
2936 

tricyclic ketone 2 is principally triplet-state derived, (d) The 
bicyclic ketone 4 is principally singlet-state derived. 
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Selenenic acids (RSeOH) and their derivatives are presumed 
intermediates in a number of important reactions: selenoxide syn 
eliminations,1'2 [2.3]sigmatropic rearrangements of allylic and 
propargylic selenoxides,3 oxidation of selenols and diselenides,lb'4 

reduction of seleninic acids (RSeO2H).5,6 A selenenic acid may 
also be at the active site of the redox selenoenzyme glutathione 
peroxidase7 as part of a selenocysteine residue. With the exception 
of a series of o-nitrobenzene and anthraquinone derivatives,6 

selenenic acids are unstable and disproportionate to diselenides 
and seleninic acids. 

We have examined the syn elimination of several selenoxides 
to establish whether selenenic acids could be observed and their 
chemistry studied. Compound I8 was chosen as a precursor to 
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the selenenic acid 2. There was reason to believe that 2 might 
be stable, since obenzoylbenzeneselenenic acid has been reported.613 

The decomposition of selenoxide 1 at -50 0C in CD3OD followed 
first-order kinetics (t^2 == 13 min), giving only two products, the 
enone 3 and a compound we believe to be the selenenic acid 2. 
The 77Se NMR chemical shift of 2 (1091 ppm)10 is different from 
that of the related seleninic acid (1220) and diselenide (458) and 
quite similar to the chemical shift of the stable63 o-nitro-
benzeneselenenic acid (1053)." Compound 2 is stable in methanol 
below 25 0C but does react slowly at 25 0C (tl/2 = 2 h) with 
solvent to give the methyl selenenate ester 4. The identity of the 
selenenate ester was confirmed by carrying out the elimination 
of selenoxide 1 in protiomethanol. Solvent removal and dissolution 
in methanol-*^ allowed observation of the 1H NMR spectrum (5 
4.07, VSe_H = 7 Hz), in which the OCH3 signal gradually dis
appeared as transesterification replaced methoxy with deuterio-
methoxy. Selenenic acid 2 was much less stable in CD2Cl2 than 
in CD3OD solvent.12 

A second compound studied was the selenoxide 5, a possible 
precursor to the aliphatic selenenic acid 6. Compound 5 was 
prepared as shown in Scheme I. It decomposes at -52 0C in 
CD3OD and at -60 0C in CD2Cl2 (t1/2 « 18 min). The reaction 
was followed by low-temperature NMR spectroscopy (-50 to -80 
0C). In addition to the enedione 7, only one other product was 
observed. It shows four methyl resonances (1H: 5 1.80,1.84, 1.94, 
1.96; 13C: 8 20.9, 24.3, 28.4, 29.37) in a 1:1:1:1 ratio, two sets 
of ortho-aryl protons at 5 7.72, 7.87, as well as 13C resonances 
for two carbonyl groups (<5 200.6, 202.3) and two aliphatic qua
ternary carbons (5 52.4, 76.5). The 77Se NMR spectrum showed 
two signals at 862 and 540 ppm.10 On the basis of this spectral 
information, in particular the observation of two sets of diaste-
reotopic methyl groups (indicating the presence of a center of 
chirality) and the Se NMR shift (see below), we assign the 
selenolseleninate structure 8 to this species. Further supporting 
evidence is provided by the clean and quantitative reduction of 
8 to the diselenide 913 with trimethyl phosphite and its conversion 
to selenenamide 1013 on treatment with dimethylamine.14 No 
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Figure 1. 1H NMR spectrum (270 MHz, -50 0C, CD2Cl2) of 12. The 
singlets at 5 1.22 and 3.08 marked with an asterisk are those of 13. 

NMR signals assignable to the selenenic acid 6 were observed 
during these studies. 
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Compound 8 is moderately stable at -50 0C (ty2 = 1 h), 

decomposing to several products including enone 3 (57%), seleninic 
acid 11 (8%), diselenide 9 (18%), and two other products thought 
to be polyselenides (25%, 4%). These products account for 80% 
of the selenoxide 5 used. The formation of the enone 3 can be 
considered diagnostic of the Se-oxide grouping in 8, which should 
share with selenoxides,1 seleninic acids, seleninate esters,16 and 
their sulfur analogues178 the capability for pericyclic syn elimi
nation. Compound 8 is the first example of an observable sele-
nolseleninate ester, although a thiolseleninate ester has been 
detected during a study of the reaction of thiols with benzene-
seleninic acids.18 Thiolsulfinates are much more stable, and a 
number have been isolated.12'17 

Further support for the assignment of structure 8 is provided 
by the spectroscopic properties of the cyclic selenolseleninate 12, 
which is formed by oxidation of 4,4-dimethyl-l,2-diselenolane (13) 

m-CPBA 

-45 *C Sc 

-20- C 

with 1 equiv of m-chloroperbenzoic acid at -45 0C. The proton 
NMR spectrum (Figure 1) is particularly characteristic, showing 
two AB quartets for the methylene protons and two singlets for 
the diastereotopic methyl groups.19 The 77Se NMR spectrum 
(CD2Cl2, -56 0C) has resonances at 273 and 693 ppm.10,13 The 
strong downfield shift of one of the selenium resonances is expected 
from other comparisons1 la and was also observed for selenol-

(16) Both 11 and its methyl ester decompose at room temperature to give 
3, 9, and other products. See also: Sharpless, K. B.; Gordon, K. M. J. Am. 
Chem. Soc. 1976, 98, 300. 

(17) (a) Block, E.; O'Connor, J. J. Am. Chem. Soc. 1974, 96, 3929. (b) 
Kice, J. L.; Large, G. B. Ibid. 1968, 90, 4069. (c) Takata, T.; Kim, Y. H.; 
Oae, S. Tetrahedron Lett. 1978, 4303. 

(18) Kice, J. L.; Lee, T. W. S. / . Am. Chem. Soc. 1978, 100, 5094. 
(19) The 13C NMR spectrum also supports the assigned structure: S 

(CD2Cl2, -56 "C) 25.8 (q), 27.0 (q), 47.4 (t), 50.6 (s), 71.4 (t). 

seleninate 8.20 Compound 12 decomposes at -20 0C to give 
~65% yield of diselenide 13 and a precipitate of the seleninic acid 
14, the expected disproportionation products.21 

Summary. The selenoxide syn elimination occurs at temper
atures below -50 0C in certain carbonyl derivatives. Under these 
conditions normally unstable species such as selenenic acids or 
their dimeric dehydration products, the selenolseleninates, can be 
observed and characterized spectroscopically (1H, 13C, 77Se NMR) 
and chemically. A cyclic selenolseleninate has also been prepared 
by partial oxidation of a diselenide. 
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The characterization and chemical application of synthetic 
bilayer membranes constitute a rapidly growing research area in 
recent years.2"7 Several recent studies are concerned with the 
extent of spatial organization of surfactant molecules when they 
are assembled into bilayer aggregates.8,9 We have recently shown 
that amphiphiles involving an amino acid residue (L-AIa or L-His) 
interposed between a polar head group and an aliphatic double 
chain form stable single-compartment vesicles in aqueous me
dia.10,11 We have also successfully identified for these bilayer 
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