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Aromatic polyketides, an important class of pharmaceutical of the dibenzopyrone portion df5 is related to the well-known
agents, are all biosynthesized from highly reactive gbketo acid fungal mycotoxin alternarié® and graphislactonés.
intermediates. Keys to introducing the vast chemical diversity seen  We hypothesized that the unexpected pyrone formatioh5in
in these natural products are the enzymatic and non-enzymaticoccurred via non-enzyme-catalyzed nucleophilic attack of the C-11
tailoring chemistries that occur after biosynthesis of the gbly-  phenol in14 on the amide carbonyl (Scheme 1). Intermedibte
keto backbone. In this work, we expand the scope of non-enzyme-was formed from7 via OxyK-catalyzed C-7/C-12 cyclization,
catalyzed modifications and show that primary amides can act in dehydration of the first ring, and spontaneous C-13/C-18 cyclization.
vivo as electrophiles, facilitating the formation of benzopyrones. The intramolecular nucleophilic attack of the C-11 phenol on the
We demonstrate this mechanism can be rationally introduced into amide, forming the six-membered aromatic lactone, is enthalpically
an engineered biosynthetic pathway to produce new compounds.favorable and is likely to proceed under in vivo conditions.
This mechanism is of particular note since it demonstrates the uselntermediatel2 is a key branch point in this pathway and can be
of a “protecting group” in polyketide biosynthesis. processed via two pathways to produce either dibenzopyt&ne

There are two known fates for a primary amide functional group or the benzopyridone analogue. Rapid OxyK-catalyzed dehydration
during aromatic polyketide biosynthesis. The amide can remain of the first ring converts the electrophilic C-11 ketoneliinto a
unreacted through the biosynthetic pathway, as seen with tetracy-nucleophilic phenol, enabling dibenzopyrone formation. If the
cline! Alternatively, primary amides can be transformed to pyri- dehydration activity of OxyK is slowed, spontaneous nucleophilic
dones, as is seen in the natural products lysofpiantholipin? attack of the amide on the C-11 keto group I can occur,
and fredericamycin A.Our previous work with the oxytetracycline  generating the corresponding benzopyridone. This alternate route
minimal polyketide synthase (PKS) has shown that pyridone s analogous to the mechanism for formationéadind 10.
formation is non-enzymatfe? Expression of the minimal PKS in The lack of nitrogen inl5 suggests that the amidotransferase
conjunction with amidotransferase OxyDStreptomyces coelicolor  OxyD may not be required for formation df5. To test this
CH999 generates the decaketide backb2ri&cheme 1). In the  hypothesis, the minimal PKS, OxyJ, and OxyK were expressed in
absence of tailoring enzymes, the novel isoquinoline compéund s coelicolorCH999. This strain did not produce any detectable
(WJ85) was producetiAddition of the C-9 specific ketoreductase |evels of 15, indicating the essential role of the amidotransferase
OxyJ led to production o0 (WJ35)® The alkaloid-like benzopy-  in the biosynthesis ofl5. The role of the amide group in the
ridone structures observed i6 and 10 are derived from a  piosynthesis oi5is akin to a protecting group as used in synthetic
spontaneous nucleophilic attack of the amide group on a proximal grganic chemistry. By masking the terminal carboxylate group of
backbone carbonyl, showing the importance of non-enzyme- the polyS-keto chain as an amide, spontaneous decarboxylation
catalyzed reactivity of the amide group in aromatic polyketide of c-19 during polyketide processing is prevented. The amide is
tailoring. then removed once decarboxylation is no longer problematic.

The unique tailoring chemistry observed from the pgiieto To demonstrate that benzopyrone formation is spontaneous under
amide intermediat® prompted us to explore the biosynthesis of physiological conditions, a simplified model of compoutfiwas
other nitrogen-containing polyketides through coexpression of synthesized 22, Scheme 2). Construction of the biphenyl core
additional tailoring enzymes. Coexpression of the bifunctional ccurred via Suzuki coupling of the commercially available phenyl
cyclase/dehydratase OxyK with the minimal PKS, OxyJ, and OxyD  poronic acidl6 and the known arylbromidé7.8 Pinnick oxidation
in CH999 afforded a new metabolits (WJ78) in exceptionally  of the aldehyde gave carboxylic aclh. Attempts to directly
high yield (150 mg/L). Surprisingly, high-resolution mass spec-  conyert the acid into amid20 via formation of an activated ester
trometry indicated a molecular formula of48:,0; (mz = were unsuccessful, leading to exclusive formation of lact®he
375.0462 [M+ NaJ", A = 1.9 mmu), lacking the anticipated e ynanticipated benzyl deprotection is likely due to activation
nitrogen atom. Extensive one- and two-dimensional NMR charac- 4f the aryl benzyl ether oxygen followed by nucleophilic cleavage
terizations were performed to reveal tH#tis a novel dibenzopy- of the benzyl group® Amide 20 was generated through a two-step
rone as shown.in Scheme 1. Cpnfirmation of the ester connectivity process, avoiding activation of the carbonyl. Esterificatiorl®f
in 15 was obtained by comparison of the key phenéie NMR followed by treatment with BuLi and anhydrous Kbave the key
signal fc-11 = 151 ppm) of15 to synthetic dibenzopyrone and 5 ige20, To model the agueous environment in vivo, the benzyl
dibenzopyridone standards (Supporting Information). The structure group in 20 was removed with Raney-Ni in aqueous conditions

(pH 7.4) to generate the free phenol, which quantitatively displaced
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Scheme 1. Biosynthetic Polyketides Derived from Amidated Backbone
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Scheme 2. Dibenzopyrone SyntheSiS via Amide DiSplacement widely present in natural products and are typically formed through

esterification of carboxylic acids, intramolecular hydrolysis of

OBn Pd(PPhg), . . .
B(OH), K,C05,80°C  OBn NaciO, OBn enzyme-attached thioesters, or through recently reported oxidative
2% OMe “g7 5, OMe rearrangemenif The observed involvement of the amide moiety

in pyrone formation may be the mechanism by which pyrones are

1Me| PrNEt, 83% formed in other aromatic polyketides, including those in the
B T8eC T0% rubromycin family. Interestingly, OxyD-like amidotransferase ho-

mologues are present in these gene clusters, while no nitrogen atoms

Que were present in the reported polyketide structdres.
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This synthetic sequence confirms that the amide group can act as  supporting Information Available: Experimental details, NMR
an electrophilic center and be attacked by an intramolecular phenolspectroscopy data, and plasmid construction. This material is available
to generate dibenzopyrone under neutral, low temperature aqueousree of charge via the Internet at http:/pubs.acs.org.

conditions, further supporting the proposed biosynthetic scheme
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