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Abstract—Se-Arylmethyl selenoformates were synthesized by the reaction of aluminum arylmethaneselenolates with formates. Se-
Benzyl selenoformate is an unstable compound, but steric protection by some bulky substituents enabled the stable isolation of
the selenoformates. To the best of our knowledge, this is the first example of the synthesis of Se-alkyl selenoformates.
� 2005 Elsevier Ltd. All rights reserved.

Se-Alkyl and Se-aryl selenoesters (1)1 are synthetically
useful compounds as precursors of acyl radicals. The
acyl radicals attack unsaturated bonds inter- or intra-
molecularly to give acyclic and cyclic ketones,2 or suffer
decarbonylation followed by hydrogenation to give
reductive products.3 Hence 1 has been used as interme-
diates for the synthesis of natural products and for
reduction of carbonyl compounds. The synthetic utility
of 1 was also demonstrated as a precursor of acyl cat-
ions by the reaction with Cu(I), Cu(II), and Hg(II) salts
to give various carbonyl compounds.4 Selenoesters (1)
can also be easily converted into the corresponding ke-
tones,5 aldehydes,6 esters,7 amides,7b,8 carboxylic acids,9

thioesters,10 selenothioesters,11 O,Se-ketene acetals,12

a-selenoketones,13 alkenyl selenides,14 diselenides,15 het-
erocyclic compounds,16 and so on,17 by various chemical
transformations under mild conditions. Due to the ver-
satile synthetic utilities of the selenoesters, the number
of hitherto synthesized selenoesters has reached over
1000. On the other hand, to the best of our knowledge,
Se-alkyl and Se-aryl selenoformates (2), namely, the
formyl selenides, are still unknown compounds,
although 2 has the possibility to become an excellent
precursor of formyl radical and formyl cation
(Scheme 1).18,19 We now report the first synthesis of 2
by the reaction of aluminum selenolates with formates.

Se-Alkyl and Se-aryl selenoesters have been generally
prepared by the acylation of selenols and their salts.1,20

As one of the alternative method for the synthesis of
selenoesters, Kozikowski et al. developed the reaction
of aluminum selenolate with esters.4a,c,d,5a,b,21 On the
other hand, S-alkyl and S-aryl thioformates, that is,
an analogue of the selenoformates, are known to be syn-
thesized by (i) the formylation of thiols22 and disul-
fides,23 (ii) the hydrolysis of orthothioesters,24 (iii) the
reduction of chlorothioformates,25 (iv) the ozonolysis
of alkenyl sulfides,26 (v) the acid-catalyzed hydrolysis
of thioformimidates,27 (vi) the reaction of aluminum
sulfides with formates,28 and (vii) the thermolysis of
3-phenylthio-1,2-dioxetanes.29 For the synthesis of
selenoformates with readily available and easily handled
formylating reagents, we carried out the reaction of alu-
minum selenolate with alkyl and aryl formates.

We first attempted the synthesis of Se-benzyl selenofor-
mate (2a) (Eq. 1). Aluminum phenylmethaneselenolate
was prepared by the reaction of dibenzyl diselenide
(3a)30 with i-Bu2AlH (1.0 M in hexane) at 20 �C for
1 h.31 The solution was then allowed to react with
propyl formate (4a). The addition of water and
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extraction with Et2O gave a crude mixture containing
2a. Purification by recycling preparative HPLC (eluent:
CHCl3) gave pure 2a as a yellow oil in 7% isolated yield,
but it gradually decomposed to the starting dibenzyl
diselenide (3a) when the isolated product was left in aer-
ated conditions at room temperature. Column chroma-
tography on silica gel also caused the decomposition
of 2a to 3a. Compound 2a might be susceptible to
hydrolysis due to the excellent leaving ability of the alk-
ylseleno group.

ð1Þ

The instability of 2a let us examine the steric protection
of the selenoformate. When aluminum selenolate gener-
ated from bis(2,4,6-trimethylphenylmethyl) diselenide
(3b) and i-Bu2AlH was allowed to react with propyl for-
mate under conditions similar to those described above
at 0 �C, Se-2,4,6-trimethylphenylmethyl selenoformate
(2b) could be isolated by recycling preparative HPLC
in 12% isolated yield (Eq. 2). Selenoformate 2b was a
stable yellow solid and it was not decomposed after sev-
eral months by storage in an argon-purged flask in a
refrigerator. To the best of our knowledge, this is the
first example of the synthesis of stable Se-alkyl
selenoformates.

ð2Þ
We have now investigated the optimization of the reac-
tion conditions and the results are summarized in Eq. 3
and Table 1. Entries 1 and 2 correspond to the results
shown in Eqs. 1 and 2. When the 2,4,6-triisopropylphen-
yl group was employed as a more bulky substituent,
Se-2,4,6-triisopropylphenylmethyl selenoformate (2c)
was obtained in 18% yield (entry 3). Methyl formate
(4b) can also be used for the synthesis of 2c (entry 4).
The yield of selenoformate 2c increased to 42% when
phenyl formate (4c) was used as the formylating reagent
(entry 5).32 The yields of the selenoformates were chan-
ged by the equivalents of i-Bu2AlH and 4. The use of ex-
cess amounts of i-Bu2AlH and 4 gave better yields
(compare entries 5 and 6). The yields of the selenofor-
mates were also affected by the reaction time with 4 be-
fore quenching by water (compare entries 5, 7, and 8). A
similar reaction using bis(9-anthrylmethyl) diselenide
(3d) gave Se-9-anthrylmethyl selenoformate (2d) in
26% yield.

ð3Þ

These successful results are attributable to the affinity
between aluminum and oxygen. Benzene was added in
entries 3–9 to increase the solubility of 3. In all the en-
tries, other products were concomitantly produced, but
their structures could not be determined. It is unclear
why the longer reaction time of aluminum selenolate
with formates before quenching by water resulted in
the decrease of the yield.33 Although 2 equiv of i-
Bu2AlH based on diselenides satisfy the stoichiometry
of the reaction, the addition of excess of i-Bu2AlH
rather gave better yields of 2. i-Bu2AlH may also act
as a Lewis acid coordinated on the carbonyl oxygen.
When diphenyl diselenide was used, a very poor yield
of Se-phenyl selenoformate was formed, and most of di-
phenyl diselenide was recovered. Since PhSeAlBu-i2
must be produced under the present reaction condi-
tions,31 the result can be explained by the low nucleo-
philicity and good leaving ability of PhSe� compared
with those of ArCH2Se

�.

The spectral data of the selenoformates 2a–d are in good
agreement with their structures.34 Some spectral data of
these new compounds and related compounds are sum-
marized in Table 2. In the 1H and 13C NMR spectra, the
formyl hydrogens of the selenoformates appeared at
about 11.6 ppm, and carbonyl carbons appeared at
about 191 ppm. These are downfield shifted signals com-
pared with those of S-benzyl thioformate (5)22f and
benzyl formate (6).35 The IR absorption bands of the
CO double bonds appeared in a similar region (1658–
1676 cm�1) with the thioformates.

In conclusion, we synthesized unprecedented Se-alkyl
selenoformates by the reaction of aluminum selenolates
with formates. Although the Se-benzyl selenoformate

Table 1. Synthesis of Se-arylmethyl selenoformates

Entry 3 4 Equivalents

of i-Bu2AlH

and 4

Time

(min)a
2 Yield of

2b (%)

1c 3a 4a (R 0 = n-Pr) 2 10 2a 7

2c,d 3b 4a 5 15 2b 12

3 3c 4a 5 20 2c 18

4 3c 4b (R 0 = Me) 5 20 2c 21

5 3c 4c (R0 = Ph) 5 20 2c 42

6 3c 4c 2 20 2c 25

7 3c 4c 5 3 2c 31

8 3c 4c 5 60 2c 11

9 3d 4c 5 20 2d 26

a Reaction time with 4.
b Isolated yield.
cWithout benzene.
d Cooled by an ice bath.
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