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SR NEE (B2 B MR R ITE M & AR EYE TN

AEE EFEHEY T OB BERY REFHE
(“H E MO BT T B A TR T AR A E R TR s E Mol R = s TREE SR
WIE VLAV AIR S M E AR E M 210042)
¢ R EMALRREETF B AT T A5 100091)

WE N TIHRBEGRSEYFEEN G ERIATEY, BmIRAMPHER R RS b, WitEG T 15 MR R
T () SR TR (1) FE R IR 281 &0, H45H4 FT-IR. '"H NMR. *C NMR Fl HRMS Bt £ Wi, Sk &t 1
WL AT AR TEINR, REHN AV B O ERE R I 28 FsE e, HiGts T iR mR. EilREAN 100
pmol/L I, #RZM b &t A B8 208 (A375) AT 71 fides (PC-3 ) et 4 L B AT W B R B 4k 4 P, AL &4 N-Sitg
P 32 - V- (3- FF B 2R ) BRI (30) A1 N= S TREAA TG e 225 - N - (4- B0 2 225 ) T MR (6 8 AT L ) 410 k1) 2R A 21 90% L .
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Synthesis and Bioactivity Evaluation of Acylthiourea Derivatives
Based on Isopimaric Acid

Liu, Juanjuan® Lu, Yanju®’ Wang, Jing” Bi, Liangwu” Zhao, Zhendong™*“*
(“ Institute of Chemical Industry of Forest Product, Chinese Academy of Forestry, National Engineering Laboratory for Bio-
mass Chemical Utilization, Key and Open Laboratory on Forest Chemical Engineering State Forestry Adminstration, Key
Laboratory of Biomass Energy and Material, Nanjing 210042)

(® Research Institute of Forestry New Technology, Chinese Academy of Forestry, Beijing 100091)

Abstract To develop isopimaric acid derivatives with high bioactivity, fifteen acyl (amide) thiourea derivatives containing
isopimaric acid skeleton were synthesized and confirmed by FT-IR, '"H NMR, *C NMR and HRMS or elemental analysis. All
the compounds were evaluated for their antibacterial and anticancer activity. Most of the compounds showed siginificant in-
hibitory activity which was higher than that of isopiamric acid against the Candida Albicans. At the concentration of 100
umol/L, many compounds exhibited pronounced inhibitory effects on human melanoma cells (A375) and prostatic carcinoma
(PC-3) cell lines, especially compounds N-isopimaric acyl-N'-(3-methylphenyl)sulfourea (3¢) and N-isopimaric acyla-
mino-N'-(4-fluorophenyl)sulfourea (6b) have the best anticancer activity, both with the inhibitory rate of over 90%.

Keywords isopimaric acid; acylthiourea; antibacterial activity; anticancer activity; structure-activity relationship
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FAFS H ) — P B AR TR A —ab TR IR, HAR G RI
H 2R R B AEYEYE. T T AR I AT LR 7L
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/e S Y N R R = Sy (AL S SR S VA SO =i
TR R oL, DR T A D A T A ) Rk e DA 4
FVE R ZGBIEVE A O, TF R B RIS VE 3T B S i
FRRATAY).

T 5 R A T At FOR A 15 470 2 T S R R
RAETEY), WREBENGHRAEY. XPRBIREAT
AR AT T AR, s AR KRN SR
e A I AV E 71 e S 53N o 72 1 S Vi<
PR IR 24 R0 AR 25 AT 7 R A e

ASCAE AR I AR P P A 1, AR AR VE 12
JEER, eV S R PRI T, BRI R A
PERIBRIRZE AL 5] N B S IGAATR 70 770, RN T 8 5T
BORR, WItE T 15 Pk ILHGE I B A A R R
FEARAL B IBE(FE) FE B ARRTAE ) 3a~31, 5 I 6a~6b,
DAHAFHREE i ik KEE 0 S R 28 AR v 1 |
. AR 15 B EBRCEDIL S ME FTIR, 'H
NMR, *C NMR 1 TOE-MS #47 T /b5, I8 00T
X 15 Mk BV S e ERRE . Kt Efaas
ERBE AN TE P, BAROG N SR ZIR (A3 75) IR S iR
(PC-3) W4 Al 40 () 20 PR 2535 Mgk AT TR, B bR i &
W& R 28 4 Scheme 1 AT,

1 GR5vHe
1.1 EigESth
H x4 3a~3i, 5 F1 6a~6b [ FT-IR Y61 &+,

AR 3135~3432 em™ ' 22 [A] SR AR AL I )y N—H
AR BN, W IELE 1668~1679 cm ™' [REAIE

KSCN
"’/// "”//
(COCl),
—_—
NH,NH,

“cocl

IPA 1

C=0 KN IR BRI, 7F 1637 cm ' I ft 550 i i
RNFHFAFEE 28 B C=C Wi, 7 1242~1299 FiI
1134~1185 cm ' ISR U4 C=S WIS, %%
WAESE T HER =B . 74b, tEY 3e. 3 Al
3g 1F 643, 657 A1 653 cm ' kLB T )& T Ph—Br I
I; fbA% 3h F 3i 7E 652, 669 F 676 cm ' /2457 I
HHAEBE B I & Ph—Cl B AR iR s, s
) 3j 7E 1311 A1 1512 ecm ' H B AN BRI LGN
Ph—NO, I Aa IR 2 I i

'H NMR #EEH, 6 {H1E 12.26~14.12 f1 10.42~
11.18 AN #I& )7)E T CONHCSNH Al CONHCSNH
R TIE, A S CONHCSNH _E i 1 1A B
F P2 A 1025 BRI, 45 CONHCSNH Ji 147 8% H 1
FEAGIZHPY, 24 R BEMERL(Th)I, NH i TAr R b R A
FE(Ph)I AR B K Phk Th B3 4l FHUC RS, NH
AN ) Ess; A A ERIER, U NH
RIS, L&Y 3a~3g h, K LT
SR HBIAE 6 7.07~8.26. (LE&W) 3k Al 31+, MEREIR
R EIAE 6 7.30~8.63. TR EZE LK
CH=CH, fil C=CH Jii T2~ # 73 AI L BAE 6 5.84~
5.87 (dd), 5.31~5.36 (brd), 4.95~4.99 (dd)F 4.88~4.92
(dd)d, 53CHR[23]4RiE —5; = A CHs i L2200k o
FITE 6 1.27 0.86 A1 0.82 Fftilr; SMFFARR 28 HIBAE
WELIEAE 6 2.00 LAF. h4h, 7TE4LE9) 3b~3d Al 31
W, 5 2.30~2.37 HELAYFLIE Y PhCH; 1 ThCH; 5T+
AT FE V.

2 3a~3l

SN ’/’(l‘T—NHNH—lcll—NHQ
0 5 S

o

N\

"CONHNH,

R,NCS
4

"’Icl:—NHNH—<|:|—NHR2

S
6a ~ 6b

B 1 S RAmL () S BIRAT A & R

Scheme 1 Synthesis of isopimaric acylthiourea derivatives
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PC NMR &7, CSNH Al CONH (15 J5 1 11k 2
PR S HIAE 6 180.86~181.79 1 179.08~180.63 4b, [A]
FEEHF 0 T EBEE A3 CSNH 18 R T Ik
RERE I IAEARAL, ZRIR. MEMRIR [ SR LB 28 B AN
RITR LA AE 0 108.92~176.33 Ab. FFHASEH 42
R R FALA RIS AE 0 51.88 LLR. IbAk, LAY
3b~3d £ 31 /1, &L T PhCH; A1 ThCH; B 51146
SRS, S RIAE 521 A 11.53 /A,

HRMS 70745 B B r[M+Na] " [M—H] 8t &%
HT I SIE S5 R T A I E A BRI R ZEVa A, T
SEINAE 5 HE VR R R AR .

RS RR, rEREYS B &Y
(IS L R — 0.

1.2 HIEEM

PR A YIRS O HE B . KA A&
PRI MINENE RS Bink 1 fron. 458K, Hisbs
WD %eF A 20 AT (B 5 28 K R R K I AT VT ) P ) 3 12
W T BGPTSR, WA IR BT ) H [,
TR T & R AN TR R, 145 H sk
B DL 5 37 20 R A P R TR A0 B, AT BRI L B
RO, AEAEE ) 31 0 31000 K Bz AT B 2 B0 H ot ) 41
T, BRI IR E RN 15.63 pg/mL. B THLEY) 3c,
3 A 6a I E B R BR R 10V TE S S AA R A 24,
HARNEY R & T F R iR s S, Xl

R FHFIABLE) FEORIRAT AV 0 B S

Table 1 Antibacterial activity of isopimaric acylthiourea deriv-
atives

MIC/(ngemL ™"

Compd. R!/R? Staphylococcus Escherichia Candida

aureus coli albicans
3a Ph >500 >500 31.25
3b p-CH;C¢H, >500 >500 31.25
3¢ m-CH3CgHy >500 >500 62.5
3d 0-CH;C¢H, >500 >500 31.25
3e p-BrC¢H, >500 >500 31.25
3f m-BrCqH, >500 >500 62.5
3g 0-BrC¢H, >500 >500 31.25
3h  p-CIC¢H, >500 >500 15.63
3i m-CICgHy >500 15.63 31.25
3j p-O,NC¢H, >500 >500 31.25
N
3k 49 >500 >500  31.25

N
a < 1 >500 1563 781
S” CH,

5 125 125 31.25
6a Ph >500 500 62.5
6b  p-FCeH, 125 125 15.63

TR 31.25 125 62.5
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B R IR 45 440 1) 5 NG RT3 s R AL A ) 53 A TR T
e BR TR AN M. WP RO R TSR I, i
FATRIERRARGTAEY) 3a~3j HIF LHURIEH AR, 4B
PEEARAG A PN A BRSO T A B, B
A2 TR T A R R, U B SRR b AR
ARTEAF T 5m A A P B T 1 R IR BT,
Cl JFF B 12 S0 s G PEBE A . SR AL T 2
WRATAEDD 3k~ 31 FIMEREIR - IEBURFE AL &4 3k X
TR ER B AV VERS & T R AA R, CHs B &)
31 (PR TS A BN, R B A AR v 1,
BARANE IR EMICHE N 7.81 pg/mL. SFHEFAREIIEGR
WRATAY) 5, 6a~6b 1, RKIF FIRHUREERILEY) 6a XT
S BRSNS R T BRI EY 5, 1 p-F
B AL A 6b AN G S T 5, PO ZRIA R R
) 5 I AR A )30 ) 3L B )3 PR B 5
1.3 iiEtt

K EMEBE (MTT) VI E T H btk & Y050 Ak 2
0 IR (A375) AT 51 B8 (PC-3) 795 el e 210 o 4D 448 7 410 )
T, IS RHAA W) T AL TR B RICR AT X L,
SERGEE R 1 R, B 1 A, R A YRR
FRAE 10 pwmol/L B, X i i £4H i 38 5 ) L7 TG40 el o
7E 50 A1 100 pmol/L B, X 24 Ffa 384 5 f 0 ) 4 FH A B el
3, (EAAREES. B ARL A ITE 10 pmol/L ), S 5 Fiie
S o ) S FE AN AR AR o, 5 R R A R 22 00
AR 7E 50 pmol/L I, X 40 B3 B () 4l 1 FH 3 o, I
R A VI DU TS T BOR BGE; BEE AL S IR
SRR IEINE] 100 wmol/L B, Ak 477 1 20 A 438 7 $0 skt 2k SR
WS iE, ZHUAYRIE ST SRR bUE S
P, k&Y 3¢, 3f, 3i~31, 5, 6a F1 6b X A375 4 fK)
SEFEANEIE = T AR, JUHL 3¢ A 6b, HIHIZYY
15 90%LA Iy B 3a, 3d F1 5 4b, HARLAYIXT PC-3 41D
B RO B T AR, U 6b, A St s T
90%. iR AT, HAsMLEWmPUEEES &Y
FIEA K, BRI G5INE R T m SRR
Jee i

Al B ARMEAPIAE 10 pmol/L I FEA T H U IE M, 50
umol/L I s i P A 43 2%, 100 umol/L i Hid i 14
B, R LL 100 pwmol/L Ab & 5% 7 (1 40 1 1 A 8
SR RZAAT OIS %5, B 1 AL, SR B AR
WRAETAED) 3a~31 FRRIR _FICHUREE ) 3a XF A375 4
LT ERFEAMHIE R, X PC-3 4HAR AN R I H 555 11
TETE; RIS A EUIREE, R A 4 A A 0
EFI R 3E5R. XT A375 49U S, thEYIR EEUR
FEAH [F)(CHy/Br/CL, R3] AL B A P o vs
PETTHRECR, R RE I A PUREE TE I —AN ER
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1104 A375  [mmm 10 molll 2 #ip

100 [ 50 pmol/L

%0 BN 00 ol AR LA A TR 9 BORY, B A M R 4
80 WIS AR LRI b, WS T 15 bk AR
50 O S FA TS ) SEBRIRAT 210 WP oS MR, 468
e o] 43 A R 4 B €0 A Bk R T 431 2%
2 0] SEES, (R4 3R 313 A AT 2 00 HE B )
€ 30 T 2SI AR B O T R
201 2. HURSCIR Y, WAL ETE 50 F1100 pmol/L I %}
f' A375 il PC-3 Ji5 41 22 30 B S50 P00 L. S oA

3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k 3l 5 6a 6bIPA
Compound

110+ PC-3

I 10 pmol/L
1004 [ 50 pmol/L
90 100 pmol/L

Inhibitory rates/%

0
3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k 31 5 6a 6bIPA
Compound

B SRS G IR AT A M s v
Figure 1 Anticancer activity of isopimaric acylthiourea deriva-
tives

K, HASZ AL 7RI 7 IR 5o, ZRIRST AL A4
PR AR N, HEARTEZER. A YRR AR
KN, WHUEEYE 3i (C)>3f (Br); IR0 AR
FIEHR, MBS 3j (NO,)>>>3e (Br)>3h (Cl). X}
PC-3 4fRIM &, #IF L CH RS, & dus s
3¢ (m-)>3b (p-)>3d (0-); Br/Cl BURKE, NI ETE: 3e
(p-)~3g (0-)>3 (m-)/3h (p-)>3i (m-), VLHAZEIR e
TR FHUARET, a7 B v 1 e S ;1 W F
B AR, T A7 AN 2R A U GBI E . AR
XA A L JE A BRI, NO,y CL AT Br BRAAL &)
PUEIEEZ R K, A BT IRLEY) 3k A 31
XF A375 AR AR R SS, X PC-3 40 i B Hm A
FHER S, HMEMEER FRHRIE LAY 3k IS8R
T IR S U RUR. SR BB IR AT A
Y 5, 6a F1 6b AN FRIAHIML A 5 5T A375 U A
BEESAMEITEE, 6 PC-3 4HMIEATTCINEIMER]; &
KAWL EY) 6a A1 6b RILH T EMPriE T, HIK
WXL B SN F IRF RIS 6b FIPUE 1w T
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BLRRAT A= MO 2RI Ao AR A6 S 0400 A375 Ji 4
PRI SEEC OGO NO, U S =itk & 40
il PC-3 A MU S RS E OV A 53 4b, SRR IR
BROARATAE S K AT SI N7 S U PR 5. bt
FER, XHET T P& M mIE TR TR RAT A A
[ —EMSHNHE.

3 SRS
31 B 5EHH

g AR A F PR OWRS-1B B BT 4 AL
(Shanghai Shenguang Instrument, China), 15 F g A
221 1F; 5% [ Thermo Scientific Nicolet IS10 %4 {# F -7
¥ AN IS, R KBr B A E; #E Bruker Avance
I 500 BUAZREFEARAL, TMS N AR, DMSO-ds NG
H<[E Waters Q-TOF Micro™ & Jii i {X (Waters, England);
JE PE A# PE-2400 HJC&E 5T TLHIEL
SW-CJ-1FD B TAE G, T E IR 1XS51 B4
38 S s, = E Bio Tek Instruments EL-x800 FYREEHR
1%; HA SANYO XD-101 %4 CO, 5575 44.

R, BREF 7 H%P), MTT i Gibeo 24
" 18; DMSO H Sigma AFAME; ANEEO WM
(A375)RIH 1 i 44 L (PC-3) 25 HV L R B AE M B R
PBRA S FEAE. R BT RIS i 8 e all, 3 A A AR
2y sl
32 SLWHE
3.2.1  FEABEAAMRAT £ 4 3a~31 495 A%

¥ 1 g (3.3 mmol) FHFFAFRIA T 10 mL & H e,
REZE 0 C. 5, BIET 10 mL & F 1 035
mL (4 mmol)EFESUINE] LR H. /£ Ny R T,
WP 3 he JRNEER R, B A )
SRR e R 25, BB RO SEFABEE (). RS
T 10 mL ZEH i il ralt &, WInEAA 032 g (3.3
mmol) KSCN [ 15 mL ZJF¥EHH, 75 C R M 2 h,
AHIFE R THIERE KClUTTE, 15328 01 i
T2 I AR ER Q)M LR, B S, R S P T 2 5
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TREREE 1) Z W I 3 mmol RIS e . B
WEMEL, (RIS, TLC BREF RS HERE, £5ERLAH K
b R B, B BRI R, R =) 0l 4 o R 2 BT
(Y CBERR T8 e 2h, 193] 5 IR IR 3a~31
afi fh.

N- UG AA e B -N- 2R L AR IR (3a): B [ A, IS
82.7%. m.p. 112.8~113.6 ‘C; 'H NMR (DMSO-d;, 500
MHz) d: 12.62 (s, CSNH), 10.48 (s, IH, CONH), 7.64 (d,
J=9.0 Hz, 2H, PhH), 7.41 (t, J=8.0 Hz, 1H, PhH), 7.26
(t, J=8.0 Hz, 2H, PhH), 5.84 (dd, J=11.0, 18.0 Hz, 1H,
15-H), 5.34 (brd, J=5.5 Hz, 1H, 7-H), 4.96 (dd, J=1.0,
17.5 Hz, 1H, 16-H), 4.89 (dd, J=1.5, 11.0 Hz, 1H, 16-H),
2.09 (dd, J=3.0, 13.5 Hz, 1H), 1.97~1.85 (m, 5H), 1.74
(d, J=13.5 Hz, 2H), 1.62~1.53 (m, 4H), 1.48~1.33 (m,
4H), 1.27 (s, 3H, 19-Me), 0.88 (s, 3H, 17-Me), 0.83 (s, 3H,
20-Me); “C NMR (DMSO-ds, 125 MHz) ¢: 181.01,
179.80, 150.23, 138.35, 135.78, 129.08, 126.74, 124.86,
121.16, 110.24, 51.29, 47.84, 46.15, 44.06, 37.24, 36.83,
36.03, 35.21, 35.16, 24.94, 21.75, 19.94, 18.37, 17.16,
15.53; IR (KBr) v: 3432, 3294, 1679, 1637, 1242, 1152
cmfl; HR(TOF)MS calcd for Cy;H3¢N,ONaS 459.2446,
found 459.2454.

N-SFU P T - N -(4- FE RS 2R IR B IR (3b): 1 L] 44,
R 78.4%. m.p. 56.8~57.9 C; '"H NMR (DMSO-dq,
500 MHz) 6: 12.59 (s, CSNH), 10.46 (s, 1H, CONH), 7.49
(d, J=9.5 Hz, 1H, PhH), 7.23 (t, J=8.0 Hz, 2H, PhH),
5.87 (dd, J=11.0, 18.0 Hz, 1H, 15-H), 5.36 (brd, J=6.0
Hz, 1H, 7-H), 4.99 (dd, J=1.0, 17.5 Hz, 1H, 16-H), 4.92
(dd, J=1.5, 11.0 Hz, 1H, 16-H), 2.33 (s, 3H, PhMe), 2.12
(dd, J=4.0, 12.5 Hz, 1H), 1.99~1.87 (m, 5H), 1.76 (d,
J=13.5 Hz, 2H), 1.64~1.49 (m, 4H), 1.43~1.33 (m, 4H),
1.30 (s, 3H, 19-Me), 0.91 (s, 3H, 17-Me), 0.86 (s, 3H,
20-Me); *C NMR (DMSO-d;, 125 MHz) o: 180.99,
179.54, 150.20, 136.03, 135.75, 129.48, 124.34, 121.15,
110.19, 51.45, 48.03, 46.04, 43.82, 37.24, 36.88, 36.01,
35.18, 35.12, 24.92, 21.75, 21.03, 19.92, 18.26 17.18,
15.54; IR (KBr) v: 3432, 1671, 1637, 1245, 1135 cm .
Anal. caled for CyH3sN,OS: C 74.11, H 8.28, N 6.25;
found C 74.62, H 8.50, N 6.22.

N-SEUGRATEIE-N'-(3- FHEE R B IR IR (3e): 1 (o il 44k,
W% 84.5%. m.p. 113.3~114.0 ‘C; "H NMR (DMSO-dq,
500 MHz) 6: 12.61 (s, CSNH), 10.42 (s, 1H, CONH), 7.64
(d, J=9.0 Hz, 2H, PhH), 7.43 (s, 1H, PhH), 7.28 (t, J=8.0
Hz, 1H, PhH), 7.07 (d, J=9.0 Hz, 1H, PhH), 5.84 (dd, J=
11.0, 18.0 Hz, 1H, 15-H), 5.33 (brd, J=5.5 Hz, 1H, 7-H),
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4.96 (dd, J=1.0, 17.5 Hz, 1H, 16-H), 4.89 (dd, J=1.5,
11.0 Hz, 1H, 16-H), 2.31 (s, 3H, Ph-Me), 2.08 (dd, J=3.5,
12.5 Hz, 1H), 1.97~1.85 (m, 5H), 1.74 (d, J=13.5 Hz,
2H), 1.62~1.53 (m, 4H), 1.48~1.33 (m, 4H), 1.27 (s, 3H,
19-Me), 0.88 (s, 3H, 17-Me), 0.83 (s, 3H, 20-Me); "°C
NMR (DMSO-ds, 125 MHz) o: 181.01, 179.45, 150.22,
138.45, 138.22, 135.78, 128.81, 127.30, 125.01, 121.63,
121.24, 110.19, 51.39, 47.98, 45.99, 43.76, 37.16, 36.81,
35.94, 35.12, 35.09, 24.85, 21.68, 21.27, 19.86, 18.19,
17.11, 15.47; IR (KBr) v: 3432, 1672, 1637, 1261, 1134
cmfl; HR (TOF) MS calcd for C,3H3,N,OS 449.2627,
found 449.2637.

N-SF P T -V -(2- FR RS 2R IR B IR (3d): 1 £ ] 4k,
& 79.1%. m.p.>300 ‘C; '"H NMR (DMSO-ds, 500
MHz) 6: 12.26 (s, CSNH), 10.53 (s, 1H, CONH), 7.55 (d,
J=9.5 Hz, 1H, PhH), 7.29~7.27 (m, 1H, PhH), 7.24~
7.18 (m, 2H, PhH), 5.85 (dd, J=11.0, 18.0 Hz, 1H, 15-H),
5.35 (brd, J=7.5 Hz, 1H, 7-H), 4.96 (dd, J=1.5, 17.5 Hz,
1H, 16-H), 4.89 (dd, J=2.0, 11.0 Hz, 1H, 16-H), 2.20 (s,
3H, PhMe), 2.11 (dd, J=4.5, 12.5 Hz, 1H), 1.99~1.84 (m,
5H), 1.74 (d, J=13.0 Hz, 2H), 1.62~1.52 (m, 4H), 1.48~
1.30 (m, 4H), 1.28 (s, 3H, 19-Me), 0.89 (s, 3H, 17-Me),
0.83 (s, 3H, 20-Me); °C NMR (DMSO-d,, 125 MHz) ¢:
180.98, 180.63, 150.28, 137.37, 135.85, 133.68, 130.79,
127.42, 127.02, 126.51, 121.24, 110.22, 51.41, 48.05,
46.01, 43.77, 37.20, 36.88, 36.01, 35.19, 35.16, 24.96,
21.76, 19.90, 18.27, 18.06, 17.22, 15.52; IR (KBr) v: 3427,
3135, 1668, 1639, 1248, 1146 cm™'; HR (TOF) MS calcd
for C,sH3sN,ONaS 473.2586, found 473.2591.

N-SEIFRABESE-N-(4-1R K FE) B IR (3e): IR T 10 [ 1k,
& 82.4%. m.p. 56.8~57.9 C; 'H NMR (CDCl;, 500
MHz) 6: 12.67 (s, CSNH), 8.67 (s, 1H, CONH), 7.65 (d,
J=8.5 Hz, 2H, PhH), 7.55 (d, J=8.5 Hz, 2H, PhH), 5.88
(dd, J=11.0, 17.5 Hz, 1H, 15-H), 5.37 (brd, J=4.0 Hz,
1H, 7-H), 4.50 (dd, J=1.0, 17.5 Hz, 1H, 16-H), 4.93 (dd,
J=1.0, 10.5 Hz, 1H, 16-H), 2.11~1.90 (m, 6H), 1.85~
1.79 (m, 2H), 1.73~1.61 (m, 6H), 1.56~1.45 (m, 2H),
1.43 (s, 3H, 19-Me), 0.99 (s, 3H, 17-Me), 0.91 (s, 3H,
20-Me); *C NMR (CDCl;, 125 MHz) J: 180.08, 178.27,
150.09, 136.72, 136.11, 131.94, 125.35, 120.30, 119.85,
109.44, 52.11, 47.81, 46.01, 45.76, 38.53, 37.17, 36.77,
35.99, 35.30, 25.08, 21.54, 20.02, 17.97, 17.12, 15.34; IR
(KBr) v: 3430, 1672, 1637, 1244, 1136 cm™'. Anal. calcd
for C,;H3sBrN,OS: C 63.75, H 6.80, N 5.17; found C
62.90, H 6.84, N 5.43.
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N-72 Mg P IR B -N-(3- 1R R BRI IR (3): ¥4 0 (2 ] 44,
R 75.9%. m.p. 68.7~70.2 C; '"H NMR (CDCls, 500
MHz) d: 12.71 (s, CSNH), 8.67 (s, 1H, CONH), 7.99 (s,
1H, PhH), 7.56 (d, J=9.5 Hz, 1H, PhH), 7.67 (d, J=8.5
Hz, 2H, PhH), 7.42 (t, J=2.5 Hz, 1H, PhH), 5.88 (dd, J=
11.0, 17.5 Hz, 1H, 15-H), 5.37 (brd, J=4.0 Hz, 1H, 7-H),
5.00 (dd, J=1.0, 17.5 Hz, 1H, 16-H), 4.93 (dd, J=1.0,
10.5 Hz, 1H, 16-H), 2.10~1.90 (m, 6H), 1.85~1.79 (m,
2H), 1.73~1.61 (m, 6H), 1.59~1.45 (m, 2H), 1.43 (s, 3H,
19-Me), 0.99 (s, 3H, 17-Me), 0.91 (s, 3H, 20-Me); "°C
NMR (CDCl;, 125 MHz) 4: 180.10, 178.33, 150.16,
138.91, 136.99, 130.05, 129.67, 126.68, 122.35, 122.24,
120.30, 109.45, 52.10, 47.82, 46.01, 45.76, 38.52, 37.16,
36.77, 36.00, 35.30, 25.08, 21.54, 20.02, 17.97, 17.12,
15.35; IR (KBr) v: 3429, 1672, 1637, 1243, 1136 cm".
Anal. calcd for Cy;H35BrN,OS: C 62.75, H 6.79, N 5.50;
found C 62.90, H 6.84, N, 5.43.

N-SFHFFATE 3L -N-2- IR R B IR (3g): ¥k 2 €4 [f]
%, W& 78.5%. m.p. 80.2~81.5 ‘C; 'H NMR (CDCl;,
500 MHz) 6: 12.61 (s, CSNH), 8.75 (s, 1H, CONH), 8.28
(d, J=8.0 Hz, 1H, PhH), 7.68 (d, J/=8.0 Hz, 1H, PhH),
7.42 (t, J=8.0 Hz, 2H, PhH), 7.20 (t, J=8.0 Hz, 1H,
PhH), 5.88 (dd, J=10.5, 17.5 Hz, 1H, 15-H), 5.37 (brd,
J=3.5Hz, 1H, 7-H), 5.00 (dd, J=1.0, 17.5 Hz, 1H, 16-H),
4.93 (dd, J=1.0, 11.0 Hz, 1H, 16-H), 2.12~1.93 (m, 6H),
1.89~1.83 (m, 2H), 1.76~1.62 (m, 6H), 1.60~1.48 (m,
2H), 1.45 (s, 3H, 19-Me), 1.00 (s, 3H, 17-Me), 0.92 (s, 3H,
20-Me); *C NMR (CDCls, 125 MHz) d: 179.57, 179.09,
150.13, 136.54, 135.97, 132.90, 128.12, 127.47, 127.03,
120.40, 118.50, 109.42, 52.00, 47.82, 46.00, 45.74, 38.49,
37.14, 36.76, 36.02, 35.32, 25.08, 21.55, 20.00, 17.99,
17.16, 15.33; IR (KBr) v: 3429, 1672, 1637, 1243, 1136
em . Anal. caled for C,;H3sBrN,OS: C 63.07, H 6.63, N
5.37; found C 62.90, H 6.84, N 5.43.

N-FE AR T - N -(4- SR ) B IR (3h): % 38 ([ 4,
R 76.3%. m.p. 57.2~58.6 ‘C; 'H NMR (DMSO-dg, 500
MHz) 6: 12.58 (s, CSNH), 10.57 (s, 1H, CONH), 7.67 (d,
J=8.5 Hz, 2H, PhH), 7.45 (d, J=8.5 Hz, 2H, PhH), 5.84
(dd, J=11.0, 17.5 Hz, 1H, 15-H), 5.33 (brd, J=4.0 Hz,
1H, 7-H), 4.96 (dd, J=1.0, 17.5 Hz, 1H, 16-H), 4.89 (dd,
J=1., 11.0 Hz, 1H, 16-H), 2.09 (dd, J=3.5, 12.0 Hz,
1H), 1.96~1.84 (m, 5H), 1.73 (d, J=12.5 Hz, 2H), 1.61~
1.53 (m, 4H), 1.48~1.31 (m, 4H), 1.27 (s, 3H, 19-Me),
0.88 (s, 3H, 17-Me), 0.83 (s, 3H, 20-Me); *C NMR
(DMSO-ds, 125 MHz) §: 180.95, 180.00, 150.27, 137.42,
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135.73, 130.66, 128.94, 126.70, 121.37, 110.05, 51.28,
47.82, 45.89, 43.78, 37.19, 36.88, 35.99, 35.18, 35.07,
24.78,21.73, 19.87, 18.01, 17.29, 15.46; IR (KBr) v: 3430,
1672, 1637, 1244, 1136 cm™ ', Anal. caled for C,,HssCl-
N,OS: C 68.53, H 7.44, N 5.93; found C 68.84, H 7.49, N
5.95.

N-SF UG RABRBE-N'-(3- S 2R FE) B IR (3i): V% 3 A0 [ £k,
R 74.6%. mp. 47.5~48.6 C; '"H NMR (DMSO-d,,
500 MHz) 6: 12.68 (s, CSNH), 10.63 (s, 1H, CONH), 7.93
(s, 1H, PhH), 7.56 (d, J=10 Hz, 1H, PhH), 7.45 (t, J=8.5
Hz, 2H, PhH), 7.34~7.32 (m, 1H, PhH), 5.87 (dd, J=
11.0, 18.0 Hz, 1H, 15-H), 5.36 (brd, J=6.0 Hz, 1H, 7-H),
498 (dd, J=1.5, 17.5 Hz, 1H, 16-H), 491 (dd, J=1.5,
11.0 Hz, 1H, 16-H), 2.12 (dd, J=4.0, 12.0 Hz, 1H), 1.99~
1.87 (m, 5H), 1.76 (d, J=13.5 Hz, 2H), 1.64~1.56 (m,
4H), 1.51~1.33 (m, 4H), 1.30 (s, 3H, 19-Me), 0.91 (s, 3H,
17-Me), 0.86 (s, 3H, 20-Me); °C NMR (DMSO-d;, 125
MHz) §: 180.86, 180.05, 150.26, 139.84, 135.82, 133.11,
130.45, 126.51, 124.54, 123.56, 121.30, 110.18, 51.45,
48.07, 46.04, 43.73, 37.20, 36.87, 36.01, 35.17, 35.07,
24.99,21.75, 19.92, 18.25, 17.19, 15.53; IR (KBr) v: 3429,
1672, 1637, 1243, 1136 cm ', Anal. caled for C,,HssCl-
N,OS: C 69.25, H 7.47, N 5.10; found C 68.84, H 7.49, N,
5.95.

N-J7 M A Tt - V" - (4- T 22 R IR R DR (3f): A% £ [T 44,
R 76.8%. m.p. 743~752 C; '"H NMR (DMSO-dq,
500 MHz) 6: 12.92 (s, CSNH), 10.76 (s, 1H, CONH), 8.26
(d, J=9.5 Hz, 2H, PhH), 8.04 (d, J=9.5 Hz, 2H, PhH),
5.84 (dd, J=11.0, 18.0 Hz, 1H, 15-H), 5.33 (brd, J=5.5
Hz, 1H, 7-H), 4.96 (dd, J=1.5, 17.5 Hz, 1H, 16-H), 4.89
(dd, J=1.0, 10.5 Hz, 1H, 16-H), 2.11 (dd, J=4.0, 12.5 Hz,
1H), 1.96~1.84 (m, 5H), 1.74 (d, J=13.5 Hz), 1.62~1.54
(m, 4H), 1.48~1.31 (m, 4H), 1.28 (s, 3H, 19-Me), 0.88 (s,
3H, 17-Me), 0.83 (s, 3H, 20-Me); *C NMR (DMSO-d,
125 MHz) 6: 180.96, 179.96, 150.27, 144.85, 144.39,
135.83, 124.65, 124.62, 121.30, 110.20, 51.45, 48.14,
46.05, 43.67, 37.15, 36.88, 35.99, 35.18, 34.99, 24.89,
21.74,19.91, 18.23, 17.20, 15.54 cm™ '; IR (KBr) v: 3427,
1676, 1637, 1253, 1137. HR (TOF) MS caled for
C»7H34N;05S 480.2321, found 480.2309.

N-F AN -V - M R IR (3k): il 4k, e
60.7%. m.p. 67.1~68.0 ‘C; 'H NMR (DMSO-d;, 500
MHz) d: 14.12 (s, CSNH), 11.18 (s, IH, CONH), 7.63 (d,
J=4.0 Hz, 1H, Th-H), 7.33 (d, J=4.0 Hz, 1H, Th-H), 5.84
(dd, J=11.0, 18.0 Hz, 1H, 15-H), 5.32 (brd, J=6.5 Hz,
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1H, 7-H), 4.96 (dd, J=1.5, 17.5 Hz, 1H, 16-H), 4.88 (dd,
J=1.5, 11.0 Hz, 1H, 16-H), 2.10 (dd, J=4.0, 12.5 Hz,
1H), 1.96~1.85 (m, 5H), 1.74 (d, J=13.0 Hz, 2H), 1.61~
1.51 (m, 4H), 1.48~1.30 (m, 4H), 1.27 (s, 3H, 19-Me),
0.88 (s, 3H, 17-Me), 0.83 (s, 3H, 20-Me); °C NMR
(DMSO-d,, 125 MHz) o6: 181.79, 179.28, 172.39, 150.27,
135.76, 121.33, 115.13, 110.21, 108.92, 51.45, 48.14,
46.05, 43.67, 37.15, 36.88, 35.99, 35.18, 34.99, 24.89,
21.74,19.91, 18.23, 17.20, 15.54 cm™'; IR (KBr) v: 3431,
1671, 1638, 1299, 1185. HR (TOF) MS calcd for CpyHas-
N;ONa$, 466.1947, found 466.1955.

N-J7 A Tt - V' (5- PR R g I B R (31): 1 £ ]
%, W% 69.3%. m.p. 70.5~71.6 ‘C; '"H NMR (DMSO-
de, 500 MHz) d: 13.98 (s, CSNH), 11.09 (s, 1H, CONH),
7.30 (s, 1H, Th-H), 5.84 (dd, J=10.5, 17.5 Hz, 1H, 15-H),
5.31 (brd, J=6.5 Hz, 1H, 7-H), 4.95 (dd, J=1.5, 17.5 Hz,
1H, 16-H), 4.88 (dd, J=1.5, 10.5 Hz, 1H, 16-H), 2.37 (s,
3H, Th-Me), 2.09 (dd, J=3.5, 12.5 Hz, 1H, 9-H), 1.95~
1.84 (m, 5H), 1.73 (d, J=13.0 Hz, 2H), 1.60~1.53 (m,
4H), 1.48~1.30 (m, 4H), 1.26 (s, 3H, 19-Me), 0.87 (s, 3H,
17-Me), 0.82 (s, 3H, 20-Me); °C NMR (DMSO-d,, 125
MHz) 6: 181.73, 179.96, 176.33, 150.30, 135.80, 128.06,
121.33, 112.52, 110.23, 51.45, 48.35, 46.05, 43.62, 37.14,
36.89, 36.03, 35.20, 34.90, 24.87, 21.76, 19.93, 18.17,
17.18, 15.53, 11.53 em™'. IR (KBr) v: 3432, 1675, 1637,
1296, 1184. HR (TOF) MS caled for C,sH3sN;ONaS,
480.2119, found 480.2110.
322 FHEANBIE(4)H AR

WA 3.3 mmol (b &4 1 18 N4 0.18 mL (3
mmol)/K & . 0.5 mL (3.6 mmol) = Z. &A1 10 mL Y5
BRI R A AR, WIRIRN 2 h, RNEEH G, I 8RR
EUUE, WEANLE, LRGN, 50 0EE, A
b3, HEMT T RN
323 N-F#&ANELE A AL FIR(S) 495 R

¥ 0.36 g (3.6 mmol) KSCN I Z] FiR & ik &4
4 130 mL 5% RV S A, IR M ISR, RN
SEO, RN PR AR I T A, R 4R TE K B EE 4
R, 130.72 g HEEHIRGE & 5, % 64.1%. m.p. 208.4~
209.5 ‘C; 'H NMR (DMSO-d,, 500 MHz) 8: 9.16 (s, 1H,
CSNH), 5.86 (dd, J=10.5, 17.5 Hz, 1H, H-15), 5.34 (brd,
J=6.5Hz, 1H, H-7), 4.98 (dd, J=1.5, 17.5 Hz, 1H, H-16),
491 (dd, J=1.2, 11.0 Hz, 1H, H-16), 1.97~1.85 (m, 4H),
1.80~1.72 (m, 2H), 1.57~1.34 (m, 8H), 1.23 (s, 3H,
19-Me), 1.14~0.97 (m, 2H), 0.89 (s, 3H, 17-Me), 0.86 (s,
3H, 20-Me); *C NMR (DMSO-d, 125 MHz) §: 177.29,
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177.25, 150.40, 13521, 122.04, 110.16, 51.89, 46.08,
45.55, 45.41, 38.70, 36.98, 36.89, 35.99, 35.11, 24.51,
21.79, 19.97, 18.18, 17.53, 15.61; IR (KBr) v: 3313, 3087,
1678, 1637, 1233, 1153 cm'. HR (TOF) MS caled for
C,;H33N;ONaS [M+Na]™ 398.2248, found 398.2242.
3.2.4 N-5 &4 BE M L -N-(4-FUR K 2L #k (6a~6b)
89 B A%,

¥4 3.3 mmol 4-HUZRIE A FIR AN 10 mL Z i
INE] iR R EIALE Y 4 F110 mL o7k 2 TR S A R
FH, [EIALRON 4 h DR 2 BRVE R, M A EATAE R
i VAR @ (LR ZER)=6 : 1], 81k5%) 6a~6b.

N-SE A T i - N'- 2R LR IR (6a): TR SR ELLEI A, UK
# 70.85%. m.p. 135.3~136.2 C; '"H NMR (DMSO-d;,
500 MHz) 6: 9.63 (s, 1H, CONH), 9.49 (s, 1H, NHCSNH),
9.16 (s, 1H, NHCSNH), 7.50 (d, J=6.5 Hz, 2H, PhH),
7.37 (t, J=8.0 Hz, 2H, PhH), 7.18 (t, J=7.0 Hz, 1H,
PhH), 5.86 (dd, J=10.5, 1H, 17.5 Hz, H-15), 5.66 (s, 2H,
PhH), 5.32 (brd, J=4.5 Hz, 1H, H-7), 4.98 (dd, J=1.5,
17.5 Hz, 1H, H-16), 491 (dd, J=1.2, 11.0 Hz, 1H, H-16),
1.97~1.88 (m, 5H), 1.83~1.74 (m, 5H), 1.62~1.47 (m,
4H), 1.32 (s, 3H, 19-Me), 1.23~1.10 (m, 2H), 0.90 (s, 3H,
17-Me), 0.86 (s, 3H, 20-Me); *C NMR (DMSO-d;, 125
MHz) d: 177.25, 177.12, 150.34, 139.64, 135.41, 135.17,
128.66, 125.04, 121.66, 110.15, 51.94, 46.02, 45.74, 45.53,
38.71, 36.88, 36.68, 35.97, 35.16, 24.77, 21.76, 19.98,
18.02, 17.49, 15.61; IR (KBr) v: 3285, 3079, 1636, 1237,
1152 cm™". HR (TOF) MS calcd for C,;H3;N;ONaS [M+
Na]' 474.2562, found 474.2555.

N-S R T Z - N -(4- 528 5 B IR (6b): - 11 £ [ %,
R 72.63%. m.p. 112.3~113.9 C; 'H NMR (CDCls,
500 MHz) J: 10.79 (s, 1H, CONH), 10.26 (s, 1H,
NHCSNH), 9.21 (s, 1H, NHCSNH), 7.44 (d, J=8.0 Hz,
2H, PhH), 7.40 (d, J=9.0 Hz, 2H, PhH), 5.86 (dd, J=
11.0, 17.5 Hz, 1H, H-15), 5.27 (brd, J=5.0 Hz, 1H, H-7),
5.00 (dd, J=1.0, 17.5 Hz, 1H, H-16), 4.94 (dd, J=1.0,
11.0 Hz, 1H, H-16), 2.03~1.75 (m, 7H), 1.67~1.60 (m,
7H), 1.45 (s, 3H, 19-Me), 1.33~1.29 (m, 2H), 0.93 (s, 3H,
17-Me), 0.86 (s, 3H, 20-Me); *C NMR (CDCl, 125 MHz)
5: 176.10, 173.04, 150.08, 136.23, 135.84, 131.93, 129.23,
126.73, 120.26, 109.40, 51.82, 46.20, 45.90, 45.83, 38.52,
37.39, 36.66, 35.77, 35.03, 24.86, 21.44, 19.86, 17.76,
16.50, 15.32; IR (KBr) v: 3293, 3082, 1639, 1235, 1149
cm . HR (TOF) MS calcd for Cp7H3sFN;ONaS [M+Na]"
4922461, found 492.2471.
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32,5 APHE &R

K ZAERREPIE T B AR A & O A
BREA . KMAT 3 A A S Bk s, ARk &4
FARAE DMSO o, BCil ek B2 2000 pg/mL I ERE &
H. 96 FLIRBEALINA KB 7 75 pl, 28 1 FIEE 2 L
AN 75 L BIBRRE, 1RGN 1 FLHEUGH 75 ul
2, H 2 FLHPIREL 75 uL 256 3 fL, IRAIE FREL 75 uL
B 4 fL, ASRHERRBEZSE 11 1L, 28 12 FLAINZ9,
VE A BA ot B o 504 K 3 B Btk B AR A T T8 1R K
o, FRHIREEZ) N 10° CFU/mL FIB B, 96 FLIR 45
LI 75 L BEW, 1R2IJG T 37 C R 3R 24 h. %
M ERAEN, LRZE RE R T E A K, W
EMARRA AR A, K B0 40 5 A K A 2 43 B
i DA BT o A A K R B ARG FBE DR 2R ot R 12 TR ol 114 8 /)
I K £ (MIC).
32.6  HIEEPEMNK

KH MTT 3PWREise 7 B b &% A375 A
PC-3 ol 200 FL 1 1k A0 A0 B 45 1 2047 7 K. R
&1 %R RAE DMSO o, &) BOKR FE N 100
mmol/L IR, T FHREEFRIEA 10% 192 M7 BT FRE,
3B S P B 4330 2 10, 50 AT 100 pmol/L 1R
(R4 DMSO &8 <1%). K i Fl 40 i 48 % 0
b 8, ORI E A 4.5 X 10 AN/ mL 140 BV,
SRIGHERIE] 96 FLA T (100 pL/AL), BT 37 C, 5%FH)
CO, I P15 % 24 h. TR FRECHILT AN [F) R 1 45
WAL BIMANE] 96 FLAR (100 pL/fL), [FIRF 3T
M, FFL3 MNEFL. 96 FLANIE = E T 37 C, 5%
CO, A F R 72 h J5, BFLIMA 20 puL (5 mg/mL)¥%
W, 4ke¥Egt4h, 75 BB, LI 150 uL DMSO
AR, FERREY 10 min J225), FIBEERCIE 490 nm Ak
IR EAE(OD). AR U T 2 s TH SR 5 i 2.

B xR ZHODME - =236 {HEO0D{E

] 28 /% =
i FH %S HE4ODIE

x100%

4 BT EL(Supporting Information) L& 3a~31. 5
FI 6a~6b 1k & WIS BRI A = o R L X b
AT PG 2 WA X i (http://siocjournal.cn) b T %K.
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