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Abrtrrrct.- An efficient TMSOTf catalyzed ether synthesis from carbonyl compounds and 
alkoxy@imethylsilanes via triethylsilane-reduction is described. 

The preparation of ethers is limited in practical sense to Williamson’s etherification involving alkylation 

of an alkoxy anion with an alkyl halide under basic conditions. In connection with a project directed toward 

natural product synthesis, we required a promising method for the preparation of ethers under non-basic 

conditions. To this end, we planned to investigate reductive etherification of carbonyl compounds 1 with 

alkoxytrimethylsilanes 2 giving 4 based upon a combination of Noyori’s TMSOTf’ catalyzed acetalizatiot? and 

trialkylsilane-reduction of acetalsV3 We expected that these two reactions can be successively effected under 

TMSOTf catalyzed conditions in the same flask, since both reactions proceed through the common oxonium ion 

intermediate 3. Although several etherifications of carbonyl compounds or acetals via hialkylsilane-reduction 

have already been developed,3~ 4 there are no widely applicable methods which involves a simple process using 

readily available reagents. We now wish to report a new convenient and efficient method for the preparation of 

ethers including benzyl ethers which are the most important protecting groups of alcohols.5 
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Various reactions of aldehydes with alkoxytrimethylsilanes are summarized in Table 1.6 A typical 

procedure is described for the synthesis of y-benzyloxy-y-butyrolactone (entry 7). TMSOTf (0.1 mmol) was 

added to an ice-cooled mixture of benzaldehyde (1.2 mmol) and r_trimethylsilyloxy-~butyrolactone ( 1 mmol) in 

CHzClz (10 ml). After stirring at 0 “C for 1 h, trietbyfsilane ( 1 mmol) was added and the mixture was allowed 

to warm to room temperature. After 12 h. the reaction mixture was diluted with Et20, washed with sat. 

NaHCa; dried over MgS04, evaporated, and chromatopyhed on silk& gel to give the benzyl ether in 89% 

yield. It can be seen that this erherification method worked well in cases of prikry and secondary 

alkoxytrimethylsilanes except one panic&r example shown in enrry 15.7 In the case of mamnoSe derivative, 

however, the reaction turned out to be verry sluggish under the standard conditions because of iw steric 

hindrance and use of an excess amount of TMSOTf and uiethylsilane was neccessary to complete the. reaction in 

reasonable yield (entries 8 and 13). Since silyl ethers ate easily available from the corresponding alcohols.* this 
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Table 1. Reductive Ettmiticarions of Aldehydes” 

1 PhCHO 

2 

3 

7 

8 

9 

lo PN~~-CSH&HO 

II 

12 

13 

14 
0, CHO 

15 

SnOTMS -78- -30 BnOBn 96 

/,,.OTMS 

L TMS 

A TMS 

Q TMS 

-30-o 

0-t 1. t. 

0-c r.t. 

-78-c -30 

0-c r. t. 

* 0-Cr.t. 

-78-c -36 

PhOTMS 0 - r. t. 

rrCaH130TMS 

A TMS 

0 - r. t. 

0-c r.t. 
0- r. t. 

-78-c -30 

81 

92 

99 

-3-O 8n 16 

(BnO6n) (32) 

89 

PhOSn 
(BnOSn) 

rrC6H130R 

63 

52f(89)8 

a) 3lwwu2ion was carried out w&tag atdetsyile (1.2 ~~.v.),~~~ (1 equiv.X Et$C+iH (1.2 equiv.) md 
~~(O.l~v,)~~2~.l~u~~ laratonbW@pUMWUWSwpmUiUpSftW 
addiriu~ofEt~SiR c)ts&ttxt+ d)lhemcdon was am&d auf using TMSCRf (0.2 quiv.) in tolumc. The txmzyt 
e4lK!rwasolatKdilt- loweryiddundexutermlddcamditi~. e)Yiddl%m?doncorlsumedsmrtingTMsether. 
r) llm t8aaioa wu cmkd out u&g -rMsoTf (2 equiv.) and Et$wI (2 sqldv.) in tduene. 

me&& cam be effbive~y employed fw the protection of ak&ols as a banzyl orp-f&obcnql et&.* Entries 7, 

8, and 13 show the marked advantage of this protection method in which ester, lactone, and glycosidic acetal 
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functionalities am ttdfead. The following are limitations of the present etherification method. The reactions 

of silyl ethers of rert-hutyl alcohol and phenol with benxaldehyde led to poor yields of the comspondingethers 
and gave mostly dibetuyl ether through reductive self-etherification of benxaldehyde (entries 6 and 9), ahhough 

a better result was obtained with p-nitrobenzaldehyde (entry 12). This method can not be applicable to the 

preparation of p-methoxybenxyl ethers lo because of extreme instability of p-methoxybenxaldehyde under 

ett&ficationcomiitions. 

Table 2 shows that mactions of ketones with primary and secondary alkoxytrimethylailanes again gave 

the ethers in good to excellent yields. However, in the case of less reactive silyl ether such as rert- 

butoxyhimetylGhtne. symmetricat ethers were formed through reductive self-ethetification of ketones (entries 3 

and 9). It is important to note that, upon reaction of cyclohexenone with benxytoxytrimethylsilane, reduction of 

the olefinic double bond concomitantly took place to give benzyI cyclohexyl ether (entry 5). 

Table 2. Reductive Etherifications of Ketones’ 

entry ketone allcoxytrimethylsilane temp. <OQb product yield (%$ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

cl 0 

PA 

45 0 

BnOTMS -78- -30 

QO TMS 

+ 
TMS 

OJ9QTMS 

-76- -30 

-78-, -30 

BnOTMS 

@TMS 

BnOTMS 

a TMS 

3-O TMS 

n_CsHj 3OTMS 

-78-c -30 

85 

100 

96 

26 

a) % reaction was carried out using kctum (1 cquiv.), dkoxy~imethylsii (1.2 apiv.). Et$ii (1.2 equiv.) and TMSOTf 
(0.1 equiv. ) in CIizQ~ (0.1 lK) unless otherwise nokd. b) The mactim amperaturc was warmed up sRcr additton of 
Et$Si?L c) Isolated yield. d) TMSOTf (1 cquiv.) was used. 
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In conclusion, we have developed a new convenient method with broad applicability for the preparation 

of ethers, in particular, bcnzyl ethers under non-basic conditions which is compkmentary to the conventional 

Williamson’s etheri%ation. 

Acknowledgement. We thank Professor T. Tsunoda of Tokushima Bunt+ University for helpful 

discussions. 
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