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Asperparalines (AC) are fungal metabolites isolated from
Aspergillus japonicusJV-23 by Hayashi and co-workers and have
been shown to have potent paralytic activities against silkworm.
Asperparaline A, also named aspergillimide (VM55598) along with
the 16-oxo-derivative were isolated along with several paraherqua- 2
mide derivatives fromAspergillussp. IMI 337664 by Everett and 1, asperparaline A 2, asperparaline B

associate’sand were reported to display anthelmintic activity. The (aspergillimide) o
asperparalines along with the brevianamidgsraherquamidés, Ve ci\_ Me \\_NMe
marcfortine A and sclerotamicfecomprise an interesting class of Me E NMe : N

structurally related secondary metabolites containing a bicyclo-
[2.2.2]diazaoctane core. An emerging body of evidence supports
the notion that this structural motif is formed by a biosynthetic
intramolecular [4+ 2] cycloaddtion of the isoprene-derived olefin 3, asperparaline C
across a preformed azadiene moiety derived from an oxidized o
piperazinedione (A~ B — C) as shown in Scheme’%. me e }LNH
Among its interesting structural features, asperparaline A contains - N
an unusual 3piro-succinimide moiety. A search of the literature Me'*)
revealed that thespiro-succinimide ring system has not been
reported as constituting part of any known natural products. In 5, paraherquamide A
addition to sharing the bicyclo[2.2.2]diazaoctane ring, the orientation
of the spiro-succinimide ring is consistent with the relative
configuration of thespiro-oxindole ring system observed in the  Scheme 1
paraherquamides. As part of a program directed primarily at Me Me

Figure 1. Structures of the asperparalines and related alkaloids.

elucidating the biosynthetic mechanism of formation of the bicyclo- X M;{"L Me, Me
[2.2.2] core that is common to all of these alkaloids, we have N OH g‘é s OH & e
initiated studies on the biosynthesis of the asperparaline family. \\&\\S\g_’ \/3_‘ H . N ¢
Herein, we report the biosynthetic incorporation of primary amino N X N}rf X ¥

acid building blocks that constitute the core framework of this class
of alkaloids. A B c

Earlier studies in these laboratories revealed thaitheethyl
proline ring of paraherquamide A is derived from an oxidative
cyclization ofL-isoleucine’ From these results, it seemed plausible
that thep-methyl proline ring of asperparaline A might also be
derived fromL-isoleucine. A simple comparison of the orientation
and relative configuration of thepiro-succinimide of asperparaline
A and thespiro-oxindole ring of the paraherquamides suggested
that the spiro-succinimide could be derived from an oxidative
degradation of tryptophan.

by 13C NMR and electrospray mass spectroméfyhe [1,243C,]-
acetate was incorporated only at isoprene carbons -62123,
indicative of a mevalonate pathway in accordance with the
observations we have previously reported for paraherquamide A
biosynthesis. Incorporation ofrfethy#'3C]-L-methionine was ob-
served only at C-29, thdl-methyl position of the monoketopip-
erazine (25.2%) and at C-30, tiNemethyl position of thespiro-
succinimide ring (26.9%), but not as any part of thenethyl

. . . ) - proline ring. [143C]-L-Isoleucine was incorporated as expected,
To determine the primary amino acid building blocks that showing enrichment (5.8%) at position C-18, analogous to the

corr_\prise_ asperparalinfe A, feeding experiments were performed Onbiosynthesis of paraherquamide *A1-1C]-.-Tryptophan was

A Jap OnICljSJV-Z.S using [1,2“]-.302]-acetate, methyj'lgc]'L;me' incorporated in 6.47.2% at C-12, andifidole-2-13C]-L-tryptophan
thionine, [1 3C]-L-ISO|€UCI£16, [15C]-L-tryptophan, jdole-2-1C]- was incorporated in 12.2% at position C-2, indicating that tryp-
L-tryptophaq, and [3C, .H2]'L'Se”ne' The_posmon of th&xC tophan is indeed the precursor responsible for the construction of
enrichment in asperparaline A was determinediy NMR, and the spirosuccinimide ring. Incorporation ofirfdole-2-13C]-L-

the percentage of labeled amino acid enrichment was determinedtryptophan was also observed at positions C-29 and C-30 in 1.9
and 1.7%, respectively, probably as a result of catabolism of

18‘;:%?3% asdtegg vg;gﬁ?gy tryptophan to kynurenine and formate which can be metabolized
§Los Alamos National Laboratory. by tetrahydrofolic acid (THF) intdN-methyl tetrahydrofolic acid
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Scheme 2. Possible Biosynthetic Interrelationships between
Paraherquamide and Asperparaline
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(5-Me-THF) which is responsible for theS¢methyl group of
methioninet! Incorporation of [31C,2H,]-L-serine was not observed

at position C-10 in agreement with the proposed biosynthetic
mechanisni! Curiously, serine incorporation was only observed
at positions C-29 and C-30, also as a result of metabolism by THF,
suggesting perhaps that japonicuslV-23 may utilize a non-serine-
based tryptophan biosynthesis.

asperparaline A, and all indications to date indicate that asperpara-
line shares a common biogenetic pathway with the paraherquamides.
Efforts are underway to investigate the incorporation &f-(
VM55599, an advanced metabolite in the biosynthesis of paraher-
quamide A, and to determine the timing of the oxidation of the
aromatic ring and the oxidative degradation of catechol derivatives.
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