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Green Synthesis of Thiosulfonates and Sulfonyl Halides
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Abstract Using the oxidation between 2-iodoylbenzoic acid (IBX) and tetrabutylammonium bromide (TBAB), thiophenols
and thiols reacted rapidly to form corresponding thiosulfonates at room temperature, and 11 thiosulfonates were obtained with
yields ranging from 54% to 83%. It was also found that the catalytic system in the presence of aqueous HCl (w=36%) and
HBr (w=46%) oxidatively halogenated thiophenols and thiols, respectively, 11 kinds of sulfonyl chlorides and 11 kinds of
sulfonyl bromides were obtained with yields ranging from 62% to 84%. The method has the advantages of simple and effi-
cient, simple post-treatment, green oxidant and solvent, mild conditions, efc. All products were confirmed by 'H NMR, '3C
NMR structure.

Keywords one-pot reaction; 2-iodoylbenzoic acid (IBX); halogenation; green synthesis

TRAR IR G 2 — S B & lrp A, |2 AT T T CAN/L(HH R flif /MO 75 5% £ — I (PEG-400)H# —
PR, A2y, BURMSEAE A2, [F] B A R ER i 2 1k T A4 A e i AP0 A3 B A R R BRI R T, A%
G EAPUME . PR EMPUREREHB. AU AL B B RO P2 26, 2011 4, Sobhani 15LARZH 8157
RITEA ML B & — R AR BB LR 7, 2 ] % it PABREE . BREYVE N ER], 78 = /K EH A T —#
T i T e R B 2 k. P A P AR, L b, T i 1 A2 ) A AR S, 2012 4, Bahrami SO R T —
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AR 2T LA R G 1677 2 15 21 S Fsf 5 156 R0 A O 7R i
2018 4, fH 55 iR 4 20 ok F Ak 2 AR T VR A T R
RBEERTS, 1% 7102 il 24 X AR AR AR TR R g ) — P B 33
FR SREOIMER A T, 2019 4, PR R I 13
HRIE T 7 A R S R M 1 PR 2 R A A O A
ik, 127 vk O B R R 5 R A B Ak R AR
SR, A5 EAH R B A R e sl AR R . 2020 4F,
R % PR A DR T B A BT R |
(TBHP)/E AL, AT A& T e % 35 1 At 1k 4
A BT AR s Bk SR A B B P v, il DL BT i
RS B A R BRACEE IR B R A, (HEA AL,
TR AR . DUSAbER . EARRREE S & BRI,
AR 2%, MR AT, OB A4 K.

A WU EE A A — R E A P R AR 2009 4,
Bahrami IfEZSHRIE T 7E H0, 5 SOCL IR AR R,
T I A SR BRI B I BB T A A I P e .
2011 4, Veisi BRAAHIF]FH =S 72 FRER(TCCA)HIT N-
AT B (NCS), Eid A S B A
FH LI 75 FAf TR 5. 2014 4E Madabhushi B RZHU 7R 568
TAERAEAET, LKA, @ miE . sl Al
5 s iR R S AT 2 A £5(Oxone). KX (X=CI 5 Br)
(AR AR S 0L, 7 A Rt ) 5% Tk P S i I YR
2017 4F, Jereb PR USHRIE T DAGREE . Bl A 5ok, 78
fit§ & % VHC A HBr /KR BA SR SNE N AT E T,
BT — Tl B 458 o o i T R Tk T R 408 7 ¥
2017 4F, Lujan-Montelongo PRARZHIN & T —Ff 8 1)
AR L, E R N-p AT R R (NXS)/ S A
(X=Br, COIE R s iR, il & 1 RE T IR itk Pt S
AR SCHEFRA TR R A 30 A el 12021 4k st T T
i AR R IS . IR SRR A Bk, R IR . BT
TE LRV, 2-TIE 8 R (IBX) N AR, DU T 2%
IR (TBAB) NI N, = W24 v] LAAS 26 4 Qs
PR, T 76 AR 5] B S AR 077 i 2644 R I KA Ak 771
&, FFINN SRR (EUIRIR) AE R Hu A5 2136t 87 14 1k 4
(TR, B LA T 5 ik, A8 B S AR RS
F. ACFRFTRL . SRR AR
1 ZBR5TR
1.1 FKEEREERIE R
1.1.1 BB BR B 09 & nk S AL

RIS A R AR R BRI A 0 B A A, LUK 3
KB EY (12) 9 RS AR R B, SRB i FE i 25 58 T 4
AEFFTAS TR B FP S DA K B 9 75125 TR 2R Ko AR e
Isem. 5 L& R RVE R, 78 25 C R LA
WFAT THID A, s st Bank 1 FoR, “inini
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THEEHAE(TBHP), LA FERBRILIE 2R (PCC),
R ERER A RN AAL IR, LR PR A H AR
¥ 3a (Entry 1~5). 442525 0d R ERUT BR(BPD).
2,3- " 5-5,6- ~H AL KB (DDQ). AL (AZ0) AL
i, DL R CRAS BN AL &4 2a, LR AR ) H bR
¥) 3a (Entry 6~8), {224 1.0 equiv. IBX K, KM H
Frre) 3a KW= 2] 1 42% (Entry 9), BIULTE/RS:
AR, IBX NEF]. T3 TAER 448
#5821 JUSPRIR (THF) N,N-— F 3 H % (DMF) . — H
F W H(DMSO). T EA(TBA). ZJE(CH;CN)& 7%}
SN A, B 8 R DL R I SR (RS EER, 24
DL THF. TBA FFZRAWEAIE, JU P EARMEEY) 3a
774 (Entries 10~ 14), {HULZIEAEREETFIE, M IRER
BT, FERATIA 61% (Entry 15). AR RN,
T AR RO 7= e vy, e — DR s e AR R A
T A INFI(TBAB), 4% 1.0 equiv. IBX F10.12 equiv.
TBAB B, MNUEIERE] T 73% (Entry 17); 2400
0.15 equiv. TBAB W, S [A] 24k, {5 SIS Ems
H FEK(Entry 18); 4% 1.2 equiv. IBX F10.12 equiv.
TBAB i, MNUSCHR =N 83% (Entry 19); 10 0.12
equiv. TEAB I R MIL#H A 65% (Entry 20). AL
(IBX) &L 2] 0.2 equivad A =4 BEsr=4, [HIN
R T RERR ARG G, 25 BRI, i
SE TR SN R B 25 A DA SRR By (1a, 0.2 mmol)
HNIEY, ZHENER], 1.2 equiv.i IBX RNEALFIF 0.12
equiv.[f] TBAB N INF, 7£ 25 C FHiHER Y 4 h.
1.1.2 AR B 49 & iR 46 &

I F B AR SR IR T UL 1.2 equiv. [ IBX N4
k31, 0.12 equiv.ff] TBAB NEINF, ZIERETR, 50
H8 T A FE ARG « Bl & B AU R B Ak )
MR, RMEERINE 2 For. S TRBRAED, T
WHREY J5 IR IR AL S ARALATEA b 45 W e 7 3 1 (Gt
A WL SECTIE), BN At T R [ (R AR
BT H. HER), YmTseIAE SR AREERR B I S R, PR
N 71%~83% (3a~3h). iy 757 H _FHUREEAL B 260 i
IR A R AT 5 B[ [ R0 = 264G S8 25 50, Bl 75
W SR B A B ER R S 7 AR T R R Be
F3d). BRG] R AR RN S R P i A = g R
TEGR ) 75 5 I R AR R I = e S5 A M [F] (3e A1 3h),
PR T6% N 75%. [RIFERI 24 N bmt 7t 7 = Fi i
U7 I B T ) S L, FF 2 B 122 S N7 2% A TR A R T M
EBACE R ER AL () & B, 772N 54%~65% (3i~3K).
1.2 BEHMELEIRNERKR
1.2.1 AREL RS ey A R KA

DA SRR Y MY, 1E 2.0 equiv. IBX 1F A% L
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Table 1 Optimization of reaction conditions for thiosulfonic acid esters

o A
=)

SH .
/©/ Oxidant
Solvent, T /©/

F
1a
Entry Oxidant (equiv.) Additive (equiv.) Solvent Time/h Yield?/% of 2a Yield®/% of 3a

1 TBHP (2.0) — CH:2Cl2 24 86 Trace
2 H20: (10) — CH:CL: 24 88 0

3 PCC (2.0) — CH:2Cl2 24 78 Trace
4 KMnOs4 (1.0) — CH:CL 24 90 0

5 NacCloO (2.0) — CH:2Cl2 24 65 0

6 BPD (2.0) — CH:2Cl2 16 76 21
7 DDQ (2.0) — CH:2Cl2 16 88 Trace
8 Ag0 (2.0) — CH:CL 18 75 17
9 IBX (1.0) — CH:Ch 24 58 42
10 IBX (1.0) — THF 8 57 Trace
11 IBX (1.0) — DMF 9 0 38
12 IBX (1.0) — DMSO 9 0 46
13 IBX (1.0) — TBA 6 49 0
14 IBX (1.0) — PhMe 6 63 0
15 IBX (1.0) — CH:CN 9 25 61
16 IBX (1.0) TBAB (0.1) CH3CN 45 0 69
17 IBX (1.0) TBAB (0.12) CH3CN 4 0 73
18 IBX (1.0) TBAB (0.15) CH3CN 3 0 71
19 IBX (1.2) TBAB (0.12) CH;CN 4 0 83
20 IBX (1.2) TEAB (0.12) CH3CN 6 0 65
21 IBX (0.2) TBAB (0.02) CH3CN 1 94 0
22 IBX (0.5) TBAB (0.05) CH3CN 1 90 Trace

@ Reaction conditions: 1a (0.2 mmol), CH;CN (1 mL), IBX (1.2 equiv.), TBAB (0.12 equiv.), r.t. * Isolated yield.

K2 GACBERRER AR AE IV o

Table 2 Application range of thiosulfonic acid ester substrate

IBX, TBAB [ONge)

Na”

CH4CN, rt. R/i‘s/

3a, 4 h, 83% 3b,6h, 71% 3c,4h,81% 3d, 32 h, 76% | 3e, 5h, 76% 3f,4h, 77%

\\ II \\ // S \\
X©/ /©)< /©)< *\)\/S S% Ws‘ﬁ' S /k\)\/s’ S )
F
3g,45h, 75% F 3h,45h, 75% 3i,6 h, 65% 3j,6 h, 54% 3K, 6 h, 60%

“@Reaction conditions: 1 (0.2 mmol), CH;CN (1 mL), IBX (1.2 equiv.), TBAB (0.12 equiv.), r.t. * Isolated yield.

7, 0. 2equiv. TBAB {ERUINA, £ %= iR U HEE N NIE2IA (K 3, Entries 1~4). 418 3 equiv. — LK.
AR R, BB T A7 R SR R S A U A AR SRROv=36%) = L IRFIET, BEER

_SH
RS

R
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R EAG KA 2] T B AR d4a. A48 A B S
FERER(w=36%) I BUR AR, F=Z0]ik 67%, HHEFNE
FER IR LA Jo Ab B T S 00 o, DRI JS St Ao i 4 2
A R AR, FEH %2 T BRI Rl X HARF=4) 4a
PR R 240 10 equiv. ERhER (w=236%)
4a PR A 69% (Entry 5). ZEGINKIRER(w=36%)1H
# 4 15 equiv. (Entry 6)B], [ [A45%, 4a /=28 A] 2
m R 75%, (4RSI AR, 4a FFRESE 68%
(Entry 7). HineiF(RE LT IBX &, 4a 1ML
RIS A (Entries 8~9). 4XAR AN INF TBAB [ &
I, da 1) SOV AT BT FEAR(Entries 10~11). /5%
ST VEFIXT s N A L B 52 (Entries 12~17), KILLLZ
TR BRI, 4a BIRMNUCE AT F] 77% (Entry
13). R A KRR By (1a, 0.2 mmol) AR & Bk 4
M S B AR N EEIRTY, LR ERE T,
2.0 equiv. IBX 1 A%ALH, 0.2 equiv. TBAB 1E 97N,
15 equiv. R FR(w=36%)1FE N il fl. [Fif B e it 72 rh
R IMAEEACT] . B INFR LB A B LR, A
TR BRI R A, o A 7 B R (w=36%) B #e il
TRIR (w=46%) I L RE L. 76% TR 45 B 5% A L .
1.2.2  #BLR 6 A s JkA 16 &

i FH B HERAR SR AR 0 i B 8 T UREE B B AR IR

HAREL MR . B R R L o<1 5 O LB DL, SR8
SERAINR 4 Fon. HRATE, TCWRBRE 75 3 540
R TR, S RE. SR R)ERSH
TS, XTRUT S XTRIE), 7FSBR & 1 ~ 35
RE AR A p 15 20 1 e S B B BRI AL &4, TR R
62%~78%. H A BA{H 7R (AL, T 5.
B BREE NI, L T (Rl SRR B
R b T AR A PR RIGR. S TR =g R A ik
(KU (4a~4h, 41~4r); 5 2HT8 556 HUARIEAE 4D
PR, TR Ak A 07 R W 5 PR (4d, do), IXTEH]
PERET S BN K, AR, 2R T BB E N
KA BT b AL AW (4i~ 4k, 4t—~4v), [ZHRAEIEIT
FHEAT, FEENT 74%~82%.
1.3 FIRERIR RIALIE

T ER15 B 45 5 E I 4 A CARIE B SCHER[ 15,
1814 T AT RERY S SALFE(Scheme 1). iy B AR (1) &
Sl i IBX EAAE A SOOI, a2 ()44
Akt 5 IBX NP2 AR REER S T, TIT Fpl Atk e
WAFEN o- K TV, B 5540 s 2 R AR
RN vV, M= vV 25 HCl (HBr) R fER
RSO,Cl (RSO,Br) VI 1 RSH, X B4 () RSH £HE A
N AR BEFR. TAESR AT IBX B RE 10T 5T

R3O AL «

Table 3 Optimization of reaction conditions for sulfonyl chloride

SH IBX, TBAB o, P
/©/ Halogen source S\CI
F Solvent, rt. F/©/
1a 4a
Entry IBX/equiv. TBAB (equiv.)  Halogen source (equiv.) Solvent Time/min Yield”/%
1 2.0 TBAB (0.2) SOCL: (3) CH3CN 15 63
2 2.0 TBAB (0.2) (CocCh:2 (3) CH3CN 15 67
3 2.0 TBAB (0.2) POCI3(3) CH3CN 15 62
4 2.0 TBAB (0.2) HCI (5) CHsCN 20 67
5 2.0 TBAB (0.2) HCI (10) CH3CN 15 69
6 2.0 TBAB (0.2) HCI (15) CH3CN 10 75
7 2.0 TBAB (0.2) HCI (20) CHsCN 10 68
8 1.0 TBAB (0.2) HCI (15) CH;CN 15 34
9 25 TBAB (0.2) HCI (15) CH;CN 10 62
10 2.0 TBAB (0.1) HCI (15) CH3CN 15 64
11 2.0 TBAB (0.3) HCI (15) CHsCN 10 61
12 2.0 TBAB (0.2) HCI (15) THF 25 31
13 2.0 TBAB (0.2) HCI (15) EtOAc 10 77
14 2.0 TBAB (0.2) HCI (15) PhMe 10 53
15 2.0 TBAB (0.2) HCI (15) 2-MeTHF 25 28
16 2.0 TBAB (0.2) HCI (15) CH2Clz 10 73
17 2.0 TBAB (0.2) HCI (15) EtOH 10 35

@ Reaction conditions: 1a (0.2 mmol), EtOAc (2 mL), IBX (2.0 equiv.), TBAB (0. 2 equiv.), HCI (15 equiv.), r.t. ? Isolated yield.
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Table 4 Application range of sulfonyl halide

SH  IBX,TBAB,HX O\ /0

R

1 EtOAc, r.t.

R™ X
4
X =Cl, Br

(0] O\ //O o\‘ g
C

F

4a, 10 min, 77% 4b, 10 min, 62% 4c, 10 min, 69% 4d, 15 min, 68%

o, 0 0, S 0.0
f(/%’/ Sci *\%6/ Sci

o)

2

4p, 15 min, 78% 4q, 15 min, 64% 4r, 15 min, 70%

O\ ,O (e} (e}
N s’ S, S,
e e " "
! F Br cl

4i, 15 min, 81%  4j, 15 min, 82% 4k, 15 min, 81% 41, 20 min, 76%

O o O
0.0 0.0
S\B Vs’ ’s S~B 0.0 0,
. . . ; s &
i o 1 %H(j/ e A e
0 t-Bu E
' F

4s, 15 min, 68%

o)

>/

o)
0 0,0 2 0,0 0 0.0 Oy
s S, S, vl S, S, S, cl
cl /©/ cl /©/ | /©/ cl cl /©/ ok
Cl Cl 0 t-Bu
Br | F F

4e, 10 min, 84%  4f 10 min, 78%  4g, 10 min, 77% 4h, 10 min, 73%

o)

2

O\\ i O (0]
S,

N

CL®
Cl

4m, 20 min, 65% 4n, 20 min, 68% 40, 20 min, 62%

N 7

O o\\ /1

(0]
S,

4t, 15 min, 74% 4u, 15 min, 75% 4v, 15 min, 74%

“@Reaction conditions: 1 (0.2 mmol), EtOAc (2 mL), IBX (2.0 equiv.), TBAB (0. 2 equiv.), HCI (15 equiv.), r.t. * Isolated yield.

AR, ] 0.2 equiv. IBX I, B ik BE A AL 1S
E| 94%F IR B, PERAEYITE 1 equiv.i) IBX 4
AP REIR] A 2] H AR YA R e, 4 B R
BefE R [N, 1 15 equiv. HX (X=CI, Br)%fF FEIw]
3 BAS= L <, RN 65%, KRSITECY 0.5 h,
Bk R P AAAE IBX I, 2B R I 1) 1) S5 B2 B[] AN 2= 4
i, PR RIS, BIAITE 0.8 equiv. [ IBX 177E %61
T, 10 min FEAE LA 85%[H /= S RAF M 17, 1X — L5045
SR PR TR R T 1) 1 1 S By o R AR 7 B AL IBX R
AER.

2 g

2 FRATR, 755 T35 M40 A A0 IBX AN
TBAB MM EAERH T, Wil MBS AYTEEER TR
T N AR SR B R A I R B R A A . BRI 07 S G 18
POE VASIIZ A TP E VA e A YT IS P P R VA i A
FE P S 38 O] SEPUAH B AR ARERR R YA B[R B R B
A A RN AN, R A, ShR
S AR TR, 5 e P IR A A <4015 2 E AR,
oAl FH R AN SRR I SR B A, VAR SR A AT
FERIZA T EAFAER R FRRM. TE&ESS
e W=y

3 SCIEER4Y
3.1 UHB5RF
IKA-HB10 ZY s 78 AL E M4 A8 13 % A IR
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R-s-s—R _ %
IB)/ I \%IBA
RSH i
R—-S-S—R

! "'/tnax
\ o) 0 IBA

| \\—_/ O
(PI v
R—ﬁ—X
Vi

o _IBX (02 equiv) F
TBAB (0.02 equiv.) s
. CH4CN, rit. /©/ S
F

IBX, 0.1 equiv. TBAB (0.01 equiv.), yield 76%
IBX, 0.2 equiv. TBAB (0.02 equiv.), yield 94%
IBX, 0.5 equiv. TBAB (0.05 equiv.), yield 90%

F F
/©/ IBX (1.0 equiv.) 0.0 /©/
TBAB (0.1 equiv.) S.
CHACN, rit. /©/ s
F

Yield 94%

S
o
F
F IBX (0.8 equiv.) 0. O
0.0 TBAB (0.08 equiv.) g’
- HX (15 equiv.) /©/ X
I F
F

CH3COOC2H5, r.t.
Yield 85%

B 1 AREm R ML

Scheme 1 Proposed mechanism
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AT, TBZ-14H B8 T Im#k i+ 85 (Ll RS
AR AT, XT4-100B B s (AL iR A A
J7); Varian Inoova-400 ZYA% AR IE (3£ E Varian 2
Al). WS RE A BT G B 2 H R AR R T
=

3.2 ZLWAHE

3.2.1 3a~3k 894 5%

PLA A &40 3a N1, 18] 4 mL s SO AR AR I
WiF, 1.2 equiv. IBX, 0.12 equiv. TBAB 1 0.5 mL Z.Jf%,
SRIG RSN 0.2 mmol X 5 R (1a)F1 0.5 mL 2.
25 CRTEHE, HEEORE(TLC) Wl /s S gEfE . [ R4
Wa, Mr-wEERAmE & TR0 V=4 1D)AH
JEFEF, HEZENrR A0S 2] 23.8 mg ¥k 58 (L [F 4 4-
SARBRETR S-(4-HUKIE)E(3a), 70 B8 % 83%. m.p.
84~85 C (lit.® 83~84 °C); 'H NMR (400 MHz,
CDCly) d: 7.60~7.54 (m, 2H), 7.38~7.31 (m, 2H),
7.14~7.00 (m, 4H); '*C NMR (100 MHz, CDCL) &:
166.85 (J=256 Hz), 166.11 (J=253 Hz), 138.85 (J=10
Hz), 130.47 (J=10 Hz), 117.02 (J=22 Hz), 116.30 (J=23
Hz). HZEA 775G 1 3b~3k.

4-FORTRARETR S-(4-1RZRFENE)(3b): 28.9 mg I
AR, P2 71%. mp. 150~152 C (lit.*1 147~149 C);
'H NMR (400 MHz, CDCly) 0: 7.63~7.57 (m, 2H),
7.54~7.48 (m, 2H), 7.47~7.41 (m, 2H), 7.28~7.21 (m,
2H); 3C NMR (100 MHz, CDCls) &: 141.84, 137.86,
132.94, 132.31, 129.22, 128.97, 127.05, 126.59.

A-F R AR S-(4-F AR %EE)EE(3e): 25.7 mg Hfh
AR, 723 81%. m.p. 136~138 C (lit.*1 134~136 C);
'H NMR (400 MHz, CDCly) 0: 7.53~7.48 (m, 1H),
7.43~7.39 (m, 1H), 7.36~7.27 (m, 2H); '*C NMR (100
MHz, CDCls) 6: 141.22, 140.48, 138.53, 137.65, 129.89,
129.24, 128.90, 125.99.

2-FUORMAREETR S-(3-F K IE)EEH(3d): 24.0 mg ot
AR, 2% 76%. '"H NMR (400 MHz, CDCl;) §: 7.64 (dd,
J=17.7, 1.6 Hz, 1H), 7.60~7.46 (m, 3H), 7.41~7.31 (m,
2H), 7.31~7.25 (m, 1H), 7.24~7.19 (m, 1H); '*C NMR
(100 MHz, CDCl3) d: 140.36, 139.91, 134.69, 132.99,
132.41, 131.06, 130.22, 127.64, 126.76, 126.53; ESI-
HRMS caled for C;;HgCLO,S;Na [M+Na]" 340.9235,
found 340.9236.

4-FEFERIRACEER S-(4-FH A ZE 2K 30 R (3e): 23.6
mg FEEE, 723% 76%. mp. 88~90 C (lit.’] 88~
90 ‘C); 'H NMR (400 MHz, CDCls) 6: 7.52~7.42 (m,
2H), 7.26~7.22 (m, 2H), 6.88~6.77 (m, 4H), 3.85 (s,
3H), 3.81 (s, 3H); 3C NMR (100 MHz, CDCl;) d: 163.41,
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162.13, 138.33, 134.73, 129.80, 118.75, 114.88, 113.80,
55.43.

4-F BRI AR R S-(4-H AR ED)EE(30): 21.3 mg
WEAR, P23 77%. mp. 70~72 C (lit.® 72~73 C);
'H NMR (400 MHz, CDCl3) 6: 7.44 (d, J=8.3 Hz, 2H),
7.27~7.15 (m, 4H), 7.12 (d, J=8.0 Hz, 2H), 2.40 (s, 3H),
236 (s, 3H); 3C NMR (100 MHz, CDCls) J: 144.58,
142.03, 140.37, 136.45, 130.14, 129.34, 127.55, 124.54,
21.63,21.45.

4T B FEHACTEIR S-(4-F T H 2K L) g (3g)! 2
27.2 mg AMEAE, 7#% 75%. mp. 149~151 C (lit.[®]
149~151 “C); 'H NMR (400 MHz, CDCl3) 6: 7.50~7.44
(m, 2H), 7.40~7.35 (m, 2H), 7.34~7.29 (m, 2H), 7.26
(dd, J=8.2, 1.8 Hz, 2H), 1.32 (s, 9H), 1.30 (s, 9H); '3C
NMR (100 MHz, CDCls) d: 57.47, 154.94, 140.20, 136.28,
127.42, 126.42, 125.63, 124.65, 35.24, 34.91, 31.12, 31.03.

4-(ZF) AR S-(4-(=F)AF)EE3h): 31 mg
TR, 72 74%. '"H NMR (400 MHz, CDCl3) o:
7.77~7.70 (m, 4H), 7.64 (t, J=7.8 Hz, 2H), 7.56 (t, J=
8.0 Hz, 2H; 3C NMR (100 MHz, CDCl3) 6: 146.15 (J=10
Hz), 136.72, 135.73 (J=33 Hz), 133.82 (J=33 Hz),
131.64 (J=10 Hz), 127.95, 126.53 (J=30 Hz), 126.33
(J=30 Hz), 124.71 (J=43 Hz), 121.99 (J=43 Hz); ESI-
HRMS calcd for C14HoFs0,S; [M+H]" 386.9943, found
386.9898.

BRI AR S-BEME(3i): 19.5 mg LEMIA, =R
65%. "H NMR (400 MHz, CDCL3) 6: 3.36~3.19 (m, 2H),
3.18~3.01 (m, 2H), 1.89 (ddd, J=11.1, 10.0, 6.4 Hz, 2H),
1.72 (dt, J=14.9, 7.3 Hz, 2H), 1.59~1.35 (m, 4H), 1.29
(dt, J=16.9, 10.7 Hz, 12H), 0.94~0.78 (m, 6H); '*C
NMR (100 MHz, CDCl3) d: 62.69, 36.19, 31.40, 29.63,
28.51,27.92,27.81, 23.49, 22.48, 13.98; ESI-HRMS calcd
for C14H310,8; [M+H]" 295.1760, found 295.1760.

ERACHERR S-FHEGE)I: 17.4 mg KO, 775
54%. '"H NMR (400 MHz, CDCl;) J: 3.34~3.23 (m, 2H),
3.12 (t, J=7.4 Hz, 2H), 1.90 (ddd, J=12.1, 10.0, 6.5 Hz,
2H), 1.73 (dt, J=15.0, 7.4 Hz, 2H), 1.50~1.14 (m, 20H),
0.88 (t, J=6.7 Hz, 6H); 3C NMR (100 MHz, CDCl;) ¢:
62.70, 36.23, 31.66, 29.63, 28.89, 28.55, 27.96, 23.49,
22.57, 14.02.

FHARHRR S-FEs(3K): 21.1 mg O, %
60%. "H NMR (400 MHz, CDCL3) 6: 3.30~3.24 (m, 2H),
3.14~3.08 (m, 2H), 1.93~1.84 (m, 2H), 1.72 (dt, J=
15.0, 7.4 Hz, 2H), 1.46~1.18 (m, 24H), 0.86 (t, J=6.8
Hz, 6H); 3C NMR (100 MHz, CDCls) &: 62.69, 36.23,
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31.76, 29.63, 29.18, 28.55, 27.95, 23.49, 22.61, 14.05;
ESI-HRMS caled for CisH300,S; [M+H]" 351.2386,
found 351.2389.

322 b4k da—4v B9

PLE AL & 4a B, 7] 4 mL SRR IIA
Wi, 2 equiv. IBX, 0. 2 equiv. TBAB il | mL Z./R Z. g,
SRIEAREE I 0.2 mmol X R EHY (1a), | mL ZFR £ B8
A1 15 equiv. HCL, 25 CFIFga =M, H#HEGAIE(TLC)
IR RLHAR. RS HS, R =4 B A A T — 5
HEE(V : v=4 ) NRIFIHEZZHtkaith, 152
29.2 mg LR 4-H RIS (da)7, 7B r2 R 77%.
'H NMR (400 MHz, CDCl;) 6: 8.17~8.00 (m, 2H),
7.32~7.24 (m, 2H); BC NMR (100 MHz, CDCl;) o:
167.68 (J=259 Hz), 140.29 (J=4 Hz), 130.17 (J=10
Hz), 117.21 (J=23 Hz). R 575G AL 4b~4v.

4-IRETEREE(4b): 31.5 mg FOEIE, 7F 62%.
m.p. 45~47 C (1it 71~72 C); 'H NMR (400 MHz,
CDCls) &: 7.93~7.88 (m, 2H), 7.80~7.75 (m, 2H); 1*C
NMR (100 MHz, CDCly) &: 143.09, 133.03, 130.80,
128.38.

4-F KM A (4e): 28.9 mg MR, 77E 69%.
m.p. 51~52 C (lit.'”? 52~54 “C); 'H NMR (400 MHz,
CDCly) 0: 8.16~8.12 (m, 1H), 7.68~7.62 (m, 2H),
7.52~7.46 (m, 1H); *C NMR (100 MHz, CDCL) §:
142.57, 142.17, 130.02, 128.42.

-SRI S(4d): 28.7 mg B OAK, 77 % 68%. 'H
NMR (400 MHz, CDCls) d: 8.07 (ddd, J=10.1, 5.0, 2.6
Hz, 2H), 7.32~7.24 (m, 2H); *C NMR (100 MHz,
CDCls) 6: 141.29, 135.98, 132.93, 132.84, 130.39, 127.38;
ESI-HRMS caled for CsHsCL,O,S [M+H]" 210.9382,
found 210.9209.

4-H R R IR R S (4e)' T 342 mg TEtOIAE, 2%
85%. '"H NMR (400 MHz, CDCl;) &: 8.00~7.93 (m, 2H),
7.07~7.02 (m, 2H), 3.92 (s, 3H); '*C NMR (100 MHz,
CDCls) 5: 164.86, 136.06, 129.52, 114.70, 55.98.

4-FUT HE IR RS (4): 36.4 mg AGE K, o
78%. m.p. 72~73 C (lit.'”? 72~73 °C); '"H NMR (400
MHz, CDCls) d: 7.98~7.92 (m, 2H), 7.63~7.58 (m, 2H),
1.36 (s, 9H); 3C NMR (100 MHz, CDCls) §: 159.63,
141.47, 126.88, 126.68, 35.54, 30.94; ESI-HRMS calcd for
CioH13CINaO,S [M+Na]" 255.0217, found 255.0289.

4-F L FRE RS (4g): 36.4 mg AT, P2 77%.
m.p. 65~69 C (lit.'"1 71~72 ‘C); '"H NMR (400 MHz,
CDCls) 6: 7.96~7.82 (m, 2H), 7.39 (t, J=7.4 Hz, 2H),
248 (s, 3H); BC NMR (100 MHz, CDCls) §: 146.76,
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141.67, 130.19, 130.08, 127.02, 126.50, 21.81.

4-= G AR S (4h): 34.2 mg TLEOIE, =5 76%.
'H NMR (400 MHz, CDCL3) 6: 8.20 (d, J=8.4 Hz, 2H),
791 (d, J=8.4 Hz, 2H); 3C NMR (100 MHz, CDCl;) ¢:
147.14, 136.90 (J=33 Hz), 127.65, 127.02 (J=3 Hz),
124.10 (J=272 Hz); ESI-HRMS calcd for C;H4ClO,SNa
[M+Na]™ 266.9465, found 266.9394.

Pifie-1-h I A0(4i): 32.1 mg T Oifk, 7% 81%. 'H
NMR (400 MHz, CDCl3) 0: 3.73~3.59 (m, 2H), 2.09~
1.93 (m, 2H), 1.51~1.23 (m, 8H), 0.88 (t, J=6.9 Hz, 3H);
13C NMR (100 MHz, CDCls) d: 65.47, 31.30, 28.52, 27.51,
2425, 22.43, 13.95; ESI-HRMS caled C7H;5Cl0,SNa
[M-+Na]" 221.0373, found 221.0355.

3 ft- 1R EU(4)07): 35.1 mg AR, 772 83%.
'H NMR (400 MHz, CDCl;) 6: 3.75~3.60 (m, 2H),
2.08~1.95 (m, 2H), 1.59~1.19 (m, 10H), 0.87 (t, J=6.8
Hz, 3H); 3C NMR (100 MHz, CDCl3) §: 141.29, 135.98,
132.93, 132.84, 130.39, 127.38.

T Joe-1-HE L S(4K): 36.8 mg LR, 77% 81%.
'H NMR (400 MHz, CDCl3) d: 3.03~2.91 (m, 2H), 2.76
(s, 1H), 1.83~1.71 (m, 2H), 1.42~1.16 (m, 12H), 0.86 (t,
J=6.8 Hz, 3H); 3C NMR (100 MHz, CDCl3) J: 51.68,
35.67, 31.81, 29.35, 29.21, 28.38, 24.02, 22.63, 14.06;
ESI-HRMS caled for CoHzClO,S [M+H]" 227.0867,
found 227.0817.

323 Lbdh Al—4v 894k

PLE AL &4 41 51, 17 4 mL SOSRAAR OIN
Wi, 2 equiv. IBX, 0. 2 equiv. TBAB Fl | mL Z & 2.7,
SRJE ARSI 0.2 mmol XK TiEY(1a). | mL 4R &
BEAN 15 equiv. SRR, 25 C RIHFUE&RN, HEEGRE
(TLC) W I S B HEFE . e B 45 3R i, R =4 T D A i
fit/ GV - V=4 . DANRITHIHEE ER4A1L,
351 34.2 mg IR I IR 4-S R EIE IR (4D, 7y B 7=
76%. '"H NMR (400 MHz, CDCl3) J: 8.05~8.00 (m, 2H),
7.29~724 (m, 2H); *C NMR (100 MHz, CDCL) o:
167.51 (J=258 Hz), 143.06 (J=3 Hz), 129.64 (J=10
Hz), 117.04 (J=23 Hz). HZRUI 5 1EA K 4m~4v.

A-PRZEAETR B (4m)): 38.9 mg (I EE, 773 65%.
m.p. 39~41 “C; 'H NMR (400 MHz, CDCl;) ¢: 7.85 (d,
J=8.8 Hz, 2H), 7.74 (d, J=8.9 Hz, 2H); 3C NMR (100
MHz, CDCly) o: 145.83, 132.88, 130.71, 127.84; ESI-
HRMS caled for CsHsBr,0,S [M+H]" 300.8351, found
300.8565.

-SRI R (4n): 34.5 mg FEEIA, X 68%.
m.p. 74~75 C (lit.'”? 73~74 “C); 'H NMR (400 MHz,
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CDCls) 6: 7.92 (d, J=9.1 Hz, 2H), 7.01 (d, J=9.1 Hz,
2H), 3.91 (s, 3H); 3C NMR (100 MHz, CDCls) J: 145.28,
142.02, 129.87, 127.89.

2-FURMHIL IR (40): 31.4 mg TR, 723 62%. 'H
NMR (400 MHz, CDCls) : 8.08 (dd, J=8.0, 1.3 Hz, 1H),
7.67~7.58 (m, 2H), 7.48 (t, J=7.4 Hz, 1H); *C NMR
(100 MHz, CDCly) 6: 143.18, 135.89, 132.96, 131.28,
129.86, 127.31, 126.69; ESI-HRMS caled for CgHsBr-
ClO,S [M+H]" 254.8877, found 254.8442

4-F IR ZE R I (4p)1%): 39.0 mg VR (AR, 77
# 78%. 'H NMR (400 MHz, CDCl;) 6: 7.92 (d, J=9.1
Hz, 2H), 7.01 (d, J=9.1 Hz, 2H), 3.91 (s, 3H); '3C NMR
(100 MHz, CDCls) 6: 164.75, 139.09, 129.06, 114.53,
55.99.

4-HUT FEAREBE IR (4q)5): 35.3 mg EMGEIE, 2%
64%. m.p. 71~73 ‘C; '"H NMR (400 MHz, CDCl;) &:
7.90 (d, J=8.7 Hz, 2H), 7.58 (d, J=8.7 Hz, 2H), 1.35 (s,
9H); 3C NMR (100 MHz, CDCly) &: 159.53, 144.39,
126.56, 126.35, 35.56, 30.94; ESI-HRMS calcd for
C10H14BrO,S [M+H]" 276.9892, found 276.9908.

4- F LR B (4r): 32.8 mg A ELEE, P25 70%.
m.p. 72~75 C (lit.'”? 73~74 “C); 'H NMR (400 MHz,
CDCls) 6: 7.86 (d, J=8.4 Hz, 2H), 7.37 (d, J=8.4 Hz,
2H), 2.47 (s, 3H); 3C NMR (100 MHz, CDCls) J: 146.71,
144.58, 130.08, 126.50, 21.82.

4-(ZF) KR (4s): 342 mg KO, 77K
76%. '"H NMR (400 MHz, CDCl;) 8: 8.15 (d, J=8.5 Hz,
2H), 7.90 (d, J=8.5 Hz, 2H); 3C NMR (100 MHz, CDCl;)
5: 149.56, 136.73 (J=33 Hz), 127.11, 126.94 (J=4 Hz),
124.10 (J=272 Hz); ESI-HRMS calcd for C;H4BrO,SNa
[M+Na]" 310.8960, found 310.9477.

Bifii-1-FEFR IR (4t): 35.8 mg LEWIER, 77 74%.
'H NMR (400 MHz, CDCls) 8: 3.76~3.66 (m, 2H), 1.99
(d, J=3.0 Hz, 2H), 1.38 (d, J=73.5 Hz, 8H), 0.88 (t, J=
6.9 Hz, 3H); 3C NMR (100 MHz, CDCl3) &: 69.65, 31.30,
28.54, 27.22, 24.58, 22.43, 13.95; ESI-HRMS calcd for
C7H,6BrO,S [M+H]" 243.0039, found 243.0027.

Fhi-1-fEBE IR (4u): 38.4 mg TLEOBIE, 2R 75%.
'H NMR (400 MHz, CDCls) 8: 3.77~3.66 (m, 2H), 2.00
(t, J=7.8 Hz, 2H), 1.36 (ddd, J=17.5, 13.1, 6.1 Hz, 10H),
0.87 (t, J=6.9 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
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69.65, 31.59, 28.83, 28.79, 27.26, 24.57, 22.52, 14.01.

Fhi-1-BEREIR (4v): 39.9 mg TORIE, 7F 74%.
'H NMR (400 MHz, CDCl;) d: 3.76~3.66 (m, 2H), 2.00
(t, J=7.7 Hz, 2H), 1.54~1.15 (m, 12H), 0.86 (t, J=6.7
Hz, 3H); 3C NMR (100 MHz, CDCls) &: 69.65, 31.71,
29.09, 29.06, 28.87, 27.26, 24.57, 22.58, 14.04; ESI-
HRMS calcd for CoHy0BrO,S [M+H]" 271.0362, found
271.0292.

HBh##L(Supporting Information) Hirfb &%) 3a~
3k. 4a~4v [f] 'THNMR. C NMR JFE . Xt
A] LA 3% AT W 3 (http://sioc-journal.cn/) | %K.
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