy—S A FA WHol a&% <l

o7 HiEct(Scheme 7). %

2 mol% Pd(OAc),

2
O X . 2 mol% Josiphos RI N SR
. R2-SH .
R o+ NaO'Bu, DME, 110 °C N
X=Br, Cl, I, OTf, OTs
0,
« 2 mol% Pd(QAC)z N SR2
Ri AN . RZ—SH 2.4 mol% DiPPF R
T NaO'Bu, dioxane A
100 °C, 18 h

X= Br, Cl, R?= alkyl, aryl
2 mol% Pd(OAc), 2
i X R?—SH 2 mol% Josiphos i SR
R * NaO'Bu, DME, 110 °C -

X= Br, Cl, R?= alkyl

/

\

Cul 5 mol%

N I Ethylene glycol 2 eq X SR?
14 + R2?—SH 1h
R R
! _ K2C03 2 eq. =

iProH, 80 °C, 22 h

Scheme 7. Synthesis of C,y—S bond formation from aryl halide



HO]—

Y

E‘}X]E’l' CvinyI_S éfg_ 65]}\(5]

Al o

O -

Cvinyl_S é?ﬂ]— 65]

EE ol%

?l HOL

el dppf %t

B tH(Scheme 8).°! o]5&

sk
H

i

23} vinyl sulfideE $Hd St

R2

CuO nanoparticles |z A&

%

o ot

R

A]

o]

W Pdy(dba)

dHo® Wol Ry

3

hs

H}

=
o

[¢)

& sl

Mol =& FWE ol%

Y

vinyl halide®} 12} alkyle]ly aryl thiol¥}

o2 RIE gt

1.5 mol% CuO nano

AANUBT + HSR?

R2
x_SR®
KOH R1J\/
DMSO

80°C,4h

R'=Ar,H R?=H, CO,Et R3=Ar, alkyl

Cul 10 mol%
L-Proline 20 mol%

0 SH
X
=

|

C

K,CO4
95% EtOH, reflux
12h

Cuy0 1 mol%

t-Bu

R2

KOH
Dioxane
110°C, 12 h

(r
t-Bu

0.5 mol% Pdy(dba);
1 mol% dppf

AASUBT ¢ HSR?

R'= Ar, Me, H R%=H, Me, Ar

R2
SR3
LIHVMDS RH\/
Toluene

110°C, 24 h

R%= Ar, alkyl

Scheme 8. Synthesis of vinyl sulfide from alkenyl halide



FEAdR ARgsb7le] BErstrh ol Wkl vinyl triflate St
ol 7hssta vt VlerlE 7HE ¢ glol olE EvEdEA v

G190 g8t AF7F BTk *? Vinyl triflate2 5 ety v

34

AL-g-3}od isoprenoids, % @, 8 —butenolides, carbapenems,

% phormoidrides, *° Ieptofuranin D, *" agelasiminers *® 2} 7S 34,

=

Al & BH 3tEES A% el EaE Y (Scheme 9).

O

oP Me oP Me
M ' Pd NRR'
e Mot * N _NRR'_[Pd] Me
O o
v CO,P'
Carbapenems

TESO._~ R
R
~ OTf Pd(PPhs)4 20 mol% _
O i-Pr,NEt, 800 psi CO, PhCN
OH 60 to 115 °C
Phomoidride A
BT ) )
TfO Pd(0) Z “CO,Et
+ Y\COZEt —_—

Agelasimine-B int

Scheme 9. Application of vinyl triflates

10



Hdolg&5S o] &3 A2 2% JA WY 7l S €ols vinyl triflate
3}sHE2 Scheme 994 A C—-C A3 A o] % C—heteroatom (N, O,

S ) AR A4 WSl gdsA 2 #F849E Wil Utk ¥ Vinyl

flo
ot
oX,
ftlo
of
:Iog

triflate® Y =d 2 ARgste] Zebg S stel C-N A
enamides A= WHH C-0 AFIYSE enol ethers: FAE
WHol BuE ek Y0 3 ruthenium Wl 3lolA diphenyl disulfide 2}
RE3-3to] aryl vinyl sulfide® #/3 ol% BiE 3 tH(Scheme 10). Thos
A3 34 w3 U EAdE AMEEHE vinyl triflates T4 Al EZ YA

Aens zdo] 7bsste] FREAEA A7 ok Y

Pd,(dba); 2.5 mol% H

OTf 2 3 N
O/ j\/ BuXPhos 3.7 mol% /©/ \ﬂ/\

tBu T HN K»CO3 1.4 eq. £Bu o
‘BuOH
80°C,10h

QT oH Pd,(dba)s 3 mol% 0
John-Phos 3 mol%
+
NaOBu, Toluene

100 °C, 22 h

[RuCl,(p-cymene)], 3 mol%

OTf S\S/© Me,-Phen 3 mol% S
* ©/ DMI

120°C, 24 h

Scheme 10. C—heteroatom bond formation from vinyl triflates
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T

thioglycolic acid® Cuy—S 2%

2 =8 (I-294+ vinyl triflateE

(vinylthio) acetic acid 3g&ES A st A}k

12

o] gste] &
I SR
skt



II. 4% 9 1%
[I-1. 728 & o] &3t diaryliodonium salt2} aliphatic thiol

g Caryl_S @?ﬂl —%]}\C‘)hﬂ (ﬁ:ll

2 Ao M= aryl iodideR T ¥ ¥4 S 7FA+= diaryliodonium salt

-~

5} 3+& 3} aliphatic thiol& WHS-A]A W& 258} oFst 17]9 23} 2719

O

!

A Can=S A¥S B4 & =+ A& A=t AdsEsid AdE A
&

e

diphenyliodonium trifluoromethanesulfonate® ethylene glycol& ©
2ol A 9 C-0 A J4Hs  Fashd diphenyliodonium
trifluoromethanesulfonate$} 2—mercaptoethanol®] C,,—S 23 el &
af A¥S sl

AP tol A% diphenyliodonium triflate®} 2—mercaptoethanol?]
Caryi—S AFYA HHst A0 mol®w Cu0, 3.0 equiv. 2-
mercaptoethnaol, 3.0 equiv. NaHCO3, 1 mL ethylene glycol, RT 3h) °fA]
2—phenylthioethanol®] 69% olzle] &l dHE HAS} =& ¢

2]

-

o

43t 715715 7FA diaryliodonium salt 33t=ol A &3st7] $3 A

gkt olE 7IWto g tieket 7157 E UMW Solo® OTiE Zhe

-

diaryliodonium salts ¢#%x WO = s & HAlste] AP X3Pt
St

Electron donating group= 2zt aryl”| 9] diaryliodonium saltE ©]83}¢]

13



)

71Ee AHek FAAxAANA S Y Al UlFE 50% ©]e] &S 7]
=319t ArylZ]el p—Cl, p—Br* ¥ electron withdrawing groups Zt+=

diaryliodonium saltE ©|g3d vlw 4 22 ¢8-S Bt 1822 halide

2+ 2712 zl= diaryliodonium salt 7] de] taiA= ¥ 2719 Aol

Ot

daslt. &, A7, 2%

ftlo

z3

o HA xS ZbolH gkt (Tables

1-3).

Table 1. Effect of solvent on synthesis of 8 —hydroxyalkyl aryl sulfide

" oTf
/©/ \©\ + g~ OH _ Cu010moi% /©/S\/\OH
NaHCOC; cl
2a solvent, RT, 3 h 4a
Entry Solvent Yield 2
1 DCM 18%
2 THF 32%
3 ACN 50%
4 DMSO 41%
5 Ethylene glycol 45%
6 DCM/H,O 25%
7 DMSO/H,0 34%
8 CH3;CN/H,O 85%

2 josolated yield

>

Table 19148} o] thekst ulE A|%L3dlo] acetonitriles AFEHS ] 7}

T Ee FEES oA ofd 9719 glEE =olV] fd == 30 L

o)
)
_O|L
2
4
fifo

S 85%7HA4] 2dE 4 AAJY(Table 1, entry 8). oo uwz}
CH3CN/H;0 (1.0 mL/30 pL ) Z3& w2 1ZGA7 F7H8 02 HES

AIZEE WA AR S AE A3l

14



719 electron donating group®.tt F2 WA S ZEE  electron
withdrawing group< ¥3%3F diaryliodonium salt7} ZAHA o= 2-
mercaptoethanol®} ¥F23Fo] dummy® Zob7b+= AS oWty wE yJks-

de sk AeelM o RbeAIRbe 27k vk

flo
P
o
off
o
38,
B
r d
lo
ﬂ
)

gGo =87 AAAES] dojH Y (Table 2, entries 1—2). HEEA|ZFS 294

BAZFY Wb A ARG W gl 86%7H Fbd: AnE nAv

& LC-MSE #latlth. 2elA e vhgez WS dummy’t A= A
= #Rletal Wb S5 28T S e 255 0 °C 2 ¥ Wk

S A3t TH(Table 2 entries 6—8).

Table 2 Effect of temperature and time on diaryliodonium triflate and 2—

mercaptoethanol
+ OTf
[
s
Cl Cl NaHCO; cl
. CH3CN/H,0
1i 2a Temp, time 4a
Entry T(°C) Time Yield @
1 RT 30 min 33%
2 RT 1h 37%
3 RT 3h 85%
4 RT 6h 78%
5 RT 8h 86%
6 0°C 3h 63%
7 0°C 8h 86%
8 0°C 24 h 76%
aLC-MS yield

15



0 °CollA 24413 HH-$& HastodE o] [3] WH-g-=91 diaryliodonium salt
7F Foldl= A& LC-MS=Z  ERIskAtH(Table 2, entry 8). Holsl+

diaryliodonium salt®] Hkgo] AL E= 204 F7}4<Q HF-&-

mlo
o::',
ol
ol

%t} (Table 3).

Table 3. Effect of additional reaction on room temperature

+ OTf

ST O Syt
NaHCO3 cal

CH3CN/H,O 4a

Temp, time
Entry T(°C) Time Yield @
1 0°C — RT 12h — 1h 94%
2 0°C — RT 8h — 1h 98%
3 0°C — RT 6h — 1h 89%
4 0°C — RT 8h — 30 min 98%
5 0°C — RT 8h — 10 min 78%

@ LC-MS yield

0 °CellMd 12413t Whg 5 FrhH o oA 1435 "bg AlZHY

olo
o

dummy?] <ol Zoj511 Folgl:E diaryliodonium salt7} 25 Hk3-of o
st S LC-MSZE &1% 4 At (Table 3, entry 1). 1 % 7F20A] 9]
RESAIZES 7H agAolal FA wET] S8 e AlbS E97he HAE
s A} 0 °CollA] 8AIZE & oA 30FeA 1AI7HS FrHH o s s

o 71 =S F8S 7=l (Table 3, entry 2 and 4). WEkA electron

16



withdrawing group< 7} diaryliodonium salt®] ¥F$ A& tpS3 7o)
HA3} 3Rt 10 mol% CuzO, 3.0 equiv. 2—mercaptoethnaol, 3.0 equiv.
NaHCO3, 1 mL/30 p¢L CH3CN/Hz0, 0 °C, 8 h & RT 30 min..

Sz HA3 A8 Ad9E BEUE ogofst 715715 71X diaryliodonium
salt® 4 €3} hydroxyalkyl aryl sulfide 3}&E5S 93 th(Table 4). &
del 7157121 diphenyliodonium salti= 3% 3} %715 electron donating 7|
5715 7k p—tolylodonium salt® ##3} Adste] zHokr]el] o wopxl
FES  92Av(3a). Steric effect? AIFS W= meta— U (30),
xylene (83d), mesityl(3e)S 7}2 salt®= wF3AJo] wrolx] =g&o] wolxl A
o7 Bt para— A methyloly  tert—butyl 71E71E 7R
diaryliodonium salt®= 73+ electron donating &%= wWow 3be} 3f7} 7}
5%, 69% TE& 7SSt AEA HA3 =& S electron
withdrawing 71%571& 7} diaryliodonium triflatei= A= AHE A3}

ZAAM "gFE 70% °]te

Hie
flo

TES dojWow, para—, meta—,
ortho—$1A Wl 715719 stericol &S wow 4a, 4b, 4c7} 90%,

82%, 69% = A} F&o] YolA= AL &

C o
ofs
on
32
iy

17



Table 4. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with

various symmetric diaryliodonium salt

(_)Tf Condition A:
Cuy0 10 mol%, NaHCO3

S S Ethylene glycol, RT, 3 h OH
R—F ’ | R+ HS/\/OH Y g.y. R@
P P Condition B: =
1 2a

Cu,0 10 mol%, NaHCO3 3ord
CH3CN/H,0, 0°C, 8 h
then RT, 30 min

Condition A:
S S
©/ ~"OH /@/ ~"0H \©/S\/\ OH
3a, 69% 3b, 75% 3c, 60%
S
" oH s S
" 0H [j " 0H
t-Bu
3d, 45% 3e, 48% 3f, 69%
Condition B:
Cl
S cl s
Ot
Cl
4a, 90% 4b, 82% 4c, 69%
S S
e T gt
Br F3C F
4d, 82% 4e, 78% Af, 77%
Isolated yield

18



+ ¢ g3t 715715 7FA hydroxyalkyl aryl sulfideE /3171 $13)
F&:o vt iodnoium saltE €A 3] 2—mercaptoethanol?} WH-g-S %13
stolth. stFol  mesityle 7F Bl ARl diaryliodonium triflates=
hydroxyalkyl aryl sulfide @/dell ARtH oz Fgo] dolx= ARE
th(Table 5). W ol mesityls 7FA+ B3 jodonium saltE % -&3}hof
A3 A3t 3g, 3h, 4§, 4k, 419] B¢ v e FE (%) B o]l &

SAJo] Yol dummy group O @ ol Flolgt o3k mesityl®

l-'O
jin)
_Vi
o

olst BAIA Eo] &olx it Mesityld®} 2—mercaptoethanol®?] A A

of F WhgE e FANLSOoR FEo| Yolx = o Hlg,

Table 5. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with

various asymmetric diaryliodonium triflate

OTf Condition A:
Cu,0 10 mol%, NaHCO3 s
AN \/\OH
. Hs/\/OH Ethylene glycol, RT, 3 h R1—:
Condition B: Z
Cu,0 10 mol%, NaHCO3 3ord

CH3CN/H,0,0°C,8h
then RT, 30 min

Condition A:
S
/@/ \/\OH /©/S\/\OH
Ph MeO
39, 26% 3h, 18%
Condition B:
S\/\OH S\/\OH Q s
\/\
\H/©/ EtO\”/©/ EtOJ\©/ OH
(0] (0]
4j, 31% 4k, 72% 41, 20%

19



olof] HkthjH | benzenes 7}% M]3 2 <l diaryliodonium triflate®} 2—
mercaptoethanol®] HH&& Z&3sle] 4h, 4i, 4m A ES 2> F5=
hydroxyalkyl aryl sulfideE 3$/d3}3lth(Table 6). Steric® F&o] il =

A ¢l benzened HkSo] H74

2
[-‘O
I:‘o‘u
k%

FEe We A3

flo

==z
5 T4 &1

i

BAAES 2— (phenylthio) ethanol®= mesitylS 7}z Z R A&

2
%2
e

02
o

873 = At

Table 6. Cu—catalyzed C—S bond formation of 2—mercaptoethanol with
various asymmetric aryl(phenyl)iodonium triflate

Condition B:
- Cu,0 10 mol%, NaHCO3
+ OTf 1) CHsCN/H,0, 0 °C 8 h

N i OH
2) RT 30 I
R_:(;/ \© + g N LRI min R (j
1 2a

3ord

S
/@/ ~"0H /©/S\/\OH /ETS\/\OH 0/8\/\0'_'
NC N c N N~

0,
4h, 70% 4i, 88% 4dm, 78% 4n, 36%

2—mercaptoethanol®] 2]2] t©& alkyl thiol®} diaryliodonium salt$}9]
Cay=S A3t A deie dA7+E A3ysHS Tt 2—mercaptoethanol ) 4]
3}t E 2] Adol7t so]t 3—mercaptopropanol® hydroxy”|7} sty o =

thioglycerole °]g3lo e M We& 3. v 7Is71= 7



A3 Q1+ diaryliodonium salt®] 3—mercaptopropanols 283t C,yi—S

a3 94

s
olo
tle

) AU (Table 7). 1 A% 274 A2 7y -—
hydroxyalkyl aryl sulfide 33t5& & 5 QAT BF AH9HO=E Cup—
S é?ﬂl‘% 651/\5]_;‘_}' Zigi Q‘?lé]—?iX]?l— 3—mercaptopropanol% ;—qg7] Oil.?_

of WAl F&o] EFUT}t. 7]1£29 2—mercaptoethanols @] —SHE} —

OH 715717F 91# +x4o=Z 89 kd Al coordination®] 7}a kA 5k

3—mercaptopropanol®] - AAdo|7} st Eojde] uwgt T Fulel

)

IF-8-=°] coordination 3}7] ¥Eo]Xt. 1 AF} 2—mercaptoethanol¥} 2]

T
olo

et o ¥ FEs VIEse JloR RoXn. Ed 2-

mercaptoethanol®] pKa:¥ 9.64, 3—mercaptopropanol®] pKa#ts 10.1%

reagento] Wz} F1 73t base’} B3 ZHAow welt)

21



Table 7. Cu—catalyzed C—S bond formation of 3—mercaptopropanol with

various diaryliodonium salt

“OTf Condition A:
* Cu,0 10 mol%, NaHCO4

! S~ OH
A A X
R{:I/ \©R2+ SH""0H Ethylene glycol, RT, 3 h RIL
= = Condition B: =
1 2b

Cu,,0 10 mol%, NaHCO3 50r6
CH3CN/H,0, 0°C, 8 h
then RT, 30 min

Condition A:
©/S\/\/OH /@/S\/\/OH \©/S\/\/OH S OH
5a, 40% 5b, 50% 5c, 49% 5d, 36%
R'=R?=H R'=R%=p-Me R'=R%=m-Me R'=R2=xylene
S _~_OH ©/S\/\/OH /©/S\/\/OH /©/S\/\/OH
t-Bu Ph OMe
e, 46% 5f, 54% 59, 17% 5h, 16%
R'=R2=mesityl R'=R2=p-t-Bu R'=p-Ph, R?=mesityl R'=p-OMe, R2=mesityl
Condition B: cl
/©/S\/\/OH CI\©/S\/\/OH S _~_OH /©/S\/\/OH
Cl Br
6a, 31% 6b, 40% 6c, 43% 6d, 29%
R'=R%=p-Cl R'=R%=m-Cl R'=R%=0-Me R'=R2=p-Br
F CF3
6e, 23% 6f, 54% 0 69, 29%
R'=R?=p-F R'=R2=p-CF, R'=acetyl, R%=mesityl
(6]
S OH
N Se__~_OH S«_~_OH
OEt
OEt
NO,
O  6h,23% 6i, 22% 6j, 40%
R'=p-ethylester, R>=mesity! R'=m-ethylester, R>=mesityl R'=p-NO,, R?=benzene
S~ OH X S OH Ny S~ OH
Y oy Y
CN CcI’' N N
6k, 52% 6l, 47% 6m, 26%
R'=p-CN, R2=benzene R'=p-Cl-pyridine, R%=benzene R'=pyridine, R%=benzene

22



Alkylthiol®] the¥d BHE 98] 1-thioglycerols ©] &3 WHE& A|%3}
At} (Table 8). 2—Mercaptoethanol®} 3—mercaptopropanolel] & A 3td 5+
7HA 274 5 ALl Hekt}h Electron withdrawing 71715 7Fd salt9
75 condition Bell AGAHH 2—mercaptoethanol@} 3-
mercaptopropanol®t @& electron donating 715715 7}l diaryliodonium
saltell #-§-A171 condition A7} ©hekst 712 A o] 7ts3d Zo® Rl

Ak, oh M ATE 7129 3A7k] obd 30%ew WAHAL © 714

&
Ad Ay, AAACZE Cuy—S Aol JAdEA il diaryliodonium salt
7F g By AgstA &sl AAYE aryl iodide (dummy) 7F A3 E M e
TEE 715 Aok =3 v 4?1 diaryliodonium salt® A7]& A

BEE AAACR Ay dste s F&o] SopA= ddlo] H

rlr

23



Table 8. Cu—catalyzed C—S bond formation of 1—thioglycerol with various

diaryliodonium salt

+ OTf Condition A: S\)Oi/o,_,
| :
AN AN 0 X
R:—ij/ \GR . Hs/\/\oH Cu,0 10 mol% R@
Z Z OH NaHCO; 7
1 2c Ethylene glycol 7
RT,0.5-3h
Condition A:
OH OH OH
OH
S OH
: s _A_oH /@/S\)\/OH \©/S\)\/OH A
7a, 62% 7b, 75% 7c, 60% 7d, 45%
R'=R2=H R'=R2=p-Me R'=R%=m-Me R'=R2=xylene

OH

OH OH OH
/@/\S\)\/OH /@/S\)\/OH i:/s\)\/OH /©/S\)\/OH
t-Bu Ph MeO
7e, 48% 7f, 69% 79, 13% 7h, 18%
R'=R2=mesityl R'=R?=p-t-Bu R'=p-Ph, R2=mesityl R'=p-OMe, R?=mesity!
45% 7j, 56% 7k, 29%

—p-acetyl, R2=mesityl R1—p-ethy|ester, R2=mesityl

OH
/©/S\)\/OH
cl

c|©3ji0+| éﬁﬂ/% /©/S\)\/OH

R'=m-ethylester, R%=mesityl

OH

71, 47% 7m, 48% 7n, 40% 70, 51%
R'=R%=p-Cl R'=R%=m-Cl R'=R%=0-CI R1=R2=p-Br
OH
F 7P, 51% FsC 7q, 30% 7" 21%
R'=R%=p-F R'=R2=p-CF, R'=p-CN, R?>=benzene
OH OH OH
S\)\/OH X S\)\/OH X S\)\/OH
| |
O,N CI” N N7
2 7s, 74% 7t, 32% 7u, 29%

R'=p-NO,, R>=benzene R'=4-Cl-pyridine, R?=benzene

R'=pyridine, R>=benzene

24



[I-2. T&tF S o] 83 vinyl triflate®} thioglycolic acid@]

Cvinyl_S @@— %Aé]ﬁ Cd'?‘

2 Ao ZeE Fw st thFS vinyl triflate®} thioglycolic acid&
TS50 Conn—S 23 ¥4 9322 2— (vinylthio)acetic acidE® &&H O
2 sk el s AdS ABsrk 2 AL Ay ATA 4-
(—butyl)cyclohex—1—enyl trifluoromethanesulfonate 0.2  mmol
thioglycolic acid 1,2 B%3 =n] Pdy(dba)s 1 mol%, #l7+tE= xantphos 2
mol%, 9712 KsPO, 1.5 9%, 1,2—dimethoxyethane (DME) 0.4 mL, 100
°CollA 16A17F Ao 2 WhS-3Fo] 2— (vinylthio)acetic acidE 80% A3}
AT AFoME dBATolN de whexAs O JustkA #H A shst

12 Pk WA 4- (4~butyl) cyclohexenyl triflates ©]83ko] DME ©] £] 9]

derst g £Ro &2 selely] 9 A8 WA (Table 9).
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Table 9. Solvent effect on C—S bond formation between 4—¢—

butylcyclohexenyl triflate and thioglycolic acid

Pd,dbas 1 mol% %

OTf
O/ + HS/\H/OH XantPhos 2 mol% S\)I\OH
s K3POy4 1.5 eq.
t-Bu O £Bu
0.2 mmol 12eq Solvent
100 °C, 16 h
Entry solvent conversion Yield@
1 DME 90% 80%
2 DMF 99% 52%
3 MeCN 93% 78%
4 Toluene 94% 7%
5 DMSO 55% 20%
6 1,4-dioxane 100% -

2|solated yield
AdAd3 &l Fiel wet Aol & AolE Bylow I F HAE Wl
d DMEZ} 80%% 7V =2 &< E3tH(Table 9, entry 1). Rt

o)
= By

S & GC—MS #olA ZEE=Ql 4—¢—butyl cyclohexenyl triflate®] A=

o
o
X
o,
]
),
%0
g

22 conversion® 100% Ydojyx] ¢SS

d

butyl cyclohexanone®] HA&% = ZS &lste] HEgo] dojupr FdkE%Ql
triflate 3}3F&E©°] YAl ketone 3}3HE

Iz
& 4 QT GC-MSE #Q1st A3 tlF-& conversione EF Dot

4

Frt

iGh
oo

o mE & o] triflate’} THA] ketone S HEolQ

gl

Feka

rlr

4

=]

I} ol Ao 7 HeIt}(Table9, entries 2—6). £3| 1,4—dioxane

oo
Mo

o
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S5 & AF, SUEALS JololA 41 AAEE FAHA ARt o=
triflate’} 25 4—t—butyl cyclohexanonel & I Eo}zk7] wjEdLS GC-—
MSE %3 g<l3t3dt}. o] % Pdy(dba)s =W, xantphos # 7=, HWES AJ7HS

DA% F geow 979 FRe £xe wWE wg ARE A

(Table 10).

Table 10. Effect of base and temperature on C—S bond formation between
4—¢—butylcyclohexenyl triflate and thioglycolic acid

Pd,(dba); 1 mol% o

O/OTf + gy OH _XentPhos 2 mal% s Aoy
Base 1.5 eq.
t-Bu (@] £Bu
0.2 mmol 12eq DME
80-120 °C, 16 h

Entry Base Temp conversion Yield?
1 K3PO4 100 °C 90% 80%
2 K,CO3 100 °C 94% 87%
3 Na,CO3 100 °C 99% 95%
4 Cs,CO5 100 °C 99% 94%
5 NaHCO; 100 °C 99% 98%
6 NaHCO3 110 °C 99% 98%
7 NaHCO3 120 °C 99% 98%
8 NaHCO3 80 °C 47% 19%

2|solated yield
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A= 7] @)

=
=

K;PO, Rt} FhR o] E (CO5%T)

At} (Table 10, entries 2—5). ©] & 98% % 7}

PN
T

o}
=

i

#Ae @71=

=
=

NaHCOs(entry 5)

A3 100 °CollA 16A17F 755 Bl A3 110°C, 120°CY]

Eix

)

ol

o
olo
f=

0|
il

i

o 9o 2o

=
=]

}< o} (entries 6, 7).

Ol

o

I 2.9}t (entry 8). 1 A3}

6(]34—5

e}
= %

0°C W&

bt

o] 2R As

2 A7

ojFomF 100°C

w
=

3]

o)
T
il

j
ol

Fth(Table 11).

S

ge e

A
=

&l

10

F71 4l

S
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Table 11. Effect of catalyst and ligand on C—S bond formation between 4—

t—butyl—cyclohexenyl triflate and thioglycolic acid

OTf
Pd /L 1 mol%/ 2 %mol S
O/ + us " — Ao
t-Bu o) Base BU

DME, Temp, T

Entry  cat(1 mol%) ligand (2 mol%) base(1.5eq) Temp T Yield®

1 Pdy(dba)s dppb NaHCO;3 100°C  16h 17%
2 Pd,(dba)s dppf NaHCO; 100°C  16h  35%
3 Pdy(dba); Joph-Phos NaHCO, 100°C 16h -
4 Pd,(dba)s S-Phose NaHCO; 100°C 16 h -
5 Pdy(dba)s BINAP NaHCO;3 100°C 16h -

6 Pd,(dba)s DPE-Phose NaHCO; 100°C 16 h -
A Pdp(dba); _ Cy-Johnphos NaHCO; ___100°C_ 16h - _
8 Pd(OAc), Xantphos NaHCO;,3 100°C 16h 60%

9 Pd(OAc), dppf NaHCO,3 100°C 16 h -
10 Pd(PPhs), Xantphos NaHCO, 100°C 16h 89%
11 Pd(PPh3)4 dppf NaHCO; 100°C 16h -
12 Pd(PPh3)4 - NaHCO;3 100°C 16h -
13b Pd,(dba); Xantphos NaHCO;4 100°C 16h 98%
14Pc  Pdy(dba)s Xantphos NaHCO; 110°C  16h 10%
1gbc  Pdx(dba)s Xantphos NaHCO; 120°C  16h 11%
i¢b  PdPPhy),  Xantphos NaHCO;  100°C  16h  20%
1704 Pd(PPhj3), Xantphos NaHCO; 100°C 16h 18%
180e  Pd(PPh3), Xantphos NaHCO; 100°C 16h  33%
19P Pd(PPhj), - NaHCO;3 100°C 16h -

3 GC yield P 1.1 eq Thioglycolic aicd © 0.5 mol% [Pd], 1.0 mol% ligand
41,5 mol% [Pd], 3.0 mol% ligand €2 mol% [Pd], 4 mol% ligand

29



iz
ol

A% A% Bk sl @0 FFel e

/g0l 543 g

P

< gstiint. FulZ Pdy(dba);E AHEEE @ 2ZE= John—Phos, S—

o{o

Phos, BINAP, DPE—Phos, Cy—JohnPhos(Table 11. entries 3—7) 41 Wt

o] A8 < dojur] GC-MSE &gt A3t 20=A triflate”t o=

k.

[}

k2

rlr

A& gelE 9t Pd,(dba)se] obd PA(OAc),tt Pd(PPhy) 5 Eu=

2

>
ofo
e
o
B2

wrgAo] ety

rlr
S

g+ol3tith. Pd(PPhs) .2+ xantphos=

[-'\1
lﬂ

N

ARERlE W 89%9] ES dor Pdy(dba)sHth £ &S 7

{1

O

s
st F7F4 0% thioglycolic acid®] @& ¥ Zehg, 2t=9] o5 =43
Aqk 23] YolxE= AyE dom Pdy(dba)s¥ xantphosE FH A9 Zuj
oF gt=r Ao ZebEd git=9 mol% H
mol%/ 2 mol% 2] Wl&elN 7} =2 s&& 71533
& AtollA AFE-3E thioglycolic acid®th 22 & A3 1.1 9T 2
A3E o] HA3 =S Frohfigith(entry 13); vinyl triflate 0.2 mmol,
thioglycolic acid 1.1 equiv., Pds(dba)s 1 mol%, xantphos 2 mol%, NaHCO;
1.5 equiv., DME 0.4 mL, 100 °C, 16 h.

4— (t—Butyl) —cyclohexenyl triflatee AFE3Fe] H Ao WS S 22

7t7tel ketone O ZH-E TS vinyl triflateE A|Fste] ol HHE wF

o

0

el

©
[€) LI

FN

Foll A thioglycolic acid®} HE-&A]A 2— (vinylthio)acetic acid 3}3t

[

S A (Table 12).
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Table 12. Cynyi—S bond formation with thioglycolic acid and vinyl triflate
derivatives

Pd,dbas 1 mol%

OTf OH Q
R1/\/ + Hs/\n/ Xantphos 2 mol% R(\/S\)J\OH
RZ

R? 0 DME/ NaHCO; 1.5 eq.
0.2 mmol 1.1eq 100°C, 16 h

o e e o SF

8a, 98% 8b? 59% 8¢, 52% 8d, 52%
o HO\EO o o
S
Mo o OO
/\)\/\
8e, 56% 8f, 44% 89, 58% 8h, 78%

Isolated yield 120 °C

B —keto—esterZH-E] A X3t triflate 3T 52 A9, mono—ketone o EH
Bl A %3 triflate ) WE-EA o] Fo} ajFo] Hgd Hbg S VR

U (Table 13). AaqA+2] x5 wel 50 °CollA ®EE

tlo
%
Y
iib)
i
(@)}
(@)}
RN
{0

&S AA. 4-(¢—butyl) —cyclohexenyl triflate®] Z7¥} o] A7]&
NaHCO3%2 Hbgl& W F&°] 9% 71 S7helial W 2fd 2955 <
7bebs AEgE Bt (entries 12-15). 28y 71& KPO, ZHA 25E5
70 °C2 &9 Rke= Bdl Zlo] /M %2 &S VISt (Table 13,

entry 3).
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Table 13. Screening reagent equivalent, base, temperature and time on
Cyviny1—S bond formation between ethyl bezoylacetyl triflate and thioglycolic

acid

TR ey mn U
Ph OEt + o) DME / Base 1.5 eq. So9Q
0.2 mmol TGA Temp, time Ph)\/u\o/\
Entry TGA equiv Base Temp time Yield
1 1.1 eq K3POy4 50°C 2h 55%
2 1.1eq K3POy4 60 °C 2h 55%
3 11eq K3PO, 70 °C 2h 96%
4 1.1eq K3POy4 80°C 2h 80%
5 11eq K3PO, 50 °C 4h 80%
6 1.1eq K3PO,4 50 °C 6h 61%
7 1.1eq K3POy4 50 °C 8h 85%
8 1.05 eq K3POy4 50 °C 2h 19%
9 1.0 eq K3POy4 50 °C 2h 84%
10 1.0 eq K3POy4 70°C 2h 65%
11 1.0 eq K3POy4 50 °C 8h 72%
12 1.1eq NaHCO3 50°C 2h 61%
13 1.1eq NaHCO3 60 °C 2h 75%
14 1.1eq NaHCO3 70°C 2h 81%
15 1.1eq NaHCO3 80°C 2h 82%
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meba] B —keto—esterZ2F-E  fF#$ triflate substrate$} thioglycolic
acidg o] &% Cyun—S AT A 8 24 2HS=E Pdy(dba); 1 mol%,
Xantphos 2 mol%, KsPO, 1.5 equiv., thioglycolic acid 1.1 equiv., DME 0.4
mLE &3] 70 °C oA 241 W02 Ak whE 23s H25

3l & rhekdt 2= 712 substrateE A S AFEEQITE A H g Br-E

EN

Ae Agatol v A3 TR AAES 9 5+ AT (Table 14).

it
e

Table 14. Cyinyi—S bond formation with thioglycolic acid and 8 —keto

ester/amide triflate derivatives

Pdydbag 1 mol%
Xantphos 2 mol%

o DME/K3PO, 1.5 eq. S O
o N
0.2 mmol 1.1eq 70°C,2h R1)\/U\Y
Y= 0R?, NR,
HO._O
\E HO._O HO._O
s o T T
g S O S O
OFt PPN A
OFEt OFEt
9a, 96% 9b, 93% 9c, 99%
HO\EO HO\EO HO\EO
S 0 S 0 s O )<
NS
)\/U\NEtz Fsc)\/u\oa )\/U\o
9d, 50% 9e, 38% of, 63%
isolated yield
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A4 A3 ethyl acetyl 76715 7F1 a2 U7 HA3t =304
=S F£8S 7]=3F Hbd 73 electron withdrawing groupS 7Fz2l CFs
ethyl acetyl, diethylamide, ¢—butyl acetyl”7]E 7} vinyl triflate®] 7%
F&o] 60% wHto]™ GC-MS= triflate 3}5HE0] Hol3lo] conversion©]
100% =2 AP das skt

A3k 2— (vinylthio) acetic acid® Scheme 11¢] HE.oJ%]% thiophene &

ol AFAZ Fgol 5T Ao PHT

CF;
CF;
| o Base 1.5 eq. S OH
_—
OH
Ph S/\n/ MeOH Ph S Y
o}

Scheme 11. Synthesis of thiophene from 2— (vinylthio) acetic acid
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1. 42

Caryl_S @?g_ E‘l CvinyI_S éélj_% ‘:]'Oo]:-@__ ;:(iod%, 9/]9}:%, A a%)\c_} %Xa]oﬂ
6 -

He T8 d9oR olF 840w A8 A A4 B

=
i)
=l
30
£
re
re
-
2
Ry
rlr
-
AC)
o
ik
)
el
)
5
aj
tpx
St
e
o
ofo
_0|£
2
fol
ftfo
2

-1 =2 HFAS 7FA+= diaryliodonium salt 38&E3 2-
mercaptoethanols ©]&3Fo] tjekst 7]|57]E 7}Z hydroxyalkyl aryl

sulfide =S A7 Y3 AFE JAY3A . 719 aryl halide:

o] &3t Copyi—S AT A 55 FH stollA 2, 11 J-gA1ZH 7377}
QP diaryliodonium saltE o] &% EF38F1 1 279 2535

w3l 2—mercaptoethanol® o}y 2} 3—mercaptopropanol®} 1—thioglycerol
= diaryliodonium salt®} ¥H&-3&fo] Aeix oz C,,—S A%S AT 4+ 3
At

-2 = Zetg =9 3lol 2— (vinylthio)acetic acidES A= AN 2§

Z71L A3t 2— (Vinylthio) acetic acidi= thiophene A9l FUA=Z
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AbgE 4 Qe 3FetEolt). B Ao A= vinyl triflate 9} thioglycolic acid
= o]g3to] 2— (vinylthio)acetic acidE A stE= WHOZ Pdy(dba)s 1
mol%, xantphos 2 mol%, 1.5 equiv NaHCO; ¥+ K3PO,, 718]3 DME

tol =4 54 gt wks 259 A 4

Ot

0,4mL &£w =4S

o

9
YAtk 9 21S FHsle] vinyl triflate 7Fo A g3te] 2— (vinylthio)
acetic acid 7x2& 7 bd4d a5 FAL 7 AU o] sF=EE
thiophene A FAZ A&l & & Q& Ao 7| 2 A&
ol A=A Bel Ba® Cupy—S A¢elH vinyl halides &df /9%
Conn—S A 83 He Zdbs S5 o] &3t vinyl triflate$}
thioglycolic acid®] 84 Cuny—S 2% JA dkgo di&l] A4+ 5+ AU

.
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v. 49

1. Ag717] 9 Aok
(HAFE7]7]

'"H NMR# *C NMR AFE7LS INM-ECZ500R (500 MHz 'H) #3342
FE ¥d9°om, NMR €2 CDCls, DMSO-ds& AH&-3+3lth Chemical shift
+ XTE4 tetramethylsilane (TMS) 2 %8 ppm ©9E 7]F3stch ©o]
E]&= chemical shift multiplicity (s—singlet, d—doublet, t—triplet, m-—
multiplet, dd—doublet of doublet, dt—doublet of triplet), coupling
constant (Hz), integration® <4 = 7]=3F3 ). Gas chromatography (GC)
+ Hewlett Packard Series 6890 X% HP—1 capillary columne A}-&3}
A3, MSDEXRE AZFEA7](MS)E= ionization WH O Z electron impact
(EDel 2o& fol m/z2 7St A EC] AZFEAClE  internal
standard= dodecane ¥} toluene< AFE-3FSA T} Thin layer
chromatography (TLC)+ MerckAFe] silica gel 60 F2547F 3% glass
plateE AREsI I TLC Aol #8jd =42 s 98 UV lamp (254 nm)
= AF&eFALY KMnO, &9 el stainsto] &1}t
(2) A oF

HES-of] AFEE thH-Eo] Aok Sigma—Aldrich, Alfa Aesar, TCI o4

Qatol Mol A glo] AHgatsTh
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2. A
1) Diaryliodonium salt 33t&2] A
General procedure A

Hk-8- % m—chloroperoxybenzoic acid(77% active oxidant, 0.26 mmol)
E 79tste] AxAI71 & Seal tube© m—chloroperoxybenzoic acid®} aryl
iodide 0.23 mmols 3l stirring barg Y3 CHyCl, 1.0mLel =<t}

Arene 0.26 mmolS 7}t & 0 °C =2 AA 252 Yz A71 & TfOH

General procedure B

HE-8- % m—chloroperoxybenzoic acid(77% active oxidant, 6.00 mmol)
S 7kt dtel AFAIZ] & seal tubeol stirring bar$} aryl iodide 5.4 mmol
= @71 ¥ CHyCly 20 mLel =itk 7 v "Eg=ol BF;0Et, 13.5
mmolS Ao H7pstth, =& solutionS A-2oA 458 =<F stirring
st} 0 °CE ¥z} 3 arylboronic acid 6.00 mmolS 10% FoF Uro] 7}
Sk & Ao A 308 E9 stirring $t}. o] HFSES silica plug 12.0 g=

ZF31 CHyCly 24 mL=Z Folo] Holqli= aryl iodide®t m—CPBAE #|A 3k

38



% 5% methanol in CH,Cl, 240 mLZ 33&S Moldth 7 3 749k slol

L= A A3}, Et,0O 20 mLE Y1 3}t

flo
jubil
2
>,
Y
ot
—
o1
Mo
offl
2

-
stirring ¢ ¥ Et,0Z AHolv et dojzl gt 729t s

2
ofo
=

General procedure C

Wk A m—chloroperoxybenzoic acid(77% active oxidant, 0.26 mmol)

= )
s 4

ol

Foll AxA171 & Seal tube©l m—chloroperoxybenzoic acid®} aryl

iodide 0.23 mmolg F 3l stirring barE Y31 CH.,Cl, 1.0mLe] *<lt}

—

Mesitylene 0.26 mmole #H7}3 & 0 °C

ol
rlo
flo

AR 2z 974 A7 &

TfOH 2.0 equivE H3lo] dropwise® H7}stth, wHS 328 (&9}

olo

AP A stirringdt & 7kt sfoll £ Al A= Et,O 1.0 mLE 102%
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2) Diaryliodonium salt ¢} T2Fu|E 0]&3 C-S 2F T4
General procedure A

E|AE FHo| magnetic barg %3 diaryliodonium salt 0.5 mmol, CusO
0.005 mmol, NaHCO;& 4Y¥+t¢}. HIAE FHE argon #&3 & 2-

mercaptoethanol 3.0 equivE 231 &4 odd Zo|=L 1.0 mLE A7}

o

th Ab2of A 3AI7F HES AlZl & ethyl acetate®} £ @ol weS F4
Al7131 FoleliE 2—mercaptoethanols AojFth. F& 3 {752 Hof

MgSO,& ¥ && Az +

i)

Elsha et shel gviE AT 44

=5 silica A9 3ol A 3 53t aryl thioalcohols 3&ES A=t}

General procedure B

H|AE FHo| magnetic barg Y3l diaryliodonium salt 0.5 mmol, Cus0
0.005 mmol, NaHCO3 1.5 mmol& ¥+t HAE JFHE argon X $35 &
Acetonitrile 1.0 mLE ¥ 3 2—mercaptoethanols ¥+t Ice bathol ®H A
E FHE Y1 0°C=E YA F 8 AIZF &<t stirring 3=t} Ice tubeol
U A&oa 30 & stirring dte] wHE A]7it}h Ethyl

77
acetate?} == Yo HH&& FTZAA7|3L ol 2—mercaptoethanol= A
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2—phenylthioethanol (3a) [CAS: 699—-12—-7]

o

General A2] W © 2 diphenyliodonium triflate 0.5 mmolS 21 RF

3o

olo

2—phenylthioethanol 3}gtE (2 4] 53.1 mg, 69%)5 AT 'H NMR
(500 MHz, CDCl3) 7.39—-7.28(m, 3H), 7.24-7.20 (m. 2H), 3.72(t, J =
5.7 Hz, 2H), 3.11(m, 2H), 2.07(s, 1H); *C NMR (125 MHz, CDCl3) &
134.8(s), 130.3(s), 129.2(s), 126.8(s), 60.3(s), 37.4(s). FT—IR : 3338,

2924, 1479, 1285, 1224, 736, 689 cm™ . MS(ED) m/z = 154, 110, 77.

2— (p—tolythio) ethanol (3b) [CAS: 13290—16-9]

o

General A WO # di—p—toly—iodonium triflate 0.5 mmol &

o
fd
s
oo

st 2— (p—tolythioethanol 3tgt= (&2 44|, 60.6 mg, 72%) = <4

38

o}
'H NMR (500 MHz, CDCly) & 7.32—7.29(m, 2H), 7.12-7.10 (m, 2H),
3.70 (d, J = 5.2 Hz, 2H), 3.06 (t, ] = 5.7 Hz, 2H), 2.32 (s, 3H), 2.03 (s,
1H); '“C NMR (125MHz, CDCI3) & 137.1(s), 131.2(s), 130.8(s),
129.9(s), 60.2(s), 38.2(s), 21.1(s). FT=IR : 3337, 2920, 2870, 1492,

1089, 1040, 802, 744 cm™'. MS(ED) m/z = 168, 124, 91.
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2— (mm—tolythio) ethanol (3c) [CAS: 4030—45-9]

General A WY © = jodonium triflate 0.5 mmol & Y il WH&-3to] 2— (m—
tolythio) ethanol 23 (74 4A), 52.2 mg, 62%) 5 AU

'H NMR (500 MHz, CDCl;) 6 1H-NMR (500 MHz, CHLOROFORM-D)
d7.25-7.18 (m, 3H), 7.03-7.02(s, 1H), 3.73 (t, J = 5.4 Hz, 2H), 3.10 (t,
J = 6.0 Hz, 2H), 2.32 (s, 3H), 2.08 (s, 1H); "*C NMR (125 MHz, CDCl,)
5 139.0(s), 134.8(s), 131.0(s), 129.0(s), 127.7(s), 127.3(s), 60.4(s),
37.5(s), 21.4(s). FT—IR : 3340, 2919, 1591, 1573, 1010, 929, 855 cm™".

MS(ED m/z = 168, 124, 91

2—(3,5—dimethylphenylthio) ethanol (3d) [CAS: 685892—26—6]

S"0H

General A WO = jodonium triflate 0.5 mmol & il ®WH&3Fo] 2—
(3,5—dimethylphenylthio) ethanol 3}3%&E (FA oBA] 34.6 mg, 38%)5 <
2tk 'H NMR (500 MHz, CDCls) & 7.02 (s, 2H), 6.86 (s, 1H), 3.74 (s,
2H), 3.11-3.09 (m, 2H), 2.29 (s, 6H), 2.08 (s, 1H); "’C NMR (125 MHz,

CDCl3) & 138.8(s), 134.2(s), 128.7(s), 128.0(s), 60.4(s), 37.4(s),
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21.3(s). FT—IR : 3338, 2918, 1599, 1580, 1461, 684 cm™'. MS(ED) m/z

= 182, 138, 105.

2— (mesitylthio) ethanol (3e) [CAS: 13290—-16-9]

Som

General A WO = jodonium triflate 0.5 mmol & Yil ®WH&3Fo] 2—
(mesitylthio) ethanol 3}3tE (74 HA|, 55.9 mg, 57%) &5 At

'H NMR (500 MHz, CDCl3) & 6.94 (s, 2H), 3.64 (q, J = 5.9 Hz, 2H),
2.84 (t,J = 6.0 Hz, 2H), 2.52 (s, 6H), 2.27 (s, 3H), 2.06(s, 1H);'’C NMR
(125 MHz, CDCl3) & 142.9(s), 138.5(s), 129.2(s), 128.9(s), 61.2(s),
38.76(s), 22.0(s), 21.0(s). FT—IR : 3337, 2920, 1602, 1459, 1374, 929,

849, 716 cm™'. MS(ED) m/z = 196, 152, 119.

2—[(4—tert—butylphenyl) thio] ethanol (3f) [CAS: 946—41-9]

o
t-Bu

General A W 92 jodonium triflate 0.5 mmol = ¥ WHS-3}lo] 2—[(4—
tert—butylphenyl)thiolethanol &% (2 A, 74.7 mg, 71%)E AU}t

'"H NMR (500 MHz, CDCl3) & 7.55-7.25 (m, 4H), 3.72 (s, 2H), 3.08 (t,
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J = 6.0 Hz, 2H), 2.07 (1H), 1.29 (d, J = 24.1 Hz, 9H); *C NMR (125
MHz, CDCl3) & 150.2(s), 131.0(s), 130.7(s), 126.2(s), 60.3(s), 37.9(s),
34.6(s), 31.3(s). FT—IR : 3345, 2959, 1488, 1460, 1268, 1042, 1011,

818, 547 cm™'. MS(ED m/z = 210, 166, 133.

2—([1,1'-biphenyl] 4—ylthio) ethanol (3g) [CAS: 1889631—-04—2]
oy o

General A WO % jodonium triflate 0.5 mmol & Y31 ¥F$3to] 2-—
([1,1'=biphenyl] 4 —ylthio) ethanol 3}3+% (3F¢EA 1A, 30.3 mg, 26%) =
Aottt 'H NMR (500 MHz, CDCly) & 7.55—7.24(m, 9H), 3.77 (m, 2H),
3.15(dd, 2H), 2.03(s, 1H); '*C NMR (125 MHz, CDCl;) & 158.31(s),
140.84(s), 134.42(s), 128.88(s), 128.38(s), 126.89(s), 115.00(s),

69.42(s), 61.68(s), 20.97(s). FT—IR : 3303, 2921, 1594, 1478, 849 cm~

L MS(ED) m/z= 230, 186, 153.
2—[(4—Methoxyphenyl) thio] ethanol(3h) [CAS: 13290—-19—-2]

S
/©/ \/\OH
MeO
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General A W 2 =2 iodonium triflate 0.5 mmol & ¥ i REg3}o] 2—[(4—
Methoxyphenyl) thio] ethanol 3}$H= (8F9F4 114, 15.6 mg, 18%) 5 43U
t}. '"H NMR (500 MHz, CDCl;) 6 7.40 (dd, J = 6.9, 2.3 Hz, 2H), 6.86
(dd, J = 6.9, 2.3 Hz, 2H), 3.80 (s, 3H), 3.67 (q, J = 5.9 Hz, 2H), 3.00 (t,
J = 6.0 Hz, 2H), 2.18 (1H); "C NMR (125 MHz, CDCly) 8 154.26(s),
152.88(s), 115.73(s), 114.84(s), 60.2(s), 38.2(s), 21.1(s). FT-IR :

3289, 2921, 1593, 1571, 1492, 850 cm™". MS(ED) m/z = 184, 140, 107.

2—(4—chlorophenylthio) ethanol (4a) [CAS: 13457—98—-2]

o
Cl

General B W 9 2 jodonium triflate 0.5 mmol & Y1 WF&3}o] 2—(4—

chlorophenylthio) ethanol 3}&E (A=A A 84.9 mg, 90%)E ATt

'"H NMR (500 MHz, CDCly) & 7.32—7.30 (m, 2H), 7.28=7.27 (m, 2H),

3.73 (q, J = 5.9 Hz, 2H), 3.08 (t, J = 6.0 Hz, 2H), 1.99 (s, 1H); *C NMR

(125 MHz, CDCl3) & 133.5(s), 132.9(s), 131.6(s), 129.3(s), 60.3(s),

37.6(s). FT—IR : 3302, 2923, 2874, 1594, 1475, , 1094, 822, 809 cm ™'

MS(ED m/z = 188, 144, 111

2—(3—chlorophenylthio) ethanol (4b) [CAS 13457—99-3]
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C'\@/S\/\OH

General B WS =2 jodonium triflate 0.5 mmol < Y1 WF3}o] 2—(3—

chlorophenylthio) ethanol 3}3t&E (A=A NH 77.4 mg, 82%)E LA

'H NMR (500 MHz, CDCl;) & 7.36—7.35(s, 1H), 7.26—7.24(m, 2H),
7.20—-7.18+(m, 1H), 3.81 (2H), 3.18 (2H), 2.07 (1H); *C NMR (125
MHz, CDCl3) 6 137.3(s), 134.9(s), 130.1(s), 129.2(s), 127.7(s), 126.7s),

60.4(s), 36.9(s). FT—IR : 3338, 2922, 1576, 1562, 1461, 1085, 1043,

865, 775 cm ™. MS(ED) m/z = 188, 144, 111.

2—(2—chlorophenylthio) ethanol (4c) [CAS 13290—15—-8]

Cl
S~
OH

General B WS 2 jodonium triflate 0.5 mmol < Y1 WF3}o] 2—(2—
chlorophenylthio) ethanol 3}8t%E (A" N 65.1 mg, 69%) = dgct
'H NMR (500 MHz, CDCly) 6 7.40-7.38(m, 2H), 7.23—7.15 (m, 2H),

3.77 (q,J = 5.7 Hz, 2H), 3.14 (t, ] = 6.0 Hz, 2H), 2.08 (s, 1H); '*C NMR

(125 MHz, CDCl3) & 140.5(s), 128.3(s), 128.0(s), 125.9(s), 125.8(s),

125.2(s), 60.3(s), 35.9(s). FT—IR : 3330, 2924, 1575, 1451, 1032, 742
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cm™ . MS(EI) m/z= 188, 144, 111.

2— (4—bromophenylthio) ethanol (4d) [CAS 14703—92—-5]

o
Br

General B W © 2 iodonium triflate 0.5 mmol < Y¥il ¥F-&3lo] 2—(4—
bromophenylthio) ethanol 33% (584 4], 95.6 mg, 82%) 5 A3lth

'H NMR (500 MHz, CDCl3) & 7.42—7.40(m, 2H), 7.25-7.23(m, 2H), 3.75
(t,J = 6.0 Hz, 2H), 3.10 (t, J = 6.0 Hz, 2H), 2.17 (s, 1H); ""C NMR (125

MHz, CDCly) & 134.2(s), 132.1(s), 131.6(s), 120.6(s), 60.3(s), 37.3(s).

FT-IR : 3335, 2921, 1472, 1411, 1090, 1004, 805 cm™'. MS(ED) m/z =

233, 189, 156.

2— (4—fluorophenylthio) ethanol (4e) [CAS 5322—63—4]

Ioag
F

General B W 92 jodonium triflate 0.5 mmol & Y1 WF&3}o] 2—(4—

fluorophenylthio) ethanol 3}3%&E (FHA NA| 66.3 mg, 77%) S LA}

'"H NMR (500 MHz, CDCly) & 7.43=7.40 (m, 2H), 7.25-7.23 (m, 2H),

3.73 (q, J = 5.7 Hz, 2H), 3.08 (t, ] = 6.0 Hz, 2H), 2.03 (s, 1H); '*C NMR
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(125 MHz, CDCl3) & 134.3(s), 132.2(s), 131.6(s), 120.6(s), 60.3(s),

37.4(s). FT—IR : 3347, 2921, 1588, 1489, 1220, 1043, 1011, 819 cm™".

MS(ED m/z =172, 128, 95.

2— (4—trifluoromethylphenylthio) ethanol (4f) [CAS 535937—-56—5]

o
FsC
o

General B WH 2 2 jodonium triflate 0.5 mmol & Y1 W3} 2—(4—
trifluoromethylphenylthio) ethanol 3}8tE (43 N4, 86.7 mg, 78%) =

Aot 'H NMR (500 MHz, CDCl3) & 7.42-7.40 (m, 2H), 7.03-7.00 (m,

2H), 3.71 (t, J = 5.7 Hz, 2H), 3.06 (t, J = 6.0 Hz, 2H), 2.17 (s, 1H); '°C

NMR (125 MHz, CDCly) & 163.1(s), 133.4(s), 133.3(s), 116.4(s),

116.2(s), 60.2(s), 38.6(s). FT—IR : 3355, 2917, 1604, 1322, 1094,

1042, 819 cm™'. MS(ED) m/z = 222, 178, 145.

4—[(2—hydroxyethyl) thiol benzonitrile (4g )

IS
NC

General B "W 22 iodonium triflate 0.5 mmol < Y1 WkS-3&lo] 4—[(2—
hydroxyethyl) thio] benzonitrile &% (== 1A, 62.7 mg, 70%)=

Atk "H NMR (500 MHz, CDCl3) 6 7.55-7.42 (dd, J = 51.3, 8.3 Hz, 4H),
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3.83 (s, 2H), 3.20 (t, J = 6.3 Hz, 2H), 2.05 (s, 1H); **C NMR (125 MHz,
CDCl3) & 137.6(s), 130.3(s), 130.0(s), 127.5(s), 127.3(s), 60.3(s),
36.4(s). FT—IR : 3404, 2926, 2224, 1735, 1591, 1485, 1087, 816 cm .

MS(ED m/z= 179, 135, 102.

2—[(4—nitrophenyl) thio] ethanol (4h)

I
O,N

General B W © % jodonium triflate 0.5 mmol & Y3 WEZ3}o] 2—[(4—
nitrophenyl) thio] ethanol 3}3& (=&t HA), 87.7 mg, 88%)F LAt

'H NMR (500 MHz, CDCl3) & 7.56—7.38 (m, 4H), 3.87 (q, ] = 5.5 Hz,
2H), 3.23 (t, ] = 6.0 Hz, 2H), 2.09 (s, 1H); ""C NMR (125 MHz, CDCls)
6 143.5(s), 132.5(s), 127.6(s), 118.7(s), 60.6(s), 35.2(s). FT—IR :
3507, 3098, 2874, 1587, 1488, 1317, 1053, 853 cm™'. MS(ED) m/z =

199, 1565, 122.

4—[(2—hydroxyethyl) thio] ester—benzoic acid (4j) [CAS 86124—71—-2]

S\/\OH
EtO

o)

General B W¥ © 2 iodonium triflate 0.5 mmol & Y1 ¥F-&3o] 4—-[(2—
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hydroxyethyl) thio] ester—benzoic acid (F%E2 A, 81.5 mg, 72%)5 A

9lth. 'H NMR (500 MHz, CDCl3) & 7.92—7.90(m, 2H), 6.89—6.87 (m.2H),
4.15(m, 2H), 3.83(t, 2H), 2.56(t, 2H), 2.05(s, 1H), 1.38(t, 3H); *C NMR
(125 MHz, CDCly) & 166.3(s), 142.2(s), 130.3(s), 127.8(s), 127.4,

61.1(s), 41.2(s), 35.6(s), 14.2. FT—IR : 3408, 2926, 1709, 1592, 1464,

1270, 1043, 844, 758 cm™'. MS(ED) m/z = 226, 182, 149.

3—[(2—hydroxyethyl)thio]ethyl ester benzoic acid (4k) [CAS 13290-—
22—="7]

O

General B W 22 iodonium triflate 0.5 mmol < Y1 Hk$-3le] 3—[(2—

hydroxyethyl)thio] ethyl ester benzoic acid 3}&E (FHA AA| 22.6 mg,
20%) % o9tk 'H NMR (500 MHz, CDCly) & 7.95(m, 1H), 7.36-—
7.33(m.3H), 4.37(q, 2H), 3.80(s, 2H), 3.20(t, 2H), 2.09(s, 1H), 1.38(t,

3H); C NMR (125 MHz, CDCly) & 197.4(s), 144.4(s), 139.0(s),

133.9(s), 128.8(s), 126.5, 124.4, 61.2(s), 30.5(s), 29.7(s), 26.5(s).
FT-IR : 3408, 2924, 1716, 1590, 1257, 1014, 852, 746 cm™'. MS(ED

m/z= 226, 182, 149.
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2—[6—chloropyidin—3—yl] thio] ethanol (41)

P

Cl N
General B W 9 2 jodonium triflate 0.5 mmol & Y1 WH-&3}o] 2—[6—

chloropyidin—3—vyl] thio]ethanol (=& 314, 19.0 mg, 78%)E LUt
'H NMR (500 MHz, CDCl3) 6 8.37 (d,J = 2.3 Hz, 1H), 7.67 (dd, J = 8.3,
2.6 Hz, 1H), 3.77 (d, J = 4.0 Hz, 2H), 3.10 (m, 2H), 2.07—-2.01 (m, 1H);

I3C NMR (125 MHz, CDCl3) & 150.9(s), 149.8(s), 140.5(s), 131.9(s),

124.4(s), 60.4(s), 37.4(s). FT—IR : 3331, 2923, 1734, 1558, 1351,

1043, 1012, 823, 725 cm™'. MS(ED) m/z = 189, 145, 112

2— (pyridine—3—ylthio) ethanol (4m) [CAS 86450—45—-5]

G
L~

N
General B WH o2 iodonium triflate 0.5 mmol & Y1 ¥F&3le] 2-—

(pyridine—3—ylthio) ethanol (A M|, 27.9 mg, 36%) & AUt

"H NMR (500 MHz, CDCl3) & 8.38(m, 1H), 7.66(m.1H), 7.24(m, 2H),

3.76(q, 2H), 3.08(t, 2H), 2.05(s, 2H);'*C NMR (125 MHz, CDCly) &

150.6(s), 149.8(s), 140.5(s), 131.5(s), 124.5(s), 60.4(s), 37.4(s)
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MS(ED m/z = 155, 111, 78.

3— (phenylthio) propanol (5a) [CAS 24536—40—1]

©/SWOH

General A WO % jodonium triflate 0.5 mmol & Y1 ¥kg3sto] 3-—

(phenylthio) propanol (A M| 33.7 mg, 40%)E LAt

'"H NMR (500 MHz, CDCly) & 7.35=7.15 (m, 5H), 3.77-3.71 (m, 2H),

3.03 (t, ] = 7.2 Hz, 2H), 1.90—-1.87 (m, 2H), 1.61—1.55 (m, 1H); *

NMR (125 MHz, CDCly) & 136.3(s), 129.3(s), 129.0(s), 126.1(s),

61.5(s), 31.7(s), 30.3(s). FT—IR : 3330, 2925, 1582, 1438, 1044, 903,

736, 689 cm™!. MS(EI) m/z = 168, 110, 77.

3— (p—tolythio) propanol (5b) [CAS 3147—-28-2]

/@/SWOH

General A W © 2 jodonium triflate 0.5 mmol & ¥ 3. ¥k&3lo] 3—(p—

tolythio) propanol (Z2 M 456 mg, 50%) S AUt}

'"H NMR (500 MHz, CDCl3) & 7.49-7.08 (m, 4H), 3.77 (m, 2H), 2.99—

2.96 (m, 2H), 2.30(s, 3H), 1.87—-1.82 (m, 2H), 1.64 (s, 1H); *C NMR
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(125 MHz, CDCly) & 132.4(s), 130.2(s), 130.1(s), 129.8(s), 61.5(s),

31.8(s), 31.1(s), 21.1. FT-IR : 3331,3018, 2920, 1492, 1042, 1016,

905, 802 cm™'. MS(ED) m/z = 182, 124, 91.

3— (m—tolythio) propanol (5¢c) [CAS 1249864—-50-3]

\@/SWOH

General A ' 2 2 jodonium triflate 0.5 mmol < Y1 Wr$ste] 3—(m —

tolythio) propanol (F2 A 44.7 mg, 49%)E LA}
'H NMR (500 MHz, CDCly) & 7.19-7.15(m ,3H), 7.13—6.98 (m, 2H),
3.76 (t, J = 6.0 Hz, 2H), 3.02 (t,J = 7.2 Hz, 2H), 2.31 (s, 3H), 1.89—

1.85 (m, 2H), 1.53—1.73 (1H); *C NMR (125 MHz, CDCl3) & 138.8(s),

136.0(s), 129.9(s), 128.8(s), 127.0(s), 126.2(s), 61.5(s), 31.7(s),
30.3(s), 21.4(s). FT—IR : 3332, 2922, 1591, 1474, 1265, 1041, 770,

687 cm™'. MS(ED) m/z= 182, 124, 91.

3—1[(3,5—dimethylphenyl) thio] propanol (5d)

S _~_0OH
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General A WO # jodonium triflate 0.5 mmol & Y1 ¥kg3sto] 3-—

[(3,5—dimethylphenyl) thio]l propanol (2 03] 35.3 mg, 36%)5 LAt}

'"H NMR (500 MHz, CDCly) & 6.97(s, 2H), 6.91(s, 1H), 3.78(m, 2H),

3.03(m,2H), 2.29(s,6H), 1.88(m,2H), 1.59(s, 1H); *C NMR (125 MHz,

CDCly) & 138.6(s), 135.7(s), 128.0(s), 126.9(s), 61.6(s), 31.8(s),

30.3(s), 21.3(s). FT—-IR : 3329, 2919, 2856, 1599, 1438, 1040, 905,

684 cm™!. MS(ED) m/z= 196, 138, 105.

3— (mesitylthio) propanol (5e) [CAS 1431462-99—-5]

S _~_OH

General A WY S % jodonium triflate 0.5 mmol & ¥i. Hk$3lo] 3—

(mesitylthio) propanol (-2 M 48.4 mg, 46%)S AJtt. NMR (500

MHz, CDCl3) 6 6.92 (s, 2H), 3.72 (t, J = 6.0 Hz, 2H), 2.73 (t,J = 7.2 Hz,

2H), 2.50 (s, 6H), 2.25 (s, 3H), 1.79-1.76 (m, 2H), 1.61(s, 1H); '3

NMR (125 MHz, CDCly) & 142.9(s), 138.1(s), 130.0(s), 129.0(s),

61.9(s), 32.6(s), 32.0(s), 22.0(s), 21.1(s). FT—IR : 3340, 2920, 1437,

1044, 903, 849, 715 cm™'. MS(ED m/z = 210, 152. 119.
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3—[4—(tert—butylphenyl) thio] propanol (5f) [CAS 5851—-38—-7]

/@/SWOH
t-Bu

General A W 92 iodonium triflate 0.5 mmol & Y1l HF-&3}o] 3—[4—

(tert—butylphenyl) thio] propanol (2 <91A], 60.6 mg, 54%)E ATt

'"H NMR (500 MHz, CDCly) & 7.31=7.27 (m, 4H), 3.77 (t, J = 6.0 Hz,

2H), 3.01 (t, J = 6.9 Hz, 2H), 2.04(s, 1H), 1.87(m, 1H), 1.29 (s, , 9H);

I3C NMR (125 MHz, CDCly) & 149.5(s), 132.5(s), 129.6(s), 126.0(s),

61.1, 34.5(s), 35.2(s), 34.5(s), 31.4(s). FT—-IR : 3330, 2956, 2887,

1042, 1012, 819 cm™'. MS(ED) m/z = 224, 166, 133.

3—([1,1'=biphenyl] 4 —ylthio) propanol (5g)

O S~ OH

General A WY S % jodonium triflate 0.5 mmol & ¥ i Hk$3lo] 3—

([1,1'—biphenyll4—ylthio) propanol (F+2] 14|, 20.8 mg, 17%) 5 AU}

"H NMR (500 MHz, CDCl3) & 7.58=7.56 (m, 2H), 7.52 (dd, J = 6.6, 2.0

Hz, 2H), 7.45-7.41 (m, 4H), 7.35 (d, J = 7.4 Hz, 1H), 3.09 (t, J = 6.9
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Hz, 2H), 1.96—1.91 (m, 2H), 1.55 (s, 2H), 1.43 (s, 1H) ; **C NMR (125

MHz, CDCl3) & 136.4(s), 132.3(s), 130.2(s), 130.1(s), 129.8(s),

124.3(s), 61.6(s), 31.8(s), 31.1(s). FT—IR : 3308, 2921, 2853, 2162,

1477, 1446, 822, 752 cm™'. MS(ED) m/z = 244, 186, 153.

3—[4—methoxyphenyl] thio] propanol (5h) [CAS 62255—41-8]

/@/SWOH
MeO

General A WY 2% iodonium triflate 0.5 mmol < Y1l Wk$3}o] 3—-[4—

methoxyphenyl]thiol propanol (2 14|, 15.9 mg, 16%) 5 AU}
'H NMR (500 MHz, CDCl3) 8 7.55-7.33 (m, 2H), 6.85-6.82 (td, J = 6.0,

3.8 Hz, 2H), 3.78 (s, 3H), 3.75 (q, J = 5.9 Hz, 2H), 2.98—2.81 (m, 2H),

1.83—1.80 (m, 2H), 1.42 (d, J = 8.6 Hz, 1H)'*C NMR (125 MHz, CDCl5)

S 133.3(s), 133.2(s), 116.9(s), 116.3(s), 61.6(s), 55.4(s), 32.6(s),

31.9(s). MS(ED m/z = 198, 140, 107.

3— ((4—chlorophenyl) thio) propanol (6a) [CAS 5755—58—8]

/@/SWOH
Cl

General B W 22 iodonium triflate 0.5 mmol < @1 HWF$-3&lo] 3—((4—
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chlorophenyl) thio) propanol (x4 N3] 31.4 mg, 31%)E LAt

'"H NMR (500 MHz, CDCl3) & 7.29-7.25 (m, 4H), 3.79 (q, J = 5.9 Hz,

2H), 3.03 (t,J = 7.2 Hz, 2H), 1.89 (m, 2H), 1.40 (s, 1H); C NMR (125

MHz, CDClg) 6 134.8(s), 131.9(s), 130.5(s), 129.0(s), 61.3(s), 31.5(s),

30.5(s). FT—IR : 3331, 2931, 1475, 1094, 1041, 810 cm™'. MS(ED) m/z

= 202, 144, 111.

3— ((3—chlorophenyl) thio) propanol(6b) [CAS 142004—-67-9]

General B W¥ © 2 iodonium triflate 0.5 mmol & ¥ 1 ¥F-&3to] 3—((3—
chlorophenyl) thio) propanol (x4 N 40.5 mg, 40%) S LAt

"H NMR (500 MHz, CDCl3) & 7.31-7.30(s, 1H), 7.20—-7.13 (m, 3H), 3.78

(t, J = 6.0 Hz, 2H), 3.06 (t, J = 7.2 Hz, 2H), 1.91 (t, J = 6.6 Hz, 2H),

1.53 (s, J = 6.9 Hz, 1H); *C NMR (125 MHz, CDCl;) & 138.7(s),

134.7(s), 129.9(s), 128.3(s), 126.7(s), 126.0(s), 61.3(s), 31.5(s),
29.9(s). FT—IR : 3331, 2925, 1461, 1044, 906, 884, 773 cm™'. MS(EI)

m/z= 202, 144, 111.
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3—((2—chlorophenyl) thio) propanol (6¢c) [CAS 1153274—-25-9]

Cl
S~ OH

General B " 22 iodonium triflate 0.5 mmol < Y1 Wk2-3le] 3—((2—

chlorophenyl) thio) propanol (=2 A 43.6 mg, 43%) = Ayt
'H NMR (500 MHz, CDCly) & 7.38—7.30(m, 2H), 7.22-7.12 (m, 2H),
3.82 (t, J = 6.0 Hz, 2H), 3.07 (t, J = 7.2 Hz, 2H), 1.96—1.94 (m, 2H),

1.36—1.65 (1H); *C NMR (125 MHz, CDCl;) & 135.8, 133.4, 129.7,

128.2, 127.1, 126.4, 61.4, 31.2, 28.9. FT—IR : 3331, 2931, 1450, 1250,

1033, 905, 741, 660 cm™'. MS(ED) m/z = 202, 144, 111.

3— ((4—=bromophenyl) thio) propanol(6d) [CAS 5738—-82-9]

/@/SWOH
Br

General B ¥ 22 iodonium triflate 0.5 mmol < @1 Wk$-3lo] 3—((4—

bromophenyl) thio) propanol (;+2} )], 35.8 mg, 29%) & AAUTH

'"H NMR (500 MHz, CDCly) & 7.39 (dd, J = 6.6, 2.0 Hz, 2H), 7.20 (dd, J

= 6.6, 2.0 Hz, 2H), 3.76 (t, J = 6.0 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H),

1.89-1.86 (t, 2H), 1.27-1.66 (1H); *C NMR (125 MHz, CDCly) &
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135.5(s), 131.9(s), 130.6(s), 119.7(s), 61.3(s), 31.7(s), 30.2(s). FT—
IR : 3335, 2932, 1575, 1450, 1250, 1033, 905, 741 cm™ . MS(ED) m/z =

247,189, 156.

3— ((4—fluorophenyl) thio) propanol (6e) [CAS 133982—-60—2]

/@/SWOH
F

General B W¥ © 2 iodonium triflate 0.5 mmol & Y1 ¥F-&3to] 3—((4—

fluorophenyl) thio) propanol (32 8] 21.4 mg, 23%)S 4glth. 'H NMR

(500 MHz, CDCly) & 7.37—7.34 (m, 2H), 7.01-6.98 (m, 2H), 3.77 (td, J

= 6.0, 3.2 Hz, 2H), 2.97 (dt, J = 84.0, 7.0 Hz, 2H), 1.87—-1.82 (m, 2H),

1.56 (s, 1H); *C NMR (125 MHz, CDCl3) & 132.3(s), 132.2(s), 116.1(s),

115.9(s), 61.4(s), 31.7(s), 31.6(s). FT—IR : 3335, 2929, 2872, 1589,

1489, 1221, 1090, 822 cm™'. MS(EI) m/z= 186, 128, 95.

3— ((4— (trifluoromethyl) phenyl) thio) propanol (6f) [CAS 1466693—31—

1]

/@/SWOH
FsC

General B "W 2 2 iodonium triflate 0.5 mmol < ¥ Wk2-3&lo] 3—((4—
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)

(trifluoromethyl) phenyl) thio) propanol (F+2 <##], 63.8 mg, 54%)E LA
o}, 'H NMR (500 MHz, CDCly) & 7.40 (dd, J = 69.3, 8.6 Hz, 4H), 3.80 (¢,
J = 6.0 Hz, 2H), 3.12 (t, J = 7.2 Hz, 2H), 1.97—-1.91 (m, 2H), 0.93 (t, J
= 7.4 Hz, 1H); C NMR (125 MHz, CDCly) & 142.1(s), 127.4(s),
125.7(s), 125.6(s), 71.1(s), 61.1(s), 31.7(s), 28.9(s). FT—IR : 3349,

2932, 1606, 1324, 1094, 1062, 1011, 822 cm™'. MS(ED) m/z = 236, 178,

145.

3— ((4—nitrophenyl) thio) propanol (6j) [CAS 75032—30—3]

/@/SWOH
O:N

General B "W 2 Z iodonium triflate 0.5 mmol < Y1 Wk$-3le] 3—((4—

nitrophenyl) thio) propanol (=& 314, 50.2 mg, 52%)E AUt

"H NMR (500 MHz, CDCl) & 7.84 (dd, J = 6.9, 2.3 Hz, 2H), 7.30 (dd, J

= 6.9, 2.3 Hz, 2H), 3.77 (t, J = 5.7 Hz, 2H), 3.11 (t, J = 7.2 Hz, 2H),

2.54 (m, 2H), 1.93 (1H); '*C NMR (125 MHz, CDCly) & 142.2(s),

127.4(s), 125.8(s), 125.7(s), 61.2(s), 31.4(s), 29.0(s). FT—IR : 3349,

2930, 1592, 1330, 1113, 1045, 852 cm™'. MS(ED) m/z = 213, 155, 122.
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3— ((6—chloropyridin—3—yl) thio) propanol (61)

/(TSWOH
=

Cl N
General B W¥ © 2 iodonium triflate 0.5 mmol & Y31 ¥F-&3to] 3—((6—

chloropyridin—3—yl) thio) propanol (2 9NA] 47.9 mg, 47%)E LAt}

'"H NMR (500 MHz, CDCl3) & 8.38—8.29 (m, 1H), 7.68=7.59 (m, 1H),

7.26 (dd, J = 12.2, 7.9 Hz, 1H), 3.82—3.74 (m, 2H), 3.08—3.01 (m, 2H),

1.91-1.84 (m, 2H), 1.65 (d, J = 45.8 Hz, 1H); *C NMR (125 MHz,

CDCl3) & 149.8(s), 149.2(s), 139.6(s), 132.7(s), 124.4(s), 60.9(s),

36.2(s), 31.5(s) . MS(ED) m/z= 203, 145, 112.

3— (phenylthio) propane—1,2—diol (7a) [CAS 5149—-48—4]

s._A_ oH
o

General A WH 2% iodonium triflate 0.5 mmol & ¥ 3A|ZF WF-§-3}o
3— (phenylthio) propane—1,2—diol ((+2 <A, 57.1 mg, 62%)E LUt

'H NMR (500 MHz, CDCl3y) & 7.42—7.22 (m, 5H), 3.80—3.75 (m, 2H),
3.61 (d, ] = 5.2 Hz, 1H), 3.12-3.01 (m, 2H), 2.60-2.74 (1H), 1.80—

2.01 (1H); "C NMR (125 MHz, CDCly) & 132.3(s), 131.1(s), 130.9(s),
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130.0, 69.7(s), 65.2(s), 38.7(s). FT-IR : 3315, 3209, 3055, 2916, 1450,

882 cm~!. MS(ED) m/z = 184, 110, 77.

3— (p—tolylthio) propane—1,2—diol (7b) [CAS 63991—-89—-9]

OH

s._~_oH
T

General A " Y% jodonium triflate 0.5 mmol = Y31 3A|7F HH-S-3}o]

3— (p—tolylthio) propane—1,2—diol (Z2 BA, 74.4 mg, 75%) 5 LTt

"H NMR (500 MHz, CDCl3) & 7.31 (d, J = 8.0 Hz, 2H), 7.12 (d, ] = 8.0

Hz, 2H), 3.75 (d, J = 8.0 Hz, 2H), 3.57 (d, J = 4.6 Hz, 1H), 3.08—2.93

(m, 2H), 2.72 (s, 1H), 2.33 (s, 3H), 1.84—2.00 (1H); *C NMR (126 MHz,

CDCly) & 137.3(s), 131.2(s), 130.8(s), 130.0(s), 69.7(s), 65.2(s),

38.7(s), 21.1(s). FT—IR : 3314, 3209, 3034, 2949, 1489, 835 cm ™.

MS(ED m/z = 198, 124, 91.

3—((3,5—dimethylphenyl) thio) propane—1,2—diol (7d)

s._J_OH

General A "1 Y% jodonium triflate 0.5 mmol & Y3 3A|7F HE-2-3}o]
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3—((3,5—dimethylphenyl) thio) propane—1,2—diol (52 M|, 47.8 mg,

45%) 5 At '"H NMR (500 MHz, CDCly) & 6.99 (s, 2H), 6.84 (s, 1H),

3.73 (d,J = 12.0 Hz, 2H), 3.57 (d, J = 5.7 Hz, 1H), 3.04—2.93 (m, 2H),
2.27 (s, 6H), 2.10(s, 1H); C NMR (125 MHz, CDCl;) & 138.9(s),
134.2(s), 128.8(s), 127.9(s), 69.9(s), 65.2 (s), 37.8(s), 21.3(s). FT—

IR : 3364, 3030, 2917, 1599, 1454, 1067, 1032, 848 cm™ . MS(ED) m/z =

212, 138, 105.

3— (mesitylthio) propane—1,2—diol (7e)

OH
General A W 2% jodonium triflate 0.5 mmol < Y1 3A]7F WEE-3&}o]
3— (mesitylthio) propane—1,2—diol G+ N A 54.3 mg, 48%)E LAt

"H NMR (500 MHz, CDCl3) & 6.94 (s, 2H), 3.71-3.60 (m, 2H), 3.53 (q, J

= 5.5 Hz, 1H), 2.79-2.78(m, 2H), 2.75 (s, 1H), 2.52 (s, 6H), 2.26(s,

3H), 1.86(s, 1H); ™C NMR (125 MHz, CDCly) & 142.7(s), 138.6(s),

129.3(s), 129.1(s), 70.6(s), 65.4(s), 39.4(s), 22.0(s), 21.0(s). FT-IR :
3236, 3018, 2922, 1601, 1445, 1061, 921, 848, 806 cm™'. MS(ED) m/z =

226, 152, 119.
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3— ((4—(tert—butyl) phenyl) thio) propane—1,2—diol (7f) [CAS 1553395—
01-9]

OH

/©/S\)\/OH
-Bu

General A WS =2 iodonium triflate 0.5 mmol & Yi 3AIZF HH-§-3}]
3— ((4— (tert—butyl) phenyl) thio) propane—1,2—diol (2 A, 83.0 mg,
69%)E AAtt 'H NMR (500 MHz, CDCly) & 7.34 (qd, J = 6.2, 2.6 Hz,
4H), 3.76 (1, ] = 5.7 Hz, 2H), 3.58 (t, ] = 5.2 Hz, 1H), 3.10-2.94 (m,
2H), 2.73 (s, 1H), 2.18(s, 1H), 1.31 (s, 9H); "C NMR (125 MHz, CDCl5)
6 150.47(s), 131.5(s), 131.2(s), 126.8(s), 70.2(s), 65.7(s), 39.0(s),

35.1(s), 31.8(s). FT—IR : 3349, 3077, 2955, 1497, 1267, 1066, 884,

818 cm™ L. MS(EI) m/z = 240, 166, 133.

3—([1,1'-biphenyl] —4—ylthio) propane—1,2—diol (7g)

s._A_ on
Ph/©/

General A " Y% jodonium triflate 0.5 mmol = Y31 3A|7F ¥H-S-3}o]
3—([1,1'-biphenyl] —4—ylthio) propane—1,2—diol (1M 14|, 17.0 mg,

13%)E 29t} 'H NMR (500 MHz, CDCl3) & 7.46—7.12 (m, 9H), 2.66 (s,
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2H), 2.36 (s, 1H), 2.01 (t,J = 9.5 Hz, 2H), 1.57 (s, 1H); *C NMR (125
MHz, CDCly) & 151.2(s), 133.42(s), 131.00(s), 130.64(s),129.27(s),

129.26(s), 128.99(s), 127.25(s) 65.7(s), 29.80(s), 27.31(s). FT-IR :

3413, 3053, 2922, 1733, 1476, 1390, 1236, 1025, 848 cm™".

1-(4—((2,3—=dihydroxypropyl) thio) phenyl) ethan—1—one  (71) [CAS
1267579—-54-3]
OH

Y@\VVOH

0]

w

General A " Y% jodonium triflate 0.5 mmol = Y31 3A|7F HH-3-3}o]
1—(4—((2,3—dihydroxypropyl) thio) phenyl) ethan—1—one (24 114, 50.9
mg, 45%)2 At 'H NMR (500 MHz, CDCl;) & 7.88 (d, J] = 8.6 Hz,
2H), 7.39 (d, J = 8.0 Hz, 2H), 3.88—3.78(m, 2H), 3.63—3.62 (m, 1H),
3.18—3.12 (m, 2H), 2.56—2.53 (m, 3H), 1.85 (t,J = 5.7 Hz, 1H), 1.24 (s,
1H); C NMR (125 MHz, CDCly) & 166.2(s), 133.8(s), 131.4(s),
130.2(s), 129.1(s), 70.1(s), 65.2(s), 37.2(s), 14.3(s). FT—IR : 3307,

3220, 2918, 1730, 1678, 1586, 816 cm™'. MS(ED) m/z =226, 152, 119.

Ethyl 4—((2,3—dihydroxypropyl) thio) benzoate (7j)
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OH

s\)\/OH

o
General A W 2% iodonium triflate 0.5 mmol & 21 3A7F HF-S$-3}o
Ethyl 4— ((2,3—dihydroxypropyl) thio) benzoate (F2 14|, 71.8 mg, 56%)
Z 99t 'H NMR (500 MHz, CDCl3) & 8.12-7.94 (m, 2H), 7.38-7.27
(m, 2H), 4.52—4.35 (m, 2H), 3.92-3.78 (m, 2H), 3.69—3.62 (m, 1H),
3.25—-3.08 (m, 2H), 2.63 (q, ] = 4.6 Hz, 1H), 1.96 (t, ] = 6.3 Hz, 1H),
1.44-1.38 (m, 3H); 'C NMR (125 MHz, CDCl3) & 166.2(s), 142.0(s),
130.0(s), 127.9(s), 127.4(s), 69.9(s), 65.1(s), 61.0(s), 36.0(s), 14.3(s).

FT-IR : 3310, 3220, 2948, 1710, 1592, 1306, 1088, 882, 786 cm .

MS(ED m/z = 256, 182, 149.

Ethyl 3— ((2,3—dihydroxypropyl) thio) benzoate (7k)

O OH

EtO)J\©/S\)\/OH

General A ®H S % jodonium triflate 0.5 mmol < Y31 3A|7F W23}
Ethyl 3— ((2,3—dihydroxypropyl) thio) benzoate (-2 A, 37.2 mg, 29%)

£ 42 'H NMR (500 MHz, CDCly) & 8.07—7.99 (m, 1H), 7.89-7.81
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(m, 1H), 7.53-7.50 (m, 1H), 7.35-7.30 (m, 1H), 4.40-4.30 (m, 2H),

3.95-3.73 (m, 2H), 3.66—3.57 (m, 1H), 3.18-2.98 (m, 2H), 2.86—2.41
(m, 1H), 1.40—1.34 (m, 3H), 1.33(s, 1H); C NMR (125 MHz, CDCl3) &
166.2(s), 136.2(s), 133.8(s), 131.4(s), 130.2(s), 129.1(s), 127.6(s),
70.1(s), 65.2(s), 61.4(s), 37.2(s), 14.3(s). FT—IR : 3312, 3233, 2928,

1711, 1592, 1464, 1270, 1089, 1036, 852, 751 cm™'. MS(ED) m/z = 256,

182, 149.

3— ((4—chlorophenyl) thio) propane—1,2—diol (71) [CAS 13663—-05—3]

OH

s._~_oH
AT

General A ¥ 2% jodonium triflate 0.5 mmol & ¥i. 30% HWH&-3ko] 3—
((4=chlorophenyl) thio) propane—1,2—diol (A== N, 51.4 mg, 47%)
= 99t 'H NMR (500 MHz, CDCls) & 7.31-7.24 (m, 4H), 3.81—-3.80
(m, 21, 3.74 (q, J = 5.5 Hz, 1H), 3.04-2.96 (m, 2H), 2.09 (s, 11D,

1.61(s, 1H); **C NMR (125 MHz, CDCl3) & 133.5(s), 132.8(s), 131.3(s),

129.3(s), 65.0(s), 61.2(s), 37.8(s). FT—IR : 3383, 2927, 1574, 1241,

1041, 812 cm™". MS(ED m/z = 218, 144, 111.
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3—((2—chlorophenyl) thio) propane—1,2—diol (7n) [CAS 98995-37—-0]

((2—chlorophenyl) thio) propane—1,2—diol (2 A=A, 43.7 mg, 40%)E
Aeltt 'H NMR (500 MHz, CDCly) & 7.40 (qd, J = 3.9, 1.4 Hz, 2H),
7.26—7.15 (m, 2H), 3.79(m, 2H), 3.76 (q, J = 5.5 Hz, 1H), 3.13-3.02
(m, 2H), 2.80 (s, 1H), 2.10—2.04 (m, 1H); **C NMR (125 MHz, CDCl3) &

134.8(s), 134.1(s), 130.3(s), 130.0(s), 127.7(s), 127.4(s), 69.84(s),
65.3(s), 36.89(s). FT—IR : 3348, 2924, 1451, 1033, 742 cm™'. MS(ED)

m/z= 218,144, 111.

3— ((4—bromophenyl) thio) propane—1,2—diol (70) [CAS 59365—64—9]

OH

s.__oH
pe

General A WO % iodonium triflate 0.5 mmol & Y3 30% WF-&3}o] 3-—
((4—bromophenyl)thio) propane—1,2—diol ((+2 N 67.1 mg, 51%)=

Altt 'H NMR (500 MHz, CDCl3) & 7.43-7.25 (m, 4H), 3.77-3.75 (m,

2H), 3.60 (g, J = 5.5 Hz, 1H), 3.08—3.00 (m, 2H), 2.91-2.51 (1H),
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1.65(s, 1H); "C NMR (125 MHz, CDCly) & 134.3(s), 132.2(s), 131.5(s),

120.78s), 69.9(s), 65.17(s), 37.83(s). FT—IR : 3310, 3202, 2918, 1471,

1072, 830 cm™'. MS(ED) m/z = 263, 189, 156.

3— ((4—fluorophenyl) thio) propane—1,2—diol (7p) [CAS 128436—31-7]

OH

s._Ah_oH
AT

General A WH © 2 jodonium triflate 0.5 mmol & ¥ il 30% ¥kg-3Fo] 3—
((4—fluorophenyl) thio) propane—1,2—diol (2 94|, 57.6 mg, 56%) S <
itk 'H NMR (500 MHz, CDCl3) & 7.42 (qd, J = 5.7, 3.3 Hz, 2H), 7.02 (tt,
] =9.1, 2.4 Hz, 2H), 3.77-3.75 (m, 2H), 3.74 (m, 1H), 3.04-2.96 (m,
2H), 1.48-1.88 (1H), 0.89 (dd, J = 7.2, 5.4 Hz, 1H); "’C NMR (125 MHz,
CDCly) & 133.3(s), 133.2(s), 116.4(s), 116.3(s), 69.7(s), 65.1(s),

39.2(s). FT-IR : 3312, 3197, 2918, 1593, 1074, 819 cm™'. MS(ED) m/z

= 202, 128, 95.

3— ((4— (trifluoromethyl) phenyl) thio) propane—1,2—diol (7q)

[CAS 1504211-82-8]
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OH

/©/S\)\/OH
FsC

General A " © 2 jodonium triflate 0.5 mmol & ¥ i 30% ¥kg-3Fo] 3—
((4— (trifluoromethyl) phenyl) thio) propane—1,2—diol (2 <14, 37.8 mg,
30%)E 4+ 'H NMR (500 MHz, CDCly) & 7.54 (d, J = 8.0 Hz, 2H),
7.44 (d, J = 8.0 Hz, 2H), 3.88—3.78 (m, 2H), 3.64 (q, J = 5.5 Hz, 1H),
3.11 (m, 2H), 2.61 (s, 1H), 2.05 (s, 1H); *C NMR (125 MHz, CDCls) &

140.8(s), 128.3(s), 128.0(s), 125.9(s), 125.8(s), 60.5(s), 57.5(s),
39.9(s). FT—IR : 3339, 2924, 1602, 1448, 1114, 1093, 857 cm” ! MS(ED

m/z= 252,178, 145.

4—((2,3—dihydroxypropyl) thio) benzonitrile (7r) [CAS 1268005—30—6]

OH

s.__oH
nel

General A W5 © 2 iodonium triflate 0.5 mmol & 231 30F Hk-gslo] 4-—
((2,3—dihydroxypropyl)thio) benzonitrile (2 x|, 22.0 mg, 21%) S <

2tk '"H NMR (500 MHz, CDCly) & 7.55 (d, J = 8.6 Hz, 2H), 7.39 (d, J =

8.6 Hz, 2H), 3.90-3.79 (m, 2H), 3.66 (q,J = 5.5 Hz, 1H), 3.13-3.12 (m,
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2H), 2.64 (s, 1H), 2.02 (t, J = 9.5 Hz, 1H); '*C NMR (125 MHz, CDCl3) &

140.5(s), 132.4(s), 129.02(s), 127.43(s), 118.7(s), 60.05(s), 55.44(s),
35.6(s). FT—IR : 3406, 2909, 2233, 1590, 1082, 1009, 806 cm™*. MS(EI)

m/z = 209, 135, 102.

3— ((4—nitrophenyl) thio) propane—1,2—diol (7s) [CAS 20020—23—-9]

OH

/©/S\)\/OH
02N

General A W5 © 2 iodonium triflate 0.5 mmol & 23 30&F Hk-gslo] 3—
((4—nitrophenyl)thio) propane—1,2—diol (¥ x| 84.8 mg, 74%)=E o

2tk 'H NMR (500 MHz, CDCl3) & 8.16-8.13 (m, 2H), 7.44-7.40 (m,

2H), 3.96—-3.81 (m, 2H), 3.68 (q, J = 5.5 Hz, 1H), 3.24-3.17 (m, 2H),

2.18 (s, 1H), 0.89-0.84 (m, 1H); '*C NMR (125 MHz, CDCl;) & 146.1(s),

133.7(s), 126.8(s), 124.0(s), 70.0(s), 65.0(s), 35.5(s). FT—IR : 3368,
3349, 2946, 1593, 1510, 1333, 1090, 849, 741 cm™'. MS(ED) m/z = 229,

155, 122.
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3— (pyridin—3—ylthio) propane—1,2—diol (7u)

OH
s _J_OH

General A W © =2 jodonium triflate 0.5 mmol & ¥ il 30&% Hb§-3Fo] 3—
(pyridin—3—ylthio) propane—1,2—diol (+2 44|, 26.9 mg, 29%)E L3}
'"H NMR (500 MHz, CDCly) & 7.44—7.40 (m, 4H), 3.81 (s, 2H), 3.63 (s,
11D, 3.10-3.01 (m, 21D, 2.01 (t, J = 9.7 Hz, 1H), 0.94-0.83 (m, 1H);

13C NMR (125 MHz, CDCly) & 134.2(s), 130.3(s), 130.0(s), 127.7(s),

127.4(s), 69.8(s), 65.2(s), 36.8(s). FT—IR : 3314, 3074, 2920, 1686,

1573, 1260, 911, 850, 746 cm™'. MS(ED) m/z = 185, 111, 78.
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3) Vinyl triflate 3+&E<] 4
General procedure A

Seal tube®l stirring barE ¥ 3l cyclohexanone derivatives (2.0 mmol),
CH.Cly 6.0 mLES FHa 2=t} 0 °CE W¥ZAZ1 & 2—chloropyridine 1.1
equive Yl 10+ &<F stirring Al1XIt}h. o] ¥h-&=ol Triflic anhydride 1.2
equive dropwise® FH7Fet & AF2oA 2A13F stirring dErh HHSES
AW MgSO,& ¥ AxAIZ 5 FEstal 74k atell &miE A g, A4

5L silica A9 3dteo] A $ =53t cyclohexenyl triflates 3gES A

General procedure B

Seal tube©l stirring bar® Y1 ethyl acetoacetate derivatives(2.0
mmol) Z} toluene 10.0 mL& Hal ¥=th 0 °CE WYZHA1Z1 ¥ LiOH *x3+-%
HE 3.0 mLE 2L 107 & WEA stirring AT o] W&ol Triflic
anhydride 1.2 equivE dropwise® H7}3t & ice bath ¢tollA 30F =<t
stirring A% ¥ &3} ethyl acetate® ¥H2S £ZAA| 7)1 extraction 3+C},

#7715 Eol &% brine® A5 MgSO,& B dry A%

)

g 5

O

et Bloll £wlE A A35Fe] =573t acetoacetate—derived vinyl triflates 3}f
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4) Thioglycolic acid®} Z&tg EuS 0]€3F 2— (vinylthio)acetic acid 2% ¥4
General procedure A

EH|AE FH stirring bar?} Pd,(dba); 1.0 mol%, Xantphos 2,0 mol%,
NaHCO3; 1.5 equivE Y1 argon X &3ty 1 v5 vinyl trilfate
derivatives (0.2 mmol)= DME°| 3o HAE FJHo| IH7}gt
Thioglycolic acid 1.1 equivE F 3l ¥ il sealing ¥ 100 °C oil bathell ©7}F

16A17F &b stirring A7tk A2oA A7l o5 H,0, 1M HCI, ethyl

ol

acetate® Y22 LA A]7] 1 extraction, thioglycolic acidE #| A3 &

S mE B T MgSOE 9 ES A7 t

ro
i
An
r

ot B2 f

ftlo
N
rl

=
aloll &miE A AstL silica AHste] FAe - =% 2— (vinylthio) acetic
acid sIgt&ES 9+
General procedure B

HAE FH| stirring bar$t Pd,(dba); 1.0 mol%, Xantphos 2,0 mol%,
KsPO, 1.5 equiv.® %3 argon X3t} 1 S  vinyl trilfate
derivatives (0.2 mmol)< DME® o HAE JFEY  Hris
Thioglycolic acid 1.1 equivE FH3a| ¥ 3l sealing & 70 °C oil bathel] 97}

2A17F Eob stirring At Ao A7t H,O, 1M HCI, ethyl

acetate® WSS FZA]7]1, extraction, thioglycolic acidE A A3s 3= &
TS E B2 F MgSOE P2 58 AAS & IHeg, B {58 &
& Stel &wlE  AlASEEL  silica AdEst] AASF & &5t 2-

(vinylthio) acetic acid &=L A=t}
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2—((4—(tert—butyl) cyclohex—1—en—1—yl) thio) acetic acid (8a)

0

Iong.
t-Bu

General A W 2% cyclohexenyl triflate 0.2 mmol & Y31 100 °CoflA

16417 "F$3le]  2—((4— (tert—butyl) cyclohex—1—en—1—yl)thio) acetic

acid (=@ NA), 44.8 mg, 89%)E ¥4tk 'H NMR (500MHz, CDCl3) &

5.82 (t,J = 1.7 Hz, 1H), 3.48—3.40 (m, 2H), 2.24-2.19 (m, 2H), 2.15—

2.10 (m, 1H), 1.89-1.82 (m, 2H), 1.30—-1.20 (m, 2H), 0.88—-0.82 (m,

9H); C NMR (125MHz, CDCl3) & 130. 3(s), 127.7(s), 43.5(s), 39.4(s),

33.8(s), 32.2(s), 30.9(s), 28.2(s), 27.6(s), 24.7(s). FT—IR : 2949, 2923,

2866, 1706, 1639, 1425, 677 cm™'. MS(ED) m/z = 228, 213, 169.

2—((4—methylcyclohex—1—en—1—yl)thio)acetic acid (8b)

S\)kOH
LT

General A WY 22 cyclohexenyl triflate 0.2 mmol & Y1 120 °ColA

16A)17F WhE3te]  2—((4—methylcyclohex—1—en—1—yl)thio)acetic acid

(B 1A, 22.0 mg, 59%) = <t 'H NMR (500MHz, CDCly) 8§ 5.77 (td,

J =3.7,19 Hz, 1H), 3.46—-3.38 (m, 2H), 2.21-2.20 (m, 2H), 1.73 (m,
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2H), 1.24 (m, 2H), 0.94 (m, 3H); "*C NMR (125MHz, CDCly) & 130.2(s),

127.0(s), 43.2(s), 34.9(s), 33.7(s), 31.4(s), 29.5(s), 27.8(s), 21.4(s).
FT-1IR : 2949, 2922, 2869, 2852, 1771, 1705, 1635, 1455, 672 cm ..

MS(ED m/z= 186, 171, 144.

2—((3,4—dihydronaphthalen—1—yl) thio) acetic acid (8d)

o
:

General A W 2% cyclohexenyl triflate 0.2 mmol & Y311 100 °CoflA

16417 Wh&-3to] 2—((3,4—dihydronaphthalen—1—yl)thio)acetic acid (&

MA|, 22.9 mg, 52%) 5 AUt 'H NMR (500 MHz, CDClz) & 8.04—8.02

(m, 2H), 7.47-7.26 (m, 2H), 7.25(s, 1H), 3.68 (s, 2H), 2.67 (t, J = 5.7

Hz, 2H), 2.14 (m, 2H); '*C NMR (125 MHz, CDCl;) & 198.91(s),

144.68(s), 133.59(s), 132.64(s), 128.87(s), 127.30(s), 126.74(s)
60.2(s), 42.73(s), 29.78(s), 24.5(s), 23.3(s). FT—IR : 3062, 2933, 2644,

1707, 1678, 1595, 1454,732 cm™'. MS(ED) m/z = 220, 205, 161.

2—((3,4—dihydronaphthalen—2—yl) thio) acetic acid (8e)
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S\)?\OH

General A W 22 cyclohexenyl triflate 0.2 mmol & Y1 100 °CeoflA

16A17F WES-3le] 2—((3,4—dihydronaphthalen—2—yl) thio) acetic acid (§-2Y
N3, 24.7 mg, 56%) = LA+ 'H NMR (500 MHz, CDCl3) § 10.20 (s, J =
28.2 Hz, 1H), 7.14-7.09 (m, 3H), 6.98 (d, ] = 6.9 Hz, 1H), 6.38 (s, 111),
3.62 (s, J = 3.1 Hz, 2H), 2.86 (t, ] = 8.0 Hz, 2H), 2.44 (t, ] = 8.0 Hz,
2H); “C NMR (125 MHz, CDCly) & 175.4(s), 134.5(s), 134.0(s),
133.8(s), 127.4(s), 126.8, 126.7(s), 125.5(s), 122.6(s), 33.6(s),

28.6(s), 28.3(s). FT—IR : 3053, 3027, 2912, 2832, 2822, 1712, 1614,

1483, 1407, 752 cm™' . MS(ED) m/z = 220, 205, 161.

2— (hept—3—en—4—ylthio) acetic acid (8f)

HO\EO
S

W
General A Y 2% cyclohexenyl triflate 0.2 mmol & Y311 100 °CoflA

16A]7F HE-2-3Fo] 2— (hept—3—en—4—ylthio)acetic acid (3} 114, 16.6

mg, 44%)%5 At 'H NMR (500MHz, CDCl3) & 5.70 (m, 1H), 3.41 (s,

2H), 2.28-2.22 (m, 2H), 1.90—1.86 (m, 2H), 1.54-1.42 (m, 2H), 0.97
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(m, 3H), 0.88 (m, 3H); *C NMR (125MHz, CDCl3) & 137.2(s), 95.6(s),

43.7(s), 38.5(s), 33.1(s), 23.0(s), 17.6(s), 14.2(s), 13.3(s). FT—IR :
2997, 2919, 2850, 2689, 1691, 1637, 1450, 1195, 1060, 677 cm .

MS(ED m/z= 188, 173, 129.

2—(cyclohept—1—en—1—ylthio) acetic acid (8g)

S\)J\OH
9]

General A WH S 2 cyclohexenyl triflate 0.2 mmol = Y3l 100 °CellA
1641 7F HE$-3}o] 2—(cyclohept—1—en—1—ylthio)acetic acid (F2 <A,
21.6 mg, 58%)% VATt '"H NMR (500 MHz, CDCl3) & 5.85(t,1H), 3.44
(s, 2H), 2.50 (dd, J = 7.2, 5.0 Hz, 4H), 2.22 (ddd, J = 14.7, 9.7, 2.1 Hz,
4H), 1.61 (ddd, J = 14.5, 8.8, 1.9 Hz, 2H), 1.76—1.67 (m, 2H), 1.65—
1.54 (m, 2H); "’C NMR (125 MHz, CDCl3) & 177.1(s), 172.5(s), 43.9(s),
42.6(s), 39.7(s), 28.5(s), 28.3(s), 24.3(s), 22.9. FT—IR : 2923, 2853,

2673, 1767, 1729, 1701, 1444, 1411, 797 cm™'. MS(ED m/z = 186, 171,

127.
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(E) —2—(cyclooct—1—en—1—ylthio) acetic acid (8h)

@S%OH

General A W 2 & cyclohexenyl triflate 0.2 mmol & Y1 100 °CeoflA
16A17F HE-S-3lo] (E) —2— (cyclooct—1—en—1—ylthio)acetic acid (2]
A, 31.2 mg, 78%)% Atk 'H NMR (500 MHz, CDCly) & 5.64 (t, 1),
3.73 (s, 2H), 2.41 (t,J = 3.1 Hz, 4H), 1.88 (q, J = 3.1 Hz, 4H), 1.55 (q,
J = 3.1 Hz, 4H); "C NMR (125 MHz, CDCly) & 218.5(s), 176.7(s),
41.7(s), 31.9(s), 29.5(s), 27.8(s), 26.9(s), 26.0(s), 25.4(s), 24.8(s).

FT—IR : 2924, 2854, 2677, 1695, 1468, 933, 700 cm™'. MS(ED) m/z =

200, 185, 126.

(Z)—2—((3—ethoxy—3—oxo—1—phenylprop—1—en—1—yl) thio) acetic

acid (9a)

HO\EO

S O

WOB

General B W}H O % B —keto ester triflate 0.2 mmol < Y3 70 °ColA 2

AlZF wEesle] (Z)—2—((3—ethoxy—3—oxo—1—phenylprop—1—en—1—
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yl)thio) acetic acid (=& 4], 51.1 mg, 96%) = AU}

'"H NMR (500 MHz, CDCl3) & 7.34—7.25 (m, 5H), 5.95 (s, 1H), 4.21 (q, J

= 7.1 Hz, 2H), 3.19 (s, 2H), 1.30—-1.24 (m, 3H); *C NMR (125 MHz,
CDCly) & 209.5(s), 196.5(s), 129.1(s), 128.9(s), 128.4(s), 120.7(s),
60.7(s), 35.18(s), 29.78(s), 27.0(s), 14.5(s). FT-IR : 3002, 2916,

2852, 2697, 1714, 1685, 1163, 930, 854, 769 cm™'. MS(E) m/z = 266,

221, 207.

(Z)—2—((4—ethoxy—4—oxobut—2—en—2—yl) thio) acetic acid (9b)

[CAS 13141-00-9]

HO\EO
S O

)\/U\OEt

General B ¥ 22 B —keto ester triflate 0.2 mmol = 23 70 °CeollA] 2
A2 HEE3le]  (2— ((4—ethoxy—4—oxobut—2—en—2—yl)thio)acetic acid
A N4, 38.0 mg, 93%)E ¥rk 'H NMR (500 MHz, CDCly) & 5.84
(trans—, s, 1H), 5.57 (cis—, s, 1H), 4.16 (q,J = 7.4 Hz, 2H), 3.61 (t,] =
9.9 Hz, 3H), 2.40 (s, 2H), 2.26 (d, J = 6.9 Hz, 2H), 1.30—1.26 (m, 6H);

3C NMR (125 MHz, CDCly) & 113.8(s), 110.1(s), 60.2(s), 60.0(s),
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29.8(s), 23.9(s), 20.5(s), 14.5(s), 14.3(s), FT—IR : 2921, 2852, 1702,
1584, 1456, 1189, 826 cm™!. MS(ED) m/z = 204, 159, 145.
(Z)—2—((1—ethoxy—1—oxopent—2—en—3—yl) thio)acetic acid (9c)
HO.__O

\ES O

\)\/U\O Et

General B ¥ 22 j —keto ester triflate 0.2 mmol & Y il 70 °ColA 2
A ZE HbEEte] (Z) —2—((1—ethoxy—1—oxopent—2—en—3—yl) thio) acetic
acid (A A, 43.2 mg, 99%)E ATt 'H NMR (500 MHz, CDCl;) &
5.88 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.62 (s, 2H), 2.53-2.51 (m, 3H),
1.29 (q, J = 6.6 Hz, 3H), 1.22-1.19 (m, 3H); "’C NMR (125 MHz, CDCl;)
5 175.2(s), 166.2(s), 159.9(s), 112.5(s), 60.0(s), 32.1(s), 28.9(s),

14.3(s), 13.3(s). FT—=IR : 2979, 2901, 2570, 1691, 1583, 1429, 1299,

1180 cm™'. MS(ED m/z = 218, 173, 159,

(Z) —2—((4—ethoxy—1,1,1—trifluoro—4—oxobut—2—en—2—
yD) thio) acetic acid (9e)
HO.__O
\ES O

FSCMOE’[
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General B ¥ 22 B —keto ester triflate 0.2 mmol & ¥3. 70 °CollA] 2
A|ZF wEEEe] (7)) —2— ((4—ethoxy—1,1,1—trifluoro—4 —oxobut—2—en—
2—vyl)thio)acetic acid (=% 1A, 19.6 mg, 38%)= AUt} 'H NMR

(500 MHz, CDCly) 6 5.93 (1H), 3.73 (s, 2H), 2.23-2.16 (q, 2H), 1.11—

1.19 (m, 3H); *C NMR (125 MHz, CDCl3) & 128.9, 128.0(s), 60.7(s),

31.7(s), 29.8(s), 22.8(s), 21.2(s), 14.4(s). FT—IR : 2922, 2852, 1714,

1692, 1650, 1411, 1145 cm™'. MS(ED) m/z = 258, 213, 154.

(Z)—2—((4— (tert—butoxy) —4—oxobut—2—en—2—yl) thio) acetic acid (9f)
HO.__O
\ES @)
KK
General B ¥ 92 p —keto ester triflate 0.2 mmol & Y il 70 °ColA 2
Kt Jh-3-3o (Z) —2— ((4= (tert—butoxy) —4—oxobut—2—en—2—
yDthio)acetic acid (=& 14|, 29.3 mg, 63%) 5 LAt

'H NMR (500 MHz, CDCly) & 5.80 (s, 1H), 3.63 (s, 2H), 2.23 (s, 3H),

1.48 (s, 9H); *C NMR (125 MHz, CDCl3y) & 165.7(s), 153.2(s), 115.8(s),

80.4(s), 32.5(s), 29.7(s), 28.3(s), 23.5(s). FT—IR : 2942, 2852, 1714,

1583, 1457, 1411, 751 cm™ . MS(ED) m/z = 232, 187, 173.
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Abstract

Transition—metal catalyzed selective C—S bond formation

So Yae Chot
Department of Chemistry
Graduate School of

Sungshin University

C—S bond often appears in organic, natural, pharmaceutical and
biochemical substances. Many methods have been investigated to
synthesis C—S bond effectively using transition metals such as palladium,
nickel, rhodium and copper. The purpose of this research is to study the
synthetic methods for hydroxyalkyl aryl sulfide and 2— (vinylthio) acetic
acid using copper or palladium as catalysts.

Reaction of aryl halide and various aryl or aliphatic thiol to form C,.y—S
bond has been extensively studied. However the prior studies have

limitations on harsh reaction conditions: use of strong base, high
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temperature etc. This study introduces copper—catalyzed C,,—S bond
formation between diaryliodonium salt and aliphatic thiol under mild
conditions. The reaction conditions are optimized as follows: 10 mol%
Cu,0, NaHCOj; room temperature. The optimized reaction conditions
were applied to synthesize various hydroxyalkyl aryl sulfides substrates
having base—sensitive functional groups or high temperature were well
tolerated under the reaction.

Cyinyi—S bond formations are rarely reported whereas various methods
for Cuy1—S bond formation have been known. Cyiny—S bonds are generally
prepared from some aryl thiol and aliphatic thiol are used to cross—
couple with vinyl halides. Vinyl halides are known instable and recently
vinyl triflates have been reported as substitues for vinyl halides. This
work introduces effective synthesis of 2— (vinylthio)acetic acid from
vinyl triflate and thioglycolic acid via palladium catalyzed Cj,y—S bond

formation.
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Figure 12. ¥ C NMR spectrum of 3e
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Figure 23. 'H NMR spectrum of 4c
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Figure 122. '* C NMR spectrum of 8h
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Figure 124. '* C NMR spectrum of 9a
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Figure 128. ¥ C NMR spectrum of 9c
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