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Abstract 
The general ether rynthrsln method based on the ~r~alhylrrlanc~trralkylrrlyl 

rod& or trlflatc reagent rysfcm ham been exfended ta the ryntheus o/alkorys~lanes 
from ketoner. tetrah 
and thiaethcrr by re J 

drofuranr and tetmhydropyrans from duarbonyl compounds. 
ur~~wclrauogeofO~rclylhcmr~h~oare~l~ 

Jatroduction 

Ionic hydrogenation’ had its inception over forty yean ago, when Whitmore 

first observed the ease in which hydride ir transferred from trietbylsilane to the 

incipientcarbocation formed by the action ofaluminum chloride on Ishlorohexane.J 

CiI&CH,),CI + Et+11 
AICI. (CalI 

l CH,(Cii,),CH, + K+SiCl 

The potential ofruch a transformation. however, remained virtually unexplored for 

another twenty years, when Kurxaoov applied the principle to hydrogenation of 

alkenes and crrbonyl compounds in trifluoroacetic acid to obtain alkanes in the 

former caue and trifluoroacetate esters in the latter.’ 

Doyle has shown thaw carbonyl compound8 may be reduced to alcohols, ethers, 

carboxylatc esters and l cetamides in strongly acidic media under appropriate 

conditione.s Keductive coupling of carbonyls to obtain moderate to gt4 yields of 

symmetrical ethers. has. likewise. been achieved with a number of Lewis acid 

cat.alyst~.~‘e In addition, never-al groups have obtained excellent yields of methyl or 

ethyl ethers by reductive cleavage of the corresponding acctals with organosilanes 

and various catalyrts; Kursanov with trifluoroacetic acid.e Noyori with 

trimctbylnilyl ttiflate,‘and Olab with the wlid ruperacid Nafioo-H*.lo 

Our group har recently investigated the we of trimethylrilyl iodide and 

trimethylrilyl triflate catalyzed reduction8 of carbooylr with various 

organoailaner. ” With either trimethyl or triethylrilane. l liphatic ketones are 

reductively coupled to give quantitative conversion ta ryuunetrical ethers with 

either catalyrt. 
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Mutual avoidance of bulky g~~pa. together with n-•tabiliaation, producea a 

relatively planar intermediate with featrieted rotational fmdom. sa in Scheme Il. 

Scheme II 

The ailanc hydride donor then cntem from the face offering the lcaat ateric hindrance 

(ace Figure 1) to yield the atcrecrchcmically pure product. 

Figure 1 

talky1 hydrogens 

not shown) 

In this paper we repurt our continuing studies of ionic hydrogenation of 

carbonyls and their derivatives under acid-free conditiona. which lead toaynlhcacaof 

alkoxysilaner. thiocthcrs and cyclic ethers. 

Heault~ and Diacuaaion 

Alkoxyailaner. The advantage of using a ailanc in conjunction with a catalyst 

poseeasing identical alkyl substitution (at least in principle) is that a single 

diailoxanc by-product will bc formed. thereby aimplifying the iaolation of the desired 

product. Hcactiona utilizing trimcthylailrnc and the corresponding iodide or tiflate. 

which yield the volatile hcxamcthyldiciloxanc as a by-product, arc unsurpassed in 

convenience and simplicity of product Marion. WC have found, however, that 

timcthy!;ilanc (which may bc prepared from chlorotrimcthylsilanc by reduction 

with lithium aluminum hydride’? or tertiary amine hydrochloridea and 

magnesium I’) is not always readily available from commercial aourcca. WC 

thcrcforc invcstigatcd the USC of tricthylsilane in conjunction with tricthylailyl 

iodide.” 

The rcnction of cyclohcxanonc with tricthylailanc and catalytic tricthylailyl 

iodide was extremely alow in comparison to what WC obacrvcd with trimcthylailyl 

iodide. requiring 24 bra. st room temperature to reach completion. In contrast to the 





The preference for equatorial rather than axial attack on cyclohcxanoner by 

large reagenta has been evaluated in termr of”congeation functions” by Wipke” (re 

Figure II). Calculations show the axial hhydrogena contribute more ateric 

congestion the axial a-hydrogcns. tbue the & isomer predominates in each of the 

aforementioned ca6es. Doyle has also rtudied atereoaelectivity in reductione with 

organosilanes in aqueous sulfuric acid-ether mixtures. obtaining similar results 

with 2-methyl and 4-I-butylcyclohexanone. ‘6 We attribute the higher proportion of 

CA in 2-methylcyclohexanonc tcomparcd to 4-r-butyl) to a sbih in the conformational 

equilibrium caused by interaction with the bulky catalyrt to avoid an “allylic” type 

strain. Further studies on the stereochemistry of r&uction are currently underway. 

Unlike the ketones studied both benxaldehyde and propionaldehyde yielded 

only symmetrical ethers. 2-Cyclohexene-l-one and 4a-methyl-4,4a-5.6.7,~. 

hexahydronaphthalen.2(3H).one gave no ma&ion under identical conditions. 
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Thioetherc. An e&nation using the approximate bond dissociation energies” in 

Table II suggest6 that reductive cleavage olO-trimethylsilyl hemithioacetals should 

occur at the carbon-oxygen bond rather than the carbon-sulfur bond, and be favored 

by over 100 kcal mol ‘. We have investigated this possibility for thioether synthesis. 

Table II: Approximate Bond Diamociation Enerr[ies” 

b.C 

OH 

1.0 

bS 

bN 

bi 

I Cl 

& sr 

II 

c.c m 

C.Y loo 

co 11 

C.8 lb 

CN 80 

CT 101 

C.cI m 

C.& u 

Cl b, 

Treatment of 0-trimethylsilylbenraldehyde hemiethylthioacetal with exce6o 

trimetbyldlane and catalytic trimetbylsilyl iodide gave benzyl ethyl rulfide with no 

detectable aide producta. 












