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Allylations of selenothioic acid S-alkyl esters with allylic
bromides in the presence of EtzN in THF took place selectively at
the o-position of selenocarbonyl group to give allylated products
with high regio- and stereo-selectivity.

A number of new synthetic methods using organoselenium
compounds have been developed over the last twenty years.!
However, synthetic reactions using compounds having a carbon-
selenium double bond are rare,? mainly due to their instability
and cumbersome preparative procedures. Very recently, we have
demonstrated selenoesters substituted with alkylthio or
alkylseleno groups (RC(Se)SR', RC(Se)SeR') are relatively
stable but highly reactive3 similarly to seleno-aldehydes and
-ketones. We report here the allylation of selenothioic acid S-
alkyl esters with allylic bromides proceeds smoothly to lead to
allylated products in a regio- and stereoselective manner.

Selenothioacetic acid S-butyl ester (1a) was treated with 3-
bromo-1-propene (2a) (2 equiv) and triethylamine (2 equiv) in
THEF at 0 °C for 2 h (Scheme 1). Diallylation of 1a took place
selectively at the a-position of selenocarbonyl group to afford
1,6-heptadienyl ester 5a in 58% isolated yield.4
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Scheme 1.

Scheme 1 outlines the plausible pathway of the allylation
reaction of 1a leading to ester Sa. In the first step, the reaction
of ester 1a with allyl bromide may take place at selenium atom of
1a to give allyl vinyl selenide 3 similarly to the reaction of
thioamides with allylic bromides.5 Then, the seleno-Claisen
rearrangement® of 3 may occur to lead to ester 4. In analogy to
that, 4 may be converted to 5a. The mixture obtained from the
reaction of ester 1a and bromide 2a at —78 °C involved esters 1a,
4, and 5a in a ratio of 38 : 32 : 30. This result has suggested
that allylation of monoallylated ester 4 is competitive with that of
ester 1a even at low temperatures. The reaction of 1a with 2a (3
equiv) under reflux in THF for 48 h allowed for the introduction
of three allyl groups to ester 1a to afford ester 6 in 90% yield.
In this reaction the construction of quaternary carbon center,
among the most important processes in organic synthesis,? was
realized in a single operation by the repetition of allylation of
ester 1a at the a-position of selenocarbony! group.

The reaction of a variety of esters 1 with allylic bromides 2
was also carried out (Table 1).

Diallylation of ester 1a with allylic bromides 2b-2e also
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Table 1. Allylation reaction of selenothioic acid S-butyl esters?
2
i \)Ri/ 1 I
R! + RA AN _Br —
\)]\SBU-H R3 ; SBu-n
1 2 nR
1aR!'=H, 2aR?=R%=H n=1~3
1b R'= n-Bu 2bR%=H,R®=CH,3
1¢ R' = CHp=CHCHCH;  2¢ R%=H, R®=Br
1dR'=CHj, 2d R®=H, R®= CO,Et
2e R?=CHg, R®=H
Ester, Allylic o .
Entry promide y #nr:l)p/ hC Product? Yield* %

1 1a, 2b 0°C

W 5b  59%

4h E (72%)°

2 1a, 2¢ 0°C w 59%
4h 5S¢

3 1a,2d  25°C 5d  68%
23h  EO,C E  CO.Et

4 1a, 2e 66 °C L
22 h \/‘\)\/ 5e 57%

(mesoldl =82 : 18)
5 1b, 2a 0°C W\/\ 7 99%
35h

6 1b, 2a 66 °C
48 h

8 48%

7 1c, 2a 66 °C
24 h

8 1d, 2e 0°C

. 0 48%
30 min

E
N
E
=
\/‘\/\% ° 51%
E
\/k‘/ 1
E

2 See Ref. 4 for typical experimental procedures. ° E represents C(Se)SBu-n.
©Isolated yields. ¢ The reaction was carried out at 66 °C for 14 h.

proceeded smoothly to give the products 5b-5e, compounds
which possess a 1,6-dienyl group,l0 in good to high yields
(entries 1-4). Functional groups such as Br and ethoxycarbonyl
group did not affect the reaction, although a longer reaction time
was necessary in the reaction with 2d. The process from 1a to §
is analogous to the reaction between diethyl malonate and allylic
bromides leading to 1,6-diene-4-dicarboxylates.!! However, the
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regiochemistry of the reaction of 1a with 2e is in sharp contrast
to that of the reaction of diethyl malonate, in which less
substituted allylic carbon atom of Se was selectively attached to
the a-carbon atom of the ester.11

As for the reaction of a-substituted ester 1b with 2 equiv of
2a, monoallylation was attained below 0 °C (entry 5), whereas
the reaction of 1b under reflux in THF afforded selectively
diallylated product 8 (entry 6). The reaction of ester 1¢ with 2a
proceeded in a highly stereoselective manner to afford
unsymmetrically substituted 1,6-dienyl ester 9 as a single
stereoisomer (entry 7). The high regio- and stereoselectivity of
the reaction was also observed for the reaction of ester 1d with
bromide 2e (entry 8). The methyl substituted olefinic carbon of
2e was selectively attached to the ai-position of the starting ester,
and only erythro isomer of 10 was obtained. Diallylation of 1a
with 2e was achieved with high regioselectivity, and two meso
forms of Se were produced in preference to the dI form of Se
(entry 4).

In summary, we have demonstrated the highly efficient
allylations of esters 1 with allylic bromides. The present reaction
offers many synthetic advantages in terms of operational
simplicity and high regio- and diastereoselectivity. Further
synthetic applications of selenothioic acid S-alkyl esters on the
basis of the unique reactivity of selenocarbonyl group are in
progress.

This work was supported by the Grant-in-Aid for Scientific
Research on Priority Area of Reactive Organometallics No.
05236102 and partially by the Grant-in-Aid for Scientific
Research provided from the Ministry of the Education, Science,
Sports and Culture, Japan.

References and Notes

1 For example, see: C. Paulmier, in "Selenium Reagents and
Intermediates in Organic Synthesis," ed by J. E. Baldwin,
Pergamon Press, Oxford (1986); A. Krief, in
"Comprehensive Organic Synthesis," ed by B. M. Trost
and 1. Fleming, Pergamon Press, Oxford (1991), Vol. 1,
Chap. 2.6 and Vol. 3, Chap. 1.3; S. Uemura, in
"Comprehensive Organic Synthesis," ed by B. M. Trost
and I. Fleming, Pergamon Press, Oxford (1991), Vol. 7,
Chap. 6.2; E. N. Deryagina, M. G. Voronkov, and N. A.
Korchevin, Russ. Chem. Rev., 62, 1107 (1993).

2 For reviews: S. Kato, T. Murai, and M. Ishida, Org. Prep.
Proceds. Int., 18, 369 (1986). F. S. Guziec, Jr., in "The
Chemistry of Organic Selenium and Tellurium
Compounds," ed by S. Patai, John Wiley & Sons, New
York (1987), Vol. 2, p 215; F. S. Guziec, Jr., in
"Organoselenium Chemistry,” ed by D. Liotta, Wiley-
Interscience, New York (1987), p 277; A. Ogawa and N.
Sonoda, in "Comprehensive Organic Synthesis," ed by B.
M. Trost and I. Fleming, Pergamon Press, Oxford (1991),
Vol. 6, Chap. 2.6; A. Ogawa and N. Sonoda, Rev.
Heteroato. Chem., 10, 43 (1994).

3

10

11

Chemistry Letters 1995

S. Kato, T. Komuro, T. Kanda, H. Ishihara, and T. Murai,
J. Am. Chem. Soc., 115, 3000 (1993); T. Murai, T.
Mizutani, T. Kanda, and S. Kato, J. Am. Chem. Soc.,
115, 5823 (1993); T. Murai, A. Hayashi, T. Kanda, and
S. Kato, Chem. Lett., 1993, 1469; T. Murai, H. Takada,
T. Kanda, and S. Kato, Tetrahedron Lett., 35, 8817
(1994), T. Murai, T. Mizutani, T. Kanda, and S. Kato,
Heteroato. Chem., 1995, 241; T. Murai, T. Mizutani, Y.
Ogino, T. Kanda, and S. Kato, J. Org. Chem., 60, 2942
(1995).

A typical experimental procedure is as follows: THF (5
mL), selenothioic acid S-butyl ester 1a (0.196 g, 1.0
mmol), and 3-bromo-1-propene (2a) (0.17 mL, 2.0 mmol)
were placed in a 20-mL flask. To this solution was added
Et3N (0.28 mL, 2.0 mmol). The flask was then cooled
with stirring at 0 °C for 2 h. The mixture was poured onto
water and extracted with ether (25 mL X 2). The organic
layer was dried over magnesium sulfate and concentrated.
The residue was purified by silica gel column
chromatography using hexane as an eluent. The major
fraction, being blue violet, afforded 159 mg of the product,
which contained 5a (58%).

R. Gompper and W. -R. Ulrich, Angew. Chem., 88, 300
(1964); S. Takano, M. Hirama, T. Araki, and K.
Ogasawara, J. Am. Chem. Soc., 98, 7084 (1976). Y.
Tamaru, T. Harada, and Z. Yoshida, J. Am. Chem. Soc.,
102, 2392 (1980).

Only a few examples of the seleno-Claisen rearrangement
have been reported32.7 in contrast to the recent development
of the synthetic application of the thio-Claisen
rearrangement.3

Y. Vallée and M. Worrell, J. Chem. Soc., Chem.
Commun., 1992, 1680; K. Shimada, S. Oikawa, H.
Nakamura, and Y. Takikawa, Chem. Lett., 1995, 135.

P. Metzner, Synthesis, 1992, 1185; P. Beslin and S.
Perrio, Tetrahedron, 49, 3131 (1993); P. N. Devine and A.
I. Meyers, J. Am. Chem. Soc., 116, 2633 (1994) and
references cited therein.

For reviews: S. F. Martin, Tetrahedron, 36, 419 (1980);
K. Fuji, Chem. Rev., 93, 2037 (1993); L. E. Overman,
Pure Appl. Chem., 66, 1423 (1994).

1,6-Dienes are one of the most versatile compounds for the
application to carbocyclization. For example, K. S. Knight,
D. Wang, R. M. Waymouth, and J. Ziller, J. Am. Chem.
Soc., 116, 1845 (1994); E. Negishi, M. D. Jensen, D. Y.
Kondakov, and S. Wang, J. Am. Chem. Soc., 116, 8404
(1994); D. F. Taber, J. P. Louey, Y. Wang, W. A.
Nugent, D. A. Dixon, and R. L. Harlow, J. Am. Chem.
Soc., 116, 9457 (1994); I. Ryu, A. Kurihara, H.
Muraoka, S. Tsunoi, N. Kambe, and N. Sonoda, J. Org.
Chem., 59, 7570 (1994).

N. Beaulieu and P. Deslongchamps, Can. J. Chem., 58,
875 (1976); R. S. Atkinson, J. R. Malpass, K. L. Skinner,
and K. L. Woodthorpe, J. Chem. Soc., Perkin Trans. I,
1984, 1905.



