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Mercury 400MHz %UF Varian Mercury-400bb B8 S A% mE LRI ( S5 [E Varian /3 H] ) ;SGW X4 Kl if
T A AL B VEAE R A B A BN ) 5 WEH-203 2048 A3 M A3 (B R A BRA 7)) o B AR A
Bt ot
1.2 XHEXARIERNEUELEEH

DXl 4 Y 0 R e 2 ] %) 48 AR TR A 52 0 Ry Bl FE 28 SAR AT, 1] 50 mL B3 O AR U A
28 mg(0.2 mmol ) RSN 10 mL PHUKI . 50 mg(0.2 mmol) Bk, 3-2, Hed-F K552 2, HEWEm 852
302 mg(2 mmol) XJ i FEA I EEFN 90 wL.(2. 2 mmol) HIEE, 70 C7R [ Sy, TLC BRER SOV 58 o I8 78
tE DU EERR , A 15 mL 2508 /KIR AT, (8 mL x4) R CERAEL . A I A PR, TR BREREN T4 , i UE
Wl s e it , AR W) 2Rk AR SR A 20 2 (VA ihiE ) - V(SRR L) =20: 1 S PeiiR)) 152 H AR 4 .

TS AR T (a) « L R, 7745 19% ,mp 96 ~97 C (CHRAA"™195 ~97 C)5'H NMR
(400 MHz,CDCl,, TMS) ,5:8.38 ~8.33(m,2H, Ar),8.22 ~8.17(m,2H, Ar),3.92 (s,3H,CH, ) ;
G NMR(100 MHz,DMSO) ,8:164.7,150.2,134.9,130. 6,123.9,52. 8,

XTRSEAE R Z 0 (b) « A 1A, 7= %k 229% ,mp 56 ~ 58 C (SCHK{E'"*'56 ~58 C);'H NMR
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(400 MHz,CDCl, , TMS) ,5:8.34 ~8.26(m,2H, Ar) ,8.25 ~8.19(m,2H, Ar) ,4.44(q,] =7.2 Hz,2H,
CH,),1.43(t,J=6.8 Hz,3H,CH,) ;*C NMR (100 MHz,CDCI,) ,8:164.6,150.4,135.8,130.6,123. 4,
61.9,13.9,

SRS FEAE IR T 1 (¢« (@ E A, 72 % 0k 26% ,mp 34 ~ 36 C (SCHkE' /34 ~35 C);'H NMR
(400 MHz,CDCl,, TMS) ,5:8.28 ~8.30(m,2H, Ar) ,8.20 ~8.22(m,2H, Ar) ,4.38(t,J =6.4 Hz 2H,
CH,),1.74 ~1.81(m,2H,CH,),1.55 ~1.43(m,2H,CH,),0.99 (t,J =7.2 Hz,3H,CH,) ;" C NMR
(100 MHz,CDCl,) ,8:164.7,150.4,135.8,130.6,123.4 ,65.7,30.5,19.1,13.6,

XA A R TR (d) - B A, 7%k 18% ;' H NMR (400 MHz, CDCL,, TMS) ,5:8.35 ~ 8. 24
(m,2H,Ar) ,8.22 ~8.18(m,2H,Ar) ,4.44 ~4.20(m,2H,CH, ) ,1.491 ~1.316(m,10H,CH,) ,0. 982 ~
0.911(t,3H,CH,) ;"*C NMR (100 MHz,CDCl,) ,8:164.7,150.4,135.8,130.5,123.4,68.2,38.8,30.4,
28.9,23.8,22.9,13.9,11.0,

XHRESETR R 5 T le (e) : [ E A, 7= 36 25% ,mp 66 ~ 69 °C;'H NMR (400 MHz, CDCI,,
TMS),5:8.33 ~8.28(m,2H,Ar) ,8.25 ~8.19(m,2H, Ar) ,4.17(dd,J =6.4,2H,CH,) ,2. 12(m, 1H,
CH),1.09 ~1.00 (m,6H,CH,) ;" C NMR (100 MHz, CDCl,),8: 164.6,150.4,135.8,130.6,123.5,
71.8,27.8,19.1,

X L P R G ()« (R A, 73 29% ,mp 81 ~ 83 °C (SCHR{E'"'82 ~84 °C);'H NMR
(400 MHz,CDCl,, TMS) ,5:8.27 ~8.29(m,2H, Ar) ,8.26 ~8.22(m,2H,Ar),7.50 ~7.23(m,5H, Ar) ,
5.41(s,2H, CH,) ;" C NMR (100 MHz, CDCl,),8:164.5,150.5,135.4,135.2,130.8,128.7,128.6,
128.4,123.5,67.6,

SR LA RS2 (g) : I FE A, 72y 9% ,mp 108 ~ 110 °C (SCHER{E'"'108 ~ 110 C);
"H NMR (400 MHz,CDCl,, TMS) ,5:8.31 ~8.26 (m,2H, Ar),8.23 ~8.18(m,2H, Ar),5.29 (m, 1H,
CH),1.40(d,J=6.0 Hz,6H,CH,) ;" C NMR (100 MHz, CDCL, ) ,5:164.1,150.3,136.2,130.5,123. 4,
69.6,21.8,

SRS RN R (h) < FLEE A, 723 23% ,mp 50 ~52 °C;'H NMR (400 MHz,CDCl,, TMS) ,
5:8.31 ~8.27(m,2H, Ar),8.24 ~8.19(m,2H, Ar),5.13(m,1H,CH),2.010 ~ 1.956 (m,4H,CH, ),
1.839 ~1.785(m,4H,CH,),1. 633 ~1.434(m,2H,CH,) ;" C NMR (100 MHz,CDCL, ) ,5:164.0,150.3,
136.3,136.3,130.5,123.4,74.3 ,31. 4,25.3,23. 6,

SRS ST F R S TS G () « B A, 7= 36 19% ,mp 37 ~ 39 °C;'H NMR (400 MHz,CDC,,
TMS),5:8.41 ~8.36 (m,2H, Ar),8.30 ~8.32(m,2H, Ar),5.99 ~6.05(m, 1H, CH);"” C NMR
(100 MHz,CDCI,) ,5:161.6,151.5,138.2,132.0,131.6,123.9,121.7,118.9,

XA SEAE R AR G () A A, P23k 13% ,mp 129 ~ 131 °C;'H NMR (400 MHz, CDCl,,
TMS) ,8:8.32(s,4H,Ar) ,7.49 ~7.29 (m,10H,Ar) ,7. 16 (s,1H,CH) ;” C NMR (100 MHz, CDCl,) ,$§:
163.7,150.6,139.4,135.5,130. 8,128.6,128.2,127.1,123.6,78. 4,
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Scheme 1  Effect of different catalysts on the reaction
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Table 1 Effect of catalysts on the oxidative esterification of para-nitrobenzaldehyde with methanol *

Entry Catalysts Time/h Yield/ %" Conversion/% "
1 A 3 64 >99
2 B 3 55 >99
3 C 24 57 90

a. Reaction conditions : para-nitrobenzaldehyde (2 mmol) ; methanol (10 mL) ; catalyst(10% molar fraction) ; K,CO;(10% ) ; 70 °C, under

air; b. isolated yield.

2.2 EAFIRAEREE

A 10 mL FEEAE R BOREH 5, LAY 10% FRRIR B0 0 B, SRR 70 °C L2 mmol X il 5545 Y I
S8 R T AL R R S 7, 25 S A R DK B TR A B TS S A5, 5 BN 20 Scheme 2.
HIZE 2 Bl ] UL FEAS IR B HTAR R A6 1F R ,24 b 5 ROV KA (Entry 1) o A 5% (BEZR 7380 H ik
FRRTAR, SN 3 J5 0 A HE H R R (Entry 2) OISR 50% , 24K 52 FT AR I 10% I SOw iR
THRIZE 64% (Entry 3) QRS RAHEAL TR 19 T, SO CRR DL 4R 5 (Entry 4) o I, Pe% R 22 A A

I N IR 10%
CHO COOCH,
A, air
)(:)/ +CH;0H K,CO,, 70 C /(:>(

0,N 0,N

Scheme 2 Effect of the NHC precursor dosage on the reaction yield

F2 EUFIAENREHFME
Table 2 Effect of the catalyst dosage on the reaction yield

Entry Catalyst A (equiv) Time/h Yield/%
1 none 24 0
2 0.05 3 50
3 0.1 3 64
4 0.15 3 65

Reaction conditions : para-nitrobenzaldehyde (2 mmol) ; methanol(10 mL) ; K,CO;(10% ) ; catalyst A; 70 °C; under air.

2.3 BRFIRERE

DA it S5 F R R R JEC ), MRS R 2 A AR, A [BD I 2% 1 T 25 S I DR SO s RS ),
BRI AN Scheme 3 ff7R , 455 I3 3 o 25 R0, 7 s B I — 45 H Joe P RT3 18 ISCRAN R 9%
U3 FH W SRR s B B, WACo% i A /5 (3% 3, Entries 2,3) , 38 THE LM v SO G648, 6 T D 0k iy
Vo 7R, DAKH L R s st A RN JLIEE | 1E— 25 2 2 A AR 5 0 i 35 2R P IS 1) S AR R A s 1 1) 3535 2 , 3 il
T LABEMEREZ (0. 1 equiv) AT DU SR DA 5 751 1 AN ) 52 ) ) i SR 48 Y iR g (%6 4, Eintries 4 ~13) 5
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Scheme 3 Effect of solvents on the reaction yield
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Table 3 Effect of solvents on the oxidative esterification of para-nitrobenzaldehyde with methanol *

Entry Solvents Time/h® Yield/% °
1 CH,Cl, 18 9
2 THF 4 19
3 CH;CN 10 21

a. Reaction conditions ; para-nitrobenzaldehyde (2 mmol ) ; methanol (2.2 mmol) ; catalyst A(10% ); K, CO; (10% ) ; solvent( 10 mL) ;

under air; b. in the solvent boiling point temperature heating; c. isolated yield.

x4 MHEXRBSENEMELRE

Table 4 Oxidative esterification of para-nitrobenzaldehyde with alcohols*

Entry ROH Time/h Product Yield/%
1 methanol 3 a 64
2 ethanol 10 b 42¢
3 isopropanol 1 c 36
4 methanol 4 a 19°
5 ethanol 5 b 22
6 butanol 9 ¢ 26"
7 1-octanol 4 d 18°
8 isobutanol 4 e 25b
9 benzyl alcohol 15 f 29°
10 isopropanol 5 g 9t
11 cyclohexanol 4 h 23%
12 hexafluoroisopropanol 6 i 19
13 benzhydrol 4 j 13

a. Reaction conditions : para-nitrobenzaldehyde (2 mmol ) ; alcohol(10 mL) ; K, CO5; (10% ) ; catalyst A(10% ) ; under air; in the solvent
boiling point temperature heating; b. reaction conditions ; para-nitrobenzaldehyde (2 mmol) ; catalyst A(10% ) ; tetrahydrofuran( 10 mL) ; alcohol
(2.2 mmol) ; K,CO5(10% ) ; under air; c. isolated yield.

FIE 4 AR, AERERE 1 S REARAF T, o Al 2 R BRR ] i AL S AL 5 T A R A R i i — R
JICRE L BT i HE A FR R , 38 AT L5 I A 583 140 7S i S A T S 7 A JBON i 24 PP IR 7S R e PRI e i, WA
AIA 19% s BRILZ Ah, X AEEER L n] 5 " (K 4, entries 10 ~ 12) SO A= SR (416 , 245 25 W) 37
BHAE K — A FE B RIS, SO 4 h ISR T SR 3] 13% o iR B A4 FH 0, 6 A 02 A 3 T AR
AR R 2 B R R SR, T LSV N (] . 4 % ( 35 4, entries 1 ~3)

XHEZS R T, BEME R A A A LR R S AL R AL 19 S0 B H 4 T HLBEL(Scheme 4) o BEMESS
Hh A TERRBRBENAFAE T i 50145 R IV Ay e e 5, 1 U2 3 T A AR A0 A, 5 X i 25 8 P
3 3 SEAZ B AE B Breslow HRE] A 2, T Breslow EF'IEMZISEE TN L TR R folT G - B VL I
WA, AN 55 5 — 01 R A 2 T A A 4 3 O AL PR 4 5 B RN A B A A S B2
2R EAA B 6.
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Scheme 4  Oxidative esterification mechanism of para-nitrobenzaldehyde catalyzed by N-heterocyclic carbene
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N-Heterocyclic Carbene Catalyzed Oxidative
Esterification of para-Nitrobenzaldehyde

SU Ce ", XIA Shujiao, WANG Rui
(College of Petro-Chemical Engineering ,Lanzhou University of Technology ,Lanzhou 730050 , China)

Abstract  Using air as the ultimate oxidant, a facile method for the oxidative esterification of para-
nitrobenzaldehyde has been developed. The results demonstrate that the catalyst precursors, catalyst loadings
and solvents have considerably effects on both the yields and reaction rates. A variety of para-nitrobenzonates
were conveniently prepared with the yields of 36% ~ 64% under the optimal reaction conditions, where the
corresponding alcohols were used as the solvents, and the 3-ethyl-4-methyl-5-hydroxyethyl thiazole bromide
salt as the catalyst precursor, with 10% molar fraction catalyst loading. Modest yields of 9% ~29% were
obtained if only stoichiometric amount alcohol was used.

Keywords N-heterocyclic carbenes,para-nitrobenzaldehyde , oxidative esterification , nitrobenzoic acid esters
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