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HE & T PEGO000 fzk MR LA (PEG6000-0SO;H ). # H FTIR, TG MG E /34 /5 ik XA R #E 4T T
FAE, BT LA PEG6000-0S0sH A AL, 5T 835 30001 H, 0, WEALFHIZAE T Bl2EH BaeyerV illigerE L
R, 26 58T VAT R NI O R ) AR 0 R L AR R R IR R X RN A S AR RN A B A SRR
JEWER 0.1 mmol RE/IHCH 3008 H,0, 0.3 mmol EALFIHE 10 maiiH L 2824 3mL ifE 70°C,
RV BFIE] 24 h, FEZFMHT, —LIRERZR Y an 24 NI Geli R OCEA  BR OO, 2 H BEFF O, 4RI O 4-
AT HEIR RS0 0] LATE IR A6 8 SR AL AR B R P G BRI B 890 ~ 10000 i JlE M ik AL % 8000 ~
9VOHy BRI, SEILAEEAT RS B T W, R HEAT T HNMR A1 CNMR 3 HHE

X 8Ei7 . PEG6000-0S0, H; i1k ; BaeyerV illiger®4Y ; H, 0y; 713

HESHEE, 70426 0643.32 STERFFIRED. A STELHE, 10035214 (2011)01—0059 —06

Baeyer+V illiger O xidation of K etones Catalyzed by PEG 6000-0 SO ;H

YANG Zhiwang NIU Lengyuan MA Zhenhong KANG Qiao~xiang SHI X ing~li LEI Zi~qiang
(Key Laboratory of Ecoenvironment-related PolymerMaterials M inistry of Education College of Chem istry and Chem ical
Engineering Northwest Nomal University Lanzhou 730070, Ganss China)

Abstract PEG6000-0S0;H was prepared and chamacterized by FTIR: TG and elementary analysis The
BaeyerV illiger oxidation of ketones catalyzed by PEG6000-0SO;H with w (H-0: ) =300 solution as
oxidant was mvestigated The infliences of solvents reaction tine temperature dosage of catalyst and
the oxidant on the catalytic activity are well mvestigated The optin izing conditions were concluded as
0.1 mmol ketones solved in 3 mL L Z-dichlowethane and oxidized by 10 mg PEG6000-0SO;H with
0.3 mmol of 3000 H, 0, at70°C for24 h Under the optinum condition a series of cyclic ketones such
as Z2-adamantanone cyclopentanone cyclohexanone 2methyleyclohexanone 4methyleyclohexanone
and 4-tertbutylcyclohexanone were well transfomed into the corresponding lactones with the conversion
of 896 ~100%6 and the selectivity of 8096 ~99%, respectively Same of the products were purified by
a silica gel column and characterized by NMR specta
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SR A R, G BaeyerV illiger 8 (K R IV 3E 3
DL R =t R 2R (TFPA) Y R R
(PBA) BRI St AU FER (mCPBA)" 4 1
AL X AR B bR PR e B e L i Bk
ARG A RKEIERG 305, K. ik
IR " BTN BaeyerV illiger/X W A 5%
FOE S, BAT Bk AR EAH A TR E H0,
A TR 5 7 F o5 — Fh AR S I R 1) 248k
L 3K 25 IS T 43 B SR — e R T f 2 Il
YEEN H0. HAGKE H.0. (E L2 hEES

& W, w(H0:) = 30% WA IK K Baeyer-

Villigerf B AV E I

=73 [ AR AR B A SR T A
fa e YELF AU 5 5 IR VA 4y B SR A BATE
BENTZ N, XFEIZEA BaeyerV illiger8 AL X
R R U ek Yo mem — 417 ts — 14 7
g E ke Y R e U ok
AFLEAL S B R s A B R DA R
T AT PR v SR ) [ A A 50 El T 2 R ) T I ol
JR 3 B T v A O A R AT A AT A TR
FATEYE R R BRI ER A R Y B
FEEL,

PEG VE R —F0s WL BBV A & 7 B A
T AT AR Fe e v T ARARRRSE DL B
R ¥ 0] ARG E AL F I N ThRE . SRR
SR TPERR . B SR E A R, oK 25 R
ZUR . TR T VG, # PEG 5 aUBEER
=25 T E T 18 B A AR AR ] ASUAT
PA3E i SRR A B FE AR AR e R 2 L ) 40 IR ) ik
A T LT AR 3 R VT A Dy i AK 750 B 3t
SR IAEA I R, ASSCRL PEG6000 Ry & A » il £
T PEG6000-0S0; H AU AL fF 55 T FrfsfiEft
FIXTEIZE B aeyerV illige EAL SO AL PR RE

1 LIEERS

L1 {YE8FmAR

GC: Shinadzu GC 20105 A0 354, 15.0 m X
0.53 mm X1.50 #m RTX — L1 BEH, FDRINZS.
N2 S, #EFEE 1 1 NMR: Varian Merery 400
plusi T A% i 3 IR 3% 3 AL T R 2 #HT: Elementar
Vario EL 76 Z /A7 3, bR 22, < 0. 1205 FTR:
Perkin ElmerA & Spectum OneZL AN EYL, K
KB 1t 1% TG: Perkin Emer/AH] Pyris D jamond Y
HAHAL, FHRER . 10 K /m in BT

SRR . AR RiEPTIE R AL % AR 2w
PEG6000, AR, E g Z b2l AR 2w s 24N

Wl (B4 B 9800 ), ZHIIEFR O (R B 4 L
9500 ), AHBLIR OB (TR0 %E 9800 ), 240 T LR
CLl (R %L 990 ), 440 T 23R O (R4 50
9820 ), Y9I VY B4R A B R . CP i
WA RGRF T IR C . AR K AR SR F A
FRFATANE]: w(H 0, ) =300 B SUE K . AR 3EBHAL
TSI, A IR R AR 2 AL P
1.2 fEUeREEE

PEG 6000 [ 2 B R i 1 7045 HE SCHkAE 77 i &
AU e TR 100 mLE RSP
SRR (15 mmol)F1 5 mL 40 H 4%, vkKIB IS H1Fn
BIZEE FF 30 min NI IN PEG6000(15.0 & 2.5
mm ol {3 I AT 7E 223 T44 7 T 100°C T4 24 h)
iy 50 mL 50 LRI T N o2 SR R TR R
T QKSR 24 b, SN SEAUE DR 2R 25
HRA VT T HERE R N O EI 2 50 mL e K
Z Tk SRR 30 min 5 HHIE . 2 T0 K Z R I
HRRT G 1 T AETE N T T4 b e 1

2 EREI

2.1 jTESR

BATEA) PEG6000-0S0; H AL I TR T &
AT, FEM AR AR I [ 2k i, BoCE TR
PEG6000-0S0: Hfi#fE7#1H w(S) =2.2290, i 5
HARMAEE R 0.70 mmol/g
2.2 fEUF FTROR

Pk PEG6000 A1 fk %] PEG6000-0S0:H AY
FTREE A 1R,

AN
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Fig 1 FTR spectra of PEG6000(a) and PEG6000-0SO;H (b)
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. {H7E PEG6000-0S0sH i & H+ 680 an A
LML T ST OMEMIRIE, AT g
PEG () RIS CRO:H [k A TR, R
R BR AR VA W 78 TR 30 T il 5 A i Ak ) 25 R &
AT P AR A RS T, SaaibgRn]
L FE A AL TR B9 21 403 T A o DL B AE 1375 ~
1410 an 'PYHILAY — SO.— CIRIIE , FIA SRR
Ot g2k iRk PEG6000 T [ 25,
2.3 4R TG AR

PEG6000F1 PEG6000-0S0;H A TG 43 Hr i £k I
K 2,

100

] \

60

401

Sample weight/%

0 ! L L I 1 1 L
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6/C
Bl 2 Bk PEGE000 (a)f AL PEGE000-0S0,H (b)Y TG
ARl
Fig 2 TG analysis of PEG6000(a) and PEG6000-0S0;H (b)

M 20) 0L, 24k PEG6000fY 2L & (Hik a)3E
M 190 CHELE B ZE 4G X EBEHAKNT
PEG 6000 o ¥2 B 1) 2 3 ir 80, 24 In#GR EE =+ 350
CLUG, HAr i 288 BNk, JEHH PEG6000 41
ity B O TG R 24 R, T PEG6000-0S0sH
AR NS (Mg b)RW AR R EETRE
1E 190~270°C, 2k 70 o AR I R SE AN 7> A IR
IS BB N B R BT B A iR FE R AE 280
CLAREBoEm, X —BH BAY L EAT 0 XA
FEZH T PEGO000 Y 731 51 N T TR 5
Bl XER /N TRBEER B 2k PEG6000 5 2y [
.
2.4 FREFHNRCERERMNEHNRE
2.4.1 BEARGZR

SAER G L 2= Ok, L A O IRME
IR, PEG6000-0S0:H MAEAL 7, dE1T 447
THEIF CERAY AL R N 25 5 R R AR R VR
s, IR gE Rk L

b LA ABALFIAE L 4S5, s
ERARME. ZH5A L 2= Z e b, W AE L 2-
TR LKA R B AR AT DAAS SRR
L 2= R CIRNEN MY 5]

x 1 AR PEG6000-0S0HAEAL 480T 3 O A

UAEES
Table 1 Oxidation of 4-tertbutylcyclohexanone in different
solvents catalyzed by PEG6000-0S0;H
gl
Z W L 2Rk L 45753
L% 60 89 24
EEE 0 54 89 82

RN ZAE AT EIFCH 0-1 mmol(15 mg), w(H202) =30%
JKEEWE 0-3 mmol fEALF] 10 mg 70°C, 24 I,

2.4.2 RELEIE & FrR

Xt PEG6000-0SOsHAEL T~ 440 T L3 T
()AL FEAS [ A st i) sCHRORE JESE A GCA
DAY S AT O Iris g5 R ank 20K,

# 2 RRERNAE A PEG6000-0S0HAEM 48T HH2
LIER AP rAVAZEN
Table 2 Oxidation of 4 -tert-butyleyclohexanone in different tine
catalyzed by PEG6000-0S0,H

t/h
3 6 12 18 24 30
AR M 42 82 82 83 89 90
W 50 77 78 77 89 86

RN 254 AT EF WA 0.1 mmol(15 mg), w(H202) =30
KW 0-3 mmol L] 10 mg L 25 Z 4% 3 mL 70°C,

LA S BRI TE] Y SE 4G, 40T 2R O
AR i b o (BN e AR R R = e
SO ATHABA . 2 B SR A S I A E A0 SR R g s T PR
UATABEAR TS, = B I BV R TE  FE IR Y it
17 24 hEIRE R E, SOk U I [E] g 24 by
2.4.3 REBEHF "

e ARCT IR R Y AL S AL PR J s 23R
EPR R BRI EE A 2 (25°C ), 40°C 55 T
T0°C, FEAER HoAb 2 P AR B L S, AN TR i
JERF AL R TR R UL, SRR SPR.

% 3 ARRMIRE T~ PEG6000-0S0Hfi#Efr 4T HHFE
i S 4K B S 5 SR
Table 3

Oxidation of 4-terthutyleyclohexanone at different

tempemture catalyzed by PEG6000-0S0,H
SRR /C

= 40 55 70 80
A& Y — 24 44 89 92
bt 2 gl — 65 72 89 77

SR At AT HEFFC 0.1 mmol( 15 mg), w(Hz0y ) =30%
KW 0.3 mmol 4L 5] 10 mg L2—&2% 3ml 24 h

I S AT, AL TS PR il B 1) A P A B
2 RN N E R TR AR RO,
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TREE R TEEr s TR B B A0 6 A0 7 ) 18 £ VT AH R T
s 70 CRbk B 55 A - 58 @ 0 RN TS AR
AU BT A8 P W IE BV AR, Bt LAAR 52
BB SR B RN 70°C
2.4.4 KR 8B

PL 0.1 mmol 48T 3R OB MY, w(H20.)
=300 KW N EAL R 4> B A 6, 8, 1040 12
mef ] 7E L 2R e mh T 70°C KW
24 h RS R EEASIRI Y AL R Y IR 1L
R4 N ERIEBEPER I O 25 R 3R 4PTR,

% 1 RFARE PEG6000-0S0,H A T 44 T 35 O
LAY SR 5 R
Table 4  Oxidation of 4-tertbutyleyclohexanone catalyzed by

different amounts of PEG6000-0S0,H
HEALH] /mg

4 6 8 10 12
AR Y 82 83 89 89 82
M X 64 74 83 89 79

SRStk AR T HEFFEH 0.1 mmol(15 mg)s w(Hz05 ) =30%
JKEEWE 0.3 mmol L 25 Z4% 3mL 70°C, 24 p

HIZR 4] UL, S0 SRR A ) P i A e B ke
ML B A HOBTPEAR S IR s eI & 4~
12 mg IR HEAL R IEAYE R fE 820 ~8%4, (HEf
ERACH AR, = n g szt e, 4
AL EBE] 10 mght, PIBRZEBEVA S i K ME.
e JE BE AL 0] R ) T RIS, TR SR 4R
IR R P SRR SAE &N 10 mgfEfl
F1 /0.1 mmoliE4y.

2.4.5 FALHIREH Y%

1 44T FEIF 2l B AL AL R IR 4R
PR IK 5 ) FE IR L - 5 86 8 ALl F B 28
PR B R 520, G5 R0k SR,

£ 5 AFEEMFAET PEG6000-0S0HAEL 440 T HIF
IR AL FY S I 2
Table 5  Oxidation of 4-tertbutylcyclohexanone with different

amounts of oxidant catalyzed by PEG6000-0S0;H
n(EALH ) /mOEH )

1 2 3 4
A= M 31 79 89 70
W 43 67 89 61

SOV AT HIFEET 0-1 mmol(15 mg),%ﬂﬁfd 10 mg
L 2= 7% 3ml, 70°C, 24 b

B3 5T L. 24 n(H.0,) /n(EE4 ) =38}, KW

LA T A S B TR A 6
AL TP T . TTRE R th T it A 1.0,

IIRIERL T T N BEK AR ZE S, TR Ut R A AR
R Z T nGEAH] ) MK ) =3HEH .
2.5 {EAFIFSHIATRLES LAV ELERE

L BT R BEER A5 F TN %58 PEG6000-
0S0:; H X} T HAb I FHZE Y BaeyerV illiger'a L )k
N AL TE PR 45 L3R 6,

# 6 PEG6000-0SO, H fifk TR Baeyer-Villiger SUfbS i
Table 6 Baeyer-Villiger oxidation of different ketones catalyzed
by PEG6000-0SO,H

5 [it7] HALR/ % BEFEYE/ % s/
1 Q 100 99 /@
(1a)° (1 b)o
0 0
(2a) (2b)
0 (0]
0
3 ij 96 80 @
(3a) (3b)
o 0
Y C3
4 92 82
(4a) (4b)
o 0
0
5 89 94
(58) (5b)
0 0
0
6 89 89
6 (6b)
e 0
@é
7 19 37
(7a)
(7b)

FC 2 Bl 0. 1 mmol ,w( Hy0,) =30% /K% # 0. 3 mmol , fE4k
7110 mg,1,2- "5 2%t 3 mL,70 °C ,24 h,

HZe 6T L. 76 PEG6000-0S0sH (AL . LA w
(H2 02 ) =300 KB N BALH, 22 MR BRI
O B AT A n] AR AL . B Y — et A
BRI R FACE R e, T 28 NI
B B S T ) T A R B ORI
775 N EA BE A P R ER A T 4 ) e ER A
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BT FR> F5K A5 AR e TR S b #EA 7
BHF IR S R AR AT LA R 10006, =ik
PEVEA S X TR O, 2 LR A 4T LR
CEEEAL. TR A 57 T4 SR A AR
BRE/IN DRI 5 R0 T LA B B 3t S R R S
TECOLM RS B AEM AL AL IR 2 )
AR AR, T T 44T ZEFF AT 20T
EIFCER AL, T EE D T A R R T 2
T HAgE BLAS T AR O SR 2 T80 5
T N BOLAE AL TR PERY PR, (R, 7EAR TR
T, PEGE000-0SOH AL 440 T 2= 2 i Y 4
AR, 5 % Ak R AT LAk 3 894, T Jg % ) R
196, HAEFERARE] 370, BT A X s % 5y 51
MRS S R PR A AR
2.6 EAFIFEIKMESES ERXR

N T 25 BRI Y B A2 PR FERDIR SR Y.
LERE For R RIS H G R il S IR AR/
RN TOK C B AR B AT PO . 220
98 To K S Bk VR TR AT A5 E R YR PEG6000-
OSO:H AL 5], 7 W LA [l Wi Bir 45 4 & it & 1Y
PEG6000-0S0: H M HEAL 5], L 2 5 Wl Kt i 09 Jie 4
FEEARAL IR S A PERE, 25 Rl SPR.

zz Selectivity ™ Conversion

100 e — [

I

80

60

Conversion,selectivity/%

R

1 2 3 4

Recycle lime.;
SRR 2 - 28 MR 0-1 mmol(15 mg). w(H20z) =306 /K i
0.3 mmol FIKMALFIHE Omg L 2R 3mL 70°C, 12 h
B 3 ks PEG6000-0S0;H B4 & & ffi il L0 45 5
Fig 3 The recycling results of PEG6000-0SO;H in the

oxidation

HE 30, i AR F EGa R e —
FREER SRR, S SR BTG YR A 3 A
Jei HE I BE S G (E P 0 0 378 438 A Ak 4% T R A
it MRIEUL, TESL L AL Pk R b (AL 31
PEG6000-0S0s H FAS AT 4EFFE & A 3K,

2.7 FHHnES NMRRIELKE

¥ EARERZE AR A T VAES ) 2V
(ZBRZWR ) =101 s (R Ry B v . 76 TR IZ AT A
B fE . AT ARG LR B RS R AE . NMR B8
(‘"HNMR £ CNMR )4 .

=4 1b, 'HNMR (CDC1L. 400 MHz), & 4.489
(1H), 3.076 (1H ), 2.114 (2H ), 2.004 (2H ), 1.957
(1H), 1.921(2H), 1.856 (2H ), 1.739 (2H ), 1.280
(1H)." CNMR (€DCL. 100 MHz). & 178.960,
73.136, 41.151, 35.862 35.679, 33.713 30.863,
29.628, 25.856, 25.650,

=) 2b, 'HNMR (CDC}. 400 MHz), & 4.282
(2H), 2.49(2H ), 1.798(2H), " CNMR (CDC}. 100
MHz), & 171.339, 69.331, 29.636, 22.091, 18.875,

74 3b, 'HNMR (CDCL, 400 MHz), & 4.235
(2H ), 2.643 (2H ), 1.867 (2H ), 1.795 (4H ),
“CNMR (CDCE 100 MHz), & 171.339 69.331,
29.636, 22.091, 18.875,

=4 4b, 'HNMR (CDCL, 400 MHz), & 4.449
(1H), 2.653(2H ), 1.930 (4H ), 1.627 (2H ), 1.352
(3H), " CNMR (CDC 1}, 100 MH 7). & 175.60, 76.80,
36.21, 35.00, 28.28 22.88 22.57,

7=4) 5b, 'HNMR (CDC1, 400 MHz), & 4.188
(2H), 2.630(2H ), 1.912(2H ), 1.862(1H ), 1.498
(1H), 1.343 (1H), 1.002 (3H ), " CNMR (CDCl.
100 MHz), & 175.995 67.984, 37.097, 35.116,
33.081, 30.634, 22.008

774 6h 'HNMR (CDCL. 400 MHz), & 4.335
(1H), 4.158 (1H ), 2.585 (1H ), 2.569 (1H ), 2.085
(2H), 1.527 (1H ), 1.369 (2H ), 0.898 (3H ).
“CNMR (CDCE 100 MHz), & 176.285 68.579,
50.667, 33.386, 32.936, 30.261, 27.472 27.373,
27.304, 23.669,

W B A B 5 10 A DR VR G IR D P 5 ot
Fe. AT LA E P A TR

3 &g

FET il £ B ¥ A8 B2 B A 4K 7R PEG6000-
O0SO;HHEAL > BA w (H,0, ) =300 K i W K AL
Fls AT LS — 2 70 B 288 P A v e S A A5 B A R
(A IR S AL 8 RN I B AR A . AL
TR RSN AL 5 Tl 2%, BT seal— e AR
A E G, R R AR 0 =S A 2
AE A AL 750 B4 AT 0] e A S A R B AR W 2R Y
BaeyerV illige 8 0 S i BB VETERY Y AT AT 5.
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