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A USEFUL METHOD FOR THE SYNTHESIS OF MACROCYCLIC LACTONE
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Long chain hydroxy acids were converted into macrocyclic
lactones in high yields by the treatment with 2-chloro-6-methyl-1,3-
diphenylpyridinium tetrafluoroborate, 2,6-dimethylpyridine (or 2,4,6-
triphenylpyridine) and benzyltriethylammonium chloride. The
lactonization reaction was successfully applied to the synthesis of
(R)-(+)-ricinelaidic acid lactone, and prostaglandin Foa 1,9- and

1,15-1lactones.

Recently, we have reported an efficient method for cyclization of long chain
hydroxy acids to macrocyclic lactones via 6-phenyl-2-pyridyl esters by two-steps

1)

procedure. Thits method was successfully applied to the syntheses of recifeiolide
and ricinelaidic acid lactone,z) however, it was afraid that the use of p-
toluenesulfonic acid in the second step for the cyclization of 6-phenyl-2-pyridyl
ester would limit the application to the synthesis of more complex molecule. In
order to develop a more promising method for lactonization of complex molecules, the

3)

previous method using 2-chloropyridinium salts™’ was reexamined. In this method, the
treatment of hydroxy acids with 2-chloro-l-methylpyridinium salts and triethylamine
afforded macrocyclic lactones in reasonable but not satisfactory yields. This result
was mainly due to the decomposition of the pyridinium salts under the cyclization
conditions by the attack of triethylamine to either l-methyl group or 2-position of
pyridinium ring to form 2-chloropyridine or 2-ammoniopyridinium salts.

In consideration of the above facts, a stable pyridinium salt, 2-chloro-6-methyl-

1,3-diphenylpyridinium tetrafluoroborate (l),4)

5)

was prepared according to the
procedure developed in our laboratory, and its applicability to the lactonization

reaction was examined, When 15-hydroxypentadecanoic acid (IIa) was treated with I and
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2,4,6-triphenylpyridine in refluxing dichloroethane by dilution method,l) the penta-
decanolide (IIIa) could not be obtained and the hydroxy acid (IIa) was recovered. On
the other hand, the transformation of IIa to IIIa could be achieved effectively by the
addition of benzyltriethylammonium chloride. For example, a dichloroethane (50 ml)
solution of IIa (0.25 mmol) and 2,4,6-triphenylpyridine (1.0 mmol) was added during

7 h to a refluxing dichloroethane (30 ml) solution of I (0.5 mmol) and benzyltriethyl-
ammonium chloride (0.5 mmol) under argon. The reaction mixture was refluxed for an
additional 1 h, and condensed under reduced pressure. After purification by column
chromatography (silica gel), pentadecanolide (IIIa) was isolated in 99% yield. Simi-

larly, 12-hydroxydodecanoic acid (IIb) was lactonized to dodecanolide (IIIb) in 85%

yield.
+
Me SNTCL l NCL
B " BEC (I), PRSNZPh, PhCHaEt3NCI —0,
- ;CO0 > (CHz), CO
HO-(CH,)5 COOH CICH,CH,CL , refl. ( NI
Illa n=14 MMa 99 °
IIb n=11 IIb 857,

The use of 2-chloropyridinium salt (I) for the lactonization of optically active
hydroxy acid is illustrated by the lactonization of (R)-(+)-ricinelaidic aid (IV).
(R)-(+)-Lactone (2)6) was obtained in 91% yield without epimerization7) upon
treatment of IV with I, 2,4,6-triphenylpyridine and benzyltriethylammonium chloride
in refluxing dichloroethane. Similarly, when 2,6-dimethylpyridine was employed as

a base instead of 2,4,6-triphenylpyridine in the above reaction, the lactone (V) was

obtained in 86% yield.

+ -
I , Base, PhCHEt3N Cl

CICHCHoCL , refl.

Base 2,4,6-Triphenylpyridine 91°%
2,6-Dimethylpyridine 86°%
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To demonstrate the applicability of this macrolactonization process to more
complex hydroxy acids, the cyclizations of prostaglandin FZa and prostaglandin PZa
9,11-bis(tetrahydropyranyl) (THP) ether were now examined. A dichloroethane
(20 m1) solution of prostaglandin FZa 9,11-bis(THP) ether (VI, 0.14 mmol) was added
to a dichloroethane (25 ml) solution of I (0.44 mmol), 2,6-dimethylpyridine
(0.96 mmol) and benzyltriethylammonium chloride (0.42 mmol) under reflux during
4.25 h, and was further refluxed for additional 1 h. The protected 1,15-lactone
of prostaglandin Fro (VII, IR 1730 cm_l) was isolated in 91% yield. Removal of
the protecting group (ACOH-THF—HZO,S:I:I; 50-60°C, 8 h) gave prostaglandin Foo 1,15-

lactone (VIII, 79%)8) as crystals.

0 OTHP
I, MeSN2Me , PhCHyEtN Cl ’ "\=/?CO
CICHpCHACL, refl. N :
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VII 91°%
OH
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The lactonization of prostaglandin FZa (IX) was carried out according to the
same procedure and prostaglandin F,  1,9-lactone (X, 75%, Re=0.1 (silica gel) 15%
acetone in methylene chloride) was obtained along with a small amount of prosta-
glandin F2a 1,15-1lactone (VIII, 4%, Rf=0.2 (silica gel) 15% acetone in methylene

chloride).

OH @) Q
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The successful synthesis of lactones V, VIII, and X described above demonstrates

the utility of the present macrolactonization process.
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