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Anthraquinones and nitrogen secondary metabolites
from the coral-derived symbiotic fungi NG-15 -3 of South China Sea
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Abstract: In order to study the secondary metabolites from the coral-derived symbiotic fungi NG-15 -3
of South China Sea, the compounds were isolated by silica gel column chromatography and HPLC. Their
structures were identified on the basis of spectral data and physical constant comparison. Four anthraqui-
nones and six nitrogen compounds were isolated as preechinulin (1), emodin (2), 1- O -methyl emodin
(3), physcion (4), carviolin (5), cyclo- (Phe-Gly) (6), cyclo- (Gly-Pro) (7), 3H-imidazole-
4-carboxylic acid (8), 2-methyl-3H-imidazole-4-carboxylic acid (9) and 1H-pyrrole-2-carboxylic acid
(10). All the secondary metabolites were firstly acquired from the coral-derived symbiotic fungi NG-15 —
3 of South China Sea and compound 1 was a precursors of the monodehydro — 2, 5-diketopiperazines,
which showed varied biological activity.
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Compounds 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 from the coral-derived symbiotic fungi NG-15 —3 of South China Sea
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1.3 HMERR NGIS -3 FE5LE
1.3.1 &4 FEEFFRM NG —15 -3 B Rfes
TGS AP, AR 40 mL PDA #5550
A 100 mL =, 7628 CHYFE K 165 r/min
Higr2 d, R1G NG -15 -3 (R FE IR
1.3.2 A8 WHOZF I S mL fin A%EH 500
mL GPY 355360 | L = b, 7628 C T
K77 60 d, 575 [ FRE HOREJE 54 B A B
MRAER, MRS IR ERE (R EE R 208 L),
L4 RE55EB

WL uE, R 2 IR R B . K5
WAE TS5 COARIE 51 T4 2 10 L, Bk 4i ik
W R QR TR (EOAe) . ETEE (n-
BuOH) AT/ BLAEE3 ~5 W, 43l He [l i )
JE 153 L W B EtOAc 3278 44 g [ n-BuOH i=2H
76 go PR W EEREPEEC 3 W) (1 k/d),
PR BRI W 45 S B H R R 56.5 g, ZIRE
/KR, KA S EtOAc fl n-BuOH #1715y
BCAEHC, Ayl 20 3 Wk, 195 22K 1) EtOAc 2
0.5 g Ml n-BuOH #7135 5 g0 4 TLC B
N, REER SR 2261 EtOAc MRS AR, BA
% EtOAc M (1£44.5 g) .

B EWOAc BROIIRE (44.5 g) ZREMCHE S8,
LA PE/EtOAc (R RBEBEVEIE, TLC )2 IR EE I 5
WA E] 10 AN AR A5 (bRid i Frl -
10) o M Frl iy v dliug of E 45 s 259 4 (9
mg) . Fr2 Wi fn & akE A JZ B (PE/EOAc )
BE9 DMARRMEL S (F2 -1~2-9), Fr2 -5
2 HPLC 4iif (¢ =35% MeOH - H,0) 13E|{b5
W2 (5mg), Frd Jifn &rk it 287 (PE/EtOAc
VEME) 1328 NI s (Frd -1 ~4-8),
Frd4 -3 2 HPLC 4ift (¢ =75% MeOH - H,0) 7%
MG 3 (15 mg) . Fr5 iy & & ak AL )JZ BT
(PE/EtOAc YEME) 153 6 DMA[EML R 73 (FrS -
1~5-5), Fr5 -2 %4 HPLC #lifk. (¢ =25% MeOH
-H,0) HEMLAEY 10 (8 mg) . M Fro ifiyHr
I ELMGRM G S (90 mg) . Fr7 i fh & hk
AL ZHr, £ PE/EOAc PEI, SIS 8 (30
mg) FILEY 9 (10 mg) . Fi8 Jifh & ik e A: 24T
(PE/ EtOAc M) %4 HPLC 4lifk (¢ =25%
MeOH - H,0) B3MLAY 1 (14 mg) . F9 il
RERCAT Z 0T (PE/EtOAc YEM) 153G 6 (5
mg) o M Fr10 Fifp LS a2 a7 (5 mg) o
1.5 YEEH5KITHE

a1, 5313 h CHy N, 0, , [ 4 (H

) ,6,, 4 210 ~214 C  BZE W0, ESI - MS m/
z: 324[M - H]~,'"H NMR (500 MHz, Pyr — d,)§,,:
11.30(1H,s),9.38(1H,s), 7.98(1H,dd, 6.0,3.0
Hz), 7.43 ~7.34(1H,m),7.23(2H,m) ,6.34(1H,
dd,17.4,10.5 Hz), 5.20 (1H,dd,17.4,1.1 Hz),
5.14(1H,dd,10.5,1.2 Hz) ,4.81 ~4.76 (1H,m) ,
4.39(1H,dd,7.0,2.5 Hz) ,4. 10(1H,dd,14.4, 3.1
Hz),3.65(1H,dd,14.4,11.1 Hz),1.75(3H,d,7. 1
Hz),1.63(6H,d,15.5 Hz) ; “C NMR (100 MHz, Pyr
—ds) 8.: 168.3(C),168.1(C), 146.5(CH),
142.1(C),135.3(C),129.5(C),121.0 (CH),
118.9(CH),118.4(CH),111.0(C),110.9(CH),
105.6(CH,),56.4 (CH),51.2 (CH),39.1(C),
31.9(CH,), 28.1(CH,) ,28.0(CH,) ,21.2(CH;) ,
a5 2,707 CsH,, 05, BELL A AT IRES fh
(HHEE) ,06,,4 262 ~265 °C,5HMT 365 nm | 24T
@5 N, ESI - MS m/z: 269[ M - 1]~ ,'H NMR
(400 MHz, Pyr — d,)§,: 12.43(2H,s),7.71 (1H,
s), 7.70(1H,d,4,0 Hz) ,7.13(1H,s),7.0(1H,d,
4.0 Hz) ; "C NMR (100 MHz,Pyr —d;) §.: 190. 17
(C), 181.67(C),166.96(C),165.40(C),162.12
(C),147.85(C),133.25(C),124.03(CH) ,120. 59
(CH), 113.68 (C),109.61 (CH), 109.17 (C),
108.34(CH) ,29.44(C) ,21.18 (CH;) .

a3, 0 F M C H, O, FELT @0 R &5
(HHEE) ,6,,4 265 ~267 C, 2/ 365 nm | R 4L
@, ESI - MS m/z: 283[M - 1] .'H NMR
(400 MHz,Pyr —d;) 8,: 13.9(1H,s), 7.80(1H,d,
2.3 Hz),7.67(1H,d,1.1 Hz),7.14(1H,s),7.06
(1H,d,2.3 Hz),3.90(3H,s),2.22(3H,s); "C
NMR (100 MHz,Pyr —d,)8.: 186.9(C),182.7(C),
165.5(C),163.7(C),162.4(C), 146.1(C),137.5
(C), 132.5(C),124.1(CH),119.2(CH),114.9
(C),113.3(C),107.5(CH),105.1 (CH),55.8
(OCH,) ,21.1(CH;)

e 4,707 CgH, 05, B BT A ETIRES fh
(HHEE) ,06,,24 203 ~207 °C, 24T 365 nm | R 4L
a7, ESI - MS m/z: 283[M - 1] .'H NMR
(400 MHz,Pyr —d,)8,: 13.00(1H,s), 12.29(1H,
$),7.69(1H,s),7.50 (1H,s),7.13(1H,s) ,6.90
(1H,s),3.78(3H,s),2.25(3H,s); “C NMR( 100
MHz, Pyr — d; ) 8.: 190.4 (C),181.3(C), 166.4
(C),165.04 (C),162.17(C),148.2(C),135.0
(C),133.1(C), 124.1(CH),120.8(CH),113.6
(C),110.1(C),108.0 (CH),106.4 (CH),55.6
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(OCH;),21.2 (CH,),

G S, 7N CoH, 00, B B EAEHIREE B
(WHEE) ,0,, 284 ~286 °C,2HMT 365 nm | 24T
@556, ESI - MS m/z: 299[M - 1] .,'H NMR
(400 MHz,Pyr —d)8,: 13.99(1H,s), 8. 11 (1H,
s),7.80(1H,d,2.2 Hz),7.67(1H,s),7.06 (1H,d,
2.2 Hz),4.98 (2H,s), 3.91 (3H,s); “"C NMR
(100 MHz, Pyr — d,) §.: 187.0(C),182.7(C),
165.6(C),163.8(C),162.8(C),151.6(C),137.6
(C), 132.8(C),121.1(C),116.0 (CH), 115.7
(CH),113.4(C),107.5(CH),105.2(CH),62.8
(CH,O0H), 55.8(0CH,) ,

a6, 70108 € H,N,0,, B AR (H
M%) ,6,, 4 266 ~268 C ,HlZE W0, ESI - MS m/
z: 203[M - H] " ,'H NMR (400 MHz, Pyr — d; ) 8,,:
9.29(1H,s), 9.01(1H,s), 7.24 ~7.45(2H,m) ,
7.26 ~7.19(3H, m),4.59(1H, m),3.96 (1H, dd,
17.2,3.2 Hz),3.50 (1H,d, 17.2 Hz), 3.45(1H,
dd, 13.2,5.6 Hz) ,3.29(1H,dd,13.2,4.4 Hz) ; "C
NMR (100 MHz, Pyr — d; ) 8.: 168.4 (C), 166.7
(C), 136.9(C),130.7(2CH),128.7(CH),127.2
(2CH),57.3(CH) ,45.0(CH,) ,40. 8(CH,)

&7, 50108 CH N, 0, , Jo (037 B [ K
(WHEE) ,06,,4 220 ~223 °C,5HMT 254 nm | A K
Bt ESI - MS m/z: 153[M - H] .'H NMR (400
MHz,MeOD - d,) 8,: 4.26 ~4.15(1H, m), 4.09
(1H, ddd, 16.8,2.0,1.0 Hz),3.73 (1H, d, 16.8
Hz),3.53(2H,ddd, 17.3,11.9,6.0 Hz), 2.39 ~
2.24(1H,m),2.06 ~1.86 (3H,m) ;" C NMR (100
MHz, MeOD - d,) 8.: 171.31(C),165.64 (C),
60.18 (CH), 48.24 (CH,),46.58 (CH,),30.09
(CH,),23.89 (CH,),

&Y 8, 4y CLH,N,O0,, H kR (H
i) .6, 212 ~214 °C | BZES W, 225MT 254 nm
THERB, ESI - MS m/z; 111[M -H] ., 'H
NMR (400 MHz, Pyr — d; ) 8,:7.52 (1H,s), 5.82
(1H,d,7.6 Hz); "C NMR (100 MHz, Pyr — d, )8, :
167.0(C) ,154.5(C),143.3(CH) ,102.5(CH) ,

&Y 9, 731X h CHN,O,, F @8 K (H
i) ,6,, 0 248 ~252 °C iz < B4, 55T 254 nm
THERBE, ESI - MS m/z: 125[M - H] .'H
NMR (400 MHz, Pyr — d;) 8,:7.26 (1H,s), 1.92
(3H,s); "C NMR (100 MHz, Pyr — d;) §.:170.3
(C),166.2 (C),153.2(C),137.9 (CH), 19.2

(CH;) .

5% 10, 73708 CoHNO, , A AT AR {4
(HHEE) .6, 204 ~208 °C , filR/ i Wik 21,
ESI - MS m/z: 110[ M —=H] .,'"H NMR (400 MHz,
Pyr—dy) 8, 13.05(1H,s), 7.42(1H,ddd, 3.7,
2.3,1.6 Hz), 7.32(1H,1d,2.7,1.6 Hz) ,6. 48 (1H,
dt,3.6,2.4 Hz); "C NMR(100 MHz, Pyr —d;) §.:
163.8(COOH) ,125.1(C),123.3(C),115.3(C),
109.9(C),

2 RS

a1, BE R R, #izs w6, EST
-MS m/z: 324[ M - H] ~ 254 NMR #E K H 5+ 20
A CoHyy Ny O, AEFIEE Ny 10,'H NMR (400 MHz,
Pyr—ds) 8, 11.30 (1H,s),9.38 (1H,s) &/~ %
sk S NAELE, 8, 7.98 (1H,dd, 6.0,3.0 Hz),
7.43 ~7.34(1H,m) ,7.23 (2H,m) N B ~xib 59 1
A XA 1,2 - BRI B4 05 &, 20
R A R R BE S 6, 6.34 (1H, dd,
17.4,10.5 Hz),5.20 (1H,dd,17.4,1.1 Hz),5. 14
(1H dd,10.5,1.2 Hz), 1.63(6H,d,15.5 Hz) Fl N
A543 65, 3.65(1H,dd, 14.4,11.1 Hz),1.75
(3H,d,7.1 Hz) ,—/PWH 3 5, 4.39(1H,dd,7. 0,
2.5 Hz),4.10(1H,dd,14.4,3. 1 Hz) f1— K H 3t
{55 4.81 ~4.76(1H,m) , 455 A G MkIEH BoR
MOME S | IR R AR AU (55, X S R W]
| IEERGIEORIANEE S LA IS I U /R S TR P O
1 {#) NMR %4 5 SCH#k preechinulin'® $icd %) 18, 3t
RK—3, #HEE 1 M preechinulin,

2007 4E Kimoto 2570 M — ¥k B B Eurotium
rubrum Hiji025 {5 7= 9 H 43 25 75 2 —#7 1) echinu-
lin 258165 W) neoechinulin A, B TZ5# F7EA4E C -
10/C - 11 W, ZAE Y RA R ORIET SIN -1
(3 AEO A R 5 | & i P 22 T 4t i PC12 BET-HIAE
PRt AL P AL iE . C - 10/C - 11 Jhy XU
I, A58 R R R B AT 1) 2 SRR AL T 1 AN AT
DR, BRGS0 M SRS e AR T B,
Preechinulin {1t C = 10/C = 11 {v; A fEAE B 58 Fr LA
HHUEATEVE LSS o Preechinulin 33X 5465 W1 F
ZRVERENT, JEREAT AR B A B B R
Ylse, W] LA R s E A R A
FKALGYRETE, BRI L S E R e A
.

G2, ML @EHIRES M (Wl , EHMT
365 nm T RLEYSOE, KOH BEERE, fin
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N EEREY T, ESI —MS m/z: 269 [M 1], 4%
4 NMR #fE i H 73 X8 CsH, O, AR ANy
11,°C NMR #1 8. 190.17 (C) #1181.67 (C) H
PP A BRI (5 55 B H NMR 3% b @R 78 8y
12.43 (2H, s) 32 5 IEIE BT N &
WA E S 727.71 (1H, s), 7.70 (1H, d,
4, 0Hz), 7.13 (1H, s), 7.0 (1H, d, 4.0 Hz)
I TR B4 AR EE S SANEA 1A
H5AEERMENPEES 2.24 (3H, s), H 21
NMR %4 5 SCHR emodin'®' H4ii 4 B8, 34 — 3,
A2 2 N emodin,

EW 3, ket ke (HEE), KOH I
BRI, SR NERREY T, $HMT 365 nm T
BT, ESI-MS m/z; 283 [M-1]", 44
NMR Wi H7r 73008 CgH,, 05, AR 11,
8. 186.9 (C) F1182.7 (C) MBI S,
84 13.90 (1H, s) A4 FHNAHEMBHIEFS,
[ 8, 7.80 (1H, d, 2.3 Hz) F17.06 (1H, d,
2.3 Hz), 7.67 (1H, d, 1.1 Hz), 7.14 (1H, s)
MATHERT A 4 A5 T AT AR G, 3.90
(3H, s) M12.22 (3H, s) 75l @A A HEFH
FHLEERT, 3 19 NMR 045 5308k 1 - O — methyl
emodinm*g]ﬁﬁﬁaﬂﬁ, AR —F e 3 h1
— 0 - methyl emodin,

ka4, BE ARG S (FEE), ST
365 nm R AN, KOH WaRaE, $#RA
B fF, ESI-MS m/z: 283 [M—-1]", 44
NMR Koy 73000 CH,, Oy, AR 11,
"H NMR % 7 7R 76 8, 13.00 (1H, s), 12.29
(1H, s) W32 N 5HREIE o1 WS =
HfEE, 7£5,7.69 (1H, s), 7.50 (1H, s),
7.13 (1H, s), 6.90 (1H, s) HBLTHIF K4
MR EASE S, ML A 2 D IE S 5,
3.78 (3H, s) #12.25 (3H, s)., ¥4 () NMR %
fr- 53k physcion® Bl X IR, FEAR—B, BoiE
4 “} physcion,,

L&Y s, BE s R M (FEE), SHMT
365 nm [R50, KOH WAARL 6, Rk
BRI R, ESI - MS m/z: 299 [M-1]", 454
NMR W K73 73000 CgH,, O, AR 11,
8. 186.9 (C), 182.7 (C) MMM IKEN S,
841 13.99 (1H, s) HirFHNEAHMN B REEFES,
[F B 8, 8. 11 (1H, s) F17.67 (1H, s), 7.80
(1H, d, 2.2 Hz) f17.06 (1H, d, 2.2 Hz) ¥
ATHEWT A 4 405 B BRI BRI ARG, 4.98

(2H, s) WoRAWH AL, 3.91 (3H, s) W
EHAEF S ¥ 5 M NMR £4 5 SCHR carvio-
lin'” ] I8, BAR—F, $UFE 5 N carviolin,,

k&P e, AEmAR (FEE), MzZEIE M,
ESI - MS m/z: 203 [M -H] ™, %54 H NMR %45
e € HLN,0,, AIAEESY 7,'H NMR
(400 MHz, Pyr -d;) i §,9.29 (1H, s) Fl
9.01 (IH, s) K2 AELMWEAESE,"C NMR
(100 MHz, Pyr —ds) i 8. 168.4 (C), 166.7
(s) RPIAEE B IR FE i A5 5, B AL &5 9 7T fig
B KB A Y, 7.24 ~7.45 (2H, m),
7.26 ~7.19 (3H, m) SRR TT R 1Y i
FlEe, At 6. 168.4 (C), 136.9 (C), 130.7
(2CH), 128.7 (2CH), 127.2 (CH) Bz 5 5%
N R R Bk s 5 3k, 6y 3.45 (1H, dd,
13.2, 5.6 Hz) }%3.29 (1H, dd, 13.2, 4.4 Hz)
R AR EE B 2 A RFE S BB,
44 5, 4.6 (1H, m) J& 8, 57.3 (CH), 40.8
(CH,) WMWL& & RN AR B 6, 3.96
(1H, dd, 17.2, 3.2 Hz), 3.50 (1H, d, 17.2
Hz) F18.166.7 (C), 45.0 (CH,), #&mRi%fks
P H AR R B, #5611 NMR %l 5 3Gk cyclo -
(Phe = Gly) "™ Mo b IE, A — B, HHIE 6
A eyclo — (Phe - Gly)

k& 7, EEBEAR (), 2T
254 nm FA4REBE, ESI-MS m/z: 153[M-H] ™, 4%
4 NMR #EWTH 3 12008 CH N0, , A iz y
4,"H NMR (400 MHz, MeOD —d,) 8, 4.26 ~4.15
(1H,m),3.53(2H,ddd,17.3,11.9,6.0 Hz),2.39
~2.24(1H,m),2.06 ~ 1. 86 (3H,m) HWi&h#4 o 45
I E B H B, 8, 4.09 (1H, ddd, 16.8,2.0,1.0
Hz),3.73(1H,d,16.8 Hz) M55 BHn &AH H
A B ¥ 7 1 NMR B85 5308k [13 -15] %K
P X BRIEA— . W E 7 4 eyclo- (Gly-Pro) .

G, HEEER (HEE), 58T 254 nm
TAHIRKEEE, ESI-MS m/z: 111 [M-H] . 44
NMR $cfh 4 0 43 H AT RE 7 (04~ N, 2 1 4
AFRUE CHN,0,, AR A 4."H NMR (400
MHz, Pyr—ds) jEH B RPAGESE: 5, 7.52
(1H, d, 8.0 Hz) #15.82 (1H, d, 7.6 Hz),
N ZRFRHH {58, H”C NMR (400 MHz, Pyr
-ds) WA A C {55 8. 167.0 (C) NIk
C; 8.154.5 (C) F1143.3 (CH) i H—4
WAL 53 8. 102.5 (CH) /R Al RESS ) ie A
—AN UL, BR IR EE (S BN, IR TCH A AT AT
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AMEFERER, PmENZA Y BA — RS
o ¥ 8 1) NMR %(4# 5 ik 3H — imidazole — 4 —
carboxylic acid""* ¥ IeA —5, #ifiE 8 Jy 3H -
imidazole —4 — carboxylic acid,

WEW9, JEEER (HEE), SHMT 254
nm NAEREH, ESI - MS m/z; 125 [M-H] ",
454 NMR Za el 70 7 rha] e & (40 N, BEmm
Wi 43 73U CHN,0,, RILFIEE g 4."H NMR
(400 MHz, Pyr-dy) #H18,7.26 (1H, s), 1.92
(3H, s) HAEP4IE, H"CNMR (400 MHz, Pyr
-ds) 6, 170.3 (C), 166.2 (C), 153.2 (C),
137.9 (CH), 19.2 (CHy) PYABRAED Al E A —
POIREEH . RS NMR 40 s R R B S
A8 —3, #HED 9t Rk G4; 58
ZERXE b, PR ER b 2 — B RO, K 9 B
NMR %45 5 SCHik 2 — methyl — 3H - imidazole — 4 —
carboxylic acid"'® B g % e, FEA —F, HHhE 9
A 2 — methyl —3H - imidazole — 4 — carboxylic acid,

Ew 10, HEOsss (WEE), R/ &
BRI, ESI-MS m/z; 110 [M-H] ~, g55H
NMR % 52 731200 CHsNO, , AR 4.
H'H NMR (400 MHz, Pyr —d,) &, 13.05 (1H,
s) BARIEA(G S, 1151 (1H, s) FAA(E
5,64 7.42 (1H, m), 7.34 (1H, dd). 6.47
(1H, dd) &R T35 & A MFEE." C NMR (400
MHz, Pyr-d,) FR/RES5 MRIES, 8. 164.20
(s) MRREERR, HEMBERZ Eig b 59, ¥ 10
B NMR %48 5 ¢k 1H - pyrrole — 2 — carboxylic
acid "GN IR, A — S0 HOFE 10 5 1H -
pyrrole —2 — carboxylic acid,

BT : i 2015 4R AR BB T HRIL TR VR 4 R
BRI SN B L R WS BRIEEE
L PHE R SR 5 TR B e Ll R 2 A3 B D 3 o PR I
L0 RIB, ZEH . WhRAE . /N e I SRS F 4 5E
BT ISR
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