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dimethylimidazolidines gave the thermally stable, crystalline inner salts, 1,3-

imidazolidiniodithioacetates (10 and 12) where carbemum ion and dithiocarbox xylate parts are
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of 10 with DMAD are described. © 1998 Elsevier Science Ltd. All rights reserved.
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The inner salts 1 serve as a typical 1,3-dipole, affording 1,3-dithioles 2 on reaction with alkynic 1,3-
ulpmafﬁphlics !' Meanwhile, the inner salts such as 3 and 4 are assumed to be 1,4-dipoles,2-? where carbenium
ion and dithiocarboxylate parts are insulated by an sp3 carbon atom. These compounds are thermally labile,
however, and evidences for their formation were provided by '"H NMR spectra at low temperature and 1,4-

dipolar cycloadditions with heterocummulenes.3 Recentl_y, we have reported the formation of a similar inner salt
6 by addition of 5 to carbon disulfide.# Although 6 was thermally stabler than expected, it could not be obtained
in pure crystalline form because it existed as an equilibrium mixture with its dithioic acid tautomer 7 in the ratio
9:1 in CDCh at 22 °C and is readily air-oxidized to the disulfide 8 via 7. Therefore, 2- lsopropyhdene 1,3-

dimethylimidazolidine (9),3 where the corresponding methylene hydrogens are replaced by methyl groups and
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to the preparation of thermally stable, crystalline inner salts, which enabled their structure to be determined by X-
ray diffraction analysis.
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Thus, stirring a mixture of 95 and carbon disulfide in ether resulted in the separation of the expected inner
salt 1097 in 92% yield as light orange powder. Recrystallization of the powder from a mixture of methanol and
ether gave analytically pure, single crystals of 10, which melted at 92-100 °C with some dccomposition The

compound is rather thermally stable and storable at room temperature for a long time of period. In the 13C NMR
in

el o silats AnskAame AL 1N o1 .2 1772 =1 NVET £ _cnn

spectrum, the carbenium and dithiocarboxylate carbons of 10 appeared at & 173.2 and 257.6, respectively, i
agreement with the assigned structure.
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ular structure of 10 is shown in Fig. 1.
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with two sp? nitrogen atoms. In harmony with this prediction, the C5-N6 (1.33 A) and C5-N9 (1.32 A) bonds
are much shorter than common C(sp2)-N(sp?) single bonds (1.416 A) 9 The C-S bond length of the
dithiocarboxylate (1.67 A) is comparable with that of common C-S double bonds (1.671 A).9 The non- -bonded
distance of S1-C5 (2.89 7\) is shorter than the summation of the van der Waals radii of § and C (3.50 A) 10
revealing the existence of intramolecular attractive interaction between the dithiocarboxylate sulfur and carbenium
carbon atoms, which reflects an inner salt structure.
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substituents, if their carbenium ion center is fully stabilized by conjugation as in the above system. Indeed, 2-

methylene-1,3-dimethylimidazolidine 115 smoolhly reacted thh carbon disulfide to give the inner salt 126.7 a
stable, orange crystals in 71% yield. The structural features of 12, determinedby X-ray diffraction analysis, are
similar to those of 10 (Fig. 2).8
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Figure 1: Molecular Structure of 10, Figure 2: Molccular Structure of 12,
Selected hond lengths (A). angles (), torsion angles Selected bond fengths (A), angles (%), torsion angles
(™). and non-honded lengths (A): C5 N6 1 330(2), ("), and non-bonded lengths (A): CS-NG 1AL,
CS-NO P 324y, C4-C5 185292y, C2-C4 15572, CS-N9 1.224(1), C4-C5 1.488(1), C2-C4 1.524(1),
S!.CZ 1.676(2)y. S3-C2 |(;7|(|) C4-C5-NG6 ST-C2 1.675(1), S3-C2 1.674(1). C4-CS-N6
120,602y, C4-C5-N9 128.5(2), C2-C4-C ‘\ 107.5(2), 122.4(1), C4-C5-N9 125.5(1), C2-C4-C5 111.7(1),
C4-C2-S1T 11532y, SI1-C2-83 1206.2(2), N6-CS- C4-C2-S1 116.3¢1H), S1.C2-S3 126.8(1), N6-Cs-
N9-C8& 1.1(2). NO9-CS5-N6-C7 4.9(2), SI1-NG N9-C8 0.3(1), N9-C5-NG6-C7 5.9(1), S1-No
3 354(1). SI-N9 3.571(1). S1-C5 2.80001) 3.023(C1), ST-N9 3.519(1), S1-C5 3.007(1).
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As mentioned already, 6 existed as an eq X ! 0
in pure crystalline form. By contrast, in case of 12, no di [thlC acid fox n 13 was detectcd by 'H NMR in
harmony with its resistance to air-oxidation. Both mcthylcnc hydrogens and carbon signals adjacent to the
dithiocarboxylate in 12 appeared at higher ficlds than those in 6 by 0.13 ppm (8 4.44 vs. 4.57) and 6.6 ppm (&
53.9 vs. 60.5), respectively.4 These chemical shift data also indicate that the carbenium ion center in 12 is more
effectively stabilized by conjugation with iwo nitrogen atoms than that in 6, and hence the methyiene hydrogens
of 12 would be less acidic than those of 6. The difference of the acidity is reflected in the rate of H-D exchange;
the methylene hydrogens of 6 were complelely replaced by deuterium within 5 min by addition of D0 to its
CDCly solunon,“ whcrcas, in case of 12, 1 h was required fm 35% H-D exchange.

The inner salts 10 and 12 are easily methylated by iodomethane to give the carbenium iodides 14 and 15

quantitatively.”.!!
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The reaction of 18 with an equimolar amount of dimethyl acetylenemcamoxyxate (DMAD) gave a 1,3-
dithiole 16'2 in 38% yield. No expected 1,4-dipolar cycloadduct was formed. In addition, the reaction with two

molar amounts of DMAD gave an eight-membered dithiolactone 177-13 in 86% yield along with 16 in 11% yield.

The present reaction would be initiated by a Michael addition of 10 to DMAD which forms a betaine 18. Ring
closure of 18 gives another betaine 19. Elimination of a carbene 20 from 19 would produce 16. When two
molar amounts of DMAD was used, the betaine 18 further reacts with DMAD to give a betaine 21. An
intramolecular Sp2 reaction of 21 on the quaternary carbon would produce the final product 17 with the carbene
20 acting as the leaving group. However, despite much effort, no products derived from the carbene 20,

~1 As Ay alA T Iat. hae
ul\,1uu1ﬂg the dimeric pi’Ouu\,L, could be isolated. Even the use of ex g 1ve the adduct"‘ ansmg

D
from 20 and DMAD. Attempted trapping of 20 by other reagents such as elemental sulfur,!5 methanol,!6 and
carbon disulfide,!a!7 was also unsuccessful; in some cases, complex mixtures formed at the sacrifice of the
formation of 16 and 17. In this connection, preparation of an inner salt, which yields a stable, isolable carbene 8
on reaction with DMAD, is under way to establish the above mechanism.
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13.874(3), ¢ = 14.081(3) A, V = 2258.2(7) A3, Z =8, Dy = 1.33 gem 3, y(Mo Kg) = 8.689 mm!. T =
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298 K. A yellow crystal with dimensions 0.26 x 0.25 x 0.22 mm was mounted on a Mac Science DIP3000
diffractometer equipped with a graphite monochrometer. Oscillation and nonscreen Weissenberg photographs
were recorded on the imaging plates of the diffractometer by using Mo Ka radiation (A = 0.71073 A) and the
data reduction was made by the MAC DENZO program system. Intensity data of 3375 unique reflections
were coilecied in the range of 3£h < 10 <k < 19 0<1<19. Cell pdrammers were deiermined and
refined by using the MAC DENZO for all observed reflections. The structure was solved by direct methods
using SIR!9 in the CRYSTAN-GM program system. The atomic coordinates and anisotropic thermal
parameters of the non-H atoms were refined by full-matrix least squares20 to minimize the functions, Z(1F -
IF:H)? for 2297 reflections with 1 > 36 (1). The final R, Ry, and GOF values are 0.050, 0.071, and 3.529,

respectively. Rcsndual electron density (eA-3): min = -0.51, max = 0 57 Cryslal structure data for 12

C7H 2N5S; M, = 188.32, triclinic, P1, a = 8.958(1), b = 9.408(1), ¢ = 11.258(1) A, fs— 100. 71@(4)
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