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Abstract A series of esters were prepared by electrochemical synthesis of carboxylic acids with alcohols. This protocol can
be carried out at room temperature without inert atmosphere, strong acids or metal catalysts, efc. The esterification reaction
processes in an undivided electrolytic cell with constant current mode and the esterification products are generated in good
yields. Compared with esterification promoted by organic reagents, this protocol avoids the byproducts which have to be sepa-
rated by column chromatography and successful for tertiary alcohol which is generally difficult to undergo esterification di-

rectly, providing a new access to the esterification of carboxylic acids and alcohols.
Keywords electrochemical mediation; esterification reaction; electromechanical synthesis
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AT, Aoyama UREZHIHRGE | — R S
AL 2 S AL IR AL SR A3 77 (Scheme 1a), {HiZ R M7
FAEA BB 2,2- kAL nE Be A B i d, HaZcih 2k
R R P HEALE N8, AEG BN, b,
575 RSB TF R T — i AN A 45 s I 11 L Ab
#7515 (Scheme 1a), fHJ N 5 Z4E ] 55 1 10 ey SRR B AR
ARG, ELIRFE T ZRE R . NG 1€
BRI, A2 iR r AL A SRS AT FRBR MIE 1) EL P R
R JU(Scheme 1b), FATK BRI 5HFAE AL (et T
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(a) Previous work:
Inorganic acid catalyst

i i (0]
R—COOH + HO-R2 or Solid acid catalyst J\ r?
R ~O
(0]
RI—COOH + HO-R2 DCC or analogues JJ\ R?
R" SO
r Hﬁ Q
R'-SH + HO-R? ——— _S__R?
2,2-bipyridine R'" O
RI—cHO + Ho-R2 — = = re

LiCIO, R"” O

(b) This work:
= OH iﬂl_h = O-R?
+ HO-RZ ———————
R1X 7 N TBAB, Na,S,05 R1/\ 7 %

B 1 EHRGREER SYIBE I S BT 7C

Scheme 1 Research of the direct esterification of esters
1 ZER5VE
1.1 REEHHMHKT

PR R (1) 1 2 (22) IR, 077148 5B R HLIAL
WIS BRI GER 1), oA s u R, BN,
VYT 3R (TBAB) 5 £ LA R #4(Na2S20s) A i N7,
KHER( equiv.) MK, LEENERISRMNY), HRN
5 mA BF, RMAE 10 h Z241F 18, P4 B AR
54%(F 1, Entry 1). HHFHEME] 10 mA B, BALE6h
P2 R B, $E 2 86% (K 1, Entry 2). Ti#k—b48 kK
P A ) B 24 B3R A ORI (3R 1, Entry 3). 24
AR T R4(TBAB)# oy KBr B, HERA= 4R
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N 25%(F 1, Entry 4), 24 TBAB )y KCI I, R %25
HARF=Y) 3a AR 1, Entry 5).

a5, fEH 1.5 mmol ZRFAE A S N, W e R ¥
FIREAT I k. 7E CRGIERI T, RMWEN 56%(K 1,
Entry 6); V554 NN-ZHEEHIEEZ(DME)I, H x4
R A 47%(FK 1, Entry 7); 718 1,2- & 4 J%5E(DCE)
i, BHARIBERAUN 37%((% 1, Entry 8). HiEHIANA
Ay, HER IR AT IE 83%(% 1, Entry 9). a4 %
N AR AT I, A SR AE A PHAR AT AR B, H AR =4
3 FIUSCRAUA 48%(F 1, Entry 10); 24 DLBERR NBHFL, 44
AR, HFR=4) 3 MR A BT R, CN 62%(K 1,
Entry 11); 1M 24 5 S R BH BRI B AR 350 R AR R, 8 B
PR HARFEYI(EE 1, Entry 12). 2T SRR H] 5250 £ 1,
LRENEF, KM ICIEHT(ER 1, Entry 13); 44
0 NaxS:0s i, [ [FIFETC =6 BARF=40(3 1, Entry
14). 25 FRTR, ZR M RAEFA N DRGSR N 8
Vi, B EEAE IR ARER R ERN 15 equiv, 7§
] A2 S5 (1) R B 7). FEYR B E N 10.0 mA fEIRE, DA
TBAB/NaxS,0s N NFA, A1 52 Bk, 185K

1 b AR I N Ak PR R b, AT T Wz
P Z4R(GR 1, Entry 15). SEIGS5 R, FEAE [ SN [H]
MIIEK:, HARF=Y) 3a T59A T LLIA 2] 76% MR, A HEL
B ) AR 3. b LG AT DL e R Bl 7 27 5 T AR BR i 5 A
FEIZ SN ) R BRI R R, M BPR AT R T U
PERERM EERNE 2 —. R, Z o iz
JNELE TR S 56 AT AR e — B A U A T 1.
1.2 TRERRS ZENR R

TEAR B AR IR N ARG, X SN (A B kAT T
WA, BET — RIS ER, B~ WERER 75%~
86%. MIEFE LB N R PIRYIN, RINMTE 6 h A4 Rp
RSB, MG H BRI ATIE 86%(FK 2, 3a~3t).
IR PR R IR AN (5] AR AR R 38 W 3R A5 WA 36 1) RO
FEPIER 2, 3a~3p). [HAFFEHAZE, FEH RS I
PRt AT DL R A I USCRAS B (R 2, 3q~3t).
1.3 T REIEERRMRETEYNER M

bz, WHIT T %R RO A [R] R ()0 . 45 R
TN, SR DT I () 35 BT AR O g AT B A R B (E A5 4R
R, 38 A LSS PR AU AR 1% 26 A1 AT LAAS 21 70%
DL (3R 3, 4ea~ded), 75 IR IR BURIEAE
Wi i% 45 B3 3, 4eb.dec ded), iFIA T IEMIEENE.
ST HAE AR, 1T UE BI2RE 5 R RSE %R
Ni(F 3, 4f. dga~dgb), X 5R BRI P R A I TR
AR EF R (R 3, 4i—~4j). L LAl W, AJ7ik
TEIE F M b A RE R R 3
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Table 1 Optimization of the reaction conditions on the esterification reaction

OH Graphite (+)/Pt (-) OJ
@ + HO_~ @
(e} Solvent, Electrolyte, Na=S20s o)
1a 2a 3a
Entry Additive Solvent Current/mA Electrode Yield”/%

1€ TBAB/Na2S20s EtOH 5 Graphite (+)/Pt(—) 54
24 TBAB/Na2S205 EtOH 10 Graphite (+)/Pt(—) 86
3¢ TBAB/Na2S205 EtOH 15 Graphite (+)/Pt(—) 84
4 KBr/NazS20s EtOH 10 Graphite (+)/Pt(—) 25

5 KCI/NazS20s EtOH 10 Graphite (+)/Pt(—) NR

6 TBAB/Na2S20s CH3;CN 10 Graphite (+)/Pt(—) 56

7 TBAB/NazS:0s DMF 10 Graphite (+)/Pt(—) 47

8 TBAB/Na2S20s DCE 10 Graphite (+)/Pt(—) 37

9 TBAB/Na2S20s Acetone 10 Graphite (+)/Pt(—) 83
10 TBAB/Na2S20s EtOH 10 Graphite (+)/Graphite (—) 48
11 TBAB/Na2S20s EtOH 10 Glassy carbon (+)/Pt(—) 62
12 TBAB/Na28:0s EtOH 10 Pt (+)/Pt(—) NR
13/ TBAB/Na2S205 EtOH — Graphite (+)/Pt(—) NR
142 TBAB EtOH 10 Graphite (+)/Pt(—) NR
15" TBAB/Na»S205 EtOH 10 Graphite (+)/Pt(—) 76

9Reaction conditions: undivided cell with graphite anode (4 cm 0.5 cm 0.2 cm), Pt cathode (4 cm X 0.5 cm X 0.2 cm) and glassy carbon (4 cm X 0.5 cm X 0.2 cm),
1a (1 mmol), 2a (1.5 mmol), TBAB (0.5 mmol), Na,S,0s (0.5 mmol), EtOH (5.0 mL), room temperature; ” Isolated yield. NR=no reaction. ¢ Reaction time 10 h.
4Reaction time 6 h. ¢Reaction time 5 h./No current. £Na,S,0s is not employed. ” Gram-level reaction: 1a (10 mmol), 2a (15 mmol), TBAB (5 mmol), Na,S,0s (5
mmol), EtOH (50 mL), room temperature, 10 mA, 30 h.

R2 AFRRKRRS O8N ERYTEH
Table 2 Reaction scope for the substrate by EtOH with different aromatic acids

Graphite (+) / Pt (-)

RCOOH +  EtOH RCOOEt
TBAB, N328205
1 2a 3
0o Br O F O o OMe O o o
©)\o/\ ©/u\o/\ @)LO/\ @*o« ©)LO/\ C.ngoA FQAO“
3a, 86% 3b, 83% 3c, 78% 3d, 82% 3e, 79% 3f, 84% 39, 80%
o) 0 o o)
i o N i N N PN
\@)‘\O/\ HO\©)J\O/\ /©)‘\O /©)‘\O/\ /©)J\O 0O /@)\O
I Br cl NC
3h, 84% 31, 76% 3, 85% 3k, 83% 31,78% 3m, 75% 3n, 81%
(0] 0 o o (o] \_ J
/@)\O/\ /@)‘\O/\ O/\ E\jj)\o/\ (/jg)\o/\ (o) (o)
MeO HO = H o] : 0
30, 76% 3p, 79% 3q, 79% 3r, 82% 3s, 75% 3t, 77%

9Reaction conditions: undivided cell with graphite anode and Pt cathode, 1 (1 mmol), 2 (1.5 mmol), TBAB (0.5 mmol), Na,S,0s (0.5 mmol), EtOH (5.0 mL), room
temperature.

1.4 MEENE L HNBR(ER 4, Sa~5b), M-EICH P ER 0 AT DU 752,
HE— 28 T EN S TN E .tk ORMATERZ (R 4, So). BT, ATTEFRMEE AT
HEAE R, AT LU OCR B 8 e AN e PRI A L.
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Table 3 Reaction scope for the substrate by acids with different alcohols/phenol

Graphite(+)/Pt(-)

RICOOH + HO—R? R'COOR?
1 2 TBAB, Na,S,05, Acetone 4
o] 0 o) o /I\
©)J\o/ ©)J\O/\/ ©)LO/\/\/\ [ j O
4a, 82% 4b, 79% 4c, 71% 4d, 75%
P TS T TS omomoooomomomsmomoooon
. o) o) o] !
ik A oA Kt 2
1 1
o : ! 0
Vo Br . .
de, 73% ! 4f, 76% 49, 74% 4h, 72% ! 4i, 80%
o Ity
Pt i t O i i
O/\@ | O/\© : ©)LO ©)J\O/\/ ©)LO/\
1 1
1 1
. ' 4k, 76% .
4j, 74% T I a1, 53% 4m, 84% 4n, 87%

“Reaction conditions: undivided cell with graphite anode and Pt cathode, 1 (1 mmol), 2 (1.5 mmol), TBAB (0.5 mmol), Na,S,0s (0.5 mmol), acetone (5.0 mL), room

temperature.

R4 hou//sTo LT BRI AR

Table 4 Synthesis of five-, six-, and seven-membered lactones

0
OH Graphite (+)/Pt () 0
OH |
"O TBAB, Na,S,05, Acetone
0
o 0._0 o
(= LS
5a, 74% 5b, 76% 5¢, 62%

9 Reaction conditions: undivided cell with graphite anode and Pt cathode,
substrate (1 mmol), TBAB (0.5 mmol), Na,S,0s (0.5 mmol), acetone (5.0
mL), room temperature.

1.5 RMNHLEIERS

NT B HER A R BB, AT T OEHR 2
. 7E LA F H DAB B F AR A B A, T AR B A,
HEJEE N —1~1 vV, HEf8EN 100 mV/s AT,
2 LVE DA B AT RL. AR 45 S H W g2 3] — AN I B A R
TRV, IX 2 F AR AR RSN 70 R BRI SO, 7E MR R R
A AR B SR I, ZEAIESE—0.3~—0.7 V {8
BRI HY B, I A RR AR, AR 3 i S2 36 A0 Fok
Woas R, fEH T LU NATRERIALEE. 15 %%, NaxS,0s 7EfH
Wil it ok 2 PR AL AR ST R P R A, 5RIRE &
RS PE R A B, 351 A (1A B i 1S B s AL = )
3, FIRREROE 7, B FIERIARAS B B 7RO E A, TR
FRAR R EAZR T AR5, [RS8 AN B I A
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Figure 1 Plausible reaction mechanism
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KHMERL 7 A R T B &Y, RN 2R
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HL %) IKA A 5] ) ElectraSyn 2.0 Package. #+ )2 #7 Al1iH#
JZ B (TLC)E Ml 4 A il i ok B 1L P U 28 AR R
HIRATE(300~400 H, b4l i H R 1E i
I, {ETLH 22 (400 MHz) I 33 17 4% Bk 35 Pk (NMR) K.
JR1ERH LCT Premier XE JREACGHEAT I E. =256 fF
F BT R 703 A o A ik 77,

32 BUFHBELERBRASE

BRI mmol). (1.5 mmol, EEAE AEFK A
Jim)« TBAB (0.5 mmol). Na;S,0s (0.5 mmol). ¥%71)(5 mL)
WIKIIAF] 10 mL B =R BAES. DUA £G4 emX0.5
em X 0.2 cm) N EBEEATEL, /(4 cmX 0.5 emX0.2
em) A BARK FEARARE, THEREE N 10 mA. EEE&
20 C) NHHTHM, TLC WM, HERY T
VEFE. RN ARG, F AR R AN K I R KN,
H 41 CBRREEUE /D 8K R BEA VA, 67K NaSOs T
R, TEABR ISR, D EEA A S PR 2B ik
W, B R B AR
3.4 FYIFRIEHIE

KHR LB Ba)): TLEIAE, I 86%, MY
] 6 h. 'TH NMR (400 MHz, CDCl;) 6: 8.05 (d, J=7.9 Hz,
2H), 7.52 (t, J=7.3 Hz, 1H), 7.41 (t, J=7.7 Hz, 2H), 4.38
(q, J=7.1 Hz, 2H), 1.38 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl3) 0: 166.58, 132.76, 130.49, 129.50, 128.27,
60.89, 14.29; IR (film) v: 3093, 3034, 2967, 2907, 1708,
1486, 1463, 1392, 1316, 1253, 1057, 1029, 687 cm™'; MS
(EI) m/z: 150, 122, 105, 77.

- AR 2. BE(3b): TL Ak, E 83%, X
MISHA] 6 h. 'TH NMR (400 MHz, CDCls) 6: 7.72 (d, J=7.2
Hz, 1H), 7.59 (d, J=8.6 Hz, 1H), 7.34~7.22 (m, 2H),
4.35(q, J=7.1 Hz, 2H), 1.36 (t, J=7.1 Hz, 3H); 3C NMR
(100 MHz, CDCly) d: 166.18, 134.21, 132.52, 132.38,
131.12, 127.11, 121.47, 61.59, 14.18; IR (film) v: 3064,
2967, 1708, 1667, 1486, 1453, 1348, 1219, 1153, 1088,
807, 674 cm ™ '; MS (EI) m/z: 230, 228, 202, 185, 183, 157,
155, 77.

2- 5K R LR 3e) ) SEEIRAA, WK 78%, N
A 6 h. "H NMR (400 MHz, CDCL3) 6: 7.88 (t, J=7.5
Hz, 1H), 7.46 (q, J=6.9, 6.4 Hz, 1H), 7.19~7.03 (m, 2H),
4.35(q, J=7.1 Hz, 2H), 1.35 (t, J=7.4 Hz, 3H); 3C NMR
(100 MHz, CDCL3) 0: 164.34 (d, J=3.5 Hz), 161.88 (d,
J=258.3 Hz), 134.30 (d, J=8.9 Hz), 131.97, 123.84 (d,
J=3.9 Hz), 118.99 (d, J=3.8 Hz), 116.86 (d, J=22.3 Hz),
61.21, 14.16; '°F NMR (376 MHz, CDCls) 9: —109.81;
IR (film) v: 3064, 1713, 1627, 1496, 1393, 1337, 1189,
1153, 1088, 767, 624 cm™'; MS (EI) m/z: 168, 140, 123,
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95.
2- LK R A B! 3% (UAK, IR 82%,
S MRS TE] 8 h. 'TH NMR (400 MHz, CDCl;) d: 7.91 (d, J=
8.2 Hz, 1H), 7.37 (t, J=7.5 Hz, 1H), 7.22 (t, J=6.8 Hz,
2H), 4.35 (q, J=7.1 Hz, 2H), 2.59 (s, 3H), 1.38 (t, J=7.1
Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 167.65, 139.98,
131.79, 131.62, 130.47, 129.91, 125.64, 60.65, 21.70,
14.31; IR (film) v: 2982, 1720, 1602, 1366, 1269, 739
cm'; MS (EI) m/z: 164, 135, 119, 105, 91, 65, 51, 39, 28.
2- AL IE IR 218 (3e)' 7 T ilidk, R 79%,
SRS TE] 8 h. "H NMR (400 MHz, CDCls) 0: 7.63 (s, 1H),
7.50 (s, 2H), 6.83 (s, 1H), 4.30 (s, 2H), 3.89 (s, 3H), 1.33
(d, J=8.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) o:
152.80, 148.41, 123.38, 122.82, 111.85, 111.78, 110.10,
60.77, 55.85, 14.28; IR (film) v: 3062, 2990, 2942, 1715,
1613, 1474, 1285, 1206, 1088, 759, 657 cm '; MS (EI)
m/z: 180, 151, 135, 77.
3-FORHE CBRBOUS: Totailifk, U 84%, RIBL
i 1E 6 h. 'TH NMR (400 MHz, CDCl;) 8: 7.97 (s, 1H), 7.88
(d, J=7.3 Hz, 1H), 7.47 (d, J=7.9 Hz, 1H), 7.32 (t, J=7.7
Hz, 1H), 4.34 (q, J=7.1 Hz, 2H), 1.36 (t, J=7.1 Hz, 3H);
3C NMR (100 MHz, CDCls) 6: 165.20, 134.30, 132.67,
132.07, 129.50, 129.46, 127.53, 61.23, 14.13; MS (EI) m/z:
169, 149, 139, 85, 75, 29; IR (film) v: 3076, 2953, 1726,
1568, 1463, 1280, 1178, 1125, 1070, 837, 664 cm ™"
3-TAR IR BB LR, 1% 80%, K
NI E] 6 h. "TH NMR (400 MHz, CDCls) d: 7.81 (d, J=7.6
Hz, 1H), 7.69 (d, J=9.3 Hz, 1H), 7.38 (q, J=7.9 Hz, 1H),
721 (t, J=9.0 Hz, 1H), 4.36 (q, J=7.1 Hz, 2H), 1.37 (t,
J=17.1 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 165.36 (d,
J=2.8 Hz), 162.49 (d, J=245.6 Hz), 132.64 (d, J=7.3
Hz), 129.88 (d, J=7.8 Hz), 125.19 (d, J=3.1 Hz), 119.87
(d, J=21.3 Hz), 116.34 (d, J=22.9 Hz), 61.26, 14.16; '°F
NMR (376 MHz, CDCls) §: —112.58; MS (EI) m/z: 168,
150, 95, 75, 29; IR (film) v: 2978, 1726, 1563, 1489, 1446,
1363, 1208, 1086, 1025, 807, 673 cm .
3-HIIE K R ZBR B LAk, I 84%,
SN TE] 6 h. 'H NMR (400 MHz, CDCl3) J: 7.84 (d, J=
9.0 Hz, 2H), 7.32 (d, J=12.0 Hz, 2H), 4.36 (q, J=6.5, 6.1
Hz, 2H), 2.38 (s, 3H), 1.38 (t, J=6.7 Hz, 3H); 3C NMR
(100 MHz, CDCly) d: 166.80, 138.05, 130.39, 130.04,
128.19, 126.65, 60.86, 21.23, 14.31; IR (film) v: 2983,
1725, 1603, 1587, 1476, 1385, 1284, 1203, 1107, 1025,
756, 683 cm ™ '; MS (EI) m/z: 164, 136, 120, 119, 91.
3-FRFEFE R ZERGH: Ak, WK 76%, K

http://sioc-journal.cn/ 2859
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MIE] 7 h. mp. 70.5~73.2 “C; 'H NMR (400 MHz,
CDCly) &: 7.66~7.57 (m, 2H), 7.29 (t, J=7.9 Hz, 1H),
7.08 (d, J=7.9 Hz, 1H), 6.76 (d, J=15.9 Hz, 1H), 4.37 (q,
J=7.0 Hz, 2H), 1.37 (t, J=7.1 Hz, 3H); 3C NMR (100
MHz, CDCLs) 6: 167.25, 156.09, 131.47, 129.68, 121.71,
120.40, 116.40, 61.46, 14.19; IR (film) v: 3653, 1784,
1599, 1448, 1284, 1219, 1173, 1106, 763 cm™'; MS (EI)
m/z: 166, 138, 121, 93, 65, 39.

4-FIOR IR BRI SRR, W 85%, IRV
1A 6 h. '"H NMR (400 MHz, CDCl;) §: 7.77 (d, J=8.5
Hz, 2H), 7.73 (d, J=17.9 Hz, 2H), 4.35 (q, J=7.1 Hz, 2H),
1.37 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
166.07, 137.63, 130.99, 129.91, 100.60, 61.22, 14.30; IR
(film) v: 2998, 1713, 1584, 1396, 1287, 1104, 1023, 846,
755, 679 cm”'; MS (EI) m/z: 276, 248, 231, 203, 76, 50.

- TR L BRI Tk, IE 83%, X
MHE] 6 h. 'TH NMR (400 MHz, CDCl;) 6: 7.85 (d, J=7.5
Hz, 2H), 7.51 (d, J=7.5 Hz, 2H), 4.32 (q, J=6.8 Hz, 2H),
1.34 (t, J=6.8 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
165.75, 131.58, 131.03, 129.33, 127.84, 61.17, 14.26; IR
(film) v: 3013, 1728, 1596, 1483, 1410, 1276, 1209, 1113,
1028, 857, 774, 659 cm '; MS (EI) m/z: 230, 228, 202,
200, 185, 183, 157, 155, 76.

4-FOE TR LBREDIS: Bk, E 78%, N
1A 6 h. '"H NMR (400 MHz, CDCl;) J: 7.81 (d, J=7.6
Hz, 1H), 7.69 (d, J=9.3 Hz, 1H), 7.38 (g, J=7.9 Hz, 1H),
7.21 (t, J=9.0 Hz, 1H), 4.36 (q, J=7.1 Hz, 2H), 1.37 (t,
J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 163.71,
161.26, 132.66, 132.59, 129.93, 129.86, 125.23, 125.20,
119.90, 119.69, 116.48, 116.25, 61.28, 14.19; IR (film) v:
3008, 1715, 1596, 1508, 1417, 1453, 1279, 1190, 1153,
1002, 847, 764 cm '; MS (EI) m/z: 184, 156, 141, 139,
111, 75.

4-FEEHFRR ABEGCmM)! 7 A EEA, R 75%,
SNEFTE] 6 h. m.p. 52.1~54.7 “C (Lit.['" 52~54 C);
'H NMR (400 MHz, CDCl3) J: 7.75 (t, J=8.4 Hz, 1H),
7.42~7.30 (m, 2H), 7.26 (d, J=7.7 Hz, 1H), 4.34 (p, J=
7.3 Hz, 2H), 134 (q, J=7.4 Hz, 3H); *C NMR (100
MHz, CDCL3) 6: 165.71, 132.36, 131.21, 131.19, 130.95,
130.93, 130.42, 126.49, 61.48, 14.17; IR (film) v: 2998,
2343, 1728, 1407, 1378, 1319, 1286, 1177, 1025, 863, 697
cm '; MS (EI) m/z: 175, 135, 102, 77, 51, 43, 29.

4- WL R Z B 3n)S): Ak, W 81%,
S NETE] 6 h. 'TH NMR (400 MHz, CDCl3) d: 7.92 (d, J=
8.1 Hz, 2H), 7.20 (d, J=7.9 Hz, 2H), 4.34 (q, J=7.1 Hz,
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2H), 2.37 (s, 3H), 1.36 (t, J=7.1 Hz, 3H); '*C NMR (100
MHz, CDCls) 0: 166.64, 143.36, 129.53, 128.98, 127.75,
60.69, 21.56, 14.31; IR (film) v: 2988, 1719, 1708, 1667,
1486, 1453, 1348, 1219, 1153, 1088, 807, 674 cm '; MS
(EI) m/z: 164, 136, 119, 91, 65.

4-FAE R ZE G 2R (30) 1) B iR, WE 76%,
S MRS TE] 8 h. 'TH NMR (400 MHz, CDCl;) d: 7.96 (d, J=
7.1 Hz, 2H), 6.86 (d, J=6.6 Hz, 2H), 4.30 (q, J=7.0 Hz,
2H), 3.78 (d, J=5.9 Hz, 3H), 1.32 (q, J=6.1 Hz, 3H); 13C
NMR (100 MHz, CDCly) d: 166.29, 163.21, 131.45,
122.87, 113.48, 60.54, 55.29, 14.31; IR (film) v: 2994,
2847, 1719, 1607, 1283, 1263, 1188, 1139, 743, 685, 671
cm”'; MS (EI) m/z: 180, 152, 135, 77.

4-FFHIFEHFR FEGCp)RY: AEE A, R 79%,
KNS TE] 9 h. mp. 116.7~117.6 C (Lit.2%! 116.6~
117.7 °C); 'H NMR (400 MHz, CDCl;) &: 7.96 (d, J=8.7
Hz, 2H), 6.89 (d, J=8.7 Hz, 2H), 6.56 (s, 1H), 4.36 (q, J=
7.1 Hz, 2H), 1.38 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz,
CDCly) &: 167.07, 160.27, 131.90, 122.52, 115.24, 60.99,
14.30; IR (film) v: 3320, 3056, 1674, 1607, 1591, 1478,
1396, 1288, 1169, 1019, 836, 773 cm™'; MS (EI) m/z: 166,
138, 121, 93, 65, 39.

2-ZEHIR CTEQGBQ!Y: TTEMA, IR 80%, KA
I 1A] 6 h. '"H NMR (400 MHz, CDCls) 6: 8.62 (s, 1H), 8.08
(d, J=8.6 Hz, 1H), 7.96 (d, J=7.9 Hz, 1H), 7.88 (d, J=
8.5 Hz, 2H), 7.56 (dt, J=17.9, 6.9 Hz, 2H), 4.45 (q, J=7.1
Hz, 2H), 1.45 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCls) d: 166.80, 135.47, 132.49, 130.95, 129.34, 128.16,
128.09, 127.75, 126.59, 125.26, 61.12, 14.41; IR (film) v:
3574, 2927, 1728, 1496, 1453, 1388, 1219, 1133, 1082,
897, 714 cm™'; MS (EI) m/z: 150, 108, 91, 90, 79, 43.

2-MLmE AR 4 BR (3Rl ik, 2 82%, MV
¥ 1E 6 h. '"H NMR (400 MHz, CDCl;) §: 8.57 (d, J=5.6
Hz, 1H), 7.95 (d, J=10.2 Hz, 1H), 7.66 (t, J=9.7 Hz, 1H),
7.36~7.22 (m, 1H), 4.29 (q, J=7.0, 5.2 Hz, 2H), 1.25 (t,
J=8.5 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 165.02,
149.67, 148.04, 136.87, 126.71, 124.93, 61.74, 14.17; IR
(film) v: 3059, 1718, 1614, 1468, 1439, 1308, 1174, 1107,
1022, 874, 755, 692 cm™'; MS (EI) m/z: 151, 107, 79, 51,
29.

W5| W -5- H R 2L Tig (3s)U9): 3k o ([l A4, IR 75%,
SN A 6 h. mp. 96.5~97.5 C (Lit.I'! 96.5~
97.5 °C); 'H NMR (400 MHz, CDCl;) J: 8.53 (s, 1H),
8.43 (s, 1H), 7.92 (d, J=8.5 Hz, 1H), 7.39 (d, /=8.6 Hz,
1H), 7.30~7.23 (m, 1H), 4.40 (q, J=7.1 Hz, 2H), 1.41 (t,

Chin. J. Org. Chem. 2023, 43, 2855~2863



Chinese Journal of Organic Chemistry

J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 167.86,
138.38, 127.44, 125.51, 123.69, 123.35, 122.22, 110.70,
103.96, 60.62, 14.45; IR (film) v: 3401, 2911, 1699, 1637,
1586, 1413, 1248, 1109, 1028, 687 cm '; MS (EI) m/z:
189, 174, 161, 144, 116, 104, 89, 63, 29.

MR R OBR@EH2: A aEE, W 77%,
SN E] 8 h. m.p. 42~45 ‘C (Lit.??*! 44~45 C); 'H
NMR (400 MHz, CDCl3) J: 8.09 (s, 4H), 4.39 (q, J=7.1
Hz, 4H), 1.40 (t, J=7.1 Hz, 6H); 3C NMR (100 MHz,
CDCl3) J: 165.84, 134.13, 129.44, 61.39, 14.26; IR (film)
v: 3424, 2987, 1688, 1567, 1516, 1453, 1368, 1279, 1153,
1098, 778, 754 cm '; MS (EI) m/z: 222, 194, 177, 166,
149, 121, 104, 76, 50, 29.

R R lE(4a) ) TR, E 82%, S
/6] 6 h. '"H NMR (400 MHz, CDCl;) é: 8.03 (d, J=7.8 Hz,
2H), 7.53 (t, J=17.3 Hz, 1H), 7.41 (t, J=7.4 Hz, 2H), 3.89
(s, 3H); *C NMR (100 MHz, CDCl;) d: 167.07, 132.87,
130.14, 129.54, 128.33, 52.04; IR (film) v: 2956, 1718,
1574, 1463, 1438, 1419, 1280, 1186, 1088, 836, 667 cm !;
MS (EI) m/z: 136, 105, 77, 51.

KR BE(4b)): Tk, 1 79%, KRIBIET
] 7 h. 'TH NMR (400 MHz, CDCl;) 6: 8.04 (d, J=7.7 Hz,
2H), 7.52 (t, J=7.3 Hz, 1H), 7.41 (t, J=7.6 Hz, 2H), 4.27
(t, J=6.6 Hz, 2H), 1.77 (q, J=7.1 Hz, 2H), 1.01 (t, J=7.4
Hz, 3H); 3C NMR (100 MHz, CDCL3) J: 166.62, 132.76,
130.51, 129.50, 128.28, 66.48, 22.10, 10.48; IR (film) v:
3008, 1716, 1603, 1567, 1476, 1453, 1378, 1279, 1173,
1098, 917, 673 cm ™ '; MS (EI) m/z: 123, 105, 77, 51.

2K R IE O (40)PY: TREmE, IR 71%, KM
it 8 h. '"H NMR (400 MHz, CDCls) &: 8.01 (d, J=7.8
Hz, 2H), 7.45 (d, J=6.6 Hz, 1H), 7.36 (t, J=6.9 Hz, 2H),
426 (t, J=6.5 Hz, 2H), 1.74~1.65 (m, 2H), 1.38 (s, 2H),
1.28 (s, 4H), 0.86 (s, 3H); 3C NMR (100 MHz, CDCl;) ¢:
166.55, 132.70, 130.52, 129.48, 128.24, 65.04, 31.45,
28.67, 25.69, 22.53, 13.96; IR (film) v: 3091, 2861, 1781,
1492, 1466, 1365, 1340, 1155, 1008, 992, 953, 806, 675
cm'; MS (EI) m/z: 123, 105, 77, 56.

KR 7 A BR(Ad)2Y: Bk, IR 75%, &M
iF1H] 9 h. '"H NMR (400 MHz, CDCl;) J: 8.04 (d, J=7.9
Hz, 2H), 7.52 (t, J=7.3 Hz, 1H), 7.41 (t, J=7.6 Hz, 2H),
525 (p, J=6.3 Hz, 1H), 1.36 (d, J=6.3 Hz, 6H); "*C
NMR (100 MHz, CDCl;) d: 166.05, 132.67, 130.86,
129.47, 128.23, 68.27, 21.91; IR (film) v: 3096, 1719,
1468, 1278, 1106, 107, 851, 675 cm™'; MS (EI) m/z: 164,
123, 105, 77, 59.
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S RUCT HE 2 F RS S (4e)24): BBk, IR 73%,
SN EFTE] 6 h. 'H NMR (400 MHz, CDCls) §: 8.03~7.98
(m, 2H), 7.51 (t, J=8.0 Hz, 1H), 7.40 (t, J=7.6 Hz, 2H),
1.60 (s, 9H); 3C NMR (100 MHz, CDCls) d: 165.73,
132.40, 131.99, 129.39, 128.15, 80.88, 28.17; IR (film) v:
3568, 2956, 1728, 1447, 1426, 1313, 1827, 1192, 1053,
897, 714 cm™'; MS (EI) m/z: 123, 105, 77, 51.

A-THR R R T BR(4D>S): B E Ak, R 76%, &
i E] 10 h. mp. 107.3~111.4 C (Lit.*® 107 ~
110 C); 'H NMR (400 MHz, CDCl;) d: 7.76 (d, J=6.9
Hz, 2H), 7.68 (d, J=6.8 Hz, 2H), 1.58 (s, 9H); *C NMR
(100 MHz, CDCl3) d: 16521, 137.45, 131.43, 130.92,
100.03, 81.45, 28.11; IR (film) v: 3438, 2969, 1606, 1507,
1386, 1253, 1148, 1019, 977, 834 cm .

A4- TR G AU T i (4g)20): B OBAK, IR 74%,
SCNEFTE] 10 h. 'TH NMR (400 MHz, CDCls) §: 7.84 (d,
J=8.3 Hz, 2H), 7.54 (d, J=8.6 Hz, 2H), 1.58 (s, 9H); 1*C
NMR (100 MHz, CDCls) d: 164.99, 131.46, 130.99,
130.87, 127.42, 81.47, 28.14; IR (film) v: 3445, 2953,
1608, 1517, 1386, 1253, 1178, 1009, 957, 854 cm "

4-FREZE AU T R (4h)20): ek, R 72%,
SNEFTE] 10 h. 'TH NMR (400 MHz, CDCls) 0: 7.91~7.86
(m, 2H), 7.21 (d, J=7.9 Hz, 2H), 2.39 (s, 3H), 1.59 (s,
9H); 3C NMR (100 MHz, CDCl;) d: 16591, 142.94,
129.43, 129.26, 128.88, 80.67, 28.22, 21.61; IR (film) v:
3438, 3064, 2112, 1942, 1857, 1768, 1592, 1299, 1053,
864 719, 697.

KRR TG (402 Ak, HEN MO
Big) @ VCAME)=1 : 20]. Y% 74%, MEFAE] 7 h. m.p.
68.5~71.2 “C; 'H NMR (400 MHz, CDCl;) J: 8.21 (d,
J=9.1 Hz, 2H), 7.64 (t, J=7.4 Hz, 1H), 7.52 (t, J=17.7
Hz, 2H), 7.44 (t, J=7.9 Hz, 2H), 7.28 (t, J=7.5 Hz, 1H),
7.22 (d, J=8.5 Hz, 2H); 3C NMR (100 MHz, CDCl;) ¢:
165.21, 150.94, 133.59, 130.18, 129.56, 129.50, 128.58,
125.90, 121.72; IR (film) v: 3053, 1729, 1596, 1487, 1463,
1442, 1284, 1172, 1053, 1008, 752, 683 cm '; MS (EI)
m/z: 105, 77.

KERREE ). Ak, HET MRS
Big) @ VCAE)=1 : 20], Y% 68%, KMNHf[E] 8 h. 'H
NMR (400 MHz, CDCL3) 6: 8.12 (d, J=7.8 Hz, 2H), 7.58
(t, J=7.4 Hz, 1H), 7.49 (d, J=7.4 Hz, 2H), 7.43 (dd, J=
14.4, 7.6 Hz, 4H), 7.38 (d, J=7.2 Hz, 1H), 5.40 (s, 2H);
13C NMR (100 MHz, CDCl:) 6: 166.45, 136.09, 133.07,
130.16, 129.74, 128.64, 128.41, 128.28, 128.21, 66.71; IR
(film) v: 3064, 2967, 1708, 1667, 1486, 1453, 1348, 1219,
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1153, 1088, 807, 674 cm™'; MS (EI) m/z: 212, 105, 91, 77.

LR TR (4R L EWE, HEN LR
fig) @ VCAhE) =1 : 20], YZ 76%, KRSETE 8 h. 'H
NMR (400 MHz, CDCls) 6: 7.37~7.33 (m, 5H), 5.12 (s,
2H), 2.10 (s, 3H); 3C NMR (100 MHz, CDCl;) d: 170.80,
136.01, 128.57, 128.27, 128.24, 66.27, 20.96; IR (film) v:
3068, 2963, 2891 1948, 1607, 1586, 1494, 1395, 1219,
1078, 1018, 980, 907, 824, 686, 578 cm '; MS (EI) m/z:
150, 108, 91, 90, 79, 43.

IR IR CLE R (4D>Y: TEalk, HENTN LR
CE8) D VAR =1 : 20], 1% 53%. '"H NMR (400
MHz, CDCls) d: 8.00 (d, J=7.4 Hz, 2H), 7.43 (t, J=7.3
Hz, 1H), 7.33 (t, J=7.6 Hz, 2H), 4.97 (s, 1H), 1.85 (s, 2H),
1.68 (s, 2H), 1.52 (d, J=9.7 Hz, 3H), 1.38~1.22 (m, 3H);
3C NMR (100 MHz, CDCls) d: 165.69, 132.55, 130.95,
129.43, 128.15, 72.79, 31.54, 25.43, 23.58; IR (film) v:
2937, 1715, 1585, 1372, 1360, 1277, 1238, 1195, 1159,
1112, 1070, 1038, 1002, 943, 839, 711, 677 cm ™ '; MS (EI)
m/z: 123, 105, 77, 55.

KRG I R (4m) 20 ot iliik, R 84%, M
1A 6 h. '"H NMR (400 MHz, CDCl;) J: 8.06 (d, J=8.2
Hz, 2H), 7.55 (t, J=7.4 Hz, 1H), 7.43 (t, J=7.7 Hz, 2H),
6.03 (ddt, J=16.3, 10.5, 5.6 Hz, 1H), 5.40 (d, J=17.2 Hz,
1H), 5.28 (d, J=10.4 Hz, 1H), 4.82 (d, J=6.6 Hz, 2H);
3C NMR (100 MHz, CDCls) d: 166.24, 132.98, 132.22,
130.13, 129.62, 128.36, 118.20, 65.53; IR (film) v: 3072,
1722, 1602, 1584, 1413, 1361, 1160, 1027, 996, 846, 675
em ' MS (EI) m/z: 162 , 117, 105, 77, 51, 39.

2R H IR BRI R (4n): B R, R 87%,
i) 6 h. "H NMR (400 MHz, CDCls) 6: 8.08~8.02 (m,
2H), 7.54 (t, J=7.8 Hz, 1H), 7.42 (t, J=17.5 Hz, 2H), 4.90
(s, 2H), 2.53 (s, 1H); C NMR (100 MHz, CDCls) o:
165.75, 133.33, 129.79, 129.36, 128.43, 75.10, 52.44; IR
(film) v: 3069, 1604, 1567, 1416, 1353, 1153, 1019, 987,
682 cm™'; MS (EI) m/z: 160, 131, 115, 105, 77, 63, 51, 39,
27.

IR IR IR (Sa)B30: B B [ A, WLEE 74%, SO
/] 6 h. m.p. 48.7~51.2 C; 'H NMR (400 MHz, CDCl;)
5: 7.33~7.25 (m, 2H), 7.16~7.06 (m, 2H), 3.73 (s, 2H);
3C NMR (100 MHz, CDCls) 6: 174.13, 154.68, 128.87,
124.63, 124.09, 123.04, 110.77, 32.98; IR (film) v: 3057,
1782, 1723, 1618, 1478, 1389, 1223, 1013, 886, 825, 774,
762, 674,493 cm™'; MS (EI) m/z: 134, 106, 78, 51.

1,2-2K I AL IR ER (5b)B: 3K, IR 76%,
SRS TE] 6 h. 'TH NMR (400 MHz, CDCls) d: 7.21~7.11
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(m, 2H), 7.04 (d, J=6.1 Hz, 1H), 6.95 (d, J=7.8 Hz, 1H),
2.92 (s, 2H), 2.73~2.66 (m, 2H); 3C NMR (100 MHz,
CDCls) d: 168.57, 151.93, 128.06, 124.37, 122.68, 116.81,
29.15, 23.62; IR (film) v: 3044, 1774, 1612, 1588, 1489,
1460, 1349, 1282, 1192, 1033, 941, 744, 468 cm '; MS
(EI) m/z: 148, 120, 106, 91, 78, 51, 39.

4,5- R I[P S H-2(3H)-H (5¢)24: # (A4,
R 62%, [NEFIE] 6 h. 'TH NMR (400 MHz, CDCl;) J:
7.16 (t, J=7.5 Hz, 1H), 7.10 (d, J=6.6 Hz, 1H), 7.05 (t,
J=17.3 Hz, 1H), 6.95 (d, J=7.9 Hz, 1H), 2.69 (t, J=7.2
Hz, 2H), 2.35 (t, J=7.2 Hz, 2H), 2.06 (p, J=7.2 Hz, 2H);
3C NMR (100 MHz, CDCls) d: 171.76, 151.67, 129.99,
129.69, 128.25, 125.91, 119.15, 31.01, 28.13, 26.48; IR
(film) v: 3054, 1768, 1616, 1584, 1486, 1453, 1337, 12869,
1193, 1086, 785, 464 cm !

4 Bh#4 %] (Supporting Information) 4L 22840 [t W7
(IR AR 22 MR LA K 7= 3.4 FT'S [f) 'TH NMR. F NMR
AT 3C NMR 353X ek a] DL G 9l AT 35 (http:/
sioc-journal.cn/) b F %K.
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