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Benzenetellurol is shown to behave as an effective reagent
for the reductive conversion of carbonyl compounds into

unsymmetrical ethers under the catalytic influence of Znl,.

In recent years, several methods for in situ generation of benzenetellurol
(1) were reported,z) and the reagent has been recognized as an effective reducing
agent due to the weak H-Te bond, in contrast to highly nucleophilic nature of
benzenetellurolate. However, its reactivity fairly depends on the generating

3)

method. In a previous paper, we have demonstrated that benzenetellurol (})

could be more conveniently generated by the methanolysis of phenyltellurotri-

4) and that several chemoselective reductions of nitro,

methylsilane (2),

carbonyl, olefinic, acetylenic, and tellurium compounds with 1 were efficiently

carried out in nonpolar solvents such as benzene or chloroform. Moreover,
acetals could be reduced to the corresponding

ethers under the catalytic influence of ZnIZ. The

PhTeSiMes -+  MeOH
|

PhTeH - MeOSiMes
1 3

~ s

application of similar conditions to reduction of
carbonyl compounds has led us to the discovery of

5)

the useful direct conversion of those into ethers.

3) aliphatic

As shown in the previous paper,
ketones were hardly reactive toward benzenetellurol
(1) in benzene at room temperature. When to this
reaction mixture was added ZnI2 as a catalyst, those
were not reduced to secondary alcohols, but
reductively converted into the corresponding

sec-alkyl methyl ethers in high yields. Aldehydes

and aromatic ketones similarly afforded the methyl
ethers in the presence of 50 mol% ZnIz, in spite of

Scheme 1.

the easy formation of alcohols under the normal
conditions (Scheme 1). Some results of reduction of
carbonyl compounds are shown in Table 1. It is
apparent that methyl trimethylsilyl ether (3) serves
as a methylating agent in these reactions, so the

corresponding alkyl ethers can be obtained by using
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le 1. Reactions of carbonyl compounds with benzenetellurol in benzene at

a)

room temperature

Run Substrate Alcoholb) Catalystc) Time/h Product Yield/%d)
1 PhCHO CH3OH None 0.5 PhCH20H 94
2 n—CllH23CHO CH3OH None 2 n_ClZHZSOH 73
3 PhﬁCHZCH2CH3 CH3OH None 3 PhClHCHZCHzCH3 95
OH
_ B e)
4 n C9H19ﬁCH3 CH3OH None 3 n C9H19$HCH3 23
O OH
5 PhCHO CH3OH Zn12(50 mol%) 3 PhCH20CH3 89f)
6 n—CllH23CHO CH3OH Zn12(5 mol%) 3 n—C12H250CH3 77
g)
7 PhﬁCHZCH2CH3 CH3OH Zn12(50 mol%) 3 Ph?HCH2CH2CH3 81
(e} OCH
3
8 n—C9H19|CICH3 CH3OH Zn12(5 molg) 3 n—Cngg?HCH3 88
O OCH
3
9 O=o CH,0H Zn12(5 mol%) 3 <__—>OCH3 91
10 PhCHO PhCHZOH ZnI2(50 mol%) 3 PhCHZOCHZPh 96
11 n-CllH23CHO PhCHZOH Zn12(5 molg) 3 n_ClZHZSOCH2Ph 96
12 Ph(l',;CH2CH2CH3 PhCH20H Zn12(50 molg) 3 PhCHCH2CH2CH3 76
OCH.,Ph
2
13 n—CnggﬁCH3 PhCHZOH Zn12(5 mol%) 3 n—C9H19('3HCH3 84
o OCHZPh
14 <:>=o PhCH,,0H ZnI, (5 mols) 3 QOCHzPh 83
a) The molar ratio of substrate : 2': alcohol =1 : 2.2 : 2.2.
b) The alcoholysis reagent for %.
c) The quantity of catalyst was shown in parenthesis.
d) Isolated yield, unless otherwise stated.
e) The substrate was recovered in 74% yield.
f) Determined by GLC analysis.

g)

Determined by lH NMR analysis.
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Table 2. Effects of trimethylsilyl ether and ZnI2 on reduction of carbonyl
compoundsa)
Run Substrate Silyl ether Catalyst Product Yield/%
1 PhﬁCHZCHZCH3 None None PhCIIHCHZCHZCH3 75
(0] OH
2 PhﬁCH2CH2CH3 None ZnI2 Recovery 87
O
3 PhCHO PhOSiMe3 ZnI2 PhCHZOSiMe3 39

a) The reaction was carried out in benzene at room temperature for 3 h.

the other alcohols as an alcoholysis reagent for 2.

Hence ethers containing

benzyl group, a versatile protecting group of alcohols, were easily prepared

directly from carbonyl compounds (Runs 10-14).

6)

These reactions seem to proceed via hemiacetal-type compounds (4), for under

the same conditions dimethyl acetals were smoothly reduced to methyl ethers

no etherification of an alcohol was observed.

of silyl ether and ZnI2

on reduction of carbonyl compounds with ;;

3) and

Tables 1 and 2 show the influence
In the

coexistance of methyl trimethylsilyl ether (3) and ZnIz, butyrophenone was

converted effectively to methyl l-phenylbutyl ether, but was reduced
guantitatively to l-phenylbutanol in the absence of the catalyst (Table 1, Runs 7

and 3).

When 3 was removed by evaporation in vacuo after generation of 1 and

then butyrophenone was mixed, l-phenylbutanol was obtained in a yield of 75%, but

the reduction was nearly completely depressed by the presence of 50 mol$% ZnI2

(Table 2, Runs 1 and 2).

These results support a mechanism summarized in Scheme

2. Zinc iodide, evidently interacting with both substrate and the reagent as a

Lewis acid, probably activates carbonyl group and 4 and deactivates benzene-

tellurol (}).
balance of these effects

more prominent activating effect of ZnI

Thus the reactivity of i’in the presence of ZnI2 would depend on a

. The predominant production of ether is explained by a

on hemiacetal (i) than on carbonyl

compound because the former can form a more cationic complex with ZnI2. Moreover,
1 1 1
R\C/H - PhTeH R\C_O Hﬂa1‘> R\C/H
—— _C= - 4
R om R? znT, 227> on
fast 3 slow
RT0SiMe
ZnI2
Rl H PhTeH Rl 0OSiMe PhTeH Rl H Rl 0SiMe
~c € N o ~No” or N 3
——— : P L
r?" Sor? 8% or3 ZnT, > Sor? T rRY Dwm
slow ﬁ, fast

Scheme 2.
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when phenol was used as an alcoholysis reagent for 2, the reduction product of
benzaldehyde was not the phenyl ether but the trimethylsilyl ether (Table 2, Run
3). The structure of produced ethers seems to represent the ease of heterolytic
cleavage of C-OR, C-0Si, and C-OAr bonds.7)

A typical procedure is illustrated for the synthesis of benzyl dodecyl
ether: Under an atmosphere of nitrogen, 2 (610 mg; 2.2 mmol) was added into a dry
benzene (10 ml) solution of benzyl alcohol (238 mg; 2.2 mmol), and the solution
was stirred for 30 min at room temperature. To the solution, ZnI2 (16 mg; 0.05
mmol) suspended in benzene (3 ml) followed by dodecanal (184 mg; 1.0 mmol) was
added, and stirring was continued for additional 3 h. After water was added, the
mixture was extracted with benzene. The benzene extract was dried over anhydrous
magnesium sulfate. After the solvent was evaporated under reduced pressure,
column chromatography of the residue on silica gel using benzene-hexane as eluent

gave a colorless liquid of benzyl dodecyl ether; yield, 265 mg (96%).
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