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----- A new minor a l k a l o i d  FR-5 was iso la ted,  besides v e r t i c i n e  (1) 

and ve r t i c i none  (11). from the fresh bulbs o f  F r i t i l l a r i a  thunbera i i  MQ., 

and t h e  s t r u c t u r e  was determined as 111. The crude drug "Bai-mo", which was 

prepared from the above bulbs by t reatment w i t h  l ime  fo l lowed by bleaching i n  

the sun, provided two a l k a l o i d s  F-3 and -4, together w i t h  I and 11, i n  the  

f r e e  s ta te ,  and add i t i ona l  two F-5 and -6  i n  the form o f  t h e i r  acetates. 

They were assigned the s t ruc tures  V I I I ,  I X ,  X and X I ,  which correspond, res-  

pec t i ve l y ,  t o  an ox ida t i on  product of I, I1 and 111. 

A crude drug " F r i t i l l a r i a e  Bulbs" ("Beimu" or "Pei-mu" i n  Chinese and "Bai-mo" i n  ~apanese) has 

long been known as a p r i n c i p a l  Chinese medicine. Among var ious k inds of "Beimu", processed bulbs 

o f  more than f i f t e e n  species of F r i t i l l a r i a  p lan ts  ( ~ i l i a c e a e ) , '  "Zhebeimu" and Japanese "Bai-mo" 

are prepared from t h e  bulbs o f  F. thunberq i i  M a .  (F. v e r t i c i l l a t a  N u .  var. t hunbe rq i i  ( M b . )  

B k r ) .  

AS fo r  the  cons t i t uen t  a l k a l o i d s  of the  f r esh  bulbs of F. t hunbe rq i i  grown i n  Japan, mkuda2 i s o l -  

ated four compounds, v e r t i c i n e  ( I ) ,  f r i t i l l a r i n e ,  v e r t i c i l l i n e  and an amorphous base, and Morimoto 

3 
and Kimata obtained peimine and i t s  glucoside, peiminoside. Later ,  I was i d e n t i f i e d  w i t h  peimine, 

and t h e  i d e n t i t y  o f  f r i t i l l a r i n e  and peiminine4 w i t h  ve r t i c i none  (11) der ived from I was a lso  ev i -  

d e n ~ e d . ~  The s t ruc tu res  o f  I and I 1  were determined by I ts ,  ad. 5 

The present study was conducted, f o r  one th ing,  i n  the hope o f  i s o l a t i o n  of new a l ka lo ids  from the 

fresh bulbs of F. t hunbe rs i i  and, f o r  another, t o  examine the basic const i tuents  o f  "Bai-mo", which 

have n o t  so f a r  been reported, but which a re  o f  i n t e r e s t  i n  t h a t  they might poss ib ly  be the comp- 

ounds somewhat modif ied i n  s t ruc tures  from those of f resh bulbs due t o  processing. 

Dedicated t o  Professor Dr. T. Kametani on the occasion o f  h i s  re t i rement  from Tohoku Universi ty.  



The f resh  bulbs (19.6 kg), c u l t i v a t e d  i n  Nara pre fec tu re  and c o l l e c t e d  i n  May, have provided a new 

a l k a l o i d  FR-5 (42 mg) a long w i t h  I (740 mg) and !I (410 mg).6 

FR-5 (111). co l o r l ess  needles ( f rom MeOH), mp 255', [ a ID  -33.2' ( ~ 1 . 0 ,  C H C ~ ~ ) ~ ,  C27H4103N. showed 

i n  t h e  El-mass (MS) spectrum t h e  molecu la r  i o n  a t  mlz 427 and the  fragment peaks a t  412, 314, 125, 

124, and 110 (base peak). The spectrum was s i m i l a r  t o  t h a t  o f  j e r v i n e  ( 1 ~ ) ~ ' ~  (MS mlz: 425 ( M ~ ' ) ,  

10 410, 396, 314, 125, 124, 110 (base peak, due t o  F - r i ng  ) )  i n d i c a t i n g  a resemblance of I 1 1  t o  I V  

1 i n  s t r uc tu re .  The I R  spectrum o f  111 showed an absorp t ion  o f  six-membered r i n g  ketone (1695 cm- ) 

i ns tead  o f  those of  12-en- l l -one (1705 and 1630) i n  I V .  111 was ace t y l a t ed  t o  g i ve  d i ace ta te  (V), 

co l o r l ess  f i n e  needles, mp 231-232" (from AcOEt-hexane), [ a l D  +7.Z0 (c-1 .O, CHC13). I R  (KBr, cm"): 

1730 (OAc), 1700 (C=O), 1660 (NAc). MS mlz :  511 ( M ~ ' )  (C31H4505N), 496, 468, 167 (base peak), 152. 

1 The above r e s u l t s  and t h e  H-NMR (100 MHz) (PMR) ( i n  CDC13) spec t ra l  data of  III and V i n  compar- 

i son  w i t h  those of I V  and i t s  ace ta te  ( V I )  (Tab le  I )  suggested t h a t  111 i s  an 11-deoxo-5,6-dihydro- 

j e r v i n e  having one carbonyl  f u n c t i o n  a t  C,, C, o r  most p robab ly  a t  C6. When I 1 1  was reduced w i t h  

Na8H4, a d i o l  ( V I I ) ,  mp 198'. was y i e l ded ,  and the  PMR spectrum, i n  comparison w i t h  t h a t  o f  111, 

showed a downf ie ld s h i f t  of 19-CH3 s i gna l  by 0.28 ppm, imp l y i ng  t h a t  t h e  hydroxy l  group prov ided 

has 1,3-diaxia l  r e l a t i o n s h i p  w i t h  19-CH3 group. Thus, two hydroxyl  groups i n  V I I  a re  l oca ted  a t  

C6 ( 8 ,  a x i a l )  and Cj. The s i gna l s  of 19-CH3 group and 3-H i n  the PMR spectra of 111 (Tab le  I )  and 

Table I. PMR Spect ra l  Data ( 6 ,  ppm, CDCI3) of  III - V I  (a. re f .  9, 11) 

j e r v i n e  ( I V )  1.79 1.01 0.94 0.94 3.54 5.36 
( 5 )  ( 5 )  (d, 5.7 H Z )  (d ,  5.7 Hz) (br.m, W 1 / ~  =24 Hz) (m) 

I 1 1  ace ta te  ( V )  1.72 0.71 1.05 0.87 4.68 
(5)  ( 5 )  (d, 5.7 HZ)  (d, 5.7 Hz) (br.m, W l / ~  =24 Hz) 

I V  ace ta te  ( V I )  2.19 1.03 1.05 0.87 4.67 5.40 
( 5 )  ( 5 )  (d, 5.7 Hz) (d ,  5.7 Hz) (br.m, W L / ~  =24 HZ) (m) 

FR-5 (111) : R=H, R' = =O 
V : R=Ac, R'  = = 0  

VII : R=H, R' ='OH 
"*El 

jervine (IV) : R=H 
VI : R=Ac 
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V I I  (19-CH3, 0.97; 3-H, 3.64 ppm, br.m, i n  COC13) were i n  accordance w i t h  those of 36-hydroxy-5a- 
6 

cevanine de r i va t i ves  I 1  (cf. Table 11) and i s o v e r t i c i n e  , respec t i ve l y .  

Consequently 111 i s  def ined as ll-deoxo-6-oxo-5a,6-dihydrojervine. 

The crude drug "Bai-mo" (20 kg) (product of Nara pre fec ture) ,  prepared from the afore-mentioned 

bulbs by treatment w i t h  l ime  fol lowed b y  bleaching i n  the sun, af forded, besides 1 (1.86 g) and I 1  

(0.93 g), two new compounds F-3 ( V I I I )  (3.05 g), co lo r l ess  needles (from AcOEt-hexane), mp 283-288' 

(dec.), [ a l o  t8.4 '  (c-1.9, MeOH), CZ7Hq5O4N (MS mlz: 447 (M+')), and F-4 (1x1 (1.18 g), co lo r l ess  

prisms (from AcOEt-hexane), mp 283-285" (dec.), [ a lD  -54.5' (c-1.8, MeOH), C27H4304N (MS m/z: 445 

(M*')), together  w i t h  two compounds F-5 and -6  i n  the form of t h e i r  acetates. 

The mass and PMR spect ra l  data o f  V I I I  and IX i n  comparison w i t h  those of I and I 1  (Table 11) sug- 

gested t h a t  V l I I  and I X  a re  respec t i ve l y  an analog of I and 11 bear ing one more oxygen atom i n  F- 

r i ng .  Moreover, the  IR spectra ( i n  CH2C12) o f  I and I 1  showed the absorpt ion bands a t  2800 - 2700 

cm-' c h a r a c t e r i s t i c  t o  trans q u i n o l i z i d i n e  m3iety,13 whi le  i n  those of V I I I  and I X  they were lack-  

ing,  therefore V I I I  and I X  were supposed t o  be N-oxides o f  I and 11. The presumption was conf i rn -  

ed by the  fac ts  t h a t  V I I I  and I X  were reduced w i t h  Ph3P i n  A C O H ' ~  t o  y i e l d  I and 11, and t h a t  I 

and I 1  were ox id i zed  w i t h  H202 and NaOH i n  MeOH t o  g ive  V I I I  and I X ,  r e ~ ~ e c t i v e l y . ' ~  Comparing 

w i t h  the  PMR spect ra l  data of I and I 1  (Table 11). the  27-CH3 s igna ls  of V l I I  and I X  are s h i f t e d  

downfield by 0.29 ppm, but the  21-CH3 s igna ls  sh i f t ed  on l y  s l i g h t l y  (0.05 - 0.03 ppm). The above 

resul ts are proper ly  i n t e r p r e t e d  on l y  by assignment of 0 -ax ia l  conf igura t ion  a t  the N asymmetric 

16 center and trans E/F r i n g  j unc tu re  t o  V I I I  and I X  (F ig .  1). 

Table 11. Mass and PMR Spectral  Data o f  V I I I ,  I X ,  I and 11 

mass fragment (mlz) (cf. r e f .  10) PMR ( 6 ,  ppm, C0,OO) (d. r e f .  6, 12) 

F-3 ( V I I I )  447 (M+'), 431, 430, 412 0.85 1.10 1.42 3.45 3.45 

386, 114, 112*, 110 (5 )  (5 )  (d, J=7 Hz) (br.m) (br.m) 

v e r t i c i n e  (I) 431 (M+'), 413, 386 0.84 1.05 1.13 3.45 3.45 

112*, 98 (5) (5) (d, 5.7 HZ) (br.m) (br.m) 

F-4 (1x1 445 (M"), 429, 428, 410 0.78 1.09 1.42 3.45 

384, 114, 112*, 110 (5 )  (5 )  (d, 5-7 HZ) (br.m) 

ve r t i c i none  (11) 429 (M+'), 411, 384 0.78 1.06 1.13 3.52 

112*. 98 (5 )  (5) (d,  J=7 Hz) (br.m) 

* base peak (cf. ref .  10) 

C"3 



vertlcine (I) : H="'OH F-3 (VIII) : H=\*\OH 
'H 'H 

verticinone (11) : R= =O F-4 (Do : R= =O 
Fig .  1. 

H 

F-5 acetate (XI,  co lo r l ess  needles (23 mg, from acetone-hexane), mp 214-216", [alD +21.7" (c-1.0, 

CHC13), exh ib i t ed  i n  i t s  mass spectrum t h e  peaks a t  m/z 527 ( M ~ ' ) ,  512, 484, 291, 222, 167 (base 

peak) and 152, the  former th ree o f  which are 16 mass un i tsmore than the corresponding peaks obser- 

ved i n  the  spectrum o f  V ,  wh i l e  the  l a t t e r  two o f  which are same as those o f  V, suggesting t h a t  X 

has add i t i ona l  one oxygen atom i n  A - E r i n g s  o f  111. X showed no IR absorp t ion  o f  hydroxyl  group 

and the PMR spectra o f  X and V were i n  good agreement except f o r  the 6 values of 18-CH3 s igna ls  

(1.30ppm i n  Xand  1.72 i n V ) .  

Thus, X i s  assigned t h e  s t ruc tu re  12,13-epoxy-11-deoxo-6-oxo-5a.6-dihydrojervine N,O-diacetate. 

F-6 aceta te  (X I ) ,  a wh i te  powder (36 mg, from hexane), mp 161-163', [ e l D  t20.1" (c.0.8, CHC13), 

exh ib i t ed  i n  i t s  PMR spectrum two methyl s i ng le t s ,  two methyl doublets, N- and 0-acetyl  s igna ls  

having t h e  same S values as those o f  X and a broad m u l t i p l e t  (br.m) (W112=8 HZ) ascr ibab le  t o  a 

proton geminal t o  hydroxyl group. The I R  spectrum was d i f f e r e n t  from t h a t  of X i n  showing the 

absorpt ion of hydroxyl group i n  add i t i on  t o  those o f  N- and 0-acetyl  and six-membered r i n g  ketone. 

I n  the mass spectrum o f  X I  the molecular i on  a t  m/z 545 (18 mass u n i t s  more than t h a t  of V) and 

the fragment peaks a t  389, 311, 156, 139 (base peak), 114 and 97 were observed. Based on these 

data and tak ing co-existence o f  X i n t o  account, X I  was thought t o  be a compound which has the E- 

r i n g  o f  X opened, and the mass fragments mentioned above were assumed, i n  analogy t o  the mode o f  

cleavage of dihydroveratramine (xII)", t o  have i h e  s t ruc tures  shown i n  Fig. 2. 

The s p l i t t i n g  pa t te rn  o f  23-H s igna l  i n  t h e  PMR spectrum ind i ca ted  the a -ax ia l  con f i gu ra t i on  of 

z~-oH",  being epimeric t o  t h a t  o f  veratramine. 9 
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Now XI i s  regarded t o  be 12,13-epoxy-22~,25~,Sn-veratranine-3~7,23-triol-6-one N,0(3)-diacetate 

Since the f r a c t i o n  conta in ing compounds F-5 and -6  showed n e i t h e r  N- nor 0-acetyl  absorpt ions i n  

t h e  IR spectrum, they  are considered t o  e x i s t  o r i g i n a l l y  as the  f r e e  hydroxyalkamines correspond- 

i n g  t o  X and X I ,  respect ive ly .  

Fig.  2. 

' HO 
A? 0 

R ..- 

A m/z 309 m/z 311 dihydroveratramme (XID (m/z 411) 

H Ac H 20//22 

m/z 156 \ I 

I - 1 
H 

H *& m/z 139 -6 
m/z 97 &f ,AJ, J5 @ase peak) 

HO 
HO 

HO m/z 114 m/z 297 
m/z 114 

F-6 acetate (XI) 

Compounds F-3 ( Y I I I )  and -4 ( I X )  were much l e s s  t o x i c  and more hypotensive than I and I 1  i n  mice. 

It i s  worthy of note t h a t  t h e  a l k a l o i d s  so f a r  i so la ted  from t h e  fresh bulbs are considerably o r  

completely ox id ized dur ing  treatment w i t h  l ime  fo l lowed by bleaching i n  the  sun, and t h a t  the  pro- 

cessing seems t o  be of pharmacological s i gn i f i cance .  Compound FR-5 (111) i s ,  t o  our knowledge, 

a new natura l  Su-jervanine a l k a l o i d .  
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