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STRUCTURE OF PROTOVERATRINE C, A NEW ALKALOID FROM PROTOVERATRINE

Anil K. Saksena
Chemical Research Division, Schering-Plough Corporation, Bloomfield, New Jersey 07003, U.S.A.

Andrew T. McPhail
Paul M. Gross Chemical Laboratory, Duke University, Durham, North Carolina 27706, U.S.A.

Abstract Single-crystal X-ray analysis has established that protoveratrine C, a third tetra-
ester component of protoveratrine, is protoverine 3-(2'S,3'R)-2',3'-dihydroxy-2'-methylbuty-
rate 6,7-diacetate 15-(2'R)-methylbutyrate.

Use of crude veratrum extracts in the control of hypertension was first described by Baker
in 1859,1 but lack of reproducible results with these preparations considerably limited their
therapeutic scope. First isolated from veratrum album and named by Salzberger,2 the highly
active alkaloid preparation protoveratrine became available in crystalline form some 50 years

later.a’4

This subsequently led to the introduction of protoveratrine into clinical practice
for the treatment of certain types of hypertension.

In 1952-53, four groups5 independently established that protoveratrine was not a single
entity, but rather was a mixture of two very closely related ester alkaloids, protoveratrines
A (%) and B (%). Clinical studies have demonstrated significant differences between these two
alkaloids when administered orally.6 Thus, (%) is a potent hypotensive agent with a narrow
dosage range between hypotensive and undesirable emetic activity, whereas (%) has shown strong
hypotensive activity of greater duration accompanied by reduced emetic potential.

In their notable studies on veratrum alkaloids, Kupchan EE.él-7 elucidated the structures
of the parent alkamine protoverine (é) and of the tetraesters (k) and (%), save for the abso-
lute configurations of the esterifying acids at C(3) and C(15). We have now found that proto-
veratrine,8 long believed to be comprised of only these two tetraesters, contains in addition
a third new protoverine tetraester which we have named protoveratrine C.

Protoveratrine C (é), a colorless crystalline solid9 {m.p. 258-260 °C (dec.), [a]g6 -6.6°
(CHCl3)}, was isolated in 4-5% yield by short column chromatography of protoveratrine.lo’ 19 The

alkaloid gave a molecular ion peak at 809, confirming the molecular formula C41H63N015 assigned
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Compound R1 R2 R3 R4
(%) (+)-(2'S)-2"-hydroxy-2"-methylbutyryl Ac  Ac (=)-(2'R)-methylbutyryl
) (+)-2',3"-dihydroxy-2'-methylbutyryl Ac  Ac  (-)-(2'R)-methylbutyryl
) H H H H
(4) (-)-(2'S,3'R)-2",3"-dihydroxy-2'-methylbutyryl Ac Ac  (~)-(2'R)-methylbutyryl
(é) H Ac  Ac (-)-(2'R)-methylbutyryl

on the basis of elemental analysis.ll Treatment of (é) with sodium periodate, followed by di-
lute ammonia work-up of the oxidation product, gave protoverine 15-(-)-2'-methylbutyrate 6,7-
diacetate [desatrine (é)], identical in all respects with an authentic sample derived from
(%). It was therefore evident that (%) and (é) differed only in the absolute configurations
of the 2',3'-dihydroxy-2'-methylbutyrate ester substituents at C(3). The complete structure
of (4) was established unequivocally by single-crystal X-ray analysis.
Crystals of (4) belong to the orthorhombic system, space group P2,2,2,, with a = 14.120(7),
= 24,282(12), ¢ = 12.769(9) A U = 4378 As = 4, D =1.229 g cm 3. The structure was sol-
ved from F and difference Fourier syntheses phased 1n1t1ally by atomic co-ordinates for the
p?otoverlne skeleton in crystals of isomorphous (l) 12 Least-squares adjustment of atomic po-
sitional 13 and thermal parameters converged to R = 0.067 over 3104 statistically significant
reflections measured on an Enraf-Nonius CAD-3 automated diffractometer14 (Ni-filtered Cu—Ku
radiation, A = 1.5418 Z; 9-26 scans). A view of the solid-state conformation of (é) and the

atom numbering scheme are shown in the Figure.
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When the entire relative stereochemistry of (é), determined by the X-ray analysis, is con-
sidered in conjunction with the previously defined15 absolute stereochemistry of (é), it yields
(2'S,3'R) and (2'R) configurations, respectively, for the ester functions at C(3) and C(15).
Thus, (é) is protoverine 3-(2'S,3'R)-2',3'-dihydroxy-2'-methylbutyrate 6,7-diacetate 15-(2'R)-
2'-methylbutyrate. The results of the X-ray analysis of (4) [and (&)12] provide the first re-
corded proof of the absolute configuration of laevorotatory (2R)-methylbutyric acid (Q) which
is found in the C(15) ester linkage in (%), (%), and (é). The ester at C(3), derived from
laevorotatory (2S,3R)-2,3-dihydroxy-2-methylbutyric acid (l)’lé also occurs in germitetrine
and neogermbudine, two minor alkaloids derived from the alkamine germine.17 The absolute con-
figuration of the diastereomeric 2',3'-dihydroxy-2'-methylbutyrate ester present in (%) as
well as germbudine has not yet been established; we shall discuss this point in detail in a

later communication.

Figure. Atom numbering scheme and solid-state conformation of protoveratrine C (é)
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