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Synthesis of Novel Macrocyclic Lactones in the
Prostaglandin and Polyether Antibiotic Series
Sir:

A highly effective method has recently been described for
the conversion of a series of w-hydroxyalkanoic acids to ma-
crocyclic lactones under neutral, aprotic conditions.! The
method is based on the strategy of forming from the hy-
droxy acid an ester which is subject to activation of both
carboxyl and hydroxyl functions by internal proton transfer
so as to result in an electrostatically driven cyclization to
form the lactone. The extraordinary efficiency of this “dou-
ble activation” process coupled with its operation without
the need for basic or acidic catalysts opens for the first time
the possibility of synthesizing a wide variety of complex and
highly functionalized macrocyclic lactones. These include
not only important naturally occurring lactones (e.g..
macrolide antibiotics) but also novel substances formed by
lactonization of biologically active hydroxy acids. This com-
munication discloses results on the synthesis of macrolac-
tones in the prostaglandin series which are of special inter-
est as stabilized in vivo equivalents of these easily metabo-
lized and medically important substances. In addition, the
conversion of the polyether antibiotic monensin to a novel
and potentially useful cyclic form is described.

Prostaglandin Fj,-11,15-bis(tetrahydropyranyl) (THP)
ether (1),2 upon treatment with 2,2’-dipyridyl disulfide (1.5
equiv) and triphenylphosphine (1.5 equiv)'- in concentrat-
ed dry xylene solution for 15 hr at 25° followed by dilution
with xylene and reluxing for 5 hr under an air-free (nitro-
gen) atmosphere, afforded the protected 1 — 9-lactone de-
rivative of prostaglandin F», 2 in 90% yield. Removal of the
protecting groups (HOAc-H,O-THF, 3:1:1; 50°; 7 hr)
proceeded smoothly to give prostaglandin F,, 1 — 9-lac-
tone 3 (irmax 1740 cm™', [«]?°D + 80.87° (¢ 4 in CHCl3))
as a colorless oil (92%) which solidifies upon refrigeration.*
In agreement with the assigned structure, 3 underwent se-
lective oxidation with manganese dioxide to form the corre-
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sponding 15-ketone,* uvm,x 228 nm (e 20,000) (EtOH).
Apart from being of considerable interest with regard to bi-
ological activity, the lactone 3 represents an internally pro-
tected form of prostaglandin F,, which allows a variety of
useful selective transformations.’

Reaction of the S-acetate of prostaglandin F,,4¢ (4) with
2,2’-dipyridyl disulfide (2 equiv) and triphenylphosphine (2
equiv) in concentrated xylene solution at 25° for 15 hr fol-
lowed by dilution with xylene and heating at reflux for 15
hr afforded an oily acetoxy lactone (74%) which gave upon
deacetylation (1 equiv of k,COj3 in methanol at 25° for 2.5
hr) and chromatography the 1-—>15-lactone of prostaglan-
din Fa, (5):* mp 111-112° (from ether-pentane); irmax
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1730 cm™'; [«]?®D —92.,40° (¢ 1.2 in CHCl;) (67%). The
lactone §, was unaffected by treatment with activated man-
ganese dioxide under conditions which converted 3 to the
corresponding 15-ketone providing chemical confirmation
of the 1—15-lactone formulation (5) as opposed to a
1-—>11-lactone structure.”

Application of the lactonization method to prostaglandin
Fy itself (1.66 equiv of 2,2’-dipyridyl disulfide, 1.66 equiv
of triphenylphosphine in concentrated xylene solution at
25° for 15 hr followed by dilution with xylene and heating
at reflux for 8 hr) produced the 1—9-lactone 3 (60% yield)
and the 1—15-lactone § (16% yield) as major products
after chromatographic separation. The R; values found for
3 and § on silica gel thin layer plates using 15% acetone in
methylene chloride for development were 0.11 and 0.21, re-
spectively.

Starting from the 15-(R) epimer of 1 and using the same
procedure as applied for the sequence 1—-2—3, there was
produced in 91% overall yield the 15-(R) epimer of 3¢ mp
117-118°, [@]®*D + 80.0° (¢ 2.6 in CHCIl3). Similarly
starting from the 15-(R) epimer of 4 there was obtained the
15-(R) epimer of 5, “oil, [@]?°D + 62.9° (¢ 0.4 in CHCl3)
(50% overall).

To illustrate the application of the macrolactonization
process in an even more complex case, the cyclization of the
polyether antibiotic monensin (6)® was chosen for study.

Treatment of monensin (free acid) with 2.5 equiv of 2,2’
dipyridyl disulfide and 2.5 equiv of triphenylphosphine in
benzene for 17 hr at 25° followed by dilution with benzene
and heating at reflux for 17 hr afforded the lactone 7% as a
clear, colorless oil soluble in all organic solvents, carbonyl
absorption at 1726 (CHCI3) or 1733 cm~! (CCly), [«]?*D
+41.8° (¢ 0.70 in CH30H), in 95% yield. The attachment
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CH,

7
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of the carbonyl group through oxygen to the C-26 methy-
lene is clear from the occurrence in the pmr spectrum
(CDCl3, 100 MHz) of an AB doublet of doublets due to
that methylene with doublet A at 6 3.62 and doublet B at 6
4.38 (J = 11 Hz).? Acetylation of 7 with acetic anhydride-
pyridine at 80° for 1 hr and 110° for 2 hr affords a crystal-
line diacetate,* mp 225-228°, [a]?*D +50.1° (¢ 0.57 in
CH:;0OH).

The successful synthesis of the lactones 3, 5, and 7 de-
scribed above demonstrates the utility and potential of the
macrolactonization process used in these and earlier! stud-
ies. Applications to the synthesis of several complex natu-
rally occurring macrocyclic lactones are reported in the ac-
companying paper.!0-!
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Synthesis of Brefeldin A, Carpaine, Vertaline,
and Erythronolide B from Nonmacrocyclic Precursors

Sir:
An effective new method for the synthesis of macrocyclic
lactones has recently been developed in these laboratories

based on a strategy of simultaneous activation of both hy-
droxyl and carboxy!l groups toward lactonization.!> We de-

scribe herein the application of this “double activation™
method to the partial synthesis of four complex, naturally
occurring macrocyclic substances from nonmacrocyclic hy-
droxy acids. These examples provide further evidence for
the power of the double activation approach and, moreover,
demonstrate that its use can lead to a profound simplifica-
tion of the problem of synthesis of macrocyclic lactones, an
increasingly important class of biologically active mole-
cules.

The bistetrahydropyranyl ether of A-brefeldinoic acid
134 was converted to brefeldin A (3)® in good yield in two
steps. The 2-pyridinethiol ester of 1 was generated by reac-
tion with 2,2’-dipyridyl disulfide (1.6 equiv) and triphenyl-
phosphine! (1.6 equiv) in concentrated xylene solution at
25° for 15 hr, and the solution was diluted with xylene (100
ml/g of 1) and added by motor-driven syringe over 10 hr
with exclusion of oxygen (argon atmosphere) to refluxing
xylene. The reaction was complete after an additional 10 hr
at reflux and afforded after chromatography on silica gel
the bis(tetrahydropyranyl) ether of brefeldin A (2) as a col-
orless 0il,* [@]?°D +12.90° (¢ = 3.25 in CHCIl3), in 70%
yield. Deprotection of 2 using acetic acid:water:tetrahydro-
furan (THF) (3:3:2) at 50° for 5 hr gave in 97% yield bre-
feldin A, mp and mixed mp 204-205°, [«]2°D +91.15° (c
= 1.3 in CH3;0H), which was chromatographically and
spectroscopically# identical with an authentic specimen.
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N-Benzyloxycarbonyl carpamic acid,*® [«]?°D —9.36° (¢
= 4.40 in CHCI;), a colorless oil, when subjected to the lac-
tonization process described above for 1 — 2 yielded the
bisbenzyloxycarbony! derivative of carpaine 54 in >350%
yield. Hydrogenation of 5 in absolute ethanol containing a
small amount of hydrochloric acid over Pd-C catalyst (I
atm H,, 25°, 15 hr) quantitatively produced carpaine 6,
mp and mmp 120-121°, [«]®D +20.26° (¢ = 1.9 in:
CHCl3), which was chromatographically and spectroscopi-
cally identical with an authentic sample. The preferential
formation of cyclic diesters (dilides) such as carpaine has
been observed previously! in special cases. There was no ev-
idence for the formation of a monolactone in the cyclization
of 4 described above.
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Exposure of the hydroxy acid 743 to the lactonization
process described above for 1 — 2 resulted in formation of
the Lythraceae alkaloid vertaline (8),%° mp, mmp 198-
200°, [a]®®D —165.50° (¢ = 0.80 in CHCIls), chromato-
graphically and spectroscopically identical with an authen-
tic specimen, in 67% yield.!0

Journal of the American Chemical Society | 97:3 | February 5, 1975



