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Sulfoxide/sulfone preparation from selective oxidation of
thioether promoted by mechanical forces
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Abstract: The reaction conditions for selective oxidation of diphenylene sulfide to sulfoxide or sulfone
using potassium bisulfate complex salt (Oxone) as oxidant was investigated at room temperature under
solvent-free ball milling conditions, followed by analysis on the universality of the substrate. The results
showed that under the conditions of 1.0 to 4.0 mmol Oxone, 160 zirconia balls (the number ratio of 10, 8
and 5 mm zirconia balls was 20 : 40 : 100), 5~50 min milling time and 400 r/min rotation speed, highly
selective oxidation of thioether compounds to a series of sulfoxides or sulfones was achieved (yields
90%~99%), with the products confirmed by 'HNMR and *CNMR. This method exhbited the advantages of
good selectivity, high yield and wide application range of substrates.
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HUBRAL S 2 B 5T W0 R 7 22 SRR T TE I, % s Oxone, 400 tmin (O
He— R AL M S — T 2458 2R R IRZ BRHE n<R‘f)su}‘§2 )
. e = 53y n=1); Il (n=
AR, HLI A 3 1 TE v A IR S o 46 32 2 1), la: ReRHE L1 REAsE,
Ib: R1=R2=4'Eﬁ§$§; RFE"%‘

AR G HLE R, S fE— e R
B2 0N 23 1L ATET AN A A B LET I 758 = 9 S I 3/ < 2
RAFERAS, 6 st BN, P
PR AL 2A R B BRI T Suzuki KN Heck
JRPO | Sonogashira B . 38 X EHEBC P EL [
9 VA S R Sy PYS S I K ks VA i
Bk i I F D i 4RIE , 2012 4E, CRAVOTTO %12
fifi Ffl Oxone FEMFEE TALAS 2] T AH L. AORK =4, TF &
B, HoR UL #E kA O™ 45 Ieah, WAy
TEBIF B S50 R 18] HL0, X B Bk AT A AL B4R 2,
B R RA . Befeth 22, (L AEFS 2 S AR AR Y
REY.

RSO B — P LA A a0 A B Bk S Ak O i
DI A AR FR Y Oxone AL, 7EEME . JoWH %
T, I PR AR ) R R L], DL AR
TREE BRI B AR S8R, e B PR b ] 2% 251 WA Bk
AL B

1 SCIGERSy

11 KFENE

B (AR ), —ZRHEEE ( Ta, BUE4E 98% ).
4,4'- " I TR EE (LA EL 98% ). K Mg At Pk
(JFREDB 97% ), 4,4- " T KmBE (B
99% ). 4,4'-"REE T ORGREE (BTE 0 E 98% ). 4-
BHTERREE (T 98% ). 4-IRH F R EE (R
HEL97% ). 4-HUBR R EE (Bt 74k 98% ). —
I EWY (AL 96% ). 2-TR A FFmEm) (i
IE98% ), BRI T ( bifg ) ABRAF; AR
i fik (03504 98% ). RREMENE (i 04K 97% ).
B IR A A (R4 97% ), 1ifE3Z vk
HE AR A AT BR S 7] 5 4-25 F I -4 F k- — 2R A7
it ( JoT it 740 98% ) 4- AR B FE R ( T 434K 98% ).
10H-Wy B (T340 99% ), b ifFHeqs B2 25 R4 i
WA RA T 45 EHBE (TR 498% ), i
5y BAL R AR AR AT A-RSE R B BE (R
98% ), BERMEERAR ( Bl ) ARRAR; —&H
Wt . CBROTE . At . AR, HE EE 2GS A4 TRAF]

Avance T 400 MHz #% 35 ¥ I 351X, Fn +
Bruker Al ; YXQM 172 BREEHL, KD AKIEALES
WEABRAT]; ZF-2 B =AML, BT
SRR
1.2 FHik

BRES S AL A B BRI F 2 o B2 TN

el

Tk: R—4-ZHHHLL,
R2=Eﬁ%;
11—,

Ic: R1=R2=4'§#§§§
Id: R=4-FHIBRAH,
Ry=4-F FL A FL;

Te: R=FH, R~4-FHFHEEE, Im: 2'7ﬁ:$#[%%,
[ f: R=R,=4-BEHHE; In: WHEEEE;

Ig: Rl#'ﬁﬁg, R=HI3&; To: WREEE;

Th: R=4-Z%E, R=H3%; Ip: R,=R,="F3k;

Ti: R=4-JRZEEE, R=FZ;

DLIZREAR ( Ta) G Rchdl: mis 2 =CEREEHL
BREEFE PRI 160 A~ kskEk (Ho, EHiEH
10, 8. 5 mm S fbEEERAVEE L 510 20 @ 40 ¢
100), la 186.0 mg (1.0 mmol ), Oxone 614.8 mg
(1.0 mmol, PA4r+38 HiKs05S.31, TIA ), &
BRESHE, BTRMAEH, 25 °CF 400 r/min [
5 min, ffiH#)ZGREE (TLC) W #E#2 [ LU
V(R TER) « V=5 © 1 AJRIFH] ) g
F5, 3 mL AR K YE 3 W, A 15 3 H bR
PP, Sl AR (DL M(GRCTR) - V(A
HEE)=10 : 1 NJRIFFH) 4rE8, R HIRY 1 a.

DL (Ma) AR E]: w72 xR pLEk
BEHE R UM 160 A LS ER (Hdr, ARk 10,
8. 5 mm AfLEEER IO L4 31 20 1 40 = 100 ),
Jikl Ia 186.0 mg (1.0 mmol), Oxone 1844.4 mg
(3.0 mmol ), WEHEREERE, TR, 25 C
N 400 r/min ¥ 20 min, DA V(ZR ZHR) = V(A
fik)=5 : 1 M JRIFF WIS R b2 . & s,
3 mL A B Rk 3 Uk, 2 U 5 A5 21 B AR =5
WA ZE Al (L (R CER) © V(£ k=10 :
1 AEIFR ), A3 Ar=4 Ma.

HAA YR E & kR L, JFE X Oxone ¥
O V1) % S I B T AR s LA s R A T i, H Ak
AP CI0) Fak CT0) A9 NMR 3 B EdR R -

TR ((Ta), AGEE, BERK 95%, B :
72~73 °C ( SCEREPY: 73~75 °C ), '"HNMR (400 MHz,
CDCly), &: 7.66~7.62 (m, 4H), 7.47~7.40 (m, 6H);
BCNMR (100 MHz, CDCly), &: 145.42, 130.97,
129.17, 124.59,,

TR (Ma), AR, RN 99%, 1
117~118 °C ( SCHRMEP: 116~118 °C ). 'HNMR
(400 MHz, CDCl3), d: 7.97 (d, J = 8.0 Hz, 4H),
7.60~7.50 (m, 6H); *CNMR (100 MHz, CDCls), d:
141.57, 133.21, 129.29, 127.66,

4,4-ZH R b ), FA R, R R 95%,
FE 1 92~94 °C ( CHR{E™": 93~94 °C ), 'HNMR
(400 MHz, CDCl), §: 7.52 (d, J = 8.0 Hz, 4H), 7.25 (d,
J = 8.0 Hz, 4H), 2.36 (s, 6H); >*CNMR (100 MHz,
CDCly), 5: 142.67, 141.42, 129.97, 124.95, 21.40,

Tq: Ry=R,=WkM-2-Fi 5
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4,4-ZHZEP (M), AR, R 99%,
J# a2 144~145 °C (SCHREPY: 159~160 °C ). "HNMR
(400 MHz, CDCl,), 0: 7.80 (d, J = 8.0 Hz, 4H), 7.25 (d,
J = 8.0 Hz, 4H), 2.34 (s, 6H); "CNMR (100 MHz,
CDCly), d: 143.98, 139.01, 129.87, 127.49, 21.52,,

44- " IR (Tc), H@EKR, RN
95%, 4. 136~138 °C ( SCHR{E™: 137~138 °C ),
'"HNMR (400 MHz, CDCls), 6: 7.87 (d, J = 8.0 Hz,
4H), 7.48 (d, J = 8.0 Hz, 4H); "CNMR (100 MHz,
CDCly), 0: 140.18, 139.71, 129.77, 129.13,

4.4- " IR (Mc), KAGEK, RN
99%, KA 148~149 °C ( SCHR{EEY: 148.8 °C ),
"HNMR (400 MHz, CDCl3), J: 7.58 (d, J = 8.0 Hz,
4H), 7.45 (d, J = 12.0 Hz, 4H); *CNMR (100 MHz,
CDCly), 0: 143.79, 137.60, 129.77, 126.03 .,

4IRS -4- - RN (( 1Td), FaEik,
W Hy 92%, s : 50~52 °C ( SCHk{ER!: 50~52 °C ),
'"HNMR (400 MHz, CDCl3), 0: 7.86 (d, J = 8.0 Hz,
2H), 7.77~7.74 (m, 4H), 7.62~7.57 (m, 3H), 7.49~7.46
(m, 2H), 7.29 (d, J = 8.0 Hz, 2H), 2.37 (s, 3H);
BCNMR (100 MHz, CDCl), o: 195.56, 150.12,
142.25, 141.86, 139.61, 136.83, 132.94, 130.66,
130.27, 130.03, 128.47, 125.12, 124.33, 21.47,

4R H -4 -F LR (TTd ), M4k,
Wk 99%, Hisi: 203~204 °C ( SCHMEPY: 195~
197 °C ), '"HNMR (400 MHz, CDCl3), 6: 8.06 (d, J =
8.0 Hz, 2H), 7.88 (d, J = 8.0 Hz, 4H), 7.78 (d, J = 8.0
Hz, 2H), 7.66~7.62 (m, 1H), 7.53~7.49 (m, 2H), 7.35
(d, J= 8.0 Hz, 2H), 2.44. (s, 3H); CNMR (100 MHz,
CDCly), 6: 195.22, 145.11, 144.77, 141.52, 137.87,
136.42, 133.28, 130.46, 130.13, 130.11, 128.58,

127.96, 127.49, 21.65.

150 -4 28 L WAL R (e ), HEAFETRT
i, R HN 98%., 'HNMR (400 MHz, CDCly), o:
7.63~7.59 (m, 4H), 7.43~7.35 (m, 5H), 4.50 (s, 2H);
BCNMR (100 MHz, CDCly), J: 145.73, 145.33,
140.46, 131.25, 129.48, 129.43, 125.03, 124.69,
45.23,

150 BE-4- 2R N (e ), KA A,
R H 98%, JAM : 46~47 °C ( SCHREPY: 46~47 °C ),
'HNMR (400 MHz, CDCl3), &: 7.96~7.93 (m, 4H),
7.59~7.48 (m, 5H), 4.58 (s, 2H); *CNMR (100 MHz,
CDCly), 6: 142.82, 141.47, 141.29, 133.40, 129.40,
129.38, 128.12, 127.68, 44.83,

4.4- "R T ), H e, ICEHR 99%,
F5 5.0 154~155 °C( SCHRMEPY: 155~157 °C ). '"HNMR
(400 MHz, CDCl,), 6: 7.80~7.78 (m, 4H), 7.73~7.71
(m, 4H), 7.61~7.58 (m, 4H), 7.49~7.41 (m, 6H);
BCNMR (100 MHz, CDCly), o: 144.29, 144.19,
139.72, 128.98, 128.16, 128.13, 127.26, 125.38.,

4,4-ZHORI CIE), HEEA, BeEHR 99%,
K55 213~214 °C (SCHREP: 213~216 °C ), 'THNMR

(400 MHz, CDCls), : 8.10~8.07 (m, 4H), 7.76~7.73
(m, 4H), 7.61~7.58 (m, 4H), 7.51~7.43 (m, 6H);
BCNMR (100 MHz, CDCly), J: 146.19, 140.28,
139.16, 129.09, 128.63, 128.22, 128.00, 127.38,

X RAEE AR (), Wi EwA, ok
}y 98%., '"HNMR (400 MHz, CDCl;), : 7.63~7.58 (m,
2H), 7.20~7.15 (m, 2H), 2.67 (s, 3H); “CNMR
(100 MHz, CDCly), d: 164.23 (d, J = 250.0 Hz),
141.06 (d, J = 3.0 Hz), 125.83 (d, J = 9.0 Hz), 116.63

(d, J =22.0 Hz), 44.06.

X AR AN g ), F kR, Wk 99%,
JEI: 67~69 °C ( CHR{EPY: 76~78 °C ). 'HNMR
(400 MHz, CDCls), 0: 7.94~7.89 (m, 2H), 7.22~7.16
(m, 2H), 3.02 (s, 3H); CNMR (100 MHz, CDCl5), d:
165.65, 136.63, 130.25, 116.62, 44.54

MTEARFEHEEWM ( Th), AGEAR, WA
96% , ¥ 15 44~45 °C( SCHRIEPY: 43~45 °C ). '"HNMR
(400 MHz, CDCl,), 0: 7.58 (d, J = 8.0 Hz, 2H), 7.49 (d,
J =8.0 Hz, 2H), 2.71 (s, 3H); "CNMR (100 MHz,
CDCly), d: 144.16, 137.22, 129.64, 124.97, 44.01,

STEARFEHE (Mh), REGEMAR, BERR
98%, K& s : 81~83 °C( CHR{EP™: 89~92 °C ), "HNMR
(400 MHz, CDCl,), 0: 7.79 (d, J = 8.0 Hz, 2H), 7.44 (d,
J = 8.0 Hz, 2H), 2.99 (s, 3H); *CNMR (100 MHz,
CDCls), 5: 140.10, 139.02, 129.61, 128.89, 44.36,

FHRAFEH LW (i), A@ER, BEeRN
99%, K& 1. 72~73 °C( SCHEPY: 70~73 °C), "HNMR
(400 MHz, CDCly), 8: 7.65 (d, J = 8.0 Hz, 2H), 7.51 (d,
J = 8.0 Hz, 2H), 2.70 (s, 3H); *CNMR (100 MHz,
CDCly), 5: 144.86, 132.55, 125.42, 125.14, 43.98,,

Mo YRR AR T ), (5 6 A, IR R 99%,
K552 100~101 °C ( SCHEREP?: 102~104 °C). 'THNMR
(400 MHz, CDCly), 6: 7.76 (d, J = 8.0 Hz, 2H), 7.66 (d,
J = 8.0 Hz, 2H), 3.02 (s, 3H); *CNMR (100 MHz,
CDCl,), d: 139.52, 132.66, 128.97, 128.88, 44.44,

A-HFE R WA ( ), HEEAR, BerN
98%, K : 148~150 °C ( SCHRIE™: 148~150 °C).,
'"HNMR (400 MHz, CDCls), o: 8.38 (d, J = 8.0 Hz,
2H), 7.84 (d, J = 8.0 Hz, 2H), 2.79 (s, 3H); CNMR
(100 MHz, CDCly), d: 153.24, 149.45, 124.68, 124.47,
43.84,

A-HFERFE A (), e, Rl
99%, M 102~104 °C ( CHER{EMY: 102~104 °C).
'"HNMR (400 MHz, CDCls), 0: 8.44 (d, J = 8.0 Hz,
2H), 8.17 (d, J = 8.0 Hz, 2H), 3.14 (s, 3H); "CNMR
(100 MHz, CDCl3), : 150.85, 145.93, 128.99, 124.65,
44.28,

4-(FFEEW R RS ZR T (TTk), WCRN 96%,
F O FE B A . "THNMR (400 MHz, CDCl), 6: 7.58 (d,
J=8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 4.75 (s, 2H),
3.06 (d, J = 4.0 Hz, 1H), 2.71 (s, 3H); "CNMR (100
MHz, CDCly), 6: 144.83, 144.05, 127.62, 123.69,
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64.27, 43.80. <15%, ¥ 15: 153~154 °C( SCHREM: 153~155 °C ),

A-FPERHEL (k), KAGEE, BRN
99%, Hif . 82~84 °C ( SCHR{E™": 83.5~84.0 °C).
'"HNMR (400 MHz, CDCl3), 6: 7.77 (d, J = 8.0 Hz,
2H), 7.47 (d, J = 12.0 Hz, 2H), 4.71(s, 2H), 3.40 (s,
1H), 3.00 (m, 3H); "CNMR (100 MHz, CDCls), §:
147.79, 138.80, 127.31, 127.17, 63.74, 44.48.,

TOROTEEY-S-E e (1), B AR, UK
RH 90%, M. 187~189 °C ( SCHAEMY: 187.8~
188.6 °C ), '"HNMR (400 MHz, CDCly), &: 7.83~7.78
(m, 4H), 7.66~7.61 (m, 2H), 7.54~7.51 (m, 2H);
BCNMR (100 MHz, CDCly), o: 137.65, 133.92,
131.58, 130.37, 122.12, 121.63,

TORIFEEWY-5,5- Ak (D), HE A,
R 97%, K. 229~231 °C ( SCHAELP: 240~
242 °C ), "HNMR (400 MHz, CDCl;), 6: 8.00 (d, J =
8.0 Hz, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.63~7.59 (m,
2H), 7.53~7.49 (m, 2H); *CNMR (100 MHz, CDCl5),
5: 145.07, 137.08, 132.58, 129.55, 127.52, 121.93,

2-R T IORIFFE -SRI ( T m ), IREE ALK R,
R 92%, K. 164~168 °C ( SCHEAE™!: 170~
172 °C ), "HNMR (400 MHz, DMSO-d,), 0: 7.46 (d, J =
4.0 Hz, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 4.0
Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.79~7.72 (m, 2H),
7.65~7.61 (m, 1H); *CNMR (100 MHz, DMSO-d;), §:
145.80, 144.35, 139.25, 135.84, 133.41, 132.82,
130.92, 129.81, 128.07, 127.22, 126.22, 123.73,

2R TR IREENN -5 5- Ak (TTm), HEGH
A, CRH 95%, 1. 266~268 °C ( SCHAE™: 266~
267 °C ), '"HNMR (400 MHz, DMSO-d;), 0: 8.54 (d,
J=4.0 Hz, 1H), 8.28 (d, J = 4.0 Hz, 1H), 8.01(d, J =
8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.87~7.80 (m,
2H), 7.72~7.68 (m, 1H); "“"CNMR (100 MHz,
DMSO-dy), 6: 137.66, 136.41, 135.14, 134.07, 133.59,
132.10, 130.12, 128.87, 126.42, 124.27, 123.80,
122.56,

WIMEE-5-E LW T n), FEER, RN 90%,
14 15.:200~202 °C( TR : 200~201 °C ), 'HNMR
(400 MHz, DMSO-dg), 6: 10.96 (s, 1H), 7.91 (d, J =
8.0 Hz, 2H), 7.64~7.60 (m, 2H), 7.40 (d, J = 12.0 Hz,
2H), 7.22~7.18 (m, 2H); 'CNMR (100 MHz,
DMSO-d), 6: 137.31, 133.17, 131.60, 121.65, 121.32,
117.26,

WyBER-5,5-—E kY (Mn), AEEMAE, R
H 93%, W 256~258 °C ( SCHRIEMY: 265~268 °C ),
'HNMR (400 MHz, DMSO-dy), J: 10.94 (s, 1H),
7.95~7.91 (m, 2H), 7.67~7.62 (m, 2H), 7.36 (d, J =
8.0 Hz, 2H), 7.27~7.23 (m, 2H); >CNMR (100 MHz,
DMSO-d), 6: 138.62, 133.72, 122.92, 121.87, 121.16,

117.48,
MIREE-10-A L% (o), HEFEM, Kxl

"HNMR (400 MHz, CDCl3), J: 7.94 (d, J = 8.0 Hz,
2H), 7.65~7.61 (m, 2H), 7.45~7.37 (m, 4H); *CNMR
(100 MHz, CDCly), d: 149.51, 133.82, 131.06, 124.87,
123.66, 118.83,

WIBELE-10,10- 449 (o), AR, 1k
BH 90%, M 147~149 °C ( SCER(EM. 147~
148 °C ), 'HNMR (400 MHz, CDCl,), o: 8.01 (d, J =
8.0 Hz, 2H), 7.60~7.56 (m, 2H), 7.37~7.31 (m, 4H);
BCNMR (100 MHz, CDCI3), d: 151.45, 134.23,
124.90, 124.86, 123.21, 118.93,

TAREEWAR ( TTp), IRE AR, IFEN 98%,
J 1 132~134 °C( SCHRMEDY: 134~135 °C ). '"HNMR
(400 MHz, CDCly), 6: 7.43~7.30 (m, 10H), 3.97~3.87
(m, 4H); "CNMR (100 MHz, CDCly), d: 130.16,
130.14, 128.97, 128.38, 57.27,

TR (Mp), HEBMAR, RN 99%, &
J: 151~153 °C ( SCHREM . 148~150 °C ), '"HNMR
(400 MHz, CDCls), &: 7.47 (s, 10H), 4.16 (s, 4H);
BCNMR (100 MHz, CDCly), J: 130.94, 129.05,
129.01, 127.57, 58.04.

(R -2-F DA ( Tq), AR, eR
B 95%, s 53~55 °C ( SCHEREPY: 53~54 °C),
'"HNMR (400 MHz, CDCly), J: 7.46~7.45 (m, 2H),
6.47~6.40 (m, 4H), 4.07 (d, J = 16.0 Hz, 2H), 3.95 (d,
J = 12.0 Hz, 2H); "CNMR (100 MHz, CDCl;), o:
143.79, 143.66, 111.75, 111.24, 49.50,

(KR -2-F RSB (Mg ), EEBEE, BeRd
96%, #iH: 76~78 °C ( CHREPY: 72 °C ), 'HNMR
(400 MHz, CDCLy), J: 7.48 (d, J = 4.0 Hz, 2H), 6.55 (d,
J = 4.0 Hz, 2H), 6.42~6.41 (m, 2H), 4.29 (s, 4H);
BCNMR (100 MHz, CDCly), &: 144.15, 142.22,
112.65, 111.46, 51.29,

2 HR5WR

21 RREZFHMMREL
2.1.1 FALLHR AR KD E B GFH

R I 7 BT P 0 484 B R B AR R/ N R B AT —
FEMREI P e, X EEBER B BAR KNI T T AR
1o K 1a186.0 mg (1.0 mmol), Oxone 614.8 mg
(1.0 mmol ) A S N BREEGE b it 47 BRES , 25540
1R,

R 1 TR, Y AR — EAR N A e kit 1T
FONEEE, T a BHRTE 25%~55%2 ] (JF5 1~5),
MR 10, 8. 5 mm AL EEERBCR L5 R
20 : 40 : 100 (160 4~) B, Ta MFAILREIE 99%,
T a Wik F] 95% (F5 6). Frlh, Joeescyhitst
IR A A LB ER 160 4 ( HAE A 10, 8, 5 mm &
TR EEER B L4 3R 20 < 40 2 100 ) BEFTERIE
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F1 EARES R E AR R X S Y 50 Ma PR AT IR E] 99%, #F— L4 R niit ], Nla
Table 1 Effects of diameter and number of zirconia spheres

on reaction

F5%  HAmmBEA Taf®/% TallioR/% Ma R /%
1 5 100 40 40 0
2 5 200 55 55 0
3 8 20 26 25 1
4 8 40 41 40 1
5 10 20 46 45 1
6 * 160 99 95 4
M HUEEAN 10, 8. 5 mm A fbEEEROECE L2 3R
20 : 40 : 100,

2.1.2 HtbFAAe

TEIR A EbEEER 160 4~ ( HAE M 10, 8. 5 mm &

feaE RGBSR L4 20 ¢ 40 ¢

100). Ta1.0 mmol

FIZAET X Hp A5 AR 64T T 04k, S5 536 2 Fis .

3R 2 )PS5 2 AT, YA5EERE R o B, Rl
JREEF A ZE K 2 10 min, T a #16FR N 5% JF5 2 ).
BEE R E 100, 200, 300 r/min J5, BI{d R i)

[#] >4 5 min,
I B S Bk B
2 0.5 mmol B,

I a BFALRIA RIS (JF5 3~5), i
P T R NLHE R FE{K Oxone H
I a YA RN =i 28
M (F5 6); ER ],
T a 564k, i st ] gk —
WCRIEFN T 50%( )75 7~8 ); 2442

L M a 1)

HIERK FE 30 min I}, Ma

& Oxone AT,

Ma PR3 —2E3 5, 24 Oxone JHE N 3.0 mmol
Bf, Ma WHREHIL 99% (F5 9~10); 24 Oxone i
i A 3.0 mmol B, B 2 B B (6] 45 46 2 20 min B,

W%%ﬁ%?ﬁ(?ﬁlbmk

F 2 BREEMSIA] RS A AR FH A 0 S F) 5 )
Table 2 Effects of milling time, rotational Velomty and
oxidant dosage on reaction

o Oxone 63/ EREERME] Ta’ib®r Tall® MaliloR

5 mmol (r/min)  /min 1% 1% 1%
1 1.0 400 5 99 95 4
210 0 10 5 0 0
310 100 5 31 30 0
4 1.0 200 5 56 55 1
510 300 5 70 69 1
6 05 400 5 55 53 2
710 400 10 99 64 35
8 10 400 30 99 49 50
9 20 400 30 99 22 77
10 3.0 400 30 99 0 99
1130 400 20 99 0 99
1230 400 15 98 8 90
13 3.0 400 10 98 30 68

BAHERISUN R WK ITa ( 1a 1.0 mmol,

Oxone 1.0 mmol . #3# 400 t/min. JZ W 1A 5 min );
MMa(1la 1.0 mmol., Oxone 3.0 mmol ., #% ik
400 r/min , }if*HﬂLI'Eﬂ 20 min ),
22 KYMEEESH

fLJ_EiTjEfiTL T,
Ted e, WK 3 s,

— LB TR

#3ORYEENE

Table 3  Substrate scopes

(o),

Oxone, 400 /min !

S<
R,” "R,

|

BRI

R"°R,
I (n=1); M(n=2)

(0), (0),
SACINVeRSW

I a (n=1) 1.0 mmol, 5 min, 95%
IMa (»=2) 3.0 mmol, 20 min, 99%

©)s
O O

e (n=1) 1.0 mmol, 15 min, 98%
e (n=2) 3.0 mmol, 10 min, 98%

),

S.
/<j/ Me
Br

i (»=1) 1.0 mmol, 5 min, 99%
i (»=2) 3.0 mmol, 10 min, 99%

II'b (n=1) 1.0 mmol, 5 min, 95%
b (»=2) 3.0 mmol, 20 min, 99%

(),
S
AT L,

Il f (»=1) 1.0 mmol, 10 min, 99%
I f (»=2) 3.0 mmol, 30 min, 99%

O),
S.
IO
N

IIj (n=1) 1.0 mmol, 8 min, 98%
IIj (»=1) 3.0 mmol, 20 min, 99%

(),
S<
Me
HOM©/

FeasWiss "o C

I ¢ (n=1) 1.0 mmol, 10 min, 95%  [[d (n=1) 1 Ommol 10 min, 92%

Ilc (»=2) 3.0 mmol, 25 min, 99% T d (»=2) 3.0 mmol, 30 min, 99%

(O (),

[ js\Me [ ]/S\Me
F Cl

I g (n=1) 1.0 mmol, 5 min, 98% I'h (n=1) 1.0 mmol, 5 min, 96%
Mg (»=2) 3.0 mmol, 10 min, 99%  ITh (»=2) 3.0 mmol, 10 min, 98%

(0),

I
O
II'1 (»=1) 1.0 mmol, 50 min, 90%
M1 (»=2) 4.0 mmol, 30 min, 97%

Ik (»=1) 1.0 mmol, 5 min, 96%
Ik (»=2) 3.0 mmol, 10 min, 99%
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* 2551 -

4k 3

I m (#=1) 1.0 mmol 40 min, 92%
IIm (»=2) 4.0 mmol 30 min, 95%

Il q (»=1) 1.0 mmol 15 min, 95%
I q (»=2) 3.0 mmol 35 min, 96%

©),

S
L

H

IIn (»=1) 1.0 mmol 15 min, 90%
I n (»=2) 3.0 mmol 25 min, 93%

Il o (n=1) 1.0 mmol 40 min, <15%
Mo (n=2) 3.0 mmol 40 min, 90%

I p (n=1) 1.0 mmol 5 min, 98%
I p (»=2) 3.0 mmol 15 min, 99%

W BHRITAEIE HAERY A 1.0 mmol MEN T, Oxone HYH 5

2 3 AlHL, FERIRXTAH I, K& (Cl),
FEH AL | S EERIZEIER, BILL 92%~99% A i K
RNAER B B AR =200 1T a~f FOAX T a~f; X575
St LB AL A B IS S P AT T R, M
Bt — ity R 3, g — o o R AROR 3 | SR S R
FBER L), LA 96%~99% 4 W45 51 W AK, 1T g~k
FIER I g~k 5 24 52 07 JEE 4 g — 2 I E W53 Ty E 24 A,
B, SOSSCRAE TR R, A5 EI A R A SRR
HAL BV R 90%~97% ; 11 {57 FH MyBEIE A JiE H)
b, B GE s R s E], S ARSCR A AR, ik
AL R, BACRAUE 90%, BiiHiZ AL
A ZR N Wy RERIE IS W R 2 s Y O (AR gk
W F ) B A SN IR, ORI R, Ui
2R R A TE T R G Bk IR o AT R
ANRIZER R Al A W0 G S B, WE IR i B
Tz BAE e . X O A AR . Y e AR EE . I
IS0 ik RN o S S ik 4 EL AT 580 1) S g AR
1T 2R, kA8 54
23 BHRM

T BAE N M E, #E— 2 UEH Oxone/
BRES I 7 R 7 10038 F ﬂﬁ%laﬂ TT MR
Mo FESRPEAAE T KA AR N, SEARRIAR 9 i %
SRk F] 95%7F1 99% .,

S Oxone(6.0 mmol)
00 —=5

Ia
(6.0 mmol 1.12 g)

S Oxone(3.0 mmol)
O 0O—=5

(6.0 mmol 1.12 g)

sye

1.15 g, 95%

a
1.29 g, 99%

3 #it

i U AL 22 05 1, FE =i . JOHETRR) |

« SO B TR] LA K P %

T AfEEER 160 4~ (Hip, HAZK 10, 8,
5 mm LB BRI ECE LA B 20 0 40 100 ), BR
PRI TA] 5~50 min. #3# 400 r/min. Oxone fli 1.0~
4.0 mmol, BEFEPEHLSIEL T R GEIL Y A0 E AL A,
PL 90%~99% ARG AL T R IR SRR L &9
R NAR F X 5 Sk . 5 S . OF ST
IR M Bk AN o S it Pk 359 HL A S 4 %) JEC 4 3 4

R SR SRR . R AE P RN
LR 22 47, W58 40 R T LK ) BIF S Ak 27 1 g
FHYE
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