TAUTOMERISM OF THE ACETATES OF THE QUATERNARY
ALKALOIDS SANGUINARINE AND HELERITRINE

O. N. Tolkachev and O. E. Lasskaya UDC 547.944/945

The question of the tautomerism of quaternary bases of the type of sanguinarine and berberine has
been repeatedly discussed in the literature. Although it has been shown on the basis of some indirect in-
formation obtained from the chemical behavior, their pK value, and their UV spectra that the reactivity of

_compounds of this type is due to carbinolamine —aminoaldehyde —immonium tautomerism, this information
does not provide the possibility of interpreting the results obtained unambiguously [1, 2]. Furthermore,
for salts of these alkaloids the existence has been shown of only the quaternary immonium form with a
stable heteroaromatic structure. Exceptions are the cyanide alkaloids, which have been isolated in the
pseudo form [3, 4].

The present paper gives information on the influence of the polarity of the medium on the spectra of
sanguinarine and heleritrine. For this study we used the acetates of these alkaloids, which are soluble in
organic solvents, since salts of the alkaloids with inorganic acids are practically insoluble in them.

The acetates of sanguinarine and heleritrine that were obtained, like other salts of these alkaloids,
form colored aqueous solutions. In many organic solvents they give a coloration of lower intensity than in
water, and their solutions in ether or dioxane are colorless. When the ether is removed, or on prolonged
standing under ether, it is possible to isolate colorless forms of the acetates of the alkaloids considered.

In UV spectra (Table 1) of aqueous solutions of such salts a number of absorption maxima can be
seen, one of which is present in the visible region, Conversely, in dioxane or ether solution the long-wave
maximum is not observed, which can be explained by the absence of an aromaticity of ring B in the com~
pounds present in ethereal solvents and, as a consequence of this, a break in the chain of conjugation be-
tween rings A and C,

The NMR spectrum (CDCl;, freshly prepared solution) of heleritrine acetate with mp 235°C (Table 2)
has the signals of two isomers, and on a chromatogram in a thin layer of silica gel (Silufol; petroleum
ether—diethyl ether—methanol (15:35: 3) system) two spots are found with Ry 0.3 and 0.49; the latter of
them predominates, and when a chloroform solution is allowed to stand the intensity of the lower spot in-
creases (with the corresponding deposition on the plate of an ethereal solution of heleritrine acetate, only
one spot appears on the chromatogram with Rf 0.49). One of the compounds present in the chloroform
solution is the acetate of a pseudo base, since the NMR spectrum shows the signal of a proton geminal to
an acetoxy group at 6.55 ppm. The second compound in the mixture may be an acyclic tautomer of the alka-
loid, as can be judged from the presence in the spectrum of the signal of an aldehyde proton at 9.92 ppm.

In the IR spectrum of a chloroform solution of heleritrine acetate absorption bands appear of carbonyls of
different intensities at 1710 and 1755 cm™! (OCOCH, and CHO) with the second frequency predominating.
The acylic amino aldehyde is apparently present in the salt form, since in its IR spectrum absorption bands
appear in the 2700-2800 cm™! region. An amino aldehyde can arise from the corresponding base on salt-
formation, When a chloroform solution is allowed to stand, the equilibrium shifts to the more stable pseudo
acetate form, which crystallizes out from the solution in the form of yellow acicular crystals more spar-
ingly soluble in chloroform with mp 225-226°C. In an IR spectrum the intensity of their 1710 cm™! fre-
quency is reduced. In dioxane solution heleritrine acetate likewise has two absorption bands at 1728 and
1750 cm™~! of almost equal intensity; on standing, the second of them disappears and the first increases in
intensity. In deuteropyridine solution the presence of the aldehyde form was not observed. The two com-
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pounds present in solution were ascribed to the acetates of two isomeric pseudo bases apparently differing
by the mutual positions of the N—CHj; and OAc groups (from their NMR spectra).

In the NMR spectrum of an aqueous (D,0) solution of heleritrine acetate the signal of the protons of
the N—CHj; group is present in a weaker field as compared with a solution in CDCl; (4.3 and 2.35 ppm, re-
spectively), which shows the salt-like nature of the compound in aqueous solution. Furthermore, in aqueous
solution seven aromatic protons can be seen, one of which is heteroaromatic (9.1 ppm). Similar changes
in the spectra are also observed for solutions of sanguinarine acetate.

Thus, for sanguinarine and heleritrine acetates the existence of an equilibrium of tautomeric forms
may be assumed: immonium salt—pseudo base salt, the ratio between them being determined by the polarity

of the medium.
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EXPERIMENTAL

The NMR spectra were taken on a Varian HA-100D instrument. As internal standards we used HMDS
(for chloroform and deuteropyridine solutions) and tert-butanol (for aqueous solutions). The IR spectra
were obtained on a UR-10 spectrophotometer and the UV spectra on a Hitachi EPS-3T spectrophotometer,
The acetates of the alkaloids were prepared by mixing the corresponding bases with an excess of glacial
acetic acid, followed by washing out the excess of acid with ether and drying the salt obtained in the air.
The washing with ether must be done in small portions in order to avoid the dissolution of the acetate.

SUMMARY

The spectra of sanguinarine and heleritrine acetates in various solvents havebeen studied, It has
been shown that an equilibrium exists of the tautomeric forms of the acetates which depends on the polarity
of the medium.
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