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Abstract - Delstaphigine (1) and 14-Q-bemoyldelphonine (2), two new Clg-diterpenoid 

alkaloids, and chasmaconitine (4) have been isolated from the seeds of Delohinium 

staohisaqria. The structures of these alkaloids were determined from spectral data 

and by correlation with alkaloids of established structures. Thus methylation of 

delstaphigine (1) afforded delphinine (3). 14-0-Benzoyldelphonine (2) was 

synthesized from both delphinine (3) and delphonine (5). Chasmaconitine (4) has not 

been previously isolated from a Delphinium species. 

Delphinium staphisagria L. is a plant that is extraordinarily rich in alkaloids. In continua- 

tion of our phytochemical studies on this plant 1-10, we report here the isolation of two new 

Clg-diterpenoid alkaloids: delstaphigine (1) and 14-0-benzoyldelphonine (2). Chasmaconitine 

(4), an alkaloid previously reported only from Aconitum speciesll, has also been isolated. 

Delstaphigine (1) was obtained in an amorphous form, [all: t4.20 (E, 0.4, CHC13), and its mole- 

cular formula C32H43N09 was derived from the mass spectral ( M ~  585) data. The nmr spectrum 

exhibited the following signals: 61.25 (3H, 2, C(8)-0-COCH3), 2.32 (3H, I, N-CH3), 3.16, 3.29, 

and 3.54 (3H each, s, 0CY3), 4.91 (lH, 4, = 4.5 Hz, C(14)-8-H) and multiplets between 6 7.31- 

8.15 (5H, aromatic protons of benzoate group). The noise-decoupled nmr spectrum appears 

in the Table. The mass spectrum showed: M ~ ,  m/z (%) 585(0.1), 5 5 4 ( ~ ~  -OCH3, I?), 495(3), 

494(9), 224(7), 223(9), 105(89), 77(41), 58(31) and 43(100). 

The 'H nmr spectrum of delstaphigine was similar to that of delphininel1, except for the pre- 

sence of one less methoxyl group. Delstaphigine showed 3 singlets at 3.16, 3.29 and 3.54 ppm 

(3H each), whereas delphinine showed 2 singlets at 3.26 and 3.65 ppm (3H each) and one singlet 

at 3.40 ppm (6H). Also the molecular ion 585 m/z of delstaphigine is 14 mass units less than 

that of delphinine. Comparison of the chemical shifts o f  the methoxyl carbons in both 

ton leave from the Department of Pharmacognosy, Faculty of Pharmacy, Assiut University, Assiut, 
Egypt. 



d e l s t a p h i g i n e  and d e l p h i n i n e  (Tab le )  suggested t h a t  t h e  two s i g n a l s  a t  56.3 and 57.6 ppm i n  

de l s t aph ig i ne  can be assigned t o  C(1)-0CH3 and C(6)-0CH3, r e s p e c t i v e l y .  The t h i r d  s i gna l  a t  

58.8 ppm can be a t t r i b u t e d  t o  e i t h e r  C(18)-0CH3 o r  C(16)-0CH3. Usua l l y ,  t h e  s i gna l  f o r  C(18) 

i n  a l k a l o i d s  c a r r y i n g  a  C(18) -methoxy l  g roup appears about  79 .9 -80 .8  ppm.ll If 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  s i gna l  would have been s h i f t e d  u p f i e l d  about 9-10 

ppm, as i n  t h e  case o f  d e l s t a p h i s a g r i n e  (70.2 ppm)6 and n e o l i n i n e  (70.9 ppm).' Thus t h e  

s i g n a l  a t  71.2 ppm i n  d e l s t a p h i g i n e  i s  ass igned t o  C(18) -  b e a r i n g  an OH, and t h e  s i g n a l  a t  

58.8 ppm t o  the  C(16)-methoxyl carbon. 

OCH, 

1 R' : CH3; R2 = H DELSTAPHIGIWE 2 R1 = H; R2 = COC6H5 ~ ~ - P - ~ E N Z O Y L -  
DELPHONINE 

4 R1 = CH2CH3; R2 = CH3 3 R1 = COCH3; R2 = COC6H5 DELPHININE 

5 RI = H; R~ = H D E L P H ~ N I N E  

The t e n t a t i v e  s t r u c t u r e  1 can t h u s  be de r i ved  f o r  d e l s t a p h i g i n e  and i t s  I 3 C  nmr d a t a  (Table)  

are cons i s t en t  w i t h  t h i s  s t r u c t u r e .  The s t r u c t u r e  of  de l s t aph ig i ne  was es tab l i shed  by methyl-  

a t i o n  w i t h  t r ime thy l oxon ium t e t r a f l u o r o b ~ r a t e ~ ~  and a  p r o t o n  sponge t o  a f f o r d  a  p roduc t  t h a t  

was i d e n t i c a l  i n  a l l  respects w i t h  an au thent ic  sample o f  de l ph in i ne  (3 ) .  

14-0-Benzoyldelphonine (2) was ob ta i ned  i n  an amorphous form, [alZD4 t60 .1°  (c, 0.2, CHC13), 

and i t s  mo lecu la r  formula C31H43N08 was de r i ved  f rom t h e  mass spec t ra l  (M' 557) data.  The i r  

spectrum ( n u j o l )  showed carbonyl  (1720 cm- l )  and hydroxy l  (3480 cm-I) absorp t ions .  The 1~ nmr 

spectrum 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 2.23 (3H, s, N-CH3), 3.28(6H, 5,  OW3), 3.30 and 

3.38 (3H each, 4. 0CH3), 4.04 (IH, dd, Jl = J2 = 7  Hz, C(6) -8 -H) ,  5.19 ( IH,  d,  J = 5  Hz, 

C(14)-8-H) and m u l t i p l e t s  i n  t h e  r eg ion  between 6 7.44-8.05 (5H, a romat ic  p ro tons  of benzoate 

g roup) .  The 13c nmr d a t a  a r e  g i v e n  i n  t h e  Tab le .  The mass spec t rum showed: M', m/z ( X ) ,  

557(1), 526(Mt -OCH3, 981, 494 (3) ,  105(100), 77(40), 71(12), 45(34), 44(36), 43(11), 42 ( l 4 ) .  
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The pro ton and 13c nmr spect ra  o f  14-0-benzoyldelphonine are s i m i l a r  t o  those o f  de lph in ine, l l  

except f o r  t h e  absence of peaks f o r  t h e  aceta te  group. A lso  t h e  molecu lar  i o n  557 m/z i s  42 

mass u n i t s  l e s s  t han  t h a t  of d e l p h i n i n e  ( 3 ) .  A l k a l i n e  h y d r o l y s i s  w i t h  5% methano l ic  KOH 

s o l u t i o n  gave a  product  which was i d e n t i c a l  w i t h  delphonine (5)  by t l c  behav ior ,  i r ,  'H and 

13c nmr spectra.13914 The t e n t a t i v e  s t ruc tu re  2 can thus be der ived f o r  t h i s  new a l ka lo id .  

The s t r u c t u r e  o f  14-0-benzoyldelphonine (2) was confirmed by syn thes i s  f rom both  de lph in ine  

(3) and delphonine (5).  Thus, deacety la t ion15 of de lph in ine was e f f e c t e d  by  b o i l i n g  i n  water 

under n i t r ogen  f o r  4  h  t o  a f f o r d  2. Benzoylat ion o f  5  w i t h  benzoyl c h l o r i d e  and p y r i d i n e  a lso  

resu l t ed  i n  t h e  format ion of 2. I d e n t i t y  o f  na tu ra l  and syn the t i c  samples of 2  was confirmed 

by t l c  behavior, and ir, pro ton and 13c nmr spectra. 

Chasmaconitine (4)  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 185.5-187.5°C. The i r ,  mass and 

p ro ton  nmr d a t a  f o r  4 compare f a v o r a b l y  w i t h  pub l i shed  ~ a l u e s . l ~ - ~ ~  The 13c nmr da ta  f o r  

chasmaconit ine i s  g i ven  i n  t h e  Table. Chasmaconitine has n o t  p r e v i o u s l y  been repo r ted  i n  a  

Delphinium species, b u t  has been i s o l a t e d  from Aconitum chasmanthum, A. ferox,  A. f o r e s t i i  and 

A. f ranchet i i .16- l8  

EXPERIMENTAI 

Mel t ing  po in t s  are cor rec ted and were taken on a  Thomas-Kofler ho t  stage equipped w i t h  a  micro- 

scope and a  p o l a r i z e r .  S p e c i f i c  r o t a t i o n s  were measured on a  Perk in-E lmer  model 141 

po lar imeter .  I n f ra red  spect ra  were taken on a  Perkin-Elmer model 1420 spectrophotometer. 'H 

and 13c nmr spect ra  were recorded on JEOL FT models FX-60 and FX-90Q spectrometers i n  CDC13. 

Mass Spectra were determined on a  Finnegan Quadrupole 4023 i ns t rumen t .  For chromatographic 

separa t ions  on a  ~ h r o m a t o t r o n , ~ ~ ' ~ ~  r o t o r s  were coated w i t h  a  1  mm t h i c k  l a y e r  o f  aluminum 

ox ide 60 PF 254 + 365, bas ic ,  t y p e  E, (EM reagents,  Cat. No. 1104) o r  aluminum ox ide  60 GF 

254, n e u t r a l  (EM reagents,  Cat. No. 1092); f o r  sepa ra t i on  by vacuum l i q u i d  chromatography 

( v l ~ ) ~ ~ ,  aluminum ox ide 60 H 254, basic,  type E, (EM reagents, Cat. No. 1085) was used. For 

p t l c ,  aluminum oxide 60 GF 254, neut ra l  (EM reagent, Cat. No. 1092) was employed. 

I s o l a t i o n  of D e l s t a ~ h i q i n e  (11 and Chasmaconitine (4 ) :  - ~ e c e n t l y , ' - ~ ~  we repor ted separat ion 

o f  the  amorphous f r a c t i o n  of mother l i q u o r s  of D. s taph i sag r i a  i n t o  6  f r a c t i o n s  by a  grad ient  

pH e x t r a c t i o n  technique.22 From the f r a c t i o n  taken a t  pH 4.5 we reported8'9 t h e  i s o l a t i o n  o f  

the  new a l ka lo ids  1 -ace ty lde lph i s i ne  and de ls taph id ine,  besides the known a l k a l o i d s  de lph is ine  

and d e l p h i n i n e .  The mother l i q u o r s  a f t e r  t h e  sepa ra t i on  o f  t h e  above f o u r  a l k a l o i d s  were 

combined (800 mg). Subsequent p u r i f i c a t i o n  on an alumina r o t o r  o f  a  Chromatotron, fo l lowed by 



sepa ra t i on  on p r e p a r a t i v e  t l c  p l a t e s  (a lumina) a f f o r d e d  d e l p h i n i n e  (3;  279 mg, mp 196.5- 

1 9 8 . 5 ~ ~ ) ~ ~  and chasmaconi t ine (4, 78 mg, mp 185.5-187.5°C (ether:hexane)) ;  [alZD2 tt11.6D (c. 

0.39, abso lu te  E ~ O H ) ;  ir ( n u j o l ) :  3500 cm-1 (OH), 1720 cm-1 (C - 0 ) ;  EIMS: m/z ( x )  613 ( M ~ ,  

C34H47NOg3 0.3), 584(121, 582 (Mt -OCH3, 47), 554(6),  553(2),  522(14) ,  508(1), 448(2),  

~OS(IOO), 77(34), 71(13), 58(17), 45(42), ~ ( 5 9 ) ;  IH nmr (CDCI~): 6 1.08 (3H, f ,  J - 7 HZ, N-  

CH2-CH3), 1.27 (3H, s, 0COCH31, 3.14, 3.25, 3.27, 3.52 (3H each, s, 0CH3), 4.90 (IH, d, J = 

4.6 Hz, C(14)-8-H), m u l t i p l e t s  between 6 7.41-8.10 (5H); f o r  I 3 c  nmr data see the  Table. 

The pH 8 f r a c t i o n  (19.96 g)  was chromatographed ( v l c )  on s i l i c a  g e l .  E l u t i o n  was performed 

w i t h  hexane, hexane: CHC13, and then CHC13:CH30H m ix tu res  i n  o rde r  o f  i n c r e a s i n g  p o l a r i t y .  

F rac t ions  e l u ted  w i t h  CHCl3:CH3OH (98:2 and 96:4) were combined (4.37 g)  and chromatographed 

( v l c )  on a lumina .  E l u t i o n  was per fo rmed w i t h  hexane, hexane:ether,  and then ether:CHC13 

mix tu res  i n  o rder  o f  i n c reas ing  p o l a r i t i e s .  F rac t i ons  e l u t e d  w i t h  hexane:ether (35:65) were 

combined (0.56 g ) ;  subsequent p u r i f i c a t i o n  on an a lumina  r o t o r  of  a Chromatotron ( t w i c e )  

fo l lowed by separat ion on a p repara t i ve  t l c  p l a t e  (alumina) a f fo rded de ls taph ig ine  (1, 14 mg). 

-of - To 6 mg o f  1 i n  2 m l  o f  CH2C12 was added 6 mg of  p ro ton  

sponge [],a-bis-(dimethy1amino)naphthalenel and 8 mg o f  t r imethyloxonium te t r a f l uo robo ra te  and 

the m i x tu re  was kept  a t  room temperature f o r  one day. I c e  water  (10 m1) was added and the  r e -  

ac t i on  m i x tu re  was rendered a l k a l i n e  w i t h  NaHC03. The m ix tu re  was ex t rac ted  w i t h  3 x 10 m l  of 

CHC13. The combined e x t r a c t s  were d r i e d  over anhydrous Na2S04 and evaporated i n  vacua. The 

residue (4.9 mg) was c r y s t a l l i z e d  from acetone:hexane t o  g i ve  3 mg o f  de lph in ine  (3 ) ,  mp 197.5- 

199.5@C. The syn the t i c  and n a t u r a l  samples o f  de lph in ine  (3) were i d e n t i c a l  by t l c  behavior, 

mp, mixed mp and i r  spectra. 

-of1 - The amorphous powder from t h e  mother l i q u o r s  of D. 

r t a p h i s a g r i a  ( 8  g) was chromatographed on a s i l i c a  column (180 g, K i e s e l g e l  60, 70-230 mesh 

ASTM, A r t .  X7734). E l u t i o n  was performed w i t h  CH2C12-EtOH i n  o rde r  o f  i n c reas ing  p o l a r i t y .  

F rac t ions  e l u ted  w i t h  CH2C12-EtOH (70:30) were combined (868 mg) and chromatographed ( v l c )  on 

alumina. The f r a c t i o n  e l u ted  w i t h  hexane-EtOH (98:2)(185 mg) was p u r i f i e d  on an alumina r o t o r  

of a Chromatotron t o  g i v e  25 mg of 2 (see t e x t  f o r  physical  p roper t ies ) .  

-1 - To I 0  mg o f  2 i n  5 ml of  CH30H was added 5 

m1 o f  5% me thano l i c  KOH s o l u t i o n .  The m i x t u r e  was kep t  a t  room tempera ture  f o r  18 h .  

Methanol was d i s t i l l e d  and 10 mi o f  H20 was added. The s o l u t i o n  was ex t r ac ted  w i t h  4 x 15 ml 

of CHC13. The ch lo ro fo rm e x t r a c t  was d r i e d  over anhydrous Na2S04 and the  so lven t  was removed 

under reduced pressure  t o  g i v e  8 mg of a r es i due  which was i d e n t i c a l  w i t h  de lphon ine  (5)  by 
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13c nmr chemical s h i f t s  and assignments for delstaphigine (1 ) .  14-0-benzoyldelphonine 
( 2 ) ,  delphinine (3)  and chamaconltine (4 ) .  

Carbon 1 2 3 4 

a and b - The assignments nay be interchanged i n  any v e r t i c a l  column. 



t l c  behavior, ir, p ro ton  and 13c nmr ~ p e c t r a . ' ~ , ' ~  

Conversion o f  D e l o h i n i n e  13) t o  1 4 - 0 - B e n z o v l d e l ~ h o n i n e  ( 2 1  - About 30 mg of  d e l p h i n i n e  (3 )  

suspended i n  20 ml o f  d i s t i l l e d  w a t e r  was r e f l u x e d  under  N2 f o r  4 h .  The s o l u t i o n  was 

e x t r a c t e d  w i t h  4  x  20 ml CHC13. The CHC13 e x t r a c t  was d r i e d  o v e r  anhydrous Na2S04 and was 

d i s t i l l e d  under reduced pressure.  The res i due  (27.5 mg) was p u r i f i e d  on an alumina r o t o r  o f  a  

Chromatotron t o  g i v e  20 mg o f  2. The s y n t h e t i c  and n a t u r a l  samples were i d e n t i c a l  by t l c  

behavior, ir, mass, 'H and 13c nmr spectra.  

A l k a l i n e  Hvd ro l vs i s  o f  D e l ~ h i n i n e  (3 )  t o  D e l ~ h o n i n e  151 - To 155 mg o f  3  i n  10 ml of  CH30H was 

added 10 ml o f  5% me'thanolic KOH s o l u t i o n  and t h e  m i x tu re  was l e f t  ove rn i gh t  under N2 a t  room 

temperature.  The r e a c t i o n  m i x t u r e  was worked up by t h e  above p rocedu re  t o  g i v e  119 mg o f  

delphonine (5). 

Conversion o f  D e l ~ h o n i n e  (5 )  t o  1 4 - 0 - 8 e n z o v l d e l ~ h o n i n e  (2 )  - One ml o f  benzoyl  c h l o r i d e  and 

0.3 ml o f  p y r i d i n e  were added t o  30 mg of  5  i n  5 ml o f  d r y  benzene and k e p t  a t  room 

tempera ture  f o r  24 h. T w e n t y - f i v e  ml of  i c e d  wa te r  was added and t h e  r e a c t i o n  m i x t u r e  was 

rendered a l k a l i n e  w i t h  NaHC03. The m i x t u r e  was e x t r a c t e d  w i t h  four  25 ml p o r t i o n s  o f  CHC13. 

The combined e x t r a c t s  were d r i e d  ove r  anhydrous Na2S04 and evaporated i n  vacuo. The res i due  

was p u r i f i e d  on an a l um ina  r o t o r  o f  a  Chromatotron t o  g i v e  18 mg of  2. The s y n t h e t i c  and 

na tu ra l  samples were i d e n t i c a l  by t l c  behavior ,  ir, mass, and 13c nmr spectra.  
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