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2-(4-Chlorophenyl)-2-(N-acetylcarbamoyl- 
thio)ethanoic Acid-Acetonitrile (1/1) 

The molecule with the same atomic numbering 
scheme as used by Majcen Le Mar6chal, Robert & 
Leban (1993) is depicted in Fig. 1. Selected bond dis- 
tances, angles and torsion angles are given in Table 1. 
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Abstract 

The hydrolysis of 2-acetylimino-4-(4-chlorophenyl)-l,3- 
oxathiole-5-carbonitrile in air results in 2-(4-chloro- 
phenyl)-2-(N-acetylcarbamoylthio)ethanoic acid, which 
forms a 1:1 adduct with a solvent acetonitrile mol- 
ecule, CtlHxoCINO4S.C2H3N. Even after ring opening 
there still exists a short intramolecular S. . -O interaction 
[2.660 (3) ,~,]. The bond lengths are normal and in 
agreement with expected values. 

Comment 
Substituted 1,3-oxathioles, (I), obtained from gem-di- 
cyano epoxides can be hydrolysed in concentrated 
hydrochloric acid to give either (II) or (III) or a mixture 
(Majcen Le Mar&hal, Robert & Leban, 1993). Although 
relatively stable, compounds of type (I) transform slowly 
in the presence of the air at room temperature to 
type (IV). The structure of the 2-(4-chlorophenyl)-2- 
(N-acetylthiocarbamato)ethanoic acid-acetonitrile (1/1) 
adduct, (IV).CH3CN (Ar - p-C6H4C1), has been deter- 
mined and is presented here. 
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Fig. 1. ORTEPII (Johnson, 1971) view of the title adduct with the 
atomic numbering. Anisotropic displacement ellipsoids are drawn 
at the 30% probability level. H atoms are of arbitrary size. 

The bond lengths are normal and in agreement 
with expected values. The most interesting feature of 
the structure is the nearly planar arrangement of the 
atoms S1, C2, N1, C6 and O1 [to within 0.014 (2),a,]; 
an S1.-.O1 interaction of 2.660 (3) ,4, has a C5- -  
S1...O1 angle of 172.8(1) °. These values fit well 
with the distribution of directional preferences for 
substituents (Rosenfield, Parthasarathy & Dunitz, 1977). 
The above examination showed that electrophiles tend 
to approach the divalent S atom at roughly 20 ° from 
the perpendicular to the plane through atoms Y--S- -  
Z, while nucleophiles (this case) tend to approach 
approximately along the extension of one of the covalent 
bonds, either Y J S  or Z--S. There is a suggestion 
that the LUMO (lowest unoccupied molecular orbital) 
o-*(S--Y) or o-*(S--Z) orbitals are involved in this type 
of interaction. Our results are also in agreement with 
the survey of X - - S . . . ~ Y  interactions by Kfilmfin & 
Pgrk~inyi (1980). A similar S--.O value of 2.579 (7)A 
was also found in the precursor of this compound, 
(I) (Majcen Le Mar6chal, Robert & Leban, 1993). 
The same planar pentacyclic arrangement with S. .-O 
interaction was found in a search of the Cambridge 
Structural Database (Allen, Kennard & Taylor, 1983) 
for more than 70 compounds. The basic motif of these 
structures is the divalent S atom mostly in a five- 
membered heterocyclic ring (e.g. oxathiole) with the 
neighbouring three atoms, N--C==O, forming together 
with the S . . .O interaction another five-membered ring. 

The phenyl-ring plane, (a) (C10--C15), the car- 
boxylic group plane, (b) (O11, O12, C4, C5), and the 
plane of S1, C2, N1, C6 and O1, (c), are planar to 
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w i t h i n  0 .007  (3), 0 .009  (3) and  0 .014  (2) ,~, r e spec t ive ly .  
T h e  c o r r e s p o n d i n g  d ihed ra l  ang le s  are: (a)/(b) 85.7 (1), 

(b)/(c) 74.3  (1) and  (a)/(c) 83.0  (1) °. 
T h e  m o l e c u l e s  o f  the  t i t le c o m p o u n d  are l i n k e d  

t o g e t h e r  by  a h y d r o g e n  b o n d  b e t w e e n  the  c a r b o x y l i c  
g r o u p  C 4 - - O 1 1 - - H  and  the  c a r b o n y l  O a tom,  O1,  o f  a 
n e i g h b o u r i n g  m o l e c u l e .  O n e  m o l e c u l e  o f  the  ace ton i t r i l e  

so l ven t  ( C H 3 C N )  is b o n d e d  by  a w e a k  h y d r o g e n  b o n d .  
o f  the  t y p e  N . . . H - - N  to the  n i t r o g e n  o f  the  ace ty l -  

c a r b a m o y l t h i o  g r o u p  (deta i ls  are g i v e n  in Tab le  2). 

E x p e r i m e n t a l  

Compound  (I) was prepared from the appropriate epoxide 
and KSCN in acetic anhydride Ac20  solution. After 3 h, the 
reaction mixture was cooled in the refrigerator for 30 r a i n ;  
(I) was filtered off, washed with water and recrystallized from 
ethanol (Majcen Le Mar6chal, Robert & Leban, 1993). In air, 
(I) slowly transformed to an oil, which was dissolved in aceto- 
nitrile. Single crystals of  (IV).CH3CN (Ar = p-C6H4C1) were 
obtained on slow evaporation and sealed in glass capillaries. 

Tab le  1. Selec ted  g e o m e t r i c p a r a m e t e r s  (A, °) 

S I---C2 1.765 (3) N 1---C6 
S 1---C5 1.820 (3) C~-OI 
C2--O3 1.204 (3) C6----C7 
C2--NI 1.389 (4) CI 3---C11 
C4---O 12 1.188 (4) C9---C8 
C4--O11 1.308 (4) C8--N10 
C4---C5 1.515 (4) 

C2--S 1---C5 96.06 (15) C4---C5--S I 
O3---C2--N 1 119.4 (3) C 10---C5--S 1 
O3---C2--S 1 122.9 (3) C6---N 1---C2 
N 1---C2--S1 117.6(2) O I---C6---N I 
O12---C~11 123,7 (3) O 1---C6--C7 
O 12---C4--C5 125.4 (3) N 1---C6--C7 
O11---C4----C5 110.8 (3) N 10---C8----C9 
C4---C5---C 10 112.4 (3) 

C5--S 1--C2--O3 0.4 (3) O3~C2--N 1---C6 
C5--S I---C2--N 1 -179.1 (2) S I----C2--N 1---C6 
C2--S I--C5--C4 66.5 (2) C2--N 1--C6--O1 
C2--SI--C5---C10 - 169.3 (2) C2--N 1---C6----C7 

.368 (4) 

.223 (4) 

.503 (5) 

.733 (4) 

.443 (5) 

.128 (5) 

111.9 (2) 
108.0 (2) 
127.1 (3) 
121.0 (3) 
123.0 (3) 
116.0 (3) 
179.5 (4) 

177.3 (3) 
-3.2 (4) 

2.3 (5) 
- 179.4 (3) 

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

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
OI I--H2- - -O1' 0.820 1.851 2.654 (3) 166 
NI--H3. • .NI0" 0.860 2.096 2.953 (5) 174 

Symmetry codes: (i) x, y, 1 + z; (ii) 1 - x, -3', -z .  

Crystal data 

C11HloC1NOaS.C2H3N 
Mr = 328.76 
Orthorhombic 
Pbca 
a = 34.050 (5) 
b = 11.300 (3) .~ 

o 

c = 8.347 (2) A 
V =  3211.6 (12) ~3 
Z = 8  
D~ = 1.360 Mg m -3 
D m =  1.35 (5) Mg m -3 
Dm measured by flotation 

Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

Variable 0/20 scans 
Absorption correction: none 
5407 measured reflections 
2820 independent  reflections 
1734 reflections with 

I > 2o'(/) 
Rint = 0.049 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.049 
wR(F 2) = 0.122 
S = 1.038 
2815 reflections 
190 parameters 
H atoms not refined 
w = 1/[o.2(Fo 2) + (0.0402P) 2 

+ 1.6415P] 
where P = (Fo 2 + 2F2)/3 

Mo K a  radiation 
A = 0.71073 ,~, 
Cell parameters from 25 

reflections 
0 = 10-12 ° 
lz = 0.383 m m - l  
T = 293 (2) K 
Plate 
0.34 x 0.29 × 0.23 m m  
Colourless 

0max = 25.0 ° 
h = 0 ---~ 40 
k = 0 ---~ 13 
l = 0 ~ 9  
3 standard reflections 

every 150 reflections 
intensity decay: 13.7% 

(A/o.)max = 0.067 
mpmax = 0.220 e ,~-3 
mpmin "- - 0 . 2 6 4  e ,~-3 
Extinction correction: none 
Scattering factors from 
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The space group Pbca was deduced from the systematic 
absences. All H atoms were found in the difference electron- 
density map and were included in the refinement at calculated 
positions with isotropic displacement parameters taken from 
the attached heavy atoms and multiplied by 1.3 (or 1.6 for 
methyl H atoms). The prepared crystals exhibited considerable 
decomposi t ion (13.7%) during the data collection and for 
this reason the standard reflections were measured every 
150 reflections. Calculations were performed on standard PC 
486/16MB. 

Data collection: CAD-4 Software (Enraf-Nonius,  1989). 
Cell refinement: CAD-4 Software. Data reduction: NRCVAX 
(Gabe, Le Page, Charland, Lee & White (1989). Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1985). Pro- 
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993). 
Molecular graphics: ORTEPII (Johnson, 1971) and PLUTON 
(Spek, 1991). Software used to prepare material for publica- 
tion: SHELXL93. 

T h e  f inancia l  s u p p o r t  o f  the  M i n i s t r y  for  S c i e n c e  

and  T e c h n o l o g y ,  R e p u b l i c  o f  S l o v e n i a  is g r a t e fu l l y  
a c k n o w l e d g e d .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZI220). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The crystal structure of the trihydrate 1/1 salt between 
(R)-carnitine amide and (1R,3S)-camphoric acid, (R)- 
3-hydroxy-4-(trimethylammonio)butanamide (1R,3S)-I- 
carboxy- 1,2,2-trimethyl-3-cyclopentanecarboxylate tri- 
hydrate, C7HI7N2Oe+.C10HlsOn-.3H20, is characterized 
by alternating layers of camphoric acid and carni- 
tine amide molecules, both connected by a network of 
hydrogen bonds involving water molecules. Molecular- 
mechanics calculations using periodic boundary con- 
ditions, with two different force fields (CVFF and 
AMBER) and a dielectric constant ranging between 1 
and 10, indicate that such commercial packages are not 
fully suitable when different kinds of forces are in- 
volved. 

Comment 
Carnitine and its derivatives are found to occur nat- 
urally in both plant and animal tissues, and in rela- 
tively high concentrations in the hearts and muscles 
of vertebrates (Fraenkel & Friedman, 1957; Hosein, 
Booth, Gasoi & Kato, 1967). The acetyl derivative is 
involved in carbohydrate metabolism (Childress, Sack- 
tor & Traynor, 1966), as well as in the reversible transfer 
of the acetyl group between acetyl carnitine and acetyl 

coenzyme A. The acyl-carnitines play an important role 
in fatty acid oxidation by providing the transport of fatty 
acyl groups across mitochondria membranes (Colucci & 
Gandour, 1988). Acyl transfer is catalyzed by carnitine 
acyltransferase enzymes that comprise a family of pro- 
teins with different sub-cellular localization, substrate 
specificity and sensitivity to inhibitors (Bieber, 1988). In 
view of such properties, carnitine is useful in the thera- 
peutic treatment of myocardial ischemia (Visioli, Pasini 
& de Giuli, 1992), acetylcarnitine is useful in cere- 
bral aging and peripheral neuropathies (Calvani, 1993), 
while carnitine palmitoyl transferase inhibitors have po- 
tential therapeutic applications in the treatment of dia- 
betes (McGarry, Woeltje, Kuwajima & Foster, 1989). 

The study of the salts between (R,S)-camitine deriva- 
tives and molecules or macromolecules capable of 
discriminating the two enantiomers can be useful to 
identify the topographical arrangement of the key recog- 
nition sites on carnitine binding enzymes, as well as to 
suggest alternative methods for stereoselective separa- 
tion in analytical applications. Therefore, we have un- 
dertaken solid-state structural studies involving carnitine 
derivatives such as the title compound, (I), and protein 
moieties, in order to investigate the origin of the chiral 
discrimination of carnitine derivatives, as well as to pro- 
vide a test of force-field models with respect to their 
adoption in theoretical calculations. 
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The crystal structure is characterized by alternate 
layers, nearly perpendicular to the b axis, of camphoric 
acid molecules and carnitine amide molecules connected 
by a network of hydrogen bonds involving the water 
molecules. Such a structure appears to be particularly 
stable as the same crystal cell parameters and X-ray 
diffraction data are obtained when the compound is 
recrystallized from isobutanol. The structure of the 
independent salt unit is shown in Fig. 1. Bond lengths 
and angles are as expected except for those involved 
in the camphoric rings that are reported in Table 1. 
Furthermore, consideration of the C- -O  bond lengths 
in the carboxyl groups allows assignment of the anion 
site to C17, in agreement with chemical evidence. 
Carnitine amide conformational parameters are very 
similar to those found in related camitine derivatives 
(Gandour, Colucci & Fronczek, 1985; Colucci, Gandour 
& Mooberry, 1986). The molecule assumes an extended 
conformation even if an amide group replaces the 
carboxylate, or the counterion is different. 

The packing in the bc plane, showing the hydro- 
gen-bonding network, is illustrated in Fig. 2. The 
crystal structure is characterized by a three-dimensional 
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