J. Am. Chem. Soc. 1993, 115, 5823-5824 5823

Diselenoic Acid Esters: Stability and Reactivity
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The chemistry of dithioic acid esters has been the subject of
intense investigation for over 50 years.! In contrast, and despite
recent advances in the rich chemistry of carbon-heteroatom
multiple bonds,2? the chemistry of their seleno counterparts, i.e.,
diselenoic acid esters (hereafter called diselenoesters) is all but
unknown.2~ Our recent studies in the area of chalcogenoesters®
have now prompted us to tackle the synthesis of diselenoesters,
and we report here the first successful isolation and character-
ization of diselenoic acid methyl esters.

After several disappointing results, application of the Kozikows-
ki reaction® to selenoester 1a’ allowed for the synthesis of
diselenoester 2a (eq 1, Table I). In particular, it was found that
mixing 1a with Me,AlSeCHj; at 0—20 °C for 1 h gave a solution
that gradually turned from red to green. Followed by the usual

R, Se R, Se
Rq toluene, 0°C ~ 1t Ry
1 2

workup involving washing and column chromatography on silica,
this gave the desired ester 2a in 91% yield. Interestingly, no
appreciable change of ester 2aoccurred during the purification!®?
This suggested remarkable stability for this product. Indeed, the
selenocarbonyl groups of esters 1a and 2a survived under the
reaction conditions, and selective substitution of the OCH; group
by SeCH; had proceeded according to plan. However, product
2a was clearly more reactive than the initial substrate 1a as
described later. Nonetheless, the isolated ester 2a is easily soluble
in hexane and stable at room temperature unless it is exposed to
air.
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Table I, Yields? and Spectroscopic Properties of Diselenoic Acid
Methyl Esters 2

product R! R? yieldp% 8(C=Sc)fppm .SV-visdnm
2 H H 9l 236.2 %2 616
% Me H 64 235.6 383 618
%« H Me 37 240.5 367 615
W MO H 73 2335 356 616
% B H Sl 2333 #3619
¥ CF, H 64 2336 81 615

@ The reaction of selenoester 1 was carried out with Me,A1SeCHj3 (1.5
equiv) in toluene (45 mL) at 0-20 °C for 1 h unless otherwise noted.
b Isolated yields. ¢ In CDCl3. 4 In cyclohexane. ¢ For 5 h./For 2 h.

Asshown in Table I, a variety of aromatic selenoesters 1 were
converted smoothly to the corresponding diselenoesters 219!
except for the ortho-substituted ester 1c. The reaction of 1c
needed longer reaction times and gave 2c in lower yield. Esters
having electron-donating groups such as 2b—d can be stored at
—10°C for at least 1 month, whereas red selenium was seen under
these conditions to be deposited slowly in the case of esters with
electron-withdrawing groups, such as 2e and 2f, Aliphatic
selenoesters 3a-g° could also be employed as starting materials
(ChartI). Inanalogy tothe above, similar workup of the mixture
prepared from Me;AlSeCHj; and esters 3a or 3b gave a deep
purple oil. However, in this case ester 4a or 4b as well as an
unidentified product!2 was involved. In an effort to enhance the
stability of aliphatic diselenoesters, a bulky group was attached
to the a-carbon of the selenocarbonyl group. As a result, while
esters 4¢-f were not stable enough to be obtained as single products,
ester 4g could be isolated in pure form as a deep purple 0ilin 61%
yield. Attempts to obtain a phenyl ester from i-Bu,AlSePh!?
and 1a also failed and resulted in the recovery of PhSeSePh.

The 13C NMR spectra of esters of type 2 generally displayed
signals at ca. 235 ppm corresponding to the C=Se moiety. As
compared with the values for these peaks seen for esters 1, those
of esters 2 were shifted to lower field by 12 £ 0.5 ppm regardless
of the substituents on the aromatic ring. Furthermore, the C=Se
signal of ester 2a appeared at the lowest field among those of the
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generalized CqH;CEE'CH; (E, E’ = O, S, Se) series.!4 The
C=="Sesignal in the 77Se NMR spectrum (1786.5 ppm in CDCl;)
also showed a low-field shift by 876.5 ppm compared with that
of 1a. Theseresultsimply that the lone pair electrons of selenium
attached to C=Se are not effectively delocalized on C=Se,
presumably because of the longer single-bond length between
carbon and selenium.

As would be expected for selenium isologues of benzoic acid
esters, the UV-visible spectrum of 2a bears some resemblance
to those of dithioester!®* and selenoester.!S However, both 7—r*
and n—r* transitions (382 (¢ 5990), 616 (¢ 704)) are substantially
red-shifted. In particular, the n—x* transitions of 2 were shifted
to longer wavelengths by ca. 105 nm compared with that of 1.

The results of the reactivity tests carried out with ester 2a are
shown in eq 2. Upon exposure of 2a to air for 2 h at room
temperature, the formal exchange of oxygen for selenium of the
C==Se group took place to give ester § in 65% yield along with
red selenium. A similar exchange was observed in the case of the
selenoaldehyde.!® Unlike the case of selenobenzophenone,!” no
cyclodimer of 2a could be detected. Heating ester 2a in toluene
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under O, at 110 °C gave § quantitatively. The sensitivity of 2a
toward O, is in sharp contrast to that of 1a, which did not change
under the same reaction conditions. The fact that the reactivity
of ester 2 is similar to that of selenoaldehydes is further reflected
in the reactions with cyclopentadiene. In the case of 2a, for
instance, cycloaddition proceeded smoothly at 67 °C to produce
6 as a stereoisomeric mixture in 67% yield.!® Similar reactions
are known for selenoaldehydes.!® On the other hand, Diels-
Alder reactions are rare for carbon—chalcogen double bonds of
esters, with only a few examples known in the case of dithioesters
bearing electron-withdrawing groups.2’ Finally, the copper-
mediated reductive coupling reaction known for selenoamides?!
was carried out using ester 2a in toluene to afford 7 in 39% yield.
In summary, we have documented that aromatic diselenoic
acid methyl esters are stable in spite of the previously noted
instability. In fact, they may be isolated as green oils under
simple laboratory conditions. Appropriate modification of the
substituents can also be used to prepare stabilized aliphatic
diselenoesters. Preliminary reactivity results further serve to
reveal that ester 2a behaves in a manner similar to the better-
known selenoaldehydes, although they are more reactive. The
lability and optical properties of the diselenoesters thus make
them attractive candidates for synthetic and material-related
studies. Work along these lines is currently in progress.

Acknowledgment. This work wassupported partially by a Grant
in Aid for Scientific Research on Priority Area from the Ministry
of Education, Science and Culture, Japanese Government.
Thanks are also due to the Instrument Center, the Institute for
Molecular Science at Okazaki, for assistance in obtaining the
400-MHz 'H and 100-MHz *C NMR spectra.

Supplementary Material Available: Listings of spectral and
analytical data for products 2a—f and 4g (2 pages). Ordering
information is given on any current masthead page.

(14) The signals of carbonyl carbon of chalcogeno isologues of benzoic
acid methyl ester are as follows: C¢HsCS,CHj, 226.7 ppm; C¢HsCSSeCH,,
233.2 ppm; CsHsCSeSCH;, 233.7 ppm.

(15) Barton, D. H. R.; Hansen, P.-E,; Picker, K. J. Chem. Soc., Perkin
Trans. 1 1971, 1723.

(16) Okazaki, R.; Kumon, N.; Inamoto, N.J. Am. Chem. Soc. 1989,111,
5949

(17) Erker, G.; Hock, R.; Kriiger, C.; Werner, S.; Kldrner, F.-G.,
Artschwager-Perl, U. Angew. Chem., Int. Ed. Engl. 1990, 29, 1067.

(18) Diels —Alder reaction of 2a with pentamethylcyclopentadiene also
proceeded in a similar manner to give the adduct in 24% yield with low
stereoselectivity, whereas in the reaction of ester 4g the decomposition of 4g
became competitive to give the adduct in 9% yield.

(19) (a) Krafft, G. A.; Meinke, P. T. J. Am. Chem. Soc. 1986, 108, 1314,
(b) Okuma, K.; Sakata, J.; Tachibana, Y.; Honda, T.; Ohta, H. Tetrahedron
Lett. 1987, 28, 6649, (c) Meinke, P. T.; Krafft, G. A. Tetrahedron Lett. 1987,
28, 5121, (d) Erker, G.; Hock, R.; Nolte, R. J. Am. Chem. Soc. 1988, 110,
624. () Segi, M.; Nakajima, T.; Suga, S.; Murai, S.; Ryu, I.; Ogawa, A.;
Sonoda, N. J. Am. Chem. Soc. 1988, 110, 1976. (f) Meinke, P. T.; Krafft,
G. A. J. Am. Chem. Soc. 1988, 110, 8671. (g) Takigawa, Y.; Uwano, A.;
Watanabe, H.; Asanuma, M.; Shimada, K. Tetrahedron Lett. 1989, 30,6047,

(20) (a) Middleton, W. J. J. Org. Chem. 1968, 30, 1390. (b) Vyas, D.
M.; Hay, G. W. J. Chem. Soc. D 1971, 1411. (c) Vedjes, E.; Arnost, M. J.;
Dolphin, J. M.; Eustache, J. J. Org. Chem. 1980, 45, 2601. (d) Thiel, W.;
Mayer, R. Z, Chem. 1986, 26, 433.

(21) Sekiguchi, M.;Ogawa, A.;Kambe, N.; Sonoda, N. Chem. Lett.1991,315.



