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Since the first synthesisof sulfur isologues of aromatic
carboxylic acid salts, that is, dithiobenzoic acid salts, many studies
on their synthesis, reactions, and applications have been repgorted.
In contrast, the corresponding selenium isologues, that is, diselenoic
acid salts, have been almost totally ignored until very recently. With
rggard to their a“phe}t'c ,denvatlv,es‘ ‘]_ensen proposed ,that Z!nc Figure 1. ORTEP representation 6&. Hydrogen atoms have been omitted
diselenoates are putative intermediates in the reaction of dialkylzinC tor cjarity. Selected bond lengths (A): SeC1, 1.828(4); Se2Cl, 1.831-
with carbon diselenidé.Very recently, the inner salts with a  (4); C1-C2, 1.482(5). Selected bond angles (deg): -S81—Se2, 124.3-
diselenocarboxyl group were isolated as stable compounds and(2); Set-C1-C2, 118.0(3); Se2C2, 117.7(3).
characterized.Nevertheless, no examples of aromatic diselenoic Scheme 1

acids and their salts have been repoft&tde report here the first Se_ .,
successful isolation and characterization of ammonium aromatic (Messi/\/Se>z Ar)\K_Se NMe,
diselenoates. 1 5
The key starting materials, that is, aromatic diselenoic acid
2-(trimethylsilyl)ethyl esterd leading to ammonium diselenoates, DIBAL-H Se T MeqNF
were obtained as green or blue-green oils by reacting aluminum Ar” ~OMe Se
2-(trimethylsilyl)ethyl selenolat® derived from the diselenid#® [MesSi/\/SeA'Bu-iz]?';» A g SiMes
and i-Bu,AlH with aromatic selenoic acidd-methyl esters3 2 4
(Scheme 1J. 32‘, ® A g:H4Me—2
The oily estersA were unstable and decomposed to the corre- 4c, 5¢ Ar = CgH,Br-4
sponding selenoic acid esters (ArCOSeCH,SiMes) under Ar 4d,5d  Ar=CgHiOMe-4
within 12 h, even at-20 °C, except for 2-methylphenyl derivative
4b,. bonds (1.74-1.80 A}2 than to those of €Se single bonds (1.94
The reaction of4 with Me;NF gave the corresponding am-  A).%3
monium aromatic diselenoatésas green solids in yields of 47 Representative spectroscopic data4@nd5 are listed in Table
78% and in high purity.Interestingly, the salba was more stable 1.
than the starting estdia. For example, the sallia could be handled In the3C NMR spectra, signals due to the selenocarbony! carbon

in air without any appreciable change, although it decomposed whenatoms in4 were observed at 23% 5 ppm, whereas the corre-
it was dissolved in CECN and THF. Furthermore, the introduction ~ sPonding signals in saltswere shifted to lower fields by 22.&
of a methyl group to the ortho position of the aromatic ring 0-5ppm. Two resonances at about 900 and 1800 ppriS&aNMR
increased the stability of the sd@b. No appreciable change was ~ SPectra were observed for the selenium atoms-#$€ single- and

observed fosb, even when it was dissolved in GEN at —20 C=Se double-bonds in the case 4fCoupling constants typical

°C. of C—Se (172+ 3 Hz) and G=Se (224+ 1.2 Hz) bonds were also
The molecular structure & was determined by X-ray crystal- ~ détected. On the other hand, only one signal appeared at-1360

lography® An ORTEP drawing oba is shown in Figure 1. 1493 ppm, which is in the region of the signals for-6e bonds?

This is the first X-ray molecular analysis of aromatic diselenoic When estergt were converted to sal Interestingly, the signals
acid salts. Several characteristic features can be noted. First, the®f 5 [0s(Se)] are linearly correlated to the signals of the-&e
distances between the selenium atoms and the hydrogen atoms o80UPS 04 [04(Se)]:° 05(Se)= 379.3+ 0.595x 04(Se) ¢ = 1.00).
the ammonium ion are longer than the sum of the van der Waals More importantly, the coupling constants between the selenium
radii of both atoms! and no interaction was observed between &nd carbon atoms ib were larger than 200 Hz, which indicates
the diselenocarboxyl and ammonium groups. Second, théssalt ~that both the carbonselenium bonds 5 possess a double-bond
is monomeric in the solid state. Third, the dihedral angle of the character. Thus, when the resonance hyﬁnﬂddeplcteq with three
phenyl group and diselenocarboxyl group was 480(@hd the resonance form5I—5lll, the forms5I and 5_III_ contribute more
phenyl group does not appear to resonate with the diselenocarboxyltO > than formsll, and the eIechci?s are efficiently delocalized on
group. Fourth, the average length of the twe & bonds is 1.830- the diselenocarboxyl group &>
(4) A, which is closer to the lengths of ordinary-Ge double-

) . A" Se A+ Se” A T Se”
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Table 1. Spectroscopic Data of Compounds 4 and 5

UV-vis [nm]¢

cmpd 3C NMR2 S [ppm] 7Se NMR2 6 [ppm]  se—c° [Hz] =* n—s*
4a 236.9 897.9,1770.2 171.9,223.3 391 622
4b 2415 954.6, 1846.7 174.5,225.2 375 609
4c 234.2 901.3,1798.1 171.6,222.8 394 627
4d 233.9 863.4,1652.4 169.2,222.8 366 618
5a 259.3 1433.3 2135 447 (423)684 (654
5b 263.6 1493.0 208.7 417 (385)634 (611}
5c 256.1 1449.4 214.9 453 (433)670 (671}
5d 256.6 1362.6 211.6 452 (448)690 (692%

aCDCl; was used as a solvent fdr whereas CBCN and DMSO¢ds
were used fob. ? The coupling constants were determined in‘f@NMR
spectrac THF was used as a solvefdtThe UV—vis spectra were measured
in the solid state.

Scheme 2
¢]
Br\)LR Se
R
CH,Cl, A)\ s
0°C,1h 6 o
Ar = CgHyMe-2
5b—
— R = p-CgHg-CgHg
0y
Et,0, 70 °C o 68%, blue needles
Se NP Se o
Ar” " seH W’Ar)]\ Se’\)\
7 then 8
green solution  30°C,05h  Ar=CgH;Me-2
21%, blue oil

The UV-visible spectra ob further support the double-bond
character between the carbon atom and selenium atofsHar
4, absorptions ascribed to—xz* and n—x* transitions were seen
at 366-394 and 609-627 nm, respectively. The corresponding
absorptions fob were substantially shifted to a longer wavelength.
The suitability of ammonium diselenodeas a starting material

that could lead to a variety of compounds bearing a diselenocarboxyl

group was demonstrated by the following reaction. First, alkylation

of 5b with p-phenylphenacyl bromide gave the corresponding

phenacyl este6 as stable blue needles in 68% yield (Scheme 2).
Second, to generate diselenoic acids, TfOH or HG@Eolution

was added to a THHEg suspension 0bb in an NMR tube at-70

°C. Insoluble salttb quickly dissolved in THFdg, and the light
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formation of diselenoic acid@, however, the low-temperature NMR

spectra of the reaction mixture did not show signals that could be

ascribed to7. To a homogeneous reaction mixture of TfOH with
5b in E,O was added methyl vinyl ketone at70 °C, and the
mixture was stirred for 30 min at 30C to afford y-oxabutyl
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5b but easily decomposes.

In summary, we have succeeded in the first synthesis and
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electronic properties of the selenocarboxyl group in ammonium salts (18) Theoretical studies on diselenoformic acid, see: Jemmis, E. D.; Giju, K.

5 were also elucidated by analyzing various NMR and-tiNsible
spectra.
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