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The title compound, C10H16N2O2S2, is considered to maintain

an inner-salt structure in the crystal, where the planes of the

carbenium and the thiocarboxylate moieties are nearly

perpendicular to each other [77 (2)�], and the backbone CÐ

C bond length [N2CÐCS2 1.510 (2) AÊ ] is signi®cantly shorter

than a normal CÐC single-bond length.

Comment

The bis(N,N-disubstituted amino)carbeniumdithiocarboxyl-

ates are a structurally interesting class of inner salts. They have

been investigated with regard to their synthesis, structure and

reactivity (Nakayama, 1993, 2000, 2002). Their thermo-

dynamic stability apparently comes from localization of the

positive and negative charges on the NÐCÐN and SÐCÐS

moieties, respectively. The most remarkable structural char-

acteristic of these compounds is that the planes of the CS2 and

CN2 groups are almost perpendicular (Sheldrick et al., 1980;

Ziegler et al., 1987; Borer et al., 1989; Kuhn et al., 1987;

Nagasawa et al., 1995; Nakayama et al., 2000). We report here

the characteristic molecular conformation of the title

compound, (I), in the solid state (Fig. 1).

Selected bond lengths and angles are given in Table 1. The

dihedral angle between the planes of the carbenium and

thiocarboxylate moieties is close to being a right angle

[77 (2)�], probably due to the above-mentioned localization of

the charges. The attractive Coulombic interaction is re¯ected

in the reduction of the CÐCÐS bond angles to about 114�,
which also results in the shortening of the non-bonded

distances between the carbenium C atom and the S atoms

[2.71 AÊ ; sum of the van der Waals radii = 3.50 AÊ (Bondi,

1964)]. The shortened length of the N2CÐCS2 bond

[1.510 (2) AÊ ] would also be attributable to the Coulombic

interaction. The two CÐS distances are not signi®cantly

different, indicating that the negative charge is spread equally

over these two S atoms. These distances are close to that

expected for a C S double bond rather than a CÐS single

bond (1.75 AÊ ; Allen et al., 1987). The average CÐN bond

length is 1.33 AÊ , which is slightly shorter than the common

Csp3ÐNsp3 bond length of 1.36 AÊ (Allen et al., 1987), indi-

cating the contribution of the canonical structure. According

to these results, the title compound is considered to maintain

the inner-salt structure in the crystal. There is no signi®cant

contact among neighboring molecules.

These structural features were con®rmed by a theoretical

calculation using a natural bond orbital (NBO) analysis

(Glendening et al., 2001), with the fully optimized structure,

and are consistent with the results obtained by GAUSSIAN98

(Frisch et al., 2001), with a B3LYP/6-31G* set of parameters.

According to the NBO analysis, the �* orbital of the C9ÐC10

bond and the �* orbital of the C9ÐN1 bond are occupied by

0.07 and 0.49 e, respectively, and the S atoms are principal

lone-pair donors, providing an interaction energy of

31.8 kJ molÿ1 for the C9ÐC10 bond and 30.9 kJ molÿ1 for the

C9ÐN1 bond. These electronic interactions of the sulfur lone

pairs would contribute to the structural characteristics.

Experimental

The title compound was synthesized according to the previously

reported method of Nakayama & Akiyama (1992). Crystals suitable

for X-ray diffraction were obtained by slow evaporation of a solution

in acetonitrile at room temperature.
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Figure 1
The molecular structure of the title compound, shown with 50%
probability displacement ellipsoids and the atom-numbering scheme.



Crystal data

C10H16N2O2S2

Mr = 260.37
Orthorhombic, Pbca
a = 14.991 (1) AÊ

b = 10.633 (1) AÊ

c = 15.064 (1) AÊ

V = 2401.2 (3) AÊ 3

Z = 8
Dx = 1.441 Mg mÿ3

Mo K� radiation
Cell parameters from 4110

re¯ections
� = 2.7±31.0�

� = 0.43 mmÿ1

T = 100 K
Plate, red
0.30 � 0.27 � 0.14 mm

Data collection

Bruker CCD area-detector
diffractometer

' and ! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.882, Tmax = 0.942

18 623 measured re¯ections
3638 independent re¯ections
3021 re¯ections with I > 2�(I)

Rint = 0.055
�max = 31.0�

h = ÿ20! 20
k = ÿ9! 15
l = ÿ20! 21
119 standard re¯ections

frequency: 740 min
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.103
S = 1.09
3638 re¯ections
209 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0372P)2

+ 1.4616P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.37 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

All H atoms were located from a difference Fourier map and

re®ned isotropically [CÐH = 0.89 (2)±0.99 (2) AÊ ].

Data collection: SMART (Bruker, 1995); cell re®nement: SMART;

data reduction: SHELXTL (Sheldrick, 2001); program(s) used to

solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL; software used to prepare material for publication:

SHELXTL.
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Table 1
Selected geometric parameters (AÊ , �).

C1ÐN1 1.476 (2)
C4ÐN1 1.475 (2)
C5ÐN2 1.480 (2)
C8ÐN2 1.476 (2)
C9ÐN2 1.328 (2)

C9ÐN1 1.329 (2)
C9ÐC10 1.510 (2)
C10ÐS1 1.6653 (18)
C10ÐS2 1.6699 (18)

N2ÐC9ÐN1 122.62 (14)
N2ÐC9ÐC10 118.53 (14)
N1ÐC9ÐC10 118.85 (14)
C9ÐC10ÐS1 113.87 (12)

C9ÐC10ÐS2 114.71 (12)
S1ÐC10ÐS2 131.42 (10)
C4ÐN1ÐC1 112.44 (13)
C9ÐN2ÐC8 122.36 (14)


