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The alkaloid delphatine, C26H43OTN, (I), isolated f rom Delphinium bi ternatum Huth. and consis t ing of an amino 
alcohol der iva t ive  of delbine contains f ive methoxyl,  two hydroxyl, and one N-ethyl groups [1-3].  The empi r ica l  
formula  and the functional composi t ion are  confirmed by its mass  and NMR spectra .  The mass  spec t rum of the 
base  is cha rac t e r i s t i c  for alkaloids with a lyeoctonine skeleton [4]. 

On oxidation with potass ium permanganate  solution in aqueous acetone, a product  C26H41OsN (II) was obtained 

which had a lac tam carbonyl in a s i x - m e m b e r e d  ring (v KBr 1620 cm-1). The mass  spec t rum of the lactam is 
max 

cha rac t e r i s t i c  for  18-oxo compounds with the [ycoctonic skeleton [4]. The oxidation of oxodelphatine with per iodic  

acid led to a t r icarbonyl  compound (oxosecodelphatine), C26HagOsN (III), the IR spec t rum of which (v KBr 1640, 1700, 
m a x  

and 1753 cm -l) shows the posit ion of one carbonyl group in a f i ve -m em bered  r ing and another in a s i x - m e m b e r e d  or  
l a r g e r  ring. The p r e s e n c e  of an aldehyde group is excluded by the NMR spectrum.  

Consequently, in delphatine both hydroxyl groups are  t e r t i a ry  and they a re  p resen t  on neighboring carbon atoms. 
One of them belongs to a f i v e - m e m b e r e d  ring and the other  to a s i x - m e m b e r e d  or  a l a rge r  ring. Trea tment  of the 
t r icarbonyl  compound with H2SO 4 gives oxosecodehydromethoxydelphatine,  C25H3~OTN (IV), which is an c~, fi- 

unsaturated ketone, ~ C2H5OH 225 and 322 m# (logs 4.04 and 2.55). The ready el iminat ion of a molecule  of methanol 
m a x  

shows that one of the methoxy groups is in theposi t ionf i  to a keto group. According to the IR spec t rum (v KBr 1660, 
m a x  

1680, and 1760 cm-t) ,  this keto group is p resen t  in a s i x - m e m b e r e d  ring. 

If, as a working hypothesis,  we adopt the lycoctonine skeleton for delphatine, the two t e r t i a ry  hydroxyl groups 
may be located at C 7 and C 8 or at C 8 and C 9. The mass  spec t ra  of oxosecodehydromethoxydelphat ine and the analogous 
products  f rom lycoctonine and browniine (V and VI, respect ively)  show that all th ree  compounds are  ve ry  s imi la r .  
If the diol sys tem occupies the C7-C 8 position, one of the methoxyl groups must  be p resen t  at Cts. An analysis  of 
the NMR spec t ra  of a s e r i e s  of compounds with an a -hydroxyl  group at Ct0 shows that when there  a re  no substi tuents 
at C 9 and Cll a proton in this posi t ion is always found at about 4.10 ppm in the form of a poo r ly - r e so lved  t r ip le t  with 
J ~- 5 Hz. In the NMR spec t rum of delphatine, a poo r ly - r e so lved  one-proton t r ip le t  with J ~ 5 Hz is found at 3.52 ppm. 
The rep lacement  of a hydroxyl group in delphatine by a methoxy group correspondingly shifts the s ignals  f rom the 
C10 proton in the s t rong-f ie ld  direct ion.  In the mass  spec t rum of delphatine, the M - 31 peak has the maximum 
intensity while in the spec t rum of oxodelphatine it is ex t remely  small .  This fact shows that the third methoxyl group 
is at C 1 [4]. A compara t ive  analysis  of the mass  spec t ra  of delphatine and its der iva t ives  together  with the spec t ra  of 
lycoctonine (VII) andbrowniine (VIII) and their  corresponding der iva t ives  a re  good reasons  for  placing the two other  
methoxyl groups at C a and C19. The format ion of oxodelphatine on potass ium permanganate  oxidation shows the /3- 
or ientat ion of the methoxy group at C 6 [5]. Thus, s t ruc tu re  I may be proposed for delphatine. 

To confirm the p r e sence  of methoxy groups at C 6 and C 19, we heated oxodelphatine with zinc chlor ide  and HC1. 
Compounds with the methoxyl groups in these posit ions are  demethylated under s im i l a r  conditions and form internal  
e thers .  Thus, N-ace ty l -N-dese thy l i sopyroehasmanine  gave the corresponding product IX [6]. In all compounds with 
which this react ion has been per formed ,  there  was an c~-oriented methoxyl group at C 6. In the reac t ion  with delphatine, 

we isolated two products .  The f i rs t ,  according to the UV spect rum (~ C2H5OH 245 m~, logs  3.98) is an c~, f l-unsaturated 
max 

ketone. The earbonyl group is p resen t  in a s i x - m e m b e r e d  or  l a rger  r ing (IR spectrum: 1615, 1675, 3068, 3105, and 
3403 cm-l) .  A functional analysis shows that only three  methoxyl groups are p resen t  in the compound obtained. In view 
of what has been said, and also of the inc rease  in the molecu la r  weight by 64 an]u, we came to the conclusion that the 
react ion led to the el iminat ion of a molecule  of water  and one of methanol,  and to the demethylat ion of one of the 
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m ethoxyl groups.  This is poss ible  only in a pinacolin r ea r r angemen t ,  and the resul t ing  product  mus t  have s t ruc tu re  X. 

~ ~ ,,.. . .~1~- - - ",B,-T ''OR H3 ~"%- ' - - '~ -T"  0 C H3 

0 o o 
- "~'~, O' CH20R I CHzOR i 
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V~I,I~= CH~; R~=H 
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Another r e a r r a n g e m e n t  route  is excluded, s ince only in the given case does the r e a r r a n g e m e n t  product  contain 
in the posi t ion fl to the carbonyl group a methoxyl group capable of being el iminated in the form of methanol and thus 
fo rming  an a ,  f l -unsaturated ketone. 

KBr 
The corresponding s e r i e s  of reac t ions  ca r r i ed  out with oxolycoctonine gave an analogous product  (Vmax: 1600, 

1653, 3053, 3090, 3280, 3400, and 3550 cm-1), which excluded the demethylat ion of the methoxy group at C19. The 
m a s s  spec t ra  of the two substances  were  s imi la r .  Therefore ,  on the bases  of the IR spec t ra  of the r e a r r a n g e m e n t  
products ,  it was probably themethoxy l  group at C 6 that was demethylated. In these compounds, vC~__ O is low, because  

of a hydrogen bond between the hydroxyl and the earbonyl groups,  which, as models  show, is poss ib le  only when the 
hydroxyl group is p re sen t  at C a. 

This second reac t ion  product  (XI), according to its mass  spec t rum and its functional analysis ,  was formed by 
the el imination of a molecule  of methanol f rom oxodelphatine. In o rder  to es tabl ish  the s t ruc tu re  of this compound, we 
oxidized it with per iodic  acid. We obtained an (~, f i-unsaturated ketone. Its UV, IR, and mass  spec t r a  were  v e r y  
s i m i l a r  to the cor responding  spec t ra  of oxosecodehydromethoxydelphat ine (IV). Thus, the e l iminat ion of a molecu le  of 
methanol  led to the appearance of a double bond between C1~ and C16. 

The spec t r a  of XI a re  s i m i l a r  to those of IV, but XI is not identical with IV. On this bas is ,  we as sume  that under 
the reac t ion  conditions the configuration of one of the methoxyl groups changed. It was imposs ib le  to detect  a substance 
analogous to IX among the reac t ion  products .  This is apparently due to the f i-orientat ion of the methoxyl group at C 6 
in delphatine. A considerat ion of models  conf i rms  this hypothesis,  s ince the format ion of an internal  e ther  is poss ib le  
only when this methoxyl group has a -o r i en ta t ion .  

We see  f rom a compar i son  of s t ruc tu re  I, which we propose for delphatine, with the s t ruc tu re  of lycoctonine that 
the two compounds differ  by the p r e s e n c e  in delphatine of a methoxyl group at Ctg, while in lycoctonine there  is a 
hydroxyl group in this position. We methylated oxosecolycoctonine (IIIa) with methyl iodide in the p r e s e n c e  of sodium 
hydride. Instead of the expected five methoxyl groups,  the resul t ing  compound had six. The methylat ion of 
oxosecodehydromethoxylyeoct ine  (V) with methyl  iodide in the p r e s e n c e  of s i lve r  oxide also lead to the appearance  of 
an additional methoxyl group. 

In o r d e r  to c o r r e l a t e  delphatine with lycoctonine,  we hydrogenated oxoseeodehydromethoxydelphat ine by Adams '  
method. A te t rahydro product  C25HasOTN (XII) was formed which had nei ther  a double bond nor a carbonyl group in a 

CHC1 a 
f i v e - m e m b e r e d  r ing (Uma x 1630, 1700, and 3450 em-1). When this compound was methylated with methyl  iodide in 

the p r e sence  of sodium hydride,  a methyl  e ther  identical with the cor responding  product XIII that we synthesized f rom 
lyeoetonine was obtained. 
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C2~s~ 
o C:~OR, 

~]I, RI=R~ CH3; R3= H 
Xm, R~= R=-- R3= CH3 
)ff~, R, = R,t= H; R~=CH 3 

T h i s  c o r r e l a t i o n  c o n f i r m s  s t r u c t u r e  I p r o p o s e d  fo r  d e l p h a t i n e  and the  c o n f i g u r a t i o n s  of the  s u b s t i t u e n t  a t  C 6 
and C10, and a l so  e s t a b l i s h e s  the f i - o r i e n t a t i o n  of the  m e t h o x y l  g roup  at C 1. T h e  c o n f i g u r a t i o n  of  t h e  m e t h o x y l  g roup  
a t  C1~ is a p p a r e n t l y  the  s a m e  as  in  l ycoc ton ine ,  wh ich  is c o n f i r m e d  by  t h e  e a s e  of f o r m a t i o n  of IV. 

E X P E R I M E N T A L  

The  h o m o g e n e i t y  of the  s u b s t a n c e s  was  c h e c k e d  by  c h r o m a t o g r a p h y  in a th in  l a y e r  of ShSK s i l i c a  gel  in a 
b e n z e n e - m e t h a n o l  (5 : 1) s y s t e m .  The  NMR s p e c t r a  w e r e  t aken  on a J N M - 4 H - 1 0 0 / 1 0 0  MHz i n s t r u m e n t  in 
d e u t e r o c h i o r o f o r m  wi th  HMDS as i n t e r n a l  s t a n d a r d  (the v a l u e s  a r e  g i v e n  in the  5 s c a l e ) ;  the  m a s s  s p e c t r a  w e r e  t a k e n  
on  an  MKh-1303  i n s t r u m e n t  f i t ted  wi th  a g l a s s  s y s t e m  fo r  d i r e c t  i n t r o d u c t i o n  of the  s a m p l e  into the  ion s o u r c e .  

O x o d e l p h a t i n e  (II). A so lu t i on  of 0 .25 g of d e l p h a t i n e  in 15 m l  of 80% aqueous  a c e t o n e  was added to 0 .25 g of 
p o t a s s i u m  p e r m a n g a n a t e  in 200 m l  of 50% aqueous  ace tone .  T h e  r e a c t i o n  m i x t u r e  was  s h a k e n  f o r  10 ra in .  The  e x c e s s  
p o t a s s i u m  p e r m a n g a n a t e  was  d e c o m p o s e d  wi th  s o d i u m  su l f i t e ,  and the  m a n g a n e s e  d iox ide  was  s e p a r a t e d  off. The 
a c e t o n e  was  d i s t i l l e d  off on a w a t e r  b a t h ,  and t h e  r e s i d u a l  s o l u t i o n  was  a c i d i f i e d  wi th  H2SO 4 and r e p e a t e d l y  e x t r a c t e d  
w i th  c h l o r o f o r m .  The r e s i d u e ,  a f t e r  d i s t i l l a t i o n  of the  c h l o r o f o r m ,  was  d r i e d  and  t r e a t e d  wi th  hexane .  Th i s  gave  
0.22 g of a p r o d u c t  w i th  m p  9 4 - 9 5  ° C (e the r ) .  NMR s p e c t r u m :  1.03 p p m  (CH~CH 2, t r i p l e t ) ,  m o l w t  495. 

O x o s e c o d e l p h a t i n e  (III). A s o l u t i o n  of 0 .15 g of II and 0.15 g of p e r i o d i c  ac id  in 10 m l  of d i s t i l l e d  w a t e r  was  l e f t  
a t  20 ° C fo r  2 days .  The  r e a c t i o n  p r o d u c t  was  e x t r a c t e d  w i th  c h l o r o f o r m .  The r e s i d u e ,  a f t e r  the  d i s t i l l a t i o n  of the  
c h l o r o f o r m ,  was  d r i e d  and t r e a t e d  wi th  e t h e r .  The  y ie ld  of p r o d u c t  was  90 mg ,  m p  1 8 7 - 1 8 9  ° C ( cyc lohexane ) ,  m o l w t  
493. 

D e h y d r o m e t h o x y - I I I  (IV). A so lu t i on  of 0.3 g of III in  30 m l  of c h l o r o f o r m  was  s h a k e n  wi th  10 ml  of 10% H2SO 4 
f o r  5 h r .  The  c h l o r o f o r m  l a y e r  was  s e p a r a t e d  off, w a s h e d  wi th  w a t e r ,  d r i e d  o v e r  s o d i u m  su l f a t e ,  and d i s t i l l e d .  The  
d a r k - r e d  r e s i n o u s  p r o d u c t  was  c h r o m a t o g r a p h e d  on a c o l u m n  of a l u m i n a .  The  a m o r p h o u s  m a s s ,  e l u t e d  by  a 
c h l o r o f o r m - e t h e r  m i x t u r e  (1 : 1), was  t r e a t e d  w i th  e t h e r .  Th i s  gave  0.25 g of c r y s t a l s  wi th  m p  1 4 2 - 1 4 4  ° C 
( cyc lohexane ) ,  m o l w t  461. 

T e t r a h y d r o - I V  (XII). A 0 . 2 - g  q u a n t i t y  of IV in 10 m l  of m e t h a n o l  was  h y d r o g e n a t e d  o v e r  a p l a t i n u m  c a t a l y s t  fo r  
25 hr .  The  c a t a l y s t  was  s e p a r a t e d  off and  the  s o l u t i o n  was  e v a p o r a t e d .  Th i s  gave  a wh i t e  a m o r p h o u s  s u b s t a n c e ,  

too l  wt  465. 

M e t h y l a t i o n  of  XII. Sod ium h y d r i d e ,  0 .25 g, was  added  to 0.13 g of XII  in 8 m l  of d r y  d ioxane ,  and the  m i x t u r e  
was  s t i r r e d  a t  6 0 - 7 0  ° C. A f t e r  30 ra in  1 m l  of m e t h y l  iod ide  was  added,  and the  r e s u l t i n g  m i x t u r e  was  s t i r r e d  at  
8 0 - 9 0  ° C fo r  8 hr .  An a d d i t i o n a l  1 m l  of m e t h y l  iod ide  was  added,  and  a f t e r  10 h r  t h e  r e a c t i o n  m i x t u r e  w as  coo led  
and f i l t e r e d .  The  f i l t r a t e  was  e v a p o r a t e d  and  d r i e d  in vacuo .  A c c o r d i n g  to a e h r o m a t o g r a m ,  the  p r o d u c t  XIII  was  
h o m o g e n e o u s ,  tool  wt 479. The IR s p e c t r u m  was  i d e n t i c a l  wi th  t ha t  of t h e  c o r r e s p o n d i n g  p r o d u c t  ob t a ined  f r o m  
l y e o e t o n i n e .  

R e a c t i o n  of II w i th  z inc  c h l o r i d e .  A m i x t u r e  of  0.17 g of II, 7 g of z inc  c h l o r i d e ,  and 3 m l  of 5°/c HC1 was  h e a t e d  
in a w a t e r  b a t h  fo r  1 h r .  The  coo led  d a r k - r e d  so lu t i on  w as  d i l u t ed  wi th  20 m l  of w a t e r  and e x t r a c t e d  wi th  c h l o r o f o r m .  
The  c h l o r o f o r m  e x t r a c t  was  w a s h e d  wi th  4% aqueous  c a u s t i c  p o t a s h  and t h e n  w i th  w a t e r .  The r e s i d u e ,  a f t e r  the  
d i s t i l l a t i o n  of the  c h l o r o f o r m ,  was  e h r o m a t o g r a p h e d  on  a c o l u m n  of a l u m i n a  (3 g) and e l u t e d  wi th  e t h e r .  T he  f i r s t  
two f r a c t i o n s  (5 m l  each)  gave  10 m g  of X wi th  m p  2 2 0 - 2 3 0  ° C ( c y c l o h e x a n e - e t h e r ) ,  m o l w t  431. The  s u b s e q u e n t  
f r a c t i o n s  c o n t a i n e d  XI, too l  wt  463. 

O x i d a t i o n  of  XI w i th  p e r i o d i c  ac id .  A m i x t u r e  of 45 m g  of XI and 45 m g  of p e r i o d i c  ac id  in 5 m l  of m e t h a n o l -  
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water (1 : 5) was left at 20 ° C for 2 days. The react ion product was ext rac ted  with ch loroform and the white amorphous 
substance remain ing  af ter  the dis t i l la t ion of the ch loroform (40 rag) was dried in vacuo; according to a ch romatogram,  
it  was homogeneous,  tool wt 461. 

Oxosecobrowni lne  (IIIb). A mix tu re  of 0.1 g of oxobrowniine obtainedin a manner  s i m i l a r  to II and 0.1 g of 
per iodic  acid in 7 ml  of dis t i l led water  was left  at 20 ° C for two days. The reac t ion  product  was ext rac ted  with 
ch loroform.  After  the ch loroform had been dis t i l led  off, the product  was shown by chromatography to be uniform, 
tool wt 479. 

Dehydromethoxy-IIIb (VD. A solution of 0.7 g of IIIb in 1 ml of ethanol was added to 5 ml  of 300/0 H2SOt, and the 
mix tu re  was heated in a s team bath for  7 hr. The cooled solution was extracted with chloroform.  After  the 
dis t i l la t ion of the chloroform,  a homogeneous substance with tool wt 447 was obtained. 

Methylation of oxosecolycoctonine.  Compound IIIa (0.18 g) was methylated by the method descr ibed  for  XII. The 
reac t ion  product  was ehromatographed on a column of alumina. Elution with an e t h e r - c h l o r o f o r m  mix tu re  (5 : 1) gave 
0.13 g of a homogeneous white pulverulent  substance with mol wt 507. 

Dehydromethoxy-II Ia  (V), obtained in a manner  s i m i l a r  to VI, had mp 197-201 ° C (benzene), m o l w t  447. 

Te t r ahydro -V (XIV), with mp 283-285 ° C (methanol) is formed in the same way as XII. IR spect rum:  1642 and 
1688 em -1, m o l w t  451. 

Methylation of XIV. Compound XIV (0.32 g) was methylated by the method descr ibed  for  XII. This  gave 0.28 g 
of XIII in the form of a white amorphous powder, tool wt 479. The IR spec t rum was identical with that of the 
cor responding  product  obtained f rom XII. 

React ion of oxolycoctonine with zinc chloride.  Oxolycoctonine (0.6 g) was t reated with zinc ch lor ide  by the method 
descr ibed  for II. The res inous  product  was t rea ted  with acetone. This gave 20 mg of a substance with mp 212-220 ° C 

(acetone), mo lwt  417, h C2H5OH 248 m# (loge 3.96). A mix ture  with X mel ted at 190-200 ° C. 
max 

C O N C  L U S I O N S  

The s t ruc tu re  of the alkaloid delphatine has been establ ished on the bas is  of chemica l  react ions  and spec t ra l  
c h a r a c t e r i s t i c s .  A cor re la t ion  of delphatine with lycoetonine has been ca r r i ed  out. 
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