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The Se-Se bond in diselenides was re duced by CeCl3/Sm sys tem to pro duce selenolate an ions, which re -
act with , -un sat u rated es ters or , -un sat u rated nitriles to af ford -selenoesters and -selenonitriles, re -
spec tively.

IN TRO DUC TION

Organoselenium com pounds have re ceived con sid er-
able at ten tion as use ful syn thetic re agents and in ter me di ates
in or ganic syn the sis.1-3 -selenoesters are use ful in ter me di-
ates in the syn the sis of nat u ral com pounds.4 Some meth ods
for the prep a ra tion of -selenoesters and -selenonitriles
have been pub lished. A use ful ap proach is the Mi chael re ac-
tion of seleno an ion with , -un sat u rated es ters or nitriles.
For ex am ple, selenols re act with , -un sat u rated es ters or
nitriles.5 Diaryl diselenides re act with , -un sat u rated es ters
or nitriles us ing NaBH4

6 or SmI2
7 as reductant, or with car -

bon mon ox ide and wa ter us ing se le nium un der high pres sure
and high tem per a ture.8

Ce rium chlo ride is a very cheap, non toxic and wa-
ter-tolerant re agent.9 This tri va lent lanthanide salt has been
found very use ful in or ganic syn the sis.10 For ex am ple, Ce -
rium trichloride re acted with or ganic lith ium such as CH3Li,11

n-BuLi12 to form an or ganic ce rium re agent which can be
used as a se lec tive mag ne sium re agent. Due to its ex cel lent
stereoselectivity, the reductive sys tem of NaBH4-CeCl3

13 has
been widely used in or ganic to tal syn the sis.

Be cause of the great po ten tials of sa mar ium re agents in
or ganic syn the sis, much at ten tion has been fo cused on the
reductive re ac tions in duced by them.14 TiCl4/Sm,15 ZrCl4/
Sm,16 HgCl2/Sm17 and CoCl2/Sm18 have been found use ful
reductants in or ganic syn the sis. But to the best of our knowl -
edge, there has been no re port on the CeCl3/Sm ap plied in or -
ganic syn the sis. In view of the im por tance of organoselenium
com pounds, es pe cially -selenoesters and -selenonitriles in
or ganic syn the sis men tioned above, we chose the cleav age of
the Se-Se bond to eval u ate the reductive abil ity of CeCl3/Sm
and find a new prep a ra tion pro ce dure of -selenoesters and

-selenonitriles.
Herein we wish to re port a new re agent CeCl3/Sm to

reductive cleav age of Se-Se bond to pro duce selenolate an -
ions, which re act with , -un sat u rated es ters or nitriles in
situ to af ford -selenoesters and -selenonitriles, re spec-
tively.

EX PER I MEN TAL SEC TION

Melting points were un cor rected. IR spec tra were ob -
tained on a PE-683 in fra red spectrophotometer. 1H NMR
spec tra were re corded on a PMX-60MHz in stru ment. All 1H
NMR sam ples were mea sured in CCl4 us ing TMS as in ter nal
stan dard. The sol vent THF was freshly dis tilled from so -
dium/ben zo phe none ketyl prior to use. The re ac tions were
per formed in a Schlenk type glass ap pa ra tus un der a ni tro gen
at mo sphere.

GEN ERAL PRO CE DURE

Un der ni tro gen at mo sphere, me tal lic sa mar ium pow der
(3 mmol), ce rium(III) chlo ride (1 mmol) and diselenide (0.5
mmol) were placed in a three-necked re ac tion flask and THF
(10 mL) was added in one por tion. The re sult ing mix ture was
mag net i cally stirred at 40 C for 4 h. Sa mar ium pow der al -
most com pletely dis ap peared, and the cleav age of the Se-Se
bond was in di cated by the dis si pa tion of the yel low mix ture
due to diselenide. To the mix ture was added suc ces sively

, -un sat u rated es ters (1.5 mmol) or , -un sat u rated nitriles
(1.5 mmol) in THF (2 mL) and t-butyl al co hol (0.1 mL in or -
der to pre vent poly mer iza tion) and stirred for given times
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(see Ta ble 1, TLC as mon i tored). When the re ac tion was fin -
ished, di lute HCl (0.1 M, 10 mL) was added to quench the re-
ac tion and the mix ture was ex tracted with ether (15 mL  2);
af ter the ex tracts were washed with brine, dried over an hy-
drous Na2SO4 and the sol vent was re moved un der re duced
pres sure, the res i due was then pu ri fied by pre para tive TLC on
Sil ica gel with light pe tro leum and ethyl ether (5:1) as eluent.

In sum mary, a novel method for the prep a ra tion of
-selenoesters has been pro vided, the ad van tages of which

are eas ily avail able and cheap ma te ri als, sin gle prod uct, sim -
ple ma nip u la tion, and mild and neu tral con di tions.

DA TA OF THE PROD UCTS

17 PhSeCH2CH2CO2Me, Oil; IR max (cm-1) 3090, 3080,
3020, 2960, 2940, 2860, 1750, 1590, 1480, 1445, 1350, 1290,
1220, 1170, 1070, 1020, 1000, 957, 740, 685, 660; 1H NMR
7.10-7.60 (5H, m), 3.53 (3H, s), 2.90 (2H, t), 2.66 (2H, t).

27 PhSeCH2CH2CO2Et, Oil; IR max (cm-1) 3095, 3080,
2990, 2940, 2920, 2890, 2880, 1750, 1590, 1485, 1440, 1380,
1350, 1220, 1170, 1020, 740, 685, 660; 1H NMR 7.07-7.70
(5H, m), 4.00 (2H, q), 2.97 (2H, t), 2.63 (2H, t), 1.67 (3H, t).

37 PhSeCH2CH2CO2Bu-n, Oil; IR max (cm-1) 3100,
3080, 2990, 2940, 2920, 2880, 1750, 1600, 1485, 1440, 1380,
1350, 1220, 1170, 1020, 740, 680, 660; 1H NMR 7.03-7.60
(5H, m), 3.97 (2H, t), 2.97 (2H, t), 2.60 (2H, t), 1.20-1.60
(4H, m), 0.90 (3H, t).

47 PhSeCH2CH2CN, Oil; IR max (cm-1) 3100, 3080,
2990-2940, 2875, 2260, 1590, 1485, 1445, 1420, 1310, 1270,
1200, 1070, 1020, 1000, 935, 890, 740, 690, 660; 1H NMR
7.06-7.60 (5H, m), 2.93 (2H, t), 2.53 (2H, t).

57 PhSeCH2CH(CH3)CO2Me, Oil; IR max (cm-1) 3090,
3080, 2990, 2960, 2940, 1740, 1590, 1485, 1460, 1440, 1380,
1350, 1200, 1160, 1020, 1000, 900, 820, 740, 690, 670; 1H
NMR 7.03-7.60 (5H, m), 3.50 (3H, s), 3.00 (2H, d), 2.50-2.80
(1H, m), 1.15 (3H, d).

619 o-MeC6H4SeCH2CH2CO2Me, Oil; IR max (cm-1)
3100, 3080, 3020, 2980, 2960, 2940, 2885, 2800, 1739, 1600,
1580, 1480, 1440, 1380, 1350, 1280, 1225, 1200, 1170, 1130,
1040, 1010, 980, 890, 840, 740, 650; 1H NMR 7.10-7.60 (4H,
m), 3.53 (3H, s), 2.93 (2H, t), 2.57 (2H, t), 2.33 (3H, s).

719 o-MeC6H4SeCH2CH2CO2Et, Oil; IR max (cm-1)
3100, 3080, 3020, 2990, 2980, 2950, 2885, 1736, 1600, 1580,
1475, 1460, 1380, 1350, 1220, 1200, 1035, 860, 830, 740,
650, 610; 1H NMR 6.93-7.43 (4H, m), 4.00 (2H, q), 2.93 (2H,
t), 2.56 (2H, t), 2.33 (3H, s), 1.16 (3H, t).

819 o-MeC6H4SeCH2CH2CO2Bu-n, Oil; IR max (cm-1)
3100, 3080, 3020, 2980, 2960, 2940, 2880, 1734, 1600, 1475,
1460, 1420, 1380, 1350, 1275, 1220, 1200, 1170, 1060, 1035,
980, 960, 940, 740, 650; 1H NMR 6.96-7.50 (4H, m), 3.93
(2H, t), 2.93 (2H, t), 2.56 (2H, t), 2.33 (3H, s), 1.30-1.60 (4H,
m), 1.00 (3H, t).

919 o-MeC6H4SeCH2CH2CN, Oil; IR max (cm-1) 3100,
3080, 3020, 2990, 2960-2940, 2890, 2880, 2249, 1600, 1580,
1470, 1460, 1420, 1380, 1350, 1275, 1220, 1200, 1170, 1060,
1035, 980, 960, 940, 740; 1H NMR 6.93-7.40 (4H, m), 2.87
(2H, t), 2.47 (2H, t), 2.33 (3H, s).

1019 o-MeC6H4SeCH2CH(CH3)CO2Me, Oil; IR max

(cm-1) 3090, 3080, 3020, 2990, 2960, 2890, 1734, 1590,
1580, 1485, 1440, 1380, 1350, 1270, 1200, 1020, 1000, 900,
820, 740, 690, 660; 1H NMR 6.93-7.40 (4H, m), 3.50 (3H, s),
2.97 (2H, d), 2.50-2.80 (1H, m), 2.33 (3H, s), 1.15 (3H, d).
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Scheme  I

Table 1. Synthesis of the -Selenoesters and -Selenonitriles

Entry Ar R X Reaction Time/h Yielda ( )

1 Ph H CO2Me 4 73
2 Ph H CO2Et 4 78
3 Ph H CO2Bu-n 4 84
4 Ph H CN 4 72
5 Ph CH3 CO2Me 4 51
6 o-CH3C6H4 H CO2Me 4 78
7 o-CH3C6H4 H CO2Et 4 81
8 o-CH3C6H4 H CO2Bu-n 4 76
9 o-CH3C6H4 H CN 4 70
10 o-CH3C6H4 CH3 CO2Me 4 53
aIsolated yields based on diselenides.
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