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Abst rac t  - E igh t  known and three apparently h i t h e r t o  undescribed d i t e rpeno id  a l ka lo ids  

were i s o l a t e d  from 0. nudicaule: he t i s i ne ,  2-dehydrohetisine, 6-deoxydelcorine, d ictyo- 

carpine, dihydrogadesine, methyl lycaconi t ine,  lycoctonine, and takaosamine; and nudicaul-  

amine, nudicauline, and nud icau l id ine ,  the s t ruc tures  of which were deduced. 

We r e p o r t  the r e s u l t s  o f  a study o f  the a l ka lo ids  of Delphinium nudicaule Tor r .  and Gray an a t t rac-  

t i v e  red-f lowered p l a n t  nat ive  t o  N. C a l i f o r n i a  and Oregon, h o r t i c u l t u r a l  s t r a i n s  o f  which are 

ava i l ab le  from several seed-houses i n  N. America and Europe. 

Our i n i t i a l  work was c a r r i e d  out  w i t h  whole-plants co l l ec ted  i n  the w i ld .  By conventional proce- 

dures, descr ibed previously1,  the a l ka lo ids  were iso la ted,  saponif ied, and the r e s u l t a n t  bases f rac -  

t i ona ted  by column chromatography over neu t ra l  alumina. Four compounds were thus obtained, and 

charac ter ised spect roscop ica l ly  IIR, MS, 'H- and 13C-nmrl. Two o f  these a l k a l o i d s  were thus recog- 

nised2 t o  be lycocton ine 11) and h e t i s i n e  1;). which are well-known and commonly encountered d i t e r -  

penoids o f  Aconitun and Delphinium. The t h i r d  base was i d e n t i f i e d  as 6-deoxydelcorine 131, a corn 

pound which had been described once before3 as an i s o l a t e  from 0. corumbosum, on the basis o f  the 

f o l l ow ing  evidence: mlz 463 (2) and 432 1941, cons is tent  w i t h  the requ i red C26H,1N0, ~f i o n  o f  3, 

and l o s s  o f  the C-1 subst i tuent  methoxy14; i.r. no OH o r  C=O absorptions; 'H-nmr ICDC1,l 6 3.42, 

3.33, 3.29 and 3.26 leach 3H, s, 4 x OCH,), 5.01 and 4.91 (each lH, s, -OCH20-), 1.06 13H, t, J = 

7Hz. CH3 o f  N-ethyl1 and 3.64 I lH,  t, J = SHz, H-141, a l l  i n  reasonable agreement w i t h  the reported 

valuesh5; and the 13C-nmr o f  the perch lora te  s a l t  (see Table 11 was a lso  i n  accord5 w i t h  the  pro- 

posed s t r u c t u r e  2. Our mater ia l ,  which was amorphous q 93-95°C). had [aID-34' l c  0.14, 

CHC13) and formed a c r y s t a l l i n e  pe rch lo r i c  a c i d  s a l t ,  mp 217-219°C. 

The f o u r t h  compound, [=ID-27'C l c  0.36, CHC131, a l so  refused t o  c r y s t a l l i s e ,  a l though i t  gave a per- 

c h l o r i c  ac id  sa l t .  ~ l p  212-214'C. The s t ruc tu re  4 was deduced f o r  t h i s  a l k a l o i d  on the basis o f  the 

f o l l o w i n g  data: mlz 449 14) and 418 11001 cons i s ten t  w i t h  expectat ion f o r  a C2,H3,N06 lycoctonine- 

skeleton, w i t h  a rnethoxy group a t  C-I; v ( f i l m )  3460 l b r ) ,  1455, and 1100 cml; 'H-nmr ICDCI,) max 

6 3.36, 3.30 and 3.26 leach 3H, s, 3 x -OCH31, 5.05 and 4.96 leach IH, s, -OCH20-1, 1.07 13H, t, J = 

7Hz, CH3 o f  N-ethyl) ,  and 4.04 I lH,  t, J = 5Hz, f o r  H-14). The 13C-nmr data (see Table I )  provided 



OCH, 
R 

6 R = CH, .-.. 

5 ( m i x e d  i s o m e r s )  - 
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TABLE I .  13C-Chemical s h i f t s a  for 6 4 e o x y d e l c o r i n e  p e r c h l o r i c  a c i d  s a l t  (3.HC10,). nudicaulamine 

(4 )  and i t s  perch lo ra te ,  nud i cau l i ne  (11, nud i cau l i d i ne  (Cia-), and takaosamine (12). 
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C-18 Es te r  of 1: C-1' 164.0 s 4' 130.0 d 7 '  129.4 d 10 '  37.0 t 

2 '  126.9 s 5 '  131.0 d 8 '  175.8 s 11' 179.8 s 

3 '  133.0 s 6 '  133.7 d 9 '  35.2 d 12 '  16.4 q 

a Measured a t  50.3 MHz, o f  so l u t i ons  i n  CDCI,, except f o r  HClO, s a l t s  which were dissolved i n  

CD30D, and expressed i n  ppm u n i t s  r e l a t i v e  t o  TMS = 0. Signal  r m l t i p l i c i t i e s  i n  off-resonance 

spec t ra  are as i nd i ca ted :  s = s i n g l e t ;  d = doublet ;  t = t r i p l e t ;  q = quar te t .  Ambigui t ies a re  

marked * i n  any column. 

b Signal  obscured by so lven t .  



p w e r f u l  support f o r  the  s t ruc tu re  4: note i n  p a r t i c u l a r  t h a t  t h i s  es tab l ished the l o c a t i o n  of a 

methoxyl func t ion  a t  C-18 and t h a t  the  concordance of s h i f t s  f o r  C-1,  -14 and -16 w i t h  those i n  

model-compounds w i t h  c l ose l y  r e l a t e d  s t ruc tures5 es tab l ishes the o r i e n t a t i o n  as we l l  as the loca- 

t i o n  o f  the  oxygen funct ions .  Th is  a l k a l o i d  does no t  appear t o  have been described before, and we 

have n a w d  i t  nudicaulamine. 

A c i d i f i c a t i o n  o f  the  aqueous a l k a l i n e  phase remaining a f t e r  removal o f  the a l l k a l o i d s  from the 

sapon i f i ca t i on  l i b e r a t e d  methyl lycoctonic ac id  (5)  from which we i n f e r e d  the presence i n  t h e  p l a n t  

Of es ter -a lka lo ids  such as methy l lycacon i t ine  (5) .  We there fore  examined the unsaponi f ied alka- 

l o i d s  obtained from a h o r t i c u l t u r a l  s t r a i n  o f  O. nudicaule grown i n  Calgary, as we l l  as the  seeds 

themselves. Q u a l i t a t i v e l y ,  there  was l i t t l e  d i f f e rence  i n  the TLC pat terns  ( S i l i c a  gel 60, MeOH- 

CHC13 1:4 v l v )  o f  the a l ka lo ids  from the seeds o r  p lants ,  and f r a c t i o n a t i o n  o f  these bases as be- 

fore, by chromatography on alumina, y i e l ded  seven compounds. 

The f i r s t  of these proved2 t o  be the an t i c i pa ted  methy l lycacon i t ine  (5 ) .  Bu t  a second, c l ose l y  

r e l a t e d  a l ka lo id ,  t o  which we ascr ibe the s t ruc tu re  7 appears t o  be new. The evidence which l e d  us 

t o  the s t ruc tu re  o f  t h i s  a l ka lo id ,  which we have named nudicaul ine,  may be sumar ised as fo l lows: 

mlz 710 (2 )  and 679 (36) cons i s ten t  w i t h  a C3,H5,N,011 lycoctonine-type a l k a l o i d  w i t h  C - 1  methoxy- 

function; vmax (KBr) 3480 l b r ) .  1718 ( b r ) ,  1493, 1457. 1390, 1254 and 1088 cm'; 'H-nmr (CD,OD) 6 

3.35, 3.30 and 3.28 (each 3H, s, 3 x -OCH3), 2.00 (3H, s, CH,COO-1, 1.07 (3H, t, J = 7 Hz, CH, of 

N-ethyl) ,  1.39 l3H, d, J = 7Hz, CH, o f  methylsuccinimido-uni t) ,  3.92 ( lH, b r  s, H-61, 4.73 (lH, t, 

J = 5 Hz, H-14), 4.15 (cent re  of 2H A8 pa i r ,  H-181, 7.34 ( lH,  dd, J = 7.5 and 2 Hz, H-4') .  7.60 ( lH, 

d t ,  J = 7.5 and 2 Hz, H-5'1, 7.74 I lH,  dt, J = 2 and 7.5 Hz, H-6') and 8.10 (lH, dd, J = 7.5 and 2 

Hz, H-7') .  Note t h a t  the a l t e r n a t i v e  arrangement o f  the  acy l  u n i t s  a t  H-14 and H-18 can be ex- 

c luded because the H-14 appears a t  %. 6 5.0-5.5 i n  14-ary l  es ters5.  The '%-nmr spectrum of nudi-  

cau l ine  (see Table 1) d i f f e red  s i g n i f i c a n t l y  from t h a t  o f  6 5 ' 6  only i n  the expected way: the  pres- 

ence o f  s igna ls  fo r  an aceta te  f unc t i on  ins tead of a methoxy a t  C-14, and the s h i f t  of C-14 reson- 

ance. Thus we deduced nud icau l ine  t o  have the s t ruc tu re  and stereochemistry depicted i n  7. The 

a l k a l o i d  had CalD+47" (c 0.42, CHCI,). It was amorphous, b u t  formed a pale creamcoloured c r y s t a l -  

l i n e  hydroiodide sa l t ,  KQ 228-230'C. 

Another apparently unknown a l k a l o i d  was a lso  obtained i n  amorphous form. Th is  compound, ColD+42' 

(C 0.15, CHC13), which we have named nudicaul id ine,  was deduced t o  have the s t ruc tu re  ,& on the 

bas is  of the  f o l l ow ing  evidence: mlz 437 l 3 ) ,  422 (18) and 406 (1001 cons is tent  w i t h  a C,,H3,N06 

lycoctonine-type a l k a l o i d  w i t h  C-1 methoxy funct ion ;  vmax ( f i l m )  3470 l b r ) ,  1460, and 1093 cm';  

'H-nmr ICDCI,) 6 3.41, 3.36 and 3.24 (each 3H, s, 3 x OCH,), 1.04 (3H, t, J = 7Hz, CH, of N-ethyl) ,  

0.98 (3H, s, CH3-C-), 3.84 ( lH, b r  s, H-6) and 3.96 I lH ,  t, J = 5Hz. H-14). Upon a c e t y l a t i o n  (Py- 

Ac,O) nud icau l id ine  gave a monoacetate i n  which the H-14 s igna l  appeared a t  6 4.75 (lH, t, J = 
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5Hz). The 13C-nmr spectrum o f  nud icau l id ine  (see Table 11 was i n  complete agreement w i t h  t h e  

s t ruc tu re  i nc lud ing  stereochemistry shwn  i n  @. 

Besides these compounds we a l so  i s o l a t e d  2-dehydrohetisine (9-)2 ( b u t  no t  h e t i s i n e )  from both seeds 

and plants.  As we l l  we obtained a mix ture  o f  two a l ka lo ids  which co-chromatographed i n  a number o f  

so lvent  systems b u t  which we were able t o  separate a f t e r  a c e t y l a t i o n  (Py-Ac20/25'C) by PTLC ( S i l i c a  

gel  60, CHC1,-MeOH 7:l v l v )  t o  y i e l d  as major component the 1,14-diacetate (a) of dihydrogadesine 

( g l ,  and as minor the 14-acetate (G) o f  dictyocarpine (c). The evidence f o r  these i d e n t i f i -  

ca t i ons  can be sunmarised as fo l lows.  

For z: 'H-nmr (CDCI,) 6 0.99 (3H, s, quaternary-CH3), 1.08 (3H, t, J = 7 Hz, CH, o f  N-e thy l ) ,  

2.04 and 2.06 (each 3H, s, 2 x CH,COO-), 3.32 and 3.41 (each 3H, s, 2 x CH30-1, 3.90 ( lH, b r  s, 

H-6), 4.70 (lH, t, J = 5Hz, H-14), and 4.73 (lH, dd, J = 10.5 and 7 Hz, H-1). 

For  Q: 'H-nmr (CDCI,) 6 0.88 (3H, s, quaternary-CH3), 1.06 (3H, t, J = 7Hz, CH, o f  N-e thy l ) ,  

2.06 (6H, s, 2 x CH3COO-), 3.26 and 3.30 (each 3H, s, 2 x CH30-), 4.87 and 4.95 (each lH, s, 

-OCH20-), 5.23 ( lH,  t, J = 5Hz, H-141, and 5.42 (lH, b r  s, H-6). This data i s  i n  good agreement 

w i t h  t h a t  f o r  l&. With t h e i r  acetates i d e n t i f i e d  i t  was poss ib le  t o  analyse t h e  'H- 

and '%-nmr spectra o f  the mix ture  of parent a l ka lo ids ,  and t o  see the s igna ls  requ i red f o r  E5'7 

and l&5'6'8. 

F i n a l l y ,  from the seed a l k a l o i d s  alone we i s o l a t e d  another a l k a l o i d  as an amorphous s o l i d  and iden- 

t i f i e d  t h i s  as 12 on the bas is  o f  the  f o l l w i n g  measurements: mlz 439 (17) and 424 (95) cons is tent  

w i t h  a C23HJ7N07 lycocton ine- type a l k a l o i d  w i t h  C-1 methoxy funct ion;  vmax ( K B r )  3430 (br ) ,  1455 

and 1080 cnr'; 'H-nmr (CDCl,) 6 1.10 (3H, t, J = 7 Hz, CH, o f  N-ethyl) ,  3.37 and 3.40 (each 3H, s, 

2 x CH30), 4.00 ( lH, b r  s, H-6) and 4.12 (lH, t, J = 5Hz, H-14). Th is  'H-nmr data i s  i n  exce l len t  

agreement w i t h  t h a t  repor ted5 '9  f o r  takaosamine, an a l k a l o i d  i s o l a t e d  from japonicum and 

assigned s t ruc tu re  12, although t h a t  a l k a l o i d  was t o  have mp 174-175-C. The 13C-nmr 

spectrum o f  our base (see Table I )  a lso  supports the  suggested s t ruc ture ;  and the [do t61.6" 

(C 0.19, CHC13) a l so  agrees w i t h  the l i t e r a t u r e  ~ a l u e ~ ' ~  o f  ColD+61.2" (CHC13) f o r  takaosamine. 

Thus we i s o l a t e d  and charac ter ised a t o t a l  o f  eleven d i t e rpeno id  a l ka lo ids  from 0. nudicaule, three 

o f  which appear t o  be new compounds. 
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