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Optimization of Synthesis Process of 2-Methoxycinnamaldehyde Based on Box-Behnken Response Surface
Methodology

HUANG Mengxian'?, CHEN Weizhu*’, JIN Wenhui*’, HONG Zhuan®’, CHEN Hui*’, YUAN Yongjun',
FANG Hua®¥(1.College of Biology and Environment, Zhejiang Wanli University, Ningbo 315100, China, 2.Technical Innovation
Center for Utilization of Marine Biological Resources, Ministry of Natural Resources, Xiamen 361005, China; 3.Xiamen Ocean
Vocational College, Xiamen 361102, China)

ABSTRACT: OBJECTIVE To optimize the synthesis process of 2-methoxycinnamaldehyde by Box-Behnken response surface
methodology. METHODS On the basis of single factor experiments, a Box-Behnken central combination design experimental
scheme was adopted, with the yield of 2-methoxycinnamaldehyde as the response value, the catalyst dosage, KOH dosage and
reaction time as independent variables. Then a mathematical model was established to optimize and analyze the process conditions.
RESULTS The order of factors affecting the response value was catalyst dosage, reaction time, and KOH dosage. The optimal
conditions for the synthesis of 2-methoxycinnamaldehyde from 0.5 g O-anisaldehyde and 0.30 g acetaldehyde were obtained as
follows: reaction time 2 h, catalyst benzyltriethylammonium chloride 4 mg, 0.2 g'mL™' KOH 0.2 mL(40 mg KOH). Under this
condition, the yield of 2-methoxycinnamaldehyde was 49.60%, and the model predicted a yield of 46.55% with an absolute
deviation of 3.05%. CONCLUSION The model established by this research is reliable and effective for optimizing the synthesis
process of 2-methoxycinnamaldehyde.

KEYWORDS: 2-methoxycinnamaldehyde; aldol condensation; single factor experiment; Box-Behnken experiment
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Fig.1 Proposed reaction mechanism of 2-methoxycinnamaldehyde
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Fig.2 Synthetic route of 2-methoxycinnamaldehyde
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Fig. 3 Effect of different factors on the yield of 2-methoxycinnamaldehyde
A-KOH concentration; B—the reaction temperature; C—the PEG400 dosage; D—the acetaldehyde dosage; E-the reaction time; F—phase transfer catalyst.

IR 22 2025 4F 2 H 45 42 355 4 1)

Chin J Mod Appl Pharm, 2025 February, Vol.42, No.4 - 591 -



2-MBA #0.50g, PEG400 &} 20uL, 0.2g:mL""
KOH HI& A 150 uL, A 50% S BEKE, &
KE3ImL, EEE 20 C A TR 16h, %
FENMA T FH o XoF <08 HHY A 66 PR A B s b ™ 2R 1 5%
M, Z55ULIE 3D, BEE LRSI, SFH 4
FE N R R N R TE R, MR RN
0.30 g Bf, J7HRIKkBIR s Y S gk 23 fin
BF, BN R ARG T R, ATRE R Y L
N IT I, 24300 £ 540 F ARk A RE S &
XU A R, DTS BI040 48035 PR RE B 10 488 2 Al
PR, L, fEm N AR SRR, 2
T FHHEEVESE 0.30 g BEMAE T .

2.1.5 S AF[ADGFAR AR BE PR P R A Y
RS e g 1, 4, 10, 16 h i, J 4% 2-MBA
4050 g, LT 0.50 g, FHFEFSAEALT PEG400
20 uL, 02 g'mL™' KOH & Jy 150 uL, A
50% L PEEKEW, EAZE 3mL, 7EEHR (20 C)
S NG, P 5% N s ) Yo 408 F AR 3 PR A T
R F= R AR, S5 3B, M WA 4 h
W, FERGA R e IOV Rl 4R SR N, RN e
KRR, B, FEm R ik st fE e, O
I SEAE 1~10 h 4%

2.1.6  RHEE LA Ak TR 0T S0 R AR R BRI 7 SR A 5
W 4 AH 5% B A Ak R 4 5 S8 PEG200(5 pL).
PEG400(5 pL). PO T 3EMifbss (S mg). R =4
FLAEL (5 mg) FIPUIE T FIRILEE (5 mg) B, X
N ¥ 2-MBA A 0.50 g, £ 0.50 g, 02 gmL™
KOH H 4 150 pL, A 50% L BEKER, &
RE3mL, fEEIR (20 C) TR 16h, %%
A B At A 700 X408 B 40 A A A I T 7 6 1) 52
Wi, 25 UL 3F. NIE] AR RS AR TR S5 ma 4R
H AR SL AR R 7= 8, MR NE — L A b
AR RS, P RA B A S . B, AR
FEAL RS I = 2 3L S5 Il L

2.2 W R S DAL SR AR BE PR Y Sl T2
221 MR TGRS FEARAE RO, BRI A
FESEA SOV AR ZR A pH AEFEAZNE , TS0 B
HORAZ PR BEE s AR S E S RN
fLERB VARG, AP RN % s BN B[] e
T NHE AR Y 56 RE DA KGRI B & A Y AT g
PEo DL 3 AR G 28 ad R R TR 500k 0 A 2
X B AR W 7 Z S e K G R, P ik
02 g¢mL"'KOH H & (A) . HALFRIE =235

- 592 - Chin J Mod Appl Pharm, 2025 February, Vol.42, No.4

SR B) . RAEE (C) N HAER, JFE
Box-Behnken Wi TEHRES . BT 3 N 3 K56
HE, WA 1TALR S, K ESE 1214,
T HSE 54, 02 gmL KOH F& (A) 19 3 7K
SFA 50, 150, 250 pL; AR5 = 2 S sk
FHE (B) B9 3 NKER 2.5, 5. 10 mg; e v i [i]
(©) W 3AKFEH 2, 4. 6he MR R BT
SERWE 1, rESH KRR AE R W3R 2,
FH Design-Expert V8.0.6 B {4-X] 17 A3 56 5 1) 1] 1o
AT RS, S8 Rk Em B, Y=
45.95-0.58A—1.46B—0.60C—1.72AB—3.33AC+2.78BC—
3.50 A>-4.38B’—1.99C?,

R HEARREITRE R

Tab.1 Response surface design scheme and experimental
results

K= A B C TR %
1 0 -1 1 38.82
2 0 0 0 45.58
3 0 0 0 45.43
4 0 0 0 49.85
5 1 1 0 36.34
6 1 0 1 34.19
7 1 -1 0 41.27
8 -1 -1 0 36.37
9 0 1 -1 34.77

10 0 0 0 4531
11 0 -1 -1 44.69
12 0 1 1 40.04
13 0 0 0 43.57
14 1 0 -1 42.95
15 -1 1 0 38.30
16 -1 0 -1 40.09
17 -1 0 1 44.63
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Tab.2 Results of model variance analysis and significance
test

FEKIE PO AME ¥y FE PHE REME
T 274.09 9 3045 517 0.0207 *
A 2.69 1 269 046 05207 -
B 17.11 1 17.11 291 01321 -
c 2.90 1 290 049 05052 @ —
AB 11.76 1 1176 2.00 02004  —
AC 4422 1 4422 751 0.0289 @ *
BC 31.02 1 3102 527 00554 -
A? 51.48 1 5148 874 0.0212  *
B? 80.83 1 80.83 13.73 0.0076  **
c? 16.62 1 1662 2.82 0.1369 -
B2 41.22 7 5.89
JAI 19.53 3 651 120 04164  —
HriRs 21.69 4 5.42
BB 315.32 16
R 0.869 3

e HIORIIEE, P<O01; #FORIEE, P<0.05; FORABIE, P>005,
Note: ** indicated very significant, P<0.01; * indicated significant, P<0.05;

—indicated not significant, P>0.05.
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Fig. 4 Response surface plots of the effects of interaction between KOH dosage, catalyst dosage and the reaction time on the yield

of 2-methoxycinnamaldehyde
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