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Synthesis of Aromatic Aldehyde Containing Electronwithdrawing Groups

Z0U Wei, YU Jie, DAI Li-yan, WANG Xiao-zhong, CHEN Ying-qi
(Department of Chemical and Biochemical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract:  Aromatic aldehydes are very important organic intermediates, which are widely used in
pharmaceuticals, pesticides and other areas. In this paper, an improved synthetic method of aromatic aldehydes
containing electrowithdrawing groups in ortho or para (or both) position of the aromatic ring was introduced.
4-choloro-2-nitrotoluene, 4-nitrotoluene and 4-cyanotoluene were used as raw materials, respectively, via
enamination with N,N-dimethylformamide dimethyl acetal (DMFDMA) in the present of
N,N-dimethylformamide (DMF) as solvent and under reflux, the corresponding styrylamine compounds were
produced; then the intermediates were further oxidized by H,O, under different reaction conditions. The
effects of solvent species, reaction temperature and the used amount of H,O, on the product yield were studied,
and the optimal reaction conditions were determined. Under those optimal conditions, the best yields of
different aldehydes are 75.6% (4-chloro-2-nitrobenzaldehyde), 58.3% (4-nitrobenzaldehyde) and 68.2%
(4-cyanobenzaldehyde), respectively with the advantages of simple process, low cost and being
environment-friendly.. The main intermediates and objective products were confirmed by HPLC and 'H-NMR.
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Fig.1 Improved synthetic route of aromatic aldehyde
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K BEdE, [EAANTH, HhpE RIS 2] NN-F - 2-(4-G-2- 56 2K ) 44 & (1b) [ 44 12.9 g HPLC Kl 7
N 99.2%, WE 97.9%.

2) 4- G- 2- R BE 2R R () ol 2%

W F2D IS NN R -2-(4- - 2- TR RS 0 (10)(1 g, 4.4 mmol)¥ T A HLE FI(1~15 mL) 1,
VKAKAED, PRI 27.5% M AL E(1.2~1.85 g), 27 0.5h fihnse, 2k4:idk1 h, LG, 4%
SN ERLAEEEL, TLC REERN. RMNSEEE, H AR OERG*10 mL)ARUR N, & L8 LERfE
TR TR BRI BT, L8, FHRER: 28 R OCKIEIAEA0 CRIB 28 RIKRGR, IR TG, 15 21 [l 44
FHIE CRECHLE 5 1E Ce i Lo 1:10) &5 i, 759 2177 fh4-S0-2- 5K I (1c), W% 0 75.6%( AN N-
TR IR 2-(4- BU-2- W L IR IR 4 i ) . HPLC4E % 4 99.6% . mp: 64~65°C, 'H-NMR (500 MHz,
CDCl3)8(ppm):10.39(s,1H), 8.11(d,1H), 7.95(d ,1H),7.77(m, 1 H) .

Z WL, S PR, 530 LLA-TH 2 2R (3a) FH4- 5 5 F R (22) 4 e 4 JsURLHII A3 4-iF 2K FR % (3¢), mp:
101 ~102°C, 'H-NMR(500 MHz,CDCl;)3(ppm): 10.17(s,1H), 8.41(m, 2H), 8.08(m,2H)H14-F FZE F 5 (2c),
mp: 96~97°C, 'H-NMR(500 MHz,CDCl;)8(ppm): 10.10(s,1H), 8.01(m,2H), 7.86(m,2H).
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Table 5 The best reaction condition given to 4-nitrobenzaldehyde and 4-cyanobenzaldehyde

Reactant Reaction temperature / ‘C Solvent The volume of solvent/mL mol ratio (substrate :H,O,) Yield / %
4-nitrostyrylamine 20 CH,Cl,+CH;0H 6" 1:3 58.3%
4-cyanostyrylamine 20 CH;CN 4 1:2.6 68.2%

Reaction condition: the corresponding styrylamine 1 g
a. 6 mL is 3 mL methanol and 3 mL dichloromethane
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Fig.2 The probable mechanism of oxidation of styrylamine
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(1) 4-50-2- BRI AR A & 25°C4FT, (1 g, 4.4 mmol) N,N-— FIEE-2-(4-50-2- i JE 2R 0
CIGWEAE 3 mL FEEE )R SO 3 h, i AR S S NN -2 (4-50-2- R FE AR L B (K JRE 2R BB O 2.8:1
W, AN 75.6%.

(2) 4-THHETE F S (O e e B & 20°C 4 R, (1g, 5.2 mmol) NN- - F 3k (4-if K38 29 e A
R mL 43 mL S50 XV 5 h, A MAEL NN- (G-I L) L@ I ) B R EE ol 3.0:1
I, ARl 58.3%.

(3) 4-TEEAR I e B e 20C &R, (1g, 5.8 mmol) N,N- FIE-(4- (R 38 9 e
4mL ZIEHEFIF Y 3.5 h, WEALE S NN- - (45738 00 LI I B R Lok 2.6:1 1, SefRleR
H 68.2%.

SR
[1] Naffiger M R, Ashbum B O, Perkins J R, et al. Diels-Alder approach for the construction of halogenated,0-Niro biaryl templates and
application to the total synthesis of the anti-HIV agent Siamenol [J]. The Journal of Organic Chemistry, 2007, 72(26): 9857-9865.
[2] Caron S, Vazquez E, Stevens R W, et al. Efficient synthesis of [6-Chloro-2-(4- chlorobenzoyl) -1H-indol-3-yl]-acetic acid, a novel
COX-2 inhibitor [J]. The Journal of Organic Chemistry, 2003, 68(10): 4104-4107.
[3] Wang L J, Corrie J E T, Wootton J F. Photolabile precursors of cyclic nucleotides with high aqueous solubility and stability [J]. The
Journal of Organic Chemistry, 2002, 67(10): 3474-3478.
[4] Zheng H M, Zhang Q, Chen J X, et al. Copper(Il) acetate-catalyzed addition of arylboronic acids to aromatic aldehydes [J]. The
Journal of Organic Cheistry, 2009, 74(2): 943-945.
[5] ZHANG Zhang(7K#%), ZHU Xian(£%%), ZHANG Bin(5k##). Kinetic of Mn(I1I)-toluene heterougeneous reaction(IE 34 AHMn(I11)—
— W ZEEAL R 5 7 2%) [J]. 3 Chem Eng of Chinese Univ(=i 12 k2% TRE224R), 2002, 16(2): 174-179.
[6] Vetelino M G, Coe ] W. A mild method for the conversion of activated aryl methyl groups to carboxaldehydes via uncatalyzed
periodate cleavage of enamines [J]. Tetrahedron Letters, 1994, 35(2): 219-222.
[7] Mirkhani V, Morghadam M, Tangestaninejad S, et al. Catalytic oxidation of olefins with hydrogen peroixde catalyzed by
[Fe(IlI)(salen)Cl] complex covalently linked to polyoxometalate [J]. Inorg Chem Commun, 2007, 10(12), 1537-1540.
[8] JU yong(EL53), ZHAO Guo-jun(i# [F %), XI Chan-juan(/i; #45). Organic Synthetic Chemistry and Route Design(f3 Hl & it 24
521 [M]. Beijing(Ab 50): Tsinghua University Press(i& £ K27 R #1), 2002.
[91 Zsigmond A, Horvath A, Notheisz F. Effect of substituents on the Mn(Ill)Salen catalyzed oxidation of styrene[J. Journal of
Molecular Catalysis A: Chemical. 2001, 171(1-2): 95-102.
[10] Joseph T, Srinivas D, Gopinath C S, et al. Spectroscopic and catalytic activity studies of VO(Saloph) complexes encapsulated in
zeolite-Y and AI-MCM-41 molecular sieves [J]. Catalysis letters. 2002, 83(3-4): 209-214.
[11] Hulea V, Dumitriu E. Styrene oxidation with H,O, over Ti-containing molecular sieves with MFI,BEA and MCM-41 topologies [J].
Appl Catal A: General, 2004, 277(1-2): 99-106.



