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Abstract

Synthetic vitamin E is mainly used as feed additives; the development speed of China’s feed indus-
try is very fast, and the annual growth rate is around 20%, which has broad market prospects. In
this process, 2,3,6-trimethylphenol, used as raw material, is oxidated to 2,3,5-trimethyl benzo-
quinone by air, and reduced to 2,3,5-trimethyl hydroquinone by H;; the product TMHQ is concen-
trated with isophytol to generate vitamin E, which is then acylated to get the vitamin E acetate
with an overall yield of 86.4%. The target compound and key intermediates are confirmed by NMR
and MS. The improved synthesis is benefited from simple equipment, mild conditions, and high
yield, with large-scale production potential.

Keywords

2,3,6-Trimethylphenol, Vitamin E Acetate, Synthesis

Y+ REBRERERRY S ST

£ 4, X K, x| &, FH#
HREEARERY:, HIK

Email: maowei 2014@163.com, *quingeng@vip.163.com

=

ks H . 20144F10H20H; BEIEM: 2014F11H1H; FHEM: 2014F11H13H

wm B
BRAELEREEEAERENA, REFAHLRRT2RE, SEAERKRRE20%ESL, BF

TEIEH .



http://www.hanspub.org/journal/pi
http://dx.doi.org/10.12677/pi.2014.34010
http://www.hanspub.org
mailto:maowei_2014@163.com
mailto:liqingeng@vip.163.com
http://creativecommons.org/licenses/by/4.0/
mailto:maowei_2014@163.com
mailto:liqingeng@vip.163.com

YEIER E BRIRES A T 7

FITZRT R . AXLA2,3,6-=HERBNER, BREMNER2,3,5-=HENERE, SHEEFEHK2,3,5-=
HESE, R5REYERRESERMN, LR4E4ERE BEEE/ER TADISE4ERERERE. SIREN
86.4% . H bk &I S8 1 A S LRGSR AR IS SHIE T 40 . Bk E &R T 2 AR & F S,
RN, WER, BFTWAEFES.

KA
2,3,6-=FHEXER), SERERREE, SRI1E

1. 518

e E(Vitamin E)2 —FRE AR, REFEMPENFRIZ —. KRRk E[1], M
WA NE B . 1922 SEHANEBFASZORIL, 1924 SRR 44 v4EA 3K E, 1938 SRR 4 22 ORI HEAT A
TAHM[2]. 44 % E FEAFYEEE], REEFRAINAETIIRE . T RRIYEA T E X M/ MR &R
DIRe iy A — & rfEH 4]

YRR E N N RARGEAE R E MG R4EAE R E WL, BHRTGmM4EER E HaBRER MmER 80%
AL b, &Rt R E FEAERRBE MR, REER R R s, SEREKEE 20%4 1,
EERIERMT L K R 208 4%~5% 4, BA T REMTgais, 44 % E a2Ebrmg EH
B2 PPEERMEESLERSM. Bl LSRN EERAELR E BRI, 44K E BRI
(Vitamin E Acetate) tH T-1% B By B2 2L b 4k 248 5 E Ml S INfa s, A58 MAL T, 127K N Al 7K g2k e 2k
% E.

HR4EAR E FEES = IEAR(TMHQ)S R MRESi &%, —WEABRIA 7% FEEA L
NUOFN: =R =R, SEORRETER 2,3,5-= HE KB TMP)%: . i = B 2835 BAR ERMN RS
BAK, FCEAES]; 5= ME R B B EUIK6]: S /R AL EARSCR R (R AR
B [FRAE7]; 2,3,6- = ZER B (TMP)VE[BI R BRIT, AL AR S B m, L2, 5
FTkAk, HocHRE A 2,3,6- = H LRI TMP)I LIRS .

ASCARIE T —Fh LA 2,3,6- = IR A R & O v, BRERT S Bl s, workG s gean 4 1.
2. MW7EE
2.1 FEMUHFSHF

ML RV (SRS i [ 51 g); 85-2 WA i b 2 (i m) AR AN ER A F])s R-502 Jigh 28 RAX (it H A4
FARAH]): SHZ-D 1 ER LK (TR K L 5E)s YRT-3 M 05052 A (R KRR FHE A H): 1200
Series & KOBUFH (i {1 (Agilent Technologies); Boston ODS {4 i 44:(Boston column); Acquity SQD Jifi B 4% (&
EYRFEHT A R]); 400 MR DD2 # 1 3:4% 1% (Agilent Technologies).

SEEHG BT FH 0 JEORM R385 43 B A b 2 4l
2.2. FHFE

AR LA : 22548 1200 Series = R A 543 ; €4 3% #% : Boston ODS (250 mm x 4.6 mm)#i4% 5 um;
K2 : DAD S AMGINES ; s : 1.0 mL/min; #EAEE: 10 pL; = IR (TMBQ) YA M K4 268 nm,
IBEIAR LK = 65:35; = HAEEBR (TMHQ) MR Ky 285 nm, WA A LFIK = 45:55; 4EAER
E 443 E BERRER 1AMy 292 nm,  JBNAH AN B .
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Figure 1. The synthesis design of vitamin E acetate

[ 1. 44 E EEERER A AR
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2.3. BIEFHHRR

2.3.1. BHISEARFAER TMBQ WERKFN

WRIESCHRARIE9], #4242 1 AL BEAT B0RE, A BT, AERUE VIR . IR R RN RV 5E
B 5 FOAMRZIE FF T ey (L4 1),

FEEE SR R AL AT, IR IR A7), R B il s, AR
HABO AR B . A 1 AT RO L 10 mL 2R, 40 mL IE T A%, 60°C LUK f Fll — /K & S AL A AN £
RRELE AT 261 TR e

2.3.2. fEAFIELFIFT TMBQ R E R0

TE G AR ZEMRIE T RERT, BT 05 T B B R K= TMBQ #6285 H, S T J7 (B # 1 3%E FH h m LAIK
(1 H BE(50 mL) A AIFE 60°C R IRSE, P — 7K A A AN ER TR 2 Jie U A3 T WA e rR s i, A8 FH A bdZll 5
THE I FCER (L 2).

M 2 BT DR AT B LRI 101 B B S KRR, A & L TMP KT 0.3 |,
FE AL R R ICR A EEREm . BT TMP: —K & &AL B iR 2% = 3:0.76:0.76 (i &t th).

2.3.3. Ehxt TMBQ WA

TEARE 7ML R ARG JG, FERIRR IR S0 OSSR e ma, A A A bR, THEIFd sl
(WA 3),

M2 3 FTLAR B S atm R ERHEL LU XS (S ma AN B i 4 797t 15 atm J Wi B G

2.3.4. BEIHEALTTIRT TMBQ YR E SN

ffiH] 50 mL FfE, 39 TMP. 0.76 g /K& &ALET. 0.76 g thIRZ R BHTHEAL I B 9256, MM
FERE SRR T, N 15 mL S S, SRR, DR, JEUFH ST, s T
FRJGFREE, Il RO E AU (WL 4).

A 4 AT DA IRA 8 7 24 o R A7) — RS BT HE S008I WAL PR A 7 ORI N, MK AR A TR fS
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Table 1. The effect of solvent and catalyst type on yield of TMBQ

i 1 BEFSEAFIFHE TMBQ YRS

IR (mL) 7Kk (mL) IE T BE(mL) 7 EE('C) TMP(g) =K & Akt (g) FhRFE I (g) SALER(g) ELNH.CI(g) 7N /K AL (g) TR 1%
25 25 25 60 3 0.76 0.75 4h 5863
25 25 25 60 3 0.76 0.93 4h  62.06
25 25 25 80 3 0.76 1.02 2h  70.87
25 25 25 70 3 3.36 3.74 2h 6531
25 25 25 70 3 0.76 1.2 4h 1523
25 25 25 60 3 0.76 0.5 5h 531
25 25 25 70 3 0.76 1.2 4h  19.77
35 25 15 70 3 0.76 0.78 3h 2538
0 0 50 70 3 0.76 0.78 2h 2530
0 0 50 60 3 0.76 0.78 4h 7209
0 0 50 40 3 0.76 0.78 5h 76.15
0 0 50 40 3 0.76 0.78 4h 76.45
0 0 50 65 3 0.76 0.78 2h 83.16
0 0 50 60 3 0.76 0.78 2h  83.17
0 0 50 50 3 0.76 0.78 3h 8178
10 0 40 60 3 0.76 0.78 3h 8538
BE(mL)
0 0 50 60 3 0.76 0.78 3h 8343
25 0 25 60 3 0.76 0.50 2h 8152
25 0 25 60 3 15 25 Ah Z4BRHE
25 0 25 60 3 0.8 13 Ah BRI
Table 2. The effect of catalyst ratio on yield of TMBQ
2 2. EAFIEEBIRT TMBQ YTZR A2 M0
TMP(g) KA FA() R (0) 2%
3 0.76 0.78 83.43
0.50 0.78 78.22
3 0.76 0.50 78.89
3 0.76 0.76 83.83
3 1.00 0.78 83.03
3 1.00 1.00 83.01
3 1.50 1.50 83.03
ARONEY, BOABEYBAETHILRAHER, HENARSW0]: 5 = REH G RN

PR, Z%i)ﬂﬂz%éﬁ‘{ﬁ%ﬁ%wﬂl’]ﬁ’ﬂ&%?‘hﬁﬁ, AR A A

2.3.5. BxtHlE TMHQ BISNY
FRAE SCERIRIE11], K 4 g TMBQ.0.21 g 4B A1 10 mL £ 5 Hva AN R B P B s B A<,
PEREON, HPLC Wl Hic 35 [ B 58 i s 1] (L 42 5).

S UERR L B OAED A
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Table 3. The effect of pressure on yield of TMBQ
3% 3. [E7133 TMBQ YR #9520

FENML) EEE(C) TMPQ)  kAdfkE)  SERIG  Eh@m) 2%
10 60 3 0.60 0.60 5 2h 84.03
10 60 3 0.60 0.70 5 2h 85.40
10 60 3 0.70 0.60 5 2h 85.20
10 60 3 0.70 0.70 5 2h 84.82
10 60 3 0.60 0.76 5 2h 85.25
10 60 3 0.76 0.60 5 2h 85.84
10 60 3 0.76 0.76 15 2h 89.26
10 60 3 0.76 0.76 15 45h 89.27

Table 4. The effect of reused catalyst on yield of TMBQ
Fz 4. EYTAEHTTIRT TMBQ YLZRRISME

EILIe/€4 P [ SR %%
0 153¢ 83.83
1 1559 82.92
2 1579 81.03
3 1.60g 76.65

Table 5. The effect of solvent on the preparation TMHQ
7 5. RFIATH & TMHQ BIFZIR

gl I ]
SR 5h
i 4h
FH i #r i TMBQ
LR B 5h
HHEL R T Sk KF8h

FEJURRE TR R, AT ZERE RIS AR EE K, TR IE IR AR EE foe /N, PR SR BT S I AT 771 Jse 2 I [
1, FEHOA R AN BE S A AR . SR VR TRIOHE S DR R 5 SR A T 9 71

2.3.6. BEXHIEHEER ENEN

MRPESCRRIRIE[12], ¥ 2 9 TMHQ. 1.5 g EALEF AR A 8 mL kPR — LB R, =B
RGN 0.19 mL IR ERR, THEZ 40°C, 1270 4.6 mL SEAEAEE, 40°C B 5 /N JE BURE, 7E HPLC
For USG9 AR R DA S0 o 5 AL RS 3 1k B B HPIR Y, (RIE I IR . S B R E B UK RRE
TEFIBRERIR — C NG IR, 45 SR R I AR SR B RN ZE G, AER FNBRIR — Z IR VERIE R —FE, MR
R BT A S0, TER N 56 HE 5 I F B A=, LE AR E D ERR: T2 BRI
BE, HPLC il &A= 4EE R E. ATLURE M EMZ, R AT DAV E R A R A [ TR, il
B SR LAHAT T — P AR, X P T DL R I AL L 2R

# 29 TMHQ. 1.5 g SULEE I B 8 mL VKEEFR MR, ThE 2 B HRSUs 2 HIE % 6 MG



YEMEER E BERRI )& T 7T

NN, HPLC I HE 3% S B 58 4[] (M4 6).
R4 6 1445 80°CHE v S Sl FE

2.3.7. EWELFIRTEE R E RN

# 19 TMHQ. 0.75 g SACEEIN N I 5 mL UKESER A AR, s B <G FHE S 80C, 4
&40 2.3 mL RAEYIEE, 80°CI 6 /NN JE, AEIERESEM)E. EHZMA 0.75 mL LRREFiE RN A
KA REER, N 1 g TMHQ JGEE#HAE, BILEE 2k, HE 3 KR HH)ZE47 HPLC A&,
THR IR IR 7).

M2 7 AT DL IR AL A RSO R AT 0, EE I CZRRET R ZKe, IR Ed 24 H
P A 3 E BRI, RGN Z R & .

2.4. KPR

241 ZBEFBAOHIE

EEEZ PN 2,3,5-= LA (20 g, 0.1468 mol). /K& 54648k (5.1 g, 0.0298 mol). #hFE#2H%(5.1
g, 0.0729 mol). 40 mL HEE, ZZMBIEANESEEIIN 1.5 MPa, FHEZE 60°C v 2 /Mo AWEIEFT I
2, WOREEMEE, IO 15 mL Z&HLE, B AT, R, EDEH SR bRk, BUET
fe e EE R . SRR R IR AR B A Ak 20.34 g, Wi 91%.

24.2. ZRESHROTIE

7£ 50 mL [8]JEE B rh N = F L 2 E (19.6 g, 0.1288 mol). 1.36 g £E% A1 30 mL 2.1, fhE SR
P, FHERZ 30 IR 6 /e, duE, JEURH CEERE, BUE TS EERI A SERRE RS O Rk
19.76 g, W% 99.3%. m.p. 168°C~174 SC'H-NMR (DMSO, 400 MHz): 6 8.30(s, 1 H), 7.28(s, 1 H), 6.34(s,
1H), 2.03(s, 3H), 2.02(s,3H), 1.96(s, 3 H). MS(ESI), m/z(%): 153.08(M + H, 100).

2.4.3. ¥4 F E BERAEEREIE
7£ 250 mL =& hn A\ = R3S (E (20 g, 0.1314 mol). S4b£E(15 g, 0.1101 mol). 100 mL K FESEZ,
IR EBRA TG R 80 SCHAB N 46 mL RHEYIEE, 80 J&N. 6 /N, WEHIEESWE, BRI

Table 6. The effect of temperature on reaction time

72 6. iREX R AR R AE

IR S JRLH TR

60°C 8h

80°C 6h

100°C 5 h (Bt )
120C 3.5 h (H3.8%%4 7 A7)

Table 7. The effect of reused catalyst on yield of vitamin E

Fe 7. BT HEAE R E ERRFMm

B RS VE% VE B4 BRI % TMHQ
1 98.48 0 0
2 95.36 3.12 0
3 93.17 0 5.21
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EA&H, BERCE . A 1 mL B2 E b, 1k E R R KA R R, NN = Y SRS (20
g, 0.1314 mol)f54& AP EEHAE 2 Ik, &I 3 IR .

)30 = T AR IR N 54 mL ZFREF, WINsE R ETHRE 70 J&N 4 /NRF[13].  FH LRI AL AN /K %
(20 mL x 2)Z 10, S HANUE, MATC/KTREREN 1, I8, JEBURE W48 5 14395 51 Uik Y 178.15 g,
SN 95.6%, 4ifF 98.9%. ‘H-NMR(CDCl;, 400 MHz): 6 2.59(t, 2 H, J =8 Hz), 2.33(s,3 H), 2.17(s, 2
H), 2.09(s, 3H), 2.02(s, 3H), 1.98(s, 3 H), 0.95~0.77(m, 12 H), 0.95~1.89(m, 24H). *C-NMR(CDCl,, 100
MHz): 6 169.71, 149.40, 140.50, 126.62, 124.86, 123.00, 117.33, 77.31, 39.36, 37.52, 32.68. MS(ESI),
m/z(%): 473.59(M + H, 40), 490.66(M + NH,, 100).

3. ZR5IHR

W T2, fil& TMBQ & B 26 1F: WEHEWT, K77 15 atm, & AE 60°C, YKL, TMP:
KGR ERR R = 3:0.76:0.76 . 5 & G i A B SUMCAAGRIAR B AT T DA S A,
BRARA P2 RAS, /0 T it EARITE G Hil4% TMHQ BIE B4 LIAERR, Am/ESEE 4h 5
DLAR ISR A 3de JE A LD T — S AR PR 55 14035 % s 5 4/ FR IR 1 ol SR Ak R AH L i vy 1 Wi (R
BIE/SUCR 99.3%. HUBR/ PR ¥R 93%). il % 4EA4E K E BERRER MG B4 VKRB IR, TMHQ
5 R DB, BT RME NN CREF R S AE R 4EAE R E BEREE, EMZEIMARHEYEREERA. 5
&G0 IR — CRAEVE A L= 2 s, el 1 RRIR — ZBe s RS e, — 8RS T #R A

4. ghig

ARSCIEFE H AT ESNMEONAT I TMP ¥l TMHQ A& sR4EZEZR E BEIREE, JFXTRED 10 & ok i
BEATOUA, IS HAR &Y, S IRE MBS FIEL R, SIEN 86.4%, 217 98.9%, R RIME
B, HEAGTITEERMA, HEEah, TE8RAERME, BA T RE 8 7.
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