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Abstract: The synthesis of thirteen-membered lactones by two sequential ring expansion reactions on a
steroidal model (1) is described. These reactions are promoted by P-fragmentation of alkoxy radicals
generated from tertiary and hemiacetal alcohols using the (diacetoxyiodo)benzene!lz or HgO!I2 systems.

Macrolide compounds can, in general, be synthesized by intramolecular lactonization of open long
chain ®-hydroxy acids or by cleavage of internal bonds in polycyclic systems. Although the latter protocol
seems to be especially attractive for the introduction of specific substituents into the macrolide ring, it has
scarcely been used in organic synthcsis.l

During the past few years we have examined the B-fragmentation reaction of alkoxy radicals generated
by reaction of hemiacetals with hypervalent iodine reagents and iodine.2 Continuing with these studies we
envisioned that macrolactones could be synthesized by a double ring expansion reaction following the meth-

odology shown in Scheme 1.
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In principle, the reaction was expected to proceed in a single step. The tertiary alcohol would fragment
first and then the intermediate hemiacetal formed would react with an excess of reagent to give a second
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ring expansion reaction. Thirteen-membered lactones could be accessible by this methodology, that we ex-
pect could be easily extended to other ring systems.

As a model we have prepared the steroidal diol (1)3 by alkylation of 3f-methoxy-5c,60-epoxy-
cholestane with allylmagnesium bromide, followed by ozonization and reduction with LiAlH4. Unfortu-
nately, treatment of (1) with (diacetoxyiodo)benzene (DIB) and iodine in the conditions summarized in the
Table (entry 1) did not afford any P-fragmentation product, and only a small yield of tetrahydrofuran deriva-
tive (2) was obtained instead. Compound (2) was formed by hydrogen abstraction promoted by the primary
alkoxy radical. This is not unexpected because hydrogen abstraction, when possible, competes with B-frag-
mentation.*

We therefore decided to perform the fragmentation in two steps protecting the primary alcohol as its
acetyl derivative (3). The photolysis of (3) in the presence of HgO/l; gave the ten-membered ketone (4)5
(entry 2) in 85 % yield (97 % based on conversion). The reaction conditions shown in the Table are rather
critical, any change of the temperature, reagent stoichiometry or use of other oxidizing agents (e.g. DIB)
leading to a substantial loss of yield (compare entries 2—5).6

Hydrolysis of acetate (4) with saturated methanolic solution of NaHCO3 at 0 °C gave the alcohol (5)
(99 %). Photolysis of alcohol (§) with HgO/I, afforded a mixture of macrolactones (6-8)7 in moderate yield
(entry 6) accompanied by a complex mixture of transannular cyclization products from the 5-cyclodecenone
system.8 The mixture of macrolactones was partially resolved by silica gel chromatography into (6) (an
irresoluble mixture of 6a,6-EZ olefins) and the isomeric 6Z- (7) and 6E- (8) olefins. The structure and
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Table. Fragmentation Reactions®

Entry | Substrate Reagentsb Solvent Conditions Products
(mmol) T °C) Time (h) (yield %)
1 1 DIB/I2 (1.2/1) Cy 40 4 2 (25), 1 (49)
2 3 HgO/12 (1.5/1.5) CCl 0-5 10 4 (85), 3 (13)
3 3 HgO/12 (1.5/1.5) CCls 40 1 4 (15), 3 (19)
4 3 HgO/12 (1.8/1.8) CCly 0-5 10 4(55,3®
5 3 DIB/I2 (4/2) Cy 40 10 complex mixture®
6 5 HgO/12 (1.4/1.4) CcCu 0-5 12.5 6,7, 8 (30)
7 10 DIB/12 (1.5/1) Cy 22 5.5 11 (62), 12/13 (17)

% All reactions were performed by irradiation with two 100 W tungsten-filament lamps. b per mmot of substrate. © The yield of
(4) was not determined. DIB = (diacetoxyiodo)benzene; Cy = cyclohexane.

stereochemistry of these macrolactones were determined by 14 and 13C NMR spectroscopy.

Catalytic hydrogenaton of the mixture of macrolactones over PtO; gave lactone (9) (75 %),9 in addi-
tion to a small amount of an acid obtained from (6) by hydrogenolysis of the O-C6b bond.

The moderate yield of the second ring expansion reaction was attributed to the reactivity of the 5-cy-
clodecenone system to transannular cyclization. In order to avoid this, compound (10)10 was synthesized
from (4) prior to inversion of configuration at C-6 (2 % KOH/MeOH, reflux, 17 h).

Treatment of (10) with DIB/I; (entry 7) gave the compounds (11-13) with a global yield of B-fragmen-
tation of 79 %. Lactone (11) is a single compound whose double bond stereochemistry could not be deter-
mined by NMR. The iodo derivatives (12) and (13) could be separated by chromatography but the stereo-
chemistry at C-6 remains undetermined.

Catalytic hydrogenation of (11) (PtOy/EtOH, 60 %) or reduction of the mixture of iodides (12) and
(13) "Bu3SnH/AIBN, 75 %) led to lactone (14).!!

We believe that this study ilustrates a new method for the synthesis of thirteen-membered macrolides.
This method should also find application in the construction of other types of ring systems by prior modifi-
cation of the starting bicycle or the tether. Further work is under way in order to examine this possibility.
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