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Silyltellurides serve as new silicon-based chemoselective reducing agents and reduce quinones to the corresponding bis-silylated hydroquinones.
The reaction proceeds under ambient thermal conditions without the need of any additional promoters or catalysts and gives the products in
excellent yields. Several control experiments suggest that the reaction is initiated by a single electron transfer from silyltellurides to quinones.

Silicon-based reducing agents have attracted a great deal ofeport here a highly efficient and chemoselective thermal
attention recently because of their low toxicity compared to reaction of silyl tellurides with quinones (Figure 1) that is

the corresponding tin-based reagéntsowever, since the
currently used reagents are limited primarily to silyl hydride

reagents, development of new silicon-based reducing agents

with improved reactivity and selectivity is consequently

highly desirable. We have recently shown that the thermal
reaction of silyl tellurides with carbonyl compounds gener-
ateso-siloxy carbon radicals, which are useful intermediates
for C—C bond formationg While investigating the reactivity

of silyl tellurides with carbonyl compounds, we discovered

a new type of reductive bis-silylation of quinon&sWe
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Figure 1. Reductive bis-silylation of quinones.

the first example of the use of the silyltellurides as silicon-
based reducing agents.

The feasibility of the reaction was initially examined with
1,4-benzoquinonel, R = H) and trimethylsilylphenyl-

(4) Stepwise bis-silylation by the reduction of quinones followed by
silylation has been also reported. (a) Rasmussen, J. K.; Krepski, L. R;
Heilmann, S. M.; Smith, H. K., II; Tumey, M. LSynthesid983, 457. (b)
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telluride (2)° Thus, whenla and2 (2.2 equiv) were mixed To further clarify the synthetic utility of the current
in THF at room temperature, the red color corresponding to reaction, we next examined the compatibility of functional
the diphenyl ditelluride appeared immediately, and the bis- groups. The reaction of duroquinone (1.0 equiv) an@.0
silylated 1,4-dihydroquinone (3a, R +l) and diphenyl equiv) was conducted in the presence of 2 equiv of the
ditelluride (4) were isolated in quantitative yields (Table 1, compounds listed in Figure 2. We found that the reaction

Table 1. Reductive Bis-Silylation of Quinones with

Silyltelluridest nCiops—1  Ph—l  ppo~CHO
Ered yield
entry quinone (V vs SCE)P (%) /\i @NOZ
X
1 2,3-dichloro-4,5-dicyano- 0.49 66° Ph OEt
1,4-benzoquinone . 5 . | h ible with th ducti
2 2.3.5.6-tetrachloro- 0.00 9% Figure 2. Functional groups that are compatible with the reductive
- bis-silylation.
1,4-benzoquinone
3 2,6-dichloro-1,4-benzoquinone —0.20 95
4 1,2-naphthoquinone —0.39 82 ) ] ) o
5 1,4-benzoquinone —0.54 100 occurred selectively with the quinone and that the additives
6 2,3-dimethoxy-5-methyl- -0.67 100 were recovered quantitatively in all case90%), while the
1,4-benzoquinone reaction of2 with duroquinone took place in high yield
7 1,4-naphthoquinone -0.72 98 (>90% vyield). The results indicate that the reaction is
8  duroquinone —0.86 o1 compatible with various functional groups, e.g., alkyl and
9 anthraquinone —0.96 97

aryl halides, aldehydes,5-unsaturated carbonyl compounds,

@ Typical procedures: a THF solution of quinone (ca. 0.5 M) 2rd.2 and nitro groups. The selective reduction of quinones in the

equiv) was stirred for 0.5—1 h at room temperatirReduction potential

was measured in a 0.1 M BMCIO; solution of CHCN by cyclic
voltammetry using glassy carbon as working electroflésolated as the
corresponding dihydroquinone because the silylated product was hydro-
lytically unstable.

entry 5)6 When 1 equiv o2 was used, half of the quinone

presence of an alkyl iodide is worth noting, because the
reactivity of the free triethylsilyl radical toward duroquinone
and primary alkyl iodides is known to be almost identidal (
=1 Mtsh7

Since we have already reported that the reacticwith
carbonyl compounds generates thsiloxy carbon radicals,

was converted t@a, indicating that the second silylation we propose the mechanism as depicted in Scheme 1. An

reaction was faster than the first. While the reaction
proceeded in various solvents, the rate of the reaction wa
faster in polar solvents than in nonpolar ones. For example,
the reaction in CBCN was completed in about 0.5 h, while
that in GDs required 2 h for completion.

The scope of the current reaction was examined, and the
results are summarized in Table 1. Several kinds of quinones
with various substitution patterns were found to react with
2 to afford3in good to excellent yields. In all cases, mono-,
di-, tri-, and tetrasubstituted quinones gave the desired
adducts. It is worth noting that not only 1,4-quinones but
also 1,2-quinones were reduced to give the corresponding

Scheme 1. Possible Reaction Mechanism
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bis-silylated 1,2-hydroquinones (entry 4). The reaction rate
was found to be sensitive to the electronic character of the
substituents, and the quinones of higher reduction potential

initial electron transfer (ET) fron2 to the quinone generates

tend to react faster than those bearing electron-releasinga radical ion pair, and the subsequent&) bond formation

substituents. Indeed, thin-layer chromatography analysis
indicated that the reaction proceeded in about 10 min with
quinones whose reduction potential is higher theh4 V

vs SCE (entries 1—4). The reactivity of the quinones whose

in the ion pair generates the phenoxy radig&iThe radical
5 further reacts with2 to give 3 and 4° An alternative
possibility, which includes the generation of trimethylsilyl
radical from2 and the subsequent reaction of the radical

reduction potential is lower than0.4 V was slightly less,
but in all cases the reaction was completed within 0.5 h
(entries 5—9).
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with the quinone to generat®d, was less likely for the  faster than those with lower reduction potential. The oxida-
following reasons. First, since the reactivity of the trimeth- tion potential of2 is 0.94 V vs SCE, which is higher than
ylsilyl radical toward duroquinone and primary alkyl iodidies the reduction potential of the quinones. However, the
is almost the same, the observed chemoselectivity ruled outpreassociation oR and the quinones may considerably
the possibility of generation of the free trimethylsilyl radical. enhance the ET processé®bviously, further studies are
Indeed, the calculated homolytic bond dissociation energy needed to clarify the detail reaction mechanism.

of 2, 232 kJ/mol, is too high for the SiTe bond to undergo In conclusion, the silyltellurides serve as highly reactive
homolysis under the reaction conditioisSecond, the  and chemoselective silicon-based reducing agents for the
observed solvent effect is consistent with the involvement reduction of quinones and provide easy access to the bis-
of the polar intermediate, e.g., radical ion pairs. Third, the silylated hydroquinones. Since protected hydroquinones are
reactivity of the quinones correlates well with their reduction important intermediates for the synthesis of complex quinoid
potential; the quinones of higher reduction potential react compound4213 the current method provides a new and

efficient approach for the synthesis of this class of com-
(10) Calculation was carried out with Gaussian 98 programs. Geometry pounds

optimizations were performed with the hybrid B3LYP density functional '
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