9120 J. Am. Chem. So2000,122,9120-9126

Isolable, Stable Diselenocarboxylate and Selenothiocarboxylate Salts:
Syntheses, Structures, and Reactivities of
2-(1,3-Dimethylimidazolidinio)diselenocarboxylate and
2-(1,3-Dimethylimidazolidinio)selenothiocarboxylate

Juzo Nakayama,* Taku Kitahara, Yoshiaki Sugihara, Akira Sakamoto, and Akihiko Ishii

Contribution from the Department of Chemistry, Faculty of Science, Saitameetdity, Urawa,
Saitama 338-8570, Japan

Receied April 6, 2000

Abstract: 2-(1,3-Dimethylimidazolidinio)diselenocarboxylat&6f was obtained in 48% yield as thermally
stable, dark green crystals by reaction of 2-methylene-1,3-dimethylimidazoligimétll SeCl, in the presence

of EtzN. The reaction ofL6 with elemental sulfur gave 2-(1,3-dimethylimidazolidinio)dithiocarboxyl&®@) (

in 95% yield by exhaustive seleniunsulfur exchange, whereas the use of a limited amount of sulfur allowed
the preparation of 2-(1,3-dimethylimidazolidinio)selenothiocarboxyldi®) @s dark red crystals. X-ray
crystallographic analyses revealed that the planes of the carbenium ion and>)C S, Se) parts o016 and

20 are nearly perpendicular to each other. The observed geometries (including bond angles and lehths) of
and20were reproduced satisfactorily by ab initio calculations (B3LYP/6-31G* level). Discussion is also made
on the structures df6, 19, and20 on the basis of spectroscopic data (NMR, IR, and UV/vis). Methylation of
16 with Mel furnished the carbenium iodid2&a), which possesses a diselenoester moiety, as thermally labile,
green crystals. The reaction ©6 with two molar amounts of DMAD provided the 1:2 addu8D§) in 67%

yield. The reaction of6 with N-[(p-tolylsulfonyl)imino]phenyliodinane gave the inner s&6) in 68% yield

with loss of selenium atom from the initial addu&3j.

Introduction and its structure and reactivities are of particular interest. The
. . plane of the carbenium ion part and that of the dithiocarboxylate
W h h h lat fruct dI fth b t and that of the dith boxylat
€ repo:‘ hereh_ h € syn keses, |§_0 al lon, s tr)uc ulres, ar:j part of 1 are nearly perpendicular to each otPelts sulfur atom
reactions of the hitherto unknown diselenocarboxylate and o, qq ot only with Mel to give the carbenium iodid5gP
selenothiocarboxylate salts given in the t#f. For several ut also with RLi (RMgX) to provide the thiolateg)fe in
years, we have been investigating the synthesis, structure, ancﬁi h vields. thus revealing a uniaue abilit to serve both as a
reactivities of 2,2-bis(diethylamino)-2-ethylium-1-dithiocarbox- gn yIeles, 9 q 'y -
nucleophile and as an electrophile. In this connection, we had

4 . . )
ylate (1) and related compounds’ The inner saltl is unique, become interested in the preparation and properties of the

(1) For a review on RC#£ X)YH (X, Y = O) and their esters, Murai, ~ Selenium analogued). The inner saltl is obtainable in a high
T.; Kato, S. InComprehensie Organic Functional Group Transformatians yield by treatment of the chloroenediamiri) (vith elemental

'(\:"ﬁ;’gg’e'r%'l‘;' Vol. Ed.; Pergamon Press: Oxford, U.K., 1995, Vol. 5, gifyr at room temperatufé® The attempted synthesis @f

(2) The reaction of CSewith Et,Zn to form zinc salts of diselenoic acid DY reaction of5 with elemental selenium in boiling benzene
is the only example of the synthesis of diselenoic acid. Attempts to hydrolyze or chlorobenzene, unexpectedly, produced the hexaselenacyclo-

this salt have been reported to give the dimer of the &cid. ivati i ialds! i

(3) For preparation of (RICSe );M2* (M = Zn. Ni, Pd. Pt) and related octane derivative®) in good y|elq. Interes_tlngly, howeve_r,
compounds, see: (a) Barnard, D.; Woodbridge, DJ.TChem. Sacl961, compognd_G behaved as the eqUWa_'em M'U spectroscopic
2922. (b) Jensen, K. A.; Krishnan, ¥icta Chem. Scand 967, 21, 2904. properties in polar solvents and also in reactivities. We therefore
(c) Pan, W.-H.; Fackler, J. P., J&. Am. Chem. Sod 978 100,5783. ; ;

(4) For a review, Nakayama, Sulfur Lett 1993 15, 239. thought that r_epla(_:ement .O.f .the diethylamino groupglddy

(5) (a) Nakayama, J.; Akiyama,J. Chem. Soc., Chem. Comma@892 more carbenium ion-stabilizing groups makes _th|5 type Of_
1522. (b) Nagasawa, A.; Akiyama, |.; Mashima, S.; Nakayarrideteroat. diselenocarboxylate salts stable enough to be isolated. This
Chem 1995 6, 45. (c) Akimoto, K.; Nakayama, Heteroat. Chem1997, hypothesis led us to the successful synthesis of the title

8, 505. (d) Masaki, K.; Akimoto, K.; Ishii, A.; Kumakura, S.; Nakayama,

J. Sulfur Lett 1995 19, 73. (e) Akimoto, K.; Masaki, K.; Nakayama, J. compound.
Bull. Chem. Soc. Jpnl1997 70, 471. (f) Akimoto, K.; Sugihara, Y.;
Nakayama, Bull. Chem. Soc. Jpr1997, 70, 2555. (g) Nakayama, J.; Otani, (6) (&) Winberg, H. E.; Carnhan, J. E.; Coffmann, D. D.; Brown,M.
T.; Sugihara, Y.; Ishii, ATetrahedron Lett1997, 38, 5013. (h) Nakayama, Am. Chem. Sod 965 87, 2055. (b) Winberg, H. E.; Coffmann, D. D.
J.; Otani, T.; Sugihara, Y.; Ishii, AChem. Lett1998 321. (i) Nakayama, Am. Chem. Sod 965 87, 2776. (c) Clemens, D. H.; Bell. A. J.; O'Brien,
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Results and Discussion

SynthesesRecently, we reported that the addition of carbon
disulfide to a cyclic enediamin€r) provided the stable inner
salt @) where the carbenium ion and the dithiocarboxylate parts
are insulated by an garbon aton¥:* whereas the adducts of
an acyclic enediamin&) and related compounds with carbon
disulfide are unstable and are not isolated in pure festfn.
These findings indicate that the carbenium ion is more stabilized
by adjacent nitrogen atoms when it was placed in a cyclic system
than in an acyclic system. We have also developed an improved
synthesis of inner saltsl{) by reactions of enediamine4()
with disulfur dichloride3¢ Taking these all into account, the
reaction of7 with diselenium dichloride was the method of our
choice for obtaining a diselenocarboxylate salt which is stable
enough to be isolated. Addition of 1 equiv of diselenium
dichloride to a solution o¥ in CH,Cl, at —78 °C resulted in
the separation of a red solid to which the structut®) (was
assigned tentatively. gl was then added, and the mixture was
warmed slowly to room temperature, during which the mixture
turned dark green with dissolution of the red solid. The mixture
was evaporated, after the elemental selenium had been remove
by filtration, to give the expected inner saliff) as a dark green
crystalline solid in 48% yield. The structure &6 was deter-
mined by spectroscopies and X-ray crystallographic analysis
as discussed later. The mechanism depicted below, involving
the initial formation of the addud?2 and the final formation of
the diseleniranel), may best explain the formation df6.
Although diselenoic acid esters RESe)SeRwere first syn-
thesized in 1998, neither diselenoic acids RESe)SeH nor
diselenocarboxylates RESe)Se have been synthesizéd?

The salt16 thus provides the first example of a diselenocar-
boxylate that was satisfactorily synthesized and isolated.

Application of the reaction to the enediamirfer) failed to
give the corresponding diselenocarboxylate inner salt, but gave
a complex, dark red solid mixture. Although the mixture might
contain the hexaselenacyclooctad@)( cf. 6, it could not be
isolated in pure form. The addition of elemental selenium to

the reaction mixture to compensate for the shortage of selenium

atoms also gave a complex mixture.
Our previous paper showed that the selenacyclooc@ne
served as the equivalent of the selenium inner 4alvhose
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selenium atoms were replaced by sulfur atoms by treatment with

8Iemental sulfur to produce the sulfur inner salin high

yield 39 Treatment of the diselenocarboxylate sa& with
elemental sulfur (excess) in refluxing CHGbr 4 h thus pro-
vided the dithiocarboxylate sa®0 in 95% vyield. The mecha-
nism, initiated by nucleophilic attack 6 on § and involving
the intermediary formation of the selenothiocarboxyldit8),(
is proposed for the reaction. Indeed, wHewas treated with
one equivalent of sulfur in CDght room temperature, a mixture
of 16, 19, and 20 in the ratio 2:2:1 was formed; the methyl
signals of these three compounds appeared3at3, 3.12, and
3.11, respectively, in théH NMR spectra (Table 1). The
reaction, carried out in C}l, at room temperature, allowed
the isolation ofL9 by silica gel column chromatography in 14%
yield as dark red crystals. In this way, diselenocarboxylate,
selenothiocarboxylate, and dithiocarboxylate sdl6,19, and
20, were provided, thus enabling a comparison study of these
unique inner salts. However, heatirig with CS, did not
produce20.

Structures. H-, 13C-, and”’Se NMR spectral data of6,
19, and20 are summarized in Table 1. Methyl and methylene
hydrogen signals of these compounds appeared in very narrow

(8) (&) Murali, T.; Mizutani, T.; Kanda, T.; Kato, S. Am. Chem. Soc
1993 115 5823. (b) Murai, T.; Mizutani, T.; Kanda, T.; Kato, Beteroat.
Chem 1995 6, 241. For a review, see: (c) Murai, T.; Kato, Sulfur Rep
1998 20, 397.

(9) ArC(=Se)OMe are converted to ArES)OMe by heating with
elemental sulfur without solvent. (a) Klages, C.-P.; Vos&new. Chem
1977, 89, 743. (b) Klages, C.-P.; Malmberg, W.-D.; VossJJChem. Res.
(S)1979 160.
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Table 1. 'H-, 3C-, and’’Se NMR Data for Salt46, 19, and20? 1600 1200 800 400 o
15C NMR ' ' ' A
1 b y
_HNMR> carboxylate carbocation 7Se NMR 16 'ww\ . yavs (
compd CH CH;, C c CHy CH, _>=7VIR qﬂ‘ /r
16 3.13 3.84 221.1 177.2 33.7 49.4 946.4 \ (
19 3.12 3.84 225.1 171.6 33.7 49% |
20 3.11 3.86 225.3 167.2 33.6 494

a1H- and**C NMR (400 MHz and 100.6 MHz, respectively), TMS
as internal standard’Se NMR (76.3 MHz), BSeQ as external

standard; chemical shift values i CDCl; as solvent? At 27 °C. 19 n
¢ Chemical shift value of the center of an ABB' multiplet (see Figure ﬂ\”\ W '\
1).9AL 0 °C. /W /
910
[l Y
20 -,
997
Figure 1. 'H NMR spectra of the methylene signal of the selenothio-
carboxylatel9 at 0°C (left, CDCk as solvent), 25C (middle, CDC}
as solvent), and 70C (right, coalescence temperature, CREIDCl,
as solvent).
ranges ofd 3.11-3.13 for the methyl and 3.843.86 for the 1047
methylene. Most notev_vorthy are the observations the,lt the Figure 2. IR specra (406 1600 cnr™ region, KBr disk) of16 (top),
methylene hydrogen signal df9 appeared as an ABB 19 (middle), and20 (bottom).
multiplet at 0°C (Figure 1), whereas those @6, 20, and21 '
Me 16, 19, and 20, while the carboxylate carbon peaks showed a
N &P slight low-field shift in this order. Thé’Se NMR spectrum of
16+ 55 [";)) S\SC ‘ 16 showed a single resonance®46.4.
| [
Me M
™ Ille H, Me
Me e ; Se
XSS N s\—§73 [+)me Hbfj}_«_
[+) \§9 [+) Se™ ITJ _ N S
IT] (Se" ITJ Se -SeS; Me BFy Me
Me Me 21 19'
Me Me . . .
N S ' S IR spectra ofl6, 19, and20 are shown in Figure 2. Since
E+)>—<(- - [$>—((— differences in these three spectra originate in the absorptions
N Se ng’ﬁ;i;m;‘ogiss NS by the CSg™, CSeS, and the C&™ groups, comparison of the
Me P Me spectra enables us to assign the asymmetric stretching vibrations
19 20 of these groups, which have never been reportéchus, the
very intense bands at 910 fa6, 997 for 19, and 1047 cm?
16 + 1/88g —— 16 + 19 + 20 for 20 were assigned to the asymmetric stretching vibrations of

20201 the CSe~, CSeS, and C$~ groups, respectiveliz Ab initio
MO calculations (B3LYP/6-31G* level} predicted that the
(precursor off)'% appeared as sharp singlets. This suggests thatasymmetric stretching vibrations of the GSeCSeS, and C$~
the preferred conformation d®is the one where the carbenium groups of these compounds appear at 904, 979, and 1044 cm
ion and the selenothiocarboxylate units are perpendicular to eaChrespectively. Meanwhile, the very weak bands, which appeared
other, thus making the hydrogens &hd H, nonequivalent by 4t 805 for16, 830 for 19, and 860 cm! for 20, are probably

restricted rotation about the’€© CSSe bond (see structurd). assigned to the symmetric stretching vibrations. The calculations
The multiplet turned to a sharp singlet at elevated temperaturespredicted that the symmetric stretching vibrations16f 19,
with a coalescence temperature of A0 in CD.Cl4 (Figure and 20 are very weak and are observed at 788, 795, and 830

1)* No marked differences of chemical shift values between c¢m-1 respectively. The sharp absorptions at 661 16y 675

16, 19, and 20 were observed in thé’C NMR spectra. The  for 19, and 686 cm! for 20 were calculated to be assigned to
carbenium carbon peaks moved to a higher field in the order

(12) No assignment afadCSy) andvs(CS) in (R2N).CTCS~ has been
(10) Gruseck, U.; Heuschmann, Mhem. Ber1987 120, 2053. reported.
(11) Because of the ill-defined structure of the multiplet even at low (13) ForvadCS) andv{(CS) of HCS,~, MeCS ™, EtCS ™, iso-PrCs—,
temperatures, we could not determine the coupling constant values that leadand PhC$%", see: Voss, J. IThe Chemistry of Acid Deratives, Part 2,
to determination of activation parameters of the rotation. Supplement B; Patai, S., Ed.; John Wiley: New York, 1979; Chapter 18.
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Figure 3. UV/is spectra ofL6, 19, and20 and the 506-700 nm region
spectrum of1l6 (CH.CI; as solvent.)

Figure 4. Molecular and crystal structures 6.
the vibrational modes of the five-membered ring, but not the
symmetric stretching vibrations of the @X groups. The
calculations also predicted that the more intense bands of greater
frequencies in the region 1550600 cn1* are assigned to the
asymmetric stretching vibrations of the-lXC™—N group, while
the less intense bands of smaller frequencies are attributed to
the symmetric stretching vibrations. Appearance of these bands
in the above region is indicative of the double bond character
of the C—=N bonds by contribution of the canonical structures
22aand 22h.506f

Me Me
Nt X NOX NI, S
R N ( / P wﬁb
ITJ Y 1:1+ Y ‘
Me Me o/ i
2 X=y=Se 2 i—{:/tdé%
bk Lo

. Figure 5. Molecular and crystal structures 26.
UV/vis spectra ofl6, 19, and20 show that the replacement

of sulfur by selenium atom results in a regular bathochromic

effect (Figure 3). Thus, the most intense band4&f19, and I}’IC 505

20, which are ascribable to the — x* transitions of the j! (\.»'-;:—'X

CXy~ groups, appear at 426 (14260), 393 (13840), and 356 nm l Y

(e 14920), respectively. The diselenocarboxytHeshows two, /N X 505
Me

weak and broad, A~ z* bands at 508 { 155) and 635 nm
(134), the latter of which is the origin of the dark green color Figure 6.
of the compound.

Figures 4 and 5 show the molecular and crystal structures of i, ¢haicogenocarboxylate part are nearly perpendicular® 86.3
16 and 20 which were determined by X-ray crystallographic ¢, 16 and 88.1 for 20. The perpendicular conformations of

analyses; those df9 could not be determined because of the 1521420 must be retained in solution by analogy with e

disordered arrangement of the CS$goup in the crystal. Both  \iR analysis 0f19. The dihedral angles predicted by the ab
molecular and crystal structures b6 and20 closely resemble initio calculations are 88%for 16. 89.4 for 19 and 89.5 for

each other. The planes of the carbenium ion part and that O'(20.14 The Coulombic interactions between the carbenium ion

(14) The calculations have been performed by usingGhessian 98 carbon and the lone pair electrons of the negatively charged
(revision A.7) program on home-assembled workstations running RedHat chalcogen atoms would best explain the observed conformation

Linux 6.0. All of the geometry optimization and vibrational frequency ; ; ; ; ;
calculations have been carried out at the B3LYP/6-31G* level. All of the (Figure 6). The attractive interactions are reflected in the

calculated frequncies are multiplied by 0.9613. Frisch, M. J.; Trucks, G. reduction of the bond angles'€C—X (X =S, Se) to 114
W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; both for16 and20 (calculated angle, 123oth for 16 and20),

éi';’;ﬁgfkg ym‘ﬁ|'$n“f°?t“i§|’m§r§aé'| :‘-vAJf-[?) Stéitdr?r?”}’g ﬁ"ES';trgiur:ath’ é C. which also results in the shortening of the nonbonded distances
Farkas, 6.; }c,masi' ’J_;' Bé;on& V. ’Co'ssi"‘M_; Ca’mr;,iy ',’Q_; Men’nuc'ci"’B_; between the carbenium carbon and the chalcogen atoms, 2.75

Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, for 16 and 2.65 A for20 (calculated distances, 2.73 fa6

E- YF~2 Cui, Q; '\Gorgkug]a’ |K'; “f(?'igk’gthJR?i?U%k' bA- ?-kRagh%\/ta?hari, and 2.64 A for20,14 sum of the van der Waals radii, 3.60 for
., Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; Stefanov, 5

B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; 16 and 3.50 A for20* )- The shortened bond lengths of the

Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.. Peng, C. Y., C'—CX,™ bond, 1.46 forl6 and 1.48 A for20, would be also

Nanayakkara, A.; Gonzalez, C., Challacombe, M.; Gill, P. M. W.; Johnson, ascribed to Coulombic interactions; calculated bond lengths are
B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon,

M.; Replogle, E. S.; Pople, J. A. Gaussian, Inc.: Pittsburgh, PA, 1998. (15) Bondi, A.J. Phys. Cheml964 68, 441.
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MesO"BF4~, respectively. In théH NMR spectrum at-10°C,

the methylene hydrogen signals28aappeared as an ABB'
multiplet because of the restricted rotation about the-CSe
bond, which makes fand H, nonequivalent. The same is true
of 26b. Both 26aand26b are thermally labile and decompose
with liberation of elemental selenium at room temperature to

Figure 7. HOMO-1 (left) and HOMO (right) of16 by ab initio

give complex mixtures both in solution and at solid state.

Me
calculations (B3LYP/6-31G*). HX N Se
+ >—<
[Iﬂ) SeH
1.47 for16, 1.48 for19, and 1.49 A for20.24 The bond lengths Me  x-
of the two CG-X (X = S, Se) bonds are equal and 1.80 f6r B
16 — (immediate

and 1.66 A for20 (calculated bond lengths; 1.81 fa6 and

decomposition)

1.68 A for 20). These values are much closer to the bond Mel

distances of the common-cSe (1.76) and €S (1.67 A) double Me ?)‘*BF - H, g’le Se
bonds than those of the-€Se (1.94) and €S (1.75 A) single T omT A4
bonds!® The C"—N bonds are 1.33 fot6 and 1.32 A for20 CH,Cl, MN Se—Me
(calculated bond lengths, 1.34 A both fd6 and 20), which ¢ ox

are shorter than the common C{spl(sp®) bond lengths, 1.36 gg;{’;Z‘BFa

A, indicating the contribution of the canonical structugss

Some explanation of the geometry of the compounds de-

scribed above is provided by consideration of molecular
orbitals!* Figure 7 shows the HOMO-1 and HOMO &B.17
The HOMO-1, in which ther-like orbital extends from the five-

partly contribute to the shortening of thé €CS,~ bond, while

HOMO-1 and HOMO, which closely resemble thosel 6fwere
also obtained fo20.14
Reactivities. Although purel6 is thermally stable (mp, dec

silica gel column chromatography. Heating pt&n refluxing

2-selenoxo-1,3-dimethylimidazolidin®3) in 11% yield. The
formation of23 may be explained as the result of the reaction
of the carbene24) and selenium, which were formed frob6;

The reaction of6 with dimethyl acetylenedicarboxylate
(DMAD) produces the 1,3-diselenole2), the 1,3-dipolar
cycloadduct o4 and DMAD, in excellent yield In contrast,
membered ring carbon to the dithiocarboxylate carbon, may the reaction ofl6 with DMAD in a 1:1 molar ratio failed to
give the corresponding addu@8§) (E = CO,Me) but gave a
the HOMO, in which the p-orbitals on the sulfur atoms extend COMplex mixture containing a small amount of the 1:2 adduct
to the upper and lower sides of the five-membered ring carbon, (308). The reaction o6 with DMAD in a 1:2 molar ratio gave

may correspond to the interaction given in Figure 7. The 30ain 67% yield. The 1,3-diselenolg7 did not react with
DMAD. The reaction ofL6 with diethyl acetylenedicarboxylate

(DEAD) (1:2 molar ratio) also gave the 1:2 add@6 in 60%
yield. The electron-rich syste®8, which is highly polarized
> 192 °C), the crude compound tends to decompose with DY contribution of the canonical structudg, should be reactive
liberation of selenium even at room temperature both in solution toward DMAD and DEAD and undergoes a stepwiset{2]
and at solid state; it also decomposes during purification by cycloaddition with these acetylenes to affo$) with release
from the unfavorable &-structure of the 1,3-diselenole ring.

o-dichlorobenzene produced a complex mixture containing The opening of the four-membered ring2§ leads to the final
product30. The same reaction was also reported with the sulfur

analogue20.5f

the decomposition af6 in the presence of elemental selenium EpN  Se E
increased the yield a3 to 21%® < J:
Et,N Se” ~E
27
0-CeHoCly Me Me
reflux N>: N>
16 —— [ Se [ :
N N E Zle S E
| e E—FE
Me Me 16 + H [ \ < I
23 24 N Se g
E I
Me
28

All attempts to obtain free acid®%) by dissolving16 in
neat acids or solutions containing these acids, such as CH
COH, CRCOH, CRSOsH, HBF,4, and HSOy, brought about
the immediate decomposition of the resultidg even at low
temperatures with formation of red selenium. The diselenoic
acid esters46a) and @6h)8 could be obtained easily as dark
green crystals in high yields by treatment with Mel and

(16) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G.; Taylor, R.J. Chem. Soc., Perkin Trans.1®87 S1.

s

E

b{le
N, E
[ SeE
X I
Me E Se

£ E

30a: E = CO,Me, 67%
30b: E = CO,E, 60%

M
(17) Molecular orbitals were visualized by using the Molden program; Ilze se E
Schaftenaar, G.; Noordik, J. H. Comput.-Aided Mol. Desiga00Q 14, ) e|
123. ;v> <‘s
(18) TheN-phenyl analogue d20 was reported to give 2-selenoxo-1,3- r\'4 >¢ E
€

diphenylimidazolidine when heated with elemental selenium at 220
in 53% yield®9

31
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Addition of N-[(p-tolylsulfonyl)imino]phenyliodinane32) to (7)°in ether (10 mL) to a solution of 1.88 g (8.2 mmol) of,8& in

a solution of16in CH,Cl, at —10 °C gave a red mixture with ~ CHzCl> (40 mL) at—78 °C resulted in the separation of a dark red
immediate disappearance of the original green color. Purification S0lid. E&N (2.0 mL, 16.5 mmol) was then added 278 °C and the
of the mixture by silica gel column chromatography gave mlxturg warmed.slowly to room temperaturoe over a.penod. of 12 h.
another interesting inner sal8®) as thermally stable, orange '€ Mixture begins to turn green at abotl0 °C with dissolution of

rystals in 31% yield. The expected initial addig3)( a selone- the dark red solid. Thg resultl'ng dark green ml)_(ture was flltered to
crysta YIel P . remove the red selenium, which separated during the reaction. The
Seimide, W"’,‘S not isolated in pure form despite much.(.affort. filtrate was washed with water, dried over Mg&@nd evaporated to
When the mixture was heated at reflux toh after the addition  |eave 1.06 g (48%) of dark green crystalline solidiéf mp dec>
of 3210 16, the yield of35was improved to 68%. The formation  192°C; dark green needles (GEl/hexane)H NMR (400 MHZ) &
of 35is explained as the result of deselenatior88fthrough 3.13 (s, 6H, CH), 3.84 (s, 4H, Ch); 13C NMR (CDCk, 100.6 MHz)
the three-membered ring intermediatd4)( This type of 0 33.7, 49.4, 177.2, 221.1; IR (KBr) 1576, 1549, 1398, 1358, 1278,
desulfurization has been often observed with thiGimides?!® 1219, 1019, 910, 661 cm UV/Vis(CHCl2) Amax (€) 635 (134), 508
The carbon atom peak of the CSeNTs groug®hppeared at  (135), 426 (14260), 279 nm (5330). Anal. Calcd faHwN.Se: C,
6 183, which is lower by 38 ppm than that 06, Suggesting 26.88; H, 3.76; N, 10.45. Found: C, 27.01; H, 3.67; N, 10.20.

that the canonical structu@s is the major contributor of the Conversion of 16 to the Selenothiocarboxylate 19 and Dithio-
carboxylate 20.A mixture of 104 mg (0.4 mmol) 016 and elemental

compound. sulfur (103 mg, 0.4 mmol asgpin 5 mL of CHCk was heated under
reflux for 4 h. The selenium, separated during the reaction, was removed
[ Me i by filtration and the filtrate was evaporated. The residue was purified
N Se by silica gel column chromatography using AcOEt as the eluent to
[+)>—/< _ give 66 mg (95%) oR0; mp dec> 257 °C (lit.,> mp dec> 263 °C);
N Se-N-Ts UVNis (CHyCly) Amax (€) 496 (58), 428 (164), 356 (14920), 256 nm
Me (8610); for IR and NMR, see Table 1 and Figure 2.
] A mixture of 134 mg (0.5 mmol) ofl6 and elemental sulfur (24
16 + TsN=IPh mg, 0.1 mmol as § in 5 mL of CH,Cl, was stirred for 48 h at room

32 —Phl Me temperature. The selenium, separated during the reaction, was removed
N Se™ by filtration, and the filtrate was evaporated. The residue was
[+ N chromatographed on a column of silica gel with AcOEt as the eluent
N Se=NTs to give 15 mg (14%) ofi9 and 38 mg (44%) o0 in this order. The
[ Me _ unreacted diselenocarboxylaté decomposed during purification by
33 the column chromatograph%9: mp dec 216-220°C; dark red plates
(CH.Cly/hexane);*H NMR (400 MHz) 6 3.12 (s, 6H, CH), 3.84 (s,
Me Me 4H, CH); 3C NMR (100.6 MHz)d 33.7, 49.4, 171.6, 225.1; IR (KBr)
N Se” N Se 1581, 1575, 1548, 1398, 1280, 1032, 997, 972, 675¢cdV/vis
(CH,CLL) Amax (€) 564 (109), 455 (290, sh), 393 (13840), 230 nm
| i (18350). Anal. Calcd for gH10N2SSe: C, 32.58; H, 4.56; N, 12.67.
Me Me Found: C, 32.67; 4.55; N, 12.58.
34 35 Thermolysis of 16.A solution of 134 mg (0.5 mmol) ol6in 5
mL of o-dichlorobenzene was heated at +40’5°C for 4 days. The
resulting dark red mixture was purified by silica gel column chroma-
[F)H tography with AcOEt as the eluent to give 10 mg (11%) of 2-selenoxo-
N N-Ts 1,3-dimethylimidazolidineZ3), mp 142-145°C, whose IR data agreed
y with those reported The thermolysis of 134 mg (0.5 mmol) &6 in
the presence of 40 mg (0.5 mmol) of selenium gave 19 mg (21%) of
35 23
Conversion of 16 to the Carbenium lodide 26a and Tetrafluoro-
Attempted conversion to the corresponding selenoketene, byborate 26b. To a solution of 268 mg (1.0 mmol) df6 in 5 mL of

elimination of one selenium atom frof6 with PhyP, did not ~ CHeClz was added 7QiL (1.1 mmol) of Mel at room temperature.
take place After stirring for 5 min, the selenium, separated in a trace amount,

was removed by filtration and the filtrate was evaporated @€.0The
oily residue solidified, when kept in a refrigerator overnight by adding
10 mL of hexane, to give 375 mg (91%) 86a mp dec 9192 °C;
Solvents were purified and dried in the usual manner. All of the dark green needles (GAl./hexane)!H NMR (400 MHz,—10 °C) 6
reactions were carried out under argon. Silica gel column chromatog- 2.78 (s, 3H, SeCh), 3.14 (s, 6H, NCH), 3.97-4.01 (m, 2H, CH),
raphy was performed on silica gel 7734 (Merck;-ZB0 mesh). Melting 4.53-4.58 (m, 2H, CH); *C NMR (100.6 MHz,—40°C) 6 19.8, 34.1,
points were determined on a Mel-Temp capillary tube apparatus and 50.6, 172.6, 207.3; UV/Vis(Ci€1,) Amax (€) 386 (10170), 236 (23370).
are uncorrectedH- and*3C NMR spectra were recorded on a Bruker  Anal. Calcd for GH1aN,Sel; C, 20.51; H, 3.20; N, 6.83. Found: C,
ARX400, a Bruker AM400, a Bruker AM300, or a Bruker AC200 20.32; H, 3.07; N, 6.60.
spectrometer using CDEhs the solvent with TMS as the internal The reaction of 134 mg (0.5 mmol) a6 and 74 mg (0.5 mmol) of
standard. IR and UV/vis spectra were recorded on a Hitachi 270-50 Me,O*BF,~ gave 159 mg (86%) of the tetrafluoroborate £fb: mp
and a JASCO V-560 spectrophotometer, respectively. Elemental dec > 88 °C; dark green crystal$H NMR (400 MHz, —20 °C) ¢
analyses were performed by the Chemical Analysis Center of Saitama2 .80 (s, 3H), 3.11 (s, 6H), 4.65.10 (m, 2H), 4.36-4.35 (m, 2H);
University. 13C NMR (100.6 MHz,—20 °C) ¢ 19.2, 33.7, 50.2, 171.8, 207.5.
Preparation of the Diselenocarboxylate 16Slow addition of a Reactions of 16 with DMAD and DEAD. Addition of a solution
solution of 0.92 g (8.2 mmol) of 2-methylene-1,3-dimethylimidazolidine  of 142 mg (1.0 mmol) of dimethyl acetylenedicarboxylate in 1 mL of

(19) (@)Tamagaki, S.; Sakaki, K.; Oae, eterocyclesl974 2, 1974. CH.Cl, toa SOll_mon Of_ 134 mg (0.5 mmol) df6in 5 mL of CH,Cl,
(b) Tangerman, A.; Zwanenburg, Recl. Tra.. Chim. Pays-Bad979 98, resulted in the immediate disappearance of the green color du@ to
127. (c) Motoki, S.; Toba, Y.; Karakasa, T.; Saito, Ghem. Lett.1988 to afford a red mixture. After stirring for 0.5 h, the mixture was filtered
319. (d) Nakayama, J.; Masui, N.; Sugihara, Y.; Ishii,BAll. Chem. Soc.
Jpn 1998 71, 1181. (20) Devillanova, F. A.; Vwrani, GTetrahedron1981, 37, 1803.
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to remove the resulting small amount of selenium and evaporated. The1430, 1412, 1304, 1287, 1145, 1084, 769, 682, 554, 544 .cAnal.
residue was purified by silica gel column chromatography using AcOEt Calcd for GsH1/N3O.SSe: C, 43.58; H, 4.78; N, 11.73. Found: C,
as the eluent to give 186 mg (67%) 80a mp dec 207209 °C; 43.52; H, 4.69; N, 11.48.

yellow plates (CHCl/hexane)H NMR (400 MHz) ¢ 2.63 (broad s, X-ray Crystallographic Analysis of 16 and 20.Single crystals of

3H, NCHg), 3.01 (broad s, 3H, NC#), 3.45 (broad s, 2H, C}), 3.57 16 and 20 were mounted on a MAC Science DIP3000 diffractometer
(s, 3H, CQCHj), 3.74 (s, 3H, C@CHs), 3.78 (broad s, 2H, C#), 3.82 with a graphite-monochromator at 2&. Oscillation and nonscreen

(s, 3H, CQCHy), 3.85 (s, 3H, CGCHy); 3C NMR (100.6 MHz)6 Weissenberg photographs were collected on the imaging plates of the
36.3, 38.7,50.3, 50.4, 50.5, 52.3, 53.08, 53.14, 72.2, 118.8, 133.6, 141.8diffractometer by using Mo K radiation ¢ = 0.71073 A), and the
149.2, 162.6, 163.0, 164.7, 166.6, 168.6; IR (KBr) 1727, 1710, 1663, data collection was made by the MAC DENZzO for all observed

1575, 1538, 1435, 1412, 1313, 1235, 1179, 1157, 1064 .cAnal. reflections. The structure were solved by direct methods using?SIR
Calcd for GgH2:N2OsSe: C, 39.14; H, 4.02; N, 5.07. Found: C, 39.39; in the CRYSTAN-GM program system. The atomic coordinates and
4.02; N, 4.81. the anisotropic thermal parameters of the non-H atoms were refined

The reaction ofL6 (0.3 mmol) with diethyl acetylenedicarboxylate by full matrix least square®.Crystal data ofl6; chemical formula,
(0.6 mmol) in CHCI, gave 110 mg (60%) o830b: mp dec 154156 CeH10N2Se; formula weight, 268.08; crystal size, 0.580.11 x 0.08

°C; yellow plates (CHCly/hexane);'H NMR (300 MHz) 6 1.15 (t, mm; unit-cell dimensionsa = 7.730(1) A, b = 10.585(2) A,c =
J=7.1Hz, 3H), 1.24 (tJ = 7.0 Hz, 3H), 1.31 (tJ = 7.1 Hz, 3H), 10.918(2) A; volume of unit cell, 893.3(2) 3A crystal system,
1.32 (t,J= 7.0 Hz, 3H), 2.63 (broad s, 3H, NG} 2.97 (broad s, 3H, orthorhombic; space grouPpns Z, 4; Dy, 1.993 Mg m3; number of
NCHs), 3.22-3.62 (m, ring CH), 3.68-3.89 (m, ring CH), 4.17— total reflections measured, 1417; number of observed reflections 966

4.33 (m, 8H);°C NMR (100.6 MHz)¢ 13.9, 14.0, 14.4, 14.8, 36.3,  [I > 1.000(l)]; number of parameters varied, 3&; 0.060;R,, 0.052;
38.9,50.2,50.9, 58.7,60.9, 62.3, 62.7, 72.7, 118.9, 134.0, 141.5, 149.2,S 2.016. Crystal data a20: chemical formula, gH1oN>S;; formula
162.4, 162.5, 164.9, 166.4, 168.3; IR (KBr) 1727, 1716, 1661, 1538, weight, 174.29; crystal size, 0.1& 0.16 x 0.16 mm; unit-cell
1234, 1058 cm. Anal. Calcd for G-HsoN.OsSe: C, 43.43; H, 4.97; dimensionsa = 7.651(1) Ab = 10.259(1) Ac = 10.769(2) A; volume

N, 4.60. Found: C, 43.49; H, 4.92; N, 4.55. of unit cell, 845.3(1) A&; crystal system, orthorhombic; space group,
Conversion of 16 to the Inner Salt 35.Addition of 113 mg (0.3 Pona Z, 4; Dy, 1.369 Mg n13; number of total reflections measured,
mmol) of 322! to a solution of 54 mg (0.2 mmol) df6 in 3 mL of 1432; number of observed reflections 1082-[2.000(1)]; number of

CH.CI; resulted in the immediate disappearance of the green color due parameters varied, 6R, 0.046;R,, 0.062;S 1.459.
to 16to give a red mixture. After stirring for 12 h, the resulting insoluble

materials were removed by filtration, and the filtrate was evaporated.  Acknowledgment. This work was supported by a Grant-
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56 mg (0.21 mmol) ofl6 and 102 mg (0.27 mmol) 082 had been of Education, Science, Sports and Culture, Japan.

allowed to react in CHGlat room temperature and the resulting mixture . ) .
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temperatures35. mp 188-191 °C; orange plates (Ci€l./hexane);

1H NMR (200 MHz) 6 2.40 (s, 3H, CH), 3.00 (s, 6H, NCH), 3.82 JA001213R

(s, 4H, CH), 7.24 (m, 2H), 7.96 (m, 2H):3C NMR (50 MHz)$ 21.5,

33.6, 49.7, 128.3, 128.7, 137.1, 143.0, 164.5, 182.9; IR (KBr) 1602,  (22) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliard, A.; Burla,
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