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A novel(22S,25R)-13,17-didehydro:5a-cevanine alkaloid,ebeienine(1),was isolated from the

bulbs of Fritillaria ebeiensis var.purpurea,together with(25S)-20-deoxy-5a-cevanin-3,ƒÀ6,6ƒÀ-diol

(ebeiedine(2)),and(25S)-20-deoxy-5a-cevanin-3a-o1-6-one(ebeiedinone(3)).Their structures were

elucidated by physical methods and finally confirmed by X-ray crystal structure determination.

Keywords•\Fritillaria;traditional Chinese medicine;13,17-didehydrocevanine alkaloid;20-

deoxy-5a-cevanine alkaloid;D/E trans-5a-cevanine alkaloid

Beimu,an important traditional Chinese medicine,is derived from many Fritillaria

plants in mainland China,and utilized for almost the same medicinal purposes.The medicine
derived from Fritillaria ebeiensis var.purpurea G.D.Yu et P.L1,1)which first came into use in

Hupei Province,China,has been used as an antitussive and expectorant for a long time in that

Province.The bulb of this plant shows a morphological form different from that of the other

Fritillaria plants,consisting of about 21 to 64 squamae.No chemical study on its constituents
has been reported up to now.

Fig.•@ 1
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In this paper,we describe the isolation of eight alkaloids from the bulbs of Fritillaria

ebeiensis var.purpurea and the structural elucidation of ebeienine(1),ebeiedine(2),and

ebeiedinone(3),in addition to verticine,verticinone and isoverticine as main alkaloids.

As described in Experimental,eight alkaloids,abbreviated as FE-2,FE-3,FE-4,FE-5,

FE-6,FE-7,FE-8,and FE-9,have been isolated by silica gel column chromatography of the

crude alkaloid fractionated from the hydrolysate of the aqueous acetone extract of the bulbs.

FE-5,FE-6 and FE-9 are the main alkaloids, and were deduced to be verticinone,

isoverticine and verticine,respectively,from their physical constants and by mixed melting

point determination.

FE-8(ebeienine,1)was crystallized from hexane-Et2NH-EtOH as colorless needles,and

crystallized from methanol in as rhombic form,mp 274.5-278.5•Ž,[ƒ¿]D-2.9•‹(c=0.5,

MeOH).The empirical formula of 1,C24143NO2.H2O,M.W.431.3405(Calcd 431.3402),

was determined by high-resolution mass spectrometry,and the infrared(IR)spectrum of 1

showed hydroxyl absorptions at 3475 and 3325-3250cm-1,and a diagnostic absorption at

2750cm-1(trans-quinolizidine),with no carbonyl absorption.Based on the degree of

unsaturation(seven)in the molecular formula,it is suggested that 1 possesses a double bond

in its structure.

The mass spectrum(MS)of 1 revealed a molecular ion at m/z413(34%),and the crystal

possessed 1mol of crystal water,resulting in a peak at m/z431(0.8%).There were also

TABLE I.•@ 13C Chemical Shifts of Ebeienine

and Delavine

In ppm relative to TMS in CDC13.
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fragment ions at m/z 398(23%),112(36%),and 98(100%).The base peak at m/z 98 should be
formed by retro-Diels-Alder fragmentation between the E and F rings.

The proton nuclear magnetic resonance(1H-NMR)spectrum of 1 exhibited a tertiary

methyl signal at ƒÂ 0.95,shifted downfield compared to that of 5ƒ¿-cholestanol because of 1,3-

diaxial interaction with the ƒÀ-axial hydroxyl group.Two secondary methyl signals appeared

at ƒÂ0.86(27-H)andƒÂ0.96(21-H).It seems reasonable to conclude that the 25ƒ¿-methyl is

responsible for the chemical shift of 27-H,because of the ƒ¿-equatorial orientation, without a

deshielding effect from the ƒÀ-axial lone pair of the nitrogen atom.On the other hand,the

methyl signal at C-20 was shifted downfield atƒÂ0.96 because of the deshielding effect from the

double bond.Based on these consideration and the fact that the 1H-NMR spectrum of 1

showed no olefinic proton,the double bond can be assigned between C-13 to C-17.

Two signals atƒÂ3.66(m,W1/2=19Hz)andƒÂ3.86(m,W1/2=8Hz)are associated with

hydrogen on the carbons bearing the hydroxyl groups at 3ƒ¿ and 6ƒ¿,respectively,being similar

to those of delavine(7).The 1H-NMR spectrum of 1(in pyridine-d5)displayed an H2O signal

at ƒÂ 4.98,indicating the presence of 1 mol of crystal water in the structure, this was supported

by the MS.

In the H-1 H-two dimensional correlation spectroscopy(2D-COSY)spectrum of 1(Fig.

3),the cross peaks indicated that the doublet signals atƒÂ2.55(J=15Hz)and ƒÂ3.2(J=15Hz)

could be assignable to a-axial and ƒÀ-equatorial hydrogen at C-18,respectively,and both

hydrogens were coupled with each other.This confirms that the double bond in 1 is located

Fig.2.•@ 1H,11-1-2D-COSY Spectrum of l
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TABLE II.•@ Atomic Coordinates(•~104)and Equivalent Isotropic Temperature Factors

(A2•~102)with Their e.s.d.Values in Parentheses,for Ebeienine(1)

e.s.d.,estimated standard deviations.

TABLE III.•@ Bond Lengths(A)with Their e.s.d.Values in Parentheses,for Ebeienine(1)
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TABLE IV.•@ Bond Angles(•‹)with Their e.s.d.Values in Parentheses,for Ebeienine(1)

Fig.3.•@ Perspective Drawing of Ebeienine (1)

between C-13 and C-17.

In the carbon-13 nuclear magnetic resonance(13C-NMR)spectrum of 1(Table I,Fig.1),

the resonances of C-1 to C-11,C-14 to C-15,and C-18 to C-19 are in good agreement with

those of 7,2)suggesting that 1 has a 5ƒ¿-cevanine-3ƒÀ,6ƒÀ-diol structure.

The chemical shifts of C-12, C-16 and C-20 to C-22 were shifted downfield,compared to

those in delavine(7),because of the deshielding effect of the double bond at C-13 to C-17.As
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can be seen in Table I,the.46 values from C-23 to C-26 between 1 and 7 showed the same

relationship as those of cx-and fl-oriented methyl groups on the indolizine system.31

These spectral properties of 1 suggest that 1 possesses a 5a-cevanine skeleton with 3,6,6fi-

substituted hydroxyl groups,a double bond between C-13 and C-17,and an a-equatorial

methyl group at C-25.The structure is,namely,(22S,25R)-20-deoxy-13,17-didehydro-5a-

cevanine-3fl,6fl-diol.

The relative stereostructure of 1 was confirmed by X-ray crystal structure elucidation.

The structure of the molecule is shown in Fig.3.

The crystal of ebeienine(1),C24143NO2.H2O,M.W.431,mp 278.5•Ž,belongs to the

monoclinic system with space group P21,and the cell dimensions are a=13.508(1),b=7.853

(1),c=11.912(1)A;ƒÀ=104.18•‹(1),V=1225.1(2)A,Z=2,d=1.170g/cm3,ƒÊ=5.9cm-1.The

crystal size is 0.4•~0.15•~0.1mm.Three-dimensional intensity data were collected on Rigaku

AFC-5 Diffractometer and 2240 unique reflections were measured for |Fo|>3ƒÐ(Fo)by the

ω-2θ scan method with CuKG,radiation.The structure was determined by a direct method

and refined by a block-diagonal anisotropic least-squares technique to R=0.042,Rw=0.060

and S=1.221 for 2125 reflections.The crystallographic details are given in Experimental.

The results showed that all rings are in the chair conformation.The ring fusions are as

follows:A/B trans,B/C trans,C/D cis,E/F trans.The configurations at the chiral centers have

been determined as 3-OH f3-equatorial,6-OH fl-axial,10-Me fl-axial,20-Me a-equatorial,25-

Me a-equatorial and the lone pair on the nitrogenƒÀ-axial.

Ebeiedine(2)was crystallized from hexane-Et2NH-EtOH as colorless needles,mp 118-

120•Ž[a],-37.9•‹(c=0.97,CHC13).The empirical formula of 1,C27H45NO2,M.W.

415.34283(Calcd 415.34523)was determined by high-resolution mass spectrometry,and the

IR spectrum of 2 displayed hydroxyl absorption at 3300cm -1 and a diagnostic absorption at

2750cm-1(trans-quinolizidine).

The MS of 2 showed a parent ion at m/z415(Mt,29%)and fragment ions at m/z400

(7%),359(9%),111(100%),112(45%)and 98(11%).The base peak at m/z111 is compatible

with the absence of a hydroxyl group at C-20 in the structure.2)

The 1H-NMR spectrum of 2 revealed the presence of two secondary methyl groups

appearing as 3H-doublets at 6 0.83(J=6Hz)and ƒÂ1.08(J=7Hz)and one tertiary methyl

group at ƒÂ 1.02(s,3H).The chemical shift at ƒÂ 0.83,ascribable to 21-H,further corroborated

the absence of a hydroxyl group at C-20.The signal at ƒÂ 1.08 showed the presence of a fl-axial

Fig.4.•@ Perspective Drawing of Ebeiedine-3,6-

diacetate
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TABLE V.•@ Atomic Coordinates(•~104)and Equivalent Isotropic Temperature Factor(A2•~10)

with e.s.d. Values in Parentheses for Ebeiedine Diacetate

methyl group at C-25.The tertiary methyl group at ƒÂ 1.02 is shifted downfield,compared with

that of 5a-cholestanol,because of the 1,3-diaxial interaction with theƒÀ-axial hydroxyl groups.

Two signals at 6 3.66(1H,m,W1/2=19 Hz,3a-H)and 6 3.87(1H,br s,W112=8 Hz,6a-H)are

ascribed to the hydrogens on carbon bearing a hydroxyl group.On acetylation these two

signals were shifted downfield to 6 4.73 and 5.00,respectively.

All of these spectral properties are similar to those of delavine(7),suggesting that 2

possesses a(25S)-5a-cevanine skeleton,with two hydroxyl groups in 3ƒÀand 6ƒÀorientation,

respectively,and no hydroxyl group at C-20.

Nuriddinov et al.5,6)isolated 20-deoxy-5a-cevanine-3ƒÀ,6ƒÀ-diol(edpetilidine)from

Petilum eduardi,and although 2 corresponds to edpetilidine in planar structure,the chemical

shifts of the methyl groups in the 1H-NMR spectra are in a striking contrast.

In the 13C-NMR spectrum of 2(Table IX),the chemical shifts of carbons are in good
agreement with those in 7,2)except C-16,C-18,and C-22.The chemical shifts of C-18 and C-
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TABLE VI.•@ Bond Lengths(A)with e.s.d. Values in Parentheses for Ebeiedine Diacetate

22,which are carbons adjacent to a nitrogen atom,and C-16 were shifted downfield atƒÂ61.8,

69.0,and 25.6 compared with those of 7 at 59.2,62.5 and 17.7,and correspond very well

with those in shinonomenine(9)7)at(562.6,68.0 and 24.9 respectively.These supported the

presence of the DIE trans juncture in 2.

The relative stereostructure of 2 was confirmed by an X-ray crystal analysis of its acetate

(mp 143.5-146•Ž).The structure of the molecule is shown in Fig.4.The crystal of ebeiedine-

3,6-diacetate belongs to the monoclinic system with space group C2,and the cell dimensions,

are a=31.994(6),b=8.802(1),c=24.745(4)A;ƒÀ=121.36(1),Z=8,d=1.115 g/cm3.The crystal

size is 0.7•~0.1•~0.1mm.Three-dimensional intensity data were collected on Rigaku AFC-5

diffractometer and 5387 unique reflections were measured for 3210[Fo 3ƒÂ-(F0)]by the co-20

scan method with CuIC(ƒÉ=1.5417 A)radiation.The structure was determined by a direct

method and refined by a block-diagonal anisotropic least-squares technique to R=0.072,
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TABLE VII.•@ Bond Angles(•‹)with e.s.d.Values in Parentheses for Ebeiedine Diacetate
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TABLE VIII.•@ Anisotropic Thermal Parameters(•~104)with e.s.d.Values

in Parentheses for Ebeiedine Diacetate



4326 Vol.36(1988)

TABLE VIII.•@ (continued)

The temperature factor is of the form:exp[-(β11h2+β22k2+β33l2+2β12hk+2β13hl+2β23kl)］.

Rw=0.093 and S=1.141 for 3181 reflections.The crystallographic details are described in

Experimental.The results showed that all the rings are in the chair conformation.The ring

fusions are as follows:A/B trans,B/C trans,C/D cis,D/E trans.The configurations at the

chiral center have been determined as 3-OAc /3-equatorial,6-OAc fl-axial,10-Me fl-axial,20-

Me a-eauatorial.25-Me B-axial,and the lone pair on the nitrogenƒÀ-axial.

Ebeiedinone(3)was crystallized from hexane—Et2NH—EtOH as colorless needles,mp

102-105•Ž,[ƒ¿]D-62.2•‹(c=0.89,CHCl3).

The empirical formula of 3,C271-143NO2,M.W.413.32830(Calcd 413.32959),was
measured by high-resolution mass spectrometry,and the IR spectrum of 3 showed,besides the
absorptions at 3525,3350 cm-1(hydroxyl)and 2750 cm-1(trans-quinolizidine system),a six
membered ketone system at 1686 cm

The MS of 3 revealed a parent ion at m/z 413(Mt,19%),and fragment ions at m/z 398

(5%),357(7%),112(38%),111(100%)and 98(11%).
The 1H-NMR spectrum of 3 displayed three methyl signals at ƒÂ 0.76(3H,s,19-H),ƒÂ0.83

(3H,d,J=6 Hz,21-H)and 6 1.08(3H,d,J=7 Hz,27-H),and a signal of hydrogen on carbon

bearing a hydroxyl group at 6 3.58(1H,m,W1/2=19 Hz,3a-H)(on acetylation,this signal was

shifted downfield toƒÂ4.68).

The above data allowed us to conclude that 3 is structurally similar to 2,possessing a

(25S)-20-deoxy-5a-cevanine skeleton.
On the other hand, the 13C-NMR spectrum of ebeiedinone(3)(Table IX),showed that

the chemical shifts of carbons,except C-16,C-18 and C-22,whose signals were shifted
downfield at 6 25.1,62.1 and 69.0 compared with those of delavinone(8)at 6 17.1,59.3 and
62.4,are in good accordance with those of delavinone(8).Furthermore,in the 11-I-NMR
spectrum,the signal of 19-H in 2 exhibited an upfield shift at 6 0.75 compared with that in 2,
and was very close to that in delavinone(8).The presence of a carbonyl group at C-6 was also
corroborated by the 13C-NMR spectrum,which displayed low-field signals at 6211.3

assignable to C-6.Reduction of 3 with NaBH4,furnished the diol derivative whose physical

and chemical properties coincided with those in 2 and whose melting point was not depressed

by admixture with 2.



No.11 4327

TABLE IX.13C Chemical Shifts of Cevanine Alkaloids

In ppm relative to TMS in CDCI,

Experimental

The melting points were taken on a Leitz Wetzlar micro-melting point apparatus and are uncorrected.Optical
rotations were measured with a JASCO DIP-4 digital polarimeter.IR spectra were run on an A-102 infrared
spectrophotometer.The MS were recorded on a JEOL JMS-D300 mass spectrometer.The 1H- and 13C-NMR spectra
were taken on a JEOL JNM GX-270 spectrophotometer(270 MHz for 1H-NMR,67.5 MHz for 13C-NMR).

The dried bulbs of F.ebeiensis var.purpurea were collected in Hupei Province,China,in June 1985.The ground
bulbs(5 kg were extracted three times with 50% aqueous acetone.After removal of the acetone under reduced
pressure,the aqueous fraction was passed through a Diaion HP-20 column which was eluted gradually with H2O
containing increasing concentrations of methanol. The fractions eluted with 50% methanol and methanol afforded
free alkaloids and their glycodises.The residue of these fractions was hydrolyzed with 1 N HCI in methanol for 6 h.
The hydrolysate was extracted with ether after being made alkaline with 10% NaOH.The combined ether phase was
extracted with 5% aqueous tartaric acid.The aqueous solution was made alkaline and then extracted with
chloroform.The chloroform extract was evaporated and the residue(crude alkaloid,21 g)was chromatographed on
silica gel,followed by repeated column chromatography using hexane-Et2NH-EtOH(120:1:1-120:7:7),
cyclohexane-Et0Ac-Et2NH(60:10:2-60:20:5)and hexane-EtOAc-MeOH(150:2:1-2:2:1)as eluents to give
FE-2,FE-3,FE-4,FE-5,FE-6,FE-7,FE-8 and FE-9.The yields were:FE-2(5 mg),FE-3(10 mg),FE-4(200 mg),
FE-5(1.8 g),FE-6(321 mg),FE-7(234 mg),FE-8(151 mg)and FE-9(1.5 g).All the products were obtained as
crystalline solids.

FE-8,named ebeienine(1),was crystallized from n-hexane-Et2NH-Et0H as colorless needles, and crystallized
from methanol in rhombic form, mp 274.5-278.5•Ž,-2.9•‹(c=0.5,Me0H).IR v Nujol

max
Cm

-1
:3475,3250-3325

(hydroxyl),2750(trans-quinolizidine system).MS m/z:431(M+H,O),413(M+),398(M-CH,).190,112,98

(base peak).H-NMR(CDC13)ƒÂ:0.86(3H,d,J=6 Hz,27-H),0.95(3H,s,19-H),0.96(3H,d,J=7 Hz,21-H),3.66

(1H,m,W1/2=19 Hz,3ƒ¿-H),3.86(1H,m,W1/2=8 Hz,6ƒ¿-H).13C-NMR(Table I).

FE-9,verticine(4),was crystallized from hexane-Et2NH-EtOH as colorless needles,mp 215-220•Ž,mmp

213-220•Ž(mixed melting point with an authentic specimen),[ƒ¿]D-26.2•‹(c=0.96,CHC13).IR:3325(hydroxyl),2780

(trans-quinolizidine system).MS m/z:431(C271-145NO3,Mt),412,386,112(base peak),98.1H-NMR(CDC13)ƒÂ:

0.82(3H,s,19-H),1.03(3H,s,21-H),1.08(3H,d,J=7 Hz,27-H),3.44(1H,m,W1/2 20 Hz,6/3-H),3.60(1H,m,

W1,2=20 Hz,3ƒ¿-H).

FE-5,verticinone(5),was crystallized from hexane-Et2NH-EtOH and recrystallized from Et0H-H20 as

colorless needles,mp 210-212•Ž,mmp209-211•Ž(mixed melting point with an authentic specimen),[ƒ¿]D-7 5.2•‹

(c=0.92,CHC13).IR:3380(hydroxyl),2760(trans-quinolizidine system),1700(six-membered ketone).MS m/z:429

(C27H43NO3,M t),411(M+-H2O),384,112(base peak),98.1H-NMRƒÂ:0.77(3H,s,19-H),1.02(3H,s,21-H),

1.07(3H,d,J=7 Hz,27-H),3.56(1H,m,=24 Hz,3ƒ¿-H).

Verticinone(FE-5)Monoacetate:Verticinone was acetylated in the usual manner to give a monoacetate,mp

172-175•Ž.IR:3480(hydroxyl),2800(trans-quinolizidine system),1700,1715(six-membered ketone).MSm/z:471

(Mt),453,426,392,112(base peak),98.1H-NMRƒÂ:0.77(3H,s,19-H),1.02(3H,s,21-H),2.03(3H,5,-OAc),4.70

(1H,m,1W/2 20 Hz,3ƒ¿-H).

FE-6,isoverticine(6),was crystallized from EtOAc-acetone as colorless needles,mp 216 .5-219.5•Ž,mmp

207-216.5•Ž,(mixed melting point with an authentic specimen)[ƒ¿]D-43.9•‹(c=0.82,CHC13).IR:3500(hydroxyl),
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2825(trans-quinolizidine system).MS m/z:431(C27H45NO3,M+),412,386,154,124,112(base peak),111,98.H-

NMRƒÂ:1.03(6H,s,19-H and21-H),1.08(3H,d,J=7 Hz,27-H),3.63(1H,m,1/2=20 Hz,3ƒ¿-H),3.85(1H,br s,

W1/2=9 Hz,6ƒ¿-H).

FE-7,named ebeiedine(2),was crystallized from hexane–Et2NH–EtOH as colorless needles,mp 118-120•Ž,

[α]D-37.90 (c=0.97,CHC13).IR v
Nujol
max

cm
-1

:3300(hydroxyl),2750(trans-quinolizidine).MS m/z:415(M,29%),
400(M-CH3,7%),359(9%),112(45%),111(100%),98(11%).H-NMRƒÂ:0.83(3H,d,J=6 Hz,21-H),1.08(3H,

d,J=7 Hz,27-H),1.02(3H,s,19-H),3.66(1 H,m,W1/2=19 Hz,3ƒ¿-H),3.87(1 H,br s,W1/2=8 Hz,6ƒ¿-H).13C-NMR

(shown in Table I).

Ebeiedine Diacetate:Acetylation of ebeiedine(2)with Ac2O in pyridine gave diacetylebeiedine,mp 143.5
146.5•Ž.IR v

Nujol
max

CM
-1

:2800(trans-quinolizidine system),1750,1250(carbonyl group).MS m/z:499(M,21%),
484(M-CH3,5%),443(6%),112(45%),111(100%),98(10%).1H-NMRƒÂ:0.84(3H,d,J=7 Hz,21-H),1.02(3H,

s,19-H),1.09(3H,d,J=7 Hz,27-H),2.02(3H,s,-OAc),2.03(3H,s,-OAc),4.73(1H,m,W1/2=19 Hz,3ƒ¿-H),5.0

(1H,m,W172=8 Hz,6ƒ¿-H).

FE-4,named ebeiedinone(3),was crystallized from hexane-Et2NH-EtOH as colorless needles,mp 102-105•Ž,

[α]D-62.20 (c=0.89,CHC13).IR vNujol
max

CM
-1

:3525,3350(hydroxy),2750(trans-quinolizidine),1686(six-membered
ketone).MS m/z:413(M 19%),398(M-CH3,5%),357(7%),112(38%),111(100%),98(11%).1H-NMR ƒÂ:

0.76(3H,s,19-H),0.83(3H,d,J=6Hz,21-H),1.08(3H,d,J=7 Hz,27-H),3.58(1H,m,W1/2=19 Hz,3ƒ¿-H).

Ebeiedinone Monoacetate:Ebeiedinone(3)was acetylated with Ac2O in pyridine to yield a monoacetate,mp
88-91.5•Ž.MS m/z:455(M 27%),440(M-CH3,6%),399(8%),112(41%),111(100%),98(10%).H-NMRƒÂ:

0.78(3H,s,19-H),0.83(3H,d,J=6 Hz,21-H),1.08(3H,d,J=7 Hz,27-H),2.03(3H,s,-OAc),4.68(1H,m,W1/2=
19 Hz,3ƒ¿-H).

Reduction of Ebeiedinone(3):Ebeiedinone(3)was converted to 1 by reduction with NaBH4,mp 117-120•Ž,

mmp 117-120•Ž.IR v
Nujol
max

cm
-1 :3350(hydroxyl),2800(trans-quinolizidine).MS m/z:415(Mt.28%),400

(M+-CH3,7%),359(10%),112(44%),111(100%),98(11%).1H-NMRƒÂ:0.83(3H,d,J=6 Hz,21-H),1.02(3H,s,

19-H),1.08(3H,d,J=7 Hz,27-H),3.66(1H,m,=19 Hz,3ƒ¿-H),3.87(1H,m,=8 Hz,6ƒ¿-H).

Crystallographic Details of Ebeienine(1),and Ebeiedine(2)Diacetatc•\The authors have deposited atomic

coordinates for these structures with the Cambridge Crystallographic Data Centre.The coordinates can be obtained

on request from the Director,Cambridge Crystallographic Data Centre,University Chemical Laboratory,Lensfield

Road,Cambridge CB2 1 EW,UK.

Ebeienine(1) Ebeiedine(2)diacetate
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