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Novel green synthesis of o-nitrobenzaldehyde by oxidation of
o-nitrotoluene with metal porphyrins as biomimetic catalysts

SHE Yuanbin, LUO Zhenhua, SONG Xufeng, DUAN Lili, YUN Yue, ZHANG Tianhui
(Institute of Green Chemistry & Fine Chemicals, Beijing University of Technology s Beijing 100022, China )

Abstract; o-Nitrobenzaldehyde (ONBD) is an important intermediate for preparing medicine and fine
chemicals. But there are serious problems in present industrial production methods, such as environmental
pollution, equipment corrosion, and high energy consumption. A novel green synthesis of
o-nitrobenzaldehyde by dioxygen oxidation of o-nitrotoluene (ONT) with metal porphyrins as catalysts was
investigated in order to solve the above problems. The results showed that conversion of o-nitrotoluene was
up to 47.8%, and the maximum selectivity and yield of o-nitrobenzaldehyde were 54.2% and 25.9%
respectively under the optimum conditions: 2. 0X10 ~°®mol » L.™! of T(o-C)PPZn catalyst, 5.0 mol « LL™*
of NaOH concentration, and 40'C, 1.5 MPa for 4 h. The effects of center metal ions and substituents as
well as their positions in the ring of porphyrin on the activity and selectivity of the above reaction were also
studied, and the results showed that center metal ions and substituents as well as their positions in the ring

of porphyrin had very different effects on the activity and selectivity of such a reaction.
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Table 1 Effect of center metal ions as well as kinds and

position of substituents in ring on reaction

Entry Catalyst Cont/ % Sonen/ % Yoxen/ %
1 no 48. 8 14. 8 7.2
2 T(o-CD)PPZn 67.7 41. 8 28.3
3 T(0-NO2)PPZn 64.7 42.0 27.2
4 T(p-CDPPZn 75.5 30.9 23.3
5 T (p-NO2)PPZn 66. 4 32.9 21.9
6 T(o-CD PPFeCl 69. 1 36.9 25.5
7 T(o-NO)PPFeCl 70.7 33.2 23.5
8 T(p-CDHPPFeCl 58. 7 37.9 22.3
9 T(p-NO;)PPFeCl 66. 7 32.2 21.5
10 [TCo-CDPPFe],O 73.4 37.1 27.2
11 [T(p-CDPPFe],O 61.9 37.5 23.2
Note; Catalyst concentration 2.0 X 10 % mol « L= !; oxygen

pressure 1. 5 MPa; reaction temperature 35C ; reaction time 10 h;
NaOH concentration 5. 0 mol « L™ !; methanol as solvent.

TR AT LUAE . Bra A A e, H
R B R A e REE s BURIEAR R N, Pl & s B
TR ARG A . BR T (p-CD PPZn i
Phdw s . BEPETEIR 2S00 . AR AR 2 BR IR otk EE A b
BT P R o IR S IO A 37 i X < S I o A
AL PERESE AR . X F B AL RN ok . &2 AR
(9P 700 8 e 0 L PR 3 1 i L SR
R R ISR TER - G AR SRR i a2l N S Popioy



o 2784 - e T

AR I 3 M v T AR IR i T LSRR Y
T TR BB T ML 6 B A R AT
WICHR [21-22], Yot 4 e B T kit AUk
NIk EE B Rk 4 fiE AR TE M R . Hoh T(o-CDPPZn
Ivi) b L A 2 g A M R e R L P LA Ak 4B i 3
R S AL T A A0 A 6 2R R e . L,
A7 4 4% AT 5% Hh Bk % T Co-CD PPZn A 2 4 4k 51
XUAZ Ak P IR 1) T P s 2 T A Ak b bk, )R PR T g
JE WURZ Ak M Wbk L B A2 Bk M bk o AN [ 1) AL AR AL
H, LT Ellis 0B B 09 LG R PLEE, AR
B TR, s 1 PR,

Fel

f

Fell
R'CHO~22— ROH V

R+ + Fe"OH L

RH& G b
FeTVO\/F e O, Fell
C

P1 BRORCRIOBUAZ, Bk b ok 4 f1 3 A AL AL 2

Fig. 1 Catalytic cycle mechanism of

FemOch Fel 0,

mono-and bi-nuclear iron porphyrins

LT 0] LA . SRR I bk A 4 P LB
= IR AR SRy A L B Gl TR AR i AR
9 (o . JREEY (b, JEAWHE (o F—
ZANAEA A IS A (TPPYFe(IV) O, 1 3%
PEYI RN AT BE 5 M gk mk (TPPYFeCll) & 4= &l
KON L TE MR AR M B R X B BRI
FeCll)OFeCHl ) (D). T AUAZ &k b otk i) /5 F AL EE
TN AT B 2 BRI w6 501 Gl ik B A I R N Y
WML (@) L3 il A B A AL A 26 b ) 3 Ak ) Al
(TPP) Fe(IN)O F1 = #r&upk (TPP) Fe(ll),
AR FHPLEA ] T UK 4 & nhmk & A= AR VR .
PIIL . BURZ PR T BB S 7 HY L SR A A M bk B 35 1)
HEAL TS M
2.2 &RMAEXT ONT 44L %, ONBD iE#F %K U

RN

TEFEIE B 1 Y- (RP-SUAEL) B I oA £k 7
TEAHTE IR BE A SR . B4 T 2~14 h A A S
A E X ONT #4638 Conr « ONBD £ PE Sonn X
WY onen FUFE I . 25 B A0IE 2 B

% i 58 &
80
" Conr _
a0l ®  Sonep -
v ) A Yonsp P
2 | N |
a 60 \ /
5 SN
s 50 R
5 T
4 40 / T
Z / T~
oL / \
or s A A -
—_
20l /
2 4 6 8 10 12 14

reaction time/h

B2 il % ONT % {k 2% J ONBD
R M AR 14952 TR
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(reaction conditions; catalyst concentration
2.0 X10 % mol « L™'; oxygen
pressure 1. 5 MPa; reaction temperature 35°C ;

NaOH concentration 5. 0 mol « L.”!'; methanol as solvent)
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