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Indirect Electro-oxidation Synthesis of Aromatic Aldehyde
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Abstract: Three kinds of nitro-containing organic mediators including arylimidazole (M), triphenylamine
(P) and carbazole (C) frameworks were synthesized and their electrochemical properties were characterized
using cyclic voltammetry (CV). The oxidation-reduction potentials and electrochemical reversibility of the
organic mediators were greatly effected by their frameworks. The electro-catalytic oxidation activities of
compounds P and C for p-methoxytoluene (p-MT) were investigated by CV and controlled potential
electrolysis at room temperature. The results showed that when the water volume fraction was 10% of the
total volume, p-MT could convert into p-methoxybenzaldehyde (p-MBA) with a yield of 83% in the
presence of 1 mmol/L compound P at 1.2 V. The electro-catalytic activities of compounds P and C for
p-methoxybenzyl alcohol (p-MBzOH) were also investigated. Compound P showed excellent electro-
catalytic activity and selectivity for p-MBzOH, the yield of p-MBA reached 90% through electro-oxidation
at room temperature and at 1.3 V. Compared the activity of P and C on the electro-oxidation of p-MT and
p-MBzOH, respectively, selectively converting them to p-MBA, P with lower oxidation-reduction potential
was suitable for the electro-oxidation of p-MT with lower oxidation potential, while C with higher
oxidation-reduction potential was suitable for the electro-oxidation of p-MBzOH with higher oxidation
potential.
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W7 =R 2 SRR 2% 9 3 2 R v
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TS i Il 2 e R Ak s iy, (BZE A AL R R g A
WL T C—H e S A s 2L A W B BIF 5
i UL F% 38

ARSCA T A B 5 SE RIS (M), =R P )
TR (C) 3 Fha AFRAHUHEL A WU R, 6%
RN C—H #i AR, BT A A RIHESR Y
A MILIGE %o AN [ 52 7 JEs 40 1) 4% ri 4Rk 1 7 S 11

o o CHO
A%y
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I
7E 50 mL — FBSHT, A 5mL ZFE. (0.151 g,
1 mmol ) XFASFEAE B . (0.208 g, 1 mmol ) JER
(0.23 g,3 mmol ) ZFREFN (0.006 g, 0.05 mmol ) fill,
80 °C N J i o Jz i i ad k TLC K, 75 S0 5E i,
A A DR HACER R A AR B b e, aEuk . it
T, HCBEERESE G, 58 0.271 g ZL @B AR A Y
I ,7%H 80%, 'HNMR (500 MHz, DMSO), J: 13.81 (s,
1H, NH), 8.89~8.84 (m, 2H, Ar-H), 8.61 ~ 8.53 (m,
4H, Ar-H), 8.45 (d, J=8.8 Hz, 2H, Ar-H), 7.78 ~
7.67 (m, 4H, Ar-H).
fE 50 mL = H g, A (0.678, 2 mmol )
& T . (0.072 g, 3 mmol ) NaH F1 ( 0.426 g,

SO, LA I i ) 2 e R A ) A 7 R AL B
A P RO 1 B AR LB AKE

1 SEIEES

11 KAFENEE

XTHUSEEE R, BTk 99%, b A REE
FATBRA T W AR B (SRR 44 98% ). FE
Mt (51720 99% ). X UK B (BT 704 98% ).
TORME CAR), igERR T A AR AR A BRA A
BRI, BT srAL 98%, BERRMEFHIRARAE; &
A, AR, KRE XA, CBE, AR,
LRCZFFEMRMARAR; O (AR), Z&H
Bt (AR), i fb=0A AR b,
AR, [E 25 BRI NN-ZH S ( DMF,
AR), “HIZEFA (DMSO, AR), JCH A4 YA
FRAT; BAUT ZBEW e (NBS), AR, Ligfb#
AR AL BCAL T 5 BkERER, AR, TLUMERAL
LIRFNARA A . A EGRTE L g h S R i A alifk
AL BE

1Ak 2% T AR CHI 660D, b IRAEALZEA PR
Al; Agilent 7890A SAHGIEAHL, EE Agilent
Technologies Inc.; DSQ II H Uz #T /< i Bk FAX
( GC-MS ), Z[E Thermo Fisher Scientific; Hei-VAP
Advantage fig#§%7% %1%, #&[% Heidolph 23 H],
1.2 BHBELFNH &
1.2.1 &A= 25 Aok B AR 69 6 A%

Z:2% SCER[ 17109 07 26 UL G 9 T A3 i 2k B
HALE Y M, A BUSEZ AT FR

NH4OAc N NaH N
moe (s om o St e
I, EtOH O N CHsl, DMF N\
CHs
M

3 mmol ) MLF B, 7ERAAE N ZRBEFE 12 ho 1§
RVEER, A 25mL10%(E =508 &K, Hril
HEEA, S5, BT, HOmES R, 155 0.607
g EOMARILE Y & LK LA M, RN
86%. 'HNMR (500 MHz, CDCl3), : 8.86 (d, J= 7.6
Hz, 1H, Ar-H), 8.77 (d, J=7.8 Hz, 1H, Ar-H), 8.73 (d,
J=8.2 Hz, 1H, Ar-H), 8.47 (d, J=7.7 Hz, 1H, Ar-H),
8.44(d, J=8.5 Hz, 2H, Ar-H), 8.06(d, J=8.5 Hz, 2H,
Ar-H), 7.74 ~ 7.68 (m, 4H, Ar-H), 4.36 (s, 3H, CH3).
1.2.2 &K = KA vf vk B HUIE R 6 6 A%,

Z: 7% SCHR[ 19109 7 6 iU iF 58 =R etk &9
(P) FIEHEFER ALY (C), AL PR
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¥ 20 mLEA (16.9 g, 100 mmol ) —ZEfEHY
DMF % WCE T 250 mL BRI, FEVKIB &R T
B MA 80 mL 7 (37.4 g, 210 mmol )NBS f) DMF
W, AR RN 30 min J5 6 IR B 1L vKoKH,
ik, ELEE, 155 28.59 g IEOHARILAYIT, P2
4 88%. "HNMR (500 MHz, CDCl3), d: 7.47~7.32 (m,
4H, Ar-H), 7.03 ~ 6.85 (m, 4H, Ar-H), 5.67 (s, 1 H, NH),,

1 100 mL [# B, A (0.6 g, 25 mmol )
NaH 1 15 mL DMSO, = FIRA#HFE2 h, A
(4.97 g, 153 mmol ) fb &M 1T, 8.66 g (61.4 mmol )
SRR, N 20 h, BEIEFN, BA 500 mL
K, abuE, T, EEME 539 g AR
T =KL EY P, PR N 79%. 'HNMR
(500 MHz, CDCl;) ,0: 8.07 (d, J=9.5 Hz, 2H, Ar-H),
7.48 (d, J=8.5 Hz, 4H, Ar-H), 7.03 (d, J=9.0 Hz, 4H,
Ar-H), 6.96 (d, J=9.5 Hz, 2H, Ar-H).

# 20 mL %4 (16.7 g, 100 mmol ) MM ) DMF
WWCE T 250 mL BB, 26 vk 244 T &
A 80 mL & (37.4 g, 210 mmol ) NBS ) DMF A ,
PEFE N 30 min, S ESHEHE ROV IREIA 1L 7KK
o, gk, EAES, 58 21.96 g AL S W,
FEHN 68%. 'HNMR (500 MHz, CDCly), 6:8.14 (d, J=
1.9 Hz, 2H, Ar-H), 8.12 (s,1H, NH-H), 7.53 (d, J=8.6,
1.9 Hz, 2H, Ar-H), 7.32 (d, J=8.6 Hz, 2H, Ar-H),

1 100 mL [REEEHEH, A (4.94 g, 15.3 mmol )
L&Y, (10.58g, 76.5 mmol ) K,CO5, (8.66 g,
61.4 mmol ) X #AHEA, ¥ T 80 mL DMF Hr, i
W 12 h, IR =, BIA 500 mL 7K, 2298,
T, EE5 AT 5.56 g 5L R AR Y 1 i 3 v
&Y C, %K 82%, 'HNMR (500 MHz, CDCl5):
8 8.57 ~ 8.47 (m, 2H, Ar-H), 8.23 (d, J=1.9 Hz, 2H,

Ar-H), 7.79 ~7.71 (m, 2H, Ar-H), 7.57 (d, J=8.7, 2.0 Hz,

2H, Ar-H), 7.35 (d, J=8.7 Hz, 2H, Ar-H),
1.3 BFEMEsENIK

AL AL 2APERESZEOAE CHI 660D Hi {27 T4k ik
170 PEARZML (CV) 78 = AR AR R 0 JCRE B f
fri AT, TAEREMCN 3 mm DR, XFHAR
HEAF (2 ecmx2 cm ), S Ag/AgNO; L .

HLAETR A 10 mL %4 0.2 mol/L E &M 2/ —
AWk (VK Vv —EH k) =4: 1) RA
VW, WM E N 20 mmol/L, ST RERSILR
B HUE T E 8 1 mmol/L, HHHE XK 50 mV/s,
JI A SR AR = R T ST, IR 2 B A U
5 3 P

L7 FEL AR SE I AE 10 mL FRFRAR TS, TAE
H N HAR 5 mm AY A AR, XTHEBCHEAR (2 cmx
2cm), Z LM Ag/AgNO;s HLM o HLf# T R 10 mL
T 0.2 mol/L mAEMEM NG/ —ERE (V (&
) V(AT ) =4 1) IRAEIR, RYRE R
20 mmol/L , A AILEE G B 4 1 mmol/L, BRAEEHI UL,
ASCHIE I R Hf# 6 ho SNV =4 GC-MS HE
THEE M, i GC bR kAT 2 M o
e AN [R) 9 8 A BR AEY) p-MBA, 78 AH [R] 4 (33 267
THERE, RAGARUMERIZE (1=1.3492x107x - 0.4919)
WE 1 B, Hrd, #EARER A4 EmR,

30

[N
S
T

R*=0.997

c(p-MBA)/(mmol/L)
S

1.2x10%° 1.8x10™°

A
&1 p-MBA RIpRiERZ
Fig. 1 Standard curve of p-MBA
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2 HR5WR

21 BHRERABELFMERE

FrRHFE ) =I5 R (M), =Rk (P) FIRR
e (C) 3 A ML PR MR L - an i 2 s, 3
FIOR AT MUHESR B i E AL IR Ay | LA 22555
Byl TR,

MR 2 fg 1AL, =R AP HA — XA
TR JRIE . M 1E 1.019 V A ELE Ak, SE LR
W22 AE =103 mV, P H s fb2pn] i ph 4 2%
(A M AE 5 22 S B AN B 9T . P AE 1.013 V Ak
PRAE A, 10 R HE A B B Ak F AL 1 ST
Yy, HAAEFIEH A 22 AE =68 mV, UL HATR
R AR 2E AT RIS R = R A AL B AL
BARGF AL PERE . C 7E 1.282 V Ab H B A fLi
Wi BT DL R b 2 ST ELA T R Sk A Y R BT
Y, HEAEFIER A2 AE =79 mV, BEHH L
SR UET]



5512 W

KA, AP

PERITT 55 7 I 1 18] 42 L 45 - 2101 »

I/mA

—0.01t . . . .
0.6 0.8 1.0 1.2 1.4
E/V vs. Ag/AgNO;
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Fig. 2 Cyclic voltammograms of the nitro-containing organic
mediators based on aryl imidazole, triphenylamine
and carbazole frameworks

Rl DTSRRI R R 2 A LR B Al
i SR, B LY 2

Table 1 Redox potentials and potential differences of nitro-
containing organic mediators
L&Y E/V E./V AE/mV
M 1.019 0.916 103
P 1.013 0.945 68
C 1.282 1.203 79

22 C—H EHESLELMERE
TEAS[R) e P 1 2 il 3 = 2R A WL ot
p-MT BIPEIMR L E A& 3 frs o

PEHT

0.6 230

— p-MT L \
- - - p-MT+0.5 mmol/L P
---- p-MT+1 mmol/L P
-~ p-MT+2 mmol/L P }_:

% 03 »

N

ol

0.8 12 1.6
E/V vs. Ag/AgNO,
K3 LEARFERE AU PAETT p-MT REEMA L K
Fig. 3  Cyclic voltammograms of p-MT at different
concentrations of P

HE 3 AT, KA AP Pk BRI, A
AL R K, SR A A T 1A o 4 P oA 1 mmol/L
ﬁ%%wﬁﬁ?d %PmmﬁﬁzmMWLﬁim

WL ARSI, MR LGB A A BT IERS, (2
SEEIE AR 2 mmol/L P AR B A B4R I F)?U\
PEHUAE 1 mmol/L P /EHI N #E47HL S LA 5T .

16 1 mmol/L PAEHIR, AMEER p-MT &3

RN 4 s

M 4 AT 0L, B SN P BE I, Ak
UG FEL I B SR R X N IS e B Ak 20 mmol/L
B, AR L R, X AT B BT IR YR B
HA A LIS Y B A B, S AR SO
[

0.6 - — 10 mmol/L p-MT PR
- - - 20 mmol/L p-MT SO0
~~~~~ 30 mmol/L p-MT S

I/'mA
o
w

018 1:2 116
E/V vs. Ag/AgNO,
K4 751 mmol/L PAEHI T ARIWKEE p-MT HIIEERMR % 5]

Fig. 4 Cyclic voltammograms of different concentrations
of p-MT in the presence of 1 mmol/L P

1€ 1 mmol/L P X ARIKEAET p-MT (U5
RN 5 iR .

0.9

0.01} 2
0
0.6  —0.01
0.6 0.9 1.2
E/V vs. Ag/AgNO;

| | I'mA

I/'mA

—a
03+ —b
—C
—d
—¢€
—f

0i8 112 116
EIV vs. Ag/AgNO;,
a—P; b—p-MT; c—p-MT + P; d—p-MT+ P+5% ( {&F /341 ) H,0;
e—p-MT+ P+10% ({&FI54K ) H,0; f—p-MT+ P+15% ( {AH4
%) H0
K5 78 PAEFTF XA & K EE p-MT BIEIA % &
Fig. 5 Cyclic voltammograms of p-MT in the presence of
P and at different water content

mE s prR, FREIZ b flc, KB P BIFE
fﬁﬁpMTm%ﬂ%m%mﬁﬁWJ%ﬂﬁﬁx&o
Bt /K B B3, EALME RN A FrERS 0 L R
B IR, MKEN 10% (R Hﬁmi it B
K, YK RSEIE IR 15%hF 05 L B I R, X
VLA P X p-MT ARG B AL RO, iy HLd e Y
KM — AR 2 T p-MT s SR AT RO

TEA TRV BE B B i SR R G AL € fEAHT
p-MT BITEIR L E AN E 6 FrR o

& 6 vl L, REEA VLG C B B3,
Ak R, AR BT IERS . Bk C7E
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ERT B RERELL P LR, (H)E, FECR RS
JIA 2 mmol/L B9 C B}, AANRESE &k, RIRA T
55 HEAS [R) A5 MUAE 22 X6 A AL I A F f b AR A b T
PERYFZI , BF LA BCAE 1 mmol/L C VEFH R ikfT/5
221 L AR ST

09 _pMT P
- - p-MTH0.5mmol/LC  / .-'-.
..... p-MT+1 mmol/L C P o R

06 __ p-MT+2 mmol/L C ’,;‘//

I/'mA

03

018 112 1I.6
E/V vs. Ag/AgNO;
K6 TEARWEEMANLELR CEMT p-MT MEIMR L K

Fig. 6 Cyclic voltammograms of p-MT at different
concentrations of C

£ 1 mmol/L CYERF, AEMRER p-MT HI1&
AR L E K 7 s .

0.6 | — 10 mmol/L s
~ - - 20 mmol/L L

I/'mA

03}

0.8 1.2 1.6
E/V vs. Ag/AgNO;
K7 781 mmol/L CYE AT AR p-MT IWHE R 4 K]
Fig. 7 Cyclic voltammograms of different concentrations
of p-MT in the presence of 1 mmol/L C

HE 7 nT 0L, B SN Ik BE 3, Ak
WL I B R YR N IRk S T 20 mmol/L
B, A L 3 S s/, X AT REE T IR B
HE R AT ML 5 (%) 1 1 e A 3, B 1k s vy P
[

TE lmmol/L C AR & KE T p-MT BIFEIRAMR
LI 8 s

ME 8 AT IEH, p-MT (HhZE b) RO LI
HF137 Vo HIMARAER C i (i c), kg
HLL A R T, WA A RS, BB C X p-MT
A —E AT . BEEKBMA, Ak i
APTIER, TG B K. YK R BCR
10% s I L 9t e K, B BHZK X p-MT HL AL S AL i 72
A —E M5

R T XA LT P AL C X EA AN R A AL LA

BRI e vERE, B8 T 40 07E P A1 C /R
T p-MBzOH WfEIMRZE, 253 ILIE 9,
0.9 0.016[
Eo.oos
061 o
| e
03F—b>b
4
0r :?
0j8 1:2 116

E/V vs. Ag/AgNO,
a—C; b—p-MT; ¢- p-MT + C; d&—p-MT+ C+5% ({KF43%% ) H,0;
e—p-MT+ C+10% ({AFI435L ) H,0; f—p-MT+ C+15% (R R4
#0) H0
K8 1EC KAREKEEMT p-MT BIFEFMA L K]
Fig. 8 Cyclic voltammograms of p-MT in the presence of
C and at different water content

0.9
P C
0.008
0.6} E 0
-0.008
é_ 06 09 12
N _p E/V vs. Ag/AgNO;
03r __ ¢
—_ p-MBzOH
— p-MBzOH+P
— p-MBzOH+C
0
0.8 1.2 1.6

E/V vs. Ag/AgNO,

Kl 9 4rBI7E P Hl C{EHT p-MBzOH MfEIAR % &

Fig. 9 Cyclic voltammograms of p-MBzOH in the presence
of P and C, respectively

WK 9 FR, ELAVIEER/ERA T, p-MBzOH
fE 142V AEA BT — /A A A 78 P AE
R H A B A BT m, Ak 7 RS A
¥. 76 C WYEFIT, p-MBzOH {48 1k 14 Ha, 3t B
W E . BHAE NS P A1 C X p-MBzOH ¥ HA
ARG LA AT 12
23 [EERR{IE#

HTPHIMEMBEMNA N 1.013V, W10V
TG, B RN R, X p-MT #EA71H B A H
i, R TR 2,

2 R, p-MT P LA bl p-MBA 117
R A B INSEXE ISR L , p-MBA ()2 £R 1 Bl
AT A 2%, 76 1.2V I p-MT RS L3R N
68%, p-MBA M7= HAT 33%, KU TH
UL P BYSAAL BT, JO/K A B0 ASHF B[]
A SRR VL P ) T A T
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F 2 fEPEHT AR p-MT M%:L3RH p-MBA
fh 7 A
Table 2 Conversion of p-MT and the yield of p-MBA in the
presence of P and at different potentials

%3 A CARFIFIMARR KR p-MT A fLA
p-MBA H= 5
Table 3 Conversion of p-MT and the yield of p-MBA in the
presence of C and at different water content

Eo/V EJ/V Con./% Yield/%
1.0 3 2
1.1 4 2
1.37
1.2 68 33
1.3 34 9

TE: Eo MIEYAALHAT ; E LR ALN ; Con. )y p-MT HJ
AL, Yield Jy p-MBA 7=, T,

TE 1.2V F AR AR B K i 3 p-MT
HEATIE HL AT LR AR R p-MBA 7P 52 A AL UL 10,

80 | \_ .
R 60}
3
2
>~

40

0 8 16
o(H,0)/%

K10 75 PAERITE AR & i p-MBA f7 5ASAL B
Fig. 10 Effects of water content on the yield of p-MBA in the
presence of P

& 10 A7, p-MBA (17 3 bt K AR TR B0
HOmSers s T e T % . FEKIREECH
10%FA, p-MT H L B LT LR 3k 98%, p-MBA
B =2k 83%, ULHATE p-MT HEILE AL N H,
T IKAETE , p-MT 2 25 i 1A ot B AR 3 1
BFZ)A, BB KA A o AR AR P, JF
HE—p g £ TN p-MBA, A SR 3T AL KU
] A RS B 1 AT P BAN, SR B, 1
1 mmol/L PAERT, MAKREECH 10%97K, £
50 °C R HEATHE LA LA, BRI 86%, SR
TR L RAHZEAR, FILNGEFE L% &, JR4t
FT A LR e = R T,

KN CARE SN N 1.28 V, 5 p-MT Y
FALELNL 1.37 V I, IR AT A DL )
AL LA T B Y AS ] R 57 AL FL ST R F S, T
R C BEILEAL 1.28 V N riE i
fit o 16 C AEFI FMAARRKE, p-MT H4E LA HL
fif 25 A T3 3,

R 3 0L, JKAIMA B AL T p-MT i
AL p-MBA . AR50 5%KEE p-MBA
BP0 T 54%, ULPIAE p-MT LA AL RN
HOK I A FI T B 1] A SR I FEE 1) 5 1 264 T o

Eo/V EJ/V o(H,0)/% Con./% Yield/%
0 92 11
1.37 1.28 5 97 65
10 99 69

J T X P RN C X EAT A SR A Y
LY AR PERE , BFSE THEAS KIS, AS[H
HLA T P X p-MBzOH HLf#E LS TLh p-MBA M fE,
KIUE 1.0V B, p-MBA =5 1A 20%, IM7E 1.3V
T p-MBA HF=#AI55 90%., A58 2H ji A BT 55 45
REWIE C EHT, fEHSALHBA 1.28 V B
p-MBzOH JLP-52 4564k 4 p-MBAM?!, KB P Al C
YAl IAEAR T p-MBzOH BYEALH AL (1.42 V) FXF
p-MBzOH L AR 4 1Y F A Ak S AL PR RE .

KT ZEERNARR RGN T p-MT AL
SNVERE , ASSCGHAT T IOR 10 A% A0 1 L A7 Fi, figf 512
5, TEfR%F | mmolV/L P VR, A RIRYIMEE N
200 mmol/L, p-MT R AL3R 45%, RIITEA L
BT HAE 0.5% (FEEIRGEL) WIENRL T X p-MT 53R 8
B —E M A fE
24 [ERAEVERMERE

T FEL A7 LA J R A U B A DL T P, dE et

CV I [N AT AL o H A 2 e B, &5 RN 11
B o
0.009
—0.009 -
0.I6 OI.9 112

E/V vs. Ag/AgNO;
K1 BSOS AP BT PR MR 2

Fig. 11 Cyclic voltammograms of recycled organic mediator P

HI 11 7T UL, BSOS B A AL B BA R A
AL AR I ] it I p-MT AT {E L
fif g, ZEPIUS A PRSP X p-MT S |
C—H HE HL AL AL PERE , T DR AL SR B2
1 mmol/L, p-MT ¥4 20 mmol/L, p-MT ¥4k
AT AT IE 90%.
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i 35 % 28 HLA AN [ AT AILAE S 109 25 g 5 = 07 Sk
M (M), FrfgEE =25 (P) FIEEEnkme (C) 3
P ML ) f fh 2 PERE, &30 P A C HAg f b
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