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H TBHP A H
Ph’J*“(\OH —mE Ph’lOBﬁOH
Ph (1 mol®) Ph
EREM T B FANO(OP) gA REMFR NE®  Y%ee(ElE)
1 la 2.0:1.0 Fimn  0°C,15h 87 94 (RR)
2 Ib 2.0:1.0 Fibz: 0°C,12h 77 91 (RR)
3 Ic 2.0:1.0 Mmoo 0°C12h 81 94 (RR)
4 Id 2.0:1.0 Mmoo 0°C12h 95 93 (RR)
5 le 1.0:1.0 FILZ L 0°C, 1h 23 92 (RR)
8 If 2.0:1.0 FAT 0°c,11h 100 92 (RR)
7 Ig 2.0:1.0 FILT ge°c,145h 74 86 (RR)
8 li 1.5:1.0 FLI gec,12h 43 5(RR)
9 Ij 1.51.0 LT gec12h 79 96 (RR)
10 Ik 2.0:1.0 CHLl2  gec 20n 76 98 (RR)
" Il 2.0:1.0 CHxCly 0°C,20h 75 99 (RR)
128 Im 2.0:1.0 CHaCly 0°C,9h 78 91 (RR)
138 In 2.0:1.0 CHaCly 0°C,9h 84 94 (RR)
14 lo 2.0:1.0 Flxzi 0°C,18h 88 90 (RR)
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TEBHP
J\/\/L/\ e w
S =0H P = L oH
{1 mol%)

EHEG] U AL FU A EAVO(OPH) gE iR BEMSE EE%  Y%ee

1 la 2010 iz 0°C.2h 50 76

2 Ib 2010 bz  0°C 24h 60 63

3 Ic 2010 Pz 0°C 24h 71 67

4 Id 2010 Famy  0°C,24h 44 56

5 If 2010 Pz  0°C,5h 90 76

8 Ig 2010 bz  0°C, 14h 66 72

7 lj 1510 bz  0°C,19h 47 63

8 Ik 2010 CHxCly 0°C,20h 70 74

g2 I 2010 CHaCl,  -10°C,18h 60 84

102 Im 2010 CHoCly 0°C,9h 67 83

112 In 2010 CHoCly 0°C,3h a7 81

12 lo 2010 Rz 0°C,18h 74 80

132 Im 2010 CH,Cly -10°C,7h 31 85

142 In 2010 CH,Cly -10°C,7h 38 84

158 Im 2.0:1.0 CHsCl,  -20°C,24h 42 89

168 In 2010 CHCl,  -20°C,24h 49 88

17 lo 2010 CH5Cly 0°C,18h 73 83

8 TBHP 048 HKCHoClo i & fE M L 7=,
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(25)

Ph
H TBHP H OYL Ph
J\‘ﬁ A Jﬁ” Non
Ph T OH = BhE T OH OH la
] P Oﬁyph
Ph

EHM  AF P A S+ U Ala BR{EE EEESRE NE  %ee (BLE)
1 VO(OPr);  1.0:1.0 CHP t, 4 h 93 84 (RR)
2 VO[OPr);  1.0:1.0 TBHP m, 12 h 94 88 (RR)
3 VO(OPr);  1.0:1.0 TBHP 0°C,6h 84 94 (RR)
4 VO(OPr);  1.0:1.0 TBHP  -20°C,40h 84 97 (RR)
5 VO[OPr);  1.0:2.0 TBHP m,6h 96 92 (RR)
6 VO(OPr);  1.0:22.0 TBHP 0°C,15h 87 95 (RR)
7 VO(OPr); 1.0:2.0 TBHP  -20°C,30h 89 96 (RR)
8 VO[OPr);  1.0:3.0 TEHP . 6h 96 92 (RR)
9 VO(OPr);  1.0:3.0 TBHP 0°C,15h 86 94 (RR)
10  VO(acac), 1.0:1.0 TBHP m, 6h 96 90 (RR)
1 VO(acac), 1.01.0 TBHP 0°C, 12h 93 94 (RR)
12 VO(acac), 1.0:1.0 TBHP  -20°C,40h 81 97 (RR)
13 VO(acac), 1.0:2.0 TBHP t, 6h 96 92 (RR)
14 VO(acac), 1.0:2.0 TBHP 0°C,12h 90 95 (RR)
15  VO(acac), 1.0:2.0 TBHP  -20°C,30h 85 96 (RR)
16  VO(acac), 1.0:3.0 TBHP 0°C,6h 95 90 (RR)
17 VO(acac), 1.0:3.0 TBHP t, 12 h 84 93 (RR)
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= = OHﬂ'— WOH
{1 ﬁn%% %) 2
YA R E T L OB B
FOEEE U AL F s wes ]:;:;b ?Eﬁgi?ﬁaﬁ 2 il IR/ IR %ee
1 la  VO@OPr); 1510 FLTo, it 1h) MUFAEFR-=LISLF0°C,68h 40% 15
2 la  VO(OEt 1510 Filxi i, 1h| TBHPAER 0°C,19h 41% 68
3 la  VO(OPr); 1510 PRzl 1h[ TBHPHE 0°C,19h 80% 72
420 la  vO(OPr); 15:1.0 CH.Clort, 1h | MATBHP 0°C,19h 85% 78
5 Il VO(OPr); 2010 LTl 1h| TBHPHEEH -10°C, 18h 85% 78
62 Il VO{OPriy 2.0:1.0 CHuCly,rt,1h | ZEKTBHP -10°C,18h 60% 84

LI ERT S L1727z TBHPERCH ClLig T B EL R Lz,
Bl FOCH LRy b LTI Thb, DA W TTRS & FE IR, RCER

TAhfEfR L .
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uobooooobooboboooo
oooDoooDoooooooo®
g UOOoO0oooooocooooaon
gbooooobooboboboo

gbooboooooogan

gooooobooob b oo oooogoaaa
PPN .. N NPT W
(1%%%) #
D2 K& rXF 0 A L ORETE B
EEES VAL F SFUon VNV ROV RE il EE R BREE] B/ I ghee
1 lo  VO(OPr); 2.0:1.0 i o 1h | TBHPARIEHE 0°C,18h 74% 81
2 lo  VO(OPr); 2.0:1.0 CHCl, rt,1h | TBHPZKIETE 0°C,18h 73% 83
3 lo  VO(OPr) 2.0:11.0 CHCl; i, 1h | TBHP/KIATE 0°C,18h 7% 77
4 lo  VO(OPr) 2.0:1.0 EtoAc . 1h | TBHPAEE 0°C,18h 34% 76
5 lo  VO(OPr), 2.0:1.0 DMF i, 1h | TBHPAEE 0°C,18h .a
6 lo  VO(OPH), 2.0:1.0 Fix tih | HEEKTBHP 0°C,18h  70% 81
7 lo  VO(OPr); 2.0:1.0 CH:Cl, t,1h | HKTBHP 0°C,18h 30% 79
8 lo VO[OEt) 2.0:1.0 CH,Cl, n,1h | TBHPZGHHE 0°C,18h 90% 83
9 lo VO[acac), 2.0:1.0 CH,Cl, . 1h | TBHPKIETE 0°C,18h 80% 83
10 lo  YO(OPr); 2.0:1.0 Fimxy m1h | TBHP7KEEWE — -20°C,43h 57% 80
1M1 1o VYO(OPr), 2.0:1.0 CH,Cl, t,1h | TBHPAGE®E  -20°C,43h 38% 80
12 |0 VO(acacly  2.0:1.0 pixy mo1h | TBHPKIERE  -20°C,69h 54% 79
13 lo VO{acac)y  2.0:1.0 CH,Cl, ., 1h | TBHP/#RIEH  -20°C.69h 60% 78

@ TLC TR S o,
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ERIE(2 mol%)
R0 TBHPAGER R T>"0H
— O
bt
Y H o FErSF s B E DGR BAEARA
Ehafi] SR AL EAF UYL B RE/ESE BRI FE /S INE% %ee
1 la  VO(acac), CH;Cl; rt,1h TBHPK&EH#  0°C.45h 50° 03
o GO acad, CHCl; m1h TBHPRKEW  0°C,45h 59 77
3 C5HM/OV\OH la  VO(acac); CH,Cl, r,1h TBHPHEH#  0°C,49h 40% 92
4 lo VO(acac); CH.Cl, r,1h TBHPRKEHE 0°C,49h 55% 78
5 la®  VO(acac); k)Tl r,1h TBHPHKEHE  0°C,43h 45%° 95
Ml 0 °
6 B la  VO(acach ¢y m1h TBHPXEE  0°C.é9h 33% 63
2 Q la  VO(acac) m,1h  TBHPKERE  0°C,69h 40% 94
8 K>  vO(OPH; FATl ,1h TBHPKERE  0°C,43h 40%° 83
9 lo® VO(acac), Fi.z: tt,1h TBHP#H#EHE  0°C,48h 40%% 84

@ RAFHLE HHOIH NMRSMFIC & ) E Lz, P #EBEImol%,

ogooooao
goddodoododooodoooooooooobooobD oo b oo b oo oooooOooo
oo oboob0 oo b oo b oo bbb oobooood
gooooooboooboboooooooooooooooooooDooDooooboooooOoao
gfdodooooodooooooooboobooboooooooao
oo obuoob oo oo UoobLDooDbaOo
R.-R  phig(1moe)  R-.R
HLOH TBHP H:QD/OH
YA FEAF A L DRI BREESE

FEEES R NHL R sdvms BE B/ R ERALA] 1B/ Y #% Y%ee

1 la VO(acac), Fixzl tih TBHPAERE 0°C,205h g8 84

2 PhE lo  VOG@cac), LTy mih  TBHPAWEE °C,205h 23 88

3 H i la  vOOPr3 CH.Cl, t,1h TBHP 0°C,22h 36 85

4 lo  VO(OPr)3 CH.Cl, t,1h TBHP7) 0°C,22h 81 92

5 n VO(OPr3  CH.Cl, ,1h TBHPIEE 0°C, 18h 83 88

8 5 la  VO(acac), FALTL t1h TBHP A 0°C,205h 83 70

7 ML lo VO(@cac) Rl mih  TBHPKiEE 0°C,205h 82 g8

8 o In VO©OPH: CHCl, r1h A TBHP 0°C, 18h 92 85

g If  vopr; CHXCl, 1k HHTBHP 0°C, 10h 96 80
ogooooad
0000 0Do 00000 O0O0O0O0OD0ODODODODODUOO0OO0OUOUOOoOOODODODDODOoDoODbObODDOoDOoboOOn
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BiEE (1 mol%)

Ph™ 5" "OH —eEE Ph" 5> OH

CHs CHs
TDFHEEUNLF AFOva EIE :21a8=l) B HEEIEY%  %ee

B HraE R/

1 la VO(acac)y 1mol% TBHP it 32 76 % 95
B 0°C, 44 h

2 lo VO(acac); 1mol% TBHP Fam o, 86% 87
; BT 0°C, 44 h

3 In VOOPr); 1mol% EX CHsCly 92 % 93
_ TBHP 0°C,18h

4 If  VOOPr; 1md% ik CH2Cl 96% 90
_ TBHP 0°C,10h

5 Il VOOPrh; 1mol% TBHP CH»Cls 88 % 95

HEEE 0°C,17h

good

O Oooo
O 0Oooo

ooooOooooboocoobooboooooobooooooboon

@ ik (1 mol%) @J
OH O oH

TBHP
P2 RGP0 A & DT BB

HEES T FSIYRA USSR DL pem HE/BE MR IHE/RR R %ee
1 la VO(acac); 2010 FLlz t,1h  TBHPIER 0°C,215h 66 03
2 lo VO(acac), 2.0:10 LT . 1h  TBHP7ER 0°C,215h 76 73
3 | VO(OPH), 2010 CH,Cl; t,1h TBHPKIEE 0°C,17h 59 88
4 If VO(OPr); 2.0:1.0 CH.Cl, . 1h TBHPHERE 0°C,12h  94% 92

OoOooooad
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i

O\/ (1mol%) CRO/
OH OH
TBHP
P2 RENF DA ORI RE A

REES VN> F orynn TRy RO YOLAER REASE EMEA BE/RE EE %ee
1 la VO(acac);  2.0:1.0 riLTy . 1h  TBHPIERE 0°C,205h 52% 90
2 lo VO(acac);  2.0:1.0 ko o 1h  TBHPIHER 0°C,205h 729, 75
3 If  VO(OPr) 2.0:1.0 CH,Cl, ™ 1h HKTBHP 0°C,10h 94% 69
4 Im VO(OPr);  20:1.0 CH,Cl, ™ 1h EKTBHP 0°C,18h  95% 78
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(29) JP 4909084 B2 2012.4.4
H. R B (2 mol%) H._R
\ O oH
(-~ -OH TBHP  H
PR 2 R & F 2700 A b DIHETERH Yz
FEES UH B oo s E EE/RE BRMEE TERE /R AYEEY Y%hee
1 la VOfacac), CH.Cl, rn,1h TBHPAME®E 0°C. 5H 11 74
Ph
H:Qo/ lo VO(acac), CH.Cl, ™ 1h TBHPAWEE o0°C. 5H 55 91
OH i
3 H lo VO(acac); CH.Cl, M, 1h TBHP/KIEE RT, 26h 68 89
4 I VO(©OPH3 CH.Cl, r.1h TBHPAEE 0°C, 5H 49 87
5 la VO(acac), CH.Cl, n,1h TBHP/fJ&E®% 0°C. 92h 28 80
&  H S I VO©PM, CH,Cl, f,1h TBHPAGZE 0°C. 92h 50 87
o]

7 EeetH lo VO(acac, CH,Cl, ™, 1h TBHPZGEE RT. 21h 8 91
8 lo VO(acac) CH.Cl, n,1h TBHP/&KE 0°C, 46h & 93

H_ CaHia o
9 o lo VO{acac);CH,Cl, . 1h TBHPZKIERE 0°C, 46h 60% 95

OH

H
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la, MoOQO.(acac),
T, BHPIR P“/{QAOH
Ph

0°C 12h, RT24h

(UH> FmE1)

la, MoO,(acac),

0°C 12h, RT 24h
(VA EERE A

(40%, ee 62%)

tBHPKIETE,
|
18% (ee 9%)

]
+ Lo
M\OH M\
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OH
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;\rph
8]

Ph

OH

21%

gobooooooogoobgobobobooooboboboboboooobobobao

O

gbobooooooboboboooboooboo

OY\CPha
N

H

ph)\‘/\/OH

CHCl, 1, 43h

O’ “OH
*p~OH

O%\/Cpha

VO(OPri);
TBHPEHE

{31%, ee 60%)
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