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Abstract - ~ e t s t a ~ h i d i n e  (71 rmd neot in ine  (81 ,  two new Clg-diterpenoid atka- 

h i d e ,  and o-oxodatphinins ( P I  have been i so la ted  from the  eeeds o f  Detphinim &- 
phisogrio. The s t ruc tures  of  thoee ntkatoide  wars determined on t he  bas i s  of  spectrat  

da ta ,  come ta t ion  wi th  a tkatoids  of  establishad s t ruc tures ,  p2)eplration o f  aer tain  darG 

va t i vee  rmd by synthss ia .  a-Oxodetphinine has not  been iaolated from a n a t m a t  source 

preuiousty.  N-Deethytdetphisine ( 1 0 )  rmd N-dssthytdststophidine 1111, two na, 

syn the t i c  d i to rpmoid  atkntoide ,  have been pspared by KMnOq m i d a t i o n  o f  detphis ine .  

Ozidat ive  cyo t iu2 t ion  of de tph ie ins  wi th  a t k a t i n s  potaseiwn f e r ~ i e y o n i d s  g m e  detstaphi- 

The seeds of Detphinium etaphiengria L., when ex t r ac ted  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  of which d e l p h i n i n e l  i s  t h e  major  cmponent .  The mother l i q u o r s  accummulated du r i ng  t h e  

i s o l a t i o n  of a  l a r g e  q u a n t i t y  of de l ph in i ne  fu rn ished an amorphous f r a c t i o n  from which de lph i s i ne  

( I ) ~ ,  d e l p h i d i n e  ( 2 ) 3 ,  d e l p h i r i n e  ( 1 - e p i n e o l i n e ) 4  and s e v e r a l  n o v e l  b i n - d i t e r p e n o i d  

a l k a l o i d s  have been i ~ o l a t e d . 5 - ~  

1 R 1 =  R 2 =  A C  Delphisine 4 R = Ac Delstaphlsagrine 

2 R' = Ac; R 2 -  H  Delphidlne 8 R - H Neollnine 

15 R 1 = R 2 - H  Neoline 

- 
t On leave from t h e  Department of Pharmacognosy, F a c u l t y  o f  Pharmacy, Ass i u t  U n i v e r s i t y ,  Assiut ,  

Egypt. 



Recent ly the  i s o l a t i o n  o f  f ou r  new a lka lo ids ,  de ls taph is ine  (3)8, de l i t aph i sag r i ne  (4)8,  

delstaphisagnine (518, de ls taph in ine (6110 and the a l k a l o i d  1-dehydrodelphisine1° has been 

reported. I n  t h i s  paper we repo r t  separat ion o f  the  amorphous f r a c t i o n  by  a  combination o f  g rad i -  

en t  pH separation,l l  vacuum l i q u i d  chromatography ( v l c )12 ,  prepara t ive  t l c  and c e n t r i f u g a l l y  accel- 

erated, r a d i a l ,  t h i n - l aye r  chromatography ( " ~ h r m a t a t r o n " ) l 3 , 1 4  t o  g i ve  two new Clg-d i te rpeno id  

a lka lo ids ,  de ls taph id ine (7),  neo l i n i ne  (8) and t h e  a l ka lo id ,  a -oxode lph in ine (9).  The 

l a t t e r  has not been repor ted i n  nature  before, but  had been prepared by  ox ida t i on  o f  delphinine.15 
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6 R' = R ' =  H Delstaphinlne 13 R = Ac Neolinlne tetraacetate 

7 R ' -  R 2 =  AC Delstaphidine 14 R  - H Neollnlne 1,14.18,- 

12 R ' -  H; R ' =  A C  1 4 - ~ c e t y ~ d e ~ s t a p h i n i n e  tr iacetate 

Delstaphidine (7) was obtained i n  a  c r y s t a l l i n e  form, mp 192.5-194.5'C. [aIzD5 t27.4 '  (c, 0.27, 

CHCl3), and i t s  molecular formula C28H41N08 was deduced from the mass spect ra l  (Mf, 519). and car-  

bon-13 nmr data. The proton nmr spectrum exh ib i t ed  the f o l l o w i n g  s igna ls :  6 1.08 (3H, t, J= 7 Hz, 

N-CH2-C%), 1.92 and 1.96 (each 3H, 2,  OCOCb), 3.12, 3.22 and 3.26 (each 3H, 2, OCb),  3.47, ( lH, 

S, 19-HI and 4.72 (lH, g, J l  = 52 = 4.5 Hz, C(14)-P-2). - 

The noise decoupled 1% nmr spectrum o f  de ls taph id ine (7 )  exh ib i t ed  27 s igna l s  f o r  t h e  28 car -  

bon atoms of the  molecule (Tabde 1 ) .  The mass spectrum showed a  molecular i o n  Mt, mlz 519 (3%). 
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504 (Mt-CH3, 7%), 489 (Mt-2CH3, 13%), 488 (M+-OCH~, 32%), 474 ( M ~ - ~ c H ~ ,  2%), 463 ( M ~ - c ~ H ~ o ,  34%), 

433 ( [M ' -~cH~ ] -C~H~O,  6%), 432 ([M+-OCH~]-C~H~O, 17%). 234 (14%). 152 (60%), 45 (58%) and 43 

(100%). 

S t ruc tu re  7  was deduced fo r  de ls taph id ine from i t s  spect ra l  da ta  and comparison o f  i t s  data  

w i t h  those of the  neo l i ne  group o f  aconi t ine-type Clg-d i te rpeno id  a lka lo ids16 and w i t h  those o f  

delstaphininelO, pentagynine16, gadesine17, 18-methoxygadesine16 and nevadenine17. 

The DEPT spect ra  o f  de l s taph id ine  exh ib i t ed  5  s i n g l e t s  a t  46.5, 50.4, 84.1, 169.3 and 170.7 ppm. 

The two up f i e l d  s i gna l s  (46.5 and 50.4 ppm) are assigned t o  the  non-oxygenated quaternary C(4) and 

C(11), r espec t i ve l y .  The s igna l  a t  84.1 ppm i s  assigned t o  the  on l y  oxygenated quaternary C(8). 

The two downf ie ld s i gna l s  (169.3 and 170.7 ppm) are assigned t o  two carbonyl groups of two acetates 

at tached t o  C(8) and C(14), r espec t i ve l y .  These two acetate groups were observed i n  the  proton nmr 

spectrum a t  6 1.92 and 1.96. 

The 13c nmr spectrum a lso  showed t h e  presence of 5  oxygenated CH doublets a t  87.1, 84.9, 82.9, 75.2 

and 69.2 ppm, and 3  methoxyl f unc t i ons  as quar te ts  a t  60.0, 57.9 and 56.5 ppm. The downf ie ld dou- 

b l e t s  a t  84.9 and 82.9 ppn are assigned t o  C(6) and C(16). respect ive ly ,  which bear methoxyl 

groups. The corresponding methoxyl methyl quar te ts  are those occur ing a t  57.9 and 56.5 ppm, re-  

spec t i ve l y .  The t h i r d  qua r te t  a t  60.0 ppm i s  assigned t o  the  methoxyl group attached t o  the  o n l y  

oxygenated methylene C(18). which i s  represented by  the  most downf ie ld t r i p l e t  a t  75.2 ppm. 

The l a s t  oxygen atom i n  t h e  molecule i s  at tached t o  C(1) and C(19) i n  a  carbinolamine e ther  br idge.  

C(1) and C(19) are i nd i ca ted  by the  two remaining doublets, the  uppe r f i e l d  doublet  a t  69.2 ppm and 

t h e  most downfield doublet  a t  87.1 ppm, respec t i ve l y .  The presence of t h e  C(1)-0-C(19) e ther  

br idge i n  de ls taph id ine was a l so  confirmed by t h e  existence of a  peak a t  m/z 463 (34%) i n  i t s  mass 

spectrum, caused by  l oss  o f  an a c r o l e i n  molecule from t h e  molecular i o n l a .  

A l k a l i n e  hyd ro l ys i s  o f  de ls taph id ine (7) w i t h  5% rnethanolic KOH s o l u t i o n  resu l t ed  i n  t h e  pro- 

duc t i on  o f  a  compound which was i d e n t i c a l  w i t h  de ls taph in ine (6) b y  t l c  behavior, ir, proton 

and 13c nmr spectral0.  Reduction o f  de ls taph id ine w i t h  sodium borohydr ide afforded de lph is ine  

( 1 )  i n  50% y i e l d ,  wh i l e  reduct ion  w i t h  sodium cyanoborohydride19 gave (1 )  i n  almost quant i -  

t a t i v e  y i e l d .  Delphis ine was i d e n t i f i e d  by  the  t l c  behavior, mp, mnp, i r  and proton nmr spectra. 

The s t ruc tu re  of de ls taph id ine (7) was a lso  confirmed by synthesis from de lph i s i ne  (1) .  I n  

p r i n c i p l e ,  t h i s  ob jec t i ve  should be a t t a i n a b l e  by one-step ox ida t i on  o f  de lph i s i ne  i n  such a  manner 

t h a t  C(1)-hydroxyl group i s  converted t o  a  C(1)-0-C(19) carbinolamine e ther .  However, ox ida t i on  o f  

de lph i s i ne  by t reatment w i t h  potassium permanganate i n  acetone-Hz0 s o l u t i o n  resu l t ed  i n  t h e  forma- 

t i o n  o f  four compounds. The two main products were i s o l a t e d  and i d e n t i f i e d  as N-deethyldel- 

p h i s i n e  ( 1 0 )  and N - d e e t h y l d e l s t a p h i d i n e  ( 1 1 ) .  Compounds ( 1 0 )  and ( 1 1 )  a r e  

new syn the t i c  Clg-di terpenoid a l ka lo ids .  

Ox idat ive  c y c l i z a t i o n  of de lph i s i ne  w i t h  a l k a l i n e  potassium fer r icyan idezo afforded de ls taph in ine 

(6) .  Oelstaphinine by  ace ty la t i on  w i t h  ace t i c  anhydride and p y r i d i n e  gave t h e  new syn the t i c  

a l k a l o i d  14-acety lde ls taph in ine (12). whereas ace ty la t i on  w i t h  acety l  c h l o r i d e  afforded de ls ta-  

ph id ine  (7 ) .  I d e n t i t y  o f  the  na tu ra l  and syn the t i c  de ls taph id ine was conf i rmed by  t l c  behav- 



i o r ,  mp, mmp, ir, proton and 1% nmr spectra.  

Neo l in ine  (8) was i so la ted  i n  c r y s t a l l i n e  form, mp 226.5-228.5-C, [a]Z$ t29.3 (z,, 0.19, C H C ~ ~ ) ,  

and i t s  molecular formula C23H37N06 was deduced from the mass spect ra l  (M+, 423), and carbon-13 nmr 

data.  The proton nmr spectrum exh ib i t ed  the fo l lowing s igna ls :  6 1.10 (3H, i, 5 = 7  Hz, N-CH2- 

C b ) ,  3.30 and 3.32 (each 3H, I, OCb) ,  4.15 ( 1 ~ .  g, J 1  = 1 Hz, J2 = 7  Hz, C(6)-P-$. 

The no ise  decoupled 1% nmr spectrum o f  neo l in ine  (8 )  exh ib i t ed  20 s igna ls  f o r  t h e  23 carbon 

atoms of the  molecule (Table 1 ) .  The mass spectrum showed a  molecular i on  M', m/z 423 (6%), 408 

(Mi-CH3, 15%). 406 (M+-OH, 70%), 390 ( [ M + - H ~ ~ ] - c H ~ ,  8 %  374 ([M+-H~O]-OCH~, 6 ,  367 (6%), 319 

(6%). 96 (32%), 91 (27%), 85 (33%), 71 (45%), 67 (24%). 58 (100%). 44 (8181, 43 (99%). 

St ruc ture  8  was deduced fo r  neo l i n i ne  from i t s  spect ra l  da ta  and comparison of i t s  data  w i t h  

neo l ine  (15)16 and de ls taph isagr ine  (418. The 1% nmr spectrum exh ib i t ed  3  s i n g l e t s  a t  

39.0, 49.6 and 74.1 ppm. The two u p f i e l d  s igna ls  (39.0 and 49.6 ppm) are assigned t o  t h e  non-oxy- 

genated quaternary carbons 4  and 11, respec t i ve l y .  The s igna l  a t  74.1 ppm i s  assigned t o  t h e  on l y  

oxygenated quaternary C(8). The two methoxyl s igna ls  a t  6 3.30 and 3.32 i n  t h e  pro ton nmr spectrum 

COrresDond t o  C(6) and C(16). as i nd i ca ted  by s igna ls  a t  82.7 and 82.0 ppm f o r  C(6) and C(16) and 

s igna ls  a t  57.9 and 56.3 ppm f o r  C(6)-OCH3 and C(16)-OCH3, respec t i ve l y .  

The presence of C(1)-o-OH i s  shown by  the appearance of a  s igna l  a t  72.1 ppm and by  the  occurrence 

o f  C(2) and C(3) s igna ls  a t  29.6 ppm i n  the  1 3 ~  nmr spectrum. The s igna l  a t  72.1 ppm i s  analogous 

t o  t h a t  f o u n d f o r  neo l i ne  (15) a t  72.3 ppm. The l oca t i on  of an OH group on C(18) i s  deduced by  

t h e  change of the  chemical s h i f t  of t h e  on l y  oxygenated C(18) methylene from. - 80.0 t o  70.9 ppm and 

by the  absence o f  the  OCH3 s igna l  a t  - 59.0 ppm i n  t h e  nmr spectrum. 

A l ka l i ne  hyd ro l ys i s  of de ls taph isagr ine  (4)  afforded a  compound which was i d e n t i c a l  w i t h  neo- 

l i n i n e  (8) b y  t l c  behavior, mp, mnp, ir and proton spectra.  Ace ty la t i on  o f  neo l i n i ne  (8) 

w i t h  acet ic  anhydride and p y r i d i n e  af forded neo l i n i ne  1.14.18-tr iacetate (14). and ace ty la t i on  

of 8 w i t h  acety l  ch lo r i de  y i e lded  neo l i n i ne  te t raace ta te  (13). 
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Table 1. 1% nmr Chemical S h i f t s  and assignments f o r  de lph is ine  ( I ) ,  N-deethyldelphis ine 

( l o ) ,  d e l s t a p h i n i n e  ( 6 ) .  d e l s t a p h i d i n e  ( 7 ) .  N - d e e t h y l d e l s t a p h i d i n e  ( 1 1 1 ,  1 4 -  

a c e t y l d e l s t a p h i n i n e  (12 ) ,  n e o l i n i n e  (a ) ,  n e o l i n i n e  t e t r a a c e t a t e  (131, n e o l i n i n e  1,14, 

1 8 - t r i a c e t a t e  (14). neo l i ne  (15). de ls taph isagr ine  (4) and a-oxodelphinine (9).  
- ~ - ~ ~-~~ - - ~ -  ~ 

Carbon 1 10 6 7 11 12 8 13 14 15 4 9 

'31) 72.1 71.9 69.2 69.24 69.3 69.2 72.1 77.1 77.6 72.3 71.94 83.34 

C(2) 29.5 ~ 9 . 4 ~  26.7 26.6 i  27.1 26.6 29.6 27.5 27.4 29.5 29 .5 i  24.9t 

C(3) 30.1 29.8'22.7 22.7t  22.3 22.7 29.6 33.7 34.0 29.9 2 9 . 8 i  33 .0 t  

c (4)  38.1 38.22 46.22 46.52 46.72 46.12 39.02 38.02 38.25 38.2 39.05 37.82 

c(5) 44.1 44.1 36.8 36.6d 36.5 36.4 46.7 49.8 50.4 44.9 45.24 48.96 

C(6) 84.2 83.7 84.2 84.9d 84.5 84.3 82.7 83.0 82.1 83.3 83.74 81.74 

c(7) 48.3 49.1 58.9 58.9d 58.1 58.8 51.7 49.3 53.4 52.3 47.64 48.56 

C(8) 85.8 85.62 71.52 84.11 83.72 72.12 74.12 85.35 73.22 74.3 85.85 84.32 

c(9)  43.3 43.1 49.9 49.7d 49.3 49.4 48.3 43.9 46.8 48.3 43.14 40.74 

c(10) 38.5 38.5 39.1 38.8d' 38.9 36.6 40.5 38.3 38.2 40.7 38.44 43.74 

c(11) 49.8 49.45 50.25 50.42 49.52 50.35 49.62 49.22 49.15 49.6 49.85 49.62 

c(12) 29.2 28.9 29.6 30.0t  29.8 29.6 29.6 29.2 29.0 29.8 29 .4 i  34.15 

C(13) 43.3 42.8 46.8 41.74 41.5 44.7 44.2 43.9 44.0 44.3 4 3 . l d  74.82 

C(14) 75.5 75.5 75.5 75.24 74.9 75.2 75.9 74.9 76.5 75.9 75.64 78.44 

~ ( 1 5 )  38.5 38.0 40.3 37.95 37.5 41.8 42.8 37.5 41.1 42.7 38.45 3 8 . 9 i  

C(16) 82.7 82.2 81.8 82.96 82.8 81.9 82.0 83.0 81.9 82.3 82.64 82.6d 

'317) 62.7 59.1 60.8 60.0d 58.8 61.6 63.7 60.5 60.9 63.6 63 .8 i  59.24 

C(18) 79.8 79.7 75.3 75.2 t  74.9 76.7 70.9 71.3 71.6 80.3 70.25 79 .5 i  

C(19) 56.8 54.9 87.8 87.16 82.6 87.6 56.9 53.8 54.0 57.2 56 .6 i  55 .4 i  

N-CH2 48.0 - 48.0 47.5 i  - 47.8 48.3 48.4 48.6 48.2 48.4t  162.4*4 

bH3 12.9 - 14.2 14.09 - 14.1 12.9 13.3 13.4 13.0 12.99 - 
C(1 ) '  - - - - - 54.89 

C(6) ' 58.0 57.8 57.8 57.93 58.0 57.8 57.9 58.0 57.6 57.8 58.29 57.64 
C(16)' 56.5 56.5 56.4 56.59 56.5 56.0 56.3 56.4 56.1 56.3 56.69 58.94 

C(18)' 59.0 58.1 60.5 58.99 58.0 60.0 - - 59.1 - 59.01 

C(1)-C=O - - - 170.6's 170.5% - - - 
h~~ - b- - 21.1b- 21.2- 

C(8)-?=0 169.3 169.52 - 169.32 169.22 - - 169.45 169.32 - 169.72 169.62 

CH3 22.2 22.3 - 22.41 22.3 - - 22.4 22.4 - 22.49 21.49 

C(14)-C=O 170.4 170.62 - 170.72 170.62 170.32 - 170.1as 170.1as - 170.71 - 
I 
CH3 21.1 '21.1 - 21.99 21.1 21.2 - 21.E6 22.0 

b- - 21.39 - 
C(18)-C=O - - - - 170.9's - 

b- 
I!H~ - - - - 20.8 

- 166.22 

6&;! ; ! ; - - - - - - 130.02 129.7d 

r' - - 128.54 

1 4 -  - - - - - - - 133.2d 
a and b The assignments may be interchanged i n  any v e r t i c a l  column. 
*N-CHO 



a-Oxodelphinine was i s o l a t e d  i n  a c r y s t a l l i n e  form, mp 217.5-219.5.C. [a]:: -62.8 (5, 0.28, 95% 

ethano l ) .  This compound proved t o  be i d e n t i c a l  w i t h  a syn the t i c  sample o f  a-oxodelphinine by t l c  

behavior, mp, mnp, ir, mass, pro ton and 1%-nmr spectra.  d l xode l ' ph in ine  has not previousl)  been 

reported i n  nature. 

Table 1 gives the carbon-13 chemical s h i f t s  and assignments f o r  de lph is ine  (1). N-de- 

e t h y l d e l p h i s i n e  (lo), d e l s t a p h i n . i n e  ( 6 ) .  d e l s t a p h i d i n e  ( 7 ) .  N - d e e t h y l d e l s t a p h i -  

d i n e  (11) .  1 4 - a c e t y l d e l s t a p h i n i n e  (12) ,  n e o l i n i n e  (a) ,  n e o l i n i n e  t e t r a a c e t a t e  ( 1 3 ) .  

neo l i n i ne  l , l 4 ,18 - t r i ace ta te  (14), neo l ine  (15). dels taph isagr ine  (4) and a-oxodelphi- 

n i ne  (9). 

EXPERIMENTAL 

Me l t i ng  po in t s  are corrected and were taken on a Thomas-Kofler ho t  stage equipped w i t h  a microscope 

and a po la r i ze r .  Opt ica l  r o t a t i o n s  were measured on a Perkin-Elmer model 141 polar imeter.  I n f r a -  
red spectra were taken on a Perkin-Elmer model 1420 spectrophotometer. hi and 1% nmr spectra were 

recorded on JEOL FT models FX-60 and FX-90 Q spectrometers i n  CDC13. Mass spect ra  were determined 

on a Finnegan guadrupole 4023 instrument. For chromatographic separat ions on a ~hrornatotronl3,14 

r o t o r s  were coated w i t h  a 1 or  2 mn t h i c k  l aye r  of s i l i c a  gel  PF254 + 365 (EM A r t .  #7741), f o r  

vlc12, s i l i c a  gel  HR (EM A r t .  #7744), and f o r  p t l c ,  s i l i c a  gel  PF-254 (EM A r t  ~ 4 7 ) .  

F rac t i ona t i on  of Mother L iquors  of Delphinium s taph isagr ia  - 106 g of the  amorphous powder o f  

mother l i q u o r s  o f  D. stophisagria was f rac t i ona ted  i n t o  6 groups by adopting grad ient  pH 

e x t r a c t i o n  techniques.11 These groups were: group 1 (neu t ra l  f r a c t i o n  A, 36,17 g), group 2 (neu- 

t r a l  f r a c t i o n  6, 24.11 g) ,  group 3 (PH 4.5, 20.61 g), group 4 ( p ~  8, 20.02 g), group 5 ( p ~  10, 1.32 

g), group 6 (pH 12, 0.21 g). 

I s o l a t i o n  of Delstaphidine (7) - A f r a c t i o n  of 17.64 g of group 3 (pH 4.5) was chromatographed 

( v l c )  On s i l i c a .  E l u t i o n  was performed w i th  hexane-CHC13 i n  a manner o f  increas ing p o l a r i t y .  

Frac t ions  e lu ted w i th  hexane-CHC13 (60:40) and hexane-CHC13 (40:60) were s i m i l a r  on t l c  p la tes ,  and 

were combined (10.62 g). The combined f r a c t i o n  was c r y s t a l l i z e d  from acetone-hexane mix ture  sever- 

a l  t imes t o  g i ve  7.345 g of de lph i s i ne  ( I ) ,  mp 122-123°C. The mother l i q u o r s  were p u r i f i e d  

tw i ce  on a s i l i c a  r o t o r  of a Chromatotron t o  g i ve  186 mg o f  de ls taph id ine (7 ) ,  mp 192.5- 

194.5'C, [a1ZD5 t27.4 (5 0.27, CHC13). For 1% nmr data  see Table 1. 

H y d r o l y s i s )  - To 30 mg of de ls taph id ine (7) i n  5 ml CH30H was added 5 
ml o f  5% methanolic KOH so lu t ion .  The mix ture  was s t i r r e d  a t  room temperature f o r  18 h. Methanol 

was d i s t i l l e d  and 10 ml o f  Hz0 was added. The s o l u t i o n  was ex t rac ted w i t h  4 x 15 ml of CHC13. The 

CHC13 ex t rac t  was d r i e d  over anhydrous Na2S04 and t h e  so lvent  was removed under reduced pressure t o  

g i v e  26 mg o f  residue. Th is  was chromatographed on one p l a t e  o f  s i l i c a  us ing 5% CH30H i n  CHC13 as 

an eluent.  The major zone was c u t  and ex t rac ted t o  g i ve  20 mg o f  a res idue which was i d e n t i c a l  

w i t h  de ls taph in ine (6 )  by t l c  behavior, and ir, pro ton and nmr spectralo.  
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Reduction o f  De ls taph id ine (7) t o  De lph is ine  (1) - A. Reduct ion w i t h  $odium borohydride: 

TO 25 mg of de ls taph id ine i n  50 ml o f  CH30H was added 50 mg o f  Na8H4. The mix ture  was s t i r r e d  a t  

room temperature f o r  10 min, then another 50 mg of NaBH4 was added and the mix ture  was s t i r r e d  fo r  

10 min. Methanol was d i s t i l l e d  and 25 ml of water was added. The s o l u t i o n  was ex t rac ted w i t h  5 x 

25 ml of CHC13. The CHC13 e x t r a c t  was d r i ed  over anhydrous sodium sulphate and was d i s t i l l e d  under 

reduced pressure t o  g i ve  21 mg o f  residue which was chromatographed over one p l a t e  o f  s i l i c a  us ing 

4% CH30H i n  CHC13 as an e luent .  The major zone was c u t  and ex t rac ted t o  g i ve  10 mg o f  de lph i s i ne  

( I ) ,  c r y s t a l l i n e  from acetone-hexane mixture,  mp 122-123'C. De lph is ine  was i d e n t i f i e d  by  t l c  

behavior, mp, mix ture  mp, and ir and pro ton nmr spectra.  

B. Reduction w i t h  sodium cyanoborohydride - To a s o l u t i o n  of 6 mg o f  de ls taph id ine and 6 mg o f  

sodium ~ ~ a n o b o r o h y d r i d e l g  i n  2 ml CH30H was added a few drops o f  10% aqueous HCl t o  ad jus t  the  pH 

of t h e  react ion  mix ture  between 6 and 7. The r e s u l t i n g  s o l u t i o n  was s t i r r e d  cont inuous ly  a t  24'C 

f o r  3 h and t h e  pH o f  t h e  r e a c t i o n  mix ture  was maintained between 6 and 7. The so lvent  was removed 

in vaouo, t h e  residue was t rea ted  w i t h  1.5 ml of Na2C03 s o l u t i o n  and t h e  mix ture  was extrac- 

t e d  w i th  3 x 5 ml of CHC13. The CHC13 ex t rac t s  were d r i ed  over anhydrous Na2S04 and evaporated 

in vacuo t o  g i ve  5.8 mg, which when c r y s t a l l i z e d  afforded de lph is ine ,  mp 122-123'C. i d e n t i f i e d  

by t l c  behavior, ir and proton nmr spectra. 

O x i d a t i o n  o f  D e l p h i s i n e  ( 1 )  t o  N - D e e t h y l d e l p h i s i n e  ( 1 0 )  and N - D e e t h y l d e l s t a -  

p h i d i n e  (11) - To a s o l u t i o n  of de lph is ine  (250 mg) i n  acetone (150 ml )  was added KMn04 (250 

mg) i n  300 ml of H20-acetone (1:5). A f t e r  one h a t  room temperature w i t h  occasional shaking an 

add i t i ona l  amount o f  KMn04 (250 mg) i n  300 ml of water-acetone ( 1 5 )  was added and the mix ture  was 

warmed by immersing i n  a water bath heated t o  (80-90'C) f o r  10 min. Acetone was evaporated under 

reduced pressure, water (250 ml)  was added and excess KMn04 was decomposed by  add i t i on  o f  about 100 

mg o f  NaHS03 and 2 drops of HzSO4. The mix ture  was cooled i n  an i c e  bath, made basic w i t h  aqueous 

NazC03 and ex t rac ted w i t h  8 x 250 ml o f  CHC13. The CHC13 e x t r a c t  was d r i e d  over anhydrous NazSOq 
and d i s t i l l e d  under vacuum t o  g i ve  218 mg o f  residue. This residue was f rac t i ona ted  tw ice  on s i l i -  

ca r o t o r s  of a Chromatotron t o  g i ve  40 mg of 8 -deethy lde lph is ine  (10) and 65 mg o f  

N-deethyldelstaphidine (11) w i t h  c h a r a c t e r i s t i c s  as l i s t e d  below: 

N-Deethyldelphis ine (10) - Pmorphous; [,I$ +27.7 (c,  0.25, CHC13); 'H nmr: 6 1.95 (3H. 2,  
OCOC%), 2.01 (3H, 2, OCOCH31, 3.24 (3H, 2,  OCb), 3.30 (6H, I, 2XOCH3), 4.77 (lH, fl, J1 = J2 = 

4.5 Hz, ~ ( 1 4 ) - p - H ) .  For 13c nmr data  see t a b l e  1. The mass spectrum showed a molecular i on  M+, 

m/z 493 (0.14%), 476 (M+-OH, 4%), 475 (M+-H20, 2x1, 460 ( [M+-H~O]-CH~,  I%) ,  444 (2%). 91 (13%). 85 

( lo%),  71 (24%), 45 (53%). 43 (100%). 

N-Deethyldelstaphidine (11) - C r y s t a l l i n e  from ethanol-hexane mixture;  mp 267.5-269.5'~; 

[.]&a +46.0 ( 1  0.27, CHC13); nmr: 6 1.90 (3H, 2, OCOCti3). 1.97 (3H, 2, OCOCb), 3.16, 3.21, 

3.24 (3H each, 2, OCIi3). 3.47 ( lH,  2, C(191-i), 4.74 ( lH,  @, J1 = J2 = 4.5 Hz, C(14)-p- i ) .  For 
1 3 ~  nmr data  see t a b l e  1. The mass spectrum showed a molecular i o n  M+, m/z 491 (1%). 490 (M+-H, 

2%). 476 (Mt-CH~, 1%). 414 (1%). 400 ( I%) ,  384 (1%). 205 (5%), 155 (7%). 129 (12%), 109 (24%), 9 1  

(25%). 85 (44%). 71 (38%), 56 ( 6 % ) .  55 (28%). 45 (70%), 43 ( loo%), 41 (33%). 



Conversion o f  Oelphis ine (1) t o  Oelstaphinine (6) - A s o l u t i o n  o f  potassium fer r icyan ide20 

(2.5 g )  i n  20 ml of 8% aqueous NaOH was added t o  495 mg o f  de lph i s i ne  i n  100 ml of 50% ethanol. 

The reac t i on  mix ture  was s t i r r e d  a t  room temperature wh i le  t h e  progress o f  t h e  reac t i on  was mOni- 

t o red  by  t l c  on s i l i c a  g e l .  A f te r  2  h  the  reac t i on  mix ture  was concentrated in vacuo. Water 

was added (200 ml)  and the mix ture  was extracted w i t h  4 x  200 ml of CHC13. The combined ex t rac t s  

were d r i e d  over anhydrous N a p 4  and evaporated i n  wacw t o  g i v e  426 mg o f  residue. This 

res idue was p u r i f i e d  tw i ce  on a  s i l i c a  r o t o r  o f  a  ~hromatotronl3,14 t o  g i ve  330 mg of pure de ls ta-  

ph in ine (6), amorphous. For 1% nmr data: see t a b l e  1. Dels taph in ine (6 )  was i d e n t i f i e d  

by  t l c  behavior, and by  comparison o f  ir, mass, proton and 1% nmr spect ra l  da ta lo  w i t h  those o f  an 

authent ic sample. 

Conversion of Delstaphinine (6) t o  Delstaphidine (71 - Twenty ml o f  acety l  c h l o r i d e  was 

added t o  55 mg o f  de ls taph in ine (6 )  and the r e s u l t i n g  s o l u t i o n  was s t i r r e d  cont inuous ly  a t  25'C 

fo r  4  days. The r e s u l t i n g  mix ture  was evaporated t o  dryness in vaow, the  residue was t r e a t -  

ed w i th  10 ml o f  Na2C03 s o l u t i o n  and t h e  mix ture  was ex t rac ted w i t h  3  x  20 ml of CHC13. The com- 

b ined ex t rac t s  were d r i ed  over anhydrous Na2SOq and evaporated i n  vncuo t o  g i ve  52 mg o f  

res idue which was p u r i f i e d  on a  s i l i c a  r o t o r  o f  a  ~hromato t ron l3 ,14 t o  g i ve  41 mg of pure delstap- 

h i d i n e  ( 7 ) .  mp 192.5-194.5'C. The syn the t i c  and na tu ra l  samples of de ls taph id ine (7) were 

i d e n t i c a l  by t l c  behavior, mp, m ix tu re  mp, ir, pro ton and 13c nmr spect ra  

Conversion of 0- - F i f t e e n  ml of a  mix ture  

of acet ic  anhydride and p y r i d i n e  ( 1 : l )  was added t o  95 mg o f  de ls taph in ine (6 )  and l e f t o v e r -  

n i g h t .  T h i r t y  ml of i ced  water was added and the reac t i on  mix ture  was rendered a l k a l i n e  w i th  

NaHC03. The mix ture  was ex t rac ted w i t h  3  x  60 ml of CHC13. The combined e x t r a c t s  were d r i e d  over 

anhydrous Na2SOq and evaporated in vacuo t o  g i ve  97 mg of residue. This res idue was p u r i f i e d  

on a  s i l i c a  r o t o r  o f  a  ~hromatotronl3,14 t o  g ive  83 mg of pure 14-acety lde ls taph in ine (12). 

nmr: see t a b l e  1; IH nmr: 6 1.08 (3H, t, J  = 7  Hz, N-CH2-Cb), 2.00 (3H, 2, OCOC%), 3.25 (3H, 

s, OC%), 3.29 (6H, 2, 2XOC%), 3.51 ( lH, d, J  = 1.5 Hz, 19-11, 4.80 (lH, g, J1 - 52 = 4.5 Hz, - 
C(14)-P-!); The mass spectrum showed a  molecular i on  MI, m/z 477 (0.5%), 462 (M+-CH~,  1%). 447 

(Mt-2C~3, 2%), 446 (M'-ocH~, 6%). 421 (M+-c3H40, I?%) ,  390 ( [M+-C~H~OI-OCH~,  711,. 152 (9%), 85 

(13%). 71 (13%), 58 (8x1, 57 (6%). 56 (12%), 55 (12%). 45 (38%), 43 (100%). 

I s o l a t i o n  o f  Neo l in ine  (8) - A f r a c t i o n  o f  19.96 g  of group 4  (pH 8) was chromatographed 

( v l ~ ) ~ ~  on s i l i c a  ge l .  E l u t i o n  was performed w i t h  hexane, hexane:CHC13, then CHC13:CHyJH mix tures  

i n  a  manner of increas ing p o l a r i t i e s .  Frac t ions  e lu ted  w i t h  CHC13 and CHC13:CH30H (99: l )  were 

s i m i l a r  on t l c  p lates,  and were combined (5.76 g).  This f r a c t i o n  was rechromatographed ( v l c )  on 

S i l i c a .  E l u t i o n  was c a r r i e d  out  w i t h  hexane, hexane:CHClj and CHC13:CH30H mixtures.  Fract ions,  

e lu ted  w i t h  CHC13:CH30H (97:3) (100 mg), were combined and chromatographed ( p t l c )  over 2 ,p lates of 

s i l i c a ,  using CHC13:CH30H (90:lO) as an e luent .  The major zone was ex t rac ted t o  g i v e  49 mg o f  

neo l i n i ne  (8) .  c r y s t a l l i n e  from acetone, mp 226.5-228.5'C. [o ] i6  t29.3 (c, 0.19, CHC13). For 

1% nmr data see t a b l e  1. 
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Conversion of Neo l in ine  (8) t o  Neo l in ine  Tet raaceta te  (13) - F i v e  ml o f  acety l  c h l o r i d e  

was added t o  11 mg o f  neo l i n i ne  (8) and t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  cont inuous ly  a t  room 
temperature f o r  48 h. The r e s u l t i n g  mix ture  was evaporated t o  dryness in v m o ,  the res idue 

was t rea ted  w i t h  10 ml of Na2C03 s o l u t i o n  and t h e  mix ture  was ex t rac ted w i t h  4 x 25 ml of CHC13. 

The combined ex t rac t s  were d r i e d  over anhydrous Na2S04 and evaporated in vaeuo t o  g i ve  14 mg 

o f  res idue which was p u r i f i e d  by  t l c  t o  g i v e  11.2 mg o f  neo l i n i ne  te t raace ta te  (131, [0]22 - 
3.1 (2, 0.25, CHC13). For 1% nmr data  see t a b l e  1; IH nmr: 6 1.11 (3H, t, J = 7 Hz, N-CH2-Cl3). 

1.97 and 2.04 (each 3H, 2, OCOCb), 2.05 (6H, 5, 2 XOCOCb), 3.20 and 3.32 (each 3H, 2, OCti3), 4.16 

( lH ,  dd, J1  = 1 Hz, 52 = 7 Hz, C(6)-p-tJ) 4.75 ( lH, g, 51 = 52 = 4.5 Hz, C(14)-p-tJ); mass spectrum: 

533 (2-COCH~I-CH~, 3%). 532 (@-59, 11%). 58 (20%), 57 (5%). 56 (9%). 45 (15%). 43 (100%). 

Conversion of Neo l in ine  (8) t o  Neo l in ine  1,14,18-Triacetate (14) - Two ml o f  a mix ture  o f  

ace t i c  anhydride and p y r i d i n e  (1 : l )  was added t o  9 mg o f  neo l in ine ,  warmed a t  50'C f o r  1 h, then 

l e f t  overn ight  a t  room temperature. I c e  water (15 ml )  was added and the reac t i on  mix ture  was ren- 

dered a l k a l i n e  w i t h  NaHC03. The mix ture  was ex t rac ted w i t h  4 x 25 ml of CHC13. The combined ex- 
t r a c t s  were d r i e d  over anhydrous Na2SOq and evaporated in vmvo t o  g i ve  11 mg res idue which 

was p u r i f i e d  by  t l c  t o  g i ve  7.8 mg of neo l i n i ne  1,14,18-triacetate (14).  For 13c nmr data  see 

t a b l e  1; IH nmr: 6 1.12 (3H, t, J = 7 Hz, N-CH2-Cb), 2.05 (9H, 2, 3 x OCOCb), 3.24 and 3.31 

(each 3H, 2, OC3),  4.15 (lH, dd-, J 1  = 1 Hz, J2 = 7 Hz, C(6)-6-tJ), 4.75 ( lH, $, 31 = 52 = 4.5 Hz, 

C(14)-B-tJ; mass spectrum: 549 (MI, 0.04%). 534 (M+-CH~, 0.22%), 492 (M+-57, 2.4%). 491 ([Mf- 

COCH31-CH3. 14x1, 490 ( e - 5 9 ,  45x1, 58 (41%). 57 (6%). 56 (?I%),  45 (16%). 43 (100%). 

Conversion of Oelstaphisagr ine (4) t o  Neo l in ine  (8) - To 21.5 mg o f  de ls taph isagr ine  i n  5 

ml CH30H was added 5 ml of 5% methanol ic KOH s o l u t i o n  and kept over n igh t .  Methanol was d i s t i l l e d  

and 10 ml of water was added. The s o l u t i o n  was ex t rac ted w i th  4 x 15 ml CHC13. The chloroform 

e x t r a c t  was d r i e d  over anhydrous Na2SOq and was d i s t i l l e d  under reduced pressure t o  g i v e  18 mg o f  

res idue which was c r y s t a l l i z e d  from acetone t o  g i ve  11 mg o f  neo l i n i ne  (a), mp 227.5-229.5'C. 
The na tu ra l  and syn the t i c  neo l i n i ne  were i d e n t i c a l  by t l c  behavior, mp, mnp and i r  spectra.  

I s o l a t i o n  of a-Oxodelphinine (9) - A f r a c t i o n  of 15 g of group 1 (neu t ra l  f r a c t i o n  A) was 

chromatographed ( v l c )  on s i l i c a .  E l u t i o n  was c a r r i e d  out  w i t h  hexane, hexane:CHC13 mix tures  i n  a 
manner o f  increas ing p o l a r i t i e s .  Frac t ions  e lu ted  w i t h  hexane:CHC13 (50:50) and hexane:CHClj 

(40350) were s i m i l a r  on t l c  p la tes ,  and were combined (2.11 g). Th is  f r a c t i o n  was c r y s t a l l i z e d  

from CHC13: hexane mix ture  t o  g ive  208 mg o f  o-oxodelphinine (91, mp 217.5-219.5'C. [,Iz2 -62.8 
D 

(4. 0.28, 95% ethanol) ;  i r  ( n u j o l ) :  3540 cm-I (OH), 1712, 1648 cm-l (PO) ;  IH nmr: 6 1.26 (3H, r, 
OCOC~) ,  3.13, 3.18, 3.27, 3.56 (3H each, r, 0CH3), 4.08 ( lH,  @, J1 = 1 Hz, 52 = 7 Hz, C(6)-P-H), - 
4.90 (lH, d, J = 4.5 HZ, C(14)-p-tJ), m u l t i p l e t s  between 6 7.3-8.1 (SH, aromatic protons o f  benzoyl 

r a d i c l e ) ;  mass: M+ 613 (0.1%), 553 (M+-60, 0.1%), 522 (0.2%), 521 (0.2%). 416 (0.4%). 400 (0.7%), 

399 (2%). 296 (2%). 222 (4%), 218 (3%). 211 (3%). 149 (8%). 109 (7%). 105 (100%). 85 (17%). 77 

(39%). 71 (49%). 57 ( l l % ) ,  55 (22%), 45 (63%). 43 (57x1, 41  (28%). For 1 3 ~  nmr da ta  see t a b l e  1. 
Th is  compound proved t o  be i d e n t i c a l  w i t h  a syn the t i c  sample of a-oxodelphinine by  t l c  behavior, 
mp, mix ture  mp, ir, mass, pro ton and 1% nmr spectra. 
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