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of the homoallylic tosyl group), and the resulting trimethyl-
(trimethylsilyoxy)cycloheptene (18) was subjected to the 

HO,C 

°^r 
10, R1 = exo-OH, H; R2 = H2 

11, R, = O; R2 = H2 

12, R1 = O; R2 = CHOH 

"CO2H 

RO2C 

CO2R 

13 

H OR2 

16, R1 = CHS 

17, R1 = CH2OTs; 
18, R1 = CH3; R2 = 

R-2 — H 
R2 = Si(CH3)3 

= Si(CH3)3 

Lemieux-Rudloff oxidation (KMn04-NaI04) 2 0 to lead di­
rectly to (i)-Prelog-Djerassi lactone 8, mp 119-120°, as 
confirmed in the standard manner. The overall yield from 
15 to 8 was ca. 70%; This nearly triples the yield obtained 
through a more conventional route, originally adopted in 
the investigation.21'22 

Both segments A and B were thus abundantly available 
and have successfully been linked together in the proper 
manner to prepare methynolide and, subsequently, meth-
ymycin. This conversion constitutes the subject of the ac­
companying communication. 
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Syntheses of Macrolide Antibiotics. II. Methymycin1 

Sir: 

In the preceding note2 we have outlined the preparations 
of two segments, 1 and 2, that constitute the aglycone of the 
antibiotic, methynolide (3). We wish to describe herein that 
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these segments have been combined via a modified Wittig 
reaction under essentially neutral conditions and that the 
resulting seco-acid has successfully been lactonized. To ef­
fect the latter reaction, the S-tert-buty\ thioate (thiol ester) 
group has been chosen, and its utility as a protecting group 
and subsequent carboxyl activation are delineated in an ac­
companying paper.3 The final glycosylation, that involves 
the delicate selection of reaction media, completes the syn­
thesis of methymycin. 

Since (±)-lactonic acid 2 was more readily available and 
since there was a definite indication that a diastereoisomer-
ic mixture, resulting from the condensation of (+) - l and 
(±)-2, would be separable at the lactonization stage, we de­
cided to utilize (+) - l as a resolving agent of (±)-acid-2. 

Treatment of thallous 2-methylpropane-2-thiolate3 with 
the acid chloride derived from 2 provided a quantitative 
yield of the thioate3 '4 which very rapidly consumed 0.95 
equiv of potassium hydroxide at 20° to form an amorphous 
solid (4) after removal of all the solvents. Conversion of 4 
into its disilyl derivative was effected with 4 equiv of tert-
butyldimethylsilylimidazole in dimethylformamide56 and 
subsequent partial hydrolysis (0.95 equiv of potassium hy­
droxide) led to the formation of silyloxycarboxylic acid (5). 
The overall yield from 2 to 5 is 90%. 

(CH3)3CS' XDR, 

4,Ri = OK)R2 = H 
5, R1 = OH; R2 = Si(CH,)20(CH3)3 

6, R1 = C3H3N2; 

R2 = Si(CHa)2C(CH3); 
7, R1 = (C6H5)3P=CH; 

R2 = Si(CHj)2C(CHa)3 

NOSi(CH3),C(CH3)3 

C(CHa)3 

'~OSi(CH3)2C(CH3)3 

9,R = SC(CHa)3 

H, R - OH 

Since 5 was relatively sensitive toward acid and base, 
transformation of 5 to the corresponding acylmethylene-
phosphorane requires careful selections of reaction condi­
tions. Application of TV.TV'-carbonyldiimidazole to 5 and 
subsequent treatment of the resulting imidazolide 67 with 1 
equiv of salt-free triphenylmethylenephosphorane in ben­
zene8'9 led to the desired Wittig reagent 7 (95% overall). 
Use of 2 equiv of the phosphorane as originally recommend­
ed8 should be avoided in this case, because an elimination 

reaction proceeds readily to form the a,/3-unsaturated ester. 
Refluxing a toluene solution of 2 equiv of (+)-aldehyde 1 
and 1 equiv of (±)-Wittig reagent 7 for 2 days brought 
about the successful condensation to yield a diastereoisom-
eric (presumably 1:1) mixture of epoxy thioates 8 (60%), 
which was converted (in 80% yield) to the desired methyno-
lide seco-acid derivative (9) on mild acid treatment. 

Model studies for the oxidative activation of thioates to 
effect direct conversion of S-tert-bv£y\ cyclohexylmethan-
ethioate (10) into its esters and acid were encouraging.10 

(X 5C(CH8), 
C 

10 

However, because of the van der Waals interactions expect­
ed in methynolide,11 attempts to directly lactonize 9 led ex­
tensively to the formation of what appears to be a mixture 
of the anhydride of 11 and the mixed anhydride of 11 and 
3-chlorobenzoic acid. Therefore, the seco-acid (11), ob­
tained upon oxidative hydrolysis in wet tetrahydrofuran,10 

was treated with 1.2 equiv of trifluoroacetic acid anhydride 
(0.02 M) in benzene first at 7° for 18 hr, then 25° for 7 hr, 
and finally at 40° for 10 hr. This operation afforded, after 
recrystallization from ether-hexane, lactone 3 in up to 25% 
yield.12 The identity of the synthetic 3 with methynolide de­
rived from natural methymycin13 was evident through the 
usual means of characterization, including circular di-
chroism (95% optical activity). 

Because of the fluctuation in yield and difficulties en­
countered in optimizing the condition of the above reaction, 
we have sought for a more reliable and direct lactonization 
of 9 instead of 11. Thus, use of 2 equiv of mercuric trifluo-
roacetate to activate the thio function of 9 (0.01 M in ace-
tonitrile) brought about the following remarkable result:3 

within 1 hr at room temperature, the reaction was complete, 
to furnish the rerf-butyldimethylsilyl derivative (12) of 3 
which, without purification, was hydrolyzed with aqueous 
acid (0.1 N CF3CO2H in aqueous 10% tetrahydrofuran at 
50°) to afford 3 consistently in 20-30% overall yield. An 
even further improvement is very likely. 

The final stage of the synthesis involves glycosylation of 3 
with desosamine (13). Treatment of l-/3-,2-diacetyldeso-

CH3 CH3 

\ / 
N 

R,0 

R, CH3 

13, R1 = /J-OH; R2 = H 
14, R1 = /J-OCOCH3; R2 = COCH3 

15, R1 = a-Br; R2 = COCH3 

samine hydrochloride14 with a 5:1 mixture of acetic acid 
and acetic anhydride containing 20-25% hydrogen bromide 
at room temperature for 1 hr, provided unstable, crystalline 
l-a-bromo-2-acetyldesosamine hydrobromide,15 3 equiv of 
which was treated with 1 equiv of 3 in chloroform in the 
presence of lutidine at 50° for 18 hr.16'17 The products ob­
tained in 50% yield consisted mainly of the ^-glycoside and, 
after removal of the acetyl group, using methanol contain­
ing triethylamine, provided a 5:1 mixture of the 0- and a-
glycosides. Separation of these products by preparative thin 
layer chromatography has completed the synthesis of meth­
ymycin (/^-glycoside).18'19 
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Syntheses of Macrolide Antibiotics. III. Direct 
Ester and Lactone Synthesis from S-tert-Butyl 
Thioate (Thiol Ester) 

Sir: 

The electrophilicity of Hg(II),1 in particular toward bi­
valent sulfur2 as exemplified by the oxidative cleavage of 
thioketals, is well documented.213 It is rather surprising, 
therefore, that reactions of Hg(II) and the isoelectronic 
Tl(III)3 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.4 Problems associated with the syn­
thesis of methymycin5 necessitated us to explore this aspect 
of sulfur chemistry, and we describe in this communication 
the superb properties of the tert-butyl thioate group for the 
protection of carboxylic acids and subsequent direct ester 
(and lactone) formation. 

Preparation of S-tert-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,6"8 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.9 

Preparation of Esters. Using S-tert-buly\ 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 tert-bvUy\ cyclo-
hexanecarboxylate (2) is representative, and was carried 

O Cl O SC(CH3J3 

C C 

6 TlSC(CH ) j ^ N iCH.) COH. Hg(OCOCF,). 

L J 25°. 5 min (lOOJio 
1 

O. OC(CH3)., 

\ 

6 
2 

out in the following manner. To a solution of 1.00 g (5 
mmol) of 1 and 0.74 g (10 mmol) of tert-buty\ 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.10 

Preparation of Lactones. Aside from several compounds 
modeled after natural compounds, the cyclization of (+)-
dimethylzearalenone seco-acid ketal (3)11 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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