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The study on synthesis of salicylic acid derivatives

and their herbicidal activity
SHANG Jinhai, LIU Zhuoqun, LIU Qian, YU Yishan, FAN Runpeng, LI Pan

(School of Pharmaceutical Sciences and Food Engineering. Liaocheng University, Liaocheng 252059, China)

Abstract  Salicylic acid (SA), as a key regulator in plants, is of great significance for plant growth regula-
tion. In this study, 18 SA derivatives were synthesized around the hydroxyl and carboxyl groups based on
the structure of SA, aiming to explore new herbicides by regulating the SA signaling pathway. In the pre-
liminary screening of oilseed rape and barnyardgrass seeds at 10 ug/L and 100 pg/L, SA-1 and SA-8 were
found to inhibit the germination rate of weed seeds in a small-cup-and-pan-dish experiment. In order to
further verify the inhibitory effect of SA derivatives on root length, apple seedlings were treated with
10 pg/L, and it was confirmed that SA-1, SA-2 and SA-8 had significant inhibitory effects on root length.
The results showed that SA-1, SA-2 and SA-8 exhibited superior herbicidal activities compared with SA,

and the herbicidal activities of SA-1, SA-2 and SA-8 were also tested in a scaled-up experiment, in which
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oilseed rape, amaranth, barnyardgrass, and marestail were sprayed at the doses of 375 g/ha, 750 g/ha,
and 1 500 g/ha. The results showed that SA-1, SA-2 and SA-8 exhibited superior herbicidal activities com-
pared with SA. In this study, SA-1, SA-2 and SA-8 were selected as three compounds with significant in-
hibitory effects on weeds by taking SA signaling pathway as the entry point, which opens up a new path
for the research and development of new herbicides.

Keywords Salicylic acid; derivatives; hormones; herbicidal activity
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ik (iE I 200~300 H) (Qingdao Makall Group Co.  HHEF &) . A9 EEL K A7 R H S (Bide Pharmatech

Co. » Ltd. 1 [® L. BD139642-100g) Ml 2-Z it A 2 7% {1 2 (Bide Pharmatech Co. . Ltd. 1 [ [ .

DSX031), 7K #% M2 ( Tianjin xiensi biochemical technology co. Ltd, Tianjin, China, NO: 100 4+

S01171KFDD) . il AV-500 Y63 X (Bruker, Billerica, MA, USA) , £ — H 3£ 7 # ( Dimethyl Sulfoxide,

DMSO)IE W » LAY F 3L fif 458 ( Tetramethylsilane, TMS) 4 R AR, 405178 500 MHz #1125 MHz F 3k

fa HOGIEAE C Otk AL2# s AT TMS 1 6 {H ..

L2 ik

L2.1 Agsdmax, HITHE—RIVKGIRATAEY (SA RIDNE RS TITE 1. PRI,
iS5\

SA-1. R=4-Methylbenzyl; SA-2;: R=4-Chlorophenylethyl; SA-3. R=4-Fluorophenylethyl; SA-4. R=Cyclopentyl; SA-5: R=n-Butyl; SA-
6: R=Phenylethyl; SA-7. R=Benzyl; SA-8: R=4-Methylbiphenyl; SA-9: R=2-Propyl.

2 B

SA-10: R, =n-Butyl; SA-11: R, =Dodecyl; SA-12: R, =4-Todophenyl; SA-13: R, =n-Heptyl; SA-14: R, =Decanyl; SA-15: R, =4-Methyl-
1,17-biphenyl; SA-16: R, =n-Hexyl; SA-17: R, =n-Octyl; SA-18: R, =2-Naphthyl methyl.

FE 1. HbrEEY SA-1 3| SA-18 I-& g2k
1.2.2 DAR-Pamstgh, BE/KBUE SR BERTHZEIRAKIR ML 12~24 h(fE B O . LG SA-1 &
SA-18 % T DMSO, Bt & DMSO 125 I AR IR . BARSCIHAE L BRI T

(1) XPiERp B, @b BRI A 73 s i 7E 100 ul. DMSO Hr, i A LI i — 80 Jf-431
FEARH Hl A TR 10 pg/L M 100 pg/L MIFLIE . FHAH R & 7K . DMSO Flnt i —80 MR &YI1EN
SRR, ORISR ZE K TR 4 by ARG TICEAE 6 em SR IMLAP AYIELR |, Bisem Hd A 2 mL Hbrfb&
YIRS T HU 15 RLAs o R E A, MR RIS TREE DL 7E 28 £ 1 °CF AR 72 h, Wi
BRI B AR AR B IR A . AR AT =k X S il R A S
P 0D = Cof R PSRRI 32 1 B W A BE 1) 11 SRARAS BE) /X6 BRI 1 SR <100 %6 . Bl 3R 5%t
R ALAH Fb R B S 05 0 B 43 L L o as o BB A0 0. BRI AR UEA T — X = A0

(2) XKBE AL RE, 8 HEs G Y0 0 e 100 pl. DMSO Hr, I AL i — 80 43 HL7E
K il AR B 10 ng/L A1 100 pg/L WFLWE. o FH AR [R] 6 14 7K . = B 2 B 56 % ( Dimethylformami,
DMP) 1kl — 80 MVEA WE XTI, BB A T A —> 50 mL AT 5L M L 355 — 2B ERIK
A — TR UEAR, A 5 mL MR AT . B RE L R B R L ER AR (28 £ D CTR RS
72 h, M AEAFR A ARS8 B ARG SR A, s e v A A 2R AR ER () =
Ot R 1) 8 - T 32 A 5 AR B / %6 BRERR B 11 1 B2 X100 %6, #0430 LU TR G4 . 3 S84
R T 55X REZHAH bE o /R BR R0 9 A b il e s o BRAGBh 0. BN IAER A T — X = A0
1.2.3 AR, HERLFTIEHIEREE —)2, 0 10% R SRS F 7, 52K, 28 °C, B
7 min, L& =L ZJE A 75 %K 100 mL, Al 1 iR 20, W66 40 s, JCH K FR e 6~8 W, MR /K JE 4%
WK A KRR R 8.5 o/ L MIBRAR AR I, B, A OIS, BARE, 4 °CL 2R 40 KI5 . B E R4
25 C, LM 16 h, 2BHEE 8 h, B L5 . BB E RN S 2R R 10 pmol/L MS R 36, T 555 3 J8 . W
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Fig. 1 Structure of SA derivatives
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P¥LR B(SA-10 2 SA-18) : LA 2- LWt AR R FIERAL 5 W o JEORE 3l W 20 R 5 . 5. 5L
JiEH L NS N-Z R 3L e (DIEA) B, 2-(7- 2485 = 2m)-N, N, N, NP B RS il iR & (HA-
TU W41 G 5 2- £ Wk S 28 W IR K As 0k B 40 65 S g A2 8 v T 4 5 B vl D) 4 A Btk 72 47
(K, COy) 1Y P BEIK WK 8B BARE S SA-10 2 SA-18(H B W IT % .

firf BAMES IR Z5F 2 ' H NMR ¥ C NMR i 20 #E o (HRMS) B 1E , S 3% Wb 7844 ) ]
S1.S2 Fl S3., ZREM, fr & UL & WAL =450 5t BAR—20 IR A U L rT A v R ] Sk
2.2 DAL U0 T kG A5 0

T gk /NPT IS 56 DA H SR 2 28 S IR 1 8 B R PPA 4 B, X 18 i SA fif AW 7E 10 pg/L il 100
ug/L VR MIBR FIEPEUEA PO e (LA SR SA SN D L 85 R R 76 10 pe/L WREE T, WA 2(a), SA-1
SA-8 WPIHISERN - 25 AR 1 o B A I ROR 135, Forh SA-1 XS & 2R I i 23k 38, 526 (P <<
0. 05) XTRRARL 1 e M i %835 35, 300, SA-8 BYIIHIZR 4351k 59. 1% F1 64. 8% ¥ W EHT SAGMHIH7
BR 8. 1% M 6. 9% KA AYS SA MG #2576 100 ng/L WE T, a1E 2(h),SA-1 fl SA-8
o TSR 400 o) 2% 07— 2B 4 H B E LT SA XFIRZ, 40 SA-1 XM K AER R R ET =
71406 TR AR FEA 72, 900, SA-8 BYAMEIER S B R 99. 1% F 99. 3%, St I BE ARSI 1 5k
P, TR, SA-1 Fl SA-8 FEARMREE T BRI ELA L 5 BRAE G 1 . HLBEHR B2 S il gOr W & 48, A i —
I e R R T T

H: () ALEWITE 10 pg/L BT XS ABR R A0 1 5 (b) AbAWILE 100 pg/ L #k BE R Xl A
PR (R A
2 IMARFEIEIER
Fig. 2 Results of the small cup flat plate experiment

2.3 LA YA R S 2 o 1 Ry
R EPEAS SA AT A W0 ST AR A R RCR A3 R K A e R E S 10 pg/L
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2P A R B RV E AT, EEERPUON IR K G AR R A2 B . 5% IR LE b PRZH 4y i A9 T2 AR
FORE AN AR i 24 {0 20/, AR A A KRGS i R s, o, SA-T B AICR fohy 2. SR 2 2R
HE—HPAIESE, SA-1.SA-2 il SA-8 X XU MHAE I HUHR 2 % 15 HATRp S A i = o DR A S I3 e 70 4 10
T S A

2 () AR SER AT R IR RCR R RE; (b) A WX SR H S8R AR 1,
3 EYMERDENIEIHRE
Fig. 3 The inhibitory effect of compounds on apple seedlings
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S UHGF  E 1AT WP 3 L D0 3E B R | O 2 A 2 R A A s R A B LR S
1), ZEREIR,375 g/ha FIEE T A0E 4(a) . SA-1.SA-2 Fl SA-8 X B F 30l M VE AT . Horh SA-1 %
R KL GHEE TSR AIE R 70%6.61%6 .85 % .48 % - SA-2 AU K 83%.80%6.80%.35% - SA-8 4}
WIh 73%.37%.81% .56 %3750 g/ha FH T, WK 4(b) . SA-2,SA-5 Fll SA-8 RYKRFLIE T B Z 3 T1, 24
HIRCRAL TRt A 2T, SA-2 X6 By FE A K LA S0 221408 8506 - SA-8 Xl i Al Ot S i 4 il 32 43 3138 89 %%
A1 72% 51 500 g/ha T Q1K 4(0) , SA-1 F SA-2 BRECRURIE— 203808 , 5T 38 Sl bk L SA-2 Wi
IR KB SR A I R4 B AR 100%6.95%6.93 %6 .85 % » SA-1 Xif T Ji I =8 A9 30 1 2R 43 Sl ik 9296 AN
90% . SLHEFHA,SA-1.SA-2 Al SA-8 FEAR[RIFI & FHRIMHML T RIE SA MBREIG M, Hh SA-2 76 m 7
X R A R T 5 A R 1 AR R R R A0 7 3R R AR Bl Sy J 5 [ g FH VR B A Ak
R T EESE,

TE: () 375 g/ha #li FALA YA B E KR ISR SESRE A3 25 (b) 750 g/ha )i T A& 4 X 25 KL il S L D S g ol
;5 (o) 1500 g/ha il A ERE KB IWSE . SESRMAN 3 5 (D BREE MRk Gl s, JE3%, M6, B JH 5L, 375 g/ha, 750
g/ha, 1500 g/ha) A,
B4 UEWERENRER
Fig. 4 Results of the compound activity test
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SRHEIREERE AL PR L B S A B R WA A M — RS S T B A S
FURALHG G AR R 02 BT 5 A AR S SR DR 12 180 0 38 Sl A3 v 2 4 2 88
PR AT AR B A L ST AR SR S Ak A KA R A 2 £ R A L 25 B B B R T 4
M ARBIFOE SRR 18 R BRI (SA-1 % SA-18)  Hhdr B4 LI A by i WA 6 J50R) , 2
WA A AR KA B A TR A K R (R B S ST R KR40 T i SR T 7 R, W
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E AR AR T R A7 642 X SZEMAT S R I G “ IR TREARGE Y BB A A B 7 550 4 R i —
B P BIE T %A ORI EAR P AL e & s

TP BEZE SR SR . SA-1.SA-2 Fil SA-8 ZEARHE (10 pg/1) F BIAT S & 0k Ih Se A1 & 2F R F AL B g
B HAMGIBOR B & 2 100 pg/L RFE OB 3R, 100 ng/L HREETT SA-8 X i3 B Y 4 il
RPN 2, 4-D, 2B BR RO M A AUELAT Ve st | 38 HL A 3 v AR B R AV T . X — TR AR P
fiE5 Han S5M Y HRHE 0 B 2800 A P 18 50 B9 (R B A4 J 0 S8 TG 1 2514 7R SA ik
A REIE o SRR R R4 2 R A PR ST E I R R RSO . SR RIS — 0 R B, 3 Pk &
SRR AR % 75 B I8 ik 3 . X 5 Rawat S50 R B “SA {5538 i 57 % & FEBUR R0 A A 205
TR RIS B SR AR DL AT 68 5 T AR 2 4325 20 2005 Pk SO W 8 3R 14 AR DG S fige Br FLBR 73 1
AT HLRI AR A T kA0

BB P Y AN [R5 B R A S R B 22 AR I R B A 3 - TRl (750 g/ha) T, SA-8 X XL+
M2 B AR 2,4-D M2 m 7Rl (1500 g/ha) T, SA-2 SR AMEPR T 2,4-D, X— & B 517 A
R IKAGRRATT A WY BR B0 M AR 58 45 R BB A AL A, SUR BB R . S5 G0 KRR A= ) (i oK
WRTR H L ABFIE I SA RIS WITEVE G 7 L3RBT B 3 sk Pk 22 5 X 5 Li S8 4G
K BRBEZET T B SRR I 0T HE B SR T Wang 25700 6T G5 M6 1 m 8 i [ A0 B 3k A 0L L 3
D B PR 22 S U8 TG A ) 43 rh B RBRE A 2 ) 254 5 v 12000 i SA-8 H iy 4-H LB R FL A AT
REHG SR T X XL 2 FEEEAR B SRR T L T SA-2 TR 4-500K 2 R W B ) 5 B i 24 B Y FEAR 25 5
MAEFHLEIRE  ARAFTE T SA-8 XTI A7) e 2 M -5 Sk b ) AR SRR R B3 (N 2,4-D) 1)
PRI B T A O BE R AR T — B G ORBFE P 10 pg/L vs 3CHkH 100~1 000 pg/L),
X—EHATREIE T SA RiAEWRIE T SA {5538 B 5 A K ME M EK A B a7 Fedk M1 ebR =51
14 2 —ROARAE 3% 55 Miyuki ' B 223 R s mT AR BR R RO B A B — 3. AR E AT
S, SA-2 FE) T RETG MY 1 54K Jiang SFUHHR A CRAURHIE BRI S S EY A NS
SEFF R IR B A A RIS T O . 5 B R R KA R A PP I TR (AR I ) A L, AR
FEAA W2 IR H T A AR e o PR 9 AR VR R FH O S 75 T R TR T 43 T 4540
51 AP TR Rl o A 6 25 A i e AT 18 3 1 o 2 495 A K SR s 1 TR BB 77 53X 15 Bai %5 MY 56 “BiaK M
ARETHEE Y SRS SR80 eI —3 ., SR, 5 K ZHORGE KR A P A TR AR 5T 1 4k
EWTEAM IR 2R E 7 T I R AR B SA-1 b PR S S SR p AR L5845 & 7 - I 7 ] BB
FEHTHIVE FIRE A AR R R A FRA IR 20 X S e LTI DR 41 7 8 205 1), Ji5 2L Al o 7 5
PO e SA AT AE PP 25 57 32k 0 S R, 11— 20 67 G B A A5

INEE R -5 G 2R (SAR) A0 ARTFFE T SA-1 Al SA-8 23 T 5| ARG IR B b B B 4 Tt T e
TP 100 pe/L WREET SA-1 XHMSEAM S Z (71, 40 BARBMIR SAQ12. 52O 8T 6 f5. X — & ;5
Sule S5 56T “Ri Ik A nT S8R B e AL BT IOBESE 51 A . TRARKE SR 5 A PT RESE i LT
FROLHI AR - (D3GR S P REME (LogP (HEETF 0. 8~1. 2) A2 i LIS LB HiBE 7 , X 15 2 MR 7o 7
R 1 1 SR MR VA PEAR T AN 2B VE A AR FIRLRI S 5 (2) BB 43 F 28 IR 42, (il RS DR L T ) 5
AR RIS ME DS 6 X — BRI TR 2 — P 7 F X5 (A5 SA Z R 1 NPR1L X2 I DA%
WE, (HAFEE AR SA-8 YR IHAE ) 1 £ 1 W] A 5 HORAE B FEAE ¢ —— HrF i i
KHEE(C15) % SA-1(C1O)F K, i BE T 5 DG it LI % AR 2R (A K 1148 X — LA 7E. Aswani %575 X
AEAERIRAEBR RN AT A S RHRE AR B 12~16 BEXTXCF I B ik B i fE . SA-2 43
- A e BB RE U Jr B LE AN [R] R/ IABE X, 1 500 g/ ha F1) 37T X6 B~ RIORL - 2 R S5 A e s o) G
R 85%0~10026) » HEM e KL T L2 S 26 5 Z AR 1 (A SA fF5 B iy PR VAR RS
FEHY ARF 555t RO R e MESE 6 X R 28 SR IR 5 © RN ALLS 006 7] Chn il 15 JIR 288 B 50D 1 B
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— O S AT A DX S B AR5 R A o7 R B T B TR RS A S AiAE SA-2 SR
JHle 3 5 R I RE 25 (0. 8 ) IR AV AL ARF #5 5 PR 1 WA 25 5 IR 1 X — 45 F4 R 1 o] BB 2 HL i 0 1
A CEE . R EAOCTE ISR - SA-2 AT T G PRI FH AR A AR 5, i 7R LT RBAE FH AR W 26 B IR i ¢
SHETT A CANB R 55 28 S I AR AL L RD L 3 S BURBR BRI B R < 28 T30 B M —580 h
il DRA 235 o 2 750) DR — BB S BB 245 1 IR TR &R

25 b RIS E i R A AR BR FR) 2, 4-D VE N BHPEXT B, ERMAHBIESE T SA-1,.SA-2 Fl SA-8 AYBR G
P HAETR MR / I RIS RS AR SR S AR RCR , AR R e Bk ]
PRSI =R G P L st S B E ) T B BB R O R BB A . RkIESE
ATEZELL R A BT (1) 5804k . 36 F SAR 20 #T, b — 25 3 BRI i 2 0 55 007 1 (AN . SA-8 ik
B DA T X B R RIS M) L SR AL A W R ) M S PR AR E 5 (2) VR FAILTI AT < 8 A B BT 2
R AR, BT SA A9 5 $EhR 8 1 A AE B4R P B Or 2% B AR 38 6 A 52 I 5 (3D PR JRURS: 1741 - 3k
A G 7E 135 v () R itk 23 X R A A B CAn 8 i L i 05D () BE 1 L DEAS A A2 bl X Be R SR ik
SA [ AP 1) 7 M AR 5 A, Ry el Az 7 v i 2 B B 4 R (AL 1) S B 55 0 o i A

3 4

AMHFELL SA FpBEA B X H R 5 R I TP 4 G U 2, WD il 25 18 A SA i tEW . HirG k&)
ik 'H NMR.”C NMR & HRMS i, i 2 B Beis PR 3, SA-1.SA-2 Fil SA-8 =FifiTEH
FIGEH ARV SE (10 pg/1) T A 58 P03 5 BB R 1 & SRS A B AR A K 5 =5 77 5 (1 500 g/ha) B X6
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The study on synthesis of salicylic acid derivatives
and their herbicidal activity

SHANG Jinhai, LIU Zhuoqun, LIU Qian, YU Yishan, FAN Runpeng,L.I Pan

(School of Pharmaceutical Sciences and Food Engineering , Liaocheng University, Liaocheng 252059, China)

S1 SA iTEMMZESILE (M _EBI TR Z SA-1 E SA-18)
Fig. S1 NMR hydrogen spectra of SA derivatives (From top to bottom, SA-1 to SA-18)
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SA-18:2-((2-=EFE) S EFER) X HES (2-( (naphthalen-2-ylmethyl) carbamoyl) benzoic acid)

S3  SA fiTEYIRI L RIEE (M _EZI TR 2 SA-1 = SA-18)
Fig. S3 NMR mass spectra of SA derivatives (from top to bottom, SA-1 to SA-18)
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SA-1: 2-((4-FETE) &)X FE (2-( (4-methylbenzyl) oxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 10.80 (s, 1H), 8.13 (dd, J = 7.8, 1.9 Hz, 1H), 7.48 (td, J = 7.8, 1.9
Hz, 1H), 7.25(d, J = 7.8 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 7. 11~6. 99 (m., 2H), 5. 18 (s, 2H), 2. 31 (s,
3HD. "C NMR (126 MHz, CDCly) 8 167. 29, 156. 65, 139. 26, 134. 97, 133. 56, 131. 23, 129. 84, 128.10, 121. 94, 116. 73,
112. 28, 71. 38, 19. 91,
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SA-2: 2-(4-8FK Z B E ) X B (2- (4-chlorophenethoxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 10. 54 (s, 1H), 8.11 (d. J = 7.8 Hz. 1H), 7.52 (t, ] = 7.9 Hz, 1H). 7. 30
(d, J = 8.0 Hz, 2H), 7.21(d, J = 8.1 Hz, 2H), 7.09 (t, J] = 7.6 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 4.42 (t, J
= 6.5 Hz, 2H), 3.17 (t, J = 6.5 Hz, 2H). "C NMR (126 MHz, CDCly) & 165. 81, 157. 32, 135. 18, 134. 99, 133. 71,
133. 04, 130.15, 129.10, 122. 22, 117. 88, 112. 58, 70. 22, 34. 81,
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2491168 2500067 2529863 253.811
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SA-3: 2-(4-FZE Z S5 ) % H 8 (2- (4-fluorophenethoxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 10. 58 (s, 1H), 8.07 (dd, J = 7.8, 1.9 Hz, 1H). 7.46 (ddd. J = 8.8, 7. 4,
1.9 Hz, 1H), 7.23~7.10 (m, 2H), 7. 04 (t«d, J = 7.6, 1.0 Hz, 1H), 6. 99~6. 88 (m, 3H), 4. 37 (t, J = 6.6 Hz,
2HD, 3.11 (t, J = 6.6 Hz, 2FD.""C NMR (126 MHz, ) § 165. 44, 163. 01, 161. 06, 156. 76, 135. 59, 133. 85, 132, 22,
130. 24, 122. 33, 118. 42, 116. 00, 115. 83, 113. 14, 70.47, 34. 03,
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SA-4: 2-TR K EE Z BB (2-( cyclopentyloxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 11.13 (s, 1H), 8.17 (dd, J = 7.9, 1.9 Hz, 1H), 7.54 (ddd. J = 8.7, 7. 4,
1.9 Hz, 1H), 7.19~6.89 (m, 2H), 5.09 (tt, J = 5.6, 2.5 Hz, 1H), 2. 10~2.00 (m, 2H), 1. 97 (ddt, J = 14.2, 7.
7, 3.9 Hz, 2H), 1.91~1.79 (m, 2H), 1. 74 (dtt, J = 11.9, 7.2, 4.3 Hz, 2H).,
"C NMR (126 MHz, CDCly) & 165. 55, 156.55, 134. 84, 133. 74, 121. 87, 118.18, 113. 83, 82.73, 32.89, 23.72,
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SA-5: 2-T RE K HE ( 2-butoxybenzoic acid)

"H NMR (500 MHz, Chloroform-d) & 8.14 (dd, J = 7.8, 1.9 Hz, 1H), 7.55 (ddd, J = 8.9, 7.3, 1.9 Hz, 1H),
7.27~6.87 (m, 2H), 4.25 (t, J] = 6.6 Hz, 2H), 1. 94~1.83 (m, 2H), 1. 61~1.45 (m, 2H), 1.01 (t, J = 7.5 Hz,
3H),

"C NMR (126 MHz, CDCly) & 165.53, 157. 63, 135.03, 133. 66, 122.06, 117. 67, 112. 65, 69. 99, 30. 89, 19.12, 13. 66,
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SA-6: 2-7& Z & 7 B ( 2-phenethoxybenzoic acid)

"H NMR (500 MHz, Chloroform-d) & 10.55 (s, 1H), 8.17 (dd, J] = 7.8, 1.8 Hz, 1H), 7.54 (ddd. J = 8.8, 7. 3,
1.9 Hz, 1H), 7.36 (td, J = 6.9, 1.4 Hz, 2H), 7.32~7.24 (m, 3H), 7. 12 (td, J = 7.6, 1.0 Hz, 1H), 7.03 (d, J =
8.4 Hz, 1H), 4.48 (t, J = 6.7 Hz, 2H), 3.22 (t, J = 6.7 Hz, 2H),
"C NMR (126 MHz, CDCl,) & 165. 25, 157. 28, 136. 42, 134. 97, 133. 90, 129. 07, 128. 74, 127. 29, 122. 31, 117. 76, 112.

45, 70.59, 35. 46,
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SA-7: 2- K S EZE HE (2- (benzyloxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 10. 86 (s, 1H), 8.20 (dd, J = 7.8, 1.9 Hz, 1H). 7.55 (ddd. J = 8.7, 7. 3.,
1.8 Hz, 1H), 7.47~7.37 (m, 5H), 7.18~7.09 (m, 2H), 5. 30 (s, 2H)."C NMR (126 MHz, CDCl;) & 156. 65, 135.

03, 134.41, 133. 88, 129. 16, 127. 92, 122. 43, 118.16, 113.17, 71. 66,
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SA-8: 2-([1,1-BEZE ]-4-E HEE )X HES (2-([ 1,1 -biphenyl ]-4-ylmethoxy) benzoic acid)

"H NMR (500 MHz, Chloroform-d) ¢ 10. 82 (s, 1H), 8.22 (dd, J = 8.0, 1.8 Hz, 1H), 7.67~7.62 (m, 2H), 7. 62
~7.54 (m, 3H), 7.53~7.48 (m, 2H), 7.45 (t, ] = 7.7 Hz, 2H), 7.40~7.34 (m, 1H), 7.19~7.11 (m, 2H), 5. 33
(s, 2H). "C NMR (126 MHz, CDCly) ¢ 165. 22, 157. 39, 141. 82, 140. 67, 135. 04, 134. 00, 133. 18, 129. 42, 128. 45, 127.
90, 127.74, 127.17, 122. 56, 117.19, 113. 13, 71. 58,
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SA-9: 2-% A S E & F i (2-isopropoxybenzoic acid)

"H NMR (500 MHz, Chloroform-d) & 11.29 (s, 1H), 8.17 (dd, J = 7.9, 1.9 Hz, 1H). 7.55 (ddd. J = 8.5, 7. 3,
1.9 Hz, 1H), 7.23~6.81 (m, 2H), 4.90 (p, J = 6.1 Hz, 1H), 1.49 (d, J = 6.1 Hz, 6H)."”C NMR (126 MHz,
CDCly) & 165. 62, 156,47, 134. 96, 133. 59, 122. 09, 122. 08, 118.52, 114. 22, 73.97, 21. 96,
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SA-10: 2-( T ESE FHELE ) ZX B (2- ( butylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 12.49 (s, 1H), 7.44 (dd, J] = 8.0, 1.7 Hz, 1H), 7.35 (ddd. J = 8.6, 7. 2,
Hz, 2H), 1. 64~1. 50
(m, 2H), 1.43~1.30 (m, 2H), 0.92 (t, ] = 7.4 Hz, 3H)."C NMR (126 MHz, ) § 171. 31, 160. 67, 137. 80, 126. 48,

1.6 Hz, 1H), 6.95 (dd, J = 8.4, 1.3 Hz, 1H), 6.86~6.66 (m, 2H), 3.42 (td, J = 7.3, 5.7

119. 84, 112.74, 37.42, 31.51, 21.80, 16. 14,
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SA-11:2-( (4-FlZEE ) S EL FAELE ) X B (2- ( (4-iodophenyl) carbamoyl) benzoic acid)

"H NMR (500 MHz, DMSO-d) & 11.66 (s, 1H), 10.42 (s, 1H), 7.94 (dd, J = 7.9, 1.7
(ms 2H)9 7.63~17.53 (ma ZH)s 7. 44 (ddda ] = 8. 69 7. 29 1.7 HZ, 1H)9 7.05~6. 88 (ms ZH).]
0 167.02, 158.72, 141. 80, 137. 88, 134. 18, 129. 62, 123.45, 120. 06, 118.19, 117. 69, 89.12,

Hz, 1H), 7. 78~7.62
C NMR (126 MHz, )
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SA-12: 2-(+ iz B S E B ELE ) ZX BB (2- (dodecylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 7.38 (ddd. J = 8.6, 7.1, 1.5 Hz, 1H). 7.33 (dd, J = 7.9, 1.6 Hz, 1H),
6.98 (dd, J = 8.4, 1.2 Hz, 1H), 6.84 (t«d, J = 7.7, 1.2 Hz, 1H), 6.30 (d, J = 6.3 Hz, 1H), 3.44 («d, J = 7.3,
5.8 Hz, 2H), 1.69~1.56 (m, 2H), 1.42~1.19 (m, 19D, 0.88 (t, J = 6.9 Hz, 3H). ”C NMR (126 MHz, CDCl;) ¢
169.91, 161. 61, 134.10, 125. 13, 118. 68, 118. 55, 114. 38, 39. 75, 31. 92, 29. 64, 29. 62, 29. 57, 29. 53, 29. 49, 29. 34,
29.29, 26.97, 22.69, 14.12,
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SA-13: 2-(BRE S & B E ) X F & (2- (heptylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) &8 7.42 (dd, ] = 8.0, 1.6 Hz, 1H), 7.36 (ddd, J] = 8.6, 7.2, 1.6 Hz, 1H),
6.96 (dd, J] = 8.4, 1.2 Hz, 1H), 6.81 (td, ] = 7.7, 1.2 Hz, 1H), 6.70 (d, J = 7.9 Hz, 1H), 3.41 (td, ] = 7.4,
5.8 Hz, 2H), 1.69~1.53 (m, 2H), 1. 39~1.20 (m, 8H), 0.87 (t, J = 6.9 Hz, 3H)."”C NMR (126 MHz, CDCl,) &
170. 03, 161. 33, 134.06, 125.59, 118. 74, 118.40, 114. 51, 53. 48, 39. 81, 31.45, 29. 42, 26. 63, 22. 54, 13.99.
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SA-14: 2-(RE S E B ELE ) ZX B (2- (decylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 12. 34 (s, 1H), 7.39~7.22 (m, 2H), 6.90 (d, ] = 8.3 Hz, 1H), 6.76 (t, J
=7.5Hz, 1H), 6.29 (d, ] = 6.9 Hz, 1H), 3.36 (q, J = 6.7 Hz, 2H), 1.54 (q, J = 7.3 Hz., 2H), 1. 36~1.12 (m,

15H), 0.81 (t, J = 6.7 Hz, 3H). ”C NMR (126 MHz, CDCl;) & 169. 93, 161. 59, 134. 10, 125. 17, 118. 65, 118. 57,

114. 38, 39. 75, 31.88, 29.53, 29.49, 29.29, 26.97, 22. 68, 14.11,
1:TOF MS ES+
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SA-15: 2-([1,1-BEE-4-ERESEHEE) X HE (2-(([1,1'-biphenyl]-4-ylmethyl) carbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 12.22 (s, 1H), 7.56~7.46 (m, 4H), 7.41~7.22 (m, 7H), 6.93 (dd, J =
8.4, 1.2 Hz, 1HD, 6.79~6.71 (m, 1H), 6.55 (d, J = 6.5 Hz, 1H), 4.59 (d, J = 5.6 Hz, 2H). ""C NMR (126 MHz,

CDCly) 6 169. 89, 161. 70, 140. 94, 140. 58, 136. 43, 134. 40, 128. 86, 128. 38, 127. 65, 127.49, 127.10, 125. 35, 118. 74,

118. 71, 114. 14, 43. 43,
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SA-16: 2-(CESE B EE ) 2 B (2- (hexylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) ¢ 12. 33 (s, 1H), 7.37~7.23 (m, 2H). 6.90 (dd. J = 8.4, 1.2 Hz, 1H). 6.76
(ddd, ] = 8.2, 7.2, 1.2 Hz, 1H), 6.29 (s, 1H), 3.36 (td, J = 7.3, 5.7 Hz, 2H), 1. 54 (p, J = 8.0, 7.6 Hz, 2H),

1.34~1.21 (m, 6H), 0.87~0.78 (m, 3H),
"C NMR (126 MHz, CDCly) & 169. 94, 161. 57, 134. 09, 125. 20, 118. 63, 118. 58, 114. 40, 39. 75, 31. 46, 29. 45, 26. 63,

22.54, 14.00,
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_8-sa- 1: TOF MS ES+
240526-8-sa-17 19(0.136) 250.1809 5 1408
1004 .
SA-17
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=
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226.9525 236.1654 245 1162 Jg5z_1asu 264.1071 267.1575 ?7“631 281.1726  pgg 175  204.1444 2072493
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SA-17: 2-(E=E S E B E ) X FHER (2-(octylcarbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 7. 43~7.30 (m, 2H), 6. 98 (dd, J = 8.4, 1.2 Hz, 1H), 6. 91~6. 75 (m,
1H), 6.31 (s, 1H), 3.44 (td, J = 7.3, 5.7 Hz, 2H), 1. 62 (ddd, J = 14.8, 8.0, 6.5 Hz, 2H), 1. 44~1.19 (m, 11H),
0.94~0. 81 (m, 3FD.""C NMR (126 MHz, CDCl;) & 170. 39, 161. 71, 140. 97, 139. 90, 135. 90, 134. 40, 128. 85, 128. 39,
127.67, 127.49, 127.10, 123.37, 118.16, 113. 18, 41. 87,
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240526-8-sa-18 23(0.157) 1: TOF MS ES+
100 314.1158 SA-18 1.59¢5
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SA-18: 2-( (2-=EHFHE) S EFEE ) X HES (2-( (naphthalen-2-ylmethyl) carbamoyl) benzoic acid)

"H NMR (500 MHz, Chloroform-d) & 9.95 (s, 1H), 7.92~7.72 (m, 3H), 7.53~7. 33 (m, 4H), 7.26~7. 10 (m,
2H), 6.95 (d, J = 8.3 Hz, 1H), 6.72~6.50 (m, 1H), 5.12 (s, 2H), 2.98 (s, 3H),
“C NMR (126 MHz, DMSO) § 169. 37, 153. 35, 133. 88, 132. 99, 131. 57, 130. 57, 129. 55, 127. 57, 126. 75, 126. 37, 125.
91, 124.59, 123.68, 120. 22, 116. 16, 55.79, 47. 94, 34. 58,

(BTG4 - X PR



