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Abstract - Oxidation of aconitine (8) to owonitine (1) with KMnDdy proceeds
by three mechaniemg, imvolving the CHz and CHy carbone of the N-ethyl group and the

oarbon of the solvent as sources of the N-CHO group of ozomitine.

Oxonitine (1), one of the permanganate oxidation products of aconitine (2}, has been a
subject of study for over 50 years.1-6  Recently two pa|:ner*s7-8 have treated the mechanism of
its formation. A 1982 study’ of the oxidation of aconitine with permanganate in various sol-
vents indicated that the source of the N-formyl group of oxonitine is the N-alkyl group of
aconitine (mechanism 1)} and/or the solvent (e.g. acetone, methanol or acetic acid)' used for

the oxidation (mechanism 2}.

-._ORZ 18
I
B Ac OAc
1 R = CHO 5 R'= CHO; R’= Ac
2 R = CyH;s 6 R'=C,H,; R*= Ac
3 R = Ac 7 R'= C,H,; R®= COC¢H,s
4 R=H 8 R'= CHO; R*= COC4H,
9 R'= Ac; R®= COC,H;
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Subsequently, mechanism 3 was proposed® in which the N-formyl group of 1 and 5 is
derived from the methylene of the N-ethyl group when aconitine (2)11 and aconine pentaace-
tate (6)12 are oxidized with permanganate under conditions different from those reported
in reference 7. Though these 1'nvesi‘.'igator'58 agree with our proposal of mechanism 1 for oxida-
tion of aconitine with aqueous KMnOg, they differ with regard to mechanism 2, i.,e. when aco-
nitine is oxidized in acetone or 5% agueous acetone.

i g
Mechanism 3 . \ N \
/N-CHZ-CHg —— ;N=CH-CH3 —»  N-CH=CHz —» /N-CHO

2 1

Two points are noteworthy: i) In the case of the oxidation of aconitine in acetone-d53 the
product was identified, it appears, exclusively by 4 and 13C nmr spectroscopy. The presence
or absence of deuterium was not substantiated by more conclusive experiments, such as deuter-
ium nmr spectroscopy, and, moreover, it is probable that the deuterium was lost during agueous
or acidic workup. 1i1) The results of the oxidation of aconine pentaacetate (6} to oxonine
pentaacetate (5) were used to formulate a mechanism for the oxidation of aconitine (2)
to oxonitine (1).8 This transfer of results is inappropriate, since a change of sub-
strates yielded different products (see below), and consequently, a different mechanism may
operate for the oxidation of aconitine (2).

To clarify the above points aconitine was oxidized in acetone-dg-Dp0 (85:5) under the experi-
mental conditions that were used by Amiya et al. However, during workup the products
were collected by filtration over a column of alumina to avoid the possible exchange of deute-
rium that might occur during an acidic workup. Although the 13¢ nmp spectrum of the product
was essentially identical with that of oxonitine (~ B80%), it did not show the presence of an
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:ﬂ-CDO group. The IH nmr spectrum also failed to indicate the proportions of _)_sl_-CHO and
:E-CDO formed, since the formyl proton was obscured by the aromatic protons of the benzoyl
group., Oxidation of aconitine furnished oxonifine in 80% yield, whereas oxidation of aconine
pentaacetate (6) and aconitine triacetate {(7) under identical experimental conditions
furnished oxonine pentaacetate (5} and oxonitine triacetate (8) in a yield of only 50%
and 60%, respectively.

Oxidation of aconitine {2) in 13CH3-C0-13CH3 (99.5 atom % 13C)-Hp0 (95:5), gave a product
with 1H and 13C nmr chemical shifts identical with those of oxonftine. Moreover, the 13¢ nmr
spectrum showed two intense signals at 163.1 {assigned to the formyl carbon) and 22.4 ppm
{assigned to the methyl carbon of :E_-CO-CHg). Comparison of this 13¢ nmr spectrum with that
of the untabeled oxonitine, measured under identical nmr conditions, showed that the relative
intensity of the signal at 163.1 ppm is about 16 times larger than that found in the unlabeled
compound (the signal at 22.4 ppm is also enhanced to the same extent}, a result which demon-
strates that a} intermediate 4 is formed during the oxidation and b} the solvent, acetone,
is indeed a source ( 16%)} of the _N-CHO and —N-CO-CHy groups.}3 Thus, mechanism 2 may be
written:

o [0] T 0] -
13cH3c0l3cH; —— 13cHp=C-130H3 —— H-13C-H ——=  TN-13cHz0H  —— "N-13cHO

Additional support for this result was provided by the following experiments: a) oxidation of
2 in acetone for 1 h [and in acetone-water (95:5) for 30 min] furaished intermediate 4
(7.3%) [13.5%], a 61:39 [69:31] mixture of 1 and 3 (28.5%) [26.5%] and starting mate-
rial (2) (47%) [48%], respectively; b) oxidation of N-desethylaconitine (4) in ace-
tone-Hp0 (95:5) furnished mainly 1 and 3 in a 2:1 ratio. Oxidation of aconitine {29
mg) in 0.5 g of 13CH3-C0-13CH3 and 45 mg of KMnOg at room temperature for four days furnished
a mixture (1:1) of oxonitine (1) and N-acetyl-N-desethylaconitine (4) (26.5 mg). The
13c nmr spectrum of the mixture suggested that about 3% of the N-formyl! group of oxonitine is
derived from the dry acetone,

Table 1
Substrate Solvent 1 3 8 9 unknawn

(%) (%) (%) (%) (%)
2 acetone-dg-Do0 (95:5) 80.8 13.8 - - 5.4
2 13¢H3-C0-13CH3-Hp0 {95:5) 81.4 10.8 - - 7.3
2 13¢H3-c0-13cH3 43.5 44.8 11.7
7 acetone - - 19.4 62.2 18.4
7 acetone-Hz0 (95:5} - - 56.6 179 255

The results reported here and the earlier results?,B demonstrate that oxidation of aconitine
{2) to oxonitine (1)} with KMnDg proceeds by three mechanisms, involving the CHy and
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CHp carbons of the N-ethyl group and the carbon of the solvent as sources of the :;Q-CHO group
of oxonitine. Mechanisms 1 and 3 operate to an extent of about 84%, although the proportion
of oxonitine formed via each mechanism is not known. Dry acetone is inert to KMn0414, but in
aqueous acetone oxidation proceeds to furnish some formaldehyde which acylates intermediate
4 to furnish oxonitine (1). Table 1 illustrates the compositien of the oxidation pro-
ducts obtained from various oxidation conditions and substrates 13
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