Studies in Synthetic Chemistry & AL ST, 2017, 5(3), 13-19 Hans X
Published Online September in Hans. http://www.hanspub.org/journal/ssc
https://doi.org/10.12677/ssc.2017.53003

Study on Cobalt Acetate/TBHP Catalyzed
Oxidation of Substituted Toluenes

Mingming Pei, Jianglong Wu, Ping Liu*, Yan Liu*, Xiaowei Ma

School of Chemistry and Chemical Engineering/Key Laboratory for Green Processing of Chemical Engineering of
Xinjiang Bingtuan, Shihezi University, Shihezi Xinjiang
Email: liuping1979112@aliyun.com, ‘liuyan1979810@aliyun.com

Received: Jul. 16”’, 2017; accepted: Aug. 1St, 2017; published: Aug. 4th, 2017

Abstract

Benzoic acid and its derivatives as an important class of organic chemical intermediates, is widely
used in the production of pharmaceutical, perfume and food preservatives. In this paper, tert-
butyl hydroperoxide (TBHP) and cobalt acetate combined catalytic oxidation of substituted tolu-
ene synthesized a series of benzoic acid derivative at atmospheric pressure in the absence of sol-
vent, and identified the catalytic oxidation of toluene substituted to benzoic acid derivatives. The
optimal reaction conditions were as follow: 1 mol% Co(0Ac)2-4H:0, 3 equivalents of TBHP, 5 mL of
toluene, reaction temperature 100°C, reaction time 24 h. The method has many advantages of high
selectivity, mild reaction conditions, cheap and readily available catalyst, simple separation, a
wide suitable range of substrates.
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ASCERFEREE. TEFZET, S8 T B (TBHP)NEERR &S & S AL BRI RGBT —RFIZE
FERATAY, B T BB BRSNS B PR A B R M4 N: 1 mol% Co(0Ac):+4H,0,
3YEMTBHP, BURFES5 mL, RMEBN100C, RMNHEAN24h. ZHEEGEELER, RMN&MS
BA, BAFENZE, SBER, KEHEE SMmA.
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1. 518

IR B AT AR A Al AT R S A HUERH L] [2], T2 T A= B2 (a4 . £ s
F GekbAR . Aot b B A TR7 e B P SRR B B Ak DAL SO B2 PRI, A7 T2 e s e 4
PR 5RO P 2R R R IUAT IO 2 B 7VE[3] [4] [5] [6]. LI E A MEFRIITVER RS R, nlg. B
ML, SRR AR, FR R 0 B 7 S DA AR A S A5 (7] [8] T A R I A 2 22 2 DA i 7R 6
(S:067) BN, Bk 7 BB IRER A 5T BR ) 1 78 Tolk A= 2= b (S [9] . RIAE Toll |- 38 =
FAz = T2 AROK IR K AR LR . WO SRS . TRV AT [10] [11]. fHIX =P 7 VL8 AE
LB E R, RMFAFRZ], NHEEA—E Mg, FRSP=ERZ R0, e gRsH, s
Bm. Bk, FFR—F&6., 25 MR FRZ B AT A R [12]-[17]. AT TR, &
VRRRAHARE 7 O T8 fb S AU AL R 46 0 JE AR IR (AT 98 18], AN SCHF R T — AT A AR HUAR
A R PR M ILAT AR R . FER S, R T, BL70%id SE 4k iU T BE(TBHP) N4 L
A, BEERECAMEAR, BE T A IR R G OR R B RS E . IXFRA OE R A R
SRSLFFAF R, AT BRAN S0 15, 70 25 a7 5 (A 24 7= ity IR 75 167 B AR A R ROk 30 40 85 0 H 1), A& F VS
EEI ) =
2. SKEEERSY
2.1 ST S

'H NMR(400 MHz)LL TMS Jy 4%, H Bruker-DMX 400 AUAZRE LRI (CDCly AAF): 2 itk
N AL GFosg FERMR: FEZHTRER N T B 1) 4/ (200~300 H): H e 225358 7
Wrati sl b A4l iR IR R A PR AT
22. IWPE]

Tl P e A DU R 2R SR OB R HBRRATAE M I — M #2 . #E 20 mL s B2 A R I N B H
#, 70% TBHP (3 *41&) 1 Co(OAC),-4H,0 (1 mol%), K B N B & Fi#AE] 100°C MG+, b 24
h R EI R SR . WA 1 mL B AEARBRERN ATV K . ¥R BLEEN 100 mL 2ok 2+, &
HBEGE (5 x 2 mL). EIIAHUE I B EEANAR, F pH 40 I B 2ty k. RS
AN IRAEEL3 x 5 mL), HHUZE(EH RN AEAR F LR R B0, ) 2L 20 /K AVE R RN 1
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mol/L (%5 ShE VW, FH pH R4V B E B 1. F & B B3 x 5 mL). KA IR & ke A
BOR A, FEHTCKBRIREN 18, WR46)515 246 5 2a-29.

2.3. B MIREIaRAE

1) W (2a): ‘HNMR (400 MHz, CDCly): 68.13 (d, J = 7.1 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.49 (t,
J =7.7 Hz, 2H);

2) 4-FFEEZEFI R (2b): "H NMR (400 MHz, CDCly): 6 8.01 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H),
2.43 (s, 3H);

3) 4-IZEHZ(2c): 1H NMR (400 MHz, DMSO): ¢ 7.87 (d, J = 8.5 Hz, 2H), 7.71 (d, J = 8.7 Hz, 2H);

4) 45 KW HE(2d): "H NMR (400 MHz, CDCl3): 6 8.04 (d, J = 6.8 Hz, 2H), 7.46 (d, J = 6.8 Hz, 2H).

5) 4-fi 2 H 2 (2e): *H NMR (400 MHz, CDClg): 6 7.88 - 7.76 (m, 4H).

6) 2-5 K H 2 (2f): 'H NMR (400 MHz, CDCI3): §8.02 (d, J = 7.6 Hz, 1H), 7.49 (d, J = 7.8 Hz, 2H), 7.38
(d, J=6.2 Hz, 1H);

7) 2-WZE R (29): 'H NMR (400 MHz, CDCI3): §8.05 (dd, J = 16.6, 7.4 Hz, 2H), 7.48 — 7.43 (m, 1H),
7.24 -7.18 (m, 1H);

8) 3-IZK HIfZ(2h): *H NMR (400 MHz, CDCI3): ¢ 8.26 (s, 1H), 8.05 (d, J = 6.6 Hz, 1H), 7.75 (d, J = 8.0
Hz, 1H), 7.37 (s, 1H);

9) 3-fill-5- FH HE 2K FIER(2i): 'H NMR (400 MHz, CDCls): 6 8.24 (s, 1H), 7.87 (s, 1H), 7.79 (s, 1H), 2.38 (d,
J = 0.6 Hz, 3H);

10) 2-FFEZE FHEZ(2)): "H NMR (400 MHz, CDCI3): 6 8.07 (d, J = 6.7 Hz, 1H), 7.46 (t, J = 6.8 Hz, 1H),
7.29 (t, J = 7.0 Hz, 2H), 2.67 (s, 3H).

3. &R5118
3.1 RRIFERHL

PR (La) B AR S B, 4 B S AL TR AT ARG A7) DA R T B o S5 o A 6 T
WEEMER I (0% 1 FTR). B, FIH 70% TBHP KA AENAALF, TBAI (MU T Rk ) /e v
A, fE 80°CFA B T NAE 11%K /™R (%5 1); HHAH Cu(OAc),-2H,0. Pd(OAc), #il
Mn(OAC),-4H,0 {E AL, 77 2R I8 H HEEE 13%~21%2 [7] (4 5 2~4), {B1# /] FeCly-6H,0 1F AL
FURS, P2 REEKE] 7% (5 5). M H] Co(OAC),-4H,0 fE AT, 7 I2 M 23% (4T 6). i
FAF IR 30% H,0, Fl O, fE A MFING, RARE ™ W3R (G5 7 M 8). [FIFEIEH MeCN(ZME)EL
HO(K)E R 77 1A 15 B U B BCR (95 9 M1 10). 7EWAE TBAI FIME T, BRAR SR 77 2t
Z KGR 11 F1 12), (H24 MR R 2] 100°CR, M= R a3 w3 44% (G5 13). Ha AT
&R S AT 1 R RS, (RS, 4 Co(OAC),-4H,0 HIEHE 3] 3%, 7= He & fR{K
T 22% (S5 14). w2, TAWHE 7R ABOR B R 1 f )RS 2 9: 1 mol% Co(OAc),-4H,0,
3MEM TBHP, HIZE5mL, KMIREEHN 100C, KMEEN 24 h.

3.2. [RY RS

MRS 2 B N 46, BRATTHEE T IEMIE VR (042 2 AR). 5§ T 4-H 3L 4-7REURF R
VNI BRI K A, 43 7 B 53% 1 52% (1) 7= 2645 B AH N (7= 4 2b A1 2¢ (45 1 A1 2); 4-5F0 4-ll FE 2K
A R SRR R 26 TR E T, F=RE8A TR, 2l4h H 35% 2d 1 44% 2e F=#)(4n5 3 F1 4);
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Table 1. Optimization of reaction conditions®

=1l REFHHIMHL?
: CHg : COOH

la 2a
P AL (%) AMFN(EE) RIF(%) gl BEE(C) FEE(%)°
1 . TBHP (3) TBAI(1) Toluene 80 11
2 Cu(OAC),-2H,0 (1) TBHP (3) TBAI(1) Toluene 80 13
3 Pd(OAC),(1) TBHP (3) TBAI(1) Toluene 80 15
4 Mn(OAC)-4H,0 (1) TBHP (3) TBAI(1) Toluene 80 21
5 FeCl3-6H,0 (1) TBHP (3) TBAI(1) Toluene 80 7
6 Co(OAC),+4H,0 (1) TBHP (3) TBAI(1) Toluene 80 23
7 Co(OAC),-4H,0 (1) H,0, TBAI(1) Toluene 80 trace
8 Co(OAC),-4H,0 (1) 0, TBAI(1) Toluene 80 trace
9 Co(OAC),+4H,0 (1) TBHP (3) TBAI(1) MeCN (2mL) 80 trace
10 Co(OAC),+4H,0 (1) TBHP (3) TBAI(1) H,0 (2mL) 80 trace
11 Co(OAC),+4H,0 (1) TBHP (3) L Toluene 60 18
12 Co(OAC),-4H,0 (1) TBHP (3) o Toluene 25 trace
13 Co(OAC),+4H,0 (1) TBHP (3) L Toluene 100 44
14 Co(OAC),+4H;0 (3) TBHP (3) L Toluene 100 22

Mgk 5 mmol K, 70% TBHP VAR, SJSIE 24 h, P4y@Er=,

XF AR B R, dn AR H A RAT IR 2K, [RIRE R 4ot S 1 BROAH 2 (1 0 SR B =) 2F 1 2g, 7= %643 il
4 56%1 53% (%5 5 1 6); X T EALHUACH FHZRATAY), il AR, FEAH B 564 R 4 8 Ak = 1 )
RRHR(2h), FIIRTE 44% 5 B P22 (G5 7), X T IAA 2 R ORRYD, AL RBATSRIRR KB, 45
H 409%™ F (1) 3- FFE-5-RHK R (21) P MG 5 8) BLAN, FRATTR B 24 AL B 3 R AE A S S SR
TR AT St A SO LR R B BE 4], T A S AL, 7R 29 PR3N 4T% (Ji 5 9), X P RESE HH
TR L PR R A 2 R S B M 2 S S B

3.3. AHERI R RIH 3R

MR FR SR, AR T BUCH AT E Y W] BERI AL A A SOV LR, nls] 1 . B, M
TR EM AL AR R A A AR A R, BT IR A RS A T RT
S SRR, AT S A A A BT S A B IO R T P A R T, TR
Oy ¥ ORAE B R AR (L) s FER, A AT S SR S R R S AR O R (A R AR (1)
BaJm, IR NS & TEREZ R E A0, BE—o T RTEE, [8—0 7K PRE; &h, K
HE B A A B H PR S R PR, =B L B — Bl N — A3 R S BRI, ANEEAS S
FLEERE, — 07 WA ML A A R IR A R rh 25 /0 75 22 3 R iR T 2k id S AL A

4, gig

ARSCTF R T — T AT 5 M) P I PR Bl HE AL DU R AL B RO IR AT AE R AR &% RS M 1]
BERIHEACTESA LB . M6 0: 1 mol% Co(OAC),-4H,0, 3 & [ TBHP, HULH A 5 mL, [
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Table 2. Scope of substrates®

=2 RYIER®

COOH
CMawaTBHP
100 °c,24 ~100°C 40

Entry 1 2 Yield (%)°

COOH
H5;C
COOH
Qr .
Br
2c

o
Cl
2d
(6]
2e
COOH
X ‘
CI
COOH
©E .

COOH

O
; Q
: O
. U
IS
4 &

CH,Br
CHj CH
2j

O (@)
- I
@

(@)
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@

44

3

AR SRS 1 (2 mmol), 70% TBHP (3 equiv.), SSHEEEJY 100°C, SRSy 24 /N 43 Bg
PR,
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Figure 1. The possible catalytic oxidation mechanism of substituted toluene
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