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Abstract

Acetophenone and its derivatives as important organic intermediates have been widely used in
the production of perfume and plastic plasticizer. In this paper, a series of acetophenone deriva-
tives were synthesized by tert-butyl hydroperoxide (TBHP) and ferrous chloride tetrahydrate
combined catalytic oxidation of substituted ethylbenzene in the aqueous phase at atmospheric
pressure. The optimal reaction conditions were as follow: 1 mol% FeCl;-4H:0, 10 equivalents of
TBHP, 1 mmol ethylbenzene, 2 mL H20, 80°C reaction temperature, 12 h reaction time. The method
has many advantages of high selectivity, mild reaction conditions, cheap and readily available cat-
alyst, simple separation, and a wide scope of substrates.
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KRR DA —REBENHF VAT HEME, A TERAR RSB ER%E. 2308
TSR E KEREREET, T8 T B (TBHP) RSN T4 KEMESRUEALTRZEESRT
—RIVKZTARITEY, B T HRUBRRZEENEBREZIETEDNBRRRBEERN: BRZEL
mmol, 1 mol% FeCl,*4H,0, 104ETBHP, 2 mL/K, KMIEERNS0C, KMATEIN1IZ he HHE:
BEREREER, KEMAGEN, BUNENSHR, 2BRE, BEYERERT SR
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1. 518

KON W, IR HRE, ST Bk &0 MR, HimSE2MahuEs, wMisT K,
N AR BR B EIHRIRAR L] [2], REZERANAC IR, mTRUEASIEZYD . Bl BRI R
[A4A[3] [4] [5] [6]. 1£4E T ki 2 R # M WS =&AL AAAE B Ak, EUbikr=ERiR, 2is ik
R AN IREE 175 4[7] [8], A AMBATIEMEAL A LA AR G0, @I YRR . A TR E A Tk
EZN R, KON FREH M. Bl T ERAZRES[SEEEER SO, %5k
WAL, B=M%, BT ESRIA, AR sudigs[9] [10] [11] [12]. TLEeEk, BE
FIE PRI EAEA AT R “ 2t 227 I REIR DLR T A TS 3R, TR A LA
e BRI A s 2 R AL S8 AL 2R ) 48 2K L T2 24 e KB FTiE[13].

T CRERE A N CAR B AR = A b T SR B KB A SRR AL T
[14], HR R TS E SRS LAV RKZHRETAEIER, AR 8Kt RREA S8, BT
25 Tl B R E N B g it i R N, 382 5 SR MR, a0~ IS [15]4E 0.4 mmol ZER%ZAN
0.2 mmol BEER(ARINF), 3 mmol XUA/KKEE 30%), KM 30°CALET, LA 8-F2FEmEmk4:(0.01 mmol)
AL, W ZEEARNTECE, ZHFEBEAERN 26.1%, K ZEIE N 65%; 14 mELE BR S T & .
PR G 1% FaE L, (HR T HAEE MBS, At — Do, W2 E%[16]5%4E 100C . KA
TR, BHR T &Rk #E1 & 4(CoPe. MnPc I FePc) ik 2. K AR AL R S o FEIX EefiE Ak 7] o,
CoPc-K,Cr,07 1E 55 Rl 25 A T R I H B AF P ALTE P, (B Z 2R3 33.5%; X T HLor T iifiEfk
A, MESTHER LS NEA SRR SR R0, a] 6 B B AR R BT,
WHI R AR IR, (R COR AN R B, R ZE. WIRRARE[LTIE/K T
Ti-MCM-41 737, T ORISR RS, RSB, SRRy 3.36%, XK LMk
PEPER 78.0%. TERTHH TAEH, ANGAIRIE T 5T /KA Hh 4 fHE A A 5 il 46 B 34k & M (R T 72 [ 18]
[19], FEULEEAE b, ASOFR T —AMERAE L SENIUR LKA G R Gl R HAT VA R
TR R AKAMEFM T, LSEAEEIYK AV RN, 70%id ST BE(TBHP) AT, e T Ak
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CREM A R LI A SN2 o XA B BROTE B Ak P v, IRONZRAHEA, AL BRI 275,
oy, RIE RS A

2. SCUGER4Sy
2.1. SCIU S’ S

'H NMR(400 MHz)LA TMS P45, I Bruker-DMX 400 AUAZREFEHRIL(CDCly AAF): 2 itk
N B GFosg FERRMR: AL ENTRER N B AL L) 4277 (200~300 H): Hefb 2 ulimi g
Hralislfb 2 2l AR R R AR A BR A ]

2.2. SEWBR

SR DY K & P AR 2R A B — B AR 7R 20 mL R HAR I AN B 22K (1
mmol), 7K(2 mL), 70% TBHP (10 24&)F1 FeCl,-4H,0 (1 mol%), K &N AT B4 FiikF] 80°C (s
i, 12 h, GBI TLC SARREI, MM EFREAEIE SR BN BRI 100 mL 2R S,
A 1 mL P FIERARHR BR AN AT VK R & R e e (5 x 5 mL). KRR & R RO & F, I
ToKBRERAN T, U85, WURZH &G, IRGEUE I E TR B R 152 B AR 2a-2).

2.3. B EMIREIaRAE

1) # 2 ff(2a): *H NMR (400 MHz, CDCl,) 67.96 (dt, J = 8.0, 2.0 Hz, 2H), 7.58 — 7.54 (m, 1H), 7.46 (t, J
=7.8 Hz, 2H), 2.61 (s, 3H).

2) W HIER ZEd(2b): 'H NMR (400 MHz, CDCl,) 6 7.79 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H),
2.50 (s, 3H), 2.34 (s, 3H).

3) IAAUT HEH 28 (2¢): 'H NMR (400 MHz, CDCls) 6 8.02 (t, J = 1.9 Hz, 1H), 7.77 (d, J = 8.7 Hz, 1H),
7.61(d, J = 9.8 Hz, 1H), 7.40 (t, J = 8.2 Hz, 1H), 2.61 (s, 3H), 1.36 (s, 9H).

4) A THA(2d): *H NMR (400 MHz, CDClg) & 7.89 (s, 1H), 7.87 (t, J = 1.7 Hz, 1H), 7.49 — 7.43 (m, 1H),
7.40 - 7.34 (m, 2H), 2.86 (t, J = 7.3 Hz, 2H), 1.69 (q, J = 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H).

5) 3,5- A ZHd(2e): *H NMR (400 MHz, CDCl3) & 7.46 (dd, J = 7.6, 2.0 Hz, 2H), 7.09 — 6.95 (m, 1H),
2.59 (s, 3H).

6) —ZEFIE(2f): 'H NMR (400 MHz, CDCly) & 7.82 — 7.77 (m, 4H), 7.59 — 7.54 (m, 2H), 7.46 (dd, J =
11.6, 4.0 Hz, 4H).

7) Zili(2g): 'H NMR (400 MHz, CDCl3) § 6.38 (d, J = 7.3 Hz, 2H), 6.26 — 6.18 (m, 4H), 6.02 (t, J = 7.2
Hz, 2H).

8) “EZ%H i (2h): 'H NMR (400 MHz, CDCls) & 8.35 (dd, J = 7.8, 1.9 Hz, 2H), 7.76 — 7.71 (m, 2H), 7.51
(dd, J=8.5, 0.6 Hz, 2H), 7.39 (m, J = 8.1, 7.1, 1.1 Hz, 2H).

9) 9,10-# & (2i): 'H NMR (400 MHz, CDCl,) 6 8.37 — 8.28 (m, 4H), 7.84 — 7.78 (m, 4H).

10) 1-25 2./ (2j): *H NMR (400 MHz, CDCl5) & 8.81 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.94 (d,
J=17.2Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.63 (m, 1H), 7.58 — 7.47 (m, 2H), 2.75 (s, 3H).

3. BREHR
3.1 RRZFMFAHAL
B, JofE 2R (La) SUAE ORI B, 502 SRR, ST VR BITRL VA L B T TR e 2 e
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T FGE BN (W% 1 FiR). 6 70% TBHP KR NEMTF . ZREIERBERNFZMET, X4
FeCly-4H,0 FlI FeCly-6H,0 fE AR L 24 /N5, 23 ll43 3 1 72 2388 45%F1 26% (1) B AR =4 (95 1
1 2). TERE ALY FeCly-4H,0 5, Slm iR R A 20 mmol%TBAC (VYT 3 &b Z)1E N iss
I, Al SN = FE AT A B 52% (4T 3). A SEIR KW, 1E FeCly-4H,0 BTN, PRI T E 2 28%
(Gr5 4), GRFZH MNP EAEMS PRSI EENER. fE, R TN FeCl4H,0 &
% 5 mmol%, {H/2 T % 36% (Jn'5 5). TEMAE AT FeCly-4H,0 K fEHE N 1 mmol%)s, HE [
70% TBHP )&% S A0 SO RR2 0 o 25 R W], B SR TBHP SRIIE I, Stk Z M 55%74 & 31 89%
(' 6~9), EHA T %65 TBHP 7R M id FErh i EEE T . 2 I B 4R RE 42 12 /NeE,  RILF=Z T B¢
% 85% (4’5 10). TEHAMSKMFAAS, MAHEERERER], &P 24 /ANSHEAAS R 61%007 % (i 5 11).

GERRW], CIEERNEFA R TS BT . KRR FAIIN TBAC I, ZEK fi S [) %6 7
RIAT IR FE (S 5 12 A1 13), (B4R NI 2 6 /N, BARMEAIIFE R TR E 65% (45 14). 1
IRBFF AL b, BT LUK FeCly-4H,0 AL AL SN . S5 KRBT, FE KA Hh 48Uk SR A e
BENR) R A, IF ELREE RS T RE K, PR ARG, f s AT IA 2 88% [ K (45 15 F1 16). ),
P E T AEAKA R LR E A AR R SR B e B 2649 225 1 mmol, 1 mol% FeCl,-4H,0, 10 4
[ TBHP, /K 2mL, KRIIEEEH 80°C, KMESEN 12 h.

Table 1. Optimization of reaction conditions®

=1 REFHHML®

(6]
©/\ Catalyst, t-BUOOH ©)‘\
Slovent
la 2a
ETRS AL (%) FAALTI(CE &) R InFI(mol%) FERI(mL) IS 18] (h) 3R (%)°
1 FeCl,-4H,0 TBHP(3) - CH5CN 24 45
2 FeCls-6H,0 TBHP(3) - CH:CN 24 26
3 FeCl,-4H,0 TBHP(3) TBAC CH:CN 24 52
4 - TBHP(3) TBAC CH:CN 24 28
5¢ FeCl,-4H,0 TBHP(3) TBAC CH5CN 24 36
6 FeCl,-4H,0 TBHP(4) TBAC CH5CN 24 55
7 FeCl,-4H,0 TBHP(6) TBAC CH5CN 24 59
8 FeCl,-4H,0 TBHP(8) TBAC CH:CN 24 70
9 FeCl,-4H,0 TBHP(10) TBAC CH:CN 24 89
10 FeCl,-4H,0 TBHP(10) TBAC CH:CN 12 85
11 FeCl,-4H,0 TBHP(10) TBAC CsHsCl 24 61
12 FeCl,-4H,0 TBHP(10) - CH5CN 24 85
13 FeCl,-4H,0 TBHP(10) - CH5CN 12 84
14 FeCl,-4H,0 TBHP(10) - CH:CN 6 65
15 FeCl,-4H,0 TBHP(10) - H,0 6 72
16 FeCl,-4H,0 TBHP(10) - H,0 12 88

ARk 1 mmol 2K, 1 mol%fikF, 70% TBHP VA, TBAC 20 mol%, ¥A#)2mL, 80°C. °43Bi/ %, “FeCly-4H,0 5 mol%.
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3.2. [RY RS

PRAEAF 2 ) e SR B2k AF, FRATTE SR T IR I R (e 2 FITR). 6T 4-H 3, 3-3U T EHUR &
IR SN BB A A2, 4331l BA 55% 1 92% ) 7 2243 B AH NI 7= 49) 2b Al 2¢ (U5 1 A1 2); [RIAE, T3
HAAL A BEAS B R (72 2d, 77 % 58% (4T 3).3,5- 9 £ 2K (R AU SR ZE AR R] ) 254 TR R BE A AT
2e PRI TRRIAE] 44% (G5 4): X T Z2RHGERT5 R, W KW RIZE, [FIRE AR 83l S A0 R B 1)
75 R FE Y 2F R 29, PR3N 93% 1 77% (Yh 5 5 A1 6), FEEERHAI RN 14%; Xt TAME, EH
[F) 26 AF TR R 2h, FTERAG 97%H 70 B 77 3 (w5 7): XTI IRATAEY), . B 1-2 2%,
AR AERIR KA, It BIRATVRIEE R 9 SA0A1 10 SAi8 R A Ak, B2 H =9 2i #12j 4
H 83%A11 7T7%I17 K (9n5 8 Al 9). M ELEE 1-23E25, 2-FF 25 [ A0 I LA R IR 1) B AR 40 (4
5 10).

MRAE PRSI, BATIRH T BUR LR AT AR T Be M AL A RN, sl 1 BioR. 15k, 1E
IE 2T, AR T S A S R BT A B B AR R B, U] AU B e R
LRIy HE EERTT, TERCE B AR B, P () AR RS ST R P A
HRAR(N)EE— D 5T EE A REER, ML —0 T RS, S8 E R EEP R g on) s
A HELE G REERAANV). &G, PRIV E—5 T KGRI LB

Table 2. Scope of substrates®

2. RAR°
o
RE | O catalyst, tBUOOH I
- H,0 _
1 2
Entry 1 2 Yield (%)°
e}
1b
2b
t-B o
= t-Bu
2 92
1c
2c
0
3 ©/\/\ ©)‘\/\ 53
1d
2d
E (@]
F
! 44

93

o
z g
E=O§

1f
2f
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6 D LD ey
1g
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2i
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1j 2j
10 Trace

1k

AR [BEEY 1 (1 mmol), 70% TBHP (10 equiv.), FeCly-4H,0 (1 mol %), 7K(2 mL), SN
80°C, SBIFIAIA 12 /N Doy miea, © Jiptanli.

I X .
t-BUOOH % +BuG * OH
OH
HO._ .
CH,CHg ~ECH;4 HOLeh,
: OH
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Figure 1. The possible oxidation mechanism of substituted ethylbenzene

E 1 BRZEARENE LR EHIE

4, &5ig

ASCHF R T — T a7 A R Ak DY 7K A A E 7K R A B 2R U & BOR SR 2R T A9
TR R RN EIEN: BURZ2E 1 mmol, 1 mol% FeCl,-4H,0, 10 24& 1) TBHP, /K 2mL, KN
TE N 80°C, RIMETIFA 12 he M R BAEREME S, RN AR, TN 51, s,
JEAIE Y Bl SR R
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