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L7 (Cornus officinalis) ZHAM Z2El8t Fusarium lateritium SSF7}
MMB}= Tricyclic PyridoneH| ZZ0|=
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Tricyclic Pyridone Alkaloids from Cultures of Cornus officinalis
Fruits-associated Fungus, Fusarium lateritium SSF2

Hyun Gyu Choi and Sang Hee Shim™
Duksung IDC, Duksung Women's University, Seoul 01369, Korea

Abstract — Three tricyclic pyridone alkaloids, (—)-4,6'-anhydrooxysporidinone (1), (—)-6-deoxyoxysporidinoCne (2), and (-)-
sambutoxin (3) were isolated from cultures of Fusarium lateritium SSF2 derived from the fruits of Cornus officinalis. Chemical
structures of the isolated compounds were determined by spectroscopic method and comparisons with reported data values. The
compounds 1-3 were isolated for the first time from this fungal strain.
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==K (Cornaceae)dl] &8 a4 w 59

F(Cornus officinalisy= $-2lUzte] F5-oldl
&, T2 A E AAT 55 o, Tkl AFA,
Zoko g Alg3ta kP Z2oA] “Shan Zhu Yu =
T gHA dom, 7ha S gdeta, ] FAE A
Fslal, Wi 98 AAsks 59 23t e AR 4
A gt} Akfe] RS 2 & iridoid glycoside, secoiridoid
glycoside, bisiridoid glucoside, triterpene] 3}3HE-E50] 2
Bago] gt

2 HAYoA ANE-S 50 Fusarium lateritium SSF2=
Aese] A BSIAY. F lateritiums YT w0
EHS dogle A8 Mg o s e g’ A A%
SNHFER Phyllospongia foliascensX F lateritium?} &
2]E 8} A3, o] FFA] pyripyropeneA] &ZZo]=2l
pyripyropene A, pyripyropene E, pyripyropene O7} &2
B FA3, 0|23 pyripyropeneAl 313HE-2 human cancer
cell(CNE1, CNE2, HONE1, SUNE1, GLC82)°l A :E %A
S Yepdty RaE 9oy ©£3 F lateritium O 2 5
quinazolinoneA] 315121, enniatins B, B1, Ale] £&] B
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2ol AEolu Aol At At AF7HA] A33E]
Bol o]FoA SAIRE, Aol e Aol ek v
A=A, sl dAate g Aot wEbA, & AT
ANNE Al v EL] Ajgd = B A o
gto 2 mAES AR ERE FEetal, 2 oAtk
o] s}t E st} B AFE A Sih & A
oM A2l dufoll X 1218 Fusarium lateritium
SSF2&- wljeFsle], 1 vl =25 E 359 tricyclic pyridone
A dEEe|=E EEBI L, o|& BiLskarat gt

Hed

N R

AEME - 2 A3l AR 8ol Fusarium lateritium
SSF2:= Aol A Eefste], vidsision, da= g
Ay ek ofstrf 8t AJoFst A3 Ao HAs Th(DS-
SSF2). 72 BAL Guta Ao o|Fste] 18s DNA
region Sequencing analysis®ll 2]8}ed 178 = At

Al ¥ 7|7] —'H.NMR(300 MHz)# "“C-NMR(75
MHz) spectra= Bruker AM-300 spectrometer = 2733}
37, tetramethylsilang(TMS)S W H- 1+ EZ=Z sl oH
chemical shifis= §(ppm)Z 3t Th ESI-MSE  Agilent
Technologies 6130 mass spectrometer=. 27 3} TF. Column
chromatography+=silicagel 60(40~63 pu and/or 63~200 p,
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Merck), Lichroprep RP-18(40~63 p, Merck) 52 A3}
t}. HPLC= Waters Millipore 600A]2~8-8- A-8-3}137, detector
= PDA 9962 A3} th HPLC column- ZorbaxAF2]
SB-C18% Alg3l9lom | o540 2= HPLCEF] acetonitrile,
H,0& AH&-3F3th TLCE MerckAHe] DC Kieselgel 60
F & AR8-8FH, TLCS] A3 2912 Vilber lurmat AF]
UV detectorS AF&-31d, 254 nmé} 365 nm 3pgolx] 2
S, 10% AN NS ALg-ste, WS Bgdate] &<l
SIT. WAere] wiS flsted, AU 171 (W medical
Corporation, CHS-AC 80)2- A}&31], 121°C, 171944 15
B2 "89] 3, incubator® Hl skt

oo 22| ¥ Y — 2 Aol M-S 7= I
st oFsi s} oFx o] Ab-RU-(Cornus officinalis))]
FPAollM He] s1992H, ITS sequencingS E311 Fusarium
lateritium 99.6%= €1 sttt WAIHS A EWT-Z7H
2lst7] 9ok, ARl o] EHE 2% sodium
hypochlorite®} 70% ethanolZ 13 &<t 2ZAI7] U2, &
FrE 53] AFsint. 4 248 Malt extract agar(MEA,
Difco)®ll 50 ppm kanamycin, 50 ppm chloramphenicol, 50
ppm Rose Bengal 7}gh v Aol 3E3tar, 28°Ce] v %
71004 15 &<t vttt ARt 45 potato dextrose
agar(PDA, Difco)oll €7 25°C2] vig7|olA 15:UE 3t vl
Fek & F8] As #FE P gl ARSI, v
21 20% glycerol o] o] -70°C A2 WEirolA B
SHA T, o &l -2 500 ml Erlenmeyer flask®ll potato dextrose
agar(PDA, Difco)e} SFTE o] autoclaveZ H3t T,
plateflolA FFE 1.0x1.0 cme] 272 2} HFsle] A
204 47 FRF wi g ST

& A 22| - Ul vt PDA viAE HIEhE(MeOH)S
7ksted, 3] wHEslo] FE81, FE=S AYESF ot
MeOH F&= 1.78 g& Ath W& FE2=2S S/HT
500 mLell &= A7 T Hexanes, CHCL;, EtOAc SAIE 4
g3t & 7+ FYES A wFck] 47 SviligES
A3t o] & CHCL, #3]E(765.8 mg)S Hexane-Acetone
(0%-100%)S &=8v= k= del7bd Ada=ntE 1)
U Z AAEle] gle] AR E(46FA-46FH)ZE Uit &
3] 46FE(32.4 mg)E HPLCE ©]&3}%], Lunar 5 um,
C18(250x10 mm) 2 ACN/H,0=70:30-100:02] & Z71j|A]
SI3HE 1(18.7 mg, ty 26.7)2 H-2IsIATE A58 46FF(29.0
mg)S HPLC(Lunar 5 pum, C18(250x10 mm))g ©]-&3}],
o] 540 2 ACN/H,0=70:30-100:02 A}-&-3}o, 3155
2(7.7 mg, t; 23.5)%} 3(2.7 mg, t, 25.8yS H2|3I ).

(-)4,6-anhydrooxysporidinone (1)—white powder. [o],>
=623 (c 02, MeOH). 'H NMR (300 MHz, CDCL,) & 7.27
(1H, s, H-6), 5.14 (1H, dd, /94, 1.1 Hz, H-13), 492 (1H,
t, /.8 Hz, H-6'), 4.63 (1H, dd, J~11.6, 2.3 Hz, H-7), 3.37
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(1H, m, H-11), 3.31 3H, s, H-23), 2.94 (1H, dd, J=16.6,
4.6 Hz, H-5'a), 2.80 (1H, dd, J=16.6, 5.1 Hz, H-5'b), 2.47
(1H, m, H-14) 247 (1H, m, H-2'a), 2.34 (2H, m, H-2",
34), 221 (1H, m, H-3'b), 2.09 (1H, m, H-8a), 1.85 (1H, m,
H-16a), 1.63 (2H, m, H-9a, 10), 1.61 (3H, m, H-20), 1.43
(2H, m, H-8b, 17a), 1.32 (2H, m, H-9b, 16b), 1.21 (1H, m,
H-15a), 1.03 (1H, m, H-15b, 17b), 0.87 (3H, d, J=6.5 Hz,
H-21), 0.82 (3H, d, J=6.5 Hz, H-22), 0.82 (3H, m, H-18),
0.70 (3H, d, J=6.5 Hz, H-19). °C NMR (75 MHz, CDCl,)
8: 207.6 (C4'), 166.0 (C-4), 1632 (C-2), 1364 (C-13), 133.6
(C-6), 1327 (C-12), 1166 (C-5), 1089 (C-3), 91.5 (C-11), 90.1
(C-6), 763 (C-1), 71.9 (C-7), 449 (C-5), 42.1 (C-15), 379
(C-23), 35.1 (C-3)), 334 (C-2), 329 (C-9), 32.0 (C-16), 31.7
(C-10), 29.6 (C-14), 29.1 (C-8), 28.9 (C-17), 20.9 (C-21),
19.7 (C22), 179 (C-19), 114 (C-20), 114 (C-18); (+) ESI-
MS m/z 4723 [M+H]".

(-)-6-deoxyoxysporidinone (2) — white powder. [a],”=
-52.0 (¢ 02, MeOH). 'H NMR (300 MHz, CDCl,) &: 10.55
(1H, s, OH-4), 7.10 (1H, s, H-6), 5.23 (1H, dd, J=9.5, 1.6
Hz, H-13), 498 (1H, dd, J=11.3, 2.3 Hz, H-7), 3.53 (1H,
d, J=10.1 Hz, H-11), 347 GH, s, H-23), 2.93 (2H, tt,
J=14.1, 6.5 Hz, H-3'a, 5'a), 2.51 (1H, m, H-14), 2.40 (1H,
m, H-2'a), 231 (2H, m, H-3'b, 5'b), 2.16 (1H, m, H-2'b),
2.09 (2H, m, H-8), 2.07 (1H, m, H-6%), 1.93 (1H, dg, J=13.2,
34 Hz, H9a), 1.71 (2H, m, H-10), 1.68 (3H, s, H-20), 1.58
(2H, m, H-6b, 2'b), 1.44 (1H, td, J=12.1, 3.4 Hz, H-9b),
134 (1H, m, H-17a), 131 (1H, m, H-16), 1.23 (1H, m, H-
15a), 1.07 (2H, ddd, J=12.2, 84, 62 Hz, H-15b, 17b), 0.94
(3H, d, J=6.6 Hz, H-21), 0.85 (6H, dt, J=7.5, 4.1 Hz, H-
18, 22), 0.77 3H, d, J=6.6 Hz, H-19).°C NMR (75 MHz,
CDCly) &: 211.5 (C4'), 162.1 (C-4), 161.1 (C-2), 138.1 (C-
13), 132.9 (C-6), 129.9 (C-12), 117.2 (C-5), 1112 (C-3), 92.5
(C-11), 78.1 (C-7), 702 (C-1'), 44.7 (C-15), 372 (C-23), 36.8
(C3, 5, 363 (C-6), 362 (C-2), 32.5 (C-10), 31.9 (C-9, 16),
306 (C-8), 29.6 (C-14), 289 (C-17), 20.7 (C-21), 19.6 (C-22),
17.6 (C-19), 11.9 (C-20), 11.2 (C-18); (+) ESEMS m/ 4743
[M+H]".

(-)-sambutoxin (3)—white powder. [o], = -612 (¢ 0.1,
MeOH). 'H-NMR (300 MHz, CDCL,) &: 7.28 (2H, d, J=8.4
Hz, H-2', H-6'), 7.13 (1H, s, H-6), 6.91 (2H, d, J=8.4 Hz,
H-2', H-6"), 5.19 (1H, dd, J=9.4, 1.6 Hz, H-13), 5.04 (1H,
d, /=112 Hz, H-7), 3.51 (3H, s, H-23), 3.50 (1H, m, H-11),
246 (1H, tdd, /93, 72, 4.1 Hz, H-), 2.08 (1H, d, 134 Hz,
H-8a), 1.90 (1H, dd, J=13.1, 3.5 Hz, H-9a), 1.66 (2H, m,
H-10), 1.64 (1H, m, H-8b), 1.62 (3H, s, H-20), 1.41 (1H, m,
H-9b), 1.31 (1H, m, H-17a), 1.20 (1H, dt, J=13.6, 6.8 Hz,



270

H-15a), 1.04 (2H, m, H-15b, 17b), 0.90 (3H, d, J=6.5 Hz,
H-21), 0.83 (6H, m, H-18, 22), 0.74 (3H, d, J=6.5 Hz, H-19).
BC NMR (75 MHz, CDCL,) &: 162.3 (C-4), 161.4 (C-2),
1559 (C-4), 1379 (C-13), 135.8 (C-6), 1304 (C-12), 130.3
(C-2), 1302 (C-6"), 125.6 (C-10), 1154 (C-3"), 1153 (C-
5, 1103 (C-3), 92.5 (C-11), 77.8 (C-7), 44.7 (C-15), 37.2
(C-23), 32.3 (C-9), 32.1 (C-10), 31.9 (C-16), 30.7 (C-8),
29.6 (C-17), 28.9 (C-14), 20.7 (C-21), 19.6 (C-22), 17.6
(C-19), 11.6 (C-20), 11.2 (C-18); (+) ESI-MS m/z 454.4
[M+H]".
Zut 3! nE
= A&l AN Fusarium lateritium SSF2E
B2y3kich 283 F lateritium SSF2E PDARIA|oY| t=F
WL, MeOHZ F&3 FE252 S0 et gujig
< VLCE E3ll 57300 we} 2 sha,
U= o|

s %, EtOAc -8
HPLCE AH&-319], & 3%9] tricyclic pyridone”l
== HeleRith(Fig. 1).

31 19] 'H-NMR spectrumell 4] 8, 7.27914] singlet®
2 Yeh= s} aromatic signalE, 5.14°14] doublet of
doublet® Z WERS= olefinic signals 1 4~ ATt T
& &, 492(1H, t, J~4.8 Hz), 4.63(1H, dd, J=11.6, 2.3 Hz)

Fig. 1. Chemical structures of compounds 1-3.
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2 337(1H, m, H-11)°1A4 370¢] oxygenated methine
proton signalsS RIS = SUAL, §,; 0.87, 0.82 & 0.70
A zHzb J=6.5 Hze] doublet®. & LERE A 749
secondary methyl®] &21&, §;; 0.82 oA multiplet® = 1}
ERRE I ahe] methylZ]9] EAIS BRlIg = o Pe-
NMR spectrumol|A] BH47F 23 287191 sgHE<lS Eelst
T AT 8¢ 207.6 ollA s ketone?]E AT = 3
AL, 5. 166.0, 163.2, 133.6, 116.6 2 108.9114] 2-pyridonee]]
Al 71918t signals SH1H = ARATE 8. 132.73F 136.401 4
olZAgtollA 71218 olefinic signals<, §. 91.5, 90.1, 76.3
2 71.9 oAl 47§ 9] oxygenated carbon signalS §. 44.9,
42.1, 35.1, 33.4, 329, 32.0, 31.7, 29.6, 29.1 ¥ 28.99l 4
aliphatic 7H2 signalS §. 37.9°14] N-methyl signats-, 22]
3L 8. 209, 19.7, 179, 11.4 2 11.4 o)A g 7]e|A 7]91
&t signal5-S &1 = 9131t} 'H-"H COSY spectruml| 4]
C-CH,-CH,-C spin system, O-CH-CH,-CH,-CH(CH,)-CH-O
spin system 2 CH -CH(CH,)-CH,-CH(CH,)-CH,-CH; spin
system®] EAE AT 5 AATHFig. 2). 2D-NMROJ|A],
8,; 7.27°] aromatic singlet proton®] C-2, 4, 5 ¥ N-CH,%}
HMBC correlationd}22, &, 3.310141 L}ERE N-methyl proton®©]
C-2 ¥ C-63} HMBC correlationsh= A< &1 4 U2
THFig. 2). ©1’¢2] HMBC correlationsS¥} *C-NMR spectrum
of| A 8. 207.6914 UERD ketones A| 2]+ olefinic carbon
o] 7 AL F3lod, 2-pyridone®] EAE FF T 5 U
Ak, 8, 4.63914 YRt 0-CH-CH,-CH,-CH(CH,)-CH-O
spin system2] oxygenated methine proton®| 2-pyridone<]
C-39} HMBC correlationS YERl= Z31& 538}, 2-pyridone
moiety”} COSYell] 8101l O-CH-CH,-CH,-CH(CH,)-CH-
0dl] FA=o] A AT F AATKFig. 2). COSYelA
1%l CH-CH(CH,)-CH,-CH(CH;)-CH,-CH; spin system®]
8y 5.14¢1 41 YER olefinic proton©] O-CH-CH,-CH,-CH
(CH;)-CH-O®] oxygenated methine carbon(C-11) % sp2
carbon®l] 233+ methyl carbon(C-20)3} correlationdl= %l

— 'H-"H cosy
— HMBC correlation

Fig. 2. 'H-'H COSY and Key HMBC correlations for com-
pound 1.
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< 531 o] F 7EA] spin system®] methyl X|3F717} Q=
olefinic carbong &3 AZAE ] ASS AL F AU
TS C-CH,-CH,-C spin system®] methylene protons ©]
Z}7} ketone carbon3} HMBC correlationst= ZHO 2
cyclohexanone®] E=A1& 1 4 UL, cyclohexanone
ring2] oxymethine proton©] 2-pyridone ring®] C-49} HMBC
correlationsh= A2 o] 5 719] ringo] ether linkagei A
A=) s AL F AAT ©o]%e] NMR datas
gtsle] o] 3}gHEo] oxysporidinone= 42 7HA AL U2
o AL, o] st FAHFERE 2HI o] AT
T AT o] o] AF= Fhol ()7]'01 el o] 3
%"% ] ()oxysporldmone IS &
ring®] 'H-'H coupling constantZ <1 0}051 ol gRIT
UATE ©]Fe] HlolH & w3l Hlaste, o] sgES
Fusarium oxyporum®| A &2 HIE v} U= (-)-4,6-
anhydrooxysporidinone® 574 8}3ic}.”

39HE 2¢] 'H2 PC-NMRS 313HE 19] datas} w]$- &
Ab itk 71 2 2ol §; 10.559141 broad singlet &
2 Yehte= 3] exchangeable protone] EA|E 821
F ARk E=3E 319HE 1941= oxygenated proton©] 371
2 UERd wbde, 3k 2014 §,; 4.98 E 3.53914 2
71¢] oxymethine signats-s- &R1% 4= AT} olde] NMR
data®} o] slet=e] EAkde] sigkE 190 Blst] m/z 27t T
Z Ao 3Esle, 33E 2= 190 vldl, tetrahydrofuran
moiety’} 15 TS & 5 AU, 2-pyridoneol] Fhte]
hydroxyl group®] 2% ¥ ZAolgt 55 & 4= At 1D}
2D NMR 23} 28|37 B1E 2331 Hjus 53}, o]
3}E-S (—)-6-deoxyoxysporidinone® 743151t}

IoHE 39 lH =l 13C NMR E3 318+ 13} 29 24
S ARt 22 AL sitedlS 8T = ASlth
313 1, 29}9] 71 & FolFH L, cycyclohaxanone®]] 3]
FE = signalEo] ARRIAIAL Al §; 7.28% 6.919014] ZH2}
T4 209 dGsl= 21352 YeRE ortho couplingsh=
aromatic methine proton=°] YeFTth= Aot} mjebs 3}
3= 1, 271 212} cyclohexanone moietyS Xd ©] W&, 3}
& 32 cyclohexanone©| para-oxygenated aromatic ring
o7 28 3tk AS & F AU, o] vlolHe} 1

g TAIe] BWE T8I, Fusarium S04 E2] B

) H} AE (-)sambutoxin® 2 451" 518= 29} 3¢]
A Wizl Al A3 23 pyran ring®] 'H-'H coupling
glate] FHLS 1T F AT

Tricyclic pyridoneZl ¥ZZol== FE oxysporum, F
sambucinum, Pyronema sp. 5-°] A/d3l= oA AR ER
A om, A iAo R Bol FEHA HA=
x> w3k Fusarium spoll 7HAE 7HAFe] FEEoA
Ha] By v 2lom ' angjogenesis,” cytotoxicity'” 5¢]

Kol

A,OL ] rulo o

01041 pyr

constantE
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R BYS UERITRE W37} AR, oS0 AeiEky o
= o] RusAt: Ui,

4 =

AR EE 3380] Fusarium lateritium SSF2E 3f
R, o] #F7F Aete oA AHES e O}J—X]', o]
+75 W igate] MeOHE F&3H3L, 1 F559
EtOAc fractions z}55 A =vtEefu ol ulel ¥a]5}e],
3%9] tricyclic pyridone”l] dZ=ZolE SIGEES AU
o& 3}HE2 7, (—)-6-deoxyoxysporidinone(1), (—)-4,6'-
anhydrooxysporidinone(2), and (-)-sambutoxin(3)% 574 &
Slon, B3 REES BF F laterinium dTFoNA <
A BiEE shetEelt) 53, sheE 12 & #57HA
Ahele o HE|EAt Al E2]E tricyclic
pyridoneZl] 3}9+& O] A =8 AEAM 2, S E
Aths Hale A, F2 A2oA fald WAHF<d
Fusarium; u-o’Jfo] A Hel, RaFojgt). 28T o]
F7F Ak FollA EeEE AT B =g 7{45’*3}‘4
EE SIHEEC] @A BHEele, %= 1, 2=
I AAEE ARGk, At EaAE HRlvks At E—LE]
A, BFHE 38 A EEA A EEAS HtT YHA
AUTH wEbA, F7HE 08 E sHEE the vk fre
A 2B A7t e Ao AlRHTL
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