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Crystalline Sodium Seleno- and Telluro-carboxylates: 

Localization of Negative Charge on Electropositive Chalcogeno Atoms 
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Summary: Crystalline sodium seleno- and telluro-carboxylates were prepared 

from the corresponding bis(acyl)selenide and tellurides with sodium ethoxide. 

The salts have the unsymmetrical ionic structure where the negative charge is 

localized on the selenium or tellurium atom. 

The electronic structures of carboxylates and thiocarboxylates have been 

well-known to be resonance-hybrid of I and 1I.i However, preparation and 

structural study of alkali metal seleno- and telluro-carboxylates have 

remained unexplored due to their extreme instability towards oxygen. We 

report here the first synthesis and characterization of crystalline sodium 

seleno- and telluro-carboxylates and that they have the unsymmetrical ionic 

structures of III and IV where the negative charge is localized on electro- 

positive chalcogeno atoms. 
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The synthesis and isolation of crystalline sodium l-pentanecarbo- 

selenoate (3) and -carbotelluroate (4) were achieved through treatment of 

the corresponding diacyl selenide (1) and telluride (2) with sodium ethoxide 

under an argon atmosphere, respectively (Eq. 1).2 The salts (3) and (4) 

were stable under argon at 0 OC at least for one day without any appreciable 

decomposition, but they were highly sensitive towards oxygen.3 In Table 1 

are listed the spectral data of 3 and 4. To our surprise, the carbonyl 

stretching frequencies of these salts appeared in the region of 1600 - 1620 

cm-l, close to those of chalcogeno esters (RCOER', E-; S, Se, Tel4 (Figure 1). 
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[a] E=Se: E$O/ hexane (1 : l), -20 “C, 1 h; E=Te: THF, -20°C 2 h. 

This shows that the carbon-oxygen bonds of the COSe and COTe groups in 

these salts have double bond character to the extent as the carbonyl groups 

in the chalcogeno esters and that the negative charge is localized on the 

chalcogeno atoms. The 77Se nuclear magnetic resonance of 3 (in CD30D) 

appeared at ?i 368.8 (from dimethyl selenide), while that of bistl-pentane- 

carbonyl) diselenide (in CD30D) at 6 826.3. 

The difference (b= 457.5 ppm) between 

these chemical shifts is quite close 

to that (470 ppm) between diethyl 

diselenide and sodium ethaneselenolate 

whose negative charge is localized on 

the Se-atom (Table 2). In accord with 

the localization of negative charge on 

the Te atom in a sodium tellurocarboxyl- 

ate, we have observed that the sodium 

salt reacts with a triorganosilyl 

chloride to form a Te-triorganosilyl 

tellurocarboxylate (S), in spite of 

strong affinity of a silyl group for an 

oxygen atom. The final product of this 

reaction is an 0-triorganosilyl telluro- 

carboxylate (7) due to the facile re- 

arrangement5 of 6 to 7 (Eq. 2). Thus, 

when t-butyldimethylchlorosilane was 

added to a solution of sodium 2-methyl- 

benzenecarbotelluroate (5) in deutero- 

chloroform at -10 W, the color of the 

solution changed to yellow and then quick- 

ly to dark green.7 The reaction was moni- 

tored with 13C NMR spectroscopy. The band 

at 6 219.9 (13C=O) of the salt gradually 

decreased and two new bands appeared at 5 
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Figure 1. The vCm0 bands of 
sodium 1-hexanoate, l-pentane- 
carbothioate, l-pentanecarbo- 
selenoate (3), and l-pentane- 
carbotelluroate (4) (Nujol). 
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Table 1. Spectral data of the chalcogeno isologues of RCOO- Na+ 

RCOE- Na+ IR [cm-lla) 13c.mb) 77Se-mC) 125Te-md) 

R E vc=O 6 (C=O) b s 

l-C5Hll 0 1560 182.7 

S 1522 224.6 

Se 1610 223.4 368.8 

Te 1615 213.2 224.9 

a) Nujol. b) In ppm from Me4Si in CDC13. cl In ppm from MeZSe in CD30D (60 
%I. d) In ppm from Me2Te in CD30D. 

Table 2. 

Compound 

77se_md A(lO-3 or 11-12) 

6 Ppm 

10 (l-C5HliCOSe)2 826.3b) 
457.5 

3 l-C&HllCOSe- Na+ 368.8=) 

11 (C2H5 )2se2 32od) 
470 

12 CZHsSe-Na+ -150*) 

a) In ppm from MezSe. b) In CDC13. c) In CDsOD. d) In CDC13. e) In &O. 

:: 
0 

RC-Te‘ Na+ + R’,SiCI -+ l&Te-SW, 

5 6 7 

i? 
FGs- lvl+ + R’,SiCI 

M= alkali metal 

200 and b 232.1, which were assigned to the carbonyl carbon resonance of the 

Te-silyl ester (6, R= 2-CH&H4, R',Si= t-BuMe2Si) and to the 13C nucleus of 

the C=Te moiety in the telluron ester (7, R= 2-CH&H4, R'aSi= t-BuMeZSi), 

respectively. The former band at 6 200 gradually decreased and finally 

disappeared. At the final stage of the reaction, only the band at ?j 232.1 

remained. The 125Te sicanals of the salt (5) and the telluron ester (7) can 
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be observed at 6 477.1 (CDJOD) and 6 1759.1 (CDClx), respectively. In 

contrast to the sodium seleno- and telluro-carboxylates, alkali metal 

thiocarboxylates afford 0-triorganosilyl thiocarboxylates 8 in good yields 

without formation of S-triorganosilyl esters 9 even as intermediates (Eq. 

31.8 These results are consistent with the localization of the negative 

charge of seleno- or telluro-carboxylate on the selenium or tellurium atom. 

We suppose that the C=Se and C=Te are far less stable than the C=O double 

bond in seleno- and telluro-carboxylates and the negative charge of 

thiocarboxylate on both the oxygen and sulfur atoms implies that the C=S 

double bond structure is not very unfavorable in comparison to the structure 

of the C=O double bond. 
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