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Abstract - Two new a l k a l o i d s  des igna ted  as f a l c o n e r i n e  ( 6 )  and f a l c o n e r i n e  8-ace- 

t a t e  (8) have been i s o l a t e d  from t h e  I n d i a n  crude d rug  Mitha t e t i a  ( B i s h  o r  

B i k h ) ,  i d e n t i f i e d  as A c o n i t m  fa tconer i  Stap f .  The s t r u c t u r e s  o f  these  C l g - d i t e r -  

peno id  a l k a l o i d s  were d e r i v e d  f r o m  t h e i r  s p e c t r a l  d a t a  and b y  c o r r e l a t i o n  w i t h  ezachas- 

manine. 

i n  e a r l i e r  s t u d i e s  from o u r  l a b o r a t o r i e s ,  we had r e p o r t e d  t h e  i s o l a t i o n  and s t r u c t u r e  o f  f a l a c o n i -  

t i n e  ( I ) ,  i n d a c o n i t i n e  ( Z ) ,  m i t h a c o n i t i n e  ( 3 ) ,  p s e u d a c o n i t i n e  ( 4 )  and v e r a t r o y l -  

pseudaconine (5)1,2 from t h e  r o o t s  o f  A.  f a t c a e r i  Stap f .  

D u r i n g  our  e f f o r t s  t o  o b t a i n  t h e  p r e v i o u s l y  r e p o r t e d  a l k a l o i d  b i ~ h a t i s i n e , ~  we have i s o l a t e d  from 

t h e  r o o t s  o f  t h e  I n d i a n  crude d rug  Mitha t s t i a  two new a l k a l o i d s  des igna ted  as fa l coner ine  

and f a l c o n e r i n e  8-acetate.  The crude base e x t r a c t e d  b y  t h e  procedure descr ibed  by Singh e t  



at? was d i s s o l v e d  i n  d i l u t e  s u l f u r i c  a c i d  and p r e c i p i t a t e d  as Meyer's ~ o m p l e x . ~  The a l k a l o i d s  

were l i b e r a t e d  b y  pass ing  t h e  methano l i c  s o l u t i o n  of t h e  Meyer's complex t h r o u g h  A n b e r l i t e  IRA-400 

(OH form) and were separated by vacuum l i q u i d  chromatography7 on a lumina and e l u t e d  w i t h  c h l o r o f o r m  

and methanol. The c h l o r o f o r m  f r a c t i o n  was separated on a  " ~ h r o m a t o t r o n " ~  w i t h  a  2  mm t h i c k  a lumina 

r o t o r .  The chromatographic s e p a r a t i o n  was mon i to red  by a  uv lamp. 

Fa lconer ine ,  C34H4gNO10, i s  amorphous b u t  homogeneous by t.1.c. ( R f  0.5, Al2O3; Et20:3% MeOH), ir: 

( n u j o l )  Vmax 3470 (OH), 1725 ( e s t e r  ca rbony l ) ,  1600 ( a r o m a t i c )  cm-l;  I ~ - n m r  (CDCI3): 6 1.09 

(3H, t, 3 = 7  Hz, N - C H 2 - 3 ) .  3.22, 3.26, 3.31, 3.34 (each 3H, 2, a l i p h a t i c  O C b ) ,  3.92 (6H, 2, 
aromat i c  OC%), 5.15 ( lH ,  t, J = 4.5 Hz, c ( I ~ ) - ~ - H ) ,  6.83 ( lH ,  d, J = 9  Hz, H-5 o f  v e r a t r o y l ) ,  7.59 

( lH ,  &, H-2 of v e r a t r o y l ) ,  7.65 ( lH ,  g, J = 9.2 Hz, H-6 o f  v e r a t r o y l ) .  Four  methoxy ls ,  an e t h y l  

and a  v e r a t r o y l  group i n  t h e  mo lecu le  (15  carbons)  i n d i c a t e d  t h a t  f a l c o n e r i n e  belongs t o  t h e  C lg -  

d i t e r p e n o i d  c l a s s  of a l k a l o i d s .  No o t h e r  a l k a l o i d  has been r e p o r t e d  e a r l i e r  w i t h  t h i s  m o l e c u l a r  

f ~ r m u l a . ~  The f u l l y  decoupled 13c-nmr spectrum showed 33 l i n e s  f o r  34 carbon atoms o f  t h e  mo lecu le  

and t h e  SFORD spectrum showed 7  s i n g l e t s ,  14  doub le ts ,  6  t r i p l e t s  and 7  q u a r t e t s  ( T a b l e  1 ) .  The 

s i n g l e t s  a t  43.2 and 50.5 ppm can be assigned t o  C(4) and C(11) ,  r e s p e c t i v e l y .  The s i g n a l s  i n  t h e  

downf ie ld  r e g i o n  beyond 110 ppm a r e  due t o  t h e  v e r a t r o y l  group. The d o u b l e t s  appear ing a t  82.9, 

82.7 and 81.9 ppm have been assigned t o  C ( l ) ,  C(16) and C(6) b e a r i n g  methoxyl  groups. The f o u r t h  

methoxyl  i s  p resen t  as a  methoxymethylene group a t  C(18) which i s  seen as a  t r i p l e t  a t  77.5 ppm. 

The rema in ing  two oxygen f u n c t i o n s  are p resen t  as h y d r o x y l s  l o c a t e d  a t  C(3) and C(8)  p o s i t i o n s .  

The v e r a t r o y l  group i s  p resen t  a t  C(14) and n o t  a t  C(8) as i n d i c a t e d  by t h e  s i n g l e t  appear ing a t  

74.1 ppm. The C(8)  b e a r i n g  an e s t e r  f u n c t i o n  as i n  anisoezochasmaconi t ine appears around 85.9 

ppn.1° The above ev idence leads  t o  t h e  un ique  s t r u c t u r e  (6 )  f o r  f a l c o n e r i n e .  

I n  o r d e r  t o  c o r r e l a t e  f a l c o n e r i n e  w i t h  an a l k a l o i d  o f  e s t a b l i s h e d  s t r u c t u r e ,  i t  was hydro lysed  w i t h  

methano l i c  potassium hydrox ide  t o  g i v e  a  compound, mp 116-118T, i d e n t i c a l  w i t h  ezochasmanine 

(7).10,11 



The second a l k a l o i d  (Rf 0.59 A1203; Ether:3 % MeOH), mp 162-163'C, has t h e  molecular formula 

C36H51NOll; ir ( n u j o l )  vmax 3480 (OH), 1730, 1685 (es te r  carbonyl) ,  1600 (aromat ic)  cm-l; IH 

nmr (CDC13): 6 1.08 (3H, t, J = 7 Hz, N-CH2-Ch), 1.37 (3H, 2, OAc), 3.19, 3.25, 3.3, 3.4 (each 3H, 

s, a l i p h a t i c  OC%), 3.91, 3.94 (each 3H, 2, aromatic OCb), 5.02 (lH, 5, C(14)-p-H), 6.9 (lH, <, J - 
= 9 Hz, H-5 o f  ve ra t roy l ) ,  7.65 ( lH, d, H-2 of ve ra t roy l ) ,  7.71 ( lH, g, J = 9.2 Hz, H-6 o f  vera- 

t r o y l ) .  The methoxyls (4  C), an N-ethyl ( 2 ) ,  an acetoxyl (2 ) ,  and a ve ra t roy l  ( 9 )  add t o  seventeen 

carbon atoms i n d i c a t i n g  t h a t  t h e  compound i s  a Clg-diterpenoid a l ka lo id .  The completely decoupled 

13c nmr spectrum showed 35 l i n e s  corresponding t o  t h e  36 carbon atoms of t h e  molecule and t h e  SFORD 

spectrum ind ica ted 8 s i ng le t s ,  14 doublets, 6 t r i p l e t s  and 8 quar te ts  (Table 1 ) .  Bikhaconi t ine 

(10) i s  the  on ly  o ther  known a l k a l o i d  having t h e  same molecular formula as t h i s  alkaloid,  bu t  

i t s  physical  p roper t ies  are d i f f e r e n t . 9  Of the  eleven oxygen func t i ons  i n  t h e  new a lka lo id ,  four  

are p a r t  of the  ve ra t roy l  ester,  two are present as acetoxyl, f ou r  are methoxyl groups and t h e  

remaining oxygen should be present as a hydroxyl group. The s i n g l e t s  a t  43.1 ppn and 50.4 ppn can 

be assigned t o  C(4) and C(11), respect ive ly .  The s ing le t s  downf ie ld of 120 ppn are e a s i l y  assigned 

(Table 1) t o  the  acetoxyl and the ve ra t roy l  groups. The s i n g l e t  appearing a t  85.8 ppm can only be 

ascr ibed t o  t h e  C(8) carbon ca r r y i ng  an es te r  func t ion  which can be an acetoxyl o r  a vera t roy l  

group. The doublets appearing downf ie ld o f  75 ppn can be assigned t o  C ( l ) ,  C(6). C(14) and C(16), 

a l l  bear ing oxygen funct ions .  The doublet a t  71.6 ppn can on l y  be ascribed t o  C(3) carry ing a 

hydroxyl  group. The remaining t r i p l e t  a t  77.0 ppn i s  due t o  the  C(18) methoxynethylene carbon. 

The above evidence leads t o  two a l t e r n a t i v e  s t ruc tures  (8 )  or (9) f o r  t h i s  a l ka lo id?  As 

ant ic ipated, i t  af forded ezochasmanine ( 7 )  when subjected t o  a l k a l i n e  hydro lys is .  I n  order t o  

choose between the two s t ruc tures  8 and 9, the  a l k a l o i d  was p r e f e r e n t i a l l y  deacetylated a t  

t h e  C(8) pos i t ion ,  as i n  the  case o f  aconitine,13,14 by gent le  b o i l i n g  w i t h  water t o  g ive  falcone- 

r i n e  ( 6 ) .  On the bas is  of the  above data  the  second a l k a l o i d  has been cons t i t u ted  as falcone- 

r i n e  &acetate (8) .  

The known a l ka lo id  pseudaconlt ine (4)15 was also i so la ted  dur ing  the chromatographic separa- 

t i o n .  

EXPERIMENTAL 

Mps are corrected. Spectra were recorded on the fo l l ow ing  instruments:  Ir, Perkin-Elmer t.bdel 

1430; IH nmr, Perkin-Elmer EM-390, 90 MHz; nmr, JEOL FT Models FX-60 and FX-90Q; mass spectra, 

VG-Micromass ZA82F. 70 e.v. Spec i f i c  r o t a t i o n s  were recorded on a Perkin-Elmer Polarimeter, Model 

141. 

I s o l a t i o n a n d  p u r i f i c a t i o n  o f  crude bases - The powdered r o o t s  of the  drug Mitha t e t d  

(2.05 kg) were ex t rac ted a t  50-60'C w i t h  95% ethanol (3 x 8 1)  and 75% ethanol ( 2  x 9 1). The 

combined ex t rac t  was evaporated under vacuum t o  a f f o r d  a dark v iscous residue which was extracted 

w i t h  10% HCl (200 ml) .  A f t e r  removal o f  the  neut ra l  f r a c t i o n  by shaking w i t h  ether,  t h e  ac id i c  

l aye r  was bas i f ied  w i t h  amnonia and ex t rac ted w i t h  chloroform (20 x 150 ml ) .  The chloroform laye r  

was d r i ed  over Na2SOq and evaporated t o  g i ve  the  crude a l k a l o i d  mix ture  (51.8 g). Par t  of t h i s  

f r a c t i o n  (5.0 g) was dissolved i n  2% H2S04 (150 ml) ,  f i l t e r e d  and Meyer's reagent was added to  t h e  

ac id i c  so lu t i on  u n t i l  p r e c i p i t a t i o n  was complete. The Meyer's complex was co l lec ted,  washed w i t h  



water ,  d r i e d  under vacuum (5.86 g )  and d i s s o l v e d  i n  methanol (2 I ) .  The methanol s o l u t i o n  was 

passed th rough  a  column o f  i o n  exchange r e s i n  ( 4  cm x  21  cm, P m b e r l i t e  IRA-400, OH fo rm) .  The 

e l u t e d  methanol on e v a p o r a t i o n  under vacuum gave a  gum (3.01 g ) .  A  s o l u t i o n  of t h e  gum (2 .7  g)  i n  

c h l o r o f o r m  was passed th rough  a  v l c  column7 and e l u t e d  w i t h  c h l o r o f o r m  t o  g i v e  a  r e s i d u e  (2.56 g )  

(A) .  

I s o l a t i o n  o f  f a l c o n e r i n e  ( 6 ) ,  f a l c o n e r i n e  8 - a c e t a t e  (8) and pseudacon i t i ne  ( 4 )  - The 

r e s i d u e  A (0.54 g )  i n  CH2C12 was loaded on a  2  nun a lumina r o t o r  ( t l c  grade A1203 60, t y p e  E, neu- 

t r a l ,  E. Merck 1092-1) on a  " ~ h r o m a t o t r o n " ~  and e l u t e d  w i t h  hexane, hexane-ethy l  e ther ,  e t h e r  and 

ether-methanol  m i x t u r e s  accord ing  t o  t h e  s e p a r a t i o n  o f  t h e  bands v i s u a l i z e d  under 254 nm uv l i g h t .  

I n  a l l ,  s i x  f r a c t i o n s  were c o l l e c t e d ,  mon i to red  b y  t l c  separa t ion .  Two o f  t h e  f r a c t i o n s  ( e t h e r  and 

e t h e r :  0.3% methanol)  (0 .21  g, F r a c t i o n  2) and e t h e r :  0.3% methanol and e t h e r :  3% methanol (0.16 g, 

f r a c t i o n  5)  were f u r t h e r  p u r i f i e d  on t h e  "Chromatotron" on a  1 m alumina r o t o r .  

F a l c o n e r i n e  8 -ace ta te  (8) o b t a i n e d  f rom f r a c t i o n  2  gave c o l o r l e s s  c r y s t a l s  f r o m  hexane ( 8 0  mg) 

mp 162-163'C, [a@ t13.7 '  (c ,  1.05, CHC13); M+ m l r  673, E l  and C1; ir ( n u j o l )  vmax 3480, 

2950, 2920, 2855, 1730, 1685, 1600, 1588, 1550, 1518, 1463, 1415, 1372, 1365, 1350, 1304, 1271, 

1240, 1195, 1180, 1140, 1110, 1085, 1040, 1020, 983, 965, 770, 730 cm-l. (Found: C, 64.25; H, 

7.64; N, 2.05; C36H51NOli r e q u i r e s :  C, 64.17; H, 7.63; N, 2.08%). 

F a l c o n e r i n e  (6 )  was i s o l a t e d  f r o m  f r a c t i o n  5  as an amorphous s o l i d  (0.11 g ) ;  [ a l p  t40.3-  (c ,  

0.55 CHCI3); M+ mlz 631, EI, CI ;  ir ( n u j o l )  vma, 3470, 2960, 2927, 2860, 1715, 1705, 1700, 

1600, 1590, 1515, 1465, 1417, 1378, 1350, 1299, 1272, 1223, 1180, 1130, 1100, 1045, 1026, 985, 930, 

915, 880, 822, 765, 727 cm- l .  (Found: C, 64.56; H, 7.84; N, 2.17; C34H4gN010 r e q u i r e s :  64.64; H, 

7.82; N, 2.22%). 

A  band which e l u t e d  subsequent t o  t h e  s e p a r a t i o n  o f  f a l c o n e r i n e  a f f o r d e d  pseudacon i t i ne  ( 4 )  (19 

mg), rnp 204.5-206.5'C ( l i t . 1 5  mp 205-207'C), [0]2D2 126' (c ,  0.1 C H C I ~ ) ,  i d e n t i f i e d  ( t l c ,  it-, IH and 

nmr) by comparison w i t h  an a u t h e n t i c  sample. 

H y d r o l y s i s  o f  f a l c o n e r i n e  8 - a c e t a t e  and f a l c o n e r i n e  t o  ezochasmanine ( 7 )  - F a l c o n e r i n e  8-ace- 

t a t e  (58  mg) was s t i r r e d  a t  room tempera tu re  w i t h  5% m e t h a n o l i c  KOH (7.0 m l )  f o r  42 h. Usual  work 

up gave a  gum ( 4 0  mg) which was p u r i f i e d  on a  "Chromatotron" u s i n g  an a lumina r o t o r  and e l u t i o n  

w i t h  e t h e r .  T h i s  gave ezochasmanine (7 )  (16 mg) as c o l o r l e s s  c r y s t a l s  f rom benzene-hexane, mp 

116-118'C. [a]? +40.1° ( c ,  0.35, CHC13), i d e n t i f i e d  by colnparison of t h e  mnp, t l c ,  ir, IH nmr and 

nmr w i t h  t h a t  of an a u t h e n t i c  sample. 

F a l c o n e r i n e  (40  mg) i n  5% m e t h a n o l i c  KOH (7.0 m i )  was s t i r r e d  a t  room temperature f o r  17 h. Usual 

work up and p u r i f i c a t i o n  on a  "Chromatotron" a f f o r d e d  ezochasmanine i d e n t i f i e d  b y  comparison w i t h  

an a u t h e n t i c  sample (mp, mmp, t l c ,  i r ,  IH and nmr) as above. 

H y d r o l y s i s  o f  f a l c o n e r i n e  & a c e t a t e  t o  f a l c o n e r i n e  - F a l c o n e r i n e  8 -ace ta te  (40  mg) was heated 

under r e f l u x  w i t h  water  (7  m l )  under n i t r o g e n .  The s o l u t i o n  was b a s i f i e d  w i t h  ammonium h y d r o x i d e  
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TABLE 1. Chemical s h i f t s  and assignments f o r  fa lconer ine  (6 ) ,  fa lconer ine  8-acetate (8). 
ezochasmanine (7 )1° ,  p s e u d a c o n i t i n e  ( 4 ) 1 6 ,  v e r a t r o y l p s e u d a c o n i n e  ( 5 ) 1 6 ,  and b i k h a c o n i -  

t i n e  (10) .  

1 82.9 d (a )  

2 33.5 t 

3 72.0 d 

4 43.2 s 

5 47.7 d (b )  

6 81.9 d 

7 53.6 d 

8 74.1 s 

9 47.5 d (b )  

10  46.6 d 

11 50.5 s 

12 28.7 t 

13 37.4 d 

14  76.5 d 

15 41.7 t 

16 82.7 d (a )  

17 61.5 d 

1 8  77.5 t 

19 48.8 t 

N-CH2 45.1 t 
I 
CH3 13.5 q 
1 ' 56.1 q 

6 '  57.7 q 

16 '  56.0 q 

1 8 '  59.2 q 

c=o 
I 
C"3 

166.0 s 

122.9 s 

110.5 d ( c )  

OMe 153.0 s 

5 112.2 d ( c )  

123.6 d 

83.5 d 

33.4 t 

71.6 d 

43.1 s 

48.6 d 

82.4 d ( a )  

44.8 d 

85.8 s 

46.9 d 

43.5 d 

50.4 s 

28.2 t 

39.3 d 

75.3 d 

38.2 t 

82.8 d (a )  

61.3 d 

77.0 t 

48.6 t 

47.6 t 

13.3 q 

55.6 q 

57.9 q 

56.6 q 

59.1 q 

169.7 s 

21.7 q 

165.9 s 

122.9 s 

110.4 d ( b )  

148.7 s 

152.9 s 

112.0 d (b )  

123.6 d 

55.9 q 

83.2 

33.9 

72.2 

43.5 

48.5 

82.2 (a )  

52.4 

72.5 

48.8 

45.3* 

50.2 

28.1 

38.1* 

75.5 

39.1 

82.0 (a)  

62.2 

77.4 

47.4 

49.1 

13.7 

56.4 

57.3 

56.0 

59.2 

83.6 

35.1 

70.9 

43.1 

48.7 

82.1 

48.7 

85.3 

47.2 

40.7 

50.1 

33.7 

74.7 

78.4 

39.6 

83.0 

61.4 

76.2 

48.7 

47.2 

13.3 

55.7 
57.6 

58.7 

58.9 

169.4 

21.5 

165.6 

122.5 

110.2 (a )  

148.4 

152.8 

111.8 (a )  

123.5 
55.7 

83.4 

35.8 

71.3 

43.3 

47.5 

82.5 

47.5 

73.6 

53.8 

41.9 

50.2 

33.7 

75.8 

79.8 

42.4 

82.5 

61.6 

76.7 

48.9 

47.5 

13.5 

55.8 
57.5 

58.3 

59.1 

166.2 

122.5 

110.5 ( a )  

148.6 

153.1 

112.3 ( a )  

123.5 

55.8 

84.0 

26.4 

35.0 

39.2 

49.6 ( a )  

85.1 ( b )  

49.3 ( a )  

85.6 ( b )  

45.2 

41.1 

50.3 

35.7 

75.0 

80.5 

39.5 

83.2 

62.0 

78.7 

53.7 

49.1 

13.4 

56.1 
57.8 

58.8 

59.1 

169.8 

21.7 

166.1 

123.0 

110.6 ( c )  

148.8 

153.1 

112.2 ( c )  

123.0 

55.9 
2-0Me { 55.8 q 

55.8 q 56.0 q 55.7 55.8 56.1 

I n  ppn downfield f rom TMS. Spectra were taken i n  CDC13. 

a ( b , ( c  These assignments may be interchanged i n  any v e r t i c a l  column. 
* The publ ished assignments f o r  C(10) and C(13) have been reversed. 

Values given f o r  primed carbons r e f e r  t o  chemical s h i f t s  f o r  methoxyls. 



t o  pH 9 and e x t r a c t e d  w i t h  CHC13 ( 5  x 30 ml ) ,  washed w i t h  water  and t h e  o r g a n i c  l a y e r  d r i e d  over  

anhydrous Na2S04 and evaporated under vacuum t o  g i v e  a gum (36.5 mg). Chromatographic s e p a r a t i o n  

on a s h o r t  column o f  a lumina gave f a l c o n e r i n e  ( t l c ,  ir, nmr). 
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