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CLEAVAGE OF METHYL AND BENZYL ETHERS WITH THIOTRIMETHYLSILANES
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Abstract: The reagents methylithio-, phenylthio- or 1,S2-ethanedithiobis- trimethyleilane in
combination with zine iodide and tetra n-butylammonium iodide effect de-O-alkylation of
methyl and benzyl ethers under relatively mild conditions. Ester functions are unaffected
and no todides are formed in the cases studied.

Several recent reports concerned with the cleavage of C-0 bonds of the ether type with
la-e as well as with Lewis acid - thiol systems ]f, prompt
us to disclose a relatively mild method for the cleavage of methyl and benzyl ethers in the
aliphatic and aromatic series. Based on the reasonable mechanistic premise that cleavage of
an ether bond could be brought about by the presence of a strong oxygenophile and a good
nucleophile, and taking into account the relatively large difference in bond energies between
$-Si (~70 Kcal/mo1)2 and 0-5i (~108 kcal/mo])3 bonds, we considered the use of various thio-
silanes 4 which combine the functional requirements for such a reaction, particularly in con-
Junction with a Lewis acid 5. Preliminary experiments indicated that the inclusion of tetra
n-butylammonium iodide greatly enhanced the de-O-alkylation process. The overall reaction
can be summarized as follows:

organosilane reagent combinations

ZnIz, n—Bu4NI
RO-Me + R'S-SiMej » ROH + R'-SMe

Table 1 shows several examples of demethylation and debenzylation. As expected, the latter
reaction takes place particularly readily. In a typical procedure, B-dihydrocholesteral
3-methyl ether (0.16 g, 0.4 mmole) was added to 8 ml of a 0.5 M solution (10 equiv.) of
phenylthiotrimethylsilane 6 in 1,2-dichloroethane, followed by zinc iodide (0.64 g, 2 mmoles)
and tetra n-butylammonium iodide (0.22 g, 0.6 mmole}. The suspension was stirred at 60° for
6 h and the reaction mixture was processed by filtration and washing the filtrate successive-
1y with 5% aq. barium hydroxide then with water. Processing the organic phase as usual gave
a residue consisting mainly of B-dihydrocholesterol. Chromatographic purification gave the
crystalline alcohol (0.13 g, 84%), identical in all respects with an authentic sampie

(mp, mixture mp).

Similar results were obtained with methylthiotrimethylsilane and 1,2-ethanedithiobis
(trimethylsilane)Z, although the reaction times were somewhat shorter. Both primary and

secondary ethers (methyl and benzyl) are readily cleaved and the major product is the
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ETHER REAGENT  TEMP. TIME PRODUCT?  YIELDP
PhSSiMe;  60°  6-8 h /d 84%
HO
MeO
" Me SSiMeq 40° 4-5 h " 81%
1" ESSiMeB 600 4-5 h " 75%
SSiMeg
/(j: PhSSiMey L 2-3 n " 86%
PhCHy0
OMe \ OH
Me 5SiMes 40° 9 h ~972C,d
OMe OH
OMe OH
6 PhSSiMeg 60° 8 h ~97%°
1t 1" C
,’\v/\v/\T/ " " 4 h ,/\,r\,ﬁ\r/ ~98%°
OMe OH
MeO HO
0, . o 0, e
OMe)yv SMe MeS31Mey 40 6 h OMeyvSMe  71%
MeO MeO
OMe OMe

a). A1l products were identified by comparison with authentic samples. b). Isolated yields
c). Identified by G.C. d). Methylthiotrimethylsilane was much more effective in this case.
e). This product was easily converted into a trityl ether (TrCl, pyr.); it was further cha-

racterized by ]36 nmr spectroscopy.
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expected alcohol. In one run (entry 1, Table 1), thiocanisole was isolated in over 80% yield
and characterized (GC, mass spec.). Demethylation of aromatic ethers as exemplified by
R-naphthol methyl ether (also p-~bromoanisole and anisole) is also possible under relatively
mild conditions. The last entry in Table 1 shows an example of selective de-0-methylation
at a primary position in a permethylated thioglycoside. Prolonged treatment (600, 36 h) ef-
fected further demethylation and led to an as yet unidentified monomethyl thioglycoside thus
demonstrating the possibility to demethylate permethylated polyols.

While the mechanism of this reaction is not entirely clear as yet, it is useful to re-
port on several experiments aimed at ascertaining whether or not the demethylations are
caused by hydrogen iodides, trimethylsily? iodideh’b’C le,d
1y or in combinations in the reaction mixture. Because of the relative stability of the rea-

, or iodine . produced individual-
gents, and the possibility to rigorously exclude moisture, adventitious formation of hydro-
gen iodide can be discounted. Furthermore, no iodides8 were detected and the demethylations
took place in the presence of an acid scavenger (suspended barium carbonateg). The formatim
of iodine and/or trimethylsily] jodide with the combination of reagents used cannot be exclu-
ded a pricii. In a recent paper, Detty10 reported that admixture of iodine with phenylthio-
trimethylsilane did not produce trimethylsilyl jodide. We have found that treatment of
g-dihydrocholesterol 3-methyl ether with phenylthiotrimethylsilane (10 equiv.) and iodine
(1.5 equiv.) results in partial demethylation (600, 24 h), However, addition of zinc fodide
(2 equiv.) greatly accelerated the process as judged by the formation of the alcohol (60°,
1-2 h}. From these results,others discussed below, and the nature of the products formed,
it s unlikely that the dealkylations with the thiosi\ane-ZnIz-n-Bu4NI combination proceeds
by iodine or trimethylsilyl iodide-mediated processes. In this regard, we have also made
the preparatively useful observation that demethylation of the g-dihydrocholesterol 3-methyl
ether with trimethylsilyl iodide1a (7 equiv., CH2C12) is complete within a few minutes at
25%, in the presence of zine {odide (5 equiv.), with or without added tetra n-butylammonium
jodide, Had the demethylations with the thiosilane reagent been caused by <n situ formation
of trimethylsilyl iodide, one would have expected much faster reactions than those shown in
Table 1. Moreover, no iodides were formed in our reactions (compare ref. 11)11. The most
practical combination of reagents was found to be the thiosi]ane-Zn]z-n-Bu4NI system in
dichloromethane or 1,2-dich10roethane]2. Individually, or in pairs, the reagents do not
effect dealkylation. A synthetically useful and mechanistically revealing feature is the
finding that esters (acetates, benzoates) are unaffected under the reaction conditions even

13 and silane-iodine cases]c’d)

when they are primary (compare with trimethylsilyl iodide
For example, 8-dihydrocholesterol acetate was recovered mostly unchanged when subjected to
the conditions of demethylation even after 24 h.

Other synthetic applications of reagents comprising relatively weak heteroatom-oxygeno-
phile bonds are presently under study in our laboratory.
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