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Syntheses of Macrolide Antibiotics. III. Direct
Ester and Lactone Synthesis from S-ter¢-Butyl
Thioate (Thiol Ester)

Sir:

The electrophilicity of Hg(Il),' in particular toward bi-
valent sulfur? as exemplified by the oxidative cleavage of
thioketals, is well documented.?® It is rather surprising,
therefore, that reactions of Hg(II) and the isoelectronic
TI(III)? with thioates have received virtually no attention in
the past except for presumably only two reports which ap-
peared in the 1920’s. Sachs describes that Hg(II) cleaves
S-ethyl ethanethioate, with extreme ease, to form S-con-
taining mercuric salts.* Problems associated with the syn-
thesis of methymycin® necessitated us to explore this aspect
of sulfur chemistry, and we describe in this communication
the superb properties of the terz-butyl thioate group for the
protection of carboxylic acids and subsequent direct ester
(and lactone) formation.

Preparation of S-fert-Butyl Thioates. Although conven-
tional ways to prepare thioates proceed in only fair to good
yields with 2-methylpropane-2-thiol, thallous 2-methylpro-
pane-2-thiolate,>® on the other hand, has been found to
react with acid chlorides readily and quantitatively. This
method is used for all the thioates described in this note.?

Preparation of Esters. Using S-tert-butyl cyclohexyl-
methanethioate (1), we have examined ester formation with
respect to reagent, solvent, and the kind of alcohols to be
condensed. The results are summarized in Table I. For sec-
ondary, tertiary, and hindered primary alcohols, the reac-
tion proceeds very efficiently at room temperature by the
use of mercuric trifluoroacetate (I) (entries 1-7); for meth-
yl and ethyl esters, the combination of mercuric chloride
and cadmium carbonate is the preferred choice (entries 8-
11). Mercuric acetate and thallic trifluoroacetate were
found to be inefficient. The preparation of zerz-butyl cyclo-
hexanecarboxylate (2) is representative, and was carried

) Cl 0) SC(CH,)
\ / \ / ( 373
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25%5 min (100%)
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0\ Y (CH,);
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out in the following manner. To a solution of 1.00 g (5
mmol) of 1 and 0.74 g (10 mmol) of zert-butyl alcohol in 50
ml of acetonitrile was added 4.27 g (10 mmol) of I at room
temperature, and the reaction mixture was stirred for 30
min. The reaction was complete within 5 min to yield 2
quantitatively (GLPC). After processing the mixture in the
usual manner, 2 was isolated in 90% yield by distillation.'®
Preparation of Lactones. Aside from several compounds
modeled after natural compounds, the cyclization of (+)-
dimethylzearalenone seco-acid ketal (3)!! probably best il-
lustrates the present method. Thus, a 0.01 M solution of the
S-tert-butyl thioate (4) in acetonitrile at room tempera-
ture, underwent immediate cyclization (within 5 min) upon
addition of 2 equiv of I to give a quantitative yield of zear-
alenone dimethyl ether (5) (90% of pure material after re-
crystallization). The efficiency of this technique is evident,
even if compared with the recently reported pyridinethiol
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Table L. Reaction of Hg (II) and TI(III) with S-rerz-Butyl Cyclohexylmethanethioate (1) and Alcohols

Entry Alcohol Reagent Base Solvent Reaction time Yield (%)
1 (CH,),CHOH Hg(OCOCF), .- Acetonitrile rt, S min 754
2 c-C H,,CH,OH Hg(OCOCEF,), .- Acetonitrile rt, S min 884
3 [(CH;),CH] ,CHOH Hg(OCOCF,), ce-- Acetonitrile rt, § min 954
4 c-C,H,; OH Hg(OCOCF,), ---- Acetonitrile rt, 5 min 964
S (CH,),COH Hg(OCOCF,), ---- Acetonitrile rt, 5 min 100‘;

90
6 (CH;);COH Hg(OCOCF,), toT Dichloromethane rt, S hr 82a
7 (CH;),COH Hg(OCOCF,), .- Benzene rt, 3 hr 73a
8 CH,OH HgCl, CdCo, Acetonitrile Reflux, 3 hr 984
9 ,HsOH HgCl, CdCo, Acetonitrile Reflux, 3 hr 904
10 oL, f,, OH HeCl CdCO; Acetonitrile Reflux, 3 hr 974
11 (CH;);COH HgCl, CdCO, Acetonitrile Reflux, 3 hr 764
12 ¢-C,H,; OH Hg(OCOCH,), CdCO, Acetonitrile Reflux, 15 hr 41a
13 (CH;),COH Hg(OCOCH;), CdCO, Acetonitrile Reflux, 15 hr 22a
14 CH,OH TI(OCOCF;), .- Acetonitrile rt, S min 44a
15 cC,H,,OH TI(OCOCF;), ---- Acetonitrile rt, 5 min 554
16 (CH,);COH TI(OCOCF,), .- Acetonitrile rt, S min 45a

aThe yield of the product was determined by gas—liquid chromatographic analysis (corrected for the sensitivity relative to a standard).

blsolated yield. €1t = room temperature.

CHO  yo_  cH,
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ester method that requires refluxing a benzene (or xylene)
solution for a prolonged period of time.!?

In the absence of alcohols, a mixture of 1 and reagent I
forms cyclohexanecarboxylic trifluoroacetic anhydride as
confirmed by infrared spectroscopy. However, preliminary
control experiments appear to indicate that the efficient
ester (and lactone) formation with sterically hindered alco-
hols such as tert-butyl alcohol proceeds, at least partially,
through coordination of the alcohol with a possible interme-
diate as shown in 6, and then collapses into 2 and mercuric

H
(CH;)SCO\/
‘Hgt 11
0)
\c——s+
C(CH,),
6

salts. To what extent this process competes with the conven-
tional mixed anhydride pathway seems to depend largely on
the structures of the alcohols used.

The S-tert-butyl thioate group is relatively stable and
survives under mild acidic and alkaline conditions as dem-
onstrated in the synthesis of methymycin.® Conversion into
the carboxylic acid obviously presents no problem by use of
wet organic solvents. More importantly, of course, the suc-
cessful direct lactonization as utilized in the construction of
medium ring systems clearly demonstrates that the present
method will be widely applicable to numerous natural prod-
ucts broadly classified as macrolides.!3-'® The quantitative
formation of rerz-butyl ester even suggests its possible utili-
zation for the synthesis of the cytochalasans.!7:18
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