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TERAEEE Penicillium thomii C18 B2 &£ B =R

F W, ozl R#®, F W, £ O BEAY, EAHDT
1. W/RIEERNREZ 0, BRI WB/RE 150081
2. KIEKRZAMBEEN, LT KE 116622

W E. BRY WAL SK Rhodiola rosea WHEETW Penicillium thomii C18 [IRERM=M. FiEx  RAEMKF Sephadex
LH-20 H a3l F i) B i AR 3 (HPLC) #EAT 70 B 4lifh, FIRZMEILIR il FetSR AR G AT 4540 45
SEo BER M Penicillium thomii C18 357 WIHIBE I L FaZE R 4L 40 BIAS 31 9 NRER AW, B 1 Mk &am S 8 4
SHEY, SIEERN (25)-5,7-ZFH5E-2-Q-FFH-4-FALEED- B 5 E [(2'S)-5,7-dihydroxy-2-(2-hydroxy-4-oxopentyl)-
chromone, 1]. spirocitromycetin (2). 53 ¥R B (isotorachrysone, 3)- 1,6- - #5%E-3-F Z£-8- FEEEENNIER [1,6-dihydroxy-3-methyl-
8-carbomethoxyxanthone, 4]. 1,5-Zf8%k-3-F5 FE-7-F EL-%-9,10- —#f (1,5-dihydroxy-3-methoxy-7-methyl-anthracene-9,10-
dione, 5). 9-O-methylneuchromenin (6). neuchromenin (7). R (asterricacid, 8). EEERF Y (methyl asterrate, 9).
i AW VBRI EY, a2 R A, WA 3 S NEIRNE R B,

KR xR WAERE; Penicillium thomii C18; AW Y, REH; EMEE A; FORARE; 1,5- —FBFE-3-HEHKRE-7-
FR - 120-9,10-

RESES: R284.1 NHEFRERD: A NERS: 0253 -2670(2025)04 - 1125 - 05

DOI: 10.7501/5.issn.0253-2670.2025.04.001

Secondary metabolites of endophyties Penicillium thomii C18 from Rhodiola rosea

DONG Yan', WAN Xuri!, LIU Lingyan', LI Chang', LU Xuan?, YANG Yihui'!, PEI Yuehu'
1. College of Pharmacy, Harbin Medical University, Harbin 150081, China
2. College of Life Science and Technology, Dalian University, Dalian 116622, China

Abstract: Objective To study the secondary metabolites of the endophyties Penicillium thomii C18 derived from Rhodiola rosea.
Methods The secondary metabolites of P. thomii C18 were separated and purified by silica gel, Sephadex LH-20 column
chromatography and preparative HPLC. The structures of the isolated compounds were determined by NMR, HR-ESI-MS, polarimetry
and etc. Results A total of nine compounds were isolated from the endophytic fungus P. thomii C18. There was one new compound
(2'S)-5,7-dihydroxy-2-(2"-hydroxy-4'-oxopentyl)-chromone (1), and eight known compounds spirocitromycetin (2), isotorachrysone
(3), 1,6-dihydroxy-3-methyl-8- carbomethoxyxanthone (4), 1,5-dihydroxy-3-methoxy-7-methyl-anthracene-9,10-dione (5), 9-O-
methylneuchromenin (6), neuchromenin (7), asterric acid (8), and methyl asterrate (9). Conclusion Compound 1 is a new polyketide
named thomiione A. Compounds 3 and 5 are isolated from Penicillium genus for the first time.

Key words: Rhodiola rosea L.; endophyties; Penicillium thomii C18; secondary metabolites; polyketide; thomiione A; isotorachrysone;
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rosea LS RFHL R & 2 AR AREY), (E&5
D BA e A& L @ BK-T e 1R . BARZ B
TEERT AR, AFREAHEE . HiK. DNA &
SRPUEEAPL, BAT, WHZAE Y P A AR
PR D OE . TR Penicillium WAENEA
REMEMAEFE R —, TR T 300 R
i, FERG U YA E) R A K. FERAR
PR TR AR I S HAT A A S
i ORIAAERSEAE,  Herp DU & HAT A 8 H
&l NV NI IWIRAR= SN UL S T - E X |
PRI B P thomii C18, X HHHT KB IR,
M EEE T 9 DEESRRAAWY), B4 1
NHRILED (2'S)-5,7- —F 3 -2-2 - FH -4 AR
IR HE )-8 LR [(2'S)-5,7-dihydroxy-2-(2 -hydroxy-4 -
oxopentyl)-chromone, 1] 5 8 N2 AL &Y, 757
A spirocitromycetin (2) 54 B (isotorachrysone,
3). 1,6- iR -3- R 8- HUER ELul R (1,6-
dihydroxy-3-methyl-8-carbomethoxy- xanthone, 4).
1,5- R -3- AR R -7- Y - R -9,10- i (1,5-
dihydroxy-3-methoxy-7-methyl-anthracene-9,10-
5).
neuchromenin (7). £ JEM (asterricacid, 8). 2EJE
FHME (9), b, Frib&W 1 fr 4 AiEaEE A.
WEY) 35 N EIRNE &R T 3.

1 {E50H

1.1 {25

DL-CJ-2NDI-820W 4yt i TAF & (b 5t AR Bk
IR FRA T ; ZHWY-2102-1300W FUE i 15 97
PR ae CLEE D M s HlE A R =)D GLSO-
BT E BB KRS (R BUGER AR A
H1); AZRESER IS (U AV-600/AV-500/AV-400 (i1
Bruker AW ); & ROBH B A /LC-20A CH A
SHIMADZU ‘2 7]); & ZOBAH i 4/LC-20R (H A
SHIMADZU 2 7]); 4 Haliet{/SAC-i (HA
ATAGO A7),

FERZ (200~300 300~400 H, # SilFEiLT
HIRATD. ODS (HA YMS A#]); Sephadex LH-
20 KMt (€ Pharmacia A#]); HW-40 (HA
TOSOH A #]); Cosmosil 5Cis-MS-IT 5 FR AR 4 HT
F: il %A (HAS NacalaiTesque A &) ); A AL
CREETE TR TARARD; Gk on
J6A RBUERSAM B R AR]D: PDA ikt (5
FE 200 g, FiZAE 20 . BE 20 g0 K 1 L)

dione , 9-O-methylneuchromenin  ( 6 ) .

1.2 EHRIEREE

Ik P thomii C18 4355 H VML 5K R. rosea
L., HHMG/RESE S VIR PR A 7] 58 50wk ]
‘H DNA $RHL. ¥4, 4tk 507 T4F, 78 NCBI %L
P E RS ITS W4 5 (0 25 kAT Lext, 2250 A
A RKESS ITS W7 % E 4R (GenBank
accession No.NR077159.1 ) , ¥ wE TN
Penicillium thomii C18.

2 HiE
2.1 BEMRAEHESR

1F PDA 5753 B4 P thomii C18, & 28 C
THRIEFRAA IR 4 d, G TESHKARET
BE IR AR NN KB JE B OROK B R A,
28 “ClEREE FRAE h ik B K 15 do
22 RERIFFEMRRES B

K FHBER 2B P thomii C18 kKK BEVIHEAT
3 REHL, AIHAFERGR, JE, R, RAIR
R 72.0 g0 TREUYDR FIRE AT (03 64T 73 B9
AT (99 1 11 - D EREEER, 253 TLC
ST, BIFAHBUR T EIRME T 6 AN Fr. 1~6.
Yk 5 R R (iR Fr. 5 (19.2 g) #4708, A
THEE-BERR 218 (10 © 1>1 0 1) BEREBENL. Hr Fr.
5-4 PR A RERCAE (it aiql,. CRymBE-BSiR .15 8
D), $15459) 8(3.8 mg); Fr. 5-5 22 ODS. Sephadex
LH-20 VLR EAHRER AL BRE 102, HREY S
(2.0 mg) A9 (6.8 mg), 34 HPLC Zifh (HIfE-
K 42158, HEHLEY) 3 (k=142min, 2.6mg);
Fr.5-6 i#id ODS LM% Sephadex LH-20 ki) 2
aith, FEMEY 6 (29 mg).

Fr.6 (203 g) it ODS M it/ 5, HEE-/K
FEEEGEE, HoA Fr. 6-1 R AR AR (il 4ift (=
AHLE-HEES D D, 1534EY 2 (1.6mg); Fr.6-
5 FIFH HW 40 DL RERRFE Bl alith, BEEY1
(4.2mg); Fr.6-6 4 HW40 LK Sephadex LH-20 F§
tikaitk, H5EMLEY 7 (20.1 mg); Fr.6-8 LHEME
kAt (&P R-HEE 20 0 1D, BHEY) 4
(3.2 mg)-

3 LT

a1 g (R ED; (o] —32.44 (c2.25,
CH;OH); HR-ESI-MS [M+Na]* m/z 301.068 8, %
T3 C1aH1406, AMEANE Y 8. 7E 'H-NMR (500 MHz,
DMSO-ds) i RoR 1 XA AR & 175 & 1155
Ou6.17 (1H,d, J=2.0 Hz, H-6) #16.33 (1H,d,J=2.0
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Hz, H-8); 1 M&E(ES on 6.15 (1H, s, H-3); 2 M
REUES ou 10.81 (1H, s, 7-OH) A1 12.67 (1H, s, 5-
OH); %54 ®C-NMR (126 MHz, DMSO-ds) it 1%
FNH 9 A sp? BKAE T, 30N dc 168.0 (C-2), 164.0 (C-
7), 161.4 (C-5), 157.8 (C-9), 109.1 (C-3), 103.7 (C-10),
98.6 (C-6),93.7(C-8) MIipALmn(s 5 181.4(C4),
M-SR 2 AAEHURE) 5,7-— AL 0 AT A=
Y. (LAY 1 H DL PC-NMR HdlE )8 W& 1.
#z1 LEW1H NMR 48 (500/126 MHz, DMSO-ds)

Table 1 'H and *C-NMR data for compound 1 (500/126
MHz, DMSO-ds)

{ZDA O dc
2 168.0
3 6.15 (1H, s) 109.1
4 181.4
5 161.4
6 6.17 (1H, d, J = 2.0 Hz) 98.6
7 164.0
8 6.33 (1H, d, J = 2.0 Hz) 937
9 157.8
10 103.7
1 2.76 (1H, dd, J = 14.2, 4.4 Hz) 41.6
2.62 (1H, dd, J = 14.2, 8.4 Hz)
2 4.32 (1H, hex, J = 6.0 Hz) 64.6
3 2.60 (2H, d, J = 5.8 Hz) 50.3
g 207.0
5" 2.11 (3H, s) 305

5-0H  12.83 (1H, s)
7-OH  10.81 (1H,s)
2-OH 5.1 (1H,d,J=58Hz)

7F "TH-NMR 158 TR 1> B 1 F 2
=5 on 2.11 (3H, s, H-5"), 2 MNP HEF 7155 on
2.76 (1H, dd, J = 14.2, 4.4 Hz, H-1"). 2.62 (1H, dd,
J =142, 8.4 Hz, H-1")#1 2.60 (2H, d, J = 5.8 Hz, H-
3, 1 NEEFIKFERFES ou 432 (1H, h, J =
6.0 Hz, H-2"); Z5A1E BC-NMR i, SR AN
() LB IBRAS 5 oc 207.0 (C-4)F1 30.5 (C-57), 2
AN EEBRIE S 6c 41.6 (C-17) #1503 (C-3), 14
HEA K P EETRE S oc 64.6 (C-27). HILL A5 B
D5 2 A7 BRI RE N 2 gk -4 S A
7E 4k 'H-'"H COSY H %23 H-1'A1 H-2'. H-2'
M H-3"MAERAE S, d3E—PI00E T X BRI 2514 1)
M. HMBC 3+, th&% 1 1 H-3 5 C-1'LL K H-
1'5 C2 AHK, FREN T BUREEIERAE 2 1.

Ak, ZEE 8T HMBC i A A A5 5, IE T
GRS 5,7- 52 5-2-Q - R4 AL
JRIE)-t0 5 . 'H-'H COSY A1 HMBC - H A5
KAWHE 1.
HO_ Q0N s

F T

7

NS

OH O HYMBC-~ 'H-'HCOSY —

OH O

1 #%&¥18EE 'H-'H COSY #1 HMBC #83%
Fig.1 Key 'H- '"H COSY and HMBC correlations of

compound 1

oty B BIIALS AECEIEYSTRORSEN Ve i) i)
BT LN . SCERE 7R alternaritins [o]f 1
11.8 (¢ 0.34, CH;0H) mycoleptione [a]3—26.0 (¢ 0.10,
CH3;0H). (2'S)-7-hydroxy-2-(2'-hydroxypropyl)-5-
methylchromone [a]3+21.3 (¢ 0.19, CH;0H). (2'S)-
7-hydroxy-5-hydroxymethyl-2-(2'-hydroxypropyl)-
chromone [a]5+38.4 (¢ 0.80, CH;0H)!*91, 7EiX ¥k 2’
B A AR R BRI R, T oy
JEJiERY, 2'-OH BUmNTH b e TT [n A e,
2-OH HUAATH R o A&7 1 IFEAEA (o], —32.44
(c2.25,CH;0H), Rk, ENFRIERH ym L, 2t
—BHEH 20 BRE TN S AL tkAh, (A1
ECD K& (& 2) 5K alternaritins ] ECD
Kl Bleotton 25N i 2 T4 AH e, 1 B — 3 T
AR 1644 1 ECD (1.0 mg/mL, MeOH) Amax
(mdeg) 219 (—0.34), 249 (—0.05), 295 (—0.38), 350 (+
0.01) nm. &5 % alternaritins [] ECD (0.125 mg/mL,
MeOH) Amax (mdeg) 200 (+6.59), 206 (+3.90), 223
(+19.16), 246 (=3.09), 278 (+7.25), 309 (+0.01)

1.07

0.5

Ag
[=}
\

20I0 ‘ 30IO I 4OIO
Alnm
2 L&Y 1 REN ECD EiE
Fig.2 Experimental ECD spectra of compound 1
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nm. Alternaritins F) 207 BRJEF A R #8Y, [At,
H—BHIMEED 1 LN 2'S,

ZE Loy, A 1 R (2'S)-5,7- R A
2-2- 2 R 4 H O B ])- & B [(2'S)-5,7-
dihydroxy-2-(2 -hydroxy-4'-oxopentyl)-chromone], 4
R AFWEY, wa NHEEEN A (thomiione A).

&Y 2. AR KR: 'H-NMR (600 MHz,
CD;0D) d: 6.45 (1H, s, H-10), 5.56 (1H, s, H-3), 4.59
(1H, d, J = 12.4 Hz, H-6), 4.54 (1H, d, J= 12.4 Hz, H-
6),2.33 (3H, s, H3-1); '3C-NMR (100 MHz, CD;OD)
5:200.7 (C-4), 194.1 (C-2), 182.4 (C-7), 171.7 (C-14),
159.0 (C-9), 157.1 (C-11), 140.7 (C-13), 121.9 (C-12),
109.6 (C-8), 104.9 (C-3), 104.0 (C-10), 88.3 (C-5), 71.3
(C-6),16.6 (C-1), L% 5 CwkkiE —Y, g
YA 2 2N spirocitromycetin.

aY 3: K EHAK; 'H-NMR (600 MHz,
DMSO-ds) d: 9.94 (1H, s, 6-OH), 9.77 (1H, s, 1-OH),
6.90 (1H, s, H-4), 6.57 (1H, d, J = 2.1 Hz, H-7), 6.49
(1H, d, J= 2.1 Hz, H-5), 3.98 (3H, s, H3-4"), 2.50 (3H,
s, H3-2", 2.20 (3H, s, H3-3"); BC-NMR (100 MHz,
DMSO-ds) 5: 204.0 (C-1"), 157.6 (C-6), 157.0 (C-8),
152.4 (C-1), 137.3 (C-10), 133.6 (C-3), 121.4 (C-2),
117.8 (C-4), 107.2 (C-9), 101.6 (C-5), 97.8 (C-7), 56.2
(C-4%,32.1(C-29,19.7(C-3"). ¥R 5 ClkikiE
— B0, WMUSEAEY 3 R .

a4 BREERG S (FEE; "H-NMR
(600 MHz, DMSO-ds) d: 12.29 (1H, s, 1-OH), 11.51
(1H, s, 6-OH), 6.94 (1H, d, J=2.2 Hz, H-7), 6.87 (1H,
s, H-4), 6.85 (1H, d, J= 2.2 Hz, H-5), 6.65 (1H, s, H-
2),3.86 (3H, s, Hs-11), 2.39 (3H, s, H3-12); 3C-NMR
(100 MHz, DMSO-ds) d: 179.1 (C-9), 168.3 (C-10),
164.0 (C-1), 160.5 (C-6), 157.6 (C-4a), 155.2 (C-5a),
148.7 (C-3), 134.9 (C-8), 112.7 (C-7), 111.2 (C-5),
109.1 (C-8a), 107.3 (C-4), 105.8 (C-9a), 103.2 (C-2), 52.6
(C-11),21.9 (C-12), _FiR%H 5 k4o —302), i
YA 4 N 1,6-—FR5E-3-H I -8- FR TR LN .

&) 5. LIRSS & (FFEE); "H-NMR (600
MHz, CD;OD) ¢: 7.45 (1H, d, J = 1.0 Hz, H-8), 7.11
(1H, d, J = 2.4 Hz, H-4), 7.00 (1H, m, H-6), 6.54 (1H,
d, J=2.4 Hz, H-2), 3.89 (3H, s, 3-OCH3), 2.38 (3H, s,
7-CH3); '*C-NMR (100 MHz, CD;0D) d: 187.4 (C-9),
185.4 (C-10), 165.9 (C-3), 165.8 (C-1), 163.5 (C-5),
147.2 (C-7), 138.4 (C-14), 134.2 (C-11), 125.0 (C-8),

120.1 (C-6), 116.5 (C-12), 113.0 (C-13), 110.6 (C-4),
106.9 (C-2), 56.3 (C-16), 21.8 (C-15). k% 5
ERRIE — ), MR AY 5N 1,5- R H-3-H
ST - 1E-9,10-

&Y 6: HEERA; 'H-NMR (600 MHz,
CDs0D) d: 7.01 (1H, s, H-10), 6.27 (1H, s, H-7), 5.03
(1H, d, J=12.2 Hz, H-5), 4.69 (1H, d, J= 12.0 Hz, H-
5), 4.68 (1H, m, H-2), 3.80 (3H, s, Hs-12), 2.54 (1H,
dd, J=17.0, 12.9 Hz, H3-3), 2.47 (1H, dd, J=17.0, 3.8
Hz, H3-3), 1.54 (3H, d, J = 6.3 Hz, Hs-11); BC-NMR
(100 MHz, CD;0D) §: 190.6 (C-4), 166.2 (C-10b),
157.0 (C-6a), 156.7 (C-8), 145.6 (C-9), 107.5 (C-10),
107.6 (C-10a), 104.9 (C-7), 101.8 (C-4a), 77.1 (C-2),
64.1 (C-5), 56.8 (C-12), 43.5 (C-3),20.6 (C-11). ik
ol 5 SR ikE — 50, S A 6 N 9-0-
methylneuchromenin.

WHE 7. WaEHK; 'H-NMR (500 MHz,
CDs0D) 6: 6.97 (1H, s, H-10), 6.31 (1H, s, H-7), 5.04
(1H, d, J=12.2 Hz, H-5), 4.75 (1H, d, J = 12.2 Hz, H-
5), 4.68 (1H, m, H-2), 2.55 (1H, dd, J=17.0, 12.9 Hz,
H-3),2.47 (1H, dd, J=17.0, 4.0 Hz, H-3), 1.53 (3H, d,
J=6.3Hz, Hs-11); 3C-NMR (126 MHz, CD;0D) ¢:
190.9 (C-4), 166.1 (C-10b), 155.2 (C-6a), 153.6 (C-8),
141.8 (C-9), 110.8 (C-10), 109.1 (C-10a), 104.3 (C-7),
102.4 (C-4a), 77.1 (C-2), 64.0 (C-5), 43.5 (C-3), 20.6
(C-11). iR HHE 5 SCilikHaE — 203, HE &Y 7
N neuchromenin.

&Y 8: H IR, & (FFEE); "H-NMR (600
MHz, DMSO-d;s) d: 13.00 (1H, s, 3-OH), 11.18 (1H, s,
8-OH), 9.90 (1H, s, 4-OH), 6.78 (1H, s, H-3), 6.78 (1H,
s, H-5), 6.33 (1H, s, H-6", 5.65 (1H, d, J= 1.5 Hz, H-
4'),3.70 (3H, s, H3-7), 3.61 (3H, s, H3-8"), 2.07 (3H, s,
H3-9); BC-NMR (100 MHz, DMSO-ds) 5: 170.3 (C-
8", 165.1 (C-8), 160.0 (C-3"), 159.8 (C-1"), 155.1 (C-
4), 153.3 (C-6), 143.2 (C-5"), 134.0 (C-1), 125.3 (C-2),
110.0 (C-6", 109.8 (C-3), 107.5 (C-4'), 105.0 (C-5),
104.0 (C-2'), 56.1 (C-7), 52.0 (C-8",21.5(C-9". _EiR
ol 5 CmkdkaE — 20, HENLEY) 8 NETEIR .

EY 9: AT i CHEE); 'TH-NMR (600 MHz,
CDCls) d: 11.58 (1H, s, 8'-OH), 7.00 (1H, d, J=2.9 Hz,
H-5),6.71 (1H, d, J=2.9 Hz, H-3), 6.42 (1H, d, J=1.5
Hz, H-6'), 5.93 (1H, s, 4-OH), 5.75 (1H, d, J = 1.5 Hz,
H-4", 3.94 (3H, s, H3-8"), 3.74 (3H, s, H3-7), 3.69 (3H,
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s, Hi-8), 2.13 (3H, s, H3-9"); 3C-NMR (100 MHz,
CDCl3) 0: 171.8 (C-7"), 160.0 (C-1"), 166.1 (C-7), 163.2
(C-3"), 154.1 (C-2), 153.4 (C-4), 146.2 (C-5'), 136.8 (C-
1), 125.8 (C-6), 111.2 (C-6"), 108.6 (C-5), 105.9 (C-4",
105.1 (C-3), 100.9 (C-2"), 56.5 (C-7), 52.5 (C-8), 52.4
(C-8),22.2(C-9"). iR ¥ 5 ks — k7, #
Mt &% 9 R B .
4 g

AN SR NAE R E W Penicillium
thomii C18 H™ 73 B E 1 9 MEEES AL ™
Yo RERFAE e B IR BACE )b AR
W, AR IE R 2 AE Y IR A A 7 ) e
I PTEETETEDS, Rk, X BRI SR 24k
GYAT T HUR R E VR . R BEE T SRR
i, AN EY) 8 F1 9 X} C. albicans K1 A. niger REIN,
e HHIE R, R/AMIBRIREE Y 25 pg/mL,
T HABAAYIRTIX 2 bR LR A R 6 FH B E
FIRSS . ABHAFE T H %8 H B AR 4s
M Z AN, 5 S R Sl S kAT HoAt v T I
P, WdtE . PR S, AERRKMEZEA
FER AT SIS A A .
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