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Chemical constituents and neuroprotective effects of Gymnadenia conopsea
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Abstract: Objective The chemical constituents of Gymnadenia conopsea tubers were studied and their neuroprotective effects were
evaluated. Methods The compounds were isolated and purified by silica gel column chromatography (CC), ODS CC, Sephadex LH-
20 CC and semi-preparative high-performance liquid chromatography (HPLC). The structures of the compounds were identified by
physicochemical properties, spectral data and single crystal X-ray diffraction. At the same time, the protective effects of the compounds
on oxygen—glucose deprivation/reoxygenation (OGD/R)-injured rat pheochromocytoma (PC12) cells were determined. Results
Seven compounds were isolated from 95% ethanol extract of G. conopsea, and they were identified as (2R,3R,4S,5S,75,85,95)-2,3,8,9-
tetrahydroxy-7-methyl-pentaoxatetracyclo  [6.6.2.0*°.078]hexadecane (1), (55)-5-(hydroxymethyl)-4-[(E)-[5'-(hydroxymethyl)-2'-furyl]
methylidene]-2-[(Z)-(4"-hydroxyphenyl) methylidene] tetrahydrofuran-3-one (2), 5-hydroxymethylfurfural (3), bis (5-formylfurfuryl)
ether (4), pollenfuran A (5), pollenfuran B (6), and 5-((4-O-B-D-glucopyranosylbenzyloxy)methyl)-furan-2-carbaldehyde (7).
Compared with OGD/R group, compounds 1—2, 4 and 7 could significantly enhance the viability of PC12 cells at the concentrations
of 1.062 5 to 50 pmol/L. Conclusion Compounds 1 and 2 are new compounds named gymnaoxa and gymnafuran B, respectively.
Compounds 4—7 were isolated from this genus for the first time. Compounds 1—2, 4 and 7 showed neuroprotective activities.
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F2 Gymnadenia conopsea (L.) R. Br.& =~} F
% J& Gymnadenia R. Br. ZFAEANEY), 534104
NN =rd VOIS, D= T ohmie 2.
ZU I AP, LR EARB PR 1) T48
WG 44, IR RIS, ok A
RFRN “AZE” Bl RS, Wi, v (R
FOFLANE A 24 b vEE - 2 70 ) Wi, B
AANE R AERHER DI HEr, AFSH
CiRIE 1R B R 2R, BN RBL SE
R, By SR0-100, AWt SR ISR AE N ) 100 RS
Y. TSRV PR o BA s 5702
ARZE ORI, BEFFAEHRU ), G R TSI A A 1)
HFZMEM. IEIVER, FZUHEZERZBEE
A GEREHT R I 2 BTy, 5] BB R B2 1) 5%
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SO M B IR R AT I e Yl Tt
BTSN ERRr A SRR A IE AR AR AT €
G SROM IO (o T R - ) % v ROBUAH 5 2 A 23
B TBON T2 SRR BT T b AL
L/ T 7 AMeED (B 1D, SalEEN
(2R,3R.48,5S,75,85,95)-2,3,8,9- V1 ¥4 3 -7- H - 4
F=VUIR[6.6.2.0%°.078]+ 7588 ((2R,3R.4S,5S,7S,85,95)-
2,3,8,9-tetrahydroxy-7-methyl-pentaoxatetracyclo
[6.6.2.04%.078]hexadecane, 1) . (5S)-5-(3%3& H 3&)-4-
[(E)-[5"-(F& 2 FF 2L ) W iR -2"-JE | FH TP 2 )-2-[(2)-(47- 32
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tetrahydrofuran-3-one, 2) . 5-F# FF LR (5-
hydroxymethylfurfural, 3) . X-(5- % b 5 ) fik
[bis (5-formylfurfuryl) ether, 4]. pollenfuran A (5) .
pollenfuran B (6) Al 5-((4-O-B-D-H e 4 4 B % 41
FE) B JE)-BR I -2- FH g [5-((4-O-B-D-glucopyranosyl-
benzyloxy) methyl)-furan-2-carbaldehyde, 7]. 744k
a1 M 2 AFNEY, ol AT
(gymnaoxa) AIF-ZHEME B (gymnafuran B); &
Y 4~7 EXNFZEDERE. ERPETE
PSRN, WA 1~2. 4 F1 7 X ENERIF/
#EVE (oxygen-glucose deprivation/reoxygenation ,
OGD/R) #1511 PC12 4 EAT (-4 1
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Fig.1 Chemical structures of compounds 1—7
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FAFF SR A R A R #:EE i (200~300
HO. iR H CGFREBHATERD; #HRERKR
Sephadex LH-20 (3£[E GE Healthcare A #]); AH
FEEE ODS Cis R} (40~63 pm). = 20IE AR 4R
Hl R (5 E Merck AF]D; TR L. HEEA
THEF S ol 2GR (E 254 B 2R A
FRATD; PC12 4 (i3 s A= W R PR
AFD; WikhiZE (WL G KAR LA,
fIL'5 35508),

FZHZE (20kg) T 2020 4 3 H KW T 7G5,
HH RS BR 2E Be X B B 5 5E N G. conopsea (L.)
R.Br.. fEiEFrA (SZS20201012) fFHT4M K2
P 27t Hh 2R AT
2 FE
21 EESSE

WF S 95% LTI D-101 KFL i
I, 133 30% LR (Fr. 1, 231.4g). 50%Z
FEHAL (Fr. 2, 78.8g) Ml 75% LB (Fr. 3, 78.3
g) 81, Fr. | ZREMCH % (200~300 H) 25,
DL S bE-FEE (50 1. 2551, 10: 1. 8: 1.
50103010 1010 00 D) BAERN, AN
W (Fr.1.1~1.9), Fr. 1.2 KB GRS 5, DL
RS, 1930 3 My (Fr. 1.2.1~1.2.3), H
W OFr 122 SRERAE AR (REIR HD 40, DL &
Ye-FE (500 1. 25:1.10: 1. 8:1.5:1.3:

121,00 DEREESRM, 58] 6 Nt/ (Fr. 1.2.2.1~

1.2.2.6), Fr.1.2.2.3 EEHAFEMLEY) 4 (8.4mg).
Fr. 1.2.3 k44 HPLC 4iitk, LAZRE-K (1:4)
Ve, 19EMEY 3 (22mg, rR=9.1min). Fr. 1.5
% ODS H: i &, DIHEE-/K (1:9.3:17.1:
4.3 071000100 BREEUEMNL, 153 6 NS (Fr.
1.5.1~1.5.6), Fr.1.5.2 Z&ERI A5 5, LLFEE
Yeli, FAEE] 3 AN (Fr.1.52.1~1.523), Hf
Fr.1.5.2.2 et (B HD 408, DL &H
Fi-FIEE (500 1.25:1. 1051, 8:1.5: 1, 3:
1. 111, 00D BREELERL, &IF R 6 Mg (Fr.
1.522.1~1.5.22.6), HH Fr. 1.5.2.2.4 NLEW) 6
(29.6 mg). Fr. 1.6 ZRERAT G (K H) 405,
DL S W k-l (5001, 25: 1. 10: 1. 8: 1,
5010301 1010 00 D BAERN, AN 64
W4y (Fr. 1.6.1~1.6.6), Fr. 1.6.5% ODS H:ti 4y
B, DIUHEE-K (1:9.3:17.1:4.3:7.1: 1,
1:0) BREEVERL, B3 5 MR (Fr 1.6.5.1~

1.6.5.5), H1 Fr.1.6.5.2 22144 HPLC 4ifk, Ll
CRE-K (317D Bl 19EUMLE S (13.3 mg,
tR=34.2min). Fr. 1.7 ZRERAERE (200~300 H)
3, DA E R RE-FEE (5001, 2551, 10 ¢ 1.
8:1.5:1.3:1. 1:1.0:1) BRERM, &I
N6 NSy (Fr.1.7.1~1.7.6). Fr.1.7.3 ZREKAE
W G HD 8, L& bE-FHEE (500 1~0:
DFREEBEML, &8 5 N (Fr. 1.7.3.1~1.7.3.5),
o Fr. 1.7.3.2 4 ODS #5025, UFEE-/K (1
9. 3:17. 124,327, 121, 1:0) BEREEBEM,
HEH 5 MRS (Fr. 1.7.32.1~1.7325), Fr
1.7.3.2.2 ZEIRH OGS, DIHEEBEN, 53
5 M4y (Fr. 1.7.322.1~1.7322.5), H Fr.
1.73224 £ HEHBAZMEEY 1(1.0mg). Fr. 1.7.4
SRERFE A (RER HD 208, DLA - R
(50:1.25:1.10:1.8:1.5:1.3:1.1:1.
0:1) BREEVEME, &N 7 MR (Fr. 1.7.4.1~
1.7.4.7), Fr.1.7.4.6 4 ODS ¥t i 4r 55, DIHIEE-/K
(1:9v3:17.1:4.3:7. 1514 1:0) BaER
B, 938 9 MRS (Fr. 1.7.4.6.1~1.7.4.69), Fr.
1.7.4.6.6 ZERAEERE T E, DIFEE, L1528
5 ANy (Fr. 1.7.4.6.6.1~1.7.4.6.6.5), Fr. 1.7.4.6.6.3
2Pl %% HPLC 2iifk, LLZME-/K (31 17) ¥efii,
BEEY 7 (10.7 mg, tR=46.1 min). Fr.2 &
e kE i (200~300 H) 05, DL & k-
(50:1.25:1.10:1.8:1.5:1.3: 1. 1: 14
0: 1) BV, AIEN MRS (Fr.2.1~2.9).
Fr2.3 il el i H) 208, L& -
I (5001, 25:1. 10: 1. 8: 1. 5:1. 3: 1,4
111,00 DEREESRML, &1 4 Mg (Fr.2.3.1~
2.3.4), Fr.2.3.2 SEIHEESE, DO BN,
85 5 My (Fr. 2.3.2.1~23.2.5), H Fr.
2.3.2.3 &4l % HPLC 4litk, PLAE-K (31 7) ¥
fii, BEMLEY 2 (9.5mg, ®R=24.5min).
2.2 R X-HHEATH

KH GaKa (A=1.34139) 7 Gemini A Ultra X
SPRATHA BT X BHERATST . 7EER AR AT,
i RRERAE 170.00 K, Flack ZH0M 0.15(9). %45
{f /] SHELXT Z5#4RAEF2/7, I Intrinsic Phasing 3K
fift, FA3H SHELXL X457 i/ — ikt
2.3 HERIPIEEEN
2.3.1  AMEMEVET K PC12 4HHLL 5X10* AN/
mL )% FEFER T 96 LR, 7L 100 uL, 4 FXTig
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ARG Z2H (500 25, 12.5. 6.25. 3.125 F11.062 5
umol/L Flitb &4, HR2H 6 MEFL. R H
H, BFLAINGEM FonRE R . franuEE s, H
PBS J&E 2 #. XTHRAMAN S S%IMiER7E, 4
HAMN GBI AKIE R ZE 5%IMiEE 773, 1F
37 C. 5% CO. 357748557 24 h, SRJEHIN CCK-8
TAEWE 10 pL, 7E 37 CHREEFE 90 min, FHEGHRX
RIZHARLE 450 nm PN FIROGREE () {H, THE4H
FAFIE R o

IR =(A s— A 2o (A sm—A 1)
2.3.2 OGD/R F PC12 245 (s B e 37 Je 25 1
B4 5X 104 AN /mL [R5 BT 96 FLAR
L 100 L, 2 XA, OGD/R ZLA145 2454,
H s MNEFL. A& A, LAY s
FRdk. FRAUPRNLEEFS, F PBS JEVE 2 #. &L N
N S%IMERFREE, 7637 CT. 5% CO, K74 h
K98, OGD/R R ZHIMNE 5%IMLiE TChE R 77
FE, FED 1% 024 94% Na Fl 5% CO, ) =S 57246
FREKHE 6he 6h JGFIGTRIE, LAMNEZ
10% &5 775, XTHEAR OGD/R AIAF 10%
Mg FRE, MET 37 C. 5 % CO K5 FEMH 1%
Fto 24h J5, ST, A CCK-8 TAEW 10 uL,
£ 37 C. 5% CO $5FFH 46407 F 90 min, {7
BRSO A MO ZE 450 nm KRR A 18, 1240
A7 5%

MIBAE R =(A4 2206DR—A we)/(A A =17)
3 #R
3.0 ST

& 1. ataRr4sd (PED; HR-ESI-MS
m/z: 329.084 9 [M+Na]* (i+5{E N C12His09Na,
329.084 3), i H 1N CioHisOo, THE AN
FEN 4. [a],+19.83 (¢ 0.01, MeOH); IR (KBr) i
FISERA R (vnax 3403 cm™) HIFFELES

'H-NMR (600 MHz, DMSO-de) (¥ 1) Zirfk
B TR R XAAAE 1 AN (3H, s, 0u1.30). 'H.
13C 454 HSQCNMR i & Al DEPT i &, #iElb&
Y1 RAEE LA (60 1.305 6c 17.4)s 4 DMEH
% (0n 1.69, 1.82,3.37, 3.96, 3.56, 3.80, 3.54, 3.76;
5c36.5,57.3,65.2,69.6). 3 NMKFHE (6n4.54,3.72,
3.74; Oc68.3, 68.4, 74.1). 4 NEFE (0 4.42, 4.70,
5.88,6.37). b4k, 'H-F1 BC-NMR & Eox izt &
VARG, R ZAEYHRAELER 4 SRR
Bk H T U R4S

#z1 L&MW1 8 NMR E5SH3E (600/150 MHz, DMSO-ds)
Table 1 NMR signals data of compound 1 (600/150 MHz,

DMSO-ds)

A OH oc
1 3.56 (1H, m), 3.80 (1H, m) 65.2
2 3.72(1H, m) 68.4
3 454 (1H, m) 68.3
4 3.74(1H, m) 74.1
5 94.7
6  3.54 (1H, m), 3.76 (1H, m) 69.6
7 97.7
8 92.9
9 90.9

10 1.69 (1H, m), 1.82 (1H, m) 36.5
11 3.37 (1H, m), 3.96 (1H, m) 57.3
12 130 (3H,s) 17.4

HMBC i (& 2) &7, un3.56,3.80 (m, H-1)
5 C-2(0c68.4). C-3(5c68.3). C-5(5c94.7) 3%,
ou3.72 (m, H-2) 5 C-3 (6c 68.3). C-4 (6c 74.1) #H
K, 0454 (m, H-3) 5 C-2(5c68.4). C-4(dc74.1)
A, 0n3.74 (m, H-4) 5 C-2 (5¢68.4)-C-3 (5c 68.3)-
C-5 (6c 94.7)« C-9 (6c90.9) k. 'H-'H COSY i
FER, 0u3.72 (m, H-2) 5 6u4.54 (m, H-3) Hi3%,
H-2 5 2-OH #i5%, H-3 5 3-OH M5, HILFRLI
T 1NEESNIOH A. h4h, 'H-'H COSY % it
IR 0n 1.69, 1.82 (m, H-10) 5 6n3.37 F13.96 (m,
H-11) #5%, 454 HMBC %K, 6n1.69, 1.82 (m, H-
10) 5 C-4 (6c74.1)« C-9(6¢90.9). C-11(5c57.3)
%, 013.37,3.96 (m, H-11) 5 C-8(5¢92.9). C-9 (dc
90.9). C-10(5c36.5) fHK, ou5.88 (s, 8-OH) 5 C-
7(0c¢97.7)~ C-8 (6c92.9)« C-9 (6c90.9) #HK, 516.37
(s, 9-OH) 5 C-8 (6¢ 92.9)~ C-9 (6c 90.9). C-10 (éc
36.5) #19%, on 1.30 (s, H-12) 5 C-7(5¢97.7). C-
8(6c92.9). C-11(5c57.3) #HK, PAEAESHE T 1
ANE C-7 A HEBURI S A 0 B, HE3 A
Wi 2 MEE T AER S E ST C, 3 C 53
AL c4 fic-s, 5% B4 C-8 flC9. Kb
ARG, AT 1 AN (6n 3.54,3.76: dc
69.6) 5 1 MR, A HMBC 5 B S IR
{55, 0u3.54, 3.76 (m, H-6) 7375 C-4 (oc74.1),
C-5(0c94.7) 1 C-7(6c97.7) #7%, FMHHILA 1 4
FEATAD, H5R AL C I C5, 536 B LA
C-7, 5% B. CILH €8, 53 C A 1 MEIET
C-5(0c94.7) 1 C-7(6c97.7) #5%, FMHHILA 1 4
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~~—~ HMBC

— IH-'H cosy

a face

NOESY ﬁ face

B2 &1 #/9%4% HMBC, 'H-'H COSY #1 NOESY 55
Fig.2 Key HMBC, 'H-'H COSY and NOESY correlations of compound 1

FEANTAD, HE5H A, CIHAHC5, 5% B3
C-7, 53 B. C3tH C-8, 53 C 3tH 1 MEET
Zk, ZEYIRF S, ﬁmﬁhﬁﬁm, ZEZ 1
MEA 6/6/6/6 VU ZFERMLEYD

7F NOESY i (& 2) 1, H-4 (6u3.74) #iBEAL
WasE N B L. H-4 5 2-OH 1 3-OH HF A%, HitE
TN ER B 7. H-4 5 8-OH Al 9-OH A%
55, eI EN o . H-12 5 8-OH A #
X, RIEHOINEN o fi. KbEY 1 AT
AN 2R 3R"A4S",557,75",85° 98", AN, N FHE 45 b
(ITEAE HBE 3RS T B dh, AT X SR T i
JAESE T IX—458) (CCDC 2290908, P 3). K,
Wb &Y 1 KIZ5#°N (2R,3R,4S,5S5,75,85,95)-
2,3,8,9- VY #2 E-7- H B - T S 2R Y 34 [6.6.2.045.078] -+
NKE, £ SciFinder fZR Al 1, AW 1 A¥LE
Y, trNFZHEE (gymnaoxa).

B3 a1 X-SHkmikEl

Fig. 3 X-ray crystal structure of compound 1

BRI SRR, BB P21212) (no.
19), MBS 0a=0.68741(4)nm, b=0.733 98(5)
nm, ¢=2.44544(15)nm, AF=1.233 84(13) nm?,
Z=4, HEEE=1.649 g/cm’,

EY 2: 4Lk AR; HR-ESI-MS m/z: 351.083 5
[M+Na]* GHHAEN CisHi606Na, 351.083 9), fff
B H A T2 0N CisHis0ss THEABAE N 11, ek

J Alals+1.31 (¢ 0.35, MeOH); UV AT (nmy:
205.5(3.42)~ 255.5 (3.11), $&RH R IAELE, 365.5
(3.19). 437.5 (3.23), A HIRF NI
IR vl (cm™): 3340, 1608, 1511,1367,1251,1164,
1022,833, $#E/RARIE (3340em ). FFE (1608
em ) FZEIL (1511 ecm™) HIFEE; CD (MeOH)
% 212.4 nm (+8.22). 234.8 nm (—4.74). 257.8 nm
(+5.73)« 347.9 nm (—4.50). 391.9 nm (+4.43).
'H-NMR ##5 (58 2) R\ EY 2 /7145 8 A
FHEBERT, AN ou7.71 (d, J = 8.4 Hz, H-2",
6", 7.31 (d, J=2.4 Hz, H-7), 6.98 (d, J = 3.6 Hz, H-3"),
6.76 (d, J = 8.4 Hz, H-3", 5", 6.55 (d, J = 3.6 Hz, H-4"),
6.35 (s, H-6). "*C-NMR i b 592 BA 2 NI
L, 9 ANKHIIE (RUFE 8 AMEIERR) A1 7 ANt
'H-NMR i 2/R 7 1 44 AABB"E 5 6u7.71 (d,

x2 LAY 2 8 NMR £iE (600/150 MHz, Methanol-ds)
Table 2 NMR data of compound 2 (600/150 MHz,
Methanol-ds)

AL SH oc

2 1493
3 189.5
4 130.0
5 5.77 (1H, m) 84.0
6 6.35 (1H, s) 1085
7 7.31 (1H, d, J = 2.4 Hz) 120.7
8 4.11 (1H, dd, J = 12.6, 2.4 Hz); 65.1

3.93 (1H, dd, J = 12.6, 4.8 Hz)

2 151.8
3 6.98 (1H, d, J = 3.6 Hz) 122.0
4 6.55 (1H, d, J = 3.6 Hz) 111.8
5 161.4
6 4.63 (2H, d, J = 5.4 Hz) 57.6
1" 125.7
2", 7.71 (2H, d, J = 8.4 Hz) 1335
3", 6.76 (2H, d, J = 8.4 Hz) 117.6
4 162.3
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J=8.4Hz H-2",6") #16.76(d,J=8.4Hz, H-3",5"),
HMBC # (K 4) /R H-6 (6u 6.35) 5 C-2", 6"
(6c133.5) HAHK, IRAREIMMAALE. HAh, 6n6.98
(d,J=3.6 Hz, H-3") 5 61 6.55 (d, J = 3.6 Hz, H-4)
R 2 AMH ARG XGRS S . PC-NMR i
HHARELE 2 NIRRT S 6c 111.8 F1 122.0 5 2
ANFELURTERR 6c151.8 F 9 161.8, HERIRIER K47
7f. HMBC ¥R 0u4.63 (d,J=54Hz, H-6") 5
C-4'(6c 111.8) Fl C-5"(6c 161.4) A%, on 7.31 (d,
J=2.4Hz, H-7) 5 C-2'(6c151.8) Al C-3'(5c 122.0)
A, T HAFAE 2R U 552 B EIRIR . 7541,
'H-NMR i BB RIEAEAE 1 AN H % oy 3.93, 4.11
(1H, dd, J = 12.6, 4.8 Hz; 1H, dd, J = 12.6, 2.4 Hz, H-
8) Al 1 MNKH I 6y 5.77 (1H, m, H-5), #nHE
AR TAHIE; 'H-'H COSY 121 H-8 Al H-5 A%,
HMBC i & .78 H-8 (0n3.93, 4.11) 4355 C-4 (0c
P

HMBC

OH

TTA NOESY
-1 cosy

4 L&Y 2 #9545 HMBC. 'H-'H COSY #1 NOESY 155
Fig. 4 Key HMBC, 'H-'H COSY and NOESY correlations

of compound 2

130.0) 1 C-5(dc 84.0) #HK, H-5(6u5.77) 73l
C-2 (dc 149.3). C-3 (6c 189.5). C-4 (6c 130.0). C-7
(0c 120.7) A1 C-8 (dc 65.1) I, H-6 (du 6.35) 4
W5 C-2 (6c 149.3) F1 C-3 (5c 189.5) 3%, H-7
(0u7.31) 2515 C-3 (6c 189.5), C-4 (6c 130.0) Al
C-5 (6c 84.0) FHK. XKL ED) 2 FAFAE 1A 2
KL, 4 A7FD S A HCRI) A Wg-3-1 001, Hisid C-
6 fr5 1,4- UK R oo, it C-7 A 5%
P2 F IR A O o

7£ NOESY &% (& 4) "1 6y 7.31(d,J=2.4Hz,
H-7) 5 64 5.77 (1H, m, H-5) WA EHAERE, on
6.98 (d, J = 3.6 Hz, H-3") 5 6u 5.77 (m, H-5) 1 éu
4.11,3.93 (H-8) A WRAHIK, KR C-7 A X
NE W, BROK, @ik MMFF94 71 13 &R
FJ%, #£ Gaussian 09 #AFH [{) B3LYP/ 6-31G (2d.
p) /KFHE4T DFT 5 .NMR 562 C-6 KAl C-
7 1‘1501%@1‘@9*'1 (B 5), th&W 2 7 C-6 hih Z#

« C-7 400K E RV AR, BEA (R2=0.996)
%Daﬁ%ﬂé\ (R?=0.985) 45 R & it . M4k, £ MeOH
13347 B3LYP/6-311G (d, p) 7K/ TDDFT 4,
JriEit Spec Disl.71 #ATHLE o Kit 5 ECD ks
Se5G ECD HiZedH T &1iE C-5 Mg, &4
FRER (H6), &Y 2 1 C-7 MU E
B, C-6 FrEERZ Z MRS, C-5 frRI4axt i 8L
58, TRtk BIANGEH 2 (2510 9(5S)-5-(F2 2k T 3L )-
A-[(E)-[5'-(Fo 2 1 25 WK IR -2 -3 | H P 22 1-2-[(2)-(4-

6E,7E,5S 6E,77,58 6Z,7E,5S 67,77,58
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180/ V=10053x=5261 | g0l v=1.0053x—63188 /| 140 y=1.0006x—55423 7| 1¢0/y=10053x—59603 ;
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Fig. 5 NMR fitting of compound 2



* * ﬁ 20245512 A $55% B 2338  Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 23

© 7929 ¢

Expt for 2

= = Calcd for 55,67, 7E-2

CD[mdeg]

200 ‘ 3I00 I 2100 I SIOO I 6(I)O
A/nm
6 L& 2 WKMFATE ECD Elig
Fig. 6 Experimental and calculated ECD of compound 2
FEIE I ) P B | DU A kg -3-1 , 28 SciFinder £ %
AIE, EY 2 LAY, HI A AN T
ZWKIH B (gymnafuran B).

WEY 3: RFEAMIRY) . HR-ESI-MS m/z:
149.021 1 [M+Na]*; 43+ CeHeOs. 'H-NMR
(600 MHz, MeOD) §: 9.54 (1H, s, 2-CHO), 7.39 (1H,
d, J=3.6 Hz, H-3), 6.59 (1H, d, J = 3.6 Hz, H-4), 4.61
(2H, s, H-6); '3C-NMR (150 MHz, MeOD) 6: 179.4
(2-CHO), 163.0 (C-2), 153.6 (C-5), 125.0 (C-3), 110.9
(C-4),57.5(C-6). LAl it i A 5 STk A — 351200,
WA 308 5% H RS .

WEW) 4: TLEER S (& H 5. HR-ESI-
MS m/z: 257.042 1 [M+Na]*; 7> T2 A C12H 1005
'H-NMR (600 MHz, CDCl;) J: 9.62 (2H, s, CHO), 7.20
(2H, d, J= 3.6 Hz, H-4, 4'), 6.56 (2H, d, J= 3.0 Hz, H-
3, 3"), 4.63 (4H, s, H-6, 6"); '*C-NMR (150 MHz,
CDCL3) 0: 177.9 (CHO), 157.3 (C-2, 2'), 152.9 (C-5,
5%, 122.1 (C-4, 4", 112.0 (C-3, 3"), 64.7 (C-6". VL L
Vs B 5 SCRER IR A — B2, W e A 4 N
AL -(5 - P S M i

&5 KR A. HR-ESI-MS m/z: 321.093 0
[M+Nal*; 7> 72N CisH1307. 'H-NMR (600 MHz,
MeOD) d: 7.22 (1H, d, J = 2.4 Hz, H-8), 7.00 (1H, d,
J=13.0 Hz, H-3"), 6.54 (1H, d, J = 3.6 Hz, H-4"), 5.61
(1H, brs, H-5), 5.13 (1H, s, H-2), 4.62 (2H, s, H-6"),
4.19 (1H, m, H-6), 3.76 (1H, m, H-9a), 3.67 (1H, m, H-
9b), 3.53 (2H, m, H-7), 1.21 (3H, t, J= 7.2 Hz, H-10);
3BC-NMR (150 MHz, MeOD) d: 199.8 (C-3), 161.4 (C-
5", 151.4 (C-2'), 127.6 (C-4), 122.7 (C-8), 121.9 (C-
3"), 111.7 (C-4"), 100.0 (C-2), 82.7 (C-5), 75.6 (C-6),

64.9 (C-9), 63.2 (C-7), 57.6 (C-6", 15.5 (C-10). LA L
WSRO 5 SO A — B, B e S 5 N
pollenfuran A.

&1 6: KRR AR . HR-ESI-MS m/z: 321.093 7
[M+Nal*; 432N CiuH 13507, '"H-NMR (600 MHz,
MeOD) ¢: 7.30 (1H, d, J = 2.4 Hz, H-8), 7.07 (1H, d,
J=13.6 Hz, H-3"), 6.53 (1H, d, J = 3.6 Hz, H-4"), 5.55
(1H, dd, J = 4.8, 2.4 Hz, H-5), 5.00 (1H, s, H-2), 4.61
(2H, s, H-6"), 4.07 (1H, m, H-6), 3.93 (1H, m, H-9a),
3.68 (3H, m, H-9b, 7), 1.26 (3H, t, J= 7.2 Hz, H-10);
BC-NMR (150 MHz, MeOD) d: 198.9 (C-3), 161.4 (C-
5", 151.6 (C-27), 127.6 (C-4), 123.3 (C-8), 122.9 (C-
3", 111.7 (C-4"), 100.1 (C-2), 82.8 (C-5), 76.0 (C-6),
66.1 (C-9), 64.1 (C-7), 57.6 (C-6"), 15.4 (C-10). LA
WSRO 5 SR IE A — S0, e S 6 N
pollenfuran B.

WEY 7. I EHIRY . HR-ESI-MS m/z:
417.114 5 [M+Na]*; 73734 CioH2209. 'H-NMR
(600 MHz, MeOD) ¢: 9.55 (1H, s, H-6), 7.37 (1H, d,
J=3.0Hz,H-3),7.28 (2H, d, J= 8.4 Hz, H-3", 5"), 7.08
(2H, d, J=8.4 Hz, H-2", 6", 6.63 (1H, d, J= 3.0 Hz, H-
4), 490 (1H, d, J= 7.2 Hz, H-1"), 4.56 (2H, s, H-7"),
4.53 (2H, s, H-7), 3.89 (1H, dd, J = 12.0, 2.4 Hz, H-
6"), 3.70 (1H, dd, J = 12.0, 5.4 Hz, H-6"b), 3.44 (4H,
m, H-2"~5"); 1BC-NMR (150 MHz, MeOD) 6: 179.6
(C-6), 160.1 (C-5), 158.9 (C-17), 154.2 (C-2), 132.8 (C-
4'),130.6 (C-3',5"), 124.4 (C-3), 117.7 (C-2", 6", 112.7
(C-4), 102.3 (C-1"), 78.1 (C-3"), 78.0 (C-5"), 74.9 (C-
2"),73.3 (C-7'), 71.4 (C-4"), 64.6 (C-7), 62.5 (C-6").
DA 35 R 00 5 SRR S AR — P, MU e S
W) 7 N 5-((4-O-B-D- ML i ] 47 B S A Ik ) L) -1k
IR -2- FF
3.2 B EMHERIFEEHER

K PC12 40757, OGD/R 5 51 PC12 4l
TR, PR AR SRS SR E .
RPN 45 SRR (-7, (A2 7E 12,5, 25
50 pmol/L WFE N EAMMEN:, £ 1.062 5.
3.125 1 6.25 pmol/L W JE T X PC12 4HiiE /)i
Wi, HAAYIE 1.0625. 3.125. 6.25. 12.5. 25,
50 umol/L N 5xF MRLAH L B EMEE R, X PCI2
YHMLE S TCRE . MALRPTEEEAT AR (B 8)
E7R, 5 OGD/R ML, BHPEZKIAR A&
M) 14 12,5, 25, 50 pmol/L ¥ J& F fE & 2 32 = 4i
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