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Summary: A series of l4-membered ring macrocyclic pyrrolizidine alkaloids have

been isolated from Parsonsia heterophylla and Parsonsia spiralis.

We wish to report the isolation and/or characterisation, in two species of
Parsonsia, of (a) a series of unusual macrocyclic pyrrclizidine alkaleids 1-5,
incorporating an indicine-type moiety 6 esterified by a series of dicarboxylic
acids to complete a novel l4-membered macrocyclic ring system, and (b) a new
alkaloid with gross structure 7.
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Three of the alkaloids, parsonsine 1, CyyH4y3NOg (micro-analysis and m* 439):
white orthorhombic plates mp 158° (from benzene, [u]go + 19.8° (¢, 0.56 in MeOH)
and its polymorphic form, mp 198° (from tcluene), [a]g0 + 19.7° (¢, 0.91 in
MeOH) , 2.3 heterophylline 2, C,3H35NOg (M+ 453): mp 190° (from benzene), and
7, (microanalysis and M' 355) non-crystalline, (ql20 + 57.6° (c, 0.38 in MeOH),
have been isclated from Parsonsia heterophylla A Cunn. The structure of the

dimorphic forms of parsonsine 1, determined by X-ray diffraction, have been

2,3

presented earlier. The structures of the Parsonsia spiralis Wall alkaloids,

+

which include spiraline 3 (M  455), spiranine 4 (M+ 469) and spiracine 5 as well
as 1 and 2 were established by their mass spectra and, in the case of 1 and 2, by
comparison and co-chromatography with the purified alkaloids from Parsonsia

heterophylla.

The proton nmr spectrum4 of parsonsine 1 (CDC1 exhibits the character-

)
istics of a pair of isopropyl groups: doublets at 30.84 (J 6.6Hz), 0.98 (J
7.0Hz, 2CH3 groups), 1.04 (J 7.1Hz) and corresponding methine septets at 61.79
and 1.93 (J 7Hz). A methyl doublet at §1.27 (J 6.7H2) coupled to a methine
gquartet at §5.34 (J 6.4Hz) indicates the presence of the CO—O—Cg—CH3

at Cl3 and the low~field shift of this methine contrasts with that of the
5

~-C function
secondary alcohol function (ca. 6§4) in alkaloids such as 6. A broad singlet at
5.9 characterises the olefinic methine of the pyrrolizidine ring. In addition a
series of AB patterns are observed, in particular, the doublets at §5,20 and 4,45
(J 12.8Hz) characterising the C9 protons and their non-equivalence in a macro-
cyclic ring system,5 but the separation between these doublets (0.75ppm) cannot
be used as a criterion of ring size.6 The electron impact mass spectra of

the alkaloids }—% show them to be a series of closely related pyrrolizidine
alkaloids esterified at both the C7 and C9 hydroxyls. Selective cleavage of the
C9 ester linkage of parsonsine 1 by hydrogenolysis (Pt/MeOH) gave, after treat-
ment of the product with diazomethane, a single gcms peak [M++1(CI), 458] which
retained both the amino alcohol and acid moieties thereby confirming the macro-
cyclic ring system. An analogous product [M++l(CI), 472] was obtained from
heterophylline 2. Vigorous alkaline or acid hydrolysis of 1 gave two acids
identified as trachelanthic and 2-isopropylmalic acids by gc-ms comparison of
their methyl esters with authentic samples. The basic product of this hydrolysis
was identified as retronecine by gc-ms and mixed melting point. Hydrolysis of
heterophylline 2 gave a dicarboxylic acid, the dimethyl ester of which gave a
mass spectrum interpretable as that of dimethyl-2-sec-butyvlmalate by comparison
with the spectrum of dimethyl-2-isopropylmalate and the published spectrum of the
isomeric dimethyl-2—isobutylmalate7. Partial hydrolysis of 1 yielded a major
product identified as the known alkaloid 6 by gc-ms. This partial structure is
incorporated in the alkaloids 1-5 as shown by their mass spectra which exhibit
major ions resulting from loss of 143 amu, C.H..O from the molecular ion.

771173
This loss corresponds to the expected cleavage of the C9-010 and C13-014 bonds.
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Note that the failure of parsonsine 1 and hetercphylline 2 to form alkylboronate
derivatives confirms that the vicinal dieol structure present in 6 is unavailable
in 1 and 2. However, alkylboronate derivatives of the alkaloids 3-5 are readily
formed and mass spectra of these compounds show appropriate M+ iong and prominent
ions resulting from fragmentation at C9-010 and C13-014, and the CR'-C bond. The
fragmentation at the CR'-C bond is particularly facilitated in the alkylboronate
of spiracine ? and this locates the additional hydroxyl in this molecule.

The proton nmr spectrum of z exhibits signals corresponding to an isopropyl
group at §0.97, 0.99, (C§3)2CH (J 6.8Hz) and 2.31 _C_H(CH3)2 (J 6.BHz), an acetoxy
group at 82.11 and a methyl ester group §3.67. In addition a geminal methylene
AB pattern at §2.8, 3.0 (J 14Hz) characterises the C13 methylene attached to the
asymmetric centre (Cl2)., Slight non-equivalence of the C9 protons is indicated
by the apparent doublets at §4.1 and 4.2 but this spectral region is congested by
the pyrrolizidine ring proton absorptions. The ions at m/e 295 and m/e 296
(weak) in the mass spectrum of 7 indicate loss of the elements of acetic acid (by
a McLafferty rearrangement) and a carboxymethyl group respectively. Mild acid
hydrolysis of 7 in methanol removed the acetyl group to provide a desacetyl
derivative the mass spectrum of which showed facile loss of CHZCOZCH3 and
C02C8H14N moieties as indicated by the presence of the ions at m/e 240 and 145,
These data demonstrate the nature of the methyl ester function and more import-
antly indicate which carboxyl group (Cl4) is esterified. Vigorous acid hydro-
lysis of 7 produced an aminocalcchol and a neutral optically active compound which
on base hydrolysis gave 2-isopropylmalic acid, C7H1205 (microanalysis): mp
171-173°, [a12® - 19.5°, (c, 0.42 in Meow),®’?

sample.lo The amino alcohol was identified as a l-hydroxymethyl-pyrrolizidine.

identical with an authentic

The specific rotation [a]g5 + 38° suggests that this alcohol is an approximately
equal mixture of the two diastereoisomers, laburnine ([a]g5 + 15")]'1 and

lindelofidine (1120 + 720) 11

The structures of 1 and 7 have been further verified by complete analysis of
the 13C nmr spectra of these compounds and their derivatives.

The unusual macrocyclic pyrrolizidine alkaloids described here are essent-
ially of the acyclic type, eg 6, found previously in other species of Parsonsial3
and in the Boraginaceael4 and Eupatorieael4. They are however modified by the
incorporation of 2-alkylmalic acids, similar to those associated with the

7,11

pyrrolizidine alkaloids of the Orchidaceae so that they resemble in some

respects macrocyclic alkaloids, such as trichodesmine, found mainly in the genus
Crotalarial4.

P.spiralis is a newly discovered larval food plant for the dapaine butterfly
Fuploea treitschkei aenea Butler and the larvae of this species sequester the
plant alkaloids which can be found, with the metabolite 6, in the adult

butterfliesls. This is the first confirmed example of danaine butterflies

obtaining pyrreolizidine alkaloids from a larval food plant and may have relevance
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to the origin of the requirement that adult Danainae of other species have for
pyrrolizidine alkaloids and their metabolites as defensive and semio-

chemicalsls’lG.
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