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The structure of the pyridone alkaloid cerpegin was
recently established as 1.! Apart from some metabolites
of pyrldoxal 2 to our knowledge cerpegin is the only nat-
urally occurring example of the bicyclic furo[3,4-c]pyridine
ring system. Because of the novelty of its structure and
our continuing interest in the synthesis of pyridine-con-
taining natural products,® we undertook the synthesis of
1. We now report the first synthesis of cerpegin; the
synthesis uses a reaction sequence that requires only about
five steps from commercially available starting materials.
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Thus (Scheme I) 2-chloronicotinic acid (2) was converted
to its tert-butyl amide 4 via the acid chloride 3.* Re-
placement? of the chloride by methozxide then afforded
methoxy amide 5. It had been our hope that 5 could be
ortho lithiated® to give 6 and that 6 could be condensed
with acetone to introduce the dimethylcarbinol side chain.
Attempts to achieve that end in tetrahydrofuran using
n-BuLi for ortho metalation followed by addition of ace-
tone led only to recovery of starting material 5 after
workup. In order to establish whether the absence of
apparent reaction was due to a failure to ortho metalate
5 or to the quenching of 6 by proton transfer from the
acetone, the putative 6 was quenched with D,0; the deu-
terated derivative 5a was isolated in high yield. Evidently,
the problem was not in the ortho metalation step but in
the quenching of anion 6 by proton transfer from acetone.
Buhler” had previously established that in the reaction of
alkyllithiums with ketones, enolization is diminished by
using ether instead of THF as the reaction solvent. Ac-
cordingly, we attempted the preparation and reaction of
6 in ether rather than THF. Although some 5 was still
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recovered, substantial amounts of 8 and 9 were produced.
In the optimized procedure the crude product mixture is
treated with acid prior to purification to complete the
conversion of 8 to 9. The overall isolated yield of 9 from
5 is 35%. That the recovery of 5 is due to quenching of
6 rather than incomplete metalation was shown, as before,
by monitoring the progress of the metalation by quenching
small aliquots of the reaction mixture with D,0.

With a route to 9 in hand, it remained only to transpose
the methyl group from the oxygen to the nitrogen to
complete the synthesis. That manipulation was accom-
plished cleanly by heating a solution of 9 in CH,I at 140
°C in a sealed tube. The conversion presumably proceeds
via 102 The 1 so produced is identical by direct com-
parison (including mixed melting point) to a sample of
naturally derived cerpegin.

Experimental Section®

N-tert-Butyl-2-chloronicotinamide (4). 2-Chloronicotinic
acid (5.00 g, 31.7 mmol) and PCl; (7.28 g, 34.9 mmol) were vig-
orously stirred in POCl; (25 mL) at 0 °C under N, for 30 min.
The mixture was allowed to warm to room temperature and was
then heated at reflux with stirring for 60 min during which time
a clear solution resulted. The solution was allowed to cool to
ambient temperature, and the volatiles were removed in vacuo.
The resultant, resinous residue (crude 34) was cooled to 0 °C, and
neat tert-butylamine (20 mL, 0.19 mol) was added dropwise over
a period of approximately 15 min with vigorous stirring. The
suspension was warmed to ambient temperature and then heated
at reflux for 30 min. The reaction mixture was cooled to ambient
temperature, water (25 mL) was added, and the mixture was
partitioned between CHCl; and water. The aqueous phase was
removed and extracted twice with CHCl,. The organic phases
were combined, washed with brine, dried over MgS0O,, and con-
centrated to dryness in vacuo to give a yellow solid. Recrystal-
lization was achieved by heating the solid on a steam bath with

(8) For a leading reference, see: Beak, P.; Bonham, J.; Lee, J. T\, Jr.
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not removed).
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ca. 20 mL of CHCl;, adding 2-propanol dropwise (ca. 2-3 mL)
until the solid dissolved, diluting, while still hot, with ca. 10 mL
of petroleum ether, and slowly cooling to -20 °C to give 6.11 g
(90%) of 4 as white crystals: mp 97-100 °C; 'H NMR (300 MHz,
CDCl;) 5 1.48 (9 H, 5), 6.19 (1 H, br ), 7.33 (1 H, apparent dd,
J =15, 5.1 Hz), 8.03 (1 H, dd, J = 7.5, 1.8 Hz), 8.44 (1 H, dd,
J =5.1,1.8 Hz). Anal. Caled for C,oH;¢N;O,: C, 56.47; H, 6.12;
N, 13.18. Found: C, 56.59; H, 5.83; N, 13.27.
N-tert-Butyl-2-methoxynicotinamide (5). A solid mixture
of anhydrous copper(Il) acetate (80 mg) and N-tert-butyl-2-
chloronicotinamide (4, 8.75 g, 17.6 mmol) was added portionwise
at room temperature to a stirring methanolic sodium methoxide
solution which was prepared from 25 mL of anhydrous methanol
and 2.0 g (87 mmol) of sodium metal. The resultant, deep-blue
mixture was stirred at reflux for 60 min and cooled to 0 °C.
Approximately 5 mL of glacial acetic acid was added dropwise
to the stirring mixture, which was then partitioned between CHCl,
and water. The organic phase was removed, washed with water
(2%), 1 N aqueous NaHCOj, and brine, dried over MgSO,, and
concentrated to dryness in vacuo to yield a yellow oil. Flash
chromatography® on a 2.5-cm X 23-cm silica gel column eluting
with 15:85 ethyl acetate/petroleum ether afforded a clear oil that
solidified to a white, waxy solid upon standing at 0 °C (2.71 g,
74%): mp 22-24 °C; 'H NMR (300 MHz, CDCly) 6 1.47 (9 H,
8), 4.09 (3 H, s), 7.05 (1 H, apparent dd, J = 7.5, 5.1 Hz), 7.91 (1
H, brs), 8.24 (1 H,dd, J = 5.1, 1.8 Hz), 849 (1 H, dd, J = 7.5,
1.8 Hz). Anal. Calcd for CqusN202: C, 63-46; H, 7-69; N, 13.46.
Found: C, 63.74; H, 7.71; N, 13.24.
1,1-Dimethyl-4-methoxyfuro[3,4-c Jpyridin-3(1 H)-one (9).
To a stirred solution of N-tert-butyl-2-methoxynicotinamide (5,
219 mg, 1.05 mmol) in 3 mL of dry (from sodium benzophenone
ketyl) diethyl ether at 78 °C under a nitrogen atmosphere was
added 0.94 mL (2.2 mmol) of a 2.36 M solution of n-butyllithium
in hexanes dropwise over a period of approximately 5 min to give
a yellow suspension. The cooling bath was removed; the mixture
gradually (ca. 30 min) warmed to ambient temperature and was
stirred at that temperature an additional 45 min. The mixture
was recooled to -78 °C, and dry, HPLC-grade acetone (0.085 mL,
1.2 mmol) was added in one portion. The cooling bath was
removed, and the mixture was stirred an additional 2 h after it
had reached room temperature. The reaction was quenched with
water, and the resultant mixture was partitioned between ethyl
acetate and water. The aqueous phase was separated and ex-
tracted with ethyl acetate (2X). The organic layers were combined,
washed with brine, dried over MgSO,, and concentrated to dryness
in vacuo to yield an amber oil which was taken up in CHCl; (5
mL) and treated with p-toluenesulfonic acid (ca. 15 mg) at reflux
for 2 h (to convert residual 8 to 9). The solution was cooled back
to room temperature, quenched with water, washed with 1 N
aqueous NaHCO; and brine, dried over MgSO,, and concentrated
to dryness in vacuo to afford 248 mg of a pale-yellow oil whose
'H NMR showed it to be principally a ~1:1 mixture of 5 and 9.
Flash chromatography on a 2-cm X 25-cm silica gel column eluting
with 30:70 ethyl acetate/petroleum ether afforded 56 mg (26%)
of recovered 5 and 70 mg (35%, 47% based on unrecovered 6)
of 9 as a white, crystalline solid: mp 111-113 °C; 'H NMR (300
MHz, CDCl,) 6 1.62 (6 H, s), 4.13 (3 H,8),6.94 (1 H,d, J = 5.1
Hz), 8.39 (1 H, d, J = 5.1 Hz). Anal. Calcd for C,(H;;NO;: C,
62.18; H, 5.70; N, 7.25. Found: C, 62.32; H, 6.01; N, 7.41.
1,1,5-Trimethylfuro[3,4-c Jpyridine-3,4(1 H,56 H)-dione
(Cerpegin, 1). A portion of 9 (100 mg, 0.52 mmol) was dissolved
in neat iodomethane (1 mL) and heated at 140 °C for24 hin a
sealed tube. The burgundy mixture that resulted was diluted with
CH,Cl,, washed successively with 1 N aqueous HCl and brine,
dried over MgSO,, and concentrated to dryness to yield 90.3 mg
(90%) of 1: mp 268-271 °C (lit.!* mp 268-270 °C), which was
pure as judged by 'H NMR. The melting point of a mixture of
synthetic and natural 1 is undepressed, the two are identical by
TLC using cospotting and a variety of solvent systems, and the
spectra of synthetic 1 are identical to those of natural 1.1
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Medium ring containing compounds have long attracted
the attention of synthetic chemists as they are generally
resistant to attempts to prepare them via standard cy-
clization methodologies.! This difficulty is thought to be
essentially due to an enthalpic effect caused by the high
intrinsic strain of medium-ring systems.? Fragmentation
of a bicyclic system containing smaller, more easily syn-
thesized rings is a well-recognized strategy for the con-
struction of these systems.> We have developed such an
approach in which the bicyclic intermediate, derived from
the cyclization of a halo thioketal, is generated in situ and
fragments to a 1,4- or 1,5-dithiacycloalkene.

While investigating the synthesis of a number of analogs
of haloperidol (1),%° a promising lead compound for the
development of nonpeptidic HIV-1 protease inhibitors,®
we attempted the alkylation of a piperidine moiety with
the dithiolane-containing +-halobutyrophenone 2a.
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Surprisingly, the desired product was not formed. Instead,
we isolated a small amount of the 1,5-dithiacyclooctene 3a,
derived from ring expansion of the starting thioketal. We
report here an optimized version of this reaction that
provides a facile entry into medium ring 1,4- and 1,5-di-
thiacycloalkenes for which no general synthesis is cur-
rently available (see Table I). A brief survey of the lit-
erature reveals that while oxidative ring expansions of
cyclic thioketals are relatively common,’ few are driven by
an alkylation reaction and most are limited to only one or
two carbon ring enlargements.?  There is only one report
of a related reaction in which a thioketal sulfur interacts
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