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Constitution of Ipecoside: A Monoterpenoid Isoquinoline
By A. R. BaTTERSBY, B. GREGORY, H. SPENCER, and J. C. TURNER
(The Robert Robinson Laboratories, University of Liverpool)

and M.-M. JanoT and P. PoTIER
(Institut de Chimie des Substances Naturelles du C.N.R.S., Gif-sur-Yuvetle)

and P. Francors and J. LEVISALLES
(Faculté des Sciences, Université de Nancy)

Ipecacuanha plants are rich in alkaloids, the
pharmacologically important emetine being one,
and they also contain' a neutral glucoside, ipeco-
side, which was characterised and assigned! the
molecular formula C,,H ;NO,,. Evidence is now
presented which establishes the novel structure (I)
for ipecoside.? Only the essential data are outlined
here and further chemical, spectroscopic, and mass
spectrometric results, all supporting structure (I),
will be reported in our full Paper.

Ipecoside is a catechol derivative as shown by
its u.v. spectrum (Amax 285 mp) which was un-
unchanged in acid but was displaced to 306 mu

in alkali and this forms part of an N-acetyltetra-
hydroisoquinoline system (see later). When the
spectrum of (V) was subtracted from that of
ipecoside, the remaining absorption (238 my;
€ 9100) corresponded to the chromophore?
MeO,C-C=C-O-. Infrared absorption at 1690 cm.!
was in agreement with this system and a band at
1630 cm™! indicated that ipecoside is an amide.
Its molecular formula, C,,H3;NO,,, is supported
by mass spectrometry of many substances in this
series but no parent ion could be detected for
ipecoside itself (involatility). However, important
fragments at m/e 220, 206, 178, 164, and 43 are
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characteristic of N-acetyl-1-alkyl-1,2,8,4-tetra-
hydroisoquinolines and this breakdown pattern
was matched in the mass spectrum of (V). The
main initial fragmentation occurs between C-1 and
C-9 and between C-9 and C-10 (see I).

D-Glucose was isolated (¢f. ref. 1) from mild
acidic hydrolysis of ipecoside, and acetic acid
resulted wunder vigorous conditions. Hydro-
genation gave dihydroipecoside (II), C,,H;,NO,,,
m.p. 160-161°, which showed unchanged u.v. and
ir. spectra (carbonyl region). Thus, the of-
unsaturated ester is unaffected by hydrogenation
and the original olefin cannot be in conjugation
with the catechol or carbonyl residues. 0O-
Dimethyldihydroipecoside (IV) was prepared simi-
larly from OO-dimethylipecoside! (ITI).

The foregoing functional groups in a molecule

(VIII)

(XIII; R = OH, X = CHO)
(XIV; R =H, X = CH:0H)

CyHysNO,, require ipecoside to be tetracyclic,
i.e., one ring in addition to the isoquinoline and
glucose residues.

The n.m.r. spectrum of ipecoside, determined as
the trimethylsilyl ether, showed the following
important signals* (r values): s, 2-52 (H-12);
s, 3-42 (H-8); s, 3-47 (H-5); m, 4-2-4-8 (3H at
16, 17); s, 6-:31 (H-18); s, 7-83 (NAc). No signals
appeared above 7 8:0. The spectra of dihydro-
ipecoside (II) and its derivatives showed replace-
ment of the vinylic signals by those from a C-ethyl
group at 7 8:95 (t, 3H at 17) and 7 8-4 (u, 2H at 16)
and this residue was confirmed by Kuhn-Roth
oxidation. Dihydroipecoside gave propionic and
acetic acids (total 1:656 mol.) whereas ipecoside
yielded only acetic acid (1-0 mol.).

Ipecoside is hydrolysed by B-glucosidase and on

* The integrals for all spectra agreed with the recorded assignments (s = singlet, d = doublet, t = triplet,

m = multiplet, u = unresolved).
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this basis a B-glucosidic link is assigned. The
enzyme also hydrolyses dimethyldihydroipecoside
(IV), though slowly, to yield aglucone-A (VIII),
Cy3H 4 NO, (M*+, m/e 433). Treatment of this
product with acid or acid hydrolysis of (IV)
affords aglucone-B (IX), C,,Hy;NO, (M+, m /e 433).
The latter is unaffected by extended treatment
with acid and must be the most stable form.
Partial reversal to aglucone-A occurred when
aglucone-B was treated with alkali and then
neutralised. Examination of the two aglucones
chemically and by mass spectrometry, u.v., ir.,
and n.m.r. showed that the only gross structural
change from (IV) was fission of glucose. It is
probable that the stereochemical change in the
conversion of aglucone-A into -B involves C-15
since by n.m.r. the proton at C-14 appears as a
singlet in B (r 4'6) whereas coupling of the
corresponding proton is evident in the spectra of
aglucone-A and of (II). This and other data are
best interpreted by the illustrated configuration
at C-15 in (I) and (VIII) but this point requires
confirmation.

Oxidation of aglucone-B afforded the keto-
lactone (X), Cy33Hy,NOg (m/e 445) and the lactone
(XI), Cy3HyNO, (m/e 431). The lactone ring in
each is six-membered (vpax 1773 cm.~1) and all the
spectroscopic data, including full comparison with

1 P. Bellet, Ann. pharm. franc., 1952, 10, 81.
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(VII), support the illustrated structures. Further,
the 100 Mc. /sec. n.m.r. spectrum of the keto-lactone
completely assigned (see X) and the coupling of
each proton to its neighbour over the sequence
C-1, C-9, C-10, C-16, C-17 was demonstrated by
double-resonance. The observed couplings require
the relative stereochemistry shown at (X) for
C-10 and C-15.

To determine the absolute stereochemistry of
ipecoside, [PH-O-mefhy!]-OO-dimethyldihydroipe-
coside (IV) was hydrolysed vigorously with acid
to (XII) which is in equilibrium with (XIII) and
several isomeric benzoquinolizidines (409, yield
of mixture). From this, after reduction, was
isolated [BH-O-methyl]dihydroprotoemetine (XIV),
identical with authentic material,* and shown to be
the (—)-form by dilution analysis with radio-
inactive (—)- and (+)-dihydroprotoemetine. This
proves the absolute stereochemistry at C-1 and
C-10 of ipecoside to be as shown and the same as
the corresponding centres in the Ipecacuanha
alkaloids.® The latter are structurally related to
the indole alkaloids whose monoterpenoid origin
has recently been established.® Ipecoside is thus
of particular biosynthetic interest and further
experiments will determine whether or not it is an
alkaloidal intermediate blocked by acetylation.
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