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AROMATIC ANNELATION. 1. SYNTHESIS OF PYRIDINES.

Marcus A. Tius,* Andrew Thurkauf and Joel W. Truesdell
Department of Chemistry, University of Hawaii
Honolulu, Hawaii, 96822, U.S.A.

Summary: The preparation of substituted pyridines from cycloalkanones by elaboration of an
aromatic ring is described.

Renewed interest in the area of aromatic annelations has resulted in some progress in
the synthesis of phenols, pyridines and benzene rings from non-aromatic precursors.1 Most of
the known methods rely upon one of two strategies. In the first a Diels-Alder reaction
produces a cyclohexadiene which undergoes an elimination or oxidation to introduce the last

la-d

unit of unsaturation. The alternate strategy relies upon a Robinson annelation which is

followed by ejection of a 8 leaving group to form a phenol.le’f

In our approach to the total
synthesis of dihydrophenanthrene natural products juncunol and juncusol2 we were faced with
the problem of elaborating a specifically substituted phenol from a non-aromatic precursor.
Our solution to this problem has resulted in a mild and general synthesis of pyridines and
phenols.3

In earlier work we demonstrated the ease with which an intramolecular Frins reaction

leads to benzoannelated products (equation 1).4 The preparation of unsaturated aldehydes 2
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was accomplished in a single operation from addition of allylic Grignard reagents to the
O-trimethylsilyl derivative of 1, followed by hydrolvsis with dilute aqueocus acid. If
ketoaldehyde 4 could also be prepared from 1 it could serve as a common precursor both to
phenol S and pyridine § (equation 2).
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(a) Yields refer to materials purified by flash chromatography.
(b) Overall yield for the oxidation and the cyclization.
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The attenuated electrophilicity > of the carbonyl group in vinylogous silyl esters such
as 7 limited our choice of nucleophile (equation 3). Since the addition of allylic Grignard
reagents to 7 and the subsequent hydrolysis to 8 was successful, (R = H 76%, R = CH3 87%), we
reasoned that selective, palladium catalyzed oxygenation of the non-conjugated double bond of

8 would provide access to the desired intermediate'g.5 The oxidation was performed through a
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modification of Tsuji's procedure.6 In aqueous N,N-dimethylformamide (DMF) containing 3
equiv of cuprous chloride7 and 0.1 equiv of palladous chloride, oxidation was complete
within 2.5h when a slow stream of oxygen was bubbled through the solution at 45°C. The
ketoaldehydes thus obtained were surprisingly labile and underwent appreciable decomposition
both during storage and during column chromatography on silica gel. Best results were
obtained when the crude materials were cyclized.8

The conversion of the dicarbonyl precursors to the substituted pyridines was
accomplished by treatment at 23°C with a solution of gaseous ammonia in anhydrous ethanol. A
milder and more convenient method was found when ethanolic ammonium acetate was used instead.
Under these (neutral) conditions conversion to the pyridine was complete within 15 to 30 min.
Representative examples are listed in Table 1.9

The scope of this mild, new method will be demonstrated through its application to the
total synthesis of polyfunctional natural products. Experimental details follow.
Cyclization of § (R = CHS) to the pyridine: A solution of 110 mg of 8§ in 770 ul of DMF
containing 183 ul of water was treated with 11 mg (0.1 equiv) of palladous chloride and 183
mg (3 equiv) of cuprous chloride6 at 45°C. A stream of oxygen was introduced through a
capillary for 2.5h. The reaction mixture was treated with 3 ml of acetonitrile, was stirred
with half-saturated aqueous sodium bicarbonate for 2h and was filtered. Partitioning between
methylene chloride and water furnished crude ketoaldehyde 9 (R = CHS; 136 mg) which was
immediately dissolved in 6 ml of absolute ethanol and treated with 237 mg (ca. 5 equiv) of
ammonium acetate. After 0.5h the solution was diluted with two volumes of water and was
concentrated. The concentrate was basified by addition of IN aqueous sodium hydroxide and
was extracted with methylene chloride. Drying (K2C03) followed by concentration furnished
the crude product. Flash chromatography gave 103 mg (95% overall) of the pyridine as an oil:
ir 2920, 1590, 1445 cm™; H nmr (CDC15 6 8.02 (br s, 1M, Ar-H), 2.49 (s, 3H, CHJ), 2.23
(s, 3H, CHS); mass spectrum m/e 175 (p), 174, 160 (p-CHS), 146.
Acknowledgement is made to the donors of the Petroleum Research Fund, administered by the
American Chemical Society, for their generous support. Financial support from the Research
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