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Attempts to synthesize pyridoazepinone carboxylic acids such as 33 by standard methodologies resulted exclusively in unusual and unexpected
rearrangement products. Seven-membered ring formation was attempted by ring expansion of a six-membered ring and by aldol ring closure.
In each case, the major product resulted from rearrangement of the starting material without detection of the desired product. Ultimately, an
isomeric pyridoazepinone ethyl ester was prepared; however, attempted saponification resulted in another unusual rearrangement.

Naphthyridones with the general structdr@igure 1), where in unexpected rearrangements without detection of any of
R; = alkyl, cycloalkyl, or aryl and R= cycloalkylamino, the predicted products.

are well-known antibacterial agents belonging to the qui- Seven-membered rings have a long and storied history both
nolone class of gyrase inhibitot8.Recently, it was shown in synthetic chemistry and in drug discovery. Many meth-
that similar compounds such & where R = H, are odologies have been developed or adapted for the production
antibacterial agents that inhibit protein synthesis in a wide of seven-membered ring$.Included among these are the
variety of bacterial speci€sThe discovery that naphthyri-  acyloin condensation and intramolecular aldol reaction and
dones without a carbon substituent on N-1 have antibacterialring-expansion reactions, including the Beckman rearrange-
activity without concomitant gyrase inhibition activity launched ment and numerous fused aziridine- and cyclopropane-
an extensive search for structural modifications2athat opening reaction%.More recently, ring-closing metathesis
would improve inhibitory activity against bacterial protein
synthesis. We believed that the identification2cdis a lead
compound was solely a result of structural bias in the

screening library and further optimization by structural o o o o o %
.pe . . . . 5 4
modification would prove fruitful. In the course of optimiza- * Y o o F N OH R ~ o
tion, we proposed preparation of seven-membered ringr; rg/ Ny ? G‘ NN _'R N Y_Y3
analogues of generic structurg (Figure 1); however, Ri Bt
attempts at the synthesis of several variation8 ofsulted 1 2 3
A =CH, CHalor N; Y = CH, or NH;
R =Hor NH,
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D\ D\ reducing agents without significant reduction of either
~o o~ ~o o~ carbonyl group. This observed electrophilicity at C-2 led us
7 8 to choose sulfur ylides as cyclopropanating agents for the
- Q9 desired transformation. To this end, naphthyrid@eas
1. TFA, CH,Cl, (Y 7 treated with trimethylsulfoxonium iodide/sodium hydride in
—_— N“ONTON DMSO (Scheme 3). Upon treatment with 1 equiv of the ylide,
2. NaOH, EtOH H
2
Scheme 3
. - o o o)
hgs become the method of choice for the sy_nthe_S|s of many r 0~ ie e
different ring systems? In the pharmaceutical industry, L R "
N N NaH, DMSO

discovery of azepine and diazepine peptidomimetics with
wide-ranging biological activities inspired many syntheses

of new seven-membered heterocycles. On the basis of the
wealth of published information, we anticipated that a method
or methods for the preparation of compounds of generic

structure3 would be revealed.

N
MW 562
1 eq. ylide: 50% conversion
2 eq. ylide: 100% conversion

8

Synthesis of the naphthyridone ring system is generally 5094 conversion to a single product occurred, with 50%

accomplished by intramolecular nucleophilic aromatic sub-
stitution on a 2-chloropyridine as shown in Schemk 1.

In a one-pot procedur@-ketoester is converted first to
vinyl ether5 by reaction with triethyl orthoformate in acetic
anhydride. Removal of solvent followed by treatmentsof
with 2,4-dimethoxybenzylamine affords vinylogous imigle
which cyclizes upon addition of sodium hydride to provide
naphthyridone7. Subsequent substitution at C-7 with pyr-

rolidine and sequential deprotection affords the N-1 unsub-

stituted naphthyridong of the lead series?

starting material remaining unreacted. Addition of a second
equivalent of ylide resulted in quantitative conversion to a
single product that was inconsistent with either a cyclopro-
pane or the corresponding ring-expansion product. Mass
spectrometry indicated a molecular weight of 562, consistent
with addition of one methylene group plus 1 equiv of the
sulfur ylide. Analysis of the product by multidimensional
NMR techniques, including COSY, ROESY, HSQC, and
HMBC, led to the identification of sulfur ylidé1 (Scheme

4) as the sole product of the reactitin.

Scheme 2 illustrates an approach to analogues of lead A proposed mechanism for the formation afl is

compound? via ring expansion of naphthyridor& In the
proposed sequence, simple access to compdithavas

illustrated in Scheme 4. Apparently, the desired cyclopro-
panation reaction occurs to provide intermedftelowever,

envisioned via cyclopropanation/ring expansion of naphthy- addition of a second equivalent of the sulfur ylide to the

ridone 8. Oxidation or isomerization ofLlO would then
provide the desired,S-unsaturated system. We had previ-
ously observed that naphthyridones such as comp@uind

keto group is more facile than ring expansion, and tetrahedral
intermediatel 2 is formed. Under normal circumstancég,
would be expected to form an epoxide by elimination of

underwent selective 1,4-reduction with various borohydride dimethyl sulfoxide*? however, in the proposed mechanism

(4) Bremner, J. BProg. Heterocycl. Chen2003 15, 385-430.

(5) Scriven, E. F. VHeterocycl. Chem1986 5, 425-54.
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(9) Chu, D. T. W.; Fernandes, P. B.; Claiborne, A. K.; Gracey, E. H.;
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Manuscript in preparation.
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product formed that was unstable to prolonged exposure to
silica gel and to air and was not spectroscopically consistent
the tetrahedral intermediate breaks down with concomitant with the desired product or with any of the obvious
ring-opening to provide a cyclopropyl ester enolate that, after jntermediates in its predicted formation. Careful analysis of
proton transfer, affords sulfur ylid&3. It is possible that  thelH NMR spectrum combined with the observed molecular
intermediatel2 eliminates DMSO to form an epOXide as We|ght of the product as determined by mass Spectrometry
expected, but in the presence of DMSO solvent, the elimina- resulted in identification of azaindol8 as the sole product
tion is reversible. In this case, irreversible formationlaf of the reaction. This identification was confirmed by two-
drives the reaction in the observed direction. Intermediate dgimensional NMR analysis.
13is a very electrophilic “pushpull” cyclopropané? that Scheme 5 illustrates a proposed mechanism for azaindole
reacts accordingly via ring-opening/proton transfer to afford formation. Apparently, oxidation of the primary alcohol
the observed productl In this sequence, an apparently proceeds as expected. However, the resultant aldehyde reacts
straightforward route to a seven-membered ring is circum- not with the enol of thgs-ketoester but instead undergoes a
vented by a highly unusual, counterintuitive reaction path- Friedel-Crafts-type cyclization to afford intermediats.
way. We did not anticipate that 1,2-addition of a sulfur ylide Rearomatization via intermolecular transfer of malonate to
to the keto group 08 would compete with 1,4-addition to g reaction byproduct affords a 3-hydroxy-azaindoline that
naphthyridone8. Even more remarkable is the elimination |eads t018 upon dehydration. While electrophilic aromatic
of a cyclopropane ester enolate from intermedit2eover  sypstitution would not generally be expected to compete with
the well-precedented epoxidation pathway. aldol cyclization, in retrospect the nature of the substrate in

A second synthetic approach to a pyrido[BJazepinone  thjs situation may especially favor FriedeTrafts cyclization.
16 (Scheme 5) was proposed via one-pot oxidation/intramo- To begin with, five-membered ring formation is kinetically
lecular aldol reaction sequence starting with alcohbl much faster than seven-membered ring formation. Normally,
p-Ketoester4 reacts with 1 equiv of pyrrolidine very  one would not expect this kinetic advantage to overcome
selectively para to the ketoester functionality, providing the the thermodynamic barrier of breaking aromaticity necessary
monosubstituted derivativel4) in high yield. Subsequent  for Friedel-Crafts-type cyclization. However, proposed
displacement of the second chloride was accomplished with cationic intermediaté7 is exceptionally resonance-stabilized
N-benzyl ethanolamine in refluxing acetonitrile to provide py three nitrogen atoms, and this thermodynamic stabilization
the desired alcohol. Treatment b with the Dess-Martin combined with the kinetic advantage of five-membered ring
periodinane was then expected to result in oxidation of the formation could explain the outcome of the reaction. Ad-
primary alcohol to an aldehyde followed by spontaneous gitionally, loss of carbon dioxide through decomposition of
intramolecular aldol cyclizatiof Whether or not the aldol ethyl malonate may provide an added driving force.
product would eliminate to provide the desiregs-unsatur- Scheme 6 illustrates the successful preparation of a
ated system was difficult to predict; however, under the acidic pyridoazepinone ethyl ester. Pyrido[4&zepinone28was
reaction conditions we considered elimination likely. In fact, isolated as a minor byproduct in the synthesis of 5-chlo-
whenl5was treated with 1 eqUiV of the periOdinane, a Single romethy]naphthyridoné?_ Cyc"zation of the Viny|ogous

_ N 5o - imide intermediate formed by reaction &6 with 2,4-

8‘31; E{g‘;’i‘ﬁg’\"',ﬁ,’:?tﬁ{rl?;né"\'k;sg'&?gf” %ygt’;esl'flg?%?gl?cai?ﬁ dimethoxybenzylamine proceeds via competing six- and

1999 64, 2830-2834. seven-membered ring-forming pathways favorRigby a
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Scheme 6 Scheme 7
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Boc-protected 3-aminopyrrolidine 8 afforded compound 31 32

29 (Scheme 7) with only trace amounts of the regioisomeric
addition product. Preparation of the first compound of generic occurred providing unexpected rearrangement products. The
structure3 required only saponification and acid-catalyzed reactions described above exemplify the difficulties often
deprotection oR9. Ethyl ester29 was subjected to standard encountered in seven-membered ring synthesis. Although not
saponification conditions (aqueous lithium hydroxide in typical, these examples demonstrate seemingly extraordinary
dioxane), affording a single product. HowevéH NMR and circuitous reaction pathways taken to avoid seven-
showed the presence of an ethyl group in the product andmembered ring formation.

mass spectrometry indicated identical molecular weights for
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tramolecular imine formation and tautomerization to provide cedures and slpectral data_ for all new compound_s and
completeH and**C NMR assignments and two-dimensional

the observed produ@2. ) .
In summary, we have described the attempted synthesisfSpec'[ra for compoundkl, 14, 18, 29, and32. This material

of compounds of generic structugsusing three standard is available free of charge via the Internet at http:/pubs.acs.org.
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