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A Green Method for the Synthesis of Sulfones from Thioethers

Fang, Xiang™“ Wang, Wang* Yang, Xueyan’ Wu, Fanhong™”
(“ School of Chemistry and Molecular Engineering, East China University of Science and Technology, Shanghai 200237)
(* Shanghai Engineering Research Center of Green Fluoropharmaceutical Technology, Shanghai Institute of
Technology, Shanghai 201418)

Abstract With water as oxygen source, a method for the synthesis of sulfones from thioethers under the action of
Selecetfluor™ was designed. The yield can reach 99%. The '®0-labeled methylphenylsulfone was prepared with H,'*0. The
conditions of this green method are mild and can reach the grams scale.
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PEAE N A LT RER], ERAN. RAFWPIMEE BRETE Selectfluor ™ fF N IRE 5 e 6y H W ARAEAT A=

25UV, LA 0 N M. X R LR )
rR R ARE B A A P 2 oot A S A B e e it 5
FeR IR, LAk, SRR I S AE R R BUE 4
I th A = R T L

H BT B Bk A2 Ak AR SRR B0 5 i 2w
D R et A 4 i ale B - & AN OB V- W €= K P
BR XU KA DAL, F T Y. S ERT B
(TBHP)® | 3F % 1k B (UHPY® . ) & i 460 % R
(m-CPBA)" V& 5840 T 72 DA % 4 i il B A Ak S8 Ak (i
Sb[“], W[n]) Ru[13]’ Rem], V[IS], MO[16J%). %ﬁ‘ﬁ, X ey
AR AES e RS AT E R 4 1) R
AP AFAE—Se B fa, DRk, B 7 (8 AR A I 8 A 7
EAT R DA 1.

SEHFEAIRA Selectfluor™ 2 —Fh A K E 1L, 5
fitif7, FLaTimid il ig 423895, Selectfluor™ fE A HLA K
A 5T AU, Vincent Z5SV R IIZE IR R, &b

¥). Masayuki Kirihara 25" fi] Selectfluor ™ 1 Fi ¥ — itk
YA B A R R M A R LI Je. AT AR BRI SRAL
EWEEMAELE Selecetfluor™ MIFER T, 7R
N, FRRAHRL RS

1 HR5iTR

DA FH 35 S B I (1a) 1 9 S B2 A, A6 i £
Selectfluor™ (2), %t & B AFEA TR, S5 BRI, B
Tk %) 84 S B AE B F B B A R AN K AE(GR 1, En-
tries 1~9), T2 KA AIER], 1505 HEL 99% ) 45
B AL =) F K FEN(3a) (3% 1, Entry 10). Selectfluor™
MERFRE, FHERENR =2 2G 8 FFGER 1, Entry
11), #k—254 Selectfluor™ FH &[4 N 1a (1) 1.5 {51, H
FEORFEGA) 77 22BN 46%(F 1, Entry 12).

Ttk X AE KR A A R, T Selectfluor™
ARG, BUCEATHEN E AL = P03 1 4 nT e >
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Table 1 Optimization of Reaction Conditions

Selectfluor™ (2)

F F\B/_F
s F\B'_F [ NL\I\7 -F O 0
SRS o
cl
Solvent, 24 h, r.t.
1a 3a
Entry Solvent Yield®/%
1 MeOH —
2 CH,Cl, —
3 CHCl, —
4 CH;COOEt —
5 CH;CN —
6 EtOH —
7 THF —
8 DMF —
9 PE —
10 H,0 99
11 H,0 90°
12 H,0 46°

“ Reaction conditions: 1a (1 mmol), 2 (2.2 mmol), solvent 2 mL, 24 h, r.t.;
? Tsolated yield; ¢ Reaction conditions: 1a (1 mmol), 2 (2 mmol), solvent 2 mL,
24 h, r.t.; 4 Reaction conditions: 1a (1 mmol), 2 (1.5 mmol), solvent 2 mL, 24
h, r.t.

JEFK. TP AH0E T EESKRLT, B2
S IRAN Selectfluor™ M3 F] 8O ARIC I a- =8 T 3k
. RITERATHEN S5, R FFERI 55, KRN
BT 10 equiv. [ B UK (10 mmol) 1 #HE4T, 45 5 LL95%(1)
PRGBS PO i B EIE IR, B L
(148 A SR YR T 7K (Scheme 1).

180 180
S ™ . N\
©/ ~  Selectfluor™ (2.2 equiv.) ©/S\
H,'80 (10 equiv.), 24 h, r.t. 4
1a 95% Yield

B 1 AL
Scheme 1 Oxygen source experiment

e 1 AREE RS RIS, — X e NI4T
TR, 5 H T RS AN B AR ) BRI TG
P 7N b 2ol R YR U Sl e e YO N SR L e 1
i 90%. (EAFERMZ, IR B S 1 A BR R K
I, N e 2 AE 5 i IR L T EAT, AR R = 2 A B
(3% 2, Entries 7, 8).

R TP R AL, EAEH 1 equiv. IR
Rk (1a)5 1.1 equiv. Selectfluor™ (1.1 mmol) 2 M, LA

F2 RFEYE GRS
Table 2 Evaluation of Substrate Scope

Selectfluor™ o 0
1 S\ 1\ //\ 2
-~ 2 —_— ~
R ;B mo2nn R
Entry Substrate Product Yield®/% m.p./C
S AP
1 @ @ ™ 98 84.5~85.6 (84~8512!))
1a 3a
o
~ ~ a2
2 Me /©/ 99 85.5~86.8 (85~86'")
1b Me
3b
S Oy
3 /©/ /©/ 98 95~96 (95~103"))
Cl
Cl
1c 3c
S Oy
4 5 /©/ /@ 98 101.4~102.3 (100~102%%)
r
Br
1d 3d
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Entry Substrate Product Yield®/% m.p./C
o 0
S\ \S’/\
~ ~ [21]
5 Meoij Meo©/ 99 118.5~119.5 (119~120")
1e 3e
o._,0
S. \S’\
6 ©i 95 107~108.2 (105~106?%)
Br Br
1f
3f
S O\\S//O
7 ©/ @ ©/ \© 89°  124~125(121~126!")
19 3g
s QP
8 56¢ 235~236.6 (234~237"))
1h 3h
o)
S P
9 . ©/ 974 76.8~77.5 (762
1l ©
o0
S N
~ S\
10 957 139.2~140.8 (139~1412*)
ON™ > O,N
1j 3
S O, .0
o h
11 NG 947 140.1~141.6 (140.0~142.1%
NC
1k 3k

“Reaction conditions: 1 (10 mmol), 2 (25 mmol), H,O (5 mL), 24 h, r.t.; * Isolated yield; ° Reaction conditions: 1 (10 mmol), 2 (25 mmol), H,O (5 mL), 24 h, 60 C;
?Reaction conditions: 1 (2 mmol), 2 (5 mmol), H,O (2 mL), 24 h, ..

84%IH 7= 34T T H IR FL AN (S) (Scheme 2, a). Bl 5 (@) o
M1 equiv. IR EEHN(S) 5 1.1 equiv. Selectfluor ™ @/S\ Selectfluor™ (1.1 equiv.) g\
(1.1 mmol) 37, AR E] T F B IEFERN (3a), 725 H,0, 24 h, rt @
9 86% (Scheme 2, b). #:%, 1ERFHIMA 5 equiv. I 1a S4% yield 5
USRI ALY TEMPO) (5 mmolill 17 Ef h ZEi 292 © oo
55, B4 LL 82% IR A5 B H FE IR FEN 3a (Scheme 2, g\ Selectfluor™ (1.1 equiv.) \S<
c), VEHALL N PIFEFFAS & 2 O ©/ Ho0, 24 h, rt. @
ik, FRA14 T RE MR R (Scheme 3). %G, 5 86% yield 3
F 3L KB BF(1a)4: Selectfluor™ Ffk, 7K d 4R T © S Selectfluor™ (2.2 equiv.) o\\s,,o
HERUR TR A A, BEJS A 2t HE A1 HY @ ™ _TEMPO(Seaiv) @ b
(S IERIETEIR(S). 23 T (5) 26 3 2L L - 8% yiekd 3a

FILE— 05 8 B 15 B R (3a). B2 s

Scheme 2 Control experiments
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1a H” A
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Scheme 3 Proposed reaction pathway

2 Zhig

25 PR, &t T —FhE Selectfluor™ YEF R, LA
AR RN, DRl E IR S G T, HIRTB R
U, b B T LK IR AR, L2 AR A,
A L S R I UK IS A, S RIS R ISR 22 e i
. FATHEXT A BT V277 ' P TBOCHAT IR
(RIBHE T,

3 X
3.1 U5

I S SGW X-4A B4 s A E . "H NMR (400
MHz)F1 *C NMR (100 MHz)%#5 £ /& Fi| Bruker Avance
400 BUZMEILIROCN TR, B HVERI% N CDCL. &
SR ESEE I Waters-GCT JRIEACN &, tah, &L
REER VLI, BT FE (AR S S i ) S 3R 75
3.2 ZWHE
32,1 HABRLS 1 FEALILESH 3

BB A4 1 (10 mmol). 5 mL H,0- Selectfluor™
2 (25 mmol)RIMAF] 25 mL FIE B, 72T
(1g A1 1h BN E R 60 C)fiHE 24 h. BT B2
FHRBL, B P AAE KRR, TEEIT R R
NEER SR, IR RRER E AN, 7T pH 25501,
M R CEAHL. ZERUS BUCAHLE, IINIE & 1 JE /KR
FREN T 6 h. THRJGE, WeZ&ikqd, SHTHENT 0 SR
TR A 2R WS, Vi v=4 1), 1535 E%N
RIS G 3.

FH L ORI (3a): 1.532 g A AE1K, 725 98%. m.p.
84.5~85.6 “C; '"H NMR (CDCls;, 400 MHz) J: 7.95 (d,
J=8.1 Hz, 2H), 7.67 (t, J=7.4 Hz, 1H), 7.58 (t, J=17.7
Hz, 2H), 3.07 (s, 3H); *C NMR (CDCl;, 101 MHz) ¢:
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140.51, 133.74, 129.38, 127.25, 44.41; HRMS (EI) calcd
for C;H30,S 156.0245, found 156.0246.

X FRIEZEFHA3D): 1.680 g MR, 773 99%.
m.p. 85.5~86.8 ‘C; '"H NMR (CDCl;, 400 MHz) &: 7.82
(d, J=7.2 Hz, 2H), 7.36 (d, J=7.4 Hz, 2H), 3.04 (s, 3H),
2.45 (s, 3H); “C NMR (CDCl;, 101 MHz) §: 144.68,
137.65, 129.96, 127.32, 44.58, 21.61; HRMS (EI) calcd for
CsH,00,S 170.0402, found 170.0403.

4-F RN (3e): 1.860 g HEE K, % 98%. m.p.
95~96 °C; "HNMR (CDCl;, 400 MHz) : 7.90 (d, J=8.6
Hz, 2H), 7.56 (d, J=8.6 Hz, 2H), 3.07 (s, 3H); °C NMR
(CDCl;, 101 MHz) &: 140.35, 139.00, 129.70, 128.92,
44.48; HRMS (EI) caled for C;H,CIO,S 189.9855, found
189.9852.

4-FRZEFN(3d): 2.295 g FAEE, 723 98%. m.p.
101.4~102.3 °C; 'H NMR (CDCls, 400 MHz) d: 7.78 (dd,
J=8.5, 1.2 Hz, 2H), 7.68 (dd, J=8.5, 1.7 Hz, 2H), 3.04 (s,
3H); *C NMR (CDCly, 101 MHz) J: 139.52, 132.69,
128.98, 128.93, 44.45; HRMS (EI) calcd for C;H;BrO,S
233.9350, found 233.9352.

4-FAEFE TR FF(3e): 1.850 g FAEA, 75 99%.
m.p. 118.5~119.5 ‘C; 'H NMR (CDCl;, 400 MHz) J:
7.87 (dd, J=8.7, 1.6 Hz, 2H), 7.03 (d, J=8.8 Hz, 2H),
3.89 (s, 3H), 3.04 (s, 3H); °C NMR (CDCl;, 101 MHz) ¢:
163.70, 132.23, 129.53, 114.51, 55.73, 44.85; HRMS (EI)
calcd for CgH;¢O3S 186.0351, found 186.0349.

2-IRIE AN (3): 2.225g FAEE, 753 95%. m.p.
107~108.2 °C; "H NMR (CDCls, 400 MHz) ¢: 8.20 (dd,
J=17.7,1.9 Hz, 1H), 7.78 (dd, J=7.7, 1.3 Hz, 1H), 7.56~
7.47 (m, 2H), 3.30 (s, 3H); *C NMR (CDCl;, 101 MHz) ¢:
139.56, 135.46, 134.88, 131.08, 128.19, 120.58, 42.41;
HRMS (EI) caled for C,;H;BrO,S 233.9350, found
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233.9349.

TORN3g): 1.935 g AR, A 89%. mup.
124~125 “C; '"H NMR (CDCls, 400 MHz) d: 7.95 (dd,
J=7.1, 1.5 Hz, 4H), 7.58 ~7.44 (m, 6H); *C NMR
(CDCl;, 101 MHz) &: 141.57, 133.25, 129.32, 127.64;
HRMS (EI) caled for C;,H;(0,S 218.0402, found
218.0401.

TIORIFBERYN(3h): 1.212 g AMEIR, EER 56%.
m.p. 235~236.6 C; '"H NMR (CDCl;, 400 MHz) 6
7.81~7.75 (m, 4H), 7.61 (td, J=7.6, 1.1 Hz, 2H), 7.50 (td,
J=17.6, 0.9 Hz, 2H); °C NMR (CDCl;, 101 MHz) o:
137.62, 133.95, 131.58, 130.39, 122.12, 121.66; HRMS
(EI) caled for Cj,H;0,S 216.0245, found 216.0244.

4-5F RN (3i): 0.336 g FIEAEE, 7% 97%. m.p.
76.8~77.5 ‘C; '"H NMR (400 MHz, CDCls) d: 7.98 (dd,
J=8.8, 5.0 Hz, 2H), 7.26 (t, J=8.5 Hz, 2H), 3.07 (s, 3H);
C NMR (101 MHz, CDCl;) ¢: 165.79 (d, J=256.2 Hz),
136.68 (d, J=3.2 Hz), 130.31 (d, J=9.6 Hz), 116.70 (d,
J=22.7 Hz), 44.67, HRMS (EI) calcd for C;H;FO,S
174.0151, found 174.0152.

A-FHFEFHH3)): 0.382 g RFHMOEIER, 77K 95%.
m.p. 139.2~140.8 ‘C; 'H NMR (400 MHz, CDCl;) §:
8.44 (d, J=8.9 Hz, 2H), 8.18 (d, J=8.9 Hz, 2H), 3.14 (s,
3H); *C NMR (101 MHz, CDCl;) d: 150.87, 145.95,
129.00, 124.66, 44.29; HRMS (EI) caled for C;H,NO,S
201.0096, found 201.0097.

4-FIEIEHIABK): 0339 g AWK, 77F 94%.
m.p. 140.1~141.6 “C; '"H NMR (400 MHz, CDCl;) §:
8.10 (d, J=8.2 Hz, 2H), 7.92 (d, J=8.2 Hz, 2H), 3.12 (s,
3H); °C NMR (101 MHz, CDCly) d: 144.45, 133.25,
12821, 117.53, 117.13, 44.20; HRMS (EI) caled for
CgH,N- 0,8 181.0198, found 181.0199.

322 "O-w A F AL A (4)89 5%

W F L R LA Bk (1a) (1 mmol). 47K (10 mmol).
Selectfluor™ (2.2 mmol)f&K /NN Bl S N 45+, {E % iR
TR 24 he RMVESHE, IR SR, H
AT pH ZE50ME, H AR CERAEE. ZRUSICANLUZ,
NIE B TE KB BRAN T4 6 h. TG, Bea&ikds, HHT
HEN B8 URIFR: AlE O CHE, V:iVv=411),
2510.152 g A A O-H H A IL(4), O-H IR
(4): 0.152 g AEIAR, 723 95%. m.p. 85.0~86.2 C;'H
NMR (400 MHz, CDCLy) 6: 7.96 (d, J=7.3 Hz, 2H), 7.67
(t, J=7.4 Hz, 1H), 7.58 (t, J=7.6 Hz, 2H), 3.06 (s, 3H);
C NMR (101 MHz, CDCly) d: 140.56, 133.73, 129.39,
127.34, 44.48; HRMS (EI) caled for C;Hg'®0,S 160.0330,
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found 160.0332.
3.2.3 @R FALE(1a)h & T AR KL T H(S)

¥ H 3 2K B B B (1a) (1 mmol). 2 mL H,0.
Selectfluor™ (1.1 mmol)K NN B e N &, £ =R
TR 24 he REEHSE, IIANMRIBRER SN E TR,
T pH B, H AR OEERE. ERSEBCANLE,
NIE R TKBERN T 6 h. TR, Hezgkas, 47
HEN DB (RIFF: Al 2R OB, Vi Vv=411),
3E) 0.118 g AR EKILTNG), 7K 84%. 'H
NMR (CDCls, 400 MHz) d: 7.66 (dd, J=7.7, 1.5 Hz, 2H),
7.56~7.49 (m, 3H), 2.73 (s, 3H); *C NMR (CDCl;, 101
MHz) §: 145.63, 131.05, 129.36, 123.48, 43.94; HRMS
(EI) caled for C;H3OS 140.0296, found 140.0297.
3.2.4 d T AR BARG)H & T LKA (3a)

R ZEFE T AN(S) (1 mmol). 2 mL H,O. Select-
fluor™ (1.1 mmol)K I FI [ M, 783 FHisk
24 h. SR JE, IINFIRRER E AN, 7Y pH &
M, FOROEEZEI. EIUSIANE, IMAEE
MTCKBREREN T4 6 h. TS5, Wez&Wk4s, HATHENT
SERITH: AME/ R OEE, V:iv=4. )G
0.134 g [ (0[] 44 FH L IR B A(3a).

4 BIi#1 kL (Supporting Information) L&) 3a~3k, 4
A5 ) "H NMR A1 3C NMR % &, X208 r] DL 3 M
AF] WX 3k (http://sioc-journal.cn/) b F %,
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