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ALKALOIDS FROM ACONITUM HETEROPHYLLUM WALL 
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(Received 3 November 1966) 

The rhizomes of the Indian plant, Aconitum heterophyllum Wall (Ranunculaceae), to date have 

yielded five well-characterized diterpene alkaloids,’ atisine’br*r), atidine4t5, hetisinebq, 

hetemtisine6r10r1’r’2 and benzoylheteratisine 13. We have isolated from this plant three new alkaloids for 

which we propose the names heterophyllisine, heterophylline, and heterophyllidine, and the structures (I), 

(II), and (III) respectively. They are, thus, further representatives of the lactone-type diterpene skeleton, 

hitherto unique to heteratisine (1~)6~‘01”~‘*. 

These alkaloids occur in extremely small amounts in the plont and were isolated from the 

heteratisine mother liquors accumulated during the processing of about 225 kg. of A. heterophyllum roots. 

The mother liquors were chromotographed in benzene over Woelm neutral alumina (activity-3), and the 

eluate was monitored by thin layer chromatography on silica gel. Final purification was affected by 

crystallization. 

The physical data on the new alkaloids are summarized in Table I. In addition, heterophylline 

was characterized as a monoacetate, m.p. 174-76O. 

TABLE I 

m.p. 

LalD (CH3OH) 

Mol. formula” 

I.R. max PW) 

New Alkaloids from A. heterophyllum 

Heterophyl I isine (1) Heterophylline (II) 

178-l 79” 221 .5-2230 

+15.5s (c 0.9) +1o.s0 (c 2.0) 

CZH~NO~ C21"31"'04 

3584 cm:’ (OH); 

1727 cm :’ 

(6-lactone) 

3534 cm.-’ (OH); 

1745 grn Y’ 

(s-lactone) 

Heterophyllidine (III) 

269-272” 

+42.$(c 1.26) 

C21"31"'4 

3546, 3205, 2778- 

2381 cm:’ (OH); 
1748 cm.-’ 

(b-lactone) 

* Present address; Unilever Research Laboratory, Welwyn, Hertfordshire, England 
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All three alkaloids contain a J-1 ac one t ring since (i) they show strong absorption in the I. R. at 

1727-1748 cm:’ (Table I), and (ii) they dissolve slowly in hot aqueous sodium hydroxide and can be 

recovered from such solution after acidification. A close structural similarity to hetemtisine was therefore 

suspected. The structures were derived mainly by comparison of the mass spectm’) of the new alkaloids and 

heterptisine. The most abundant ions in the high mass region are listed in Chart I and comprise the three 

types of ions discussed under (a), @) and (c) below. 

Hetemtisine: 

(a) the molecular ion peak (v) at m/e 391; 

@) ions obtained by elimination of the peripheral substituents from the molecular ion: 

(1) m/e 376, loss of CH3 (from N-ethyl by a-cleavage)‘*. 

(2) m/e 374, by loss of OH (from C-8) t 

(3) m/e 373, by loss of Hz0 (from the sec. OH at C-6)$ 

(4) m/e 360; this is the most abundant ion in the spectrum. It arises by loss of OCHB from the 

molecular ion peak since (i) high resolution studies showed it to be homogeneous and to have 

the composition (C2, HaNO,)+ and (ii) a metastable peak appears at m/e 331.5 (3@/391 = 

331.4). Presumably the diradical (VI) f ormed initially, rapidly rearranges to the immanium 

ion (VII). 

(c) ions obtained by further eliminations from m/e 360 (VII); 

(1) m/e 342, loss of Hz0 (from C-6-hydroxyl) +. 

(2) m/e 332, loss of ethylene from N-C2H5 by hydrogen rearmngement16. 

(3) m/e 344; high resolution studies showed this peak to be composed of two ions, m/e 344.1960 

and m/e 344.1860 (C20H26N04). There is also a metastable peak at m/e 328.5 

(34&/360 = 328.7). Taking this data* together with the steric-electronic limitations 

inherent in (VII), we surmise that the (C20H26N04)+ component (VIII) of this peak is obtained 

frcm m/e 360 by loss of CH; from N-Et and H’ from C(7) in a single step. 

?These assignments could be made only after studies on heterophyll idine discussed in the sequel. 

‘Also, we have studied the mass spectrum of the closely related molecule, dihydropyrohetemtisine” 

which lacks the C-17 to C-7 bond involved in the CH4 elimination. The molecular ion (i) loses OMe 

to yield the most abundant ion (ii), but the (ii-16) peak is virtually absent from the spectrum. 
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In addition to the peaks discussed under (a), (b) and (c), there are several peaks of low 

abundance from m/e 98 to 300. Most of these appear to arise by breakdown of the skeleton after initial 

elimination of the peripheml substituents. 

Heterophyllidine: The mass spectrum in the m/e 98-300 region is identical with the spectrum of 

hetemtisine. The molecular ion (M+) at m/e 377, the absence of a peak at (M+-31) and the presence of 

the most abundant peak at (M + -17) suggest the 1-0-nor-heteratisine structure (Ill) for it. All other peaks 

expected from Ill by analogy with the mass spectrum of heteratisine (IV), are present. Presumably, m/e 

360 arises largely by the elimination of C(l)-hydroxyl group from (M+) with some contribution from the 

C(8)- and C(6)-hydroxyl. 

The n.m.r. spectrum (Table II) of heterophyllidine isvery similar to that of heteratisine and is in 

complete agreement with structure I II. Notably, absorption due to -0Cl-J is absent. 

TABLE II 

60 Mc.N.M.R. Chemical Shift Data (T) + 

For Diterpene Lactone Alkaloids* 

CF& 

CH+l+N 

Hetero- 
phyl I isine 

9.19 

8.94 

Hetero- 
phyl I ine 

9.08 

8.87 

fJC(l7)N 6.62 6.70 

iC(l3)-oco 5.26 5.14 

EC(9)-co-o 6.18 

lC(6)OH 

T In deuterochloroform solution with tetramethylsilane as the 

spectrometer. 

Hetero- Heter- 

phyl I idine atisine 

8.92 9.03 

8.92 8.98 

6.75 

6.57 6.51 

5.08 5.26 

6.19 5.97 

5.33 5.5 

internal standard, measured on a Varian A-60 

*Appropriate splitting and coupling constants were observed in all cases; for heteratisine, see reference 10. 

Heterophylline and heterophyllisine: Analysis of the mass spectra readily leads to the structures 

of these alkaloids as desoxy-heterophyllidine and desoxy-heteratisine,respectively. Absence of peaks at 

m/e @U-18), corresponding to loss of Hz0 from the most abundant ion, suggests that the oxygen is 

missing fram either the C(8)- or the C(6)-hydroxyl group. The latter alternative is confirmed by n.m.r. 

and chemical data below. 

Heterophylline contains a tertiary hydroxyl group (resists acetylation, c.f., mono-acetate, 

vide supra). If this is at C(8), then the second hydroxyl (acetylated, secondary) cannot be at C(6) since 

pyrolysis of heterophylline acetate does not yield an enone corresponding to pyroheteratisine”. 
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The n.m.r. spectra (Table II) of the pairs heterophylline-heterophyilidine and heterophyllisine- 

heteratisine are remarkably similar, but with two significant differences. In the desoxy-compounds, (i) 

signals assignable to H-C(6)OH are absent, and (ii) the 3H singlet for C&-C: occurs at T 0.16 higher 

field, presumably because the deshielding effect of the neighboring hydroxyl at C(6) is absent. 

Hence, heterophylline and heterophyllisine have structures (II) and (I) respectively. 
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