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25 ([ Omim | BF,) ¥, Co** (Mn®* 88 Ni** ) /NHPI( AIBN) N S HEALH], 22T AN B 1k -
e R oy R A T M B e 3L i B . RO AN F

AN Tonic liquid, O, 0
Ar R————
M2 */NHPI( AIBN) Ar R

M =Co, Mn, Ni; R =alkyl(aryl), R’ =R =alkyl(aryl) ; R=H, R’ =OH.

1 SEIGESY

1.1 E5EH

HP-Agilent 6890 SAHE X, (i H: % 30 m HP-5MS; Bruker Avance 500 #HZIEHRIE(L, Lh CDC,
TRV, TMS S FE.

B TR AN NHPIL 2 B8 SCHR[ 26 ~ 28 1 7 Hl 4 5 HCARIR 24 7 sk .
1.2 —HRME

FEAR A TR B EEE M SR 100 mL = SRRER T, A 20 mL & F K 20 mmol JEY)
F—sE B AL, AR, TEBERE TR E RO, PRGSO, OSSR, v A, L
AEHL.

AR 57 AR, AR SO CI RN s O 5T A BRI, AR A IO AR S R 5% )
[AAHURIE, R, KIZERRICE LR, FrRIEviE TR 1.

BT W S R AR A R AR IR T R R, AMIALZR B9 NHPI 2 AIBN J5 AT 4 36 i 1.

2 HRSUR

7E[ Hex-mim | BF, 1, DLZ AN RYIE SR B0 AL T 1, 4521 RBT, AUE ] Co(acac), B NH-
PLAREALFI BRI B HAR SR, LR AL /N T 5% (£ 1 7 Runs 1 F12).

Table 1 Oxidation of ethylbenzene with molecular oxygen catalyzed by different catalysts

in [ Hex-mim | BF, under atomospheric pressure”

Run Cat. /Molar fraction( % ) Yield’ (% )|| Run Cat. /Molar fraction( % ) Yield’ (%)
1 Co(acac),/0.5 Trace 5 Co(acac),/1.0, NHPI/10 82
2 NHPI/10 5 6 Co(OAc),/0.5, NHPI/10 75
3 Co(acac),/0.5, NHPL/20 91 7 Mn(OAc),/0.5, NHPL/10 70
4 Co(acac),/0. 5, NHPL/10 90 8 Ni(acac),/0. 5, NHPL/10 5

a. Tonic liquid 20 mL, substrate 20 mmol, atomospheric pressure O, , 100 °C, 12 h; b. GC yield.

NHPI 2 58 3 [ 25 32 5L 02 ORI 9 B P NIPO T #EAT AL 48P RS B, NHPL 78 480050 e
S A KA S, T Co( D) M Mn( 1) 2548 102 5 REMEHE NHPT 9B 0. AT RA]
LA 10% NHPI 43515 0. 5% [¥) Co(acac),, Co(OAc),, Ni(acac), Fl Mn( OAc), 4L E LTI
BAEB WA 4> T4 AL, % NHPL/Ni(acac), ZAMN 1 11 Run 8) , HAMALIKREHKE TS A
TR EE R, TEARI ST, SR AL 90% |, 75% 1 70% IR EBEE# S L AR LR (F 1 H
Runs 4, 6 F17). HH0 NHPI 4 FH X800 SR A 45 SR B R K (22 1 7 Run 3) 5 381 Co(acac), HIH]
HE 1%, WCRMBEA FFRE(F 1% Run 5) , XU Co(acac), FEE ST LA EL &, &
DL Xk S5 17 7= A AN 5 i 1

et FHAS [ 04 B R AT S b A AR RS M. LA BT 3 43450k 20% 19 NHPL 1 0. 5% 11 Co (acac), A
o), FEMFE KT, 487 [ Hex-mim | BF, 1Lk 91% MWCEE B R L (£ 2 1 Run 1), 7F
[ Bmim | BF, SRR 66% (% 2 ' Run 2) , MAE[ Omim | BF, LA (2 T Run 3). X
ARES 3 R TR R RIS A PERE A OC, [ Bmim | BF, ATAR AT 3 i <5 SR AR AL, (ELXS JEG ) 114 145 A
fef 2, MR R, [ Omim | BF, Al fRGFHIIA AR YD, IR BEAR L v fi & SR A Ak sn), B Ry sy
WLEZEI A IS AL R T B B, DT B JLF- 3647 &8 [ Hex-mim | BF, i 4 & 4 Ak 700 AR 42
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AW, ROV ZOR ROV B, AERAYJE, 1E[ Omim | BF, "FIIABUE 2808 1% KK, SO
RAMSEOF NG, FIMACHERTAN, FEORAECR N 19% BIZEH (2 1 Run 4) , X
BT i T B 5 R A ] B R AR v S I 8 2R 22 e R L A

Table 2 Influence of different ionic liquid and temperature on the oxidation of ethylbenzene

with molecular oxygen at normal pressure®

Run Tonic liquid Cat. /Molar fraction( % ) Temp. /°C Yield® (%)
1 [ Hex-mim ] BF, Co(acac),/0.5, NHPL/20 100 91
2 [ Bmim | BF, Co(acac),/0.5, NHPL/20 100 66
3 [ Omim ] BF, Co(acac),/0.5, NHPL/20 100 Trace
4 [ Omim | BF,* Co(acac),/0.5, NHPL/20 100 19
5 [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 100 90
6 [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 80 54
7 [ Hex-mim ] BF, Co(acac),/0.5, NHPI/10 120 85

a. lonic liquid 20 mL, substrate 20 mmol, atmospheric pressure O, , reaction time 12 h; b. GC yield; c¢. adding 1% of H,O.

2N L RE X RN S AR B 8. 7 [ Hex-mim | BF, 7, DAFR 72800 10% () NHPI 5 0. 5% HY
Co(acac) MENMALF, FEEWR T CARILTFARAR N, XM 80 CTHE 100 CHF, ZRFEAHF %
PE T BAL A2 2R R i 54% Rk EFF 2 90% (%2 1 Runs 6 and 5) , {HIEEE4kLE E L2 120 C
B, SRR R R 2 85% (2 1 Run 7). X AIREREIREL & T 100 CJa, AR, S3UR
N7 AR [

D[ Hex-mim | BF, HIEH] . TS50 50H 10% B9 NHPI 5 0. 5% B Co(acac), FHEALH], %5 T A
JEMIIH Ry TR AL . G5 R W, NI g C—H ¥l gy 18 A AL AR 5 R, Horp
AR IETAANE TR RCR Bk 90% , 94% 193% (3 1 Runs 1, 2 f13). EIZAMT, HRK
L 40% MR AL AR IR (32 3 ™ Run 5) , X7 U 2R B S840 R A W A PR YR, Her
285 H - SROT QR P AU A Y Rl I 1) S I 3% PSR, B 0 W38 FR 40 % 275 31 45% F 47 % (3 3 1
Runs 6 Fl17) 5 10 HE BURCEAE I 0E PR B, X6 G2 HH R TR HH R A AL ISR BRI A 329% Fl 33%
(%3 1 Runs 8 110). AALEPEE P AR SRR IR T REN 26% , 1 H = YIBRICE N 129% B ER
RSN, BT 14% BYARA A (£ 3 o Run 1), 23 a7 FH AT B2 S 80X —25 B a9 IR A

Table 3 Oxidation of arenes catalyzed by M( I ) /NHPI (or AIBN) in ionic liquid®

Run  Substrate Tonic liquid Cat. /Molar fraction( % ) t/h Temp. /C Product Yield® (%)
0
1 (\ [ Hex-mim | BF, Co(acac),/0.5, NHPI/10 12 100 | 90
P > 4 ac),/0.5, x
I ~
0
2 @/ [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 dk/ 94
(0]
3 EW [ Hex-mim ]BF,  Co(acac),/0.5, NHPI/10 12 100 . 93
=
QV\
(0]
X X . .
4 g\@ [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 N N 42
l ~ I -
PR COOH
5 U [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 @( 40°¢
~
CO,H
6 )ij [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 )ij 45¢
MeO MeO
CO,H
7 Q/ [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 ﬁ 47¢
-
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Continued
Run  Substrate Tonic liquid Cat. /Molar fraction( % ) t/h Temp. /C Product Yield’ (%)
- CO,H
8 | — [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 | : 32¢
cl al
PR CO,H
9 | ) [Hex-mim]BF,  Co(acac),/0.5, NHPL/20 12 100 ® 36°
cl al
CO,H
10 )C( [ Hex-mim ] BF, Co(acac),/0.5, NHPL/10 12 100 )C( 33¢
Br Br
AN CO,H
T [Hex-mim]BF,  Co(acac),/0.5, NHPL/10 12 100 E;( 1264
0
12 [ [ Bmim] PF Co(0Ac),/0.5, AIBN/5 72 60 ~ | 34
=
I =
0
3 [ Bmim ] PF, Co(0Ac),/0.5, AIBN/5 72 60 ©/|b 21
=
0
14 : [ Bmim ] PF, Co(0Ac),/0.5, AIBN/S 72 60 A 44
| = I =
0
15 ; [ Bmim ] PF, Co(0Ac),/0.5, AIBN/5 72 60 ~ 67
I =
0
S A .
16 E)ﬁ@ [ Bmim | PF, Co(0Ac),/0.5, AIBN/S 7 60 (\ ~ 90
Z =
0
N . |
17 U [ Bmim ] PF, Co(0Ac),/0.5, AIBN/5 7 60 « 4
=
| H
=

a. lonic liquid 20 mL, substrate 20 mmol, atomospheric pressure O, ; b. GC yield; c. isolated yield; d. 14% of 2-chlorobenzaldehyde was

obtained.

AT 2L Co ) /ATBN FEHEALA], BT ke lsE C—H AR AERRYE A B i A4k, %
PEAAR RAE B WA Bmim | PR, P AL 50 S D7 R e — 2 C—H, 5.3 1 AR 1Y D5 R (35 3
" Runs 12 ~16) , e3R8 90% . SR H RFE [FAE S T LT O, IR EEFH R 2] 90 °C KB 12 h
Ja , WAL 4% B A5 21 o6 H .

RPNy B, A/ B AR R AT IR B T, E b A T P B G PR O 5 s R R, DA
L RAE [ Hex-mim ] BF,/Co (acac ) ,/NHPL H (&AL R 9], 2 IRIGA )G, K S E YR 91% TR R
80% , 3 UAEH T T FEH 64% .
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Catalytic Oxidation of Alkylbenzenes with Molecular
Oxygen in Ionic Liquids

LIU Yao-Hua'?, CUI Peng', SUN Jing', YANG Fan'", TANG Jie'
(1. Department of Chemistry, East China Normal University, Shanghai 200062, China;
2. Department of Chemistry, Taiyuan Teacher's College, Taiyuan 030002, China)

Abstract Using ionic liquid [ Hex-mim ] BF,, [ Bmim]BF,, [ Bmim]PF,, and [ Omim | BF, as the solvent,

respectively, the oxidation of alkylbenzenes by molecular oxygen was investigated under atmospheric pressure

with Co( II), Mn( I ), or Ni( I )/NHPI (or AIBN) as the catalysts. The [ Hex-mim | BF,/Co”* (or

Mn’*)/NHPI system was demonstrated efficient for the oxidation of alkylbenzene. Under the optimized condi-

tion, ethylbenzene, n-propylbenzene, and n-butylbenzene were oxidized to the corresponding aromatic ketone
with yields up to 90% , 94% , and 93% , respectively, toluene and p-substituted toluene were oridized to ben-
zoic acid and the corresponding p-substituted benzoic acid with yields of 32% —47% . The ionic liquid and

metal catalyst could be reused by removing water from them under a reduced pressure.

Keywords TIonic liquid; Catalytic oxidation; Molecular oxygen; Alkylbenzene
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