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Investigation on Preparation of p-Benzoquinone through the
Organoselenium-Catalyzed Selective Oxidation of Phenol
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Abstract Selective oxidation of phenol to produce p-benzoquinone is an important reaction with good industrial application
value. The method for the synthesis of p-benzoquinone through the organoselenium-catalyzed selective oxidation of phenol
with H,0, is reported. Compared with known technologies, organoselenium-catalyzed oxidation reactions avoided the use of
metal catalysts and the metal residue in products. The reaction procedures were very clean and were performed under mild

conditions. By using this method, the selectivity of p-benzoquinone could reach 91.6% at the maximum.
Keywords organoselenium catalysis; phenol; oxidation; p-benzoquinone; hydroquinone
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Table 1 Screening of the organoselenium catalysts

Se cat. (10 mol%) :®:
H+H0, ————————> 0 o)
<::>}_O Z¥2 MeCN, 80°C, 6 h

phenol p-benzoquinone
Entry Catalyst Xt1% S/% Y%
1 — 21.8 5.5 1.2
2 (PhSe), 229 23.6 54
3 (3-CIC¢H,4Se), 16.8 45.9 7.7
4 [3,5-(CF5),C¢HsSe],  44.5 7.4 33
5 (4-Me,NCgHySe), 6.8 0 0
6 (4-MeOC¢H,Se), 41.5 50.1 20.8
7  (n-BuSe), 43.7 24.4 10.7
8 (c-CgHy;Se), 61.7 14.4 8.9

“ A mixture of phenol (3 mmol), H,O, (30% weight concentration, 15 mmol),
Se catalyst (0.3 mmol) and MeCN (10 mL) was heated at 80 ‘C for 6 h;
b Conversion rate of phenol; ° Selectivity of p-benzoquinone detected by
HPLC (hydroquinone was generated as one of the by-products); ¢ HPLC-yield
of p-benzoquinone.
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Table 2 Optimization of the reaction conditions

(4-MeOCgH,Se), (10 mol%)
QOH +H:0 solvent O:<—:>:O

phenol p-benzoquinone
o -, H0o d e
Entry 7/°C C’/(molsL ") . Solvent t/h X9/% S¢/% Y//%'
phenol
1 80 3 5 MeCN 6 41.5 50.1 20.8
2 60 3 5 MeCN 6 154 85.9 13.2
3 40 3 5 MeCN 6 9.6 88.5 8.5
4 60 1.5 5 MeCN 6 15.8 86.0 13.6
5 60 6 5 MeCN 6 24.6 78.1 19.2
6 60 12 5 MeCN 6 924 249 23.0
7 60 3 25 MeCN 6 17.1 91.6 15.7
8 60 3 1.5 MeCN 6 17.5 78.5 13.7
9 60 3 1.2 MeCN 6 16.8 74.5 12.5
10 60 3 2.5 MeCN 8 17.2 90.6 15.6
11 60 3 2.5 MeCN 4 13.2 89.7 11.8
12 60 3 25 MeCN 2 86 90.1 7.7
13 60 3 2.5 DMF 6 27.8 60.6 16.8
14 60 3 2.5 EtOH 6 39.0 11.1 43
15 60 3 2.5 HO 6 64 0 0
16 80 3 2.5 MeCN 6 47.4 40.1 19.0
17% 60 3 2.5 MeCN 6 563 494 27.8
18" 60 3 25 MeCN 6 338 7.7 2.6

“ 3 mmol of phenol was employed,; ® Tnitial molar concentration of phenol;
¢ Molar ratio of H,0, vs. phenol; ¢ Conversion rate of phenol; ¢ Selectivity of
p-benzoquinone detected by HPLC; / HPLC-yield of p-benzoquinone; ¢ 20
mol% of catalyst was employed; ” (n-BuSe), as catalyst.

A ARSI SE AR B, I B B BRI A e di i
SN, S TS A5 28 By A e 4 (B 2 4R = 31 54.3% (Eq. 1).
BT L, 1% AN AT R ik Pl 2L R A

(4-MeOCgH,Se), (10 mol%)
@»om H,0, o) o)
hydroquinone (10 mol%)
phenol MeCN, 60 °C i
. ) p-benzoquinone
4.39
54.3% conversion 29.2% selectivity

BT SR RIET S R EaR s ah g B, AR T AT
AR S M HLFE (Scheme 1), fEMEMAAKIEIL T, Al

M T 4 7 A Ay O 76 9 A A R S S S i
i EHE, AR D BRI SRR 1 (Scheme 1, path a).
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A3 AL TR, R IE A 3 I S AR, A R
LPEM ARERN Y. B T R path a HEAT AR S HLER
ZAb, KBk ] R N A4 4 (Scheme 1, path b). i#
LA LA P A 0 PR B AR A, AT AR R 3, R AL TR
Bt ks, A EN m AR AT G REFPAL, X RN
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Scheme 1). THH LW, T HEE 2 HIRACHIAHE
(—459 Hartree), RIS path a FE4T ] BEPEE S

2 i
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D m R, DR TR AR IR A

3 LIRS
31 B 5IE

WAH S 72 e o b BT AR R AR N
Agilent 1260 AR, BREKME R BikFE: Agilent
Eclipse XDB-C18, #i#% 4.6 X250 mmX5 pm; JshAH:
LEAN 0.15% LBRKERG Bk 254,270 nm; Jii: 1.0
mL/min; fH&: 35 °C; HFEE 5.0 pL. SRS H XRC-1 2
U A E . oA e B ENSOR-27 i L2 4

(RSe), + H,O, — RSe(0)OH

O

OH 1,-307

Se cat.
_—
a H.02 HO
/
OH _H,0 s
e cat.
2, -459 —_—
H20,

+

o (0]

@ 0
Se cat. OH le}
307 \N @ 4 3,-380 379

(Energy unit: Hartree) 4 -307

B 1 Araef s ML R

Scheme 1 Possible mechanisms
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M5E. HHFEREE 5L B Bruker Avance 600 1% H 3t
WAz, L TMS N PIHE.

HAEMEGB% H0, Tk, #RER). o
(99%, A.R., EZiEEHT]). K (98%, A.R., HZEH]). &
T T A 7510388 5 S iR g 9 A R
3.2 ZLWAHE

30 mL fif K& HEH A 0.282 ¢ KEH3 mmol).
1.7 g i EALE (15 mmol). 0.111 g —-X%F A FE IR IE 7y
fi#(0.3 mmol). 10 mL ZIEEAH), BB, HEHIRMN,
W 10 FE T i R SEE 60 °C, SIEFIE] 6 h.

3.3 FIMEHE

PR FEAA, mp. 115~116 C (it 115~
117 “C); '"H NMR (600 MHz, CDCl;) J: 6.80 (s, 4H); "°C
NMR (150 MHz, CDCl;) 6: 187.2, 136.5; IR (KBr) v:
3080, 1651, 1308, 1100, 952, 890 cm '; MS (EIL, 70 eV)
miz (%): 108 (81, [M'1), 82 (39), 80 (35), 54 (100).

4 Bh A4 Bl (Supporting Information) 7K S Ak 2 B 5K
6 YV 43 AT 40 7 5 T P DA SR i AL A S A 3
PR v B I b L T DL G 9 AR T I 33 (http://sioc-
journal.cn/) | T #,
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