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SERg LR LI 24 E & Penicillium sclerotiorum HLL113
REBA I 4R

BT e EEE B W Bl e
B fRer EEERer PR

(MR E N S TR B 2 SR A B I E S = 10 571158)
C RIS BT A Al G YL A B SR g1 571158)

WE NI RIENEEWE Penicillium sclerotiorum HLL113 W43 B 440 15 2 AN BT R IR AT 4420 (25,38,5)-2-
(2-hydroxyethyl)-3-hydroxy-5-(2-hydroxypropan-2-yl)-2-methyltetrahydrofuran (1), (2S,35,55)-2-allyl-3-hydroxy-5-(2-hydroxy-
propan-2-yl)-2-methyltetrahydrofuran (2)#1 6 /N A A& EY), HH 6,9-epoxy-ergosta-7,22-dien-3-0l (5)NE XN
FHIRPEEAR, ENNSENE SRR SR AR E. NITENEWATT o %% 5 EREDHE R, 75
gk R B (22E,4R)-ergosta-7,9(11),22-triene-38,50,6-triol (7)F1 derrisisoflavone K (8)%F o~ %) # F Mg B A &3 M6 7E
.

KEEE LM, Penicillium sclerotiorum; IRZRACHT 1, WRIBATAY); o361 05 T G135 %R

Study on the Secondary Metabolites of Endophytic
Penicillium sclerotiorum HLL113

Yang, Jing-Yu“? Tang, Min-Min®? Chen, Li*® Lai, Xin-Yi*’

Zhuo, Xin** Zhou, Xue-Ming™*** Chen, Guang-Ying™“?
(“ Key Laboratory of Tropical Medicinal Resource Chemistry of Ministry of Education, College of Chemistry and
Chemical Engineering, Hainan Normal University, Haikou 571158)
(> Key Laboratory of Tropical Medicinal Plant Chemistry of Hainan Province, College of Chemistry and Chemical
Engineering, Hainan Normal University, Haikou 571158)

Abstract Two new furan derivatives, (25,35,55)-2-(2-hydroxyethyl)-3-hydroxy-5-(2-hydroxypropan-2-yl)-2-methyltetrahy-
drofuran (1) and (2S,3S,5S5)-2-allyl-3-hydroxy-5-(2-hydroxypropan-2-yl)-2-methyltetrahydrofuran (2), together with six known
steroid compounds were isolated from Penicillium sclerotiorum HLL113. 6,9-Epoxy-ergosta-7,22-dien-3-ol (5) was isolated
from the genus Penicillium for the first time. Their structures were elucidated on the basis of extensive spectroscopic methods.
The test results of a-glucosidase inhibitory activity showed that (22E,4R)-ergosta-7,9(11),22-triene-34,5a,6-triol (7) and der-
risisoflavone K (8) have significant inhibitory activity.

Keywords Lumnitzera littorea; Penicillium sclerotiorum; secondary metabolite; furan derivative; inhibitory activity against
a-glucosidase

AR, R AR B LB R TS R S A S B AN S5 AR g W )it 2 R S b e AR A e
VR T, RS AT L 2 A8 T U 1 2 2 R IR AR W X D), yPfaya. fEAE G b, iz AT H
Wu-3l ARG ZE[Lumnitzera littorea (Jack) Voigt] Wi ZE 8 TS KA R ITe. BRI MRS RE T
LU, EEMAERERVEE. DRIEIE. FEEE A AR R AR KR, i ER R AR TR0 PR
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WL i LSRN RO, IR
TR 45 R R B0 AR T R SR P P ) = 8 R, PR
MRS RS, WPRIL T ¥ 2 S5 KE S e &4,
AWM EEWSE T EEMNNTZREN F5R
(Penicillium) H ¥ N 200 BRI — KSR, M R
= MER 1300 24, EYm. R &7, Wik
WEY) RERE AR, Forb o2 A YR B HUH
PLdL, PURTE . PR B U0 MU S 1R 15k
WRTA R —RERE NG ERMEY, ZRIUEEMA
AT Z AT, AR BRSNS, SR,
R R B 55 8 2R F0 55 IR W Wk IR AT 224 (R At
FARIEN. LR WE R, DL B IETT AR
F R T7 AR i Pl 20 200 45 P9 A TR o AR ™4
BEATHITTE, Arh FHGE AL E Y, A PO L0 B IR AT 55
g e BAEORE S, M E R AR B R A
AEER L. B g LR ZI82 A AR R R AR
PRI R G TE, BATE RN RN LR E P
sclerotiorum W43 B 153 2 ANHr BRI AT A Y0(2S,3S5,55)-
2-(2-hydroxyethyl)-3-hydroxy-5-(2-hydroxypropan2-yl)-2-
methyltetrahydrofuran (1)#1(2S,3S,5S)-2-allyl-3-hydroxy-
5-(2-hydroxypropan-2-yl)-2-methyltetrahydrofuran (2), LA
K 6 NESEEREYGE~8). MEY 1~8 HATT a-
T B B RS T B PURGE TN, SRR S
7 A8 HAREN o EHEEEME]EYE, e 1Cs HY
ST PR R 2GR R, ARTAL &Y 1~8 ¥R
PURIGTE.
1 HBR5WL

WaEY 1 s kY, 5% TP M,
HR-ESI-MS % AL S WIHE 7y 1 110 m/z 205.1431

[M+H] (H5E A 205.1434), #EH T3 CioH004,
AEAEN 1. IR Sl BoniZ b &4 DA 48 8h

RS 5 (3441, 1645, 1548, 1564, 1511, 1462
11425 em Y. LAY 117 '"H NMR (400 MHz, MeOH-
da) V& LE 9y 1.18 (s, 3H, H-8), 1.21 (s, 3H, H-11), 1.12 (s,
3H, H-10)4bF 3 MREESE S, 1E 6n 3.61 (dd, J=10.0,
2.0 Hz, 1H, H-3), 3.78 (dd, J=6.0, 9.2 Hz, 1H, H-5)ib 7% 2
MRHIELELES; 1F o 1.20~1.26 (m, 1H, H-4a), 1.81~
1.89 (m, 1H, H-4b), 1.66~1.72 (m, 1H, H-6a), 2.01~2.09
(m, 1H, H-6b), 3.44 (dd, J=11.2, 9.6 Hz, 1H, H-7a), 3.86
(dd, J=11.2, 1.6 Hz, 1H, H-7b)AtH 3 MIEHEEE 5.
&4 1 ) 13C NMR (100 MHz, CDCls)i & 135 DEPT
(distortionless enhancement by polarization transfer)i =
A 10 MxfES, HP s 3 ANFHERES oc 24.2,
22.5F127.7, 3 M EERIE 5 6c 47.2, 34.8 F126.4,2
HEAIR FIEFRIE 5 0c 87.4 M1 77.6, VLI 2 MRS S ¢
84.5F170.7(F 1). LiREE T HEM AL &1 R 2 F2dk
Rtk &9, tbE9 1 /) 'H-"H COSY i/ /8 H-6 5
H-7 #12%, H-3 5 H-4, H-4 5 H-5 7 5IAHKC(E 2); 456
HMBC (Heteronuclear multiple-bond correlation)iif # H-8
5 C-2/3/6, H-5 5 C-2 4r k%, TLAE C-2 F1 C-7
MR, 8-Me JETE C-2 1, C-5 5 C-2 i@ AR FH
. UbAN, AW 1 HMBC %+ H-11 5 C-5/9 #H2%,
VLA 2-FR LN EAE C-5 A Eik, (LAY 1 P
gk DA e an i 2 Fos. A 1 5 NOESY (nuclear
overhauser effect spectroscopy)iti H-8 5 H-3/5 A%,
B H-3/5/8 iX 3 MELE Lo R E(E 3). th&9 1
IR 206 %5 7 B 2 3@ i Mosher’s FR ALV H 52 1A08), il i
THE(S)-FI(R)-MTPA B2 (Al 'H NMR {224 % 2 =
(Ad=05—6r, Bl 4), WTLAHSE C-3 MR AN S B, (AL,
SEA R A AR, LA 1 B R R DARE A
H(28,35,58). Rk, L&Y 1 e A IR AT A,
i % N (28,38,5S)-2-(2-hydroxyethyl)-3-hydroxy-5-(2-hy-
droxypropan-2-yl)-2-methyltetrahydrouran.

B a1~8 kg

Figure 1 Chemical structures of compounds 1~8

Chin. J. Org. Chem. 2022, 42, 896~900

© 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 897



BilLE i 52 B3R
F1 &Y 1521 'HNMR (400 MHz)F1 13C NMR (100 MHz)$ 4
Table 1 'HNMR (400 MHz) and *C NMR (100 MHz) data () for compounds 1 and 2
Positi 1 2
1t10n
OstHo o1 (MeOH-ds) dc (CDCls) o1 (MeOH-ds) dc (CDCls)
2 — 84.5 (C) — 87.6 (C)
3 3.61(dd,J=10.0, 2.0 Hz) 77.6 (CH) 3.83 (dd, J=8.4, 5.6 Hz) 75.5 (CH)
4 1.20~1.26(m), 1.81~1.89 (m) 26.4 (CHz) 1.84~1.90 (m), 2.18~2.25 (m) 34.7 (CHa)
5 3.78(dd,J=9.2, 6.0 Hz) 87.4 (CH) 3.92 (dd, J=5.6, 3.2 Hz) 83.4 (CH)
6  1.66~1.72 (m), 2.01~2.09 (m) 34.8 (CHa) 5.88 (dd, J=17.2, 10.8 Hz) 142.1 (CH)
3.44 (dd, J=11.2, 9.6 Hz) 5.04 (dd, J=10.8, 1.6 Hz)
T 386(dd,J=112, 1.6 Hz) 47.2(CHy) 5.24(dd, J=17.2, 1.6 Hz) 1129 (CHy)
8 1.12(s) 24.2 (CHs) 1.24 (s) 21.1 (CHs)
9 — 70.7 (C) — 71.8 (C)
10 1.18() 22.5 (CHs) 1.14 (s) 26.2 (CHs)
11 121() 27.7 (CHs) 1.26 (s) 27.7 (CHs)
oH OH OH A2 S5EM 1 BN, SHeEw 1 HE
— g 1 NS e
| H-H COSY ERIERY, G 2 h 2 ARG S, on 5.24
o o (dd, J=17.2, 1.6 Hz, 1H, H-7a), 5.04 (dd, J=10.8, 1.6 Hz,
HO 1 HO 2 ~~ HMBC

B2 f&EW 1 A2 KR TH-"TH COSY Al HMBC #H¢
Figure 2 Key 'H-'H COSY and HMBC correlations of com-
pounds 1 and 2

B3 L& 1 NOESY [rAHK
Figure 3 Key NOESY correlations of compound 1

a2 REEMIRY, 5% T FEEAMEL, HR-
ESI-MS 45 L&V HIHE D + & TN m/z 187.1326
[M+H]"GHEAE N 187.1329), #4730 CioHig0s,
AHFIFE R 2. A2 1) 'TH NMR (400 MHz, MeOH-d,
Wt 7 0 1.24 (s, 3H, H-8), 1.26 (s, 3H, H-11), 1.14 (s,
3H, H-10)4F 3 NHEE HAES, 1E 6 5.24 (dd, J=17.2,
1.6 Hz, 1H, H-7a), 5.04 (dd, J=10.8, 1.6 Hz, 1H, H-7b),
5.88 (dd, J=17.2, 10.8 Hz, 1H, H-6)f1 3 M#HE[E T, 7
Ou 2.18~2.25 (m, 1H, H-4a), 1.84~1.90 (m, 1H, H-4b)# 1
AMKHEE HA5S, 1£ on 3.83 (dd, J=8.4, 5.6 Hz, 1H,
H-3), 3.92 (dd, J=5.6, 3.2 Hz, 1H, H-5)F 2 M H 3t H
=5, MRAE 3C NMR (100 MHz, CDCL) i & a4 1 47 &
10 Ltk AL = AL R AE 20 3o : o 112.9 (C-7), 142.1
(C-6), 87.6 (C-2), 75.5 (C-3), 34.7 (C-4), 83.4 (C-5), 71.8
(C-9), 21.1 (C-8), 26.2 (C-10), 27.7 (C-11). % En%nik

898 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

1H, H-7b)#1 5.88 (dd, J=17.2, 10.8 Hz, 1H, H-6), Tfij/> T
—NEHED L —MEHIES oy 344 (dd, J=11.2,
9.6 Hz, 1H, H-7a), 3.86 (dd, J=11.2, 1.6 Hz, 1H, H-7b)f!l
1.66~1.72 (m, 1H, H-6a), X#HLEY 1 ) C-7 5
R DL B C-6 A FEETEAG &9 2 AR T XU, VR
IR EY) 2 1 2DNM(E45 HSQC. HMBC. 'H-'H
COSY), WHE THED 2 HIHRE IS S SHED 1
—3. LAY 2 /Y NOESY i+ H-8 5 H-3/5 #f<& M,
H-3/5/8 X 3 NMEALE Lo RN, BbtbE2 51 A
AAHFE A BL. BhAh, (a2 BIESE (ol —
32.99) 54EW 1 MEGE (el —38.23) B N, i
LG 2 51 B MER4 R, X 54 FEREHE
SIS —EW. i, thE&Y 2 AR R
ifi A N (25,38,58)-2-allyl-3-hydroxy-5-(2-hydroxypropan-
2-yl)-2-methyltetrahydrofuran.

OR ﬁ%ﬁ*

+0.06_—;0.06
~-0.03
m-o.os
+0.05>~ " ~O 003
+0.07
HO" |.003
1 R=H
1a R = (S)-MTPA ester
1b R = (R)-MTPA ester

B4 51 H(S)-FI(R)-MTPA BE 2 8] ] Ad=0ds—dr

Figure 4 Ad=0s—or values for (S)- and (R)-MTPA esters of 1

ZEPETE M, TS SR A AL S A U AR
TR, G 3~8 IG5 HI 737345 58 (22E,248)-50,80-
epidioxy-24-methyl-cholesta-6,9,(11)22-trien-38-01 (3)["’),
(22E)-5a,8a-epidioxyergosta-6,22-dien-38-ol (4)2°, 6,9-
epoxy-ergosta-7,22-dien-3-ol  (5)Y, ergosta-4,6,8(14),22-
tetraen-3-one (6)??], (22E,24R)-ergosta-7,9(11),22-triene-

Chin. J. Org. Chem. 2022, 42, 896~900
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38,5a,6p-triol (7)*31F1 derrisisoflavone K (8)24, H At &
Y5 NERNEEEE 153,

P T RE ST o 18 A R E R A VS 1, 45 SRR
AT FI 8 XF o A HE BT B35 A HI s,
ICsofE 294 861.211 F11940.376 pmol/mL; &4 1~6
X o- & OBE L A 2 A 06 S M, ICs YO Bl E N
1467.279~2009.566 pmol/mL. FEib&4 1 4b, tb&W
2~8 1) 1Cso (B 35/ INT- BH P XoF BEHT 2 Y B (3R 2).

K2 AW 1~8 X o8 % BRI G %

Table 2 Inhibitory activities against a-glucosidase of com-
pounds 1~8
Compound ICso/(umol*mL 1)
1 2009.566
2 1851.642
3 1910.011
4 1467.279
5 1791.437
6 1472.091
7 861.211
8 940.376
el - 1954.935

JH R 2 HE(LPS) 15 3/ i RAW264.7 Eg4H
AR il — AR NO)Y PR T A E I FT R, 45 R
KU FTE L S PH2: K58 RAW264.7 41, 59 1~8
Toht R i E.

2 SLIGERSY

21 BE5EHF

Nicolet 6700 4T 4% JASCO DIP-370 B ¥+ i
JAX; Bruker AV-400 ZUAZEILIRPEIEAX, {4 CDCL; B
MeOH-d4 {F N 7); Agilent G3250AA LC/MSDTOF Jii
HEAY; Agilent 1260 LC -l & =y BGH AR (R4, Agilent
Eclipse XDB-C18 {4 #+(250 mmX9.4 mm, 5 pm);
ELISA fFr1¢(Bio Tek ELX800). 7Sk Sephadex
LH-20[ 22 yE 35 76 W i AR (L) A R AR, AR
(YMC 2AF]; 12~50 pm); #)JZHTEERANEZ Z R
BR(E SR T ), (a7 o pr 4t
2.2 EHMR

B Penicillium sclerotiorum HLL113 7&F 2019 4=
4 H IR B = R s LI PR ARG XCOR S (1 2L £ A
Z%(Lumnitzera littorea) R /7> B 15 B, FL0H B AR IRAE
T A Y K 24k 2 5 4k T 2 B Vg i #y 24 F 90 Ak
S S E SR E

ZH PR ARYE o T AW R AR SR S e 1, i
ERE ITS FEMFH, 5EEEREYE LS L
(NCBD) i #iE FE LX), € WM Penicillium scleroti-

Chin. J. Org. Chem. 2022, 42, 896~900
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orum. F1SFHEHE IR E GenBank, H Accession
Number 4 MZ699093, B Ft A I E AR 73508 30% H
T A4 & B N7 (PDB) AR 7 5L, —80 CIRAF.
23 EHEMAE., ERMSE
HWE WK P sclerotiorum T D88 R ARG TR 34 (5 1
L BB FR 5 30 gig2h, AN 1 LEETE &4 350
mL B 7R3, HEiT 3 )T 25 CRIRGHRFE 3 d, KR
B0, BRI 3.5 mL I KOKEE IR 3E (1 LA
RS 100 g KK, 100 mL 7K, 3 g #FEh, FEit 260 )
e 25 C AR IR 4 . B8 ARG
g, Ve 2R ZEE(50 LX3, FHK 24 h)AH, BH4
WA NLZER), 1920HR% B 70(82.0 g).
BHRYIHATREIR(100~200 H)FE i, FAm
it/ R CBECBAEE VL V=100 : 0~0 : 100)F1 ZF& 2[5/
FPE(BAE V2 V=100 : 0~0 : 100)¥EM, 53] 6 MR
(Frs. 1~6). Fr. 3 (8.1 g)illid i £ (200~300 H)H: i
&, AR R OBRBEEE VD V=100 1 0~0 :
100) e 3t i, k13 7 N5 (Fr. 3A~Fr. 3G). Fr.
3B & MBERALZENT [V EE) @ VOK)=1 : 9]4ifk )5,
28 2l 25 L v RO Btk il 2%, LASEIK(V T V=170 :
30) NI Eh A, BEMLEY 1 (5.3 mg)RL&Y) 2 (4.7
mg), X Fr. 3B & RABEERAE ZHT V(R EE) @ VOK)=17 :
34t BRI &Y 3 (25.1 mg)Fl 4 (15.3 mg), Fr. 3E &
Sephadex LH-20 &¢/EATCRE[V(E) @ VIFE)=1: 1]
aifh 5, G & B E RO B &, DL
V=10 : 30)RsAH, HREIEY S (14.7 mg), Fr. 3B 4
SRR VR E) © VoK)= 9 @ 1AL EH 3 EY 6
(21.1 mg), Fr. 3F & Sephadex LH-20 #EfisHE i V(&
i) T VIREE)=1 1 1405, S0 8 s A0t
HEATHIA, LLZIEK(V : =70 : 30)A%ishAE, B3k
AW 7 (6.7 mg)F1 8 (7.3 mg).
(28,38,55)-2-(2-hydroxyethyl)-3-hydroxy-5-(2-hy-
droxypropan2-yl)-2-methyltetrahydrofuran (1): ¥ &Ik
; [a]¥ —38.23 (c 0.1, CH;0H); IR (KBr) vinax: 3441,
1645, 1548, 1564, 1511, 1462, 1425 cm™'; 'H NMR (400
MHz, MeOH-d,)F1 3C NMR (100 MHz, CDCly) i W. 2
1; HR-ESI-MS caled for CioH2104 [M+H]" 205.1434,
found 205.1431.
(25,38,55)-2-allyl-3-hydroxy-5-(2-hydroxypropan-2-
yl)-2-methyltetrahydrofuran (2): # B iIRY); [al —
32.99 (¢ 0.1, CH;0H); IR (KBr) vimax: 3442, 1647, 1622,
1563, 1512, 1462, 1423 cm™'; 'H NMR (400 MHz,
MeOH-d)f1 3C NMR (100 MHz, CDCL)%#k W% 1;
HR-ESI-MS caled for CjoHjoOs [M-+H]" 187.1329,
found 187.1326.
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BIKE

24 FEMETEM

o= H1 %] B EF R MR DU 32 K PNPG L 7 96 FLAR
PRI 20 pL ALA0VE 2 mg/mL, 5778 — H FEIEAR
(DMSO)/ TR ZZ 1 (PBS), H. DMSO A 0N
5%], 10 pL o & HEEEFQ U/mL), 50 uL BFRZE MR
(PBS) T FLARAL (B FLARAR 100 pL)F, FE=HE THE
10 min, 4KZE4500 20 uL PNPG- iR 3 28 5 -o-D- L R 3
EIPEE (2 mg/mL)HF4E RN, FFE 37 CTFHEE 15 min.
J#44 Fi] ELISA B#b5r1X(Bio Tek ELX800)7E 405 nm At
SEWERE. DA IRAH R 1) 77 a7 n PBS 224X
B R 0 B, R 775 0N PBS AR
o F1 0 R EF ) 4525 11, BT R J80HE FH VB BH P 6] AL

AN AOEYEEE ELISA VR E 20, 185 1A
IYBUN 10%I645 17, 2 mmol/L A& Bk fiZ, 100 U/mL #
FHFM 100 pg/mL FEFEZ T RPMI 1640 £ 8RR 7%
RAW 264.7 4HHE. 40k B %N 5 X 105 M4 ffl/mL,
96 FLAR BEFLEERH 200 pL 4HHE. 96 FLIR B FLER &
ROSX10* AR, ME IR, I LPS(ZHKE 1
ng/mL)CERAAM, 1 h J5, RSN FIRE K1 &4
(10, 20, 30 1 40 umol/L). 577 24 h J5, 43 HIHL 50 pL ()
YHHE LI5S 50 uL [ Griess iFIVATR(25 g/L) M 10
min J&, FIEEFRMYTE 540 nm AT N = YdkAT EL B
.OHBFEOKA F AR BE PR R
2.5 (S)-MTPA fig(1a)F1(R)-MTPA(1b)BsH0 % &

BALEY 1 (1.0 mg)- (S)-MPTACI (5.0 uL)ARACHE
WE0.5 mL)EA, fEEI NN 24 h, R4S
SEFEYNS)-MTPA BEfiTAYI(1a)) '"H NMR #5181, 'H
NMR (Pyridine-ds, 400 MHz) du: 4.18 (dd, J=1.0, 10.8
Hz, 1H, H-7a), 1.86 (m, 1H, H-6a), 2.33 (m, 1H, H-6b),
4.01 (dd, J=5.7, 8.3 Hz, 1H, H-3), 2.07 (m, 1H, H-4a),
4.09 (m, 1H, H-5), 1.35 (s, 3H, H-8), 1.32 (s, 3H, H-10),
1.38 (s, 3H, H-11).

FFEFERTTE, B &1 (1.0 mg)5(R)-MPTACI
(5.0 pL)BEATERA N, FFIE F=)(R)-MTPA EEATAEY
(1b)#J 'H NMR #4181 'H NMR (Pyridine-ds, 400 MHz)
Su: 4.20 (dd, J=12.4, 14 Hz, 1H, H-7a), 1.89 (m, 1H,
H-6a), 2.36 (m, 1H, H-6b), 4.07 (dd, J=1.2, 7.2 Hz, 1H,
H-3), 2.01 (m, 1H, H-4a), 4.02 (m, 1H, H-5), 1.38 (s, 3H,
H-8), 1.27 (s, 3H, H-10), 1.35 (s, 3H, H-11).

4B KL (Supporting Information) L5471 12 1) 'H
NMR. 3C NMR. DEPT-135. HSQC. HMBC. 'H-'H
COSY A1 NOESY J%is, HRESIMS i, IR il DL e fb &
) 1a F1 1b ) '"H NMR 5% 8. X £ed4 kb ar P4 9% AT
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