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WE T IFRE TN E IR TR TR(ABA)EALUY, L Pyrabactin Al 2,3'-benzo-iso-ABA (iso-PhABA) % %,
I FH 2[R A BRI SRS B TE T — 8 B IR BE I R & . DL 1-DUEZRER D S5 R}, Sl ikE: o ALp RSk, RO AL

PRIEFAA B AL DU, AR T 13 AN RE AU BRI 2R S, X RIS M A 1) SR 2R AT EAT T BR R ARAL. 40
PP MR SE R, 7EIREEA 50 umoleL ™" I, HARL A A AN RFREE MHmdl g, b s Me a5l e
B8 b1 A IR 20 KT 50% 01 40%. 1245 SR BB 7 BR 2K & IR i 3R 1R 61 ) BAT — & I A S 2 X
KB Pyrabactin KUY, BEBEIGS, VSRR, FHIF TR, KRG K

Design, Synthesis and Inhibition Activity of Seed Germination of
Novel Pyrabactin Analogs

Che, Chuanliang Hu, Yimin Ding, Shanshan Xiao, Yumei Li, Jigia Qin, Zhaohai™*

(College of Science, China Agricultural University, Beijing 100193)

Abstract In order to develop more stable abscisic acid (ABA) analogs, a novel type of sulfonamide compounds was de-
signed based on the similar synthesis strategy using pyrabactin and 2',3'-benzo-iso-ABA (iso-PhABA) as precursors. Using
1-tetralone as raw material, 13 novel sulfonamides were synthesized by methylation, benzylic oxidation, hydrazone formation
and sulfonamidation, and the reaction conditions of sulfonamidation were explored and optimized. The results of seed germi-
nation experiments showed that the target compounds exhibited different inhibition activities at a concentration of 50 pmole
L', and the inhibition rates of five compounds on Arabidopsis and lettuce seeds germination were greater than 50% and 40%,
respectively. These results have important reference significance for the creation of new abscisic acid synthetic phytohor-
mones.

Keywords pyrabactin analogs; sulfonamide; abscisic acid analogs; inhibition of seed germination; similar synthesis

Jhi & H(Abscisic Acid, S-ABA, 1)) ZA7(E 1Y) () A ST,

AP A2 5 28 YR PE R A R . B BT T AN IR
AN, KL ABA AMUHEI A K KB 11 2 A H i R
FHEEEREY G TIRIRSH L. BrdK.
TR AFLRICH] . SRS RS, [FN, ABA
TEAEHEPT T 5 ik, RS S e A R
WP EEE RSN AOTY =G PSR T
P2, fELN A FEET MM 5. HE, /£
FE DA P AR 15 2 3% AR AR 1R 3 A A 2 3 2 il
2 ABA AT M E R R H, 7F ABA 1
YA FE A D S, BT A ABA YRR
FBIH A 52 B R 2 B DG, ©& BN — TR £ i R

* Corresponding author. E-mail: qinzhaohai@263.net

2009 4F, Park 2£PY7FE Science LFIRIE THL-&W
Pyrabactin (2), Pyrabactin RJ DARE S5 P4 1 55 400 5t A (1)
ABA Z{& START &+ PYR/PYL/RCAR FKEHEH
ghity, SNEHIH] 2C BUBERR B B (PP2Cs) KA il P+ 1A
KB BARZIEY S ABA fE4iH FABKZE, H
5 ABA HHEMFIRZ AR, w2 ABA [T RERPL
Wy, 152 AR 48 ) Pyrabactin 5 ABA HHEMLINILE S
YEFAE: Pyrabactin IZE 5 ABA 3F CA% R H
B, (£S5 32 IR YR A A FH 9, Pyrabactin ik
Pt fric 22 AL AL E 2R BT N R 78249 7 ABA _FARIREEH]
[ f £, Pyrabactin 2534 | Br J&-7 5 ABA P& OV H L. /1)
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Bis O JRTIPE FAREL, AR T2k & B 5 i PP2Cs
FROAR B 45 5120, R e LR 7 X, {73 Pyrabactin
ATLLS ABA ZMME4 G, WS ABA (55 3817,
T 00861 b5 % . Pyrabactin F & BAE B 7 7] LLA
B SR EE RS BETH BT LY ABA 2514, 2016 4, BXRE
A% Pyrabactin NAE S, SIAARFERASEBREUCHE
SERIR - SR, WAT AR T — R R G2
ABA W 3, AWiE R 45 R, oA A
A BT A R TS

FERTIA AR R, AR W& R T 4 R i T4 R
(iso-PhABA, 4). iZAb &M EA A AN 8 L 45058
FasE « AEVNETER AR . BRI 5 NFE] ABA
(P B AR 21,300 B (P00, ZRBR I 51 N TT LAk 6 8-
RS P2 A J5 0 T SR BRSO () R A2, AT A 255 e 2%
T ABA ZERATEREDR N A g, ERLR TR 5
BT R S2H T, iso-PhABA 140135 1 0K 47 T
ABA. 7EH IR T 4 AR A K RN B m A A B S
HEIEPED 2 h, iso-PhABA tH A5 5 ABA M4 EEH
UF RS 1.

R [A R H R W R R 25 ) B EAR, H AT
CAE V2 I RITEH. T IR I R EAG T K
VR SE R AR E OB B ABA KUY, EATE
iso-PhABA [1] DY ZE/R 5> 5 Pyrabactin [R5 [ 4>
BT, WA T 13 AN WL SCHR R 1 45 5 35 i
() B i 2K A &, 4589394 '"H NMR, C NMR,
HRMS #iiF, Hit Bk LK 1. KA SR 78 R,
DAL RE A0 58 B R T SLaext 4, X H AL AW EDY)
TEHEHHAT T YIS
1 ZR5TR
1.1 BHHUENER

PL 1-PO S ZE B 9 e 4 SRR 2 DU 20 e B3R 15 H AR ik
EW, AR A0 Scheme 1 . B5E, PA 1-DUSZEHR
(DNHLE R, ST FRIE o AL AL R NS 2,2-—
H -3, 4- A Z5-12H)-B(8), SR )5 IAI{A 8 75 LA 2.1k
F Bl R AR, AU T B N AR I 25 R B A
2,2- W23 A ZE 1 4- ). BTk, ik 9
55 06T R 24 it I R A A 9 70 1D 2% 1 1 n # Jse  43
B 2,2- "I HE-2 3- A Z5-1,4- i-4-%F F SRR R (10).
B4 10 AT 2.0 equiv. AR FIAZTE DABSO (1,4-diaza-
bicyclo[2.2.2]octane bis(sulfur dioxide)) 1R T % PN
PO SN E] H bR A

DABSO & —FiiL i) SO, AR, it n#k,
AT DM IR SO, Sk 2 5k e b, AL B bR
A& 5a AR, TRIT T AR RS AF (AT
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N’

O (6]
S{
No-sress re

Abscisic acid 1 Pyrabactin 2

Oo. ,0 R
N ~
57 )\fo N
Ly
@ OH HO (6]
3 iso-PhABA 4

% 7 EN //O

0]

5 6
B 1 B Gt B R GRRORE S 2RSS
I B A R ) 25 5 s A T BE)
Figure 1 Design strategy of the target compounds(The atoms
labeled by the same color circle have the same binding sites and
functions in the receptor binding pocket)

WA R Sa CRIISZmI(ER 1), B, BAT M
HIEALTIEEAT T 01, IR 2-8 FF R e A% B 7
AT USCR B . AR, 41X AN S NS I R 4,
BRIRER, BT BEAIX — 80T DL H RS I s 43 o 2
BALE M T LT, SR BT 2 BRI, 2T K,
XN T AT T SR, 7R LR LR R, 4
DMSO R IR, Sa IR i s, 24 I SLE B I T,
K BES ) H b7 4. DABCO s 7E 2 v i F2 H DABSO H
1) SO, # V8 #6 )5 A2 BT R =4, R FRATH 5L T
DABCO X Jx M 520, 25 R KB DABCO *t B U
RIVT-BA M. 20K 55 P SN 2% A 46 J it 11 S5 97 2% A
B, H AR =R R BRI, Jdid BT R R A 145
BT Sa Wi tEE &M RHEERN 100 C, RMNF
78 DMSO, 2-% H FEMERE A S 1 b, 2% P4 T =
N FRATTRI b T 0 2k A B AR R LAk A, B T 13 AN
P R R A A4, Fo 6c, 6e FH 6b, 6d 1EE A
TR A 26 R KRS BI(Eq. 1), AANBATIE 2R T
PLAE AR R 548 DABSO fE N SO, R, UL 81%
IS 2] B AR LE1) Sa (Eq. 2).
1.2 BfrteEE S

PLE AR &Y 5a 19 '"H NMR. °C NMR #1 HRMS
B AT B, S RS ALRETE 6 1.04, 1.27 &b
PN ERIE R 11, 12 AR BRGS0, § 229~
2.49 AbTRIER 2 47 37 H 8 B AN S, 6 4.10~4.37 4b
(U Ry 707 30 5 M5 U8, 0 4.64~4.69 Kb 1IE N
1 fr B SIS 51, 6 4.64~4.69 ALHIIE N FIR T EA
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CHsl/NaH Co(acac),/t-BuOOH
—»
acetone
8
NNHTs
TsNHNH, 1
—— 0 + R'-NH,
CH3;0H
10
AP
~N ~
DABSO H
DMSO, 100 °C 0
sealed vial
56

=z

/

\

SN

5a:R'= | ;5b:R" = | ;5c:R'=

/
N GICTE VLY,
:R'= ;5e:R' = ;5f R =

5d: R N Be |/

N N
CR1= T N g4 R = o
e T T (i
N o]
M"'\)OJ\
0 OH
6b:R1="’~\n/ ~ :6c:R'= :6d: R = o
! 7
(0]

6e:R'= w‘\)J\OH

B 1 HARMLEY 5 6 16 sk
Scheme 1 Synthetic route of the target compounds 5, 6

R RPFREEY Sa BCRFIFER

Table 1  Effect of reaction conditions on the yleld of com-

pound 5a
Solvent Base 7/'C Yield/%
DMSO  K,CO; 100 48
DMSO  Cs,CO; 100 57
DMSO  LiO'Bu 100 45
DMSO  2-Picolylamine” 100 37
DMSO  2-Picolylamine 100 89
DMF 2-Picolylamine 100 75
Toluene 2-Picolylamine 100 41
MeCN 2-Picolylamine 80 34
DCE 2-Picolylamine 100 0
Dioxane 2-Picolylamine 100 79
DMSO  2-Picolylamine 25 0
DMSO  2-Picolylamine 80 65
DMSO  2-Picolylamine 120 81
DMSO DABCO 100 85
DMSO  2-Picolylamine” 100 18

“ 1.2 equiv. 2-picolylamine.; b open to atmosphere.
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o/ HO,
NH
o N LiOH Oy ./
S e Q)
o“ THF/H,0 o”
o]
6¢c

NNHTs
K2$205/TBABI'
_— =
N DMSO, 100 °C
—

11

\\ //
N\
% e

551, 0 8.18~8.20, 7.16~7.20, 7.05~7.08 &b f¥jik
SRAFIR L6, 7, 9 ik EEMESIE, § 7.94~7.97,
7.40~7.45, 8.42~8.44 KLU HIDNIEREIL L 3, 5, 6
frfk EEMIE 50, 6 7.53~7. 63 Ab TG R 2R R | 8 A A
memE IR B 4k B EE S . RGP R TE §
24.08, 24.57 AL N 11, 121@?5/\%'%%6@ Rl )
36.41,40.97, 47.78, 59.46 KLU 510M 2, 3, 7', 1 ALBR Y
{55104, 6 128.13, 128.61, 128.55, 131.81, 132.92, 133.38
I RN IRIR ERIGAE S, 5 121.36, 122.46, 136.68,
148.71, 155.09 437 AL BE 3R EBR 1S 504, § 200.43
B BB ) AE S WL S AN, o FE TR A S i
(345.1261) 5HS T 515 (345.1267) /& — 8, #E—HiF
SET HAME S5

1.3 B#ritE4) 5a B9 IE

PATDO IR R Ab S SLEAT I AT RELERHEN 40 R 72
BRAPE R, FRIEAA 10 i ) FE S SR I 5 350 20 153 3
FEREP A 12, RJEHEK 12 5 DABSO Ji#iz=4 1)
SO, KA R MAF R E & 13, HiEfk 13 Jiidi—5
T N, 535 )k 14, BJE R 11 591k 14
NG EH FRAGEY) Sa (Scheme 2).
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/N\ Ts N+
A +base SO,
—_— o) —_—
(0] -Ts™ O
12
10
O H2N N
O] Il N\
AN
0 -N, 1
O e) >
13 14
O\\S //O
SN N\
Hool
O
5a

B2 HARMEEY Sa K6 R LD

Scheme 2 Probable mechanism of synthesizing compound 5a

1.4 MFEHLINENEM
AT T ARt &%) 5a~5h, 6a~6e 7£ 50 F1 10

pmoleL ™" ¥ B "N X481 i 7+ (Arabidopsis) il 5 5 (Lettuce)2
Ty~ R HOAM e, S5 R AR 2.
K2 ALY Sa~5h Hl 6a~6e XHFh T HA A S ML
/%)

Table 2 Inhibitory activities of seed germination of compounds
5a~5h and 6a~6e (inhibitory rate/%)

Arabidopsis Lettuce
Compd. 50 10 50 10
pumol'L™'  pmol-L™'  pmol.L™' pmol-L™!
5a 58.27 19.67 44.33 8.30
5b 37.20 8.67 23.80 0.30
5¢ 40.13 10.83 26.73 0.53
5d 44.60 12.33 32.13 5.10
Se 61.13 22.63 48.97 9.33
5f 59.63 27.53 47.30 6.67
5g 45.63 17.30 33.40 433
5h 34.60 4.97 28.67 0.97
6a 36.57 8.33 27.37 0.43
6b 29.30 2.67 18.57 0
6¢c 56.63 14.97 43.90 9.07
6d 36.60 7.20 27.50 0.47
6e 52.63 10.90 40.90 4.55
Pyrabactin ~ 97.48 73.65 90.06 67.48
ABA 100 100 100 96.36
iso-PhABA 100 100 100 96.62

DN S P 33 S M NE 2 (BN A A e/ DA E NP
BB IR R — e, R
50 pmoleL ™" i, N H AR A W%t 0L 5 I+ A5 1 7
HRGRINENEYE, 0 5a, Se, 5, 6¢ A1 6e X L FF FAIES
AT B R A A 7E 50%A1 40% L _E, {H 5%} E 24
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FUAR A 20, IAKEEN 10 pmol-L™" i, Hir
MBS LR TR TR A R R AU 3R KPR AI. T
LIS s (DX T 5a~5h RIML AW S, S GWIRIDT
I ERA—ARIET, HARETH o (08 E 2%
EeA L7 @ i L S 1) 1 D e a0 R 23 s e )
HETFRAMERLEWIELE. Q4T 6a~6e 7
SIS, IR oA I T, RIS
0 R AP S R L ) R PR I DAL S R 1

KT BibrEM e A E T, gt <LK
W SRR S IR P IR T2 .

2 i

DA 1-DY SR B Juikean Bk, 225 R o AL A HH 2
1o AR BRI IR ALV B A R T — R 5
AR %2 Pyrabactin 28004, HA &8 AR H
i 225 ) R S Auh P v DLk — 2 /K 49 B & A 2 FE R 45 1)
[ Pyrabactin 28614, i#3id 'H NMR."*C NMR fl HRMS
G NTTIETER TX 13 DMHEMUCEI S M RAE, IF
M T B PR A R dIE . S5 R R, Al
WAWTE 50 pmoleL " I FILH BT (kS AHF
TN IR & ARV R I Fe e it 7 — € 2%,
VR LK AE AT T2 1) il b AT 3 — 2B S5 M LA 7

3 SRS
3.1 X5

Bruker Avance DPX300 8 A% HILIRIX, PAVY F 2
TELE(TMS) N bR; %5848 ESI-Q-TOF i 2 #E SR 4% ;
Yanagimoto MFG Co. # sl € 14X, IRJE T RERIE;
TWILFAAY) RXZ #aebER M. pralah
=i A all, JoKIE bR iE T2 b 3.
32 ZWHE
32,1 22-=F H-3,4-= R FE-1(2H)-ER(8) 49 & A&

£ 500 mL [ R ES T, B 250 mL P&k
WA 20 g 1-DYEZE/A(20 g, 0.137 mol), VKIGFFIRE
0 C, MM 60% NaH (13.72 g, 0.343 mol), fEVKIG T
0.5 h, RESER MR B, e, Mk, =
N RSP I N, )2 O (TLO) I [ M3 FE,
NSERE, FREOKIE R N, 18 L FE(100 mL X 3)AEHY,
EIANAE, M /K (100 mL X 2)Beiss, TKEREREN
T, TREEZE I, G2 A, O VCa
fi¥) @ V(LR TR =10 © 1 AE el ot = ok 47 ik
JRFEE T2 245 B 52 sk iR =4 8% (23.6 g, YR
99%). '"H NMR (300 MHz, CDCl;) &: 8.06 (d, J=7.8 Hz,
1H), 7.47 (td, J=17.5, 1.3 Hz, 1H), 7.30 (dd, J=12.2, 4.5
Hz, 1H), 7.23 (d, J=7.5 Hz, 1H), 3.00 (t, J=6.3 Hz, 2H),
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2.00 (t, J=6.3 Hz, 2H), 1.23 (s, 6H); C NMR (75 MHz,
CDCly) d: 202.54, 143.03, 132.62, 131.11, 128.30, 127.63,
126.23, 41.24, 36.27, 25.35, 24.00.

322 22-= W 3K-23-Z 5F-1,4-Z8A(9)89 &A%

A 500 mL [F KR, KA 150 mL PR
[A44 8 (20 g, 0.115 mol). T4 AL T B (--BuOOH, 64.4
g, 0.5 mol, 70%7KE) A1 Co(acac), (3.08 g, 0.012 mol),
TEZIR TR 24 h, SRJE4 PR R ZEE(100
mL X 3)EFEH, &IHANAHE, HAIE K100 mL X 2)%k
Yk, To/KBRBREN T 1. T i 728 U A5 2R Ea s R4 .
H VCAHEE) @ M(CIR ER)=5 @ VARG =)
BATRERFEEAT 7> 545 2 (A i 4k 9% (20.98 g,
97%). m.p. 61~62 °C; '"H NMR (300 MHz, CDCl;) &:
8.07~7.88 (m, 2H), 7.74~7.61 (m, 2H), 2.89 (s, 2H),
1.26 (s, 6H); “C NMR (75 MHz, CDCl;y) 6: 200.78,
195.73, 134.53, 133.98, 133.50, 133.29, 127.12, 125.68,
51.56,45.11, 25.34.

323 22-= W HK-23-Z A HK-1,4-280-4-3F F REEBL
BF(10) 89 & A&,

i) 250 mL [ LS, KA 150 mL I,
4k 9 (10 g, 0.053 mol), X ZKEEIEMEO.9 g, 0.053
mol), HIFAEIRRA, #ZEERE(TLOM N SR, K&
RisgEe, AR, YT, HhUES R E e A
Y10 (18.14 g, WK 96%). m.p. 203~204 C; 'H NMR
(300 MHz, CDCl3) &: 8.59 (s, 1H), 8.03~7.98 (m, 1H),
7.99~7.91 (m, 3H), 7.56 (td, J=7.6, 1.5 Hz, 1H), 7.52~
7.42 (m, 1H), 7.35 (d, J=8.0 Hz, 2H), 2.74 (s, 2H), 2.42
(s, 3H), 1.18 (s, 6H); °C NMR (75 MHz, CDCl;) o:
200.85, 148.77, 144.16, 135.58, 134.86, 133.23, 130.42,
130.15, 129.42, 127.72, 127.02, 124.15, 42.54, 37.70,
25.07,21.27.

3.2.4  HARML A a9 A%

IF] 25 mL (1)) EEMT HE A AR JOm A E A 10 (0.5
g, 1.4 mmol), DABSO (0.19 g, 0.77 mmol), 10 mL DMSO
FIAH N % (2.8 mmol), SEEISEF T, N 100 CHITHTE
o, SRR 12 h, SRER R BRI ET R =R,
OFTIFHEZE, NN & KK RN, H 48R B8
(10 mLX3)ZEH, A IFA VA, WAEEEK00 mLX2)
Ve, To/KBRBRIN TR, R A RIS, 13 2,
A VCE B @ V(LR B8 =3 © 1 VE NSO =4
HATIEIR AT JZ AT 7 B A3 3 AR &4,

N-(PHE g -2- 35 R )3 3- — F 44TV 3-1,2,3,4- 10
AZE-1- W (Sa): B AR, IR 89%. mp. 122~
123 “C;'H NMR (300 MHz, CDCl;) 6: 8.51~8.33 (m,
1H), 8.19 (d, J=7.9 Hz, 1H), 7.96 (dd, J=7.8, 1.4 Hz,
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1H), 7.68~7.50 (m, 2H), 7.42 (t, J=7.5 Hz, 1H), 7.23~
7.13 (m, 1H), 7.06 (d, J=7.8 Hz, 1H), 6.20 (t, J=5.2 Hz,
1H), 4.66 (dd, J=10.8, 5.9 Hz, 1H), 4.23 (td, J=57.4,
15.7, 5.2 Hz, 2H), 2.40 (td, J=24.7, 13.9, 8.4 Hz, 2H),
1.27 (s, 3H), 1.04 (s, 3H); >C NMR (75 MHz, CDCl5) ¢:
200.43, 155.09, 148.71, 136.68, 133.38, 132.92, 131.81,
128.61, 128.55, 128.13, 122.46, 121.36, 59.46, 47.78,
40.97, 36.41, 24.57, 24.08. HRMS calcd for C;sH,N,0S
[M+H]" 345.1267, found 345.1261.

N-(PHE g -3- 35 B )3 3 — FR 44TV 2E-1,2,3,4- 10
AZE-1-M I (Sb): E AR, 1LEE 90%. mp. 127~
128 “C;'H NMR (300 MHz, CDCly) o: 8.31 (d, J=4.2
Hz, 1H), 8.21 (s, 1H), 8.12 (d, J=7.9 Hz, 1H), 8.06~7.93
(m, 1H), 7.59~7.49 (m, 2H), 7.45 (t, J=7.4 Hz, 1H), 7.18
(dd, J=7.7, 4.9 Hz, 1H), 6.77 (t, J=5.6 Hz, 1H), 4.63 (dd,
J=10.4, 6.0 Hz, 1H), 4.06 (td, J=48.9, 15.0, 5.7 Hz, 2H),
2.34 (td, J=24.6, 14.0, 8.3 Hz, 2H), 1.23 (s, 3H), 1.06 (s,
3H); *C NMR (75 MHz, CDCl;) d: 200.84, 148.27,
148.20, 135.64, 133.32, 133.15, 133.03, 131.89, 128.76,
128.72, 128.10, 123.42, 59.59, 44.81, 41.02, 36.30, 24.52,
24.36. HRMS calcd for CsH,0N,05S [M+H]" 345.1267,
found 345.1262.

N-$5E-3,3- I Sk 45 T 5 - 1,2,3,4- DU &L 251 - Tk e
iz (5¢): A, WE 91%. mp. 126~127 C; 'H
NMR (300 MHz, CDCl;) 6: 8.14 (d, J=7.9 Hz, 1H), 8.02
(d, J=7.7 Hz, 1H), 7.56 (dd, J=10.9, 4.3 Hz, 1H), 7.46 (t,
J=17.5 Hz, 1H), 7.27 (dd, J=5.0, 1.5 Hz, 3H), 7.21~7.10
(m, 2H), 4.98 (t, J=5.8 Hz, 1H), 4.52 (dd, J=10.7, 5.9
Hz, 1H), 4.11 (td, J=51.2, 14.5, 5.9 Hz, 2H), 2.26 (td, J=
24.7, 13.9, 8.5 Hz, 2H), 1.24 (s, 3H), 0.99 (s, 3H); "*C
NMR (75 MHz, CDCl;) d: 200.61, 136.69, 133.44, 133.10,
131.78, 128.70, 128.52, 128.49, 128.26, 127.72, 127.56,
59.66, 47.56, 40.97, 36.45, 24.57, 24.05. HRMS calcd for
C1oH,NOsS [M—H] ™ 342.1169, found 342.1172.

N-(MH g -4- 3 B 36)-3,3- — H 448 TV % -1,2,3,4- 110
A ZE- - (5d): BB E R, U 89%. mp. 197~
198 C;'H NMR (300 MHz, DMSO-d;) J: 8.50 (dd, J=
4.4, 1.6 Hz, 2H), 8.12 (t, J=6.2 Hz, 1H), 8.05 (d, J=8.0
Hz, 1H), 7.88 (dd, J=7.8, 1.4 Hz, 1H), 7.67 (td, J=1.7,
1.6 Hz, 1H), 7.51 (t, J=7.3 Hz, 1H), 7.27 (dd, J=4.4, 1.6
Hz, 2H), 4.94 (dd, J=10.1, 6.0 Hz, 1H), 4.19 (d, J=6.2
Hz, 2H), 2.29 (td, J=24.1, 14.0, 8.1 Hz, 2H), 1.22 (s, 3H),
1.01 (s, 3H); >C NMR (75 MHz, DMSO-ds) o: 200.83,
149.67, 147.74, 134.90, 133.39, 131.84, 129.19, 128.77,
127.65, 122.35, 58.05, 45.24, 41.00, 36.17, 25.01, 24.74.
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HRMS calcd for Ci5H,0N,05S [M+H]" 345.1267, found
345.1265.

N-(WENy -2-FE B E)-3 3. — H L 4- 48 W %-1,2,3,4- 111
AZE- - (Se): H AT, UXE 93%. mp. 140~
141 °C; 'H NMR (300 MHz, CDCl;) 6: 8.16 (d, J=8.0
Hz, 1H), 8.06 (dd, J/=7.8, 1.4 Hz, 1H), 7.60 (td, J=7.6,
1.5 Hz, 1H), 7.48 (t, J=17.5 Hz, 1H), 7.23 (dd, J=4.9, 1.2
Hz, 1H), 7.02~6.76 (m, 2H), 4.64 (d, J=5.2 Hz, 1H),
4.57 (dd, J=10.9, 5.9 Hz, 1H), 4.35 (td, J=64.0, 15.1, 5.8
Hz, 2H), 2.32 (td, J=24.7, 13.8, 8.3 Hz, 2H), 1.29 (s, 3H),
1.05 (s, 3H); “C NMR (75 MHz, CDCl;) 6: 200.38,
139.22, 133.20, 133.08, 131.86, 128.78, 128.42, 128.38,
126.75, 126.51, 125.76, 60.00, 42.28, 40.99, 36.55, 24.60,
24.08. HRMS calcd for C,7;H;oNOsS, [M—H]~ 348.0734,
found 348.0735.

N-(P PR -2- 358 P k)3 3- — F 44TV 3E-1,2,3,4- 10
A5 B () B A, E 92%. mp. 91~
92 ‘C;'H NMR (300 MHz, CDCl;) d: 8.07 (d, J=8.0 Hz,
1H), 7.97 (dd, J=7.8, 1.4 Hz, 1H), 7.52 (td, J=7.7, 1.5
Hz, 1H), 7.40 (t, J=7.4 Hz, 1H), 7.34~7.26 (m, 1H), 6.26
(dd, J=3.2, 1.9 Hz, 1H), 6.17 (d, J=3.0 Hz, 1H), 5.53 (t,
J=6.0 Hz, 1H), 4.49 (dd, J=9.6, 6.9 Hz, 1H), 4.19 (td,
J=21.0, 15.8, 5.9 Hz, 2H), 2.32~2.12 (m, 2H), 1.21 (s,
3H), 0.98 (s, 3H); °*C NMR (75 MHz, CDCl;) 6: 200.78,
150.17, 142.30, 133.54, 133.11, 131.69, 128.56, 128.45,
128.15, 110.33, 108.21, 59.54, 40.89, 39.84, 36.29, 24.62,
24.17. HRMS calcd for C;sH;oNO,S [M—H]™ 332.0962,
found 332.0964.

N-(W5 g -2-F B 6)-3 3 — H e 4- 48 WV %-1,2,3,4- 111
AZE-1-T W (Sg): Ak, i 90%. mp. 118~
119 “C;'HNMR (300 MHz, CDCl;) 6: 8.54 (d, J=4.9 Hz,
2H), 8.15 (d, J=8.0 Hz, 1H), 7.82 (dd, J=7.8, 1.4 Hz,
1H), 7.50 (td, J=7.9, 1.5 Hz, 1H), 7.33 (t, J=7.5 Hz, 1H),
7.14 (t, J=4.9 Hz, 1H), 6.01 (t, J=5.4 Hz, 1H), 4.72 (dd,
J=10.7, 6.1 Hz, 1H), 4.30 (td, J=67.7, 17.5, 5.4 Hz, 2H),
2.43 (td, J=24.7, 13.9, 8.5 Hz, 2H), 1.24 (s, 3H), 1.02 (s,
3H); ®C NMR (75 MHz, CDCly) &: 200.53, 164.85,
156.84, 133.14, 132.96, 131.78, 128.67, 128.50, 127.82,
119.44, 59.51, 48.43, 41.01, 36.28, 24.52, 24.04. HRMS
caled for C;H;9yN305S [M—|—H]+ 346.1220, found
346.1217.

N-(PHE P -2 - 35 P )3 3= — F 44TV 3-1,2,3,4- 10
A ZE- - (Sh): A EREE, )R 91%. mp. 134~
135 “C;'H NMR (300 MHz, CDCLy) ¢: 8.39 (d, J=2.6
Hz, 1H), 8.35 (dd, J=2.5, 1.5 Hz, 1H), 8.30 (d, J=1.4 Hz,
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1H), 8.09 (d, J=8.0 Hz, 1H), 7.84 (dd, J/=7.8, 1.5 Hz,
1H), 7.49 (td, J=7.7, 1.6 Hz, 1H), 7.36 (t, J=7.4 Hz, 1H),
6.15 (t, J=5.8 Hz, 1H), 4.68 (dd, J=10.6, 6.0 Hz, 1H),
423 (td, J=46.2, 16.3, 5.8 Hz, 2H), 2.47~2.26 (m, 2H),
1.22 (s, 3H), 1.02 (s, 3H); *C NMR (75 MHz, CDCl,) ¢:
200.54, 151.43, 143.44, 143.40, 142.97, 133.02, 13291,
131.85, 128.74, 128.62, 127.98, 59.60, 45.84, 41.00, 36.22,
24.52, 24.23. HRMS caled for C;;HsN;0,S [M+H]"
346.1220, found 346.1218.

N-[(3,3- - 1 FE-4- 50 WP 2 -1,2,3,4- DU 4 251 -5 ) sk ik
HEIH AR CFE6a): A, 1E 93%. mp. 123~
124 “C; '"H NMR (300 MHz, CDCl;) d: 8.17 (d, J=8.0
Hz, 1H), 8.06 (dd, J=7.7, 1.1 Hz, 1H), 7.61 (td, J=17.8,
1.5 Hz, 1H), 7.49 (t, J=7.4 Hz, 1H), 4.81 (t, J=5.3 Hz,
1H), 4.73 (dd, J=10.6, 5.9 Hz, 1H), 4.13 (qd, J=7.2, 0.7
Hz, 2H), 3.69 (td, J=66.4, 18.1, 5.5 Hz, 2H), 2.47 (td, J=
24.6, 13.9, 8.3 Hz, 2H), 1.35 (s, 3H), 1.23 (t, J=7.1 Hz,
3H), 1.13 (s, 3H); °C NMR (75 MHz, CDCl;) 6: 200.47,
168.97, 133.00, 131.98, 128.78, 128.56, 128.28, 61.63,
59.95, 44.63, 41.06, 36.35, 24.61, 24.28, 13.69. HRMS
caled for C¢H,NOsS [M + NH,] " 357.1479, found
357.1477.

N-[(3,3- = H k-4 5 WP 5 1,2,3,4- DY S 25 -1 -2 ) s 7k
EIH AR FEE6b): H A&, % 91%. mp. 130~
131 C; '"H NMR (300 MHz, CDCl;) 6: 8.16 (d, J=8.0
Hz, 1H), 8.06 (dd, J=7.8, 1.3 Hz, 1H), 7.61 (td, J=17.7,
1.5 Hz, 1H), 7.50 (t, J=7.5 Hz, 1H), 4.85 (t, J=5.6 Hz,
1H), 4.74 (dd, J=10.6, 5.8 Hz, 1H), 3.81 (dd, J=18.2, 5.4
Hz, 1H), 3.68 (s, 3H), 3.60 (dd, J=18.2, 5.9 Hz, 1H), 2.57
(dd, J=13.9, 5.9 Hz, 1H), 2.37 (dd, J=13.8, 10.7 Hz, 1H),
1.35 (s, 3H), 1.13 (s, 3H); °*C NMR (75 MHz, CDCl;) ¢:
200.64, 169.65, 133.07, 133.01, 131.97, 128.74, 128.58,
128.19, 77.16, 76.74, 76.32, 59.93, 52.23, 44.43, 41.04,
36.24, 24.60, 24.33. HRMS calcd for C,sH;sNOsS [M—
H]™ 324.0911, found 324.0915.

3-[(3,3- = P L4 W3- 1,2,3.4- DU S0 25)- 1 - F R 4
FE)N R H R (6d): H B4k, WLZE 92%. mp. 97~
98 C;'H NMR (300 MHz, CDCl;) d: 8.14 (d, J=8.0 Hz,
1H), 8.07 (dd, J=7.8, 1.4 Hz, 1H), 7.62 (td, J=7.8, 1.6
Hz, 1H), 7.50 (t, J=7.5 Hz, 1H), 5.02 (t, J=6.4 Hz, 1H),
4.68 (dd, J=10.7, 5.9 Hz, 1H), 3.67 (s, 3H), 3.29~3.08
(m, 2H), 2.53~2.40 (m, 2H), 2.38~2.26 (m, 2H), 1.35 (s,
3H), 1.14 (s, 3H); °C NMR (75 MHz, CDCl;) 6: 200.48,
172.11, 133.28, 133.04, 131.92, 128.78, 128.53, 128.31,
59.48, 51.62, 41.06, 39.35, 36.54, 34.36, 24.62, 24.29.
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HRMS caled for Ci¢HyNOsS [M—+NH,] " 357.1479,
found 357.1481.
3.2.5 RAABRE BARLA Ao Ak

¥4k &4 6b (0.5g, 1.54 mmol) A F] 50 mL ) 7] J&E
B, I 10 mL THF %@ 6b, A 10 mL ) H,O
A LiOH (0.074g, 3.08 mmol), %i& FHtEE RN, #ZEM
W (TLC) kI e B2 2, e B 58 ¥, H R 2R (10
mL X 3)AEHL, & IFEH N, WA EEE/K10 mL X 2)Pk Lk,
ToKBRBRAN T 1. e 28 R, B3, H (=
S - VPR =5 1 AE BB R AT e A
FEEM 0 1538 6¢. B RIRER 75155 Ge.

N-=((3,3- - 1 FE-4- 58 WP 3-1,2,3,4- DY 80 251 - 55 ) Rk
FEyH R (6c): HEFE A, KZ 97%. mp. 122~123 C;
'H NMR (300 MHz, DMSO-d) d: 8.10 (d, J=7.8 Hz,
1H), 7.88 (t, J=9.9 Hz, 2H), 7.66 (t, J=7.3 Hz, 1H), 7.51
(t, J=7.4 Hz, 1H), 4.93 (dd, J=9.9, 5.5 Hz, 1H), 3.71 (q,
J=18.1 Hz, 2H), 2.56 (dd, J=13.9, 5.5 Hz, 1H), 2.25 (dd,
J=13.7, 10.3 Hz, 1H), 1.24 (s, 3H), 1.05 (s, 3H); “C
NMR (75 MHz, DMSO-dg) 6: 201.00, 171.50, 135.23,
133.29, 131.82, 129.19, 128.63, 127.63, 58.51, 44.50,
40.99, 36.11, 25.11, 24.74. HRMS calcd for Ci,H,,NOsS
[M—H]~ 310.0755, found 310.0757.

3-((3,3- - W 3k -4- 5 W 3 -1,2,3,4- VU R 28)- 1 - Tl ke
H)NER(6e): H A, F 98%. mp. 164~165 C;
'H NMR (300 MHz, DMSO-dq) 6: 12.33 (s, 1H), 8.04 (d,
J=7.9 Hz, 1H), 7.89 (d, J=7.6 Hz, 1H), 7.67 (t, J=7.5
Hz, 1H), 7.51 (t, J=7.3 Hz, 2H), 4.94 (dd, J=9.9, 5.9 Hz,
1H), 3.25~3.05 (m, 2H), 2.44~2.16 (m, 4H), 1.24 (s,
3H), 1.05 (s, 3H); °C NMR (75 MHz, DMSO-d,) o:
201.01, 172.53, 135.17, 133.28, 131.92, 129.31, 128.65,
127.58, 57.41, 41.02, 39.00, 36.14, 34.91, 25.07, 24.94.
HRMS caled for CisH;oNOsS [M—H] 324.0911, found
324.0914.

3.2.6  ApEIAFTEA R E MM

SE IS AR R R IF M T (drabidopsis  thaliana,
Columbia, WT), & EFiT(Lettuce, Lactuca sativa L.cv.),
H AR 54 5a~5h Fl 6a~6e, %EF% ABA, iso-PhABA Fll
Pyrabactin 1 4% i 2471

LRI R S8 KR IR T 70% LK
10 min, JCR/KIESE, PRV RS LR I+
SR RAEA 400 pL FIFFRZGE 1.5 mL B0, B
T 4 CUKFFTENL 3 d BT T 2%
Ny BA SO R T AT BUZ JE4CHF N 2 mL i /K KE
RN, H O S, MABE N 22 C. 16 h JalEAT 8
h SRR RO TR g R, AMKRIEEN T

Chin. J. Org. Chem. 2019, 39, 419~426

© 2019 Chinese Chemical Society & SIOC, CAS

FXTHE. 24 h 5 GEit iR .

BB R S K KN — HA I S E R
F 70% B2 KB 10 min, JCR/KEVEHEBRTERE
BRI TR T 1 mL fRRZ50H 24 h KR B oE K
Je B B FH 2R TR K g, JEARIR TR TH AR AR K
Jei, P24 50 R0 5 ERT m 3% T 38 XUZ IR 4R 2
mL KRR SR, B O RSE N BN 25 C.
24 h JEHEAT 0 h BB R RS IR K. 281K
BN AR, 24 h JE 40 K.

45 B A1 Bl (Supporting Information) 1L &%) Sa~5h,
6a~6e 1] '"H NMR Al °C NMR %[, xLepppiay Bl
& A F] W3 (http://sioc-journal.cn/)_E T %K.
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