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Abstract ; During our search for new antibacterial agents from natural products,two new (1,2) and four known metabo-
lites (3-6) of dithiolopyrrolone derivatives, were isolated from fermentation broth of an insect pathogenic enterobacteri-
um , Xenorhabdus bovienit SN52. Their structures were identified on the basis of NMR and MS spectroscopic analyses and
by comparison with those reported previously. Compounds 1-6 were tested antibacterial activities using 96-well microdilu-
tion broth assay,and the structure-activity relationships indicated that the antibacterial activities of dithiolopyrrolone de-
rivatives are significant influenced by the variable substituents of side chain.
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s S e D7 (1 245 4 ATk 27 iR A FR
), 3% B B ( Sigma-Aldrich 32 [E 24 F]) , 100 ~
200 HHZMreE g (5 S E4L T ), Sephadex
LH-20 4% 2 #fr & i (GE BEJ7 4L W, 3% g% $i, B
#) . Avance 600 % 4R A (fE[E Bruker /A F] ),
TMS Sy NFR 5 AR 6500 5 51 UG AT- "R AT B 8] BT
AL (L[ Agilent 22 7] ) 5 Agilent 1260 =5 R0 AH (5
TEAL, A H7 ) C 4 (Agilent ZORBAX Eclipse XDB,
4.60 x 250 mm,5 pum) FI2f £ % C o, 1 (Agilent
ZORBAX Eclipse XDB,9.4 x250 mm,5 pm) ,

2 BEHMIERSAE

AR SN52 7385 H AL 7748 KU T (40° 327 35"
N,123°48' 11" E) , ¥4k 322 m, 43 B H A R s
W5 ( Galleria melonella) %) M = . 3£ T 16S
rRNA J¥ %] ( GenBank accession No. KU297676) 43
Br, bR SNS2 # 485E S AH IREU T 18 SNS2, K fx
F£T°-80 °C B& 2 v i) SNS2 45l T NBTA 45 1] 5
Fedkrfr 28 CHEFR 24 b, (O B0 G T ) A= BT R
TPk, ¥R bR T R B 3R 5
R BERE IR MG SRk (A% kE 0.631% , 85 1
W 2. 129% , MgSO, - 7H,0 0. 15% , ( NH, ),SO,
0.246% ,KH,PO, 0. 086% ,K,HPO,0. 111% , NaSO,
0.172% , BAFR 1000 mL pH 7.2) % 2000 ml, =
FHLH (FHLA 400 mL) 4520 L, 28°C 180 rpm 4%
ERERES do

3 RESESE

KRS d Jake RIEREFRWAE 4 CF 6500 rpm 5
L 30 min R ERE, ZEEIE T 3% ) Amberlite
XAD 16 B AWz Ff 4 he 8 250 IR BRI HH H B
VMUY, SR J5 KB D 0% HH B I v s e 25 1, 15 2]
Y. B T 0% M3 ) 150 T 50% 1) H
(600 mL) Hv K b ARV SRR ) — Gl H e 25 B
VUK, FGBIRR IR 6.5 g, BB ARk (3% [ 350
mm x 40 mm;V(CH,CL,): V(MeOH) 100:2,100:
6,100:12,100: 100 £1 0: 100, &R 2 L] £ E Bk
B, TLC K5 &R 5 M4 (A B E)

24 D 2 BE % Sephadex LH-20 43 £8,1% ( MeOH
VEME) g fk 5, R Rl & HPLC [ 3 3h AH: V
(MeOH): V(H,0) =63:37, Hig &=~ 0. 1% , i
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Fig. 1 Chemical structure of 1-6
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N,0,S, JF5F|H"C NMR $ffi f94ciF. HL'H NMR
(600 MHz,DMSO-d, ) (& 1) s A WA HIEA(E 5
[6,0.89 (6H,d,J = 6.7 Hz )], — A~ (55
[8,2.05 (2H,t,J = 6.8 Hz) ], — K HEE
[641.72 (1H,m) ], — R XSRS AF 5 [ 8
6.73 (1H,dt,J = 15.1,7.4 Hz) f16.33 (1H,d,J
= 15.4 Hz) | ,—/=HBURXUE[ 5, 7.09 (1H,s) |,
I EF S 6,10.8 (1H,s) F19.97 (1H,s)
i F7EH HSQC 3% K] rh & A AH A5 5 45 & g 4L
PEHEWT O NH {55, MRAEHE"C NMR (£ 1) A
HSQC &K A AE W 1 &4 12 A5 5 138
R AS B FE (8,167. 9 F1 163, 5), B4~ B 3 (5,
22.2) ,— PRI 5 (5.40.7) , — BRI Rk
H3E(8:27.3), = Midtk (5.144.1,123.9, Fil
111.0) Fl =20k (5.134.4,133.9  f1 115.3) . {T
AILEE " C NMR 12407 # (5. 167.9,134. 4,
133.9,115.3 F1 111.0) &M 52 Ak 59 Xe-
nothabdin 1" f5° C NMR k25 {0 B o $230 , ki
Wik 54 1 &8 B PE EdER . 5,10. 8 (4-NH )
8 134.4(C-3a ) il HMBC #H56LA K 8,7.09 (H-
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3) 5PN ZER[ 8.134.4 (C-3a) 1 133.9 (C-6a) ]
() HMBC #H 56 (&1 2) 38— UESE T 47 M s i 34
(IFEAE. BLAM, 8,6.33 (H9) kb i FAE 55 8,
163.5( C-8) Ab g B L3 Al 5.40. 7 (C-11) b fra g 7
T I R Jmi (1) HMBC A D& LA BB 1155 6,0. 89
(H,-13 #1 H,-14) 5 C-11 JEMAEA Y 1 h 174
5-H O 2-E B 5 o R, 8,,9. 97 (7-NH) &b ()

i~ 45 C-6,C-6a Al C-8 ) HMBC AHGIESE T
ML P B ML BE 3R €6 Lo k&
Y1 w45 6-(E-5-H1 L C2-4a M e ) -5-440-1, 2-
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x1 &Ww1Fm28'H (600 MHz) #1”C (150 MHz) NMR #[#& ( DMSO-d, )

Table I 'H (600 MHz) and “C (150 MHz) NMR data of compounds 1 and 2
1 2
Position
Se 8, (J in Hz) 5e 8y (J in Hz)
3 111.0 7.09 (s,1H) 111.3 7.37 (s,1H)
3a 134.4 136.1
4-NH 10.8 (s,1H)
N(4)-CH, 27.5 3.26 (s,3H)
5 167.9 166. 1
6 115.3 114.7
6a 133.9 132.8
7-NH 9.97 (s,1H) 10.06 (s,1H)
8 163.5 163.4
9 123.9 6.33 (d,1H,15.4) 123.8 6.33 (dt,1H,15.3,1.3)
10 144.1 6.73 (dt,1H,15.1,7.4) 144.2 6.73 (dt,1H,15.1,7.4)
1 40.7 2.05 (1,2H,6.8) 40.7 2.6 (m,2H)
12 27.3 1.72 (m,1H) 27.3 1.72 (m,1H)
13 22.2 0.89 (d,3H,6.7) 22.2 0.89 d (d,3H,6.6)
14 2.2 0.89 (d,3H.6.7) 2.2 0.89 d (d,3H.6.6)
HEW2 HEBAREOETENSE TR WALET 6,10.8 (s, IH) /A2 HEXT 8,

fi MR H HR-ESI-MS (M2 m/z 319.0529 [ M +
Na] * 58 {H 4 319. 0550) #EWr 7 X4 Cs Hy
N,O,S, , H AT LUEHREY 2 ka1
Z— N HIELL(CH,) o ML AW 2 197 C NMR
F1'H NMR A% e Hde (22 1) % B0 B A B 350 (S
166.1,163. 4) W55 B &0 P 3 [5,0.89 (d,
6H,6.6),6.22.2(C-13,-14) ],—/1E 8,3.26 (s,
3H) Kb A L, — SRR [ 8,2.6 (m,2H)
8:40.7(C-11) ], — BRI R R JE[8,1. 72 (m,
1H),8.27.3(C-12) ], =/ Hmr [ 6,6.33 (di,1H,
15.3,1.3),8.123.8(C9);8,6.73 (di,1H,15.1,
7.4),8.144.2(C-10) ;6,7.37 (s,1H) ,8,111.3(C-
3) ], =R [8.136.1(C3a) ,114.7(C-6) ,132.8
(C-6a) | KIMGUAEW 1 MR IE & AL, A

3.26 (s,3H),5.27.5, WIHA55 5,3.26 FIH =k
[8.136.1 (C-3a) F1166.1 (C-5) ]#y HMBC #f %
UFSE T WL (6,3.26) 4 3] T AR T HaniE 2,
H-9 1 H-10 5 C-8 % HMBC 48 L)L f& H % H-13/
14 5 C-11 () HMBC fH5E SR EY 2 hiuff
TES-HE O 2-Mm W, HIttb a9 2 2ibaw1
E@anﬁ%ﬂ:*U% LiE| 6-<E-5-33£Ea-2-da’%ﬁﬁt

1 2
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Fig. 2 Key HMBC (arrows) correlations of 1 and 2
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Jiig ) 4-F k-5 48 A0 -1,2- B [4,3-0 kg, Hogh
WK 1 R, g5 28 SCI Finder ¥:2, R & BLAH &
ol e o B b &Y. a2 BiEdn g
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e 3 HEKAK;'H NMR (600 MHz,
DMSO-d,) &, 7.05 (1H,s,H3),10.75 (1H,s,4-
NH),9.82 (1H,s,7-NH),2.33 (2H,t,J = 7.4 H-
9),1.51 (2H,dd,J = 14.7,7.4,H-10),1.25 (2H,
overlap ,H-11) 1.25 (2H,overlap,H-12) ,0. 86 (3H,
t,J = 7.0,H-13) .,”C NMR (DMSO0,150 MHz) §,:
110.5 (C3),133.9 (C3a),167.9(C-5),115.4
(C-6),133.7 (C-6a),171.9 (C-8),34.6 (C-9),
30.8 (C-10),24.7 (C-11),21.8 (C-12),13.8(C-
13) . PSS 5 ek — 30 Bok e e 3 e
A Xenorhabdin I, 43T/ C,, H,N,0,S,, Z5#) =,
meE 1,

wEw4 FEBAK;'H NMR (600 MHz,
DMSO-d,) 8,7.05 (1H,s,H-3),10.72 (1H,s,4-
NH),9.82 (1H,s,7-NH),2.32 (2H,t,J = 7.4 H-
9),1.52 (2H,m,H-10),1.14 (2H,m,H-11) 1.49
(1H, m, H-12),0.86 (6H,t,J = 6.6, H-13, H-
14) ,"*C NMR(150 MHz) &, 171.9(C-8),168.0( C-
5),134.0(C-3a),133.7(C-6a),115.4(C-6),110.6
(C-3),37.9(C9),34.9 (C-10),27.2(C-11) ,23.0
(C-12),22.4(C-13,C-14) . L - ¥ 5 ekt —
B, HOEB AR A 4 %552 K Xenorhabdin 11, 4350
C,H,N,0,S, , g5ty anfE 1,

wEw s HEKAR;"H NMR (600 MHz,
DMSO-d,) 8,:6.63 (1H,s,H-3),3.35 [3H,s, N
(4)-CH,],7.71 (1H,s,7-NH) ,2.35 (2H,m,H9) ,
1.69 (2H,m,H-10),1.33 (2H,overlap,H-11) 1.33
(2H, overlap,H-12),0.90 (3H,dd,J = 9.3,4.5,H-
13) . DI ESs 5 skt — 380 Hob b e 5 B E
A Xenorhabdin IV, 73T N C,HN,0,S, , 454
mE 1,

a6  HAMAI; ' H NMR (CDCL,,600
MHz) §,:6.63 (1H,s, H3),3.35 [3H,s,N(4)
-CH,],7.80 (1H,s,7-NH),2.34 (2H,m, H9),
1.69 (2H, m, H-10),1.22 (2H, m, H-11), 1.56
(1H,m,H-12),0.88 (6H,t,/ = 6.6,H-13,H-14)
."C NMR (CDCl,, 150 MHz) §.:,08.9 (C-3),
136.8 (C-3a),167.0 (C5),114.4 (C-6),132.7
(C-6a),171.6 (C-8),38.4 (C-9),36.7 (C-10),

30.0 (C-11),27.8 [ N(4)-CH, ],23.3 (C-12),
22.5(C-13,C-14) . LI b%o¥s 5 3cmk ™ — 2k, ok
WAEY) 6 %58 & Xenorhabdin V, 43r T30 C 3 Hy,
N, 0,8, , 45 H=CanfEl 1,

5 MR DE RS

4 BRHE 2L A T Enterococcus pernyi | Bacil-
lus subtilis CGMCC 1. 2428 . Bacillus cereus CGMCC
1. 1846 . Staphylococcus aureus CGMCC 1. 2386 F1 2 #k
22 [CRAPE A Escherichia coli, Pseudomonas aerug-
inosa ATCC 15692 {-AF TR BHAR ML R S~ AE P R 4712
Bif AR Y5 PR A A S L R
W20 1 96 LA IR s MR PR AT A A R T
o HRHAL S (1 ~6) 1 DMSO 7 fif e il il B
W, AR Y MH B SFRILTE 96 Mol 4 Fh 245 )1 2
FENL 128 ~0. 06 pg/mL K1Y 12 DEEEERFS , 21
L. 100wl AR HEBK i i FH A9 52 pH 9. 0 (YA 1%
Fidk, WEREFRAF M TR B R 1 x 10° CFU/mL, 7
e P AL A 100 WL (1) i, DMSO
WA AR R S DT B CK ™, BHPE X IR CK ™ 3%
PR T 1% T 2 22 TG BRI 200 T R 2 22 I ) 1 40
AR R 24 85 R R EREE S 64 ~0.03 wg/mL, Jir
A 2SR E A =, AR A AR AR 620 nm R
I RS FL B MOLE (0 /NI OD 8D, K B dla A
SR, # 96 fLiRk E T 37 °C T i 24 /N5
Y B S FLR OGS (24 /N OD B, DA Bt
J5 ] Excel AbFRECE , 51> 245 4 Ve B2 A B2 118 410 i 5
AIE

HE (%) = 100% x [1-( X320 24 hOD
15-0 h OD14)/(CK 24 h OD /-0 h OD 1&) ]

FH SPSS 19 % {41 Probit [1] 943477 R i 5& 1Cs,
o HRNEE2 i, NRrP Ry &s Rl LI ik &
Yy 3 ~ 6 X o 22 [T FE A 40 A 2 A R 2 A
FERE 4 B 03 A PR A BRI SIER] Mk &
YR 2 Bon A TG YE . HAMES Y 4 16 Xf
Ve A HEBR A — € I RIVE T, 1C 2351 2. 8
+0.8 pg/mL A1 5.2 £0.9 pg/mL, FiA M —Hink
AL A 1 ~ 6 X0 HE 2 [G )4 4 T K A B F
ERIMAT TR OIS PR 5 , T aX — &5 2R 5 X SR W ot
TEZ R R —3

INZERE TR IX 6 A~ R I R Ak A EL A S TR
M EAE, T EA TR RIS A BRI 220, (659
4 F1 6 XA MR TR R 040 S AR LA S 1R
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Table 2 IC,, values of compounds 1-6 against the tested microbes
1C5o (pg/mL) “
bk —
Strain 1 2 3 4 5 6 Wi
Rimocidin sulfate
FrdebE K i . 66.3 £1.4 45.2+1.6 16.4£0.6 2.8+0.8 12.3£1.2 5.2+0.9 1.5+0.2
Enterococcus pernyi
HEEH—MH@ 17.0 0.6 10.7 £0.5 1.4+0.3 1.1£0.1 1.8 0.1 1.4£0.2 0.09 £0. 03
Bacillus subtilis
o
mﬁﬁ%@ﬂﬁ 20.5+1.0 16.6 £0.9 2.9+0.2 0.8 +£0. 1 6.3+1.0 2.7+0.0 0.31+£0.2
Bacillus cereus
N .
i AR 40.5+1.2 16.2 £1.6 4.9+0.7 1.2£0.3 10.9 £0.7 1.4£0.2 0.18 £0. 04
Staphylococcus aureus
j(%ﬂ% . > 100 64.5+£3.8 45.8 2.6 39.6 £1.7 57.8 £2.3 40.1+1.9 13.5+2.3
Escherichia coli
% B
ERHERT . > 100 > 100 44.3+1.8 40.4 +1.4 65.5+1.7 50.8 £1.2 33.1+£2.5
Pseudomonas aeruginosa
T BR R M = ARl 22, 6 SPSS 19.0 78 5% /K F- L4 HiAS IR Ab B o] (924 5 . B R 248 A M B A v ist o6 i BH 0ot B

Note; “Data was expressed as Mean + SD and was analyzed as 5% confidence interval using SPSS 19. 0;® Rimocidin sulfate was used as positive control.

6 it

AHFFE A R BORAT B SN52 1Y K& BER h 40 5
PR BP0 Bt B Ak A5 4 (1.2) F1 4 2K
1) B HE I A S ) (3 ~ 6) o X 46 At bk 5 ] £
BN HEBRBEBKTE (E. pernyi ) BIHTTE T & 1 AR
1H o AR E X b G W RS (A pernyi) &
BTN, BRI Z R R G 4 X
PUFERSEER T e A o BLAb, X Sy (1) S5 4 -
PUAETEPEOC FR N LUG A= B i X 28 ) T 48 1 14
o

BG: RGAIT T BT X AR T B, Bt
Yot 254k $ 9 NMR F= MS 5 K45 85,

% 30k
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