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Y LB oh S 55U MO S 53 O 5%

- b A

FAY  HELEHERLE A YELE ¢
N2 b

Fo A 71 KR oA A% Exz B

(‘HHERZZ%0 A mtE Bl 201203)

C R E R R EARBE TR R E R BT R A RS

WEERE 2 BT A AR s SRS 830011)

4 5

FE FIH S TSR S SO0 S S B A Tk, D IUREEEZE 7y AR 5] 6 N7 SRR &Y. 1RIE
B — 4 AR IRIE AN X AR AT SRR S E T EATIES ¥, 40508 karelinine (1), S-epikarelinine (2),
27-epiebeienine (3), ebeienine (4), persicanidine B (5)F1 heilonine (6), L&Y 1~3 Niib&Y. (L&Y 12 EE+
LI 58-jervine MY ALY, B A/B PRI &7, A& 102 d2 DR T ORI BA 150-0H B
1% jervine A= M.

REEE W UEE BSR40 karelinine; S-epikarelinine; 27-epiebeienine

Isosteroidal Alkaloids from Fritillaria karelinii

Lei, Chun™ Aisa, Haji Akber”

Hou, Aijun™*
(“ Department of Pharmacognosy, School of Pharmacy, Fudan University, Shanghai 201203)
(® Key Laboratory of Plant Resources and Chemistry in Arid Zone and State Key Laboratory Basis of Xinjiang Indigenous

Medicinal Plants Resource Utilization, Xinjiang Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Urumqi 830011)

Huang, Jinchang"™ Yu, Meihua“ Yili, Abulimiti**

Abstract Three new isosteroidal alkaloids, karelinine (1), 5-epikarelinine (2), and 27-epiebeienine (3), were isolated from
the bulbs of Fritillaria karelinii by column chromatography and semipreparative HPLC (high performance liquid chro-
matography), together with three known ones, ebeienine (4), persicanidine B (5), and heilonine (6). Their structures were
identified by MS, 1D/2D NMR, and single-crystal X-ray diffraction. Compound 1 is a 5f-jervine isosteroidal alkaloid featuring
a cis-fused A/B ring moiety, rarely found in the Fritillaria genus. Compounds 1 and 2 also represent the first jervine alkaloids

with a 15 a-hydroxy group from this genus.

Keywords Fritillaria karelinii; isosteroidal alkaloids; karelinine; 5-epikarelinine; 27-epiebeienine

LBy H R 25, & B & Fl (Liliaceae) N1 £}
(Fritillaria) % Fp DURER 52X N2, 7EFREIZGH P sh & A,
HA b ERGER s, SRRy, 1
BE@ Y b & S R AR R k.
SR, Hodh R S AR E RN A UL R A
I B I 4 10 Wb DU BE (Fritillaria  karelinii
Baker) & 77 T 5 58 75 AL 5B (X, A2 KA ICBE W b kL
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AL &P ~6), BHiitdYar 4N karelinine (1),
5-epikarelinine (2)F1 27-epiebeienine (3). tLEH 1 /& UL
BRI 5p-jervine B S ALY, BA A/B 3
IR &5 2 A 1A 2 s DUREJE A ORI
H 150-OH U jervine U AEWIIR. 1540 3 2/ WL
HATAPYSUE) cevanine 57 SR Wmk. Confe s
) ebeienine (4) persicanidine B (5)#1 heilonine (6)3)4
H IR 4 B3

B1 E1~6 g

Figure 1 Structures of compounds 1~6

1 &R5ie
WA R, 5T TR, M4 HRESIMS

(high resolution electrospray ionization mass spectroscopy)
(m/z 460.3057 [M+H]", i51E N 460.3058)F1 °C NMR
(nuclear magnetic resonance) 3 (R 1), HEBLEP 1 1
PN CHANOs, B 8 MAMIFE. IR (infrared
radiation) 6 i &R 2 F A TE R (3398 cm ™ )AL
(1698 cm EBEH. 2 H7T3L 'H NMR 345 (3 1), "%tk
A1 M TAEE 2 D RIEF RS S5 (0 1.65, s,
Me-18; 0.86, s, Me-19), 2 XU F L5 5(0y 0.99, d, J=
7.4 Hz, Me-21; 0.97, d, J=6.6 Hz, Me-27), LAJ% 4 PMEH,
U355 (0y 3.65, ddd, J=12.6, 9.1, 4.3 Hz, H-2; 3.58,
ddd, J=12.6, 9.5, 3.1 Hz, H-15; 3.36, td, J=11.4, 3.6 Hz,
H-23; 3.30~3.36, m, H-3). L *C NMR 1 DEPT (dis-
tortionless enhancement by polarization transfer)#(#& (%
DERZWEMH 27 NS, ATHEN 1 AL
(0¢c 216.2, C-6), 2 MK (9 139.4, C-12; 129.6, C-13), 2
ANZER (O 89.9, C-17; 39.0, C-10), 11 X FFIE[ELHE 4 4

Chin. J. Org. Chem. 2019, 39, 842~847
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ESEIRM G 76.3, C-23; 76.0, C-3; 72.1, C-15; 71.6,
C-2)M 1 ANERIK (O 66.8, C-22)], 7 ATV FH L[ AL 45
1 MER (e 55.0, C-26)], LLK 4 MHEES. R
WL EBRAE S8 8 NAARE, HEMZb &Y A 6
AT E5 RS A P

WLtk &9 1 1) HSQC (heteronuclear single
quantum coherence). 'H-'H COSY (correlation spectros-
copy)Hl HMBC (heteronuclear multiple bond correlation)
BB 2)E 7o FRFIgmItRE T mERE 5.
'H-'H COSY #EEIHHIH T HIE RS Hy(1)-H(2)-H(3)-
H,(4)-H(5), Ha(7)-H(8)-H(9)-H,(11)A1 H(8)-H(14)-H(15)-
H,(16), 454 L0 LA S8R HMBC AHo%: Hs-19/C-1,5,
9,10; H-5/C-4,6,10; H,-7/C-6,8,14; H,-16/C-13,17; Hs-18/
C-12,13,17; PLJ H-9, Ho-11, H-14/C-12, &3 T &)
1 1) 6/6/5/6 T3k Z 45 (A/B/C/D 3£). 'H-"H COSY H {5
F B Jie & & H;(21)-H(20)-H(22)-H(23)-H,(24)-H(25)-
H,(26)F1 H(25)-H3(27), 454 H-22/C-26 ] HMBC #H%,
Wi T AEIAFAE 1 6 TR (F 3F). IRIELED
1 B4 613, LAK Ho-16 A Ha-21 [FIN 5 & & 250 C-17
AA HMBC #%, #EMZA E7E C-17 FE Rk A&
C-23 P2 [MJERL T RRIRINE 35). Htifie THh&9 1
[P g5t 2 s, R jervine 4L = 1A
YL,

— "H-"H cosy

~—~HMBC

B2 fhai 1 A3 568 'H-"H COSY A1 HMBC A%
Figure 2 Key 'H-'H COSY and HMBC correlations of com-
pounds 1 and 3

BT &Y 1 1) NOESY (nuclear Overhauser
effect spectroscopy)ffZ<(/& 3)1 "H NMR ¥ ffi & 1 3
AR Y. 76 NOESY i, H-5 5 H-1a, H-3, Me-19 #H
K, AN H-3 5 H-1a 155, #W] H-3, H-5 5 Me-19 i
THHEM, 3975 g B, H-2 5 H-4b, H-9 HAIK, ¥
B = 3518, N o BUAL 'TH NMR 1, H-2 5 H-1a (18
BHBI=12.6 H2)LLJ H-3 [HIRIETEE (W,=21.0
Hz)ik— i€ H-2 Al H-3 62T A Bk U R B AL
L HIE o K0 BT ). R, A/B SR IR &
3. H-8 55 H-15, Me-19 7 NOESY #I5%, #i#] H-15 5
H-8 [F1H, 4 g EUA. H-22 5 Me-18, H-20, H-24a, H-26a

http://sioc-journal.cn/ 843
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1 WA 1~3 ¥ 'H NMR (600 MHz)#1 '>C NMR (150 MHz)##8
Table 1 'H NMR (600 MHz) and ">C NMR (150 MHz) data of compounds 1~3

N la 211 3b
0.
5H (J in HZ) 5C 5[.[ (J in HZ) 5C 5H (J in HZ) 5C
a1.62~1.66% b 1.80 dd a 1.04~1.10°, b 1.47~
I al.18t(12.6),b1.92~1.95m B0 455 406 39.6
2 3.65ddd (12.6,9.1,4.3) 716 3.81brs 70.9 al‘ ;':CZNI'M m b 179~ 4
3 330~336m 760  3.88d(2.2) 707 3.58~3.70m 72.1
4 al78dt(13.0,44),b186~192m 347 | ;§3N1'66 b 186~ 243 al64~1.68m 34.9
5 221dd(13.0,4.4) 508  2.77~2.82m 527  1.10~1.14m 47.9
6 216.2 2156  3.85brs 733
a2.42t(13.1), b2.78 dd a1311td(13.5,2.9), b
7 a2561(3.0,b272dd(130,44) 451 0 BT 0 a3 29 39.4
8  1.63~1.66m 469  1.66~1.71° 471 1.58~1.64° 403
9 236~241° 438  1.91~1.97° 561  0.95~1.03m 56.9
10 39.0 39.5 35.6
. . 21.98~2.05%, b 2.35 dd a1.04~1.10° b 1.78~
11 a2.00~2.08,b2.38~2.44 26 (661 297 ex 312
12 139.4 140.0 229 q(8.4) 39.4
13 129.6 129.4 1282
14 2.00~2.05 56.7  1.98~2.05 565  1.58~1.64° 413
15 3.58ddd (12.6,9.5,3.1) 721 3.58ddd (12.6,9.7, 2.9) 722 al‘ ;'4%.%128 m b 168~ g
16 al6lt(12.6),b197dd(126,3.1) 426 2 100t(126).b195~ pg  ALEETLIALLLS o,
1.99 1.92
17 89.9 90.0 130.8
18 1.65s 133 1.63s 133 a272brs,b2.98d(15.7) 57.2
19 0865 29 093 148 0945 15.0
20 2.48 quintet (7.4) 40.9  2.47 quintet (7.4) 409  1.95~1.99m 37.1
21 0.99d(7.4) 112 0.98d(74) 112 0.92d(6.7) 163
2 2.66t(9.4) 668  2.661(9.2) 669  1.84~1.90° 643
23 3.36td(11.4,3.6) 763 336td(11.4,3.6) 76.3 ?;'84:;1'54 DL 63
24 all6q(lld)b214di(114,36) 398 2116a(1H,b213brd gy 0 al33=139mbla7~ 5,
(11.4) 1.54
25 1.67~171m 319 1.66~1.73¢ 319 1.84~1.88° 29.2
22.30 £ (12.9) 22.21brd (10.9), b 2.56
2 a2311(129),6305dd(129,39) 550 Yoo 4o 51 l40109.42) 60.0
27 0.97d(6.6) 192 0.96d(6.6) 192 1.04d(7.0) 18.8

“Data were measured in CD;0D. * Data were measured in CDCls. © Signals are overlapped.

B3 &Y 1R 2 R NOESY #i%
Figure 3 Key NOESY correlations of compounds 1 and 2

) NOESY #H2%, H-23 5 Me-21, H-16b,H-24b, H-25 [ HUR), B/F PR e aQB . X526 B 0 AT S S e 2B IE
NOESY H#3¢, i8] H-22 F1 Me-27 N g BUf), H-23 N a THED 1 g5t et B (B 4), FE#idn 44N kare-
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linine.

B4 a1 M3 X AR ST
Figure 4 X-ray single-crystal plots of compounds 1 and 3

e 2 NABLEEEMAK, 5% T FEE. HRESIMS
(m/z 460.3048 [M+H]", 5 AE N 460.3058) &~ H B A
AEEYD 1 AHE 73§20 CyHy NOs. EEEL & 2 F1 1
(1) 1D NMR £4E (3K 1), RIVEATRAMFEIN C~F g
H, XAET ABIMES. HRIELEY 2 1) 'H-"H COSY
FITHMBC MG, #iefPRgGHSHED 11— &
HESCERG LR BL, LAY 2 5 28,3a-dihydroxy-5a-cho-
lestan-6-one A/B I A% REETHE AR AR, HEmi1k &4
2 HA 5HAMFEN A/B A4ty pon, k&% 2 5 1 48
tb, ArREXAUAET A/B SN A E. ik &4 2
) "TH NMR $E(EE 1), BAEEIRFRE T H-2 Oy
3.81, br s)l H-3 (5 3.88, d, J=2.2 Hz)IIET LB &
Bt B e AT TR A R AR, 730 H o F0 BT
], NOESY #H2%i 41 (/& 3), Me-19 5 H-1a, H-4b #1%,
H-9 5 H-1b, H-5 #15¢, £ H-5 5 Me-19 A, H-5
N HUHA, A/B IR AR A A, HILHE TIHEY 2 4
¥y, FE#lifr 4N S-epikarelinine.

a3 Nk, SET A0 L HRESIMS
(m/z 414.3362 [M+H]", 1HHAEH 414.3367) BRH T
N CyHENO,, HA 7RI, L 'H NMR %505
(T DER 1AFIEFREE, 2 MIUERE, DUk 2 NESA

Chin. J. Org. Chem. 2019, 39, 842~847
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WHIESE S, 3 PC NMR (& )P SR &4 3 4 27
AMWAES, 454 DEPT #1 HSQC %, wJLLHJEA 3 ANH
F, 11N (B 2 RO H 5 6. 57.2, C-18; 60.0,
C-26), 10 MXRFR(EE 2 MEFRFE 6 72.1, C-3;
73.3, C-6), 1 NZEWR(Oc 35.6, C-10), LLK 1 MXUE(E S
(0c 128.2, C-13; 130.8, C-17). R LA RIS S HEWTL
AW 3 N cevanine ‘B 22 ) 5 SRR 6 %Ak &
Y5 C LAY ebeienine (4RI HIEYE, RKIL—F
BAMFE A~E XG0, XHET FH, HEl0REE F
W 27 M HEMERAE T B WEAEY 3 5HA
27 FFE () cevanine 7 AE M ebeinine!  KIAZ RER I, K
BUEATF RIS 5 — 80, IESE TAL&Y 3 1 27 1o i 3
N p LA A 3 1) 'H-"H COSY 5 HMBC #13%
WH(E 2), JEE X F LR (R 4), e THEY 3
M G589 Je a0 K 28, w444 27-epiebeienine.

AN, AR B E T 3 B AL A, ¥ NMR
A MS Hodl 5 SR, % E N ebeienine (4)1°),
persicanidine B (5)!'""#1 heilonine (6)!""), Hr {54 6 i
PRI E X ST B R ATHHS UUIE. (LAY 4~6
BN E R MAZFED) 5y 2515 2.

TEYIRIE jervine B 7 AR E WK Z N So-jervine
B, A/B AN E. CRIER /DR 5p-jervine LA,
2R B3 & Veratrum) ", AUE 1 ANk A MRS,
B 158 DUREE R B EE 2 Bl 2R B ARk, A
A/B IR A 750 Ak, 15 AR FEHUIR I jervine Y
A LR A A 1 2 2 DURE)E R IR
KU EA 150-0H BACH) jervine BYAYE. L&Y 3
J/b W A ARSI cevanine B 5§34 A ML,
A 3 APl RaE! >

BT 7E SR B A i e AR A T R AR 2, HLAK
A1 2 (L5 H R AFLE 6-, H-5 AT RELL AR, 7ESE
05 N AT RE AL, ST SRR SR BRI BT BEE,
BAVERLSLIR A, XML& 2 34T T BRI EE, HPLC
IIMT R I G 2 FERRBALBE 2 J5 S5 %A A2 1k, AR
P DUBER 90% £ FE S BV AR AR BRI AL 38, B4z H4T
ODS (ostade-cylsilane) R AHHE AL A 1E, 125 60% F
AL, HPLC 73 M RIALE4 1 A 2 72 A s R SR AF
7E. PR, (&Y 1R 2 6-FRMAELE, 78 H AT BRI
FIET, A3 H-5 R, BMEEYI 8RR
I

2 SCISERSY
21 UFEERF

Rudolph Autopol IV-T JiEt4% (3 E Rudolph A 7]);
Nicolet iS5 f# HLH- AR # 2T #h 1 (32 [E Thermo Fisher

http://sioc-journal.cn/ 845



BIKE

Scientific 72 ); Agilent 1100 LC/MSD-SL (3[H Agilent
Technologies /A @] )F1 AB 5600+Q TOF i (3£ [E AB
SCIEX ‘A #]); Varian Mercury Plus 400 MHz (5[ Varian
s F)) A1 Bruker Avance 600 MHz #% 4 3% & £ (4
Bruker A 7]); Shimadzu Essentia LC-16 55 R AH L343
(H A Shimadzu 2 #]); Luna ODS column (250 mm X 10
mm, 5 pum)iRAH 3 44 (3 [E Phenomenex 22 #]); ODS &
FARERZ (50 um, HAX YMC A #]); Sephadex LH-20 (32 [H
GE EWEZ)); IEAHM AR (200~300 E)FEE G
HSGF254 FEIR TR (W & 2 R3S RERTT AR5 ).
SITAE Y . CWE. SR G = S b A A R (1 2
S X AR A A ), HPLC K FiE . O
(Adamas-beta A 7).

Wb DUREF R 25 0E 50 T 2017 4F 6 H R H BrsE Y
HIX. 2038 5 2Pt 8 BT ATV 70 5 508 D DL BEJE A
Wb 0B (Fritillaria karelinii Baker) B 8% 25, = UF bR A
(TCM 2017-06 Hou)frAr T3 H K224 22 e A 245 7 20t

=,

22 REESHEB

B TR DR 2£(1.85 k)Mt T iR T
90% £ BE(60 L)FEATIZIIREL, WERAE G IR 2R E
28 g. KRR EIRET/KH, InS%EA R pH &2, H—
AR LRI G; BOKEMZE/KE pH £ 11, =5
BERCH. M =R TR (3.2 @) HEAT IEA R AT (3
B, DL - D V=30:1—20: 115 :
110 : 16 : 1—3 : 1—0 : DBHATHEER, TLC &
W& TR, B[R4 Fri~Frs. H Fr2 (75 mg)&
ODS A thik(FAEE-/K, V@ V=50 :50—60 : 40—70 :
30—80 : 20—90 : 10—100 : 0), F£ % HPLC(H
fE—7K, V : V=86 . 1444k 1F 25 3 (10.0 mg, f 18
min) Ml 4 (7.2 mg, tx 25.5 min). Fr.3 (137 mg)& it
Sephadex LH-20 (FIE)M: a2, B2I45 Fr3.1~
Fr3.3. X Fr32 27 mg)fil Fr.3.3 (34 mg)Z& %
HPLC 4iifk, 7 alfS2eaY 1 (HEE-K, Vi r=52.
48, 7.2 mg, tz 12 min)f1 2 (FEE-/K, V': V=50 : 50, 5.0
mg, tz 17 min). Fr.4 (274 mg)£:id Sephadex LH-20 (FiE)
FERE 7 B3 85y Fr4.1~Fr.d.6. Hrb Fr4.2 (32 mg)
F Fr.4.4 (30 mg)& -1l % HPLC 4itk, 7 1S 2IEY
S5(ZHE-/K, Vi V=75:25 10.0 mg, tx 27 min)Fl 6(F
fE-7K, V' V=82 : 18, 6.0 mg, tx 35 min). HPLC | % F
FRAS I KA 210 1 254 nm, 93 A 3 mL/min.

Karelinine (1): JTLEEHE, mp. 209~210 C, ¥
THEE: [a]5 —33.0 (¢ 0.20, MeOH); 'H NMR (CD;0D,
600 MHz)#1 *C NMR (CD;0D, 150 MHz)¥#i .3 1; IR
(KBI) vimax: 3398, 2928, 2873, 1698, 1632, 1458, 1435,

846 http://sioc-journal.cn/
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1385, 1353, 1285, 1120, 1063, 1020, 983, 928 cm ™ '; (+)
ESIMS m/z: 460.2 [M+H]"; (4+) HRESIMS calcd for
C»HyuNOs [M+H]' 460.3058, found 460.3057.

5-Epikarelinine (2): FEITLEEM K, 5% T I,
[a]5 —15.8 (¢ 0.12, MeOH); 'H NMR (CD;OD, 600
MHz)#1 BC NMR (CD;OD, 150 MHz)¥ddlE W% 1; IR
(KBI) vimax: 3403, 2925, 2869, 1698, 1630, 1460, 1438,
1380, 1355, 1282, 1124, 1066, 1020, 983, 929 cm ™ '; (+)
ESIMS m/z: 460.2 [M+H]"; (+) HRESIMS calcd for
CoH4,NOs [M+H]" 460.3058, found 460.3048.

27-Epiebeienine (3): LMK, mp. 243~244 C,
ST &M [l —82 (¢ 0.11, MeOH); 'H NMR
(CDCls, 600 MHZz)F1 *C NMR (CDCl;, 150 MHz)% 45 .
# 1; IR (KBr) v 3435, 2925, 2853, 1658, 1632, 1440,
1033 ecm™'; (+) ESIMS m/z: 4142 [M+H]"; (+)
HRESIMS caled for C,yHyuNO, [M+H] "™ 4143367,
found 414.3362.
2.3 Karelinine (1)1 27-Epiebeienine (3) X §f4k B &
LTSTME

Karelinine (1)7£ % F - BE-KIB &I FH, &
FINERST T 5K, X Bruker D8 Venture X 2% 5.
i AT X (Ga-Ka, A=1.34139 A)J5E . /NIA Ak,
CoHyNOs*H,0, M, =477.62; a=163741Q2) A, b=
16.3741(2) A, ¢=16.6637(2) A, a=$=90°, y=120°; V=
3869.16(11) A®, D,=1.230 mg/m’, Z=6; F(000)=1560,
u=0444 mm ', AT EET F SR IR,
T=170.15 K; =*[0] s P6,, WWHEATHS gl 48648, it
SEATHY B 4904 [R(int) =0.0481]; HJ5EIEME R =
0.0316, wR,=0.0773 [I>20(])]; f&1E{E R, =0.0338,
WwR,=0.0791 (all data); #&HEERLE F°=1.050; Flack
parameter=0.06(7).

27-Epiebeienine (3)7E I BE-/KIR & IEFIH, 7%
RAGH TG, KA Bruker D8 Venture X 52k 5 i fi7
B (Ga-Ka, 1=1.34139 A)llE. R177 8, CyHyNO,,
M,=413.62; a=10.24082) A, b=12.07052) A, c=
18.9179(3) A, a=p=y=90° V=2338.47(7) A’, D.=
1.175 mg/m’, Z=4; F(000)=912, x=0.357 mm "', ik
JFiERET PP AR e Rk, T=170.02 K; 25 1)
P2,2,2,, WCEERTHT MBUN 27231, FOLATHS Sk 4427
[R(int)=0.0326]; &JSEIE{E R,=0.0276, wR,=0.0738
[[>20(])]; BBIEAH R1=0.0279, wR,=0.0741 (all data);
WA ERL F7=1.068; Flack parameter=0.00(4).

&1 A1 3 (1) CIF SCAFAEICT 5% [ B4y X S 265
b T 5 B8 Ly, CCDC 45 2 N 1864999 Fi
1865000, H A5 /& 1] 1@ i (https://www.ccdc.cam.ac.uk/

Chin. J. Org. Chem. 2019, 39, 842~847
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deposit/)FKHL.

%4 Bh#4 ¥} (Supporting Information)

tEY 1~3 1

MS, 1D/2D NMR, IR #[&; 1b&4) 4~6 (1) MS, 1D NMR
W B 1, 3, 6 1) X ST 2k B B ATS Bl . X s kbRl
T] L4 3% AT WX 38 (http://sioc-journal.cn/) | F %K.
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