
2 6 0  C 2 0 H I 2 N 2 0 4  

S = 1.092 (m/o')max < 0.001 
5744 reflections Apmax = 0.186 e ,~-3 
475 parameters Apmin = - 0 . 1 8 8  e A, -3 
H-atom parameters Extinction correction: none 

constrained Scattering factors from 
International Tables for  
Crystallography (Vol. C) 

Tab le  1. Selec ted  geometr ic  parame ter s  (,4, o) 

c1---Ol 1.361 (3) CIA--OIA 1.349 (3) 
C7--N1 1.283 (3) C7A--NIA 1.298 (3) 
C8---O2 1.334 (2) C8A--O2A 1.341 (2) 
C8--N I 1.384 (2) C8A--N 1A 1.374 (2) 
C9---4214 1.378 (3) C9A---CI4A 1.370 (3) 
C9---O2 1.386 (2) C9A--O2A 1.391 (2) 
C9---C 10 1.419 (3) C9A--CIOA 1.430 (3) 
C10--O3 1.346 (3) C10A--CI 3A 1.349 (3) 
C10---C13 1.350 (3) C10A--O3A 1.349 (2) 
C11----C12 1.314 (4) CI IA---CI2A 1.313 (4) 
CI 1--O3 1.362 (3) CI IA---O3A 1.389 (3) 
C12---C13 1.406 (4) CI2A---CI3A 1.451 (4) 
C14--C19 1.420 (3) CI4A---CI9A 1.434 (3) 
C14--C15 1.438 (3) CI4A--CI5A 1.445 (3) 
C15--Cl8 1.335 (3) C15A--O4A 1.343 (3) 
C15--O4 1.338 (3) C15A--CI8A 1.343 (3) 
C16--C17 1.313 (4) CI6A~CI7A 1.317 (4) 
C16--O4 1.376 (3) C 16A--O4A 1.383 (3) 
C17--C18 1.458 (3) C17A--CI8A 1.463 (3) 

O I--C I--C6 122.1 (2) OIA--CIA--C6A 121.6 (2) 
Ol--Cl~C2 115.9 (2) O IA--C 1A--C2A 114.9 (2) 
O2--C8--N I 122.2 (2) O2A--C8A--N IA 121.3 (2) 
CI9---C8--N1 127.8 (2) CI9A~C8A--NIA 128.5 (2) 
CI4---C9--CI0 136.7 (2) CI4A--C9A--CIOA 135.8 (2) 
O2--C9--C10 114.3 (2) O2A---C9A---C10A 114.9 (2) 
O3--C10--C9 I17.3 (2) CI3A--CIOA~C9A 134.1 (2) 
C13--CI0--C9 133.1 (2) 03A--CIOA--C9A 115.5 (2) 
C9----C1~4215 131.3 (2) C9A--CI4A--CI5A 130.5 (2) 
C19--C14---C15 123.5 (2) C19A--CI4A--CI5A 123.9 (2) 
CI 8---C15---C14 129.9 (2) 04A---CI5A---C14A 120.8 (2) 
O4---C15---C14 121.1 (2) CI8A--CI5A---C14A 129.1 (2) 
C8----C19----C20 122.6 (2) C8A----CI9A----C20A 123.7 (2) 
C14--C19-----4220 129.2 (2) C20A--CI9A---CI4A 128.8 (2) 
N2---C20---C 19 177.6 (2) N2A---C20A----C 19A 175.9 (2) 

o 

Tab le  2. Hydrogen-bond ing  geometry  (A, o) 

D---H. • .A D--H H- • .A D. • .A D--H. • .A 
Ot--HI. • .N1 0.82 (4) 1.88 (4) 2.596 (2) 147 (4) 
O1A--HIA- • -N1A 0.81 (4) 1.91 (3) 2.605 (3) 142 (4) 
C3A--H3A. • -N2 i 0.96 2.53 3.385 (4) 149 
C12--H12---N2 ii  0.96 2.41 3.341 (4) 163 
C13--H13. • .04 0.96 2.26 2.962 (3) 130 
CI3A--H13A. • .O4A 0.96 2.39 2.993 (3) 121 
C4--H4- • -O3A 0.96 2.83 3.406 (4) 120 
CI6A--H16A. • .03 0.96 2.74 3.337 (4) 121 
CI7A--H 17A. • .03 0.96 2.88 3.399 (4) 115 
C16---H16- • - N 2 A  iii  0.96 2.68 3.354 (4) 128 

Symmetry codes: ( i ) x -  1, l+y, z -  1; (ii) x, l+y, z; (iii) I - x ,  1 - y ,  1 -z .  

The structure was solved by direct-phase determination. The • 
parameters of  the complete structure could be refined by full- 
matrix least-squares methods including anisotropic displace- 
ment  parameters for non-H atoms. H atoms bonded to C atoms 
were refined using a riding model  and H-atom displacement 
parameters were restricted to be 1.2Ucq of  the parent atom. The 
hydroxyl  H atoms were located in a difference electron-density 
map and their positions were al lowed to refine, but their dis- 
placement  parameters were also constrained to be 1.2Ueq of  
the parent atom. 

Data collection: Nonius Diffractometer Control Software 
(Nonius GmbH,  1993). Cell refinement: Nonius Diffractometer 
Control Software. Data reduction: REDU4 (Stoe & Cie, 1991). 

Program(s) used to solve structure: SHELXS86 (Sheldrick, 
1990). Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993). Molecular  graphics: ORTEPII (Johnson, 
1976). Software used to prepare material for publication: 
SHELXL93. 

T h i s  w o r k  w a s  s u p p o r t e d  by  g r a n t  T B A G - 1 5 9 7  o f  the  

Sc i en t i f i c  a n d  T e c h n i c a l  R e s e a r c h  C o u n c i l  o f  T u r k e y .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: LNI070). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
In  the  t i t le  c o m p o u n d ,  N - ( 4 - e t h y l - 5 - t h i o x o - 1 , 2 , 4 - d i -  

t h i a z o l i d i n - 3 - y l i d e n e ) e t h y l a m m o n i u m  c h l o r i d e ,  C6H11- 

N 2 S ~ . C I - ,  the  f i v e - m e m b e r e d  C2NS2 r ing  is e s s e n t i a l l y  
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planar. The bond lengths indicate that the molecule is 
stabilized through some 7r-orbital delocalization. This 
delocalization is less pronounced in the disulfide func- 
tion, where the S - -S  bond length is 2.069 (1),~. 

Comment 
Pseudohalides of transition metals in high oxidation 
states can be synthesized by reaction of transition 
metal halides, oxide halides and sulfide halides with 
pseudohalide anions (Funk & B6hland, 1963; Sharma 
& Rastogi, 1981; Musleh et al., 1986). We used ethyl- 
isothiocyanate as the pseudohalide source; its reaction 
with WOE14 yielded crystals of the title compound 
which consists formally of two molecules of ethyliso- 
thiocyanate joined together with an additional S atom 
to form a five-membered ring, and one molecule of 
HC1. The free base belongs to a group of five-membered 
heterocyclic compounds called mustard oil sulfides and 
conforming to the chemical formula (R--NCS)2S. These 
have been known for a long time (Freund, 1895), but 
only a few of them have been characterized by X-ray 
analysis (Stanford, 1963; Hordvik, 1963; Raston et al., 
1974; Fahrenholtz et al., 1980). The title structure, (I), 
is the first example of a mustard oil sulfide in the imine 
form (Tittelbach, 1991) with only aliphatic substituents. 

Et 
\ 
N ÷ j S ~  
H~C S 

\ / 
N ~ C  / \\ 

Et S 
(I) 

.cI- 

The ring is approximately planar with the rin~ atoms 
having a maximum displacement of 0.025 (1)A from 
their least-squares plane. The planarity of the ring, to- 
gether with the observed bond lengths, suggests that 
there is some 7r-orbital delocalization in the molecule. 
This delocalization seems to be less pronounced in 
the disulfide part; while all other intra-ring distances 
are appreciably shorter than normal single bonds, the 
S1--$2  distance of 2.069 (1),~, is even longer than 
the observed values [2.052(4)(Stanford, 1963) and 
2.063(5),~ (Hordvik, 1963)] for a not-significantly 
shortened S- -S  single bond in xanthan hydride, the N- 
unsubstituted 5-imino-1,2,4-dithiazolidine-3-thione. The 
exocyclic C1--N1 bond length is 1.292 (3),4,, signif- 
icantly shorter than the intra-ring C - - N  bond lengths 
[1.366 (3) and 1.382 (3)A]. This, together with the de- 
viation of N1 from the least-squares plane through the 
five-membered ring [0.058 (3)A] and comparison with 
the nearly equal C - - N  bond lengths in xanthan hydride, 
suggests that the exocyclic C - - N  bond in the title com- 
pound contributes weakly to delocalization, and indi- 

cates the imine form. The exocyclic C2- -$3  bond is also 
shorter [1.624 (3) ,~] than in xanthan hydride [1.650 (9) 
(Stanford, 1963) and 1.653 (9),~ (Hordvik, 1963)] and 
the distance of $3 from the ring plane [0.118 (3) A] also 
results in a smaller contribution to delocalization. 

Hydrolysis of WOCI4 by traces of water is a source 
of HCI and causes the formation of a hydrochloride 
with the H atom located at the exoc),clic N atom. The 
shortest C1-..H distance of 2.35 (3) A represents only a 
weak hydrogen bond. 

 CIIY S, ®C, 

H I or" N 2 ~ ~ C 2  $2 

Fig. 1. An ORTEPII (Johnson, 1976) drawing of the asymmetric unit 
in the structure of N-(4-ethyl-5-thioxo-l,2,4-dithiazolidin-3-ylidene) 
ethylammonium chloride. Displacement ellipsoids are shown at 
the 50% probability level. H atoms are drawn with an arbitrarily 
reduced radius. 

Experimental 

C6HIIC1N2S3 can be prepared by oxidation of ammonium 
N-alkyldithiocarbamates with bromine (Freund & Bachrach, 
1895). In this work it was obtained as a by-product by 
reaction of WOCh with C2HsNCS as solvent under an argon 
atmosphere at 346 K for 4 h, followed by vacuum evaporation 
of the solvent. After some weeks, the viscous residue partly 
crystallized and ethyl ammonium chloride was identified by 
X-ray analysis. After treatment of the residue with tetrahydro- 
furan and vacuum evaporation at 343 K, a few crystals of the 
title compound sublimed out of the residue. 

Crystal data 

C6HI1N2S~.C1- 
Mr = 242.82 
Monoclinic 
P21/c 
a = 9.327 (5) ,4, 
b = 17.472 (8) 
c = 7.296 (4) .4, 
/3 = 115.51 (4) ° 
V= 1073.1 (10) ,~3 
Z = 4  
Dx = 1.503 Mg m -3 
D,, not measured 

Mo Ka radiation 
A = 0.71073 ,~ 
Cell parameters from 236 

reflections 
0 = 4.82-25.49 ° 
# = 0.890 mm-i 
T = 293 (2) K 
Rectangular plate 
0.53 x 0.38 x 0.08 mm 
Translucent pale yellow 
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Data collection 

Stoe Imaging Plate 
Diffraction System (IPDS) 
diffractometer 

IPDS scans 
Absorption correction: 

Gaussian (HABITUS; 
Herrendorf, 1993) 
Tmin -- 0.715, Tma~ = 0.931 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(FZ)] = 0.037 
wR(F 2) = 0.110 
S = 1.063 
1959 reflections 
113 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

6577 measured reflections 
1959 independent  reflections 
1726 reflections with 

I > 2o(/)  
Rint = 0.043 
0 .... = 25.95 ° 
h = - 1 1  ~ 11 
k = - 2 1  ~ 21 
1= - 8  ---~ 8 

w = l/[o.2(Foe) + (0 .0596P)  2 
+ 0.6557P] 

where P = (Fo e + 2F~?)/3 
(A/o')max < 0.001 
Z~pmax ---- 0.352 e fik -3 
Apmin  = - 0 . 4 0 6  e / ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Funk, H. & B6hland, H. (1963). Z. Anorg. Allg. Chem. 324, 168-172. 
Herrendorf, W. (1993). HABITUS. Programm zur Optimierung der 

Kristallgestalt fiir die numerische Absorptionskorrektur anhand 
geeigneter, ~b-abgetasteter Reflexe. University of Karlsruhe, Ger- 
many. 

Hordvik, A. (1963). Acta Chem. Scand. 17, 2575-2592. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Musleh, S. M., Rastogi, M. K. & Multani, R. K. (1986). Orient. J. 

Chem. 2, 11-15. 
Raston, C. L., White, A. H., Willis, A. C. & Varghese, J. N. (1974). 

J. Chem. Soc. Perkin Trans. 2, pp. 1096-1098. 
Sharma, R. C. & Rastogi, M. K. (1981). Indian J. Chem. A20, 191- 

192. 
Sheldrick, G. M. (1990). Acta Cryst. A46, 467--473. 
Sheidrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Stanford, R. H. Jr (1963). Acta Crb.'st. 16, 1157-1162. 
Stoe & Cie (1995). IPDS. Imaging Plate Diffractometer System. Stoe 

& Cie, Darmstadt, Germany. 
Tittelbach, F. (1991). J. Prakt. Chem. 333, 107-117. 

Tab le  1. Se lec ted  geometr i c  parame te r s  (,4, °) 

S1---CI 1.747 (2) CI 1--C12 1.480 (5) 
S 1 ~ 2  2.069 (1) CI--N2 1.366 (3) 
$2---C2 1.735 (3) N2----C2 1.382 (3) 
$3---C2 1.624 (3) N2---C21 1.486 (3) 
NI----C1 1.292 (3) C21---C22 1.505 (4) 
N I--CI 1 1.466 (3) 

CI--S1--S2 93.55 (9) C1--N2----C2 118.7 (2) 
C2--$2--S1 96.17 (9) N2---C2--$2 114.6 (2) 
N2---CI--S 1 116.8 (2) 

Tab le  2. Hydrogen -bond ing  geome t ry  (,4, °) 

D---H. • .A D--H H. • .A D. • .A D--H. • .A 
NI--H1. • . C 1  i 0.81 (3) 2.35 (3) 3.140 (3) 166 (3) 

Symmetry code: (i) -x ,  ½ + y, ½ - z. 

Atom positions were obtained by direct methods as well 
as from Patterson maps. All non-H atoms were refined 
anisotropicaUy. The H atom attached to the N atom was 
located from a A p  map and refined isotropically. All other 
H atoms were treated as riding atoms. 

Data collection: IPDS (Stoe & Cie, 1995). Cell refinement: 
IPDS. Data reduction: IPDS. Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Software used to pre- 
pare material for publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZ1288). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
T h e  first c rys ta l  s t ruc tu re  o f  a chira l  d i a c e t o n e - D - g l u c o s e  
( D A G )  sulf inate ,  C I8H3007S ,  is r epor t ed .  T h e  abso lu t e  
c o n f i g u r a t i o n  (S) o f  the  S a t o m  is a s s igned .  P r e v i o u s  
a s s i g n m e n t s  o f  the  s t e r e o c h e m i s t r y  o f  a n a l o g o u s  D A G  
sul f ina tes  w e r e  o n l y  m a d e  ind i rec t ly  by  the i r  t ransfor -  
m a t i o n  in to  k n o w n  s u l f o x i d e s  via an SN2 process .  

Comment 
S u l f o x i d e s  are ve ry  u se fu l  too l s  as chi ra l  i n d u c t o r s  in 
a synmae t r i c  syn thes i s .  O n e  o f  the  m a j o r  m e t h o d s  o f  ob-  
t a in ing  s u c h  m o l e c u l e s  i n v o l v e s  the  r eac t i on  o f  a chi ra l  
su l f ina te  w i th  a G r i g n a r d  reagen t .  Th i s  t r a n s f o r m a t i o n ,  
ca l l ed  the  A n d e r s e n  syn the s i s  ( A n d e r s e n ,  1962, 1964),  
p r o c e e d s  w i th  i n v e r s i o n  o f  c o n f i g u r a t i o n  at sulfur.  It 
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