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Abetroct - O d i a t i o n  of aoonitine (81 t o  osoni t ins  / I !  with K W d d  prooeeds 

by three mschonisms, involving tho CH3 and CH8 c m b n s  of the e-e thyl  g w u p  a d  the 

a w b m  of the eotvsnt as B O U N B 8  of the  ~ c H O  g ~ w p  of m i t i n e .  

O x o n i t i n e  ( I ) ,  one of t h e  permanganate o x i d a t i o n  p roduc ts  o f  a c o n i t i n e  (2 ) .  has been a 

s u b j e c t  o f  s tudy  f o r  over  50 years.1-6 Recen t l y  two papers798 have t r e a t e d  t h e  mechanism of 

i t s  format ion.  A 1982 study7 of t h e  o x i d a t i o n  of a c o n i t i n e  w i t h  permanganate i n  v a r i o u s  so l -  

ven ts  i n d i c a t e d  t h a t  t h e  source o f  t h e  !-formy1 group o f  o x o n i t i n e  i s  t h e  !-alkyl, group Of 

a c o n i t i n e  (mechanism 1) andlor  t h e  s o l v e n t  (e.g. acetone, methanol o r  a c e t i c  ac id1 used f o r  

t h e  o x i d a t i o n  (mechanism 2). 

1 R = CHO 

2 R = CZH, 

3 R - A c  

4 R = H  

5 R 1 =  CHO; R 2 =  A c  

6 R ' -  C2H,; R2- Ac 

7 R ' = C , H , ; R ~ = C O C ~ H ,  

8 R' = CHO; Fi2= COCIH5 

9 R' = Ac; R2 = COC, H, 



Mechanism 19 

Mechanism 210 

Yo ID1  
0 

4 \ L O 1  
CD3-CO-CD3 - CD~=C-CDJ - D-1-D - ,N-CD2OH - \r-CDO 

Subsequently, mechanism 3 was proposed8 i n  which the N-formyl group o f  1 and 5 i s  

der ived from the methylene of the  !-ethyl group when acon i t ine  (2)11 and aconine pentaace- 

t a t e  (6)12 are oxidized wi th  permanganate under condi t ions d i f f e r e n t  from those reported 

i n  reference 7. Though these invest igatorsa agree wi th  our proposal o f  mechanism 1 f o r  oxida- 

t i o n  of aconi t ine w i th  aqueous KMnOo, they d i f f e r  w i th  regard t o  mechanism 2, i . e .  when aco- 

n i t i n e  i s  oxidized i n  acetone or 5% aqueous acetone. 

Mechanism 38 
\ \ \ 

N-CH2-CH3 - ;N=CH-CH3 --r N-CH=CH2 - 
/ 

2 

Two points are noteworthy: i )  I n  the  case of the ox idat ion  of aconi t ine i n  acetone-d68 the 

product was ident i f ied ,  it appears, exc lus ive ly  by  and 1% nmr spectroscopy. The presence 

o r  absence of deuterium was not substantiated by  more conclusive experiments, such as deuter- 

ium nmr spectroscopy, and, moreover, it i s  probable t h a t  the  deuterium was l o s t  dur ing aqueous 

o r  ac id ic  workup. i i )  The r e s u l t s  of the ox idat ion  o f  aconine pentaacetate (6 )  t o  oxonine 

pentaacetate (5) were used t o  formulate a mechanism f o r  the  ox idat ion  of aconi t ine (2) 

t o  oxoni t ine (1).8 This t rans fer  of r esu l t s  i s  inappropr iate,  si,nce a change o f  sub- 

s t ra tes  y ie lded d i f fe rent  products (see below), and consequently, a d i f f e r e n t  mechanism may 

operate f o r  the ox idat ion  of aconi t ine (2 ) .  

TO c l a r i f y  the above po in ts  acon i t ine  was oxidized i n  acetone-d6-D20 (95:5) under the experi- 

mental condi t ions t ha t  were used by h i y a  e t  at .  However, dur ing workup the products 

were co l lec ted by f i l t r a t i o n  over a column of alumina t o  avoid the possible exchange of deute- 

r ium tha t  might occur dur ing an ac id ic  workup. Although the l 3 c  nmr spectrum of the product 

was essen t i a l l y  i den t i ca l  w i t h  t ha t  o f  oxon i t ine  (- 80%). i t  d i d  not show the presence o f  an 
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>-COO group. The 1H nmr spectrum also f a i l e d  t o  ind ica te  the proport ions o f  h-CHO and 

>!-COO formed, s ince the fo rny l  proton was obscured by  the  aromatic protons of the  benzoyl 

group. Oxidat ion o f  acon i t ine  furnished oxon i t ine  i n  80% y ie ld ,  whereas ox idat ion  o f  aconine 

pentaacetate (6) and acon i t ine  t r i a c e t a t e  (7) under i den t i ca l  experimental condi t ions 

furnished oxonine pentaacetate (5) and oxon i t ine  t r i a c e t a t e  (8) i n  a y i e l d  o f  on ly  50% 

and 60%, respect ive ly .  

Oxidat ion o f  acon i t ine  (2) i n  13CH3-60-13CH3 (99.5 atom % 13C)-HZ0 (95:5), gave a product 

w i t h  1H and 1% nmr chemical s h i f t s  i den t i ca l  with, those o f  oxoni t ine.  Moreover, the  1% nmr 

spectrum showed two intense signals a t  163.1 (assigned t o  the  formyl carbon) and 22.4 ppm 

(assigned t o  the methyl carbon of 3--CO-CH~).  Comparison o f  t h i s  nmr spectrum w i th  t ha t  

of the  unlabeled oxoni t ine,  measured under i den t i ca l  nmr condit ions, showed tha t  the  r e l a t i v e  

i n t e n s i t y  of the  s igna l  a t  163.1 ppm i s  about 16 times l a rge r  than t h a t  found i n  the unlabeled 

compound ( t h e  s ignal  a t  22.4 ppm i s  a lso enhanced t o  the  sane extent) ,  a r e s u l t  whlch demon- 

s t ra tes  t ha t  a) intermediate 4 i s  formed dur ing the ox ldat ion  and b) the  solvent, acetone, . 
i s  indeed a source ( 16%) of the ,!-CHO and =!-co-cH~ gr0u~s.13 Thus, mechanism 2 may be 

wr i t ten :  

Add i t iona l  support f o r  t h i s  r e s u l t  was provided by the  fo l lowing experiments: a) ox idat ion  of 

2 i n  acetone for 1 h [and i n  acetone-water ( 9 5 5 )  f o r  30 min] furnished intermediate 4 

(7.3%) [13.5%1, a 61:39 [69:311 mix ture  o f  1 and 3 (28.5%) [26.5%1 and s t a r t i n g  mate- 

r i a l  (2)  (47%) [48%], respect ively;  b )  ox idat ion  of !-desethylaconitine (4) i n  ace- 

tone-Hz0 (95:5) furnished mainly 1 and 3 i n  a 2: l  r a t i o .  Oxidat ion o f  aconi t ine (29 

mg) i n  0.5 g o f  1 3 ~ ~ 3 - ~ ~ - 1 3 ~ ~ 3  and 45 mg o f  KMn04 a t  room temperature f o r  f ou r  days furnished 
a mix ture  (1 : l )  o f  oxon i t ine  (1) and 3-acetyl-3-desethylacanitine (4) (26.5 mg). The 

nmr spectrum of t h e  mix ture  suggested t h a t  about 3% of t h e  5-formyl group o f  oxon i t ine  i s  
der ived from the d ry  acetone. 

Table 1 

Substrate Solvent 1 3 8 9 unknown 

( n )  (x)  (x )  (x) (x) 
2 acetone-dg-020 (95:5) 80.8 13.8 - 5.4 

2 1 3 ~ ~ 3 - ~ ~ - 1 3 ~ ~ 3 - ~ 2 0  (95:5) 81.4 10.8 - - 7.3 

2 ~ ~ c H ~ - c o - ~ ~ c H ~  43.5 44.8 11.7 

7 acetone - 19.4 62.2 18.4 

7 acetone-HzO ( 9 5 5 )  - 56.6 17.9 25.5 

The r e s u l t s  reported here and the e a r l i e r  results7,8 demonstrate t h a t  ox idat ion  o f  aconi t ine 

(2) t o  oxon i t i ne  (1) w i t h  KMnOq proceeds b y  th ree mechanisms, i nvo l v i ng  the CH3 and 



CH2 carbons of the!-ethyl group and the carbon o f  the  solvent as sources of the :&-CHO group 

of oxoni t ine.  Mechanisms 1 and 3 operate t o  an extent o f  about 84%, although the proport ion 

o f  oxon i t ine  formed v i a  each mechanism i s  not known. Dry acetone i s  i n e r t  t o  K M ~ O ~ ~ ~ ,  but  i n  

aqueous acetone ox idat ion  proceeds t o  f u rn i sh  some formaldehyde which acylates intermediate 

4 t o  fu rn ish  oxon i t ine  (1).  Table 1 i l l u s t r a t e s  the composition o f  the ox idat ion  pro- 

ducts obtained from various ox idat ion  condi t ions and substrates.15 
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