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The unusual H-azepine alkaloid chalciporoné)(* is found Cé?gfy._a/—"a“\ C'é_é
in the mushroonChalciporus piperatugBasidiomycetes). The C-7 c-8 C-10
pungent effect of this compound seems to protect the fruit bodies -5 150 100 0 0

since they are rarely attacked by insects and other predators.

Synthetic studies by our group established tHg-&ereochem- ~ ~19ureé 1. INADEQUATE experiment (CROD, 151 MHz); labeling

pattern of chalciporonel} (20 mg) after applying a mixture of [UC]-

i 2
isiry of 1. L-amino acids to young fruit bodies &h. piperatus.

Scheme 1.Incorporation of Seven Acetate Units into

Chalciporone
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Because of the unique structure of this natural product we COH N"7 -

became interested in its biosynthesis. Here we present the results 0

of a range of experiments that now allow us to postulate a . . )
. - - . Table 1. Chemical Shiftsdc (Assigned Due to COSY, HMQC,
biosynthetic route for this alkaloid. It appeared reasonable to . 4\ \vBC Experiments) and Coupling Constaklsc of 1 after

speculate thall could be formed by cyclization of a linear  peedingCh. piperatuswith a Mixture of [U43C]-L-Amino Acids
polyketide chain. For this reason, young fruit bodiesGH. (151 MHz, CROD)

piperatus while growing in their natural forest habitat, were fed
with sodium [U43C,]acetate® These experiments were not suc-

C-atom dc[ppm] ec[Hz] C-atom oc[ppm] cc[Hz]

cessful, presumably due to the basicity of the precursor not being 1 21.37 41.4 9 141.62 55.6
tolerated by the mushrooms. However, we were pleased to find 2 56.00 41.4 10 131.64 55.6
that when a mixture of [U3C]-labeled fatéwas applied it was 3 137.45 65.2 11 140.95 43.2
readily accepted by the fungi. The experiment revealed the g ﬁg'?g gi'g ﬁ i?'gg gg'g
degradation of the fatty acids to doubly labeled acetate and the ¢ 12980 64.2 14 213.02 289
incorporation of seven acetate units into chalciporoleading 7 164.59 62.2 15 36.58 357
to *C-enrichment of carbons-3L6 (see Table 2 and Scheme 1). 8 129.88 62.2 16 8.02 357

In contrast, the methyl group and the neighboring ring carbon
atom C-2 exhibited no detectaBf€-enrichment. The enrichment
was about 10% and was derived from tf& NMR spectrum by

[U-13C]-L-amino acid$éwas injected into the fruit bodies, partial

integration of the doublet signals of labeled in relation to the 13C.-Ir;1be|ing of C-1 apd C-2 was opgerved. Both signals were
integral of the corresponding singlet signal of the unlabeled SPlit into doublets indicating their origin from one and the same
alkaloid 1 (Table 2). amino acid. Not surprisingly, doublet signals were also detectable

Concerning the origin of C-1 and C-2 we speculated that these for all the other carbon nuclei. This is explained by degradation
could be derived from an-amino acid since the 4&€—CH— unit of _the _[U~13C]-I_abeled amino acids to doubly Ia_beled acetate,
is attached to the nitrogen atom inindeed, when a mixture of ~ Which is then incorporated inté. The incorporation of seven

intact acetate units and the carbons of the;CH— moiety was
10{(312) Sterner, O.; Steffan, B.; Steglich, Wetrahedron1987, 43, 1075~ proven by an INADEQUATE experiment (Figure 1jC-enrich-

' ments were found to be about 50% (Table'2y.c coupling con-
2)H ht, D.; Josten J.; Steglich Wetrahedron1996 52, 10883~ ; i€ ;
1050)2 amprec osten egie rahedron1994 stants derived from th€C NMR spectrum are listed in Table 1.

(3) Typically, 5-10 mg of the precursor in 50L of water (or diethyl Further feeding experiments were aimed to identify the amino

ether in the feeding experiment with fats) were injected into each stalk of 20 ; ; i ; ; i -
fruit bodies in a forest near Regensburg, Bavaria. After 7 days, the mushroomsacId being specifically incorporated info Providing the mush

were harvested and kept frozen-a20 °C until workup. rooms with [U+3C5]-L-alanine as a potential biosynthetic precursor
(4) The mixtures of [UC]-labeled fats and [U3C]-labeled amino acids led to an interesting result: a significantly increas&e-

(99% 3C) were obtained from algae withCO, as the only carbon source. enrichment was observed for C-1 and C2100%) compared
They are C,C-bond-labeled throughout and are commercially available from o L .
Cambridge Isotope Laboratories, Inc., Andover, MA. to all other carbon atoms<60%) (Table 2). This is consistent

(5) Isolation of chalciporonelj: Frozen fruit bodies o€h. piperatug50 with alanine being the precursor of C-1 and C-2 in chalciporone

g) were crushed and immediately extracted for 30 min with ethyl acetate. indi i i i
The extract was dried (N80,) and the solvent removed carefully. The residue and indicates that the carboxyl group of alanine is lost in the

was dissolved in MeOH (3 mL) and purified by elution with MeOH through ~ course of the biosynthgsﬁwnfortunately, a feeding experiment
a RP-18 cartridge. Yield: 21 mg. Sinteearranges readily to isochalciporéne  with [U-13C,'5N]-L-alanine aimed to prove the retention of the

and decomposes on silica gel, further purification is not recommeritied. 13Cc—15\ bond was inconclusive due to low incorporation
NMR (600 MHz, MeOD): 6 = 1.02 (t,J = 7.3 Hz, 3 H, H-16), 1.58 (d] = b !

6.7 Hz, 3 H, H-1), 2.40 (tdJ = 7.2 Hz,J = 6.9 Hz, 2 H, H-12), 2.48 (a The experiments described so far do not allow to distinguish
= 7.3 Hz, 2 H, 15-H), 2.60 () = 7.2 Hz, 2 H, H-13), 2.97 (dg] = 6.7 Hz, whether the polyketide chain is generated starting from C-3 or
J=5.3Hz, 1 H, H-2),5.72 (dd] = 9.1 Hz,J = 5.3 Hz, 1 H, H-3), 6.00 (dt,

J=14.8 Hz,J = 6.9 Hz, 1 H, H-11), 6.22 (dJ = 15.8, H-8), 6.23 (ddJ = (6) Since [U33C;)-glycerol is readily metabolized tio-alanine via pyruvate,
14.8,J = 10.5 Hz, H-10), 6.34 (dd] = 9.1 Hz,J = 5.4 Hz, H-4), 6.81 (dd, similar *C-enrichments were observed by feeding fG}-glycerol to the
J=15.8,J=10.5 Hz, 1 H, H-9), 6.99 (dd] = 11.5 Hz,J = 5.4 Hz, H-5), mushroom £C-enrichments:~40% for C-1 and C-2 an¢20% for the other
7.24 (d,J = 11.5 Hz, 1 H, H-6). carbons).
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Table 2. 3C-Enrichment in Chalciporone after FeediGg.
piperatuswith Labeled Precursaid 51 MHz, COD)

C-enrichment [%] 13C-enrichment [%]

C FA AA UuAla 3Ala C FA AA uAla 3Ala

1 0 43 166 210 9 9 42 52 0
2 0 34 134 0 10 7 46 45 120
3 8 45 48 0 11 10 54 37 0

4 9 46 a7 160 12 9 b1 65 150
5 9 34 45 0 13 9 51 a7 0

6 5 47 49 120 14 8 28 39 100
7 7 27 24 0 15 9 51 60 0

8 8 55 49 160 16 12 52 66 170

aFA = feeding experiment with [U2C]-fats. AA = feeding with
[U-13C]-L-amino acids; uAla= feeding with [U43C;]-L-alanine; 3Ala
= feeding with [33°C]-L-alanine.

C-16. To resolve this issue, singl§C-labeled acetate precursors
are required. Initial feeding experiments with 2G]acetate or
[1-13C]ethanol failed, despite the ethanol being tolerated better

Communications to the Editor

Scheme 2.Hypothetical Biosynthesis of Chalcipordfie
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by the mushroom than the acetate. Better results were obtainedScheme 3.Proposal for the Late Steps in Chalciporone
with [3-2C]-L-alanine as precursor of acetate. To ensure sufficient BloSynthesis

enrichment of the labeled chalciporone, the inoculated fruit bodies
were harvested after an unusually long growth period of 12 days.
Quantitative*C NMR measurements reveal&€-enrichment of

the carbons at positions 1, 4, 6, 8, 10, 12, 14, and 16 (Table 2,
Scheme 1), indicating that assembly of the carbon chain com-
mences at C-16.

These results are in accordance with the formation of the
complete carbon chain df by condensation af-alanine with a
heptaketide CoA thioestet” and concomitant decarboxylation
(Scheme 2). The resulting aminoketdhes formed with overall
retention of the absolute configuration. The same applies to
reactions catalyzed by enzymes of theoxoamine synthase
family,® which depend on pyridoxal phosphate (PLP) as cofactor.
Thus, a reaction mechanism analogous to that progdsethose
conversions can be assumed for the transformatianalénine
into aminoketones.

The next steps in chalciporone biosynthesis should be ring
closure to4, reduction of the €&O-group in position 3, and

(7) The involvement of a CoA ester is proposed in analogy to other
o-oxoamine synthase reactions. The functionalization of the polyketide chain
is arbitrary.

(8) (a) 8-Amino-7-oxononanoate synthase (AONS): Webster, S. P.; Al-
exeev, D.; Campopiano, D. J.; Watt, R. M.; Alexeeva, M.; Sawyer, L.; Baxter,
R. L. Biochemistry200Q 39, 516-528. (b) 5-Aminolevulinate synthase
(ALAS): Jordan, P. M. IrBiosynthesis of Tetrapyrrolgdordan, P. M., Ed.;
Elsevier: Amsterdam, 1991; pp—566. (c) Serine palmitoyltransferase
(SPT): Merrill, A. H., Jr.; Jones, D. DBiochim. Biophys. Actd99Q 1044
1-12. (d) 2-Amino-3-ketobutyrate CoA ligase (AKB): Mukherjee, J. J.;
I?]ekk_er, E. EJ. Biol. Chem 1987, 262 1444114447 and references cited
therein.

(9) (a) Ploux, O.; Marquet, AEur. J. Biochem1996 236, 301—308. (b)
Alexeev, D.; Alexeeva, M.; Baxter, R. L.; Campopiano, D. J.; Webster, S. P.;
Sawyer, L J. Mol. Biol. 1998 284, 401-419. (c) Ploux, O.; Breyne, O.;
Carillon, S.; Marquet, AEur. J. Biochem1999 259 63—70. (d) Ifuku, O.;
Miyaoka, H.; Koga, N.; Kishimoto, J.; Haze, S.; Wachi, Y.; Kajiwara, M.
Eur. J. Biochem1994 220, 585-591.
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elimination of water leading tot2-azepine5 (Scheme 2}! The
side chain &0O-group is very likely introduced at the end of the
biosynthesis, since compoun8g? 6, and7 can be detected in
traces in the mushroofi. A proposal for their formation is
depicted in Scheme 3.

Interestingly, conjugates of polyenedicarboxylic acids with
amino acids have been found as pigmentBafetus laetissimys
a close relative oCh. piperatus*
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(10) The exact structures of the intermediates and the sequence of the late
biosynthetic steps are unknown.

(11) The formation of pyrrole rings fromx-amino acids and 3-oxocar-
boxylic acid CoA thioesters has been observed in the biosynthesis of
prodiginines: (a) Gerber, N. N.; Mclnnes, A. G.; Smith, D. G.; Walter, J. A,;
Wright, J. L. C.; Vining, L. C.Can J. Chem1978 56, 1155-1163. (b)
Wasserman, H. H.; Sykes, R. J.; Peverada, P.; Shaw, C. K.; Cushley, R. J.;
Lipsky, S. R.J. Am. Chem. S0d973 95, 6874-6875.

(12)5 was only identified by GEMS.

(13) Hamprecht, D., Ph.D. Thesis, University of Minen, 1996.

(14) Kahner, L.; Dasenbrock, J.; Spiteller, P.; Steglich, W.; Marumoto, R.;
Spiteller, M. Phytochemistry1998 49, 1693-1697.




