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There are formally 15 kinds of chalcogen0 esters in which one 
or two oxygen atoms of carboxylic acid esters are displaced by 
sulfur, selenium, or tellurium. In contrast to the sulfur isologues 
such as thio- and dithiocarboxylic acid esters,! the selenium and 
tellurium isologues have been studied much less extensively.2 To 
date, thesynthesis and isolationof sixchalcogenoesters (RCSeSR, 
RCSeSeR’, RCTeSR’, RCSeTeR’, RCTeSeR’ and RCTeTeR’) 
have remained elusive because of their extreme instability. 
Concerning S-organyl thioselenocarboxylates 2 (RCSeSR’) 
(hereafter called selenonthiolesters) containing both sulfur and 
selenium atoms,3 only a cyclic selenothiophthalide has been 
prepared from the reaction of imidoylphthalide with hydrogen 
~ e l e n i d e . ~  No acyclic selenonthiolesters have yet been described 
due to the difficulty of ~ynthesis ,~ though they are of considerable 
interest synthetically, spectroscopically, and biologically.6 We 
now report the first isolation and characterization of acyclic 
selenonthiolesters 2. 

The synthesis of selenonthiolesters 2 was achieved by the 
reaction of Se-alkynyl selenoacetates l7 with thiols in the presence 
of an acid catalyst. The reaction conditions shown in Scheme I 
appear to be preferred. Thus, Se-phenylethynyl selenoacetate 
(1, R = phenyl) and 2 equiv of alkanethiolss were refluxed in 
tetrahydrofuran in the presence of a catalytic amount of 
trifluoroacetic acid for 48 h (the color gradually changed from 
pale yellow toviolet). Washing with water, removalofthesolvent, 
and vacuum distillation or silica gel column chromatography 
(hexane) of the residue afforded S-alkyl benzeneethanesele- 
nothioates 2a-d in 30-70% yields9 as a blue-violet liquid.I0 The 
synthesis of the simplest acetyl derivative 2e was realized by 
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Table I. Yields and Spectra of Selenonthiolesters 2 and 2’ 

compd 
no. 
2a 
2b 
2c 
2d 
2e 
2’ 

yielda 
R ’  R 2  (5%) 

CaHs C2Hs 48 
C6H5 n-C’H7 70 

C6Hs t-C4H9 33‘ 
H n-C3H7 3Or 
C6H5 n-C3H7 80 

C6H5 i-C’H7 54c 

bp visb 
(OCfTorr) (nm) 
4110.2 575 
12813 577 
4610.2 580 
5910.2 591 
liqf 57 1 
lip, 567 

~ ~~~ 

N M R C  (a) 
I 3 C e s e  77&d 

240.0 1538.8 
240.0 1555.5 
239.2 1552.1 
238.4 2294.8 
237.5 1569.7 
245.3 1570.2 

a Isolated yield. cyclo-C6H12. CDCIJ. Relative to Me2Se. e Re- 
action time, 72 h. f u s i n g  CH$OSeC=CSi(CH,)’ as a starting 
compound. f Purified on silica gel column (hexane). Too unstable to 
distill. See 2‘ (R’ = H )  in Scheme 11. ’ Purified on silica gel column 
(CHzCll/hexane = 1:l). 

using Se-(trimethylsily1)ethynyl acetate’ I as the starting com- 
pound (Table I). Presumably, 2 would be formed via a 
selenoketene intermediate.I2 As mentioned below, we have also 
found another route to a-allylated selenonthiolesters 2’ via a 
Seleno-Claisen rearrangement of ketene-Se-allyl-S-organyl ac- 
etals derived from 2. Significantly, the obtained esters are stable 
toward heat and moisture. Under argon, 2a-d can be stored a t  
20 O C  for at least 7 days without any appreciable change. 
However, they are extremely sensitive toward oxygen and quickly 
decompose in air with liberation of red selenium. 

Functionalized selenonthiolesters in solution are observable 
by visible and 13C and 77Se N M R  spectroscopy (Table I). The 
n-r* transitions (565-590 nm) of the selenocarbonyl groups 
shift to longer-wavelength regions in the sequence from R* = 
ethyl to isopropyl and tert-butyl groups. On the other hand, the 
selenocarbonyl carbon and selenium chemical shifts show upfield 
and downfield shifts, respectively, suggesting a correlation with 
the n-** transitions. 

The reactions of 2 are shown in Scheme IIS9 So far the 
preparation of selenoacylating agents such as selenoacyl chlorides 
has not been described in the literature because of their extreme 
instability. We have found that 2 readily reacted with primary 
and secondary amines in tetrahydrofuran (THF) to give the 
corresponding selenoamides 4 in moderate to good yields. This 
is the first example of selenoacylation to give the isolable 
selenocarbonyl compounds. Treatment of 2 in THF with bases 
such as triethylamine and lithium diisopropylamide below -20 
“ C  led exclusively to the formation of eneselenolate anions 3 
[R1CH=C(SR2)Se-1. Moreover, trapping with various elec- 
trophiles such as alkyl halides, acyl chlorides, etc. afforded good 
yields of the corresponding ketene Se,S-acetals 5-10.9 The ( E ) /  
(2) ratios of these products are between 40:60and 10:9O.I3 When 
alkylations of 3 were extended to allyl bromides, the resulting 

( IO)  A typical procedure, forming S-propyl benzeneethaneselenothioate 
(2b): to a solution of Se-phenylethynyl selenoacetate (1) (2.24 g, 10 mmol) 
in tetrahydrofuran ( 5  mL) were added propanethiol (1.52 g, 20 mmol) and 
trifluoroacetic acid (80%) (0.142 g, 1 mmol) under an argon atmosphere, and 
the mixture was refluxed for 48 h. Ether (50 mL) was added, and the mixture 
was washed with water (3 X 50 mL), followed by drying with anhydrous 
sodium sulfate. The solvent was removed under reduced pressure, and vacuum 
distillation of the residue afforded 1.8 I g (70%) of 2b as a blue-violet liquid. 

(1 I )  The cleave of the Si-C bond of silylacetylene under acidic conditions 
is well known: Fleming, 1 . ;  Dunogues, J.; Smither, R. Org. Reocr. 1989, 37, 
51. 

( 1  2) The STO-3G level molecular orbital calculations predict that sele- 
noketene is more favorable than ethynselenol: H>C=C=Se, E = -2449.431 
au; HC=CSeH, E = -2449.423 au. 

(13) The NOE analysis indicates that the 6 values for H b  of Z-isomers 
Ph(Hb)C=C(SR)(SeR?) appear higher upfield than Ha of E-isomers [Ph- 
(Ha)C=C(SR)(SeR?)]. The EIZratios weredeterminedon the basisof the 
integral ratio of the vinylic protons Ha and Hb. 
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yields. The Thio-Claisen rearrangement is well however, 
there has been no precedent for such a Seleno-Claisen rear- 
rangement. It is noted that lithium eneselenolate (3, RI = Ph, 
R2 = n.-Pr) readily added to methyl vinyl ketone to give Michael 
adduct 10 in 46% yield. Oxidation of 2 by m-chloroperbenzoic 
acid (m-MCPBA) under refluxing xylene afforded the novel bis- 
(selenonthiolester) 11 in low yield, while the reaction below -20 
OC led to a 65% yield of diselenide l2.'5 Similar oxidation of 
thionselenolesters (RCSSeR') led to the formationof sulfine [RC- 
(=S=O)SeR'] and acyl areneselenenyl sulfides (RCOSSeR').3 

In 'ummary, we have succeeded in isolating the first acyclic 
selenonthiolester. This development has opened up the possibility 
of preparing a large variety of new functional organoselenium 
compounds. 
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(1 5)  Bis(selenonthio1ester) 11 appears to be formed via [3,3]-sigmatropic 
rearrangement of 12, because heating of 12 in xylene above 100 O C  led to 11. 

". .-.. 
11 (11%) 10 (Wh) ( 840/0) 

(a) 2b/R32NH (l:2), THF,  reflux, 1 h; (b) 2b/Et3N/R31 (l:1:2), 
T H F ,  -25 OC, 2 h; (c) 2b /E t3N/CHR3=CHCH2Br  (l:l:2), T H F ,  -25 
OC, 2 h; (d)-(f) 2c/i-Pr2NLi/R3COC1 or Me2NC(S)CIor (Et0)2P(S)CI 
(l:l:2), T H F ,  -25 OC, 2 h; ( 9 )  2 b / E t 3 N / R 3 C e C H 2 B r  (l:I:2), T H F ,  

h, and then 23 OC, 3 h; (i) 2bIm-CPBA (l:l), xylene, 100 OC, 2 h; (j) 
Zb/m-CPBA (l:l), CH2C12 -25 "C, 10 min. 

-25 OC, 2 h; (h) 2b/Et ,N/CH2=CHCOCH3 (l:l:2), T H F ,  -25 "C, 2 

ketene-Se-allyl-S-alkyl acetals 5 (R3 = allyl) underwent [ 3,3]- 
sigmatropic rearrangement to give selenonthiolesters 2' in good 


