H 38 & A3 g F A CH B 30) Vol.38,No.3
2024 46 H JOURNAL OF MOLECULAR CATALYSIS( CHINA ) Jun. 2024
XEHS: 1001-3555(2024)03-0234-11 R

SRS 2,5- R EME S FRERHIEN
BT RE R

E
(R RIT R b T 2867, B 200237)

FEE: RN EZ RELE (DFT) &, 58 T 1,4-30C Z8i-2,5-— R — i (DMSS) il 4 2,5- R Hxf 4
fi% (DHTA) B AL, o, SRl IEFPCM ¥ R AL BT T DMSS p X AR S04 A i i i sz, I
TEIE T IUTE AL DMSS X A 4 Ak B b i 1 FEBILIRD. ST 45 SRR, 7R3 5000 T 05 B T, DMSS fili-45
i S5 S 1 7 4 S AT D R Al A v, AR 58 5 Bk U A S M T v R, LA Ak DMISS
Tt X o LR AR R L, -0t S5 SR 00T 25 N B A S AR Y 2,5- R LN 2K — iR — F JiE (DMDHT), DMDHT 3#—#
KA 1 DHTA. [RS8 4 A% % AR S B MR 35 0E T DMSS B -4 5 A8 S b A v 300000 i P RS 2 T 52 36
SR, M T TR, e AR R, DMDHT 7= 9 403 A3 o .

4R 2,5- T RIEN K TR, DFT; BG4, 3504k, S mipLs

FE 452 S: 0643.31 TERAREAD: A

2,5- "R X R (DHTA) J& THZ 1A
BLA B TR, |32 B A 7= 25 50 s 4 i,
T st e ol e A B v I B G R B ) S v
AT i, VR R A R 2,5- R -1 4R T
M I I Bk (PIPD) £F 4 F1 i M PBX £F 4 (1) .
{k, DHTA i 4EH 32 3 1z et .

H i, %45 DHTA ()75 %k FEAPIF: H—k%

i# 1 Kolbe-Schmitt 52 v, B LAXT A 1y . — %A fkhK .

KA TR, 7E 8~10 MPa Y JE f1 &1
Tl 1 DHTAP (A 1(a)). e 2I5 ik, BI7E
SRR, DL 1,438 R -2,5-— H iR — g
(DMSS) S5k}, 28l it E AL A A AT F R IE K
fit il £ HH DHTA(E 1(b)), 1% 5 ¥ He R & R fE
WA T, HARE 8, Bz 28R 5 4 1
%%[879]'

S5 AL 4 DHTA 1R, 58 4 23 im Al
P fi A )™ M R B AR AR TR Y i
7, T HAR S T e, O TICh k] o
A N AL B DMSS F5 484k B HLER H Al 4
ANEAHE. Rk, FRATTR % Bz R LS (DFT) 15

Y5 H #A: 2024-01-18; & E H H#: 2024-02-27.

DOI: 10.16084/j.issn1001-3555.2024.03.005

X HlAE DMSS F5 R4 v HR AE AT IS, I3t
177 S 258, LA A B AR % R N B AL B, Ky
DHTA A0 A R —E 18 5.

1 B ESXETE

Jiif5 DFT 118378 =531 (GAUSSIAN) 7274
o 5E A, i DFT-MO062X 75 i 45 & 6-311G(d) %
2 (R &R ZR) K 6-311G(d) Al 1anl08(d) TR & %t
4 (FAR) X ECA Y . SIS AR =
VAT SR DAk, 0T RN AR rh A 45 T A A T AR
AT, AR AR E m, AP — A Ay ac
. A I A G H 48 28 5 9 B R B Ak BR IRC
(Intrinsic Reaction Coordinate) #F 1750 F, VLA
T 25 T 2 AH G R L ) A = ). FE T DMSS i I
WX H AR A L R v, SR IEFPCM 5 IR A 2 48
TV RN BT 444, 43 IAE 0.101 MPa, 85
% 105 °C &4 F X AR G i 45 48 2R 47 44 ) 22 5%
Bt A5 FAH Y Gibbs [ HESF IE .

] AF, SRFH S0 LU 5T T AEAS R 70 DL R A
TARIEFIZF T, DMSS 255 F fe Az i 2,5-— F2 3%

HEWH: FR HRRAEEERBIT H (21991104)(The National Natural Science Foundation of China (21991104)).
YEERIT: T4 7€ (1999-), B, BB A4, BF9E 05 ) AL S0 T2, E-mail: wxf17863939507@163.com(Wang Xian-fei(1999-), male, master degree

candidate, mainly engaged in research of catalytic reaction engineering. E-mail: wxf17863939507@163.com).

* HE{FBER A, E-mail: carlqg@ecust.edu.cn.


https://doi.org/10.16084/j.issn1001-3555.2024.03.005
https://doi.org/10.16084/j.issn1001-3555.2024.03.005
https://doi.org/10.16084/j.issn1001-3555.2024.03.005
mailto:wxf17863939507@163.com
mailto:wxf17863939507@163.com
mailto:carlqg@ecust.edu.cn

553

FIETRAE: DFMIEG R 2,5- TR A0 T R SN LR Y % 12 pR BRI BT Y 235

OH OK OH
COOK COOH

KOH H*

—" —).

Co,

KOOC HOOC
OH OK OH
(a)

COOCH,

COOCH, COOCH; COOH

0} OH OH OH
Tautomerism L H,0
— o > —
H,0,
o HO HO HO

COOCH;,
DMSS(ketone)

COOCH, COOCH, COOH
DMSS(enol) DMDHT DHTA
(b)

1 (a) Kolbe-Schmitt I A1l (b) F544 1Lk il & DHTA

Fig.1 Preparation of DHTA by (a) Kolbe-Schmitt method and (b) aromatization methods
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Fig.2 Scheme of the first step for three routes of DMSS keto-enolic isomerization
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Fig.3 Optimized configurations of reactants, transition states, intermediates and products in route I (where red represents oxygen

atoms, grey represents carbon atoms, and white represents hydrogen atoms; same below)
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Fig.4 Optimized configurations of reactants, transition states, intermediates and products in route II
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Fig.5 Optimized configurations of reactants, transition states, intermediates and products in route I1I
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A Density Functional Theory Study on the Reaction Mechanism for
Synthesis of 2,5-Dihydroxyterephthalic Acid by Aromatization

WANG Xian-fei, QIAN Gang
(School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Using density functional theory (DFT) calculations, the reaction mechanism of the preparation of 2,5-
dihydroxyterephthalic acid (DHTA) from 1,4-cyclohexanedione-2,5-dimethyl ester (DMSS) was investigated.
Specifically, the solvent effect on the transformation of DMSS from its ketone form to enol form was emphasized
using the IEFPCM solvent model, and the role of iodine in catalyzing the aromatization of DMSS enol form was
explored. The computational results show that the energy barrier for the isomerization reaction between DMSS
ketone and enol forms is significantly reduced with the assistance of solvent molecules. During the aromatization
process, iodine first reacts with hydrogen peroxide to generate the active species iodic acid, which catalyzes the
iodination reaction of DMSS enol form. Then the intermediates undergo subsequent elimination and
interconversion to generate 2,5-dimethyl-1,4-benzenedicarboxylic acid dimethyl ester (DMDHT), further
hydrolyzed to DHTA. Meanwhile, the solvent effects on the interconversion between DMSS ketone and enol
forms were verified through nuclear magnetic resonance hydrogen spectrum testing, and the performance
evaluation tests show that the purity and yield of DMDHT products from the iodine-catalyzed reaction are higher
than those from the uncatalyzed reaction.

Key words: 2,5-dihydroxyterephthalic acid; DFT; keto-enol isomerization; aromatization reaction; reaction

mechanism
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