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Silica Sulfuric Acid: An Efficient Catalyst for the Direct Conversion of
Primary and Secondary Trimethylsilyl Ethersto their Corresponding Ethers
under Mild and Heter ogeneous Conditions
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Abstract: Primary and secondary trimethylsilyl ethers were con-
verted to their corresponding ethers in the presence silica sulfuric
acid with good to excellent yields under mild and heterogeneous
conditions.

Keywords: silica sulfuric acid, silyl ethers, ethers, heterogeneous
conditions

Symmetrical and unsymmetrical alkyl/aryl ether forma
tion is an important reaction in organic synthesis and has
generated significant interest in recent years.® Methods
to effect this transformation include the classic William-
son procedure, the Mitsunobu reaction, and the Ullmann
condensation. Rearrangement and elimination of alkyl al-
cohols that are sterically hindered is the mgjor disadvan-
tage of older reported procedures for ether synthesis. This
problem is amplified when the acohols are immobilized
on solid supports and their activated species become the
limiting reagent.* The alcohol-sulfuric acid reaction is
most often used for the conversion of simple primary
alcohols in to symmetrical ethers. Secondary and tertiary
alcohols undergo predominantly dehydration when sub-
jected to these conditions. Occasionally asmall amount of
the symmetrical ether is formed as a by-product in the
case of secondary alcohols.®

Recently, we have reported the preparation of silica sulfu-
ricacid | (Figure 1) as a stable acidic reagent (solid acid)
and showed its catalytic activity in synthetic methodolo-
gy.'° In continuation of our studiesin thisregard, we have
found that trimethylsilyl ethers can be converted to their
corresponding ethersin the presence silicasulfuric acid I.
Therefore, we decided to apply this reagent for ether syn-
thesis. Here we wish to report the first example of direct
conversion of primary and secondary trimethylsilyl ethers
into the related ethers with good to excellent yields under
mild and heterogeneous conditions (Scheme 1).
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Scheme 1
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Figurel

A mixture of the substrate 1 (4 mmol), n-hexane (20 mL)
and silicasulfuric acid | (1 g) was stirred at room temper-
ature for the specified time (Table 1).112 The reaction
was monitored by TLC. After completion of the reaction
the mixture was filtered and the solid residue was washed
with n-hexane. Evaporation of the solvent followed by
column chromatography on silica gel gave highly pure
ethers with good to excellent yields. The solid residue is
silica sulfuric acid, which was recycled easily. Running
the reactions with recycled silica sulfuric acid for three
times show that no decrease in the yield was observed.
This means that silica sulfuric acid can be reused for sev-
era times.1%

In conclusion, silicasulfuric acid can serve as an efficient
catalyst for the direct conversion of primary and second-
ary trimethylsilyl ethersinto the corresponding ethers un-
der mild and heterogeneous conditions. The yields are
almost good to excellent and the procedure is simple and
convenient. Rearrangement, elimination and ether cleav-
age bond were not observed. Moreover, the new element
hereisthat the reaction is heterogeneous and this could be
worthwhile in an industrial setting for innovative green
chemical manufacturing in the future.*
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Tablel Direct Conversion Trimethylsilyl Ether 1 to their Corresponding Ethers 2 in the Presence of Silica Sulfuric Acid (1) in n-Hexane at
Room Temperature®

Entry Substrates 1 Products® 2 Time (min) Yield (%)°
1 4-CH, °C¢H,CH,OTMS a 4-CH,0C4H,CH,),0 a 15 95
2 4-(CH,),CHCH,CH,OTMS b 4-(CHa),CHCGH,CH,),0 b 15 95
3 4-(CH,)sCCeH,CH,O0TMS c 4-(CH,)sCC¢H,CH,),0 c 15 %5
4 2-CIC¢H,CH,O0TMS d (2-CIC¢H,CH,),0 d 40 80
5 4-CIC;H,CH,O0TMS e (4-CIC4H,CH.,),0 e 40 85
6 2,4-Cl,CeH,CH,OTMS f (2,4-Cl,C4H4CH,),0 f 45 80
7 2-BrCeH,CH,OTMS g (2-BrC4H,CH,),0 g 45 80
8 2-0,NC4H,CH,OTMS h (2-0,NCgH,CH.,),0 h 35 80
9 3-0,NC;H,CH,OTMS i (3-O,NC4H,CH.,),0 i 45 85
10 4-O,NC¢H,CH,O0TMS j (4-O,NC4H,CH.),0 j 30 )
11 CeH:CHCH4CH,OTMS k (CeHsCHCH,CH,),0 k 20 92
12 CeHsCH=CHCH,OTMS | (C4H-CH=CHCH,),0 | 27 <)
13 m m 30 90
CH,0TMS CH,),0
14 CH,OTMS n o CH,0 n 30 80
oo 5o
0
15 @ o] 0 25 80
§7 N CH,0TMS )0
16 n-C,H;s0TMS p N-(C;Hy5),0 p 15 80
17 n-CgH,;OTMS q n-(CgHy7),0 q 15 80
18 r r 15 85
{—amorus { e
19 S S 15 82
O—CHZOTMS QCHZ)ZO
20 3-CH;0C¢H,CH,O0TMS t (3-CH0C¢H,CH,),0 t 15 )
21 2-CH50C4H,CH,0TMS u (2-CH40C¢H,CH,),0 u 15 )
22 4-CgHsCH,OC,H,CH,0TMS v (4-C4HsCH,OC4H,CH.),0 v 15 85
23 (C4Hs),CHOTMS w (CgHs),CH),O w 35 80
24 4-CICH,CHCH,OTMS X (4-CICH,CHCH,),0 X 45 70
25 CgHsCH,CHOTMS y (C4H-CH,CH),O y 35 75

aSilicasulfuric acid/silyl ether (0.25 g:1 mmol).
b All of theisolated products are known and their spectra and physical data have been reported in the literature.
¢ |solated yields.
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Chemicals were purchased from Fluka, Merck and Aldrich
chemicals companies. The products were characterized by
comparison of their spectral (IR, *H NMR), TLC and
physical datawith the authentic samples. Silicasulfuric acid
was synthesized according to the our previously reported
procedure.’® All silyl ethers were synthesized according to
the reported procedure.’®

Preparation of Silica Sulfuric Acid: A 500 mL suction
flask was used. It was equipped with a constant-pressure
dropping funnel containing chlorosulfonic acid (23.3 g, 0.2
mol) and gasinlet tube for conducting HCI gas over an
adsorbing solutioni. e. H,O. Into it were charged 60.0 g of
silicagel. Chlorosulfonic acid was added dropwise over a
period of 30 min at r.t. HC| gas evolved from the reaction
vessel immediately. After the addition was complete the
mixture was shaken for 30 min. A white solid (silicasulfuric
acid) 76.0 g was obtained.10?
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