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Reaction mechanism of the macrophomate synthase:
experimental evidence on intermediacy of a bicyclic compound
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Abstract

In the reaction of methyl coumalaeand oxalacetate with the macrophomate synthase, an aberrant psoduct
was formed instead of the expected benz@at&he structure ob strongly indicates intermediacy of a bicyclic
compoundl0 in the extraordinary five-step transformation catalyzed by the macrophomate synthase. © 2000
Elsevier Science Ltd. All rights reserved.
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Recently, we have purified the macrophomate synthaggch catalyzes extraordinary multistep
transformation from oxalacetate and 2-pyréh& macrophomic acid as shown in Scheme 1. This
enzyme accepted various 2-pyrones which were converted to the corresponding behZoates.
knowledge, dehydroquinate synth&s@ad mechanistically related 2-deosgylloinosose synthaéere
only examples on catalyzing different types of chemical reactions. This type of enzymatic reaction is of
great interest to not only enzymology but also bio-organic chemistry. Previously, we proposed that the
2-pyrone2 was first transformed into a bicyclic intermedi&®en the basis of observation that bicyclic
compounds mimicking the plausible intermediateffectively inhibited the enzymatic reactiénn this
report, we describe experimental evidence that supports our proposed reaction mechanism shown in
Scheme 1.
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Scheme 1. Transformation catalyzed by the macrophomate synthase
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During the study on the substrate selectivity of the macrophomate syrithaséund that a simple
2-pyrone, methyl coumalaté, was consumed very rapidly to afford an aberrant pro@awhich is
totally different from the expected benzo&@€Scheme 2). Under standard incubation conditions (10
min, 30°C), 10% ok was converted to the correspondibghile 4 was completely consumed within 10
min. Among 14 substrates testéd,revealed the highest conversion rate.
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Scheme 2. Enzymatic reaction with methyl coumataéad oxalacetate

Based on the molecular formula 1007 obtained from HR-MS, it was suggested tbas an adduct
of 4 and oxalacetate with concomitant loss of carbon dioxide. Since the aberrant fsodhstelatively
unstable, its structure was elucidated after conversion to the corresponding dimethyf ¢Stelneme
2). The NMR data includingH, 13C NMR, COSY and HSQC spectra allowed us to deduce the partial
structure of7 and then the gross structure was determined by HMBC analysis as shown in Fig. 1.
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Fig. 1.

In the NOED experiment witlY, no NOE was detected between-B and either of unequivalent
methylene protons £H’ while the large coupling constant (9.4 Hz) betweepHCand G-H was
observed in theH NMR spectrum of the trimethyl ested derived from7 by methanolysis of the
lactone moiety (Scheme 3). These data unambiguously confirmed the relative stereochen®stry of
7 and 8. In order to determine the absolute configuratiorBpive chose the meth8dieveloped by
Fukushi due to the steric hindrance of the secondary alcohg). &ttis, trimethyl este8 was converted
to the corresponding B)- and (£5)-2°-methoxy-2,1°-binaphthyl-2-carboxylic acid (MBNC) estega
and 9b, respectively. The calculated values ( = (89 (aR)) in Fig. 2 established the absolute
configuration o8 as shown in Scheme 3.

Formation of the aberrant produgin the reaction oft would be reasonably explained by conversion
from the plausible intermediat via lactone ring opening with concomitant allylic rearrangement and
the subsequent lactonization with C-8 carboxylate as shown in Scheme 4. These conversions might
occur in the active site of the enzyme because no quenched product of the corresponding cation was
detected. Relatively large differences (6.6 kcal/mol) on the steric energy befwaed 10 supports
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that these reactions are favorable. The reason why the reactioritbvided the lacton® instead

of the formation of normal produd might be ascribed to flexibility of the plausible intermedia

in the active site of the enzyme. Since the bicyclic intermediftbas only one substituent compared

with another intermediat8 which possesses three substituents, this conformational freedom allowed
10 to escape the usual dehydrative decarboxylation process. The C-C bond formations described in
Scheme 4 are possibly regarded as a Michael addition—aldol reaction although a possibility involving a
Diels—Alder reaction cannot be rigorously ruled out. Currently, we are working on elucidating the full
reaction sequence in this extraordinary enzymatic transformation.
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Scheme 4. The formation of an aberrant prodiictthe enzymatic reaction with The steric energies (SE) were calculated by
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