Chinese Journal of Organic Chemistry

% *]B {& % DOI: 10.6023/cjoc202305031

RARIVERBACEH 4R

WEH  BEEC E M
Egigrer x| X
(ERBM SR TR A SRR A B BUM 310024)
¢ EREESG AP Ea AU E X E SR s B 200032)
(IR R S YA B A E A= 5l 430079)

TR X ¢ M X <

WE  BRIIEERRE 2 MR, HERARREYIRE. 2T R AL A0 RS, Rk 2R s 1
kmt6 B, TS AR A 9D R oh o R SR 26 A R BOUUEREE AL 558 XHZ R AR I IR GAR P I BEAT W TE, Mrh 20
B VAW 1~4, b fusarane B (1)1 fusarane C (286 S0, RAMUMRITEIESLIC R, (a9 1 A 3 X0 5 3
JE A Hela MUBRHREZHAE Mia PaCa2 WIAR A MR AL 0 A KA B U MslE . BLAh, S5 A RINITE A 710 45 558,
XF 2 AN REAZRAL G 2 0 4 (LG BOSARIEAT T .
REEE RV, IRFACHT 1, TUMIR; B

Study on Secondary Metabolites from Fusarium graminearum

Lin, Yuqi” Xue, Yanging” Wang, Jing”
Yang, Wenchao® Wang, Xiaofeng™** Liu, Wen™?
(“School of Chemistry and Materials Science, Hangzhou Institute for Advanced Study,

University of Chinese Academy of Sciences, Hangzhou 310024)
(b State Key Laboratory of Bioorganic and Natural Products Chemistry, Shanghai Institute of

Zhang, Bingwen*

Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)
(¢ National Key Laboratory of Green Pesticide, Key Laboratory of Pesticide & Chemical Biology,
Ministry of Education, Central China Normal University, Wuhan 430079)

Abstract Fusarium species are able to produce structurally diverse secondary metabolites which exhibit different biological
functions. Based on the epigenetic research strategy, the global negative regulator, kmt6 gene, which is related to the
expression of the secondary metabolite gene cluster, was knocked out to activate the silent gene. A chemical investigation on
the cultures extract of the mutant strain led to the isolation of compounds 1~4. Among them, fusarane B (1) and fusarane C
(2) are two new compounds. Furthermore, the antitumor activities of 1~~4 were assayed. Compounds 1 and 3 exhibited
moderate inhibitory effect on two human cancer cells of Hela and Mia PaCa2. In addition, the biosynthetic pathways of two
polyketones 2 and 4 were proposed based on in vivo examination and molecular docking experiment.
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T H3 BEBR 27, H3K27me3) L (14 7 G 4% 2L (4]
kmt6, MTTU0E B0 A% A R B DT PRI 04151, 3l i A
ZRARRK, IR B AT IR 70 8, W EE T
4 MEEWIEL 1), Hed 2 NMREEY, aaldr s
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PEEL. 73S GSh % s AEAT TR i Re 4 f P AR KA
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Figure 1 Chemical structures of compounds 1~4
1 ZER5VE
1.1 e EERERNT

a1 TLEMRY), 5T & 05 RS L
YA, B P HR-ESIMS &2k &85> 1
N CieHaO5 (m/z 284.2220 [M+NH,4]", caled for
Ci6H30NO; 284.2220), AEFER 4. H 'H NMR 33
DERAEHER 4 NMEERT1E5[0u 4.93 (s, H-12a),
4.88 (s, H-12b), 5.98 (d, J=15.9 Hz, H-5), 5.40 (d, J=
159, 9.4 Hz, H-6)], 1 MH4EEE(OMe)(E 5 on 3.68 (s,
H3-16), 1 NEAEFEF ) FEAE S oy 2.11 (s, Hs-11).
H 3C NMR F1 DEPT135 i3 L&Y 1 F 16 M lE
F, BHE 2 NS T [0 173.9 (C-1), 209.6 (C-10)], 44~
XIS T [oc 1142 (C-12), 144.4 (C-4), 133.3 (C-5),
132.0 (C-6)], 4 1 sp® W H kA5 5 [5c 33.0 (C-2), 27.3
(C-3), 26.4 (C-8), 42.2 (C-9)], 2 1> sp> K I H: RS S [0c
49.7 (C-7), 32.5 (C-13)], 4 MHER(E 5 [6c 51.8 (C-16),
20.9 (C-14), 19.4 (C-15), 30.3 (C-11)]. "H NMR Hf X%
B HS/H6 FIBAHHUN 159 Hz, BWIZWEN E )
B ORELR RPN A 1 ATRER MRS (AW 1
H1(—)-tricinonoic acid!'"ZIEL R IR AT, A BRI %
BRMEZ T 1 ANHEIEOMe)E 5o 51.8 (C-16), du
3.68 (H-16)], i#t—SHENL AP 1 52 tricinonoic acid 1 1
NRR FEeALY, R¥E HMBC B Hi-16 (on 3.68)F!
C-1 (5c 173.9)FHIRUESE T iZAHEM.

HPE4HP) 2D NMR % E 2B 'H-'H COSY,
HMBC Fl NOESY)it— il TAE 1 T 4544,
Wi 2 #1 3 fvs. HTAAAEY 1ACE 1A C-7 Rr 1t
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e, BT LART DU O SR ZE 4 ) B Jie ot P i 1 4%
F4J 4. (—)-tricinonoic acid [ ELEYEE el —11.6 (¢ 0.13,
CHCLy), 1 (MG o]y —10.9 (¢ 0.07, CHCLy), FTLA
WA 1 F(—)-tricinonoic acid E A AHIA K C-7 A5
7, BT/ C-7 Mr4Exta Ry R MR, L&) 1 14,
12 e, K48 fusarane B. {EHAF—EHIZ,
Bashyal ZEUTFEfRENTEMU4L &% tricinonoic acid F
methyltricinonoate K, X ELIMA4rF, & HFA5
T C7 W RN S R RS, SR SCH I HS PR 2 R
I, R MR, FEUEX HEATAE IR, Qi FUSIFE E 250
4y FARI 73240 i 8emt, H& BN FB & 17
R F1 S PR RAAAR, HZH1E T HEBENIE, XA S 4
B, [z, TRIGE N, SRR #AY.

— 'H-"H cosYy 7\ HMBC

OSSN o M oo o
s AR

B2 a1 f2 (9568 — 4 'H-"H COSY #l HMBC A%
Figure 2 Key 'H-'H COSY and HMBC correlations of com-
pounds 1 and 2

B3 a1 2 8 4k NOESY ik
Figure 3 Key NOESY correlations of compounds 1 and 2

&Y 2. TLEMARYY, 53T F RS S G L
AL B = PR HR-ESI-MS #E5r T 5 F g (m/z
342.1911 [M+NH4]", caled for Ci7H2sNOg 342.1911)75
FNEEM TN CiiHuuO6, NEFIFER 4. 140
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rHT I TH NMR B E(R 1), KA S EEEE S
[0n 7.26 (d, J=11.5 Hz, H-3), 6.66 (dd, J=15.2, 11.5 Hz,
H-4), 6.17 (d, J=15.2 Hz, H-5), 6.02 (br s, H-9)1 6.95 (q,
J=17.2 Hz, H-11)], 4 MFEAF 5 [6n 1.68 (s, Hs-12), 1.96
(s, H-13), 1.43 (s, Hs-15)H1 1.54 (s, H3-16)], 1 >4
595 0n 3.73 (s, H-18)A1 1 MEEE T IR FE(E S ou
4.14 (s, H-7). MR¥5H °C NMR, DEPT135, HSQC ¥ 1] 1
&E D, a2 717 A0(ES, B 2 DMRIEE 5[0
171.9 (C-DHF1 167.7 (C-17)], 8 MAUBEAMIFIER(E F[oc
126.3 (C-2), 139.8 (C-3), 123.9 (C-4), 145.0 (C-5), 140.2
(C-8), 122.6 (C-9), 126.3 (C-10)1 140.4 (C-11)], 1 NMEH,
ZRIE S oc 75.7 (C-6), 1 MEAIKXFEES oc 82.3
(C-7), 1 MEEHR(ES 5c 52.1 (C-18), 4 MHEWE S
[dc 15.9 (C-12), 12.6 (C-13), 26.0 (C-15)H1 15.7 (C-16)].
'H NMR ##E th XU A HA/HS R EHHCN 152 Hz,
H3/H4 (& W SN 11.5 Hz, A THH LG R
R B, BXUEAY N E WB, B4 NOESY i+
H-4/H;-13 <L M H-3/H-5 AHICHHE N A2 N E 14
A FARYE NOESY i+ H-7/H-9/Hs-15 AHISAT Hs-12/
Hi-16 #6, S8 ATRG ISR, B XU A 89 f1 A 101
BN E K7,

XKL SRR MAY) 2 R KRG, HES
#J N fusarane ABHE 6T, EEMZENTEALEY 2
fusarane A /07T 1 RXEE, £ 7 1 MEETEW oc 75.7
(C-6)F1 1 ANEFIRH F[oc 82.3 (C-7), du 4.14 (s, H-7)],

WG TR BN EY) 2 & fusarane A 53T 6 F
7 r XA FAL AT A ). — 48 HMBC i H-5 f C-15
FH2%, Hs-15 1 C-5, C-6 K& C-7 #H5%, H-7 F1 C-9, C-15 K&
C-16 %, H-9 F1 C-7 #H2K, Hs-16 F1 C-7, C-8 & C-9 #H
X%, F454 NOESY i H-7/H;-15/H;-16 AHIIESL T 1%
HEM . VRN — 4% 2D-NMR 4% 'H-'H COSY,
HMBC # NOESY)7r#r 2 WKl 2 1 3, 14 Wang &5
HIBE HIF F — 4 NOESY #Z e E i krfi e 2 o 6 Al 7 fi1
A FRFE AR M BRI (BT S21), MERE] 2 5 AU A
(On 6.17)F1 16 AL (0n 1.54)F71E NOE &4, Htfg ik
S0 2 ARy 6%, TR*. T 2t AEAL IR, 4lifEAR
i, B 22 IS ER BH 1 77 v i o FL Aot f 2, (H &R
BET. Kb & 2 fr 4N fusarane C.

BT B SEE T 2 M E A, AR R
BEET 2 NMEEE, 53 HH(—)-tricinonoic acid
(3)OIF fusarane A (4)31,

1.2 LAY 2 4 £YMARIRRRHEN

fusarane C (2)F fusarane A (4)/& P H B2 1L &4,
AT AR 70 W Fh B 2L B &9 & fusarin 2R T4E
W& g4 TR ) 5% 3 FE W (shunt product)”), ¢ F X A
P EARAEYE B RHENA fusarin Y LS
(K S15), BB 2RENR Fofusl 9w — ANk i 7Y ()
PKS-NRPS Z+4if, 1 5tfiEAk L WEAEE A FIPT It 4
A RATERBRAG R, B 52 3R 26 - DH (dehy-

#1 ARES A 1 A 2 i) TH (500 MHz)F 13C (125 MHz) NMR % %4/
Table 1 'H (500 MHz) and '3C (125 MHz) NMR data of compounds 1 and 2 in CDCl3

1 2
Fosition ou mult. (J in Hz) Jc, type ou mult. (J in Hz) dc, type
1 — 173.9,C — 171.9,C
2 2.51m 33.0, CH2 — 126.3, C
3 2.51m 27.3, CHz 7.26d (11.5) 139.8, CH
4 — 1444, C 6.66 dd (15.2, 11.5) 123.9, CH
5 5.98d (15.9) 133.3, CH 6.17d(15.2) 145.0, CH
6 5.40d(15.9,9.4) 132.0, CH — 75.7,C
7 1.76 m 49.7, CH 4.14 s 82.3,CH
8 1.77m 26.4, CHz — 140.2, C
1.49 m
9 2.38m 422, CHz 6.02 brs 122.6, CH
2.32m
10 — 209.6, C — 126.3, C
11 2.11s 30.3, CHs 6.95q(7.2) 140.4, CH
12 493 s 114.2, CHz 1.68 s (3H) 15.9, CHs
4.88s
13 1.60 m 32.5,CH 1.96 s 3H) 12.6, CH3
14 0.88 d (6.8) 20.9, CHs — —
15 0.84 d (6.8) 19.4, CHs 1.43 s (3H) 26.0, CHs
16 3.68 s (OMe) 51.8, CHs 1.54 s (3H) 15.7, CHs
17 — — — 167.7,C
18 — — 3.73 s (3H) 52.1, CHs
Chin. J. Org. Chem. 2023, 43, 4003~4007 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~  http://sioc-journal.cn/ 4005
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dratase). KR (ketoreductase) 1 cMeT (methyltransferase)
DIRessEAT 181, 16 PKS BIRE T 6 6 HBE 1 5 T
2, bR, ST REBImERILEY 2 4.
Fusarin A W55, 707 HREEH PRI 2 B SAM K
H R L A2 B Fafus 9 EALIE RS, (L&) 4 A fusarin A
S FHERRETNR B, o A — AR A% 67 5T
B, Bk, HENAEY 4 R A BT BE 2
Fgfus 9 fEALTE . HIAHIA 7772 L demethylfusarane A 4
JEA, xF FEEAGER Fefus9 #HATINE, 45 R WA
=4 4 TR A AlphaFold Tl T Fgfus9 B i) — 4
ghith, 35 5r B A neofusarin (& 4b)F1 demethylfusarane
A (F 4c) AR 73 33T 0 52, 45 B 25 A &
P Al 144 47402 FR 5 neofusarin 2 [ 477 F 2 B AH .
TER, Hrh, 144 AIAHZEARR B0 N VAR BURIR T
PREIRE, TEHRIE BT, IhAb SAM o) 1 L Fh Y
RILEAAH 0.33 nm, AT AE 352 JE 78S 115 DLk
SAM, TEM AR, MKY) demethylfusarane A 5
Fus9 X485 IR, RILEAMITES 1 2 1 & 2 i
IR H144, BRI A B 1L 5 SAM HfK7(0.58
nm), It4F, demethylfusarane A 5 neofusarin #fLt, 7Ef#
o7 s vh [EIRE A R 5 AR E A BV R ORI 2. 27 b
SRR T Fus9 AREMELL demethylfusarane A 56 R R
FEEIL (K 4a). 2T 0k, HED fusarane A Bt H R R H g
Jr BIRITE R R A1 P S F i A

Fgfus 9
WOH B W

demethylfusarane A
‘ \yp. §/ T ‘?%.
: Q25 \ S \(
\ 3 ;)/;
SAM. \

fusarane A (4

B4 (a) Fgfus9 oIS IR, L& AlphaFold Tl Fgfus9
P = 4E 2544 79 ) 5 (b) neofusarin fli(c) demethylfusarane A

PIA R

Figure 4 (a) In vitro assays of Fgfus9 activity, and three- di-
mensional structures of Fgfus9 enzyme predicted by AlphaFold
were docked with (b) neofusarin and (c) demethylfusarane A,
respectively

1.3 FUBpEEE LK

Pl Hela(E S 40 ), Mia PaCa2( i i 40 i) i #h
N SR AR A E MR 4l B AR, SR MTT V045
BIFMCA YD 1~4 AR e 20 o A= s et AT T
PPN, SEIREIR, 18 4 MEEIREN 20 pmol/L B,
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16E4) 1 % Hela 404015 61%, %I Mia PaCa2 4 /il
A 75%; &0 2 5T Hela 4HHLINHIRA 2%, X
Mia PaCa2 445N 1%; &4 3 5t Hela Ui
HIF N 54%, X Mia PaCa2 FHIHNHIZR N 72%; L&Y
4 %F Hela 41 fudiH] £ 1%, Xt Mia PaCa2 41| %
N 1%. LRI, (LAY 1R 3 X I R R 40 i
Tl A A A A i 9

2 g

BT R BAL A TSRS, I R S A
WY FERRDTBR AR S L R kme6——24= =) ol 4% (R 1,
NI 0 RS 75 25 F T TR R, 43 WPz AR bk
IR B =it — 0 AT 4298, MR % 4 Mo
W, 2 AMEEREATEYIQ A 3R 2 AN RERLEYIQ2
i 4), HAfb &9 1 A2 &, emamm 2
Pl AR E. FrA a2 T X Hela( S 205 4H
JH)F1 Mia PaCa2(JiF i 40 i) 3 Fok N it Ied 4 A 1 A= 3
HVEPE, 25 RR LAY 1R 3 XX B Fie 40 i A 32 1
HIFMEE . AR A Y 2 B2 F Tricinonoic
acid I Methyltricinonoate [FI£5HJIEATIZIE. HE4h, XL
E) 2 K4 AER - OGS AT T HEN, FF Ham i sk
WIE . AlphaFold Tl & (H =4k 25 LA S ¥ X 4256 77
5, WS EY) 4 RERR TR B2 H SAM G 1)
L Fefus 9 EALTERL, HEMNZD IR H R
AI e AR B AT R, IX 2 I Tl7ﬁlﬁ'\9ﬁ
AU EE, [RIINAPANSER 2 A 4 (R AEYD& RS
=B TR

3 SEEY

3.1 5

Bruker Avance 11T 500 £ R LR (42 E Bruker A R
/v ]); Agilent 6200 series Q-TOF LC-MS(3% [# Agilent
A &]); Perkin-Elmer 341MC polarimeter i€)¢1%; MCI
HEHMCI gel CHP-20P, H A =250 A F]); IEAHRER
(200~300 F1 300-400 H, ¥ Sl T ), AR
(ODS-A, 120 A, 50 um, db3igk BRI AR A A),
JBL I 2 s HURH (Sephadex LH-20 4] S BHEEIE, K%y
40~70 pm, ¥ 254 H; Amersham Pharmacia Biotech
AT, WA (Agilent 1260 4% HPLC, (ilhfE:
Agilent Zorbax SB-C18, 9.4 mm X250 mm, 2.5 mL/min).
TLC(HSGF254, Ml & VT A i & A BR 2 7)1k 24357
I Sigma-Aldrich A&, R8T HH EFRF 2B
WA PRAR ST S P BT T A SR i
3.2 RTINS FIERR & B

Kmt6 FER ik 3 % Split-marker [F]J5 85 4H £ R

Chin. J. Org. Chem. 2023, 43, 4003~4007
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HEAT TAHRCARAL. I R EERR kmes FER R
291 kb XI55 5 8 B R UL R hph 2155 A5 2
R HREA PCR 17 Nk THHE, B
B NBPAE ROR R B IR AR AR rh, Al TB3 K72
SPAREIT 25 CHRE AN BRERFR3 d, HKEm
FU VRS V8 B IR, 48 3 d, R
CTAB (cetyltrimethylammonium bromide)iZ: i 17 5. oa %
Bk DNA #hi2, FFRIH A SMT 53T PCR BiE, 58

PR bR T B KPR V8 PR b, 1E 25 C%
R EBCERER IR 3 1 d, BEEPRER 255 R R
MRAmp)PUHE (IR Img/m) AR 3R YEPD 2
o, RGRETE 3 d, BEE R SO FREE(190 I, TR
100g AR R sEAT A B, 20t 21 d MBS IR WA .

3.3 EERS5HE

o R T 56 1A [ A KOR K5 R RS 38, SR )5 70% (1)
PR TL)HATRI, R 3 d 5, KRt
VB, EE R, B IR, RAKTAFEIZ200 g &
RE. B IERGERE000~200 H), Yt &
G RIAEA RV V=1:0,8:2,7:3,5:5,0:1)
YRR EATRIE, A IRAEE R AN GEN Cl~
C5). BEXR S C1 F IE REERAE[200~300 H, V(£ iH
fi) @ V(NBH)=10 : 1)4kE400 15 2] 3 MR (C1A~
C1C), HH11f) C1B 4153 H Bt AE Sephadex LH-20( 1Y)
BR A%, FH Y- 2% B i RO A (L1 (HPLC)(67% Y BE /K ¥
BOH & B LAY 1 (3 mg). sy C2 4 MCI W AE
FE I (20%~80% FH /KB BEHE Il 7 B 15 21 4 NI
437 (C2A~C2D), 414 C2B #1 C2C 4% Sephadex
LH-20(F i) 2iAk 5, 43 %I F 241 4% B HPLC(f0 it 44 1F
3N 35% MK S 0.1% FHER A1 39% LMK 25 0.1%
FR) 7y B A5 24490 3 (4 mg)F1 4 (3 mg). i C3 &)
ODS HZHT(20%~80% F B /K1) 7 B 15 2] 4 M
55 (C3A~C3D), HH4H % C3B Lttt Sephadex
LH-20( )3 —25 05, FE#l#4% HPLC (25%Z M
KE 0.1%HIR) 7 EA A 2 (2 my).

Fusarane B (1): LEMHPRY. [o]) —10.9 (¢ 0.07,
CHCls); UV (MeOH) Amax: 231 nm; 'H NMR 1 13C NMR
H4E I, Table 1; IR (KBr) v: 2924, 2853, 1742, 1720, 1462,
1261, 1093, 1020, 801 cm '; HR-ESI-MS caled for
C1sH30NO3 [M+NH,]" 284.2220, found 284.2220.

Fusarane C (2): LOMHPRY). [a]d +11.3 (¢ 0.10,
CHCI3); UV (MeOH) Amax: 219, 283 nm; 'H NMR #1 13C

Chin. J. Org. Chem. 2023, 43, 4003~4007
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NMR %3 I, Table 1; IR (KBr) v: 3436, 2925, 2854, 1717,
1439, 1381, 1263 cm !; HR-ESI-MS calcd for C;7H2sNOg
[M+NH4]" 342.1911, found 342.1911.

HHBhA Rl (Supporting Information) L5497 1 Al 2 [
HRESIMS, UV, IR, 1D Al 2D NMR %[, i &8k AT L
G B WAST R 36 (http://sioc-journal.cn/)_I. T %,
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