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Abstract - Three new Clg-diterpenoid alkaloids, deZstaph'.si.re 3 delataphisagrine 

141 and delstaphisagnine 151 have been isotated .from the seeds of Delphinium 

stophisagria by o combination of grodient pY eztractions and ohromatographic teohniques, 

incldiling v a o u m  liquid chromatography ivlol and centrifugally accelerated, radial, 

thin-layer chromatography i"Chromatotron"1. The structures have been detemined sith 

the aid of proton and carbon-13 nm? spectroscopy. oelstnphisine (31 is the first 

reported aoonitine-type, Clg-diterpenoid alkaloid bearing a CilGI-hydmz#l group. 

The seeds o f  Delphinim staphisagria L., an e x t r a c t i o n  w i t h  l i g r o i n  y i e l d  an a l k a l o i d a l  f r a c -  

t i o n  o f  wh i ch  d e l p h i n i n e l  i s  t h e  ma jo r  component. The mo the r  l i q u o r s  accumula ted d u r i n g  t h e  i i o -  

l a t i o n  of a l a r g e  q u a n t i t y  of d e l p h i n i n e  f u r n i s h e d  an amorphous f r a c t i o n  f r o m  which  d e l p h i s i n e  

(112, d e l p h i d i n e  (213, d e l p h i r i n e  ( I - e p i n e o l i n e ) q ,  and s e v e r a l  nove l  h i s - d i t e r p e n o i d  a lka-  

l o i d s  have been i s ~ l a t e d . ~ . ~  I n  t h i s  paper  we r e p o r t  s e p a r a t i o n  of t h e  amorphous f r a c t i o n  by a 

c o m b i n a t i o n  o f  g r a d i e n t  pH sepa ra t i on ,  vacuum l i q u i d  chro lna tography ( v l c ) ,  p r e p a r a t i v e  t l c  ( o f  t h e  

f r a c t i o n  o b t a i n e d  a t  pH 6 .0)  and c e n t r i f u g a l l y  a c c e l e r a t e d ,  r a d i a l ,  t h i n - l a y e r  chromatography 

( "Ch roma to t ron " )  t o  g i v e  t h r e e  new C l g - d i t e r p e n o i d  a l k a l o i d s ,  detstophisine ( 3 ) ,  dsl- 

stophisagrine ( 4 ) ,  and delstaphisognine ( 5 ) .  

OCH, 

Delphirine, R'  = R2 = Ac 

Delphidine, 2 R' = Ac; R2 = O H  

Delrtaphisgnine, 2 R I  = OH; R2 = Ac 

Neoline, Z RI = R2 = H 

D e l s t a p h i s i n e  (3 )  was o b t a i n e d  as c o l o r l e s s  p l a t e s ,  mp 182-184"C, [aIzD5 -11.0' (r, 1.35, 



EtOH), and i t s  m o l e c u l a r  f o r m u l a  C27HqlN$ was  deduced f rom t h e  mass s p e c t r a l  (Mt ,  507.41, p r o t o n  

and carbon-13 nmr data .  The p r o t o n  nmr spect rum e x h i b i t e d  t h e  f o l l o w i n g  s i g n a l s :  6 1.16 (3H, t, J  

= 7  Hz, N-CHz-C3) ,  2.00 and 2.06 (each  3H, 2, OCOCtl3), 3.30 and 3.33 (each 3H, i, O C b ) ,  4.05 ( lH ,  

dd, J1 = 1 Hz, J2  = 7  Hz, C(6)-B-!) and 4.85 ( lH ,  E, J l  = J2  = 4.5 Hz, C ( 1 4 ) - P - i ) .  - 

The n o i s e  decoup led 13c nmr spect rum o f  3  e x h i b i t e d  26 s i g n a l s  f o r  t h e  27 ca rbon  atoms o f  t h e  

m o l e c u l e  ( T a b l e  I ) .  The f r a g m e n t a t i o n  p a t t e r n  i n  t h e  mass spect rum i s  s i m i l a r  t o  t h a t  o f  d e l p h i -  

s i n e  ( I )  and d e l p h i d i n e  (2 ) .  The m o l e c u l a r  i o n  507.4 m l z  i s  14  mass u n i t s  l e s s  t h a n  t h e  

m o l e c u l a r  i o n  i n  t h e  mass spect rum o f  d e l p h i s i n e  (1 )  (521.3 m l z ) .  Mos t  o f  t h e  h i g h  m o l e c u l a r  

f ragments  o f  d e l s t a p h i s i n e  ( 3 )  a r e  1 4  mass u n i t s  l e s s  t h a n  t h e  c o r r e s p o n d i n g  f ragment  i n  d e l -  

p h i s i n e  (1 ;  i n  p a r e n t h e s i s ) :  507(521),  490(504),  4481462). 430(444) ,  420(434) ,  416(430) ,  404- 

( 418 ) ,  388(402) ,  376(390) ,  342(356)  m l z .  The s p e c t r a  o f  d e l p h i s i n e  (1 )  and d e l s t a p h i s i n e  

( 3 )  c o n t a i n  t h e  f o l l o w i n g  i d e n t i c a l  f ragments :  298, 237, 236, 224, 208, 178, 164, 147, 122, 

108, 91, 71, 58, 44 and 43  (100%) m l r .  

S t r u c t u r e  3  was deduced f o r  d e l s t a p h i s i n e  f r o m  t h e  s p e c t r a l  d a t a  and f r o m  i t s  c o ~ n p a r i s o n  w i t h  

t h e  n e o l i n e  group o f  a c o n i t i n e - t y p e  C l g - d i t e r p e n o i d  a l k a l o i d s .  Of t h e  t w o  a c e t a t e  groups observed 

i n  t h e  p r o t o n  nmr  spect rum a t  6 2.00 and 2.06, one i s  a t t r i b u t e d  t o  a C(14)  . -aceta te  group.  T h i s  

ass ignment  i s  suppo r t ed  by  p resence  o f  a s i g n a l  a t  6 4.85 (s, J 1  = J2 = 4 .5  Hz) t h a t  i s  c h a r a c t e r -  

i s t i c  o f  t h e  C (14 ) -ace ta te .  The C ( l 4 ) - ) 3  ! appears  a t  6 4.80 i n  d e l p h i s i n e  ( I ) ,  4.73 i n  l - ace -  

t y l d e l p h i s i n e ,  4.86 i n  1 - e p i - d e l p h i s i n e ,  and 4 . 8 0  i n  I-acetyl-I-epi-delphi~ine.~ I n  

t h e  13c spectrum, C(14) appeared as a d o u b l e t  a t  i t s  r e g u l a r  p o s i t i o n  o f  76.0 ppm. The SFURD spec- 

t r u m  showed t h e  presence of f i v e  s i n g l e t s  a t  170.5, 16'3.6, 85.7, 49.8 and 38.1 ppn. The d o w n f i e l d  

s i g n a l s  a t  170.5 and 169.6 are ass igned  t o  t h e  two a c e t a t e  c a r b o n y l  carbons,  whereas t h e  u p f i e l d  

S i g n a l s  a t  49.8 and 38.1 ppm are due t o  t h e  "on-oxygenated q u a t e r n a r y  ca rbons  C(11) and C(4) ,  re- 

s p e c t i v e l y .  The r e m a i n i n g  s i g n a l  a t  85.7 ppm i s  ass i gned  t o  t h e  o n l y  oxygenated q u a t e r n a r y  ca rbon  

a t  C(8) .  

S u b s t i t u t i o n  o f  an a c e t o x y l  f o r  a  h y d r o x y l  g roup a t  C(8) i n  d e l p h i d i n e  (2) and d e l p h i s i n e  

( I )  p roduces a d o w n f i e l d  s h i f t  ( o - e f f e c t )  o f  11.1 and 11.5 ppm r e s p e c t i v e l y ,  r e l a t i v e  t o  C(8)  

i n  n e o l i n e  1 7 ) . ~  The a c e t a t e  s i g n a l  a t  169.6 observed f o r  d e l s t a p h i s i n e  (3 )  i s  t h e r e f o r e  

ass i gned  t o  C(8) ,  as i n d i c a t e d  b y  t h e  p resence  o f  a  s i n g l e t  a t  85.7 ppm i n  t h e  I 3 c  nmr spect rum 

w i t h  a d o w n f i e l d  d i f f e r e n c e  ( ,-ef fect)  o f  11.4 ppm, r e l a t i v e  t o  a s h i f t  o f  74.3 ppm f o r  C(8)  i n  

n e o l i n e  - i n  good agreement w i t h  t h e  expec ted  . - e f f ec t .  

D e l s t a p h i s i n e  (3)  possesses two me thoxy l  f u n c t i o n s ,  t h e  p r o t o n s  of wh i ch  showed s i g n a l s  i n  t h e  

IH nmr spect rum a t  6 3 .14 and 3.20 (each  3H, 2 ) .  w h i l e  t h e  carbons were d e t e c t e d  as two q u a r t e t s  a t  

59.2 and 58.1 ppn i n  t h e  nmr spect rum.  The s i g n a l  a t  59.2 ppm i s  ass igned t o  t h e  C(18) -ne-  

t h o x y l  carbon,  s i n c e  t h i s  assigninent i s  t h e  usua l  one f o r  t h e  C(18) -methoxy l  ca rbon  i n  a l l  C lg -  

d i t e r p e n o i d  a l k a l o i d s  c a r r y i n g  a C ( l 8 ) -me thoxy l  group; t h i s  assignment i s  suppo r t ed  b y  t h e  e x i s -  

t e n c e  of a  t r i p l e t  a t  79.7 ppm r e p r e s e n t i n g  t h e  o n l y  oxygenated me thy lene  ca rbon  a t  C (18 ) .  I f  t h e  

Oxygen f u n c t i o n  a t  C(18)  had been an OH group, t h i s  t r i p l e t  s h o u l d  have been s h i f t e d  u p f i e l d  about  

1 0  ppn, as i n  t h e  case o f  a l k a l o i d  4 ( s e e  be low) .  

The ass ignment  o f  t h e  OCH3 s i g n a l  a t  58.1 ( q )  ppm t o  t h e  me thoxy l  ca rbon  a t  C (6 ) ,  and t h e  d o u b l e t  

a t  83.8 ppm t o  C(6)  b e a r i n g  t h e  me thaxy l  f u n c t i o n  r e l i e s  on  t h e  f o l l o w i n g  a n a l y s i s :  The 1% chemi- 
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c a l  s h i f t  o f  C(6) -methoxy l  occurs between 57.2 ppm and 58.2 ppm i n  a l l  a c o n i t i n e - t y p e  C l g - d i t e r -  

peno id  a l k a l o i d s  h a v i n g  C(6)-0CH3 and t h e  s i g n a l  due t o  t h e  C(16) -methaxy l  ca rbon  o c c u r s  a t  - 56 

ppm i n  a l l  C l g - d i t e r p e n o i d  a l k a l o i d s ,  excep t  t h o s e  c a r r y i n g  an oxygen s u b s t i t u e n t  a t  C(13) o r  

~ ( 1 5 ) . 8  On t h e  b a s i s  o f  above l i t e r a t u r e  p receden t  t h e  rnethoxyl  s i g n a l  a t  58.1 ( q )  ppn, was as- 

s i g n e d  t o  C(6)-OCH3, w h i l e  t h e  o n l y  s i g n a l  p r e s e n t  a t  56.8 ppn was a t r i p l e t  a t t r i b u t e d  t o  t h e  

C(1g) -methy lene carbon,  i n d i c a t i n g  t h e  absence o f  a C(16) -methoxy l  group. 

I n  t h e  p r o t o n  nmr spectrum, t h e  presence o f  a P - p r o t o n  a t  C(6)  i s  i n d i c a t e d  b y  t h e  e x i s t e n c e  o f  a 

d o u b l e t  o f  d o u b l e t s ,  ( l H ,  J1= 1 H z ,  J2 = 7  Hz) a t  4 4.05. An expe r imen t  o f  1 3 ~ - 1 ~ - s e l e c t i v e  decou- 

p l i n g  i n  wh i ch  t h e  s i g n a l  a t  4 4.05 i n  t h e  p r o t o n  nmr spect rum o f  d e l s t a p h i s i n e  ( 3 )  was decou- 

p led ,  r e s u l t e d  i n  d e c o u p l i n g  o f  t h e  C (6 )  s i g n a l  i n  t h e  13C spect rum and gave r i s e  t o  a s h a r p  s i n g -  

l e t  a t  83.8 ppm. The p r o t o n  s i g n a l  a t  6 4.05 must  be  H(6)  b a r e d  on t h e  observed chem ica l  s h i f t  and 

c o u p l i n g  c o n s t a n t s ;  t h e r e f o r e  t h e  ca rbon  s i g n a l  a t  83.8 ppm i s  due t o  C (6 ) .  Comparison o f  t h e  C(61 

chem ica l  s h i f t s  observed f a r  d e l p h i s i n e  ( I ) ,  and n e o l i n e  ( 7 )  [ w i t h  a C(6)  a - m e t h o x y l l  w i t h  

t h o s e  observed f o r  f o r e s t i c i n e  ( 6 j g  and senbus ine A  (8)1°  [ w i t h  a C(6)  OH] show t h e  ex- 

p e c t e d v - e f f e c t  a f  - 1 1  ppm d o w n f i e l d  s h i f t  w i t h  t h e  s u b s t i t u t i o n  o f  a OCH3 f o r  a  OH. The chemica l  

s h i f t  o f  83.8 ppm f o r  d e l s t a p h i s i n e  shows t h e  11 ppn d o w n f i e l d  s h i f t  expected f o r  a 116)  s u b s t i -  

t u t e d  w i t h  me thaxy l  

The presence o f  a C(1)-0CH3 group i n  a l k a l o i d  3  i s  r u l e d  o u t  by  t h e  occurrence o f  C(2) and C(31 

s i g n a l s  as t r i p l e t s  a t  2'3.3 ppm and 29.9 p w  [SFORD, 1% nmr], r e s p e c t i v e l y ,  and t h e  s i g n a l  o f  C(1)  

b e a r i n g  an a-OH as a d o u b l e t  a t  71.9 ppm. T h i s  i n t e r p r e t a t i o n  i s  based on a compar ison w i t h  chas- 

manine (1- rnethoxyneo l ine) ,  where t h e  C ( 2 ) - s i g n a l  occurs a t  26.0 ppn and t h e  C ( 3 ) b s i g n a l  a t  35.2 

ppm. The d o w n f i e l d  s h i f t  o f  3.3 ppm f o r  C(2) and t h e  u p f i e l d  s h i f t  o f  5.3 ppm f o r  C (3 )  i n  a l k a l o i d  

3  r e l a t i v e  t o  chasmanine a r e  comparab le  w i t h  t h e  n e t  down f i e l d  P - e f f e c t  o f  3.5 ppm and t h e  n e t  

u p f i e l d y  - e f f e c t  of 5.4 ppm e x e r t e d  by  t h e  C(1)  a-OH an t h e  chemica l  s h i f t  o f  C(2)  and C(3).  r e -  

s p e c t i v e l y ,  i n  n e o l i n e  ( 7 )  r e l a t i v e  t o  ~ h a s r n a n i n e . ~  

Among t h e  a c o n i t i n e - t y p e  and l y c o c t o n i n e - t y p e  o f  a l k a l o i d s ,  t h e r e  a r e  o n l y  two examples o f  a l k a -  

l o i d s  h a v i n g  a  h y d r o x y l  g roup a t  C ( l )  i n  t h e  V - c o n f i g u r a t i o n ,  v i z :  d e l p h i r i n e  ( 1 - e p i n e o l i n e )  and 

t a l a t i z i d i n e . l l  The gene ra l  r ange  o f  t h e  chem ica l  s h i f t  f o r  C(1)  w i t h  an a-OH i s  72.0 -73.0 ppn 

e x c e p t  where a C(10)-OH o r  a  C(2) -C(3)  doub le  bond i s  p resen t . 8  The v a l u e  f o r  C(1)  i n  d e l p h i r i n e  



w i t h  a @-OH i s  69.0 ppn.8 Since t h e  va lue  f o r  C(1) i n  3 i s  71.9 ppm, t h e  C(1)-OH i s  assigned 

an m - c o n f i g u r a t i o n .  

i n  t h e  nmr spectrum of  3, t h e  r e g i o n  between 44 and 56 ppn shows t h e  presence o f  t h r e e  

s i g n a l s  a t :  48.4 ppm ( t r i p l e t ) ,  a t t r i b u t e d  t o  t h e  methylene carbon o f  N -e thy l ;  49.8 ppn 

( s i n g l e t ) ,  a t t r i b u t e d  t o  C ( l 1 )  (qua te rna ry  carbon) ;  48.0 ppn ( d o u b l e t ) ,  assigned t o  C(7). The 

chemica l  s h i f t  f o r  C(7) i s  comparable t o  t h a t  found i n  s i m i l a r  compounds as shown i n  Tab le  1 and as 

expected, d i f f e r s  i n  a  p r e d i c t a b l e  manner from compounds such as neo l i ne .  

I n  " A l k a l o i d  B" (g )12  from Delphinium bicornis w i t h  C(6) and C(8) bea r ing  a $-OH,  C(7) 

occurs a t  54.8 ppm. I n  " A l k a l o i d  A" (10)12, hav ing a 6-8-acetoxy l -8-P-methoxy l  grouping, t h e  

C(7)  s i g n a l  appears a t  48.0 ppm. The occurrence of t h e  chemical s h i f t  of C(5) a t  43.8 ppn i n  

3, compared w i t h  d e l p h i s i n e  (44.1 ppn) suggests s i m i l a r  methoxyl s u b s t i t u t i o n  a t  ad jacen t  C(6). 

. 

OCH, 

Alkaloid 8, 9 R1 = RZ = H 

Alkaloid A, Q R' =As;  R2 = CHI 

An a l t e r n a t i v e  s t r u c t u r e  11, w i t h  C(6) b e a r i n g  an ace ta te  group and C(8) a  second methoxyl 

f unc t i on ,  i s  r u l e d  o u t  by comparing t h e  1% nmr s p e c t r a l  da ta  of 3 w i t h  those va lues  r e p o r t e d  

f o r  " R l k a l o i d  A" (10).12 I n  " A l k a l o i d  A" [ l o ) ,  t h e  chemical s h i f t  o f  t h e  qua te rna ry  C(8). 

b e a r i n g  a methoxyl group, i s  r e p o r t e d  a t  79.9 ppm and t h e  C(8)-methoxyl a t  52.8 ppn; t h e  C(16)-  

methoxyl carbon resonates a t  i t s  usual p o s i t i o n  (56.4 ppm). Also, t h e  occurrence of  t h e  s i g n a l  a t  

6 5.74 i n  t h e  p r o t o n  nmr spectrum o f  f o r e s t i c i n e - 6 . 1 4 - d i a c e t a t e g  and t h e  s i g n a l  a t  6 5.66 i n  senbu- 

s i n e  A l ,6 ,14- t r iacetate1°  i s  assigned t o  t h e  C(6 ) -p  proton;  by comparison, i n  3 o n l y  t h e  

C(14)-$ p r o t o n  occurs a t  6 4.85, w h i l e  the  o t h e r  ace ta te  group i s  a t tached t o  qua te rna ry  C(8). 

I n  t h e  nmr spectrum of 3, t h e  s i g n a l  a t t r i b u t e d  t o  C(15) appeared as a  t r i p l e t  a t  41.3 ppn. 

I n  t h e  r e l a t e d  n e o l i n e  group o f  C l g - d i t e r p e n o i d  a l k a l o i d s ,  bea r ing  an acetoxy l  group a t  C(8), C(15) 

o c c u r s  a t :  38.5 ppm i n  d e l p h i s i n e  (1 ) ;  38.4 ppn i n  d e l p h i d i n e  ( 2 ) ;  38.2 ppn i n  l - e p i d e l -  

ph i s ine ;  37.7 ppm i n  de lph is ine -1 -ace ta te .  I n  a l k a l o i d  3, i n  which C(8) bears an a c e t a t e  func -  

t i o n ,  t h e  observed downf ie ld  s h i f t  ( -  3  ppn) f o r  t h e  resonance of t h e  C(15) methylene t r i p l e t  i s  

a t t r i b u t e d  t o  t h e  $ - e f f e c t  o f  t he  non-methylated OH a t  C(16). 

The p o s s i b i l i t y  t h a t  C(16) i s  non-oxygenated and t h a t  C(15) bears t h e  hyd roxy l  f u n c t i o n  i s  exc luded 

because, i n  such a case, t h e  qua te rna ry  C(8)  bea r ing  an ace ta te  group should resona te  a t  92 ppn. 
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Because of t h e  P - e f f e c t  caused by  a n e i g h b o w i n g  C(15) -hydroxy l  group, C(8)  b e a r i n g  an a c e t a t e  

o c c u r s  a t :  92 .1  ppn i n  i sode lph in i ne13 ;  92.0 ppn i n  a c o n i t i n e 8 ;  91.8 ppn  i n  mesacon i t i ne8 ;  92.5 

ppm i n  annydroacon i  t i n e 8 ;  92.0 ppm i n  d e o x y a c o n i t i n e 8 .  

The a l t e r n a t i v e  p o s s i b i l i t y  o f  t h e  l o c a t i o n  o f  t h e  h y d r o x y l  g roup on C(13), C(91, C(10) o r  C(7)  

i n s t e a d  o f  C(16) i s  r u l e d  o u t  because of t h e  non -ex i s t ence  o f  any q u a t e r n a r y  oxygenated s i n g l e t s  

O t h e r  t h a n  t h e  one a t  85.7 ppn ass i gned  t o  C(8)-OCOCH3. The occu r rence  o f  t h e  chem ica l  s h i f t  of 

C(2) and C(3)  a t  29.3 ppn and 29.8 ppn, r e s p e c t i v e l y ,  i n  3  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  t h e  

h y d r o x y l  g roup b e i n g  a t t a c h e d  t o  C(3). 

D e l s t a p h i s i n e  ( 3 )  i s  t h u s  t h e  f i r s t  r e p o r t e d  a c o n i t i n e - t y p e ,  C l g - d i t e r p e n o i d  a l k a l o i d  h a v i n g  a 

C (16 ) -hyd roxy l  g roup.  

O e l s t d p h i s a g r i n e  ( 4 )  was o b t a i n e d  i n  an amorphous fa rm,  [,Iz3 t 3 . 8 '  (5, 0.6, EtOH), and i t s  mo- 
D 

l e c u l a r  f o r m u l a  C27H41N08 was d e r i v e d  f rom t h e  mass s p e c t r a l  (Mi 507.3), p r o t o n  and nmr da ta .  

The p r o t o n  nrnr spect rum e x h i b i t e d  t h e  f o l l o w i n g  s i g n a l s :  6 1.13 (3H, 5, J = 7  Hz, N-CHZC%), 1.94 

and 2.0 ( each  3H, 1, OCOC%), 3.24 and 3.30 (each  3H, I, OC%), 4 .05 ( l H ,  g, J l =  1 Hz, J2 = 7  Hz, 

C (6 ) -P - i )  and 4 .80 I lH ,  g, JI = J2 = 4.5 Hz, C (14 ) -P - l ) .  

The n o i s e  decoup led 13c nmr spect rum o f  4 e x h i b i t e d  25 s i g n a l s  f o r  t h e  27 c a r b o n  atoms of t h e  

m o l e c u l e  ( T a b l e  1 ) .  The f r a g m e n t a t i o n  p a t t e r n  i n  t h e  mass spect rum o f  4  i s  s i m i l a r  t o  t h a t  o f  

d e l p h i s i n e  (1). The m o l e c u l a r  i on ,  507.3 m i z ,  i s  1 4  mass  u n i t s  l e s s  t h a n  t h e  m o l e c u l a r  i o n  i n  

t h e  mass spect rum of d e l p h i s i n e  ( I )  (521.3 m l z ) .  Each o f  t h e  h i g h  m o l e c u l a r  f r agmen ts  of d e l -  

r t a p h i s a g r i n e  i s  14  mass u n i t s  l e s s  t h a n  t h e  c o r r e s p o n d i n g  f ragment  i n  d e l p h i s i n e  (1) ( i n  pa- 

r e n t h e s i s ) :  507(521),  490(504) ,  474 (488 ) ,  448(462),  430(444),  416(430),  404(418) ,  388(402),  223 

(2371, 222(236) ,  210(224) m i r .  Tne s p e c t r a  o f  d e l p h i s i n e  and d e l s t a p h i s a g r i n e  ( 4 )  c o n t a i n  t h e  

f o l l o w i n g  i d e n t i c a l  f ragments :  298, 192, 164, 148, 147, 122, 108, 91, 71, 58, 44  and 43 (100%) 

m i l .  

The s t r u c t u r e  o f  4 was de te rm ined  f r o m  i t s  s p e c t r a l  d a t a  and f rom compar ison o f  t n e s e  d a t a  w i t h  

t h o s e  o f  t h e  n e o l i n e  g roup  o f  a c o n i t i n e - t y p e  Clg-diterpenoid a l k a l o i d s .  A s  i n  t h e  case  o f  a l k a l o i d  

3, two a c e t a t e  groups observed i n  t h e  p r o t a n  nmr spect rum a t  6 1.94 and 2.00 are a t t r i b u t e d  t o  

C ( i 4 )  and C ( 8 ) .  The secondary  1 4 - a c e t a t e  i s  c o n f i r m e d  by  t h e  presence o f  t h e  s i g n a l  a t  6 4.80 

c o r r e s p o n d i n g  t o  C(14)-P-H. The t e r t i a r y  8 - a c e t a t e  i s  i n d i c a t e d  by  t h e  occu r rence  o f  t h e  quaterna-  

r y  C ( 8 ) - s i n g l e t  a t  85.8 ppm and t h e  a c e t y l  s i g n a l s  a t  169.7 ppm ( s i n g l e t )  and 22.4 ppm ( q u a r t e t ) .  

The two me thoxy l  s i g n a l s  a t  6 3.24 and 3.30 i n  t h e  p r o t o n  nrnr spect rum c o r r e s p o n d  t o  C(6) and 

C(16) ,  as i n d i c a t e d  b y  t h e  two d o u b l e t s  a t  83.7 and 82.6 ppn f o r  C(6) and C(16) ,  and t w o  q u a r t e t s  

a t  511.2, 56.6 ppn f o r  C(6)-OCHj and C(16)-0CH3, r e s p e c t i v e l y .  The d o u b l e t  a t  83.7 ppm i s  analogous 

t o  t h a t  f ound  f o r  d e l s t a p h i s i n e  (3 )  a t  83.8 ppn. The C(16)-methoxyl  i s  i n d i c a t e d  by  t h e  s i g n a l  

a t  38.4 ppn f o r  C(15) r e l a t i v e  t o  41.3 Dpm as found f o r  d e l s t a p h i s i n e  ( 3 ) .  t h e  expec ted  p ef-  

f e c t  of - 3 ppm. 

The p resence  o f  C(1)-a-OH i s  shown by  t h e  occu r rence  o f  C(2)  and C(3) s i g n a l s  a t  29.5 and 29.8 ppn 

as  t r i p l e t s  i n  t h e  nrnr [SFOKD] spect rum.  The l o c a t i o n  o f  an  OH g roup  on C(18)  i s  deduced by 

t h e  change o f  t h e  chemica l  s h i f t  of t h e  o n l y  oxygenated C(18) me thy l ene  t r i p l e t  f rom - 80.0  t o  



70.2 ppm and absence o f  t h e  0CH3 q u a r t e t  a t  - 59.0 ppm i n  t h e  nmr spect rum.  

O e l s t a p h i s a g n i n e  (5 )  was o b t a i n e d  i n  an amorphous form, [,I25 120.0' (c, 0.85, EtOH), and i t s  
D 

m o l e c u l a r  f o rmu la  C26HqlN07 was deduced f rom t h e  mass s p e c t r a l  (Mt  479.5), p r o t o n  and carbon-13 nmr 

da ta .  The p r o t o n  nmr spect rum e x h i b i t e d  t h e  f o l l o w i n g  s i g n a l s :  6 1.10 (3H, t, J=7 Hz, N-CH2-Cb) ,  

2.00 (3H, 2, OCOCb), 3.25, 3.27 and 3.30 (each 3H, 2, O C b ) ,  4.06 ( l H ,  dd-, J1= 1 Hz, J2= 7  Hz, 

C(6)-p-H) and 4.80 ( IH,  g, J1=J2 = 4.5 Hz, C ( 1 4 ) - p H ) .  

The n o i s e  decoup led  nmr spect rum o f  5 showed 26 s i g n a l s  due t o  26 ca rbon  atoms i n  t h e  mole-  

c u l e  ( T a b l e  I ) .  The s t r u c t u r e  5  was d e r i v e d  f r o m  t h e  s p e c t r a l  d a t a  and f r o m  i t s  compar ison 

w i t h  t h e  n e o l i n e  g roup  o f  a c a n i t i n e - t y p e  C l g - d i t e r p e n o i d  a l k a l o i d s .  The a c e t a t e  g roup  obse rved  i n  

t h e  p r o t o n  nmr spect rum a t  6 2.00 i s  a t t r i b u t e d  t o  t h e  C ( 1 4 ) - a - a c e t a t e  group. T h i s  ass ignment  i s  

suppo r t ed  b y  t h e  p resence  o f  a s i g n a l  a t  6 4 .80  (c, J 1  = JZ = 4.5 Hz) t h a t  i s  c h a r a c t e r i s t i c  o f  

t h e  C (14 )bace ta te .  F o r  comparison, t h e  C (1 ) -B -p ro ton  i n  neol ine-I-acetate2, appears  a t  6 4.8  as an 

ABX t y p e  q u a r t e t  (JAX = 10 Hz and JBX = 6  Hz ) .  The SFORO spect rum o f  5  showed t h e  

presence of f o u r  s i n g l e t s  a t  170.4, 74.6, 49.7 and 38.0 ppn. The d o w n f i e l d  s i g n a l  a t  170.4 i s  

ass i gned  t o  t h e  a c e t a t e  ca rbony l  carbon, w h i l e  t h e  u p f i e l d  s i g n a l s  a t  49.7 and 38.0 ppm a r e  a t t r i -  

b u t e d  t o  t h e  non-oxygenated q u a t e r n a r y  carbons,  C(11)  and C(4) ,  r e s p e c t i v e l y .  The r e m a i n i n g  s i g n a l  

a t  74.6 p m  i s  ass i gned  t o  t h e  o n l y  oxygenated q u a t e r n a r y  carbon, C (8 ) .  C(8) b e a r i n g  a  h y d r o x y l  i n  

n e o l i n e  ( 7 )  appears  a t  74.3 ppm, whereas C ( 8 )  b e a r i n g  an a c e t o x y l  g roup occu rs  a t  8 5  p m  as i n  

t h e  c a s e  o f  d e l p h i s i n e  ( 1 ) .  d e l p h i d i n e  ( 2 ) ,  d e l s t a p h i s i n e  ( 3 )  and d e l s t a p h i s a g r i n e  

( 4 ) .  

In t h e  nmr spect rum o f  5 ,  t h e  r e g i o n  between 44 and 56 ppm shows t h e  presence o f  t h r e e  

S i g n a l s  a t :  48.2 ppm ( t r i p l e t ) .  a t t r i b u t e d  t o  t h e  me thy lene  ca rbon  o f  N - e t h y l ;  49.7 ppn 

( s i n g l e t ) ,  a t t r i b u t e d  t o  q u a t e r n a r y  C ( 1 l ) ;  52.6 ppn ( d o u b l e t )  ass i gned  t o  C (7 ) .  The c o r r e s p o n d i n g  

resonance f o r  C(7)  i n  n e o l i n e  ( 7 )  h a v i n g  a 6 o - m e t h o x y l - 8 - h y d r o x y l  m o i e t y  i s  l o c a t e d  a t  52.3 

ppn. The t h r e e  me thoxy l  s i g n a l s  a t  6 3.25, 3.27 and 3.30 i n  t h e  p r o t o n  nmr spect rum c o r r e s p o n d  t o  

t h o s e  s u b s t i t u t e d  a t  C(6) ,  C ( l 6 )  and C(18).  I n  t h e  13c nmr spect rum o f  5  t h e  me thoxy l  ca rbons  

a t  C(16) .  C ( 6 j  and C(18)  a r e  r e p r e s e n t e d  w i t h  t h r e e  q u a r t e t s  a t  56.1, 57.9 and 59.1 ppn, r espec -  

t i v e l y .  The presence of a C(1)-Q-OH i s  shown by  t h e  occu r rence  a f  s i g n a l s  f o r  C(2)  and C(3)  a t  

29.5 and 30.0 ppn, r e s p e c t i v e l y ,  as t r i p l e t s  i n  t h e  13c nmr spectrum. S t r u c t u r e  5  f o r  s t a p h i -  

sagn ine  was con f i rmed  b y  a l k a l i n e  h y d r o l y s i s  o f  s t a p h i s a g n i n e  t o  n e o l i n e  (7). 

T a b l e  1 g i v e s  t h e  carbon-13 chemica l  s h i f t s  and ass ignments  f o r  d e l s t a p h i s i n e  (31,  d e l s t a p h i s a -  

g r i n e  ( 4 ) .  d e l p h i s i n e  ( I ) ,  n e o l i n e  ( 7 ) ,  d e l s t a p h i s a g n i n e  ( 5 ) ,  d e l p h i d i n e  ( Z ) ,  

senbus ine A (B),  a l k a l o i d  8  (9) and f o r e s t i c i n e  ( 6 ) .  
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Tab le  1. Carbon-13 Chemical S h i f t s '  and Assignments f o r  O e l s t a p h i s i n e  (31, De ls taph isag r ine  ( 4 ) .  Neo l ine - t ype  Bases: D e l p h i s i n e  ( I ) ,  

N e o l i n e  ( I ) ,  De ls taph isagn ine  (5) .  De lph id ine  (Z), Senbusine A (8 ) .  A l k a l o i d  8 ( 9 )  and F o r e s t i c i n e  ( 6 ) .  





HETEROCYCLES, Yo1 23. N o  l I ,  1965 

EXPERIMENTAL 

M e l t i n g  p o i n t s  are c o r r e c t e d  and were  t a k e n  on  s Thomas-Kof le r  h o t  s t a g e  equ ipped  w i t h  a ln ic roscope 

and a p o l a r i z e r .  I n f r a r e d  s p e c t r a  were t a k e n  on a Pe rk i n -E lme r  model 1420 spec t ropho tome te r .  'H 

nlnr s p e c t r a  were t a k e n  on a Pe rk i n -E lme r  EM-390, 9 0  MHz spect rometer ;  nmr s p e c t r a  on JEOL model 

FX-60 and FX-90Q spec t rome te rs  i n  CDC13 s o l u t i o n  w i t h  TMS as an i n t e r n a l  s t anda rd .  Mass s p e c t r a  

were de te rm ined  on a F innegan Quad rupo le  4023 i n s t r u m e n t .  

A f r a c t i o n  o f  3.5 gm, o b t a i n e d  a t  pH 6 .0  by  a g r a d i e n t  pH s e p a r a t i o n  o f  50.0 grn o f  t h e  amorphous 

m i x t u r e  o f  a l k a l o i d s  f m n  t h e  mo the r  l i q u o r  of a l k a l o i d s  from Delphinium stophisagria, w a s  

chromatographed ( v l c ) 1 4  on 60 gm o f  n e u t r a l  a l um ina  (Merck aluminum o x i d e  90; 70-230 mesh ASTM; 

a c t i v i t y  3) and t h e  f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d :  

F r a c t i o n  So l ven t  9 
A, 1-3  10% EtOAclhexane 0.040 

A, 4-7 10% EtOAclhexane 0.048 

A, 8-17 10% EtOAcIhexane 0.400 

A, 18-27 25% EtOAcIhexane 0 .400 

A, 28-34 EtOAclhexane ( 1 : l )  0.140 

A, 35-37 EtOAc 1 .400 

A, 38-40 10% MeOH/CH2Clz 1.060 

F r a c t i o n s  A, 8-17, 400 mg, was chrornatographed ( v l c )  an 30 gm o f  n e u t r a l  a l um ina  (Merck aluminum 

o x i d e  90; 70-230 mesh ASTM; a c t i v i t y  3 )  and t h e  f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d :  

F r a c t i o n  So l ven t  - 9 
8, 1-19 15% EtOAclhexane 0.123 

8, 20-30 25% EtOAcIhexane 0.090 

8, 3 1  10% MeOHICHC13 0.170 

F r a c t i o n s  0 ,  20-30, 90 mg, was chromatographed on a l u o i n a  p l a t e s  u s i n g  1 .5% MeOH/CH2C12 as an e l u -  

e n t .  The ma jo r  band was e x t r a c t e d  t o  g i v e  38 mg o f  r e s i d u e  des igna ted  as 81. 

F r a c t i o n s  A, 18-27, 400 mg, was chromatographed ( v l c )  on 30 gm o f  n e u t r a l  a l um ina  (Merck aluminum 

o x i d e  90; 70-230 mesh ASTM; a c t i v i t y  3 )  and t h e  f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d :  

F r a c t i o n  S o l v e n t  - - 9 
C, 1-3  hexane 

C, 4-10 0.5% EtOHIhexane 0 .070 

C, 11-26 1.0% EtOHIhexane 0.190 

C, 27-36 2.0% EtOHIhexane 0.135 

F r a c t i o n s  C, 12-19, were combined (110 mg) and chromatographed on  a l u m i n a  p r e p a r a t i v e  p l a t e s ,  u s i n g  

1.5% MeOH i n  CHzC12 as an e l u e n t .  Two bands were c u t  and e x t r a c t e d  t o  g i ve :  C2 ( 4 8  mg) and C3 (15 

1"). 

F r a c t i o n s  C, 20-26, were combined ( 8 0  mg) and chrornatographed on a l u m i n a  p l a t e s  u s i n g  1 .5% MeOH i n  

CH2C12 as an e l u e n t .  The two ma jo r  bands were e x t r a c t e d  t o  g i v e  C4 (38 mg) and C5 (17 mg). 



F r a c t i o n s  A, 28-34, were combined (140  mg) and chromatographed on a lum ina  p r e p a r a t i v e  p l a t e s ,  u s i n g  

2% MeOH i n  EtOAc as an e l u e n t .  The m a j o r  band was e x t r a c t e d  t o  g i v e  A1 ( 8 5  mg). T h i s  r e s i d u e  was 

rechromatographed on a l u m i n a  p l a t e s  u s i n g  1.5% MeOH i n  CH2CIz as an e l u e n t .  Two zones were ex- 

t r a c t e d  t o  g i v e  A2 ( 4 0  mg) and A3 (18 mg). 

D e l s t a p h i s i n e  ( 3 ) :  

F r a c t i o n s  C3(15 mg), C5 (17 mg) and A3 ( 1 8  m q )  had s i m i l a r  p r o t o n  and nmr s ~ e c t r a  and were com- 

b i n e d  (50 mg) and c r y s t a l l i z e d  from acetone ihexane t o  g i v e  c o l o r l e s s  P l a t e s  o f  d e l s t a p h i s i n e  

(3 ) .  mp 182-184'C. [a]2$ -11.0' (c, 1.35, EtOH). 

F r a c t i o n s  81, CZ, and C4 were  s i m i l a r  and, a l t h o u g h  homogenous on a l um ina  t l c  p l a t e s  u s i n g  E t O A c l l -  

2% MeOH o r  1-2% MeOH i n  CHzC12, were r e s o l v e d  i n t o  two o v e r l a p p i n g  components on s i l i c a  g e l  t l c  

p l a t e s  u s i n g  EtOAc as a s o l v e n t  system. F r a c t i o n  81 (38  mg) was chromatographed on p r e p a r a t i v e  

S i l i c a  g e l  p l d t e s  u s i n g  EtOAc as an e l u e n t .  The l o w e r  zone was e x t r a c t e d  t o  y i v e  25 mg d e s i g n a t e d  

as 82. The upper  zone was e x t r a c t e d  t o  y i v e  83 ( 7  mg).  

F r a c t i o n  C2 (48 mg) was chrotnatographed on s i l i c a  g e l  p l a t e s  u s i n g  EtOAc as an e l u e n t .  The l o w e r  

band was e x t r a c t e d  t o  g i v e  C6 ( 3 0  mg).  The uppe r  band was e x t r a c t e d  t o  g i v e  C7 ( 1 0  my) .  F r a c t i o n  

C4 (38  mg) was chromatographed on s i l i c a  g e l  p l a t e s  u s i n g  EtOAc as s o l v e n t  system. The l o w e r  band 

was e x t r a c t e d  t o  g i v e  C8 ( 2 0  mg).  The upper band was e x t r a c t e d  t o  g i v e  C9 ( 9  mg).  

D e l p h i d i n e  ( 2 ) :  

F r a c t i o n s  82, C6, C8 and A2 p roved  t o  be i d e n t i c a l  ( t l c  and p r o t o n  nrnr); t h e y  were  combined, ( 115  

mg) and i d e n t i f i e d  as d e l p h i d i n e  ( 2 ) .  The p r o t o n  nmr spect rum of 2  showed s i g n a l s  a t  6 1.13 

(3H. t, J = 7 Hz, N-CH2-Cb) ,  2.00 (3H, 2, OCOC%), 3.26, 3.31 and 3.35 (3H each, 2, O C 3 ) .  Fo r  

I 3 c  nmr d a t a  see  Tab le  1. 

D e l s t a p h i s a x i n e  - -- - - ( 4 ) :  

F r a c t i o n s  83, C7 and C9 were i d e n t i c a l  ( t l c  and p r o t o n  nrnr): t h e y  were  combined (23  mu) and d e s i a -  ~. . .. 
n a t e d  as d e l s t a p h i s d g r i n e  ( 4 ) ,  amorphous, [O1g + 3 . 8 ~  (2, 0.6, EtOH). F a r  13c nmr d a t a  see 

T a b l e  1. 

D e l s t a p h i s a g n i n e  ( 5 ) :  

F r a c t i o n  A  (4 -7 )  ( 4 8  my) was chromatographed an an a lum ina -cove red  r o t o r  o f  a " ~ h r o m a t o t r o n " ~ ~  w i t h  

EtOAcihexane ( 1 : l )  and 20 ml f r a c t i o n s  were c o l l e c t e d .  F r a c t i o n  3  ( 15  mg) was chromatographed on 

one p l a t e  o f  a lumina,  u s i n g  e ther iCHC13 ( 1 : l )  as an e l u e n t .  The l o w e r  zone was c u t  and e x t r a c t e d  

t o  g i v e  6 rng of r e s i d u e .  The r e s i d u e  from f r a c t i o n s  4-5 ( 1 3  mg) was chromatographed on one p l a t e  

o f  a lumina,  u s i n g  ether iCHC13 as an e l u e n t .  The l o w e r  zone was c u t  and e x t r a c t e d  t o  g i v e  5 my. of 

r e s i d u e .  The two l o w e r  zones from f r a c t i o n s  3  and 4-5 were s i m i l a r  on t l c  a l um ina  p l a t e s  u s i n g  

e t h e r ,  ether iCHC13 ( 1 : l )  and EtOAcIhexane ( 1 : l )  as e l u e n t s .  They a l s o  have s i m i l a r  p r o t o n  nmr 

s p e c t r a  and were combined ( 1 1  mg) t o  g i v e  d e l s t a p h i s a y n i n e  (S), amorphous, [a]2D5 +20.0s(r, 

0.85, EtOH). Fo r  13c nrnr d a t a  see Tab le  1. 

H y d r o l y s i s  a e a p h i s a g n i n e  ( 5 )  t o  ne_ol ine (7): To an aqueous m e t h a n o l i c  (10% H20) s o l u -  

t i o n  ( 1 0  m l )  o f  po tass ium c a r b o n a t e  ( 1 0  mg) was added 5  (5  mg) and t h e  s o l u t i o n  was s t i r r e d  a t  

room tempe ra tu re  o v e r n i g h t .  A f t e r  removal o f  t h e  s o l v e n t  unde r  vacuum t h e  r e s i d u e  was d i s s o l v e d  i n  
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water  (20 m l )  and e x t r a c t e d  fou r  t imes  w i t h  ch loroform.  The e x t r a c t s  were combined and d r i e d  over 

sodium s u l f a t e ,  and t h e  s o l v e n t  was removed under vacuum l e a v i n g  5 mg of  res idue .  The r e s i d u e  was 

chromatographed an an alumina p l a t e  us ing  4% MeOH i n  CH2C12 as an e l u e n t .  The main band was ex- 

t r a c t e d  t o  g i v e  3 mg of  n e o l i n e  ( 7 ) .  The i d e n t i t y  was confirmed by  comparison o f  p r o t o n  nmr 

spec t ra  and behavior  on t l c  p l a t e s .  

At tempts t o  c o r r e l a t e  d e l s t a p h i s i n e  ( 3 )  and d e l s t a p h i s a g r i n e  ( 4 )  w i t h  d e l p h i s i n e  11) by 

m e t h y l a t i o n  experiments were unsuccessfu l .  S e l e c t i v e  demethy la t ion o f  d e l p h i s i n e  t o  a f f o r d  e i t h e r  

3 or 4 was a l s o  unsuccessfu l .  
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