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Abstract 

The crystal structures have been determined for 
racemic and two optically active samples of 3-(2'- 
chloro-T-phenylethyl)-2-thiazolidiniminium p-tolu- 
enesulfonate (CIIHI4CIN2S ÷ .C7H703 S - )  from low- 
temperature (122 K) X-ray diffraction data. The 
three crystal structures are virtually identical. The 
racemate crystallizes in the space group P21/n, Z = 4, 
with unit-cell dimensions a = 8.5016 (10), b = 
8.2803(11), c = 27.447 (3)A and /3=96.478(9)  °. 
The cation displays disorder of the CI atom and the 
C atom to which it is bonded. The disorder can be 
rationalized in terms of the presence of two partially 
populated enantiomers with different conformations. 
The two optically active salts contain both enantio- 
mers of the chiral cation. The ratios between the R- 
and S-enantiomers were estimated to be 0.944 (7)/ 
0.056 (7) and 0.860 (7)/0.140 (7). Both salts crystal- 
lize in the space group P21 with unit-cell dimensions 
almost identical to those of the racemate. The two 
independent anions and the ring systems of the 
cations are related by pseudoinversion symmetry. 
One of the independent cations has a disorder similar 
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to that found for the racemate. The system of hydro- 
gen bonds connecting two cations and two anions 
into 12-membered rings is identical in the racemic 
and in the optically active crystals. Additional evi- 
dence for the formation of a solid solution between 
the enantiomers and the racemate is provided by 
thermoanalytical and IR measurements. The crystal 
structures of 64 pairs of racemate and its corre- 
sponding enantiomer have been analysed. Relations 
similar to that observed for the salts in the present 
study were found for six of the pairs. For another 
eight pairs, there is a great resemblance between the 
packing of the racemate and the corresponding 
enantiomers. 

Introduction 

One of the most effective anthelmintic agents 
is 6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole. 
Hydrochlorides of the racemate and the S- 
enantiomer are used as drugs and marked under the 
names Tetramisole and Levamisole, respectively 
(Negwer, 1978). The S-enantiomer is several times 
more potent but no more toxic than the R-isomer 
and is the one used to treat humans. The activity of 
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this drug is closely related to its chirality. We are 
investigating the absolute configuration of the dif- 
ferent reaction intermediates in a selected synthetic 
route of Levamisole and Tetramisole (Hungarian 
Patent 203108, 1991, Japanese Patent 62-238293, 
1987), as the synthetic route involves several steps 
where inversion or racemization of the chiral center 
is possible. 3-(2'-Chloro-2'-phenylethyl)-2-thiazolidi- 
nimine shown below is one of the reaction intermedi- 
ates. We undertook structure determinations of the 
p-toluenesulfonic acid salts of the racemate and what 
was thought to be an almost pure enantiomer of the 
base. To our surprise, both enantiomers of the base 
were found in the optically active salt, which has its 
crystal packing identical to the racemic salt. This 
prompted a structural study of the p-toluenesul- 
fonate salt of a more optically pure sample of 
3-(2'-chloro-2'-phenylethyl)-2-thiazolidinimine. 

~ ( ~ H - -  CH2~ OH 2 N 
/ \ 

Cl +11 C_ .CH2 
H2 N//" \S / 

H 3 C ~ S 0 3  

We report here the results from these structure 
determinations of 3-(2'-chloro-2'-phenylethyl)-2-thia- 
zolidiniminium p-toluenesulfonate that have different 
optical purities of the base (RAC, OA72 and OA89). 
The similarity between the crystal packing in these 
three compounds initiated a survey of the relations 
between the structures of corresponding racemic and 
enantiomeric compounds. The analysis was primarily 
based on the structures extracted by Brock, 
Schweitzer & Dunitz (1991) from the Cambridge 
Structural Database (Allen, Kennard & Taylor, 
1983), and the results from this investigation are 
presented. 

Experimental 

Spectroscopic measurements 

Optical rotations at 589 nm (Nap) were measured 
on a Perkin-Elmer 241 polarimeter at room 
temperature. 

IR spectra between 4000 and 400 cm-1, with a 
spectral resolution of 4 cm- 1, were measured on KBr 
pellets with an ITS-7 spectrometer. 

Thermodynamic measurements 

Melting points were measured by differential scan- 
ning calorimetry (DSC) using a PL-DSC instrument 

calibrated with indium and tin. The measurements 
were carried out with a heating rate of 5 ° min-  ~ on 
samples in hermetically closed crucibles. The mass of 
the samples was in the range 3.0-4.5 mg. Possible 
decomposition of the compounds was examined by 
thermogravimetric measurements with a PL-TGA- 
1000 instrument. 

Preparations 

Samples of 3-(2-chloro-2'-phenylethyl)-2-thiazoli- 
diniminium chloride with different optical purities 
were prepared by the method described by Spicer et 
al. (1968), slightly modified for the optically active 
compounds (Hungarian Patent 203108, 1991). 
Attempts to obtain good crystals of the hydro- 
chloride salts were futile. Instead they were con- 
verted to salts of p-toluenesulfonic acid by direct 
reaction. By recrystallization of the p-toluenesul- 
fonates from methanol, crystals suitable for X-ray 
diffraction investigations could be obtained, 
although recrystallization never enhanced the optical 
purity. 

Racemic 3-(2'-chloro-2'-phenylethyl)-2-thiazolidi- 
niminium p-toluenesulfonate (RAC) crystallizes as 
white needles. A similar crystal habit was observed 
for what was expected to be a salt of the pure 
enantiomer, which had optical rotation [a]o = -25 .2  
(c = 1, methanol; OA72). However, the crystal- 
structure determination revealed that both enantio- 
mers are present in this crystal. From the optical 
rotation and the ratio between the two enantiomers 
in the crystal of OA72, we estimated the maximum 
optical rotation to be 35 (c = 1, methanol) for the 
optically pure salt. However, the structure deter- 
ruination on a crystal from what we thought was an 
optically pure salt (OA89) ([a]o = - 3 7  {c = 1, 
methanol}) revealed that it contains the R- and 
S-enantiomers in the ratio 0.944 (7)/0.056 (7). 

X-ray diffraction 

Weissenberg photographs showed that all three 
crystals RAC, OA72 and OA89 belong to the mono- 
clinic system. The systematically absent reflections 
hOl, h + l =  2n + 1 and 0k0, k = 2n + 1 were found 
for the racemic salt (RAC), which uniquely 
determine its space group to be P21/n. The diffrac- 
tion patterns recorded for the two optically active 
crystals OA72 and OA89 were very similar to that 
observed for the racemic compound (RAC). The 0k0 
reflections were systematically absent for k = 2n + 1, 
later checked with 0-scans on the diffractometer. In 
addition, it was observed that the hOl reflections with 
h + l odd were systematically weaker than those 
where h + l were even. A subsequent analysis of the 
reflections measured with the diffractometer showed 
that 40% of the hOl reflections with h + l odd have 
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Table 1. Crystals data and summary of the data collection and structure refinement results 

R A C  O A 7 2  O A 8 9  
Formula  C~, H,4C1N2S ÷ .C7HvO3S C it H ~4CIN2S + .CTHTO3S - C ll H 14CIN2S ÷ .CTHTO3S- 
Formula  weight 412.94 412.94 412.94 
Radiation Cu Ka (A = 1.54184 ,~) Cu Ka (A = 1.54184/~) Cu Ka (A = 1.54184 ,~,) 
Temperature (K) 122.0 (5) 122.0 (5) 122.0 (5) 
Space group P2 fln P2~ P2~ 
a (A) 8.5016 (10) 8.533 (3) 8.583 (3) 
b (,~) 8.2803 (11) 8.2238 (9) 8.190 (3) 
c (tt 0 27.447 (3) 27.477 (12) 27.479 (6) 
13 (°) 96.478 (9) 96.13 (3) 95.70 (2) 
V(/~ 3) 1919.8 (4) 1917.1 (11) 1922.1 (11) 
Z 4 4 4 
F(000) 864 864 864 
Crystal size (mm) 0.10 × 0.16 x 0.42 0.05 x 0.12 × 0.40 0.03 x 0.13 x 0.38 
Dx (g cm-  3) 1.429 1.431 ! .427 
/~ (Cu Ka)  (mm-~) 3.973 3.979 3.969 
Reflections used in determination 22 16 15 

of  cell parameters 
0 range (°) 38.42--42.74 28.78-34.19 21.15-40.66 
Scan type to-20 w--20 w--2O 
(sin 0a h),,,~ (A t) 0.626 0.627 0.626 
Standard reflections 110, 2IT, 114 020, ! 14, 00g 020, 002, 114 
Maximum variation of  intensity 7 (applied) 4 (not applied) 8 (applied) 

control reflections (%) 
Range of  h 0-10 0-10 0-10 
Range of  k 0-10 0-10 - 10-9 
Range of  I - 34--34 - 34-34 - 34-34 
Ri,, 0.0115 0.0222 0.0274 
Transmission factor range 0.381--0.695 0.320-0.822 0.537-0.888 
Number  of  measured reflections, 4624 4637 5211 

including standard reflections 
Number  of  independent reflections 3960 4240 4429 
Number of  observed reflections 3831 3631 4109 

[I > 2tr(l)] 
w ' (P = Fo 2 + 2F¢2)/3 cr2(Fo 2) + (0.0314P) 2 + 3.8660P tr2(F,, 2) + (0.0766P) 2 tr2(Fo 2) + (0.0810P) 2 + 0.9017P 
Number of  variables 254 479 479 
R for F >  4~(F) 0.0501 0.0595 0.0474 
wR2 for all F 2 data  0.1272 0.1477 0.1317 
S for all F 2 data  1.216 1.053 1.033 
Max. shift/e.s.d. - 0.001 - 0.001 - 0.001 
Max., min. Ap (e ,~-3) 0.71, -0 .68  0.46, - 1.01 0.40, - 0 . 4 6  
Absolute structure parameter,  x - -  0.01 (3) -0 .01  (2) 

intensities less than 3or(I). The space group of the 
optically active crystals was determined to be P21 
with two independent salt pairs related by pseudo- 
inversion symmetry. 

The data collections for the three salts (RAC, 
OA72 and OA89) were performed with a CAD-4 
diffractometer. CuKa radiation (A=l .54184A)  
obtained from a graphite monochromator was used. 
The crystals were cooled with an Enraf-Nonius gas- 
flow low-temperature device. The temperature, 
122 K, was monitored with a thermocouple placed a 
few centimetres above the crystal in the exhaust pipe. 
It remained constant within 1 K during the experi- 
ments. The different experimental conditions with a 
summary information of the data reduction and 
refinement results are presented in Table 1. An 
analysis of reflection profiles provided the basis for 
the selection of the scan mode and scan interval for 
the data collection. The intensities of three standard 
reflections were measured every 10000s. The 
orientation of the crystal was checked after every 300 
reflections. The reflections used for intensity control 
showed systematic variations for RAC and OA89. In 

the data reduction performed with the DREADD 
data reduction package (Blessing, 1987), corrections 
were made for these variations, Lorentz, polari- 
zation, background and absorption effects. Reflec- 
tions related by the symmetry of the crystal class 
were averaged. 

The structures were solved by direct methods using 
SHELXS86 (Sheldrick, 1990) and refined by full- 
matrix least squares, minimizing Zw(IFo21- I/7.21) 2 
using SHELXL93 (Sheldrick, 1995). Scattering 
factors were taken from International Tables for 
Crystallography (1992, Vol. C) and used as contained 
in the program. After anisotropic displacement 
parameters were introduced, the corresponding 
difference Fourier map showed disorder of the C1 
atom in the racemic salt and in one of the cations 
(labelled B) of the optically active salts. The disorder 
can be described as the presence of two cations of 
opposite absolute configuration and a different con- 
formation at the same site. This arrangement will 
lead to two different positions of the C1 atom (C1B) 
and the C atom (C6B) to which the chlorine is 
bonded. The population parameters of the CI atoms 
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were included in the refinements with the constraint 
that their sum should be 1.00. The two positions of 
the C atom (C6B) to which the C1 is bonded could 
not be resolved in the optically active crystals OA72 
and OA89, although the large displacement param- 
eters of this atom indicate disorder. In the racemic 
structure RAC, it was possible to describe the two 
positions of C6B. The two atoms C61B and C62B 
were given the same population parameters as the CI 
atoms to which they are attached. 

The refined population parameters can be found in 
Tables 2 and 3. The difference Fourier maps showed 
the positions of some of the H atoms. Due to the 
limited resolution of the data, the positions of the H 
atoms, except those bonded to the disordered asym- 
metric C6 atom in OA72 and OA89, were generated 
according to geometrical and difference electron- 
density considerations using fixed isotropic dis- 
placement parameters. The highest peaks in the final 
difference Fourier maps were found close to the S 
atoms. For the optically active crystals, the polar 
axis restraints were applied according to the method 
of Flack & Schwarzenbach (1988) and the absolute 
configuration was established by refinement of the 
absolute structure parameter x (Flack, 1983). The 
final value was 0.01 (3) for OA72 and -0.01 (2) for 
OA89. The structure of OA72 is virtually identical to 
the structure of the more optically pure salt, OA89; 
therefore, we have chosen to deposit the structural 
information on OA72. The final fractional coordi- 
nates for RAC and OA89 are listed in Tables 2 and 
3.* An inversion twin refinement was performed to 
check whether the disorder in the optically active salt 
could be due to twinning, but it resulted in higher 
R-values. 

Table 2. Atomic coordinates and equivalent &otropic 
displacement parameters (A:) for RAC 

U~q = (1/3)2;----j Uijai*aj*ai.aj. 
x y z Ueq 

SA 0.28536 (7) 0.49750 (8) 0.56598 (2) 0.0225 (2) 
O1A 0.2947 (2) 0.3289 (2) 0.55113 (8) 0.0325 (5) 
O2A 0.4262 (2) 0.5537 (3) 0.59560 (8) 0.0340 (5) 
O3A 0.2376 (2) 0.6026 (3) 0.52432 (8) 0.0360 (5) 
CIA 0.1268 (3) 0.5058 (3) 0.60249 (9) 0.0209 (5) 
C2A -0.0221 (3) 0.4521 (3) 0.58303 (10) 0.0248 (5) 
C3A -0.1473 (3) 0.4607 (4) 0.61137 (10) 0.0271 (6) 
C4A -0.1264 (3) 0.5239 (3) 0.65882 (10) 0.0274 (6) 
C5A 0.0236 (4) 0.5767 (4) 0.67715 (10) 0.0305 (6) 
C6A 0.1503 (3) 0.5676 (4) 0.64944 (10) 0.0285 (6) 
C7A -0.2609 (4) 0.5344 (4) 0.68980 (12) 0.0392 (7) 
SB 0.84959 (9) 0.03886 (9) 0.53083 (3) 0.0353 (2) 
C11B[0.821 (3)]* 0.58919 (11) 0.15821 (13) 0.66678 (4) 0.0390 (3) 
C12B[0.179 (3)]* 0.6496 (6) 0.0350 (8) 0.6754 (2) 0.055 (2) 
N2B 0.6057 (3) -0.0388 (3) 0.57318 (9) 0.0251 (5) 
NI5B 0.5848 (3) 0.2081 (3) 0.53110 (8) 0.0273 (5) 
CIB 0.6597 (3) 0.0763 (3) 0.54625 (10) 0.0247 (5) 
C3B 0.7192 (4) -0.1676 (4) 0.58958 (14) 0.0401 (8) 
C4B 0.8481 (4) -0.1630 (4) 0.55584 (12) 0.0339 (7) 
C5B 0.4537 (3) -0.0353 (3) 0.59331 (10) 0.0254 (6) 
C61B[0.821 (3)]* 0.4691 (5) -0.0190 (6) 0.64878 (14) 0.0283 (8) 
C62B[0.179 (3)]* 0.466 (2) 0.062 (2) 0.6388 (6) 0.020 (3) 
C7B 0.3157 (4) -0.0021 (4) 0.66983 (11) 0.0361 (7) 
C8B 0.1879 (4) 0.0894 (4) 0.64834 (12) 0.0368 (7) 
C9B 0.0486 (4) 0.0950 (4) 0.67020 (14) 0.0428 (8) 
CIOB 0.0375 (4) 0.0140 (5) 0.71329 (13) 0.0454 (9) 
CIIB 0.1631 (5) -0.0754 (5) 0.73502 (12) 0.0488 (9) 
CI2B 0.3022 (4) -0.0842 (4) 0.71325 (12) 0.0423 (8) 

* Populat ion parameters different from 1.0 are given in square 
brackets. 

the atoms in the chiral cation. The ordered CID atom 
is related by this pseudosymmetry to the less 
populated C1 position in molecule B. This pseudo- 
symmetry makes the crystal packing almost identical 
to that in the racemic salt and explains why the hOl 
reflections are systematically weak for h + l = 2n + 1. 

Results and discussion 

The structure determinations revealed great similari- 
ties between the crystal structures of the racemic and 
the optically active salt. The racemic salt has one ion 
pair in the asymmetric unit in the space group P21/n. 
The optically active salts crystallize in the space 
group P21, a subgroup of P2~/n with two ion pairs in 
the asymmetric unit which are related by pseudo- 
inversion symmetry. Summing the x, y and z coordi- 
nates of the equivalent atoms in the anion gave 
values of 0.49, 1 and 0.50. This shows that the 
equivalent anions are almost related by a pseudo- 
inversion center close to 0.25, 0.5 and 0.25. It is 
surprising that the same relationship relates most of 

* Lists of  structure factors, anisotropic displacement param- 
eters, H-a tom parameters,  complete geometry and selected torsion 
angles for OA72 have been deposited at the IUCr  (Reference: 
AB0324). Copies may be obtained through The Managing Editor, 
International  Union of  Crystal lography,  5 Abbey Square, Chester 
CH1 2HU, England. 

Descriptions of the cations 

Table 4 illustrates the geometry of the cation. 
Disorder is observed for the cation in the racemate 
and for one of the cations in the optically active 
salts. The most disordered fragment of these mol- 
ecules is the asymmetric C atom and the C1 attached 
to it. The Cl atom could be resolved in two positions 
in all three structures, whereas the two positions of 
the asymmetric C atom could be resolved only in the 
racemate. However, the rather large displacement 
parameters for the other atoms bonded to the chiral 
C atom indicate that they may also be slightly dis- 
ordered. The disorder of the cation in the racemate 
corresponds to the presence of both enantiomers at 
each site in the ratio 0.821 (3):0.179 (3), but as the 
racemate crystallizes in the centrosymmetric space 
group P2~/n, this still leads to a racemic crystal. The 
two enantiomers are not mirror images of each 
other, since they differ in their relative conformation 
(Table 4). The torsion angles N2B--C5B--C61B-- 
CllB [54.5 (3) °] and C8B--C7B--C61B--CI1B 
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Table 3. Atomic coordinates and equivalent isotropic 
displacement parameters (/~2) for OA 89 

Ueq = (1/3)Z,~ j  Uqa,*aj*a,.aj. 

x y z U~q 
SA 0.02638 (11) 0.49480 (13) 0.31514 (3) 0.0226 (2) 
OIA 0.0352 (4) 0.3238 (4) 0.30031 (12) 0.0324 (8) 
O2A 0.1640 (3) 0.5478 (5) 0.34548 (12) 0.0349 (8) 
O3A -0.0151 (4) 0.6015 (5) 0.27341 (12) 0.0374 (9) 
C1A -0.1342 (4) 0.5037 (5) 0.35073 (14) 0.0208 (8) 
C2A -0.2783 (5) 0.4397 (6) 0.3317 (2) 0.0249 (9) 
C3A -0.4035 (5) 0.4427 (6) 0.3596 (2) 0.0278 (10) 
C4A -0.3906 (5) 0.5122 (6) 0.40631 (14) 0.0272 (9) 
C5A -0.2467 (5) 0.5769 (7) 0.4238 (2) 0.0318 (! 1) 
C6A - 0. I 176 (5) 0.5729 (6) 0.3966 (2) 0.0286 (! 0) 
C7A -0.5266 (6) 0.5114 (9) 0.4363 (2) 0.0408 (13) 
SC 0.45920 (11) 0.50578 (13) 0.18390 (3) 0.0221 (2) 
OIC 0.4511 (4) 0.6750 (4) 0.19985 (12) 0.0319 (7) 
O2C 0.3203 (4) 0.4533 (5) 0.15403 (12) 0.0336 (8) 
O3C 0.5025 (4) 0.3950 (5) 0.22460 (12) 0.0367 (9) 
C1C 0.6179 (4) 0.4991 (5) 0.14759 (14) 0.0204 (8) 
C2C 0.7651 (5) 0.5506 (6) 0.16687 (14) 0.0223 (8) 
C3C 0.8909 (5) 0.5422 (6) 0.1387 (2) 0.0254 (9) 
C4C 0.8709 (5) 0.4801 (6) 0.0913 (2) 0.0260 (9) 
C5C 0.7231 (5) 0.4276 (6) 0.0729 (2) 0.0287 (10) 
C6C 0.5964 (5) 0.4366 (6) 0.1006 (2) 0.0266 (9) 
C7C 1.0072 (5) 0.4685 (7) 0.0604 (2) 0.0349 (11) 
SB 0.58081 (13) 0.0318 (2) 0.26978 (5) 0.0348 (3) 
CIIB~0.112 (7)]* 0.348 (2) 0.148 (3) 0.4203 (7) 0.074 (10) 
C12BI0.888 (7)]* 0.4054 (2) 0.0251 (3) 0.42537 (5) 0.0492 (7) 
N2B 0.3552 (4) -0.0483 (5) 0.31979 (13) 0.0262 (8) 
NI5B 0.3226 (4) 0.2033 (5) 0.27916 (13) 0.0250 (8) 
CIB 0.4001 (5) 0.0672 (5) 0.29142 (14) 0.0219 (8) 
C3B 0.4534 (6) -0.1954 (7) 0.3234 (2) 0.0457 (14) 
C4B 0.6076 (5) - 0.1525 (8) 0.3062 (2) 0.0362 (11) 
C5B 0.2102 (5) -0.0440 (6) 0.34415 (14) 0.0243 (9) 
C6B 0.2231 (5) 0.0649 (8) 0.3897 (2) 0.0358 (12) 
C7B 0.0831 (5) 0.0347 (7) 0.4186 (2) 0.0305 (10) 
C8B -0.0550 (6) 0.1113 (7) 0.4021 (2) 0.0403 (12) 
C9B -0.1877 (7) 0.0937 (8) 0.4264 (2) 0.048 (2) 
CIOB -0.1819 (7) -0.0035 (9) 0.4679 (2) 0.048 (2) 
Cl lB -0.0473 (7) -0.0837 (8) 0.4839 (2) 0.0454 (14) 
CI2B 0.0870 (6) -0.0647 (7) 0.4597 (2) 0.0390 (12) 
SD -0.10257 (13) 0.9643 (2) 0.21639 (4) 0.0304 (3) 
CID 0.16192 (14) 0.8484 (2) 0.08101 (4) 0.0400 (3) 
N2D 0.1415 (5) 1.0412 (5) 0.17417 (12) 0.0238 (7) 
NI5D 0.1594 (4) 0.7937 (5) 0.21763 (13) 0.0256 (8) 
f i B  0.0866 (5) 0.9250 (6) 0.20125 (14) 0.0223 (8) 
C3D 0.0287 (5) 1.1683 (6) 0.1574 (2) 0.0281 (9) 
C4D -0.0975 (5) 1.1704 (6) 0.1922 (2) 0.0311 (10) 
C5D 0.2953 (5) 1.0367 (6) 0.15530 (14) 0.0233 (8) 
C6D 0.2834 (5) 1.0257 (6) 0.09971 (14) 0.0280 (9) 
C7D 0.4377 (5) 1.0128 (6) 0.07885 (14) 0.0265 (9) 
C8D 0.5605 (6) 0.9203 (6) 0.1017 (2) 0.0322 (10) 
C9D 0.6995 (6) 0.9116 (7) 0.0804 (2) 0.0341 (11) 
CIOD 0.7166 (6) 0.9888 (7) 0.0364 (2) 0.0363 (1 I) 
CI IO 0.5950 (6) 1.0771 (7) 0.0135 (2) 0.0371 (12) 
Cl2O 0.4541 (6) !.0900 (7) 0.0351 (2) 0.0318 (10) 

* Populat ion parameters different from 1.0 are given in square 
brackets. 

cation displays a disorder similar to that observed in 
the salt of the racemate. 

The Newman projections in Fig. 2 and the torsion 
angles in Table 4 illustrate how the disorder arises 
from the presence of the cation in different con- 
figurations and conformations at the same site. In 
the RAC structure, the molecular geometry of the 
more populated conformational isomer of the cation 
with C61B and CllB is identical to cation D or its 
mirror image in the optically active salt. The cation 
in the racemate containing the less populated atoms 
C62B and C12B has a conformation almost identical 
to the more populated [0.888 (7)] isomer of cation B 
in the optically active salt. 

In the optically active salt OA89, a cation with the 
absolute configuration R is found at site D, 0.888 (7) 
of the cations located at B also have the absolute 

N15 

Fig. 1. ORTEPII  (Johnson, 1976) drawings showing the 
numbering scheme and the relative orientation of  the two 
enantiomers in the cation of  racemic 3-(2'-chloro-2'-phenyl- 
ethyl)-2-thiazolidiniminium p-toluenesulfonate.  The thermal 
ellipsoids are scaled to include 50% probability, H atoms are 
drawn as spheres with fixed radius. 

RAC OA 89 

CBB C8D 

 cTB I c,o 
" ~  "'CI2B 

C12B C12D 

[82.1 (4) °] are numerically different from the equiva- 
lent angles calculated for the other enantiomer that 
contains C62B and CI2B; the equivalent angles are 

- 38.3 (13) and 154.3 (8) °, respectively. 
Fig. 1 shows the relative orientation of the two 

enantiomers in the crystal. By adopting different 
conformations, the ring systems of the enantiomers 
are in identical positions. The optically active salts 
have one ordered cation (labelled D) with the 
absolute configuration R. The other independent 

C8B C8B 

Cl2B C12B 

CI1B 

Fig. 2. Newman projections along the C7- -C6  bonds of  the 
3-(2'-chloro-2'-phenylethyl)-2-thiazolidiniminium cations in 
RAC and OA89. 
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Table 4. Bond distances (A), and bond and selected torsion angles (°) in the different 3-(2'-chloro- 
2"-phenylethyl)-2-thiazolidiniminium cations 

R A C  O A 8 9  
SB---CIB 1.742 (3) SB---CIB 1.740 (4) 
SB----C4B 1.808 (3) SB---C4B 1.813 (6) 
CIIB---C61B 1.824 (5) CIIB---C6B 1.464 (14) 
CI2B---C62B 1.77 (2) CI2B---C6B 1.793 (5) 
N2B---CI B 1.320 (3) N2B---CI B 1.307 (6) 
N2B----C3B 1.474 (4) N2B---C3B 1.468 (6) 
N2B--C5B !.462 (3) N2B-----C5B 1.471 (5) 
N 15 B---C I B 1.308 (4) N 15B--C 1B 1.325 (6) 
C3B----C4B 1.5 i 3 (4) C3B--C4B 1.490 (7) 
C5B--C62B 1.48 (2) C5B---C6B 1.531 (6) 
C5B----C61B !.519 (5) 
C61B-----C7B 1.491 (5) C6B--C7B ! .525 (6) 
C62B--C7B 1.70 (2) 
C7B--C8B 1.399 (5) CTB----C8B i.378 (7) 
C7B----C 12B 1.388 (5) C7 B---C 12B 1.390 (7) 
C8B---C9B 1.388 (4) C8B---C9B 1.384 (7) 
C9B---CIOB 1.372 (5) C9B---CIOB 1.387 (8) 
CI0B---CI IB 1.378 (6) CIOB-----CI 1B 1.363 (9) 
CI IB---CI2B 1.386 (5) CI IB----CI2B !.395 (7) 

CIB--SB--C4B 91.47 (13) CIB--SB---C4B 91.1 (2) 
CIB--N2B---C3B 115.9 (2) CIB--N2B---C3B 115.6 (4) 
C! B--N2B---C5B 125. I (2) C 1B--N2B---C5B 124.5 (4) 
C3B--N2B---C5B 118.3 (2) C3B--N2B--C5B i 19.7 (4) 
Ni5B---C1B---N2B 126.3 (2) NI5B---CIB--N2B 126.2 (4) 
NI5B-- -CIB--SB 120.2 (2) N15B---CIB--SB 119.7 (3) 
N2B--CIB--SB i 13.5 (2) N2B-----CIB--SB 114.1 (3) 
N2B---C3B--C4B 106.8 (2) N2B--C3 B---C4B 107.9 (4) 
C3B--C4B--SB 107.0 (2) C3B--C4B--SB 107.6 (3) 
N2B--C5B--C62B 110.2 (6) N2B-----C5B--C6B 113.0 (4) 
N2B----C5B---C61B 113.6 (3) 
C5B----C61B---CTB i 14.6 (3) C5B---C6B---C7B 109.5 (4) 
C5B----C62B---C7 B 105.2 (9) 
C5B---C61B---CI 1B 109.0 (3) C5B---C6B--CIi B i 36.9 (7) 
C5B---C62B---CI2B 112.6 (10) C5B---C6B--CI2B 109.2 (4) 
C7B---C61B--CI 1B 107.9 (3) C7B---C6B----C! 1B i 10.3 (6) 
C7B--C62B---CI2B 109.8 (! 1 ) C7B---C6B---C12B 112.1 (3) 
C8 B---C7B---C 12B ! 19.4 (3) C8B---C7B---C 12B 119.0 (4) 
C8B--C7B----C61B 124.0 (3) C8B---C7B----C6B i 16.8 (4) 
C8B----CTB----C62B 102.2 (7) 
CI2B---C7B---C61B 116.6 (3) CI2B---C7B----C6B 124.2 (5) 
C 12B---C7B---C62B 136.3 (7) 
CTB----C8B---C9B 119.8 (3) C7B----C8B--C9B 12 I. 1 (5) 
C7B---C12B----Ci IB 120.1 (3) C7B----Ci2B---C11B 119.9 (5) 
C8B---C9B---CIOB 120.1 (3) C8B--C9B---CIOB 119.5 (5) 
C9B---CIOB---Ci IB 120.7 (3) C9B---CIOB---CI IB 120.1 (5) 
CIOB--CI  I B---C12B 119.9 (3) C10B--C1 IB---CI2B 120.4 (5) 

C8B----C7B--C61B--C5B - 39.4 (5) C8B---C7B---C6B---C5B - 80.2 (6) 
C8B----C7B---C62B---C5B - 84.2 (10) 
C7B---C61B----C5B--N2B 175.4 (3) C7B----C6B---C5B--N2B - 168.0 (4) 
C7B---C62B---C5B--N2B - 158.0 (6) 
C61B---C5B--N2B---CIB - 111.2 (4) C6B----C5B--N2B--CIB -78.1 (6) 
C62B---C5B--N2B---CIB -81.1 (9) 
CIB--N2B----C3B----C4B - 20.1 (4) CIB--N2B----C3B---C4B 18.2 (7) 
N2B----C3B---C4B--SB 23.9 (3) N2B----C3B----C4B--SB - 19.7 (6) 
C3B--C4B--SB--CIB - 18.5 (3) C3B---C4B--SB--CIB 14.0 (4) 
C4B--SB-----C I B--N2B 7.9 (2) C4B- -SB- -C  1B--N2B - 4.3 (4) 
SB---CIB--N2B---C3B 6.2 (3) SB----C1B--N2B----C3B - 7.5 (6) 
N2B---C5B---C61B----CI1B 54.5 (3) N2B----C5B----C6B----4SI 1B - 12 (2) 
N2B---C5B--C62B----CI2B - 38.3 (13) N2B--C5B----C6B---CI2B - 44.9 (5) 
C8B----C7B----C61B----CI 1B 82.1 (4) C8B----CTB---C6B---CI 1B 117 (2) 
C8B---C7B----C62B----CI2B 154.3 (8) C8B----C7B---C6B---CI2B 158.5 (4) 
CI2B----C7B---C61B----CIIB -98 .3  (4) CI2B---C7B---C6B---CIlB - 6 3  (2) 
CI2B---C7B----C62B---C12B - 8 (2) CI2B---C7B---C6B----C12B - 21.8 (7) 

OA89 
SD--C!  D 1.746 (4) 
SD---C4D 1.816 (5) 
CID---C6D 1.831 (5) 

N2D----C 1D 
N2D---C3D 
N2D---C5D 
N I 5 D - - C I D  
C3D---C4D 
C5D---C6D 

C6/)---C7D 

C7D----C 12D 
C7D---C8D 
C8 D----C9 D 
C9D---CI0D 
C 10D---C 11D 
CI 1D---C 12D 

.323 (6) 

.465 (5) 

.466 (5) 

.301 (6) 

.515 (6) 

.523 (5) 

1.498 (5) 

1.378 (6) 
1.395 (7) 
1.381 (6) 
1.386 (7) 
1.370 (8) 
1.402 (6) 

C 1D---SD---C4D 91.6 (2) 
CID--N2D----C3D 115.3 (3) 
C 1D---N2D----C5D 124.4 (4) 
C3D--N2D---C5D I i9.8 (3) 
N 15D--CI D- -N2D 127.1 (4) 
NI 5D---Ci D---SD 119.7 (3) 
N2D---C1D---SD 113.1 (3) 
N2D--C3D---C4D 107.5 (3) 
C3D---C4D---SD 105.4 (3) 
N2D---C5D---C6D ! 12.5 (3) 

C5D---C6D----C7D 114.4 (3) 

C5D---C6D--CID 107.9 (3) 

C7D--C6D---CID ! 09.7 (3) 

C8D--C7D----C i 2D 120.2 (4) 
C8D---C7D----C6D 121.6 (4) 

CI2D---C7D---C6D i 18.2 (4) 

C7D---C8D----C9D 118.9 (4) 
C7D---CI2D---CI 1D 120.1 (5) 
C8D---C9D---CI 0D 121.1 (5) 
C9D---C10D----CI ID 119.9 (4) 
C10D----Ci 1D---CI2D ! 19.7 (4) 

C8D---CTD---C6D----C5D 38.4 (7) 

C7D---C6D----C5D---N2D - 177.2 (4) 

C6D----C5D--N2D---C 1D 114.3 (5) 

C 1D---N2D--C3D--C4D 23.3 (5) 
N2D---C3D----C4D---SD - 27.4 (4) 
C3D---C4D---SD--C 1D 21.0 (3) 
C4D--SD----C1D--N2D - 9.1 (3) 
SD---C1D---N2D----C3D - 7.0 (5) 
N2D---C5D---C6D---CID - 54.8 (5) 

C8D---C7D----C6D---C1D - 83.1 (5) 

C 12D---C7 D--C6D----CID 94.5 (5) 

configuration R. From this we calculate the ratio of 
the enantiomers in the crystal to be 0.944(7)/ 
0.056 (7). As illustrated by the diagrams in Fig. 2, the 
less populated CI1B atom corresponds to a cation 
with S absolute configuration and a conformation 

that is twisted by ca 30-40 ° relative to the more 
abundant geometry. Despite this apparently large 
variation of the configuration and conformation of 
the cation, they lead to the same relative positions of 
the five- and six-membered rings. 
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Table 5. Bond distances (A), and bond and selected torsion angles 

R A C  
SA--O2A 
SA---O3A 
SA- -OIA 
SA----CIA 
CIA---C6A 
C 1A---C2A 
C2A---C3A 
C3A--C4A 
C4A---C5A 
C4A---C7A 
C5A---C6A 

OA89  
1.446 (2) SA---O2A 1.443 (3) 
1.458 (2) SA---O3A 1.458 (3) 
.459 (2) SA----O1A !.463 (4) 
.769 (3) SA---C1A !.769 (4) 
.380 (4) CIA--C6A 1.376 (6) 
.390 (4) CIA---C2A 1.396 (6) 
.389 (4) C2A---C3A 1.381 (6) 
.397 (4) C3A--C4A i.398 (6) 
.388 (4) C4A--C5A 1.386 (6) 

1.502 (4) C4A---C7A 1.494 (5) 
1.389 (4) C5A--C6A 1.398 (6) 

02A--SA---O3A ! 12.85 (13) 02A--SA---O3A 113.3 (2) 
02A--SA---OIA 113.38 (13) 02A--SA----OIA 112.8 (2) 
0 3 A - - S A - - O I A  111.80 (14) 03A--SA---OIA 111.7 (2) 
O2A--SA----C I A 107.73 (I 3) O2A--SA--C I A 107.8 (2) 
03A--SA----CIA 104.98 (12) 03A--SA---CIA 105.5 (2) 
O1A--SA----C1A 105.34 (12) OIA--SA----CIA 105.0 (2) 
C6A---C 1A--C2A 120.4 (2) C6A--C 1A---C2A 120.3 (4) 
C6A---CIA--SA 120.3 (2) C6A---CIA--SA 120.5 (3) 
C2A---CIA--SA 119.3 (2) C2A---CIA--SA 119.2 (3) 
C3A---C2A---CIA 119.4 (2) C3A---C2A---CIA 119.7 (4) 
C2A--C3A--C4A 121.1 (3) C2A---C3A----C4A 121.4 (4) 
C5A---C4A---C3A 118.1 (2) C5A----C4A---C3A 117.5 (4) 
C5A---C4A---C7A 120.2 (3) C5A--C4A----C7A 121.9 (4) 
C3A-----C4A--C7A 121.7 (3) C3A---C4A----C7A 120.6 (4) 
C4A---C5A--C6A 121.5 (3) C4A--C5A--C6A 122.1 (4) 
CIA---C6A---C5A 119.5 (3) C1A---C6A----C5A 119.0 (4) 

O1A--SA----CIA--C2A - 56.3 (2) OIA--SA--CIA-----C2A - 51.8 (4) 

(o) & the different p-toluenesulfonate anions 

OA89  
SC--02C !.444 (3) 
SC---OI C 1.457 (4) 
SC---03C 1.459 (3) 
SC--CI C 1.768 (4) 
C1C--C6C 1.385 (6) 
Ci C---C2C i.386 (5) 
C2C--C3C 1.391 (5) 
C3 C----C4C 1.392 (6) 
C4C---C5C 1.387 (6) 
C4C----C7C !.516 (5) 
C5C---C6C 1.389 (6) 

02C--SC----OIC i13.1 (2) 
02C--SC----03C 112.6 (2) 
O I C - - S C - - 0 3 C  112.1 (2) 
O2C--SC----C i C 108.0 (2) 
0 ! C--SC---C I C ! 05.2 (2) 
O3C--SC--C 1C 105.1 (2) 
C6C----CI C----C2C 120. I (4) 
C6C---CIC--SC 119.9 (3) 
C2C--CI C--SC 119.9 (3) 
C I C----C2C---C3C 120.0 (4) 
C2C--C3 C---C4C 120.5 (4) 
C5C---C4C---C3C 118.5 (4) 
C5C----C4C----C7C 120.3 (4) 
C3C----C4C---C7C 121.2 (4) 
C4C---C5C--C6C 12 ! .4 (4) 
C 1 C----C6C---C5 C 119.4 (4) 

OIC--SC---C1C---C2C 56.1 (4) 

The most reliable picture of the molecular geom- 
etry of the cation is obtained by inspection of the 
bond lengths and angles for cation D (Table 4) in the 
optically active salt, as this is the only cation not 
affected by disorder. Within experimental error, the 
more populated cation at site B has similar bond 
lengths and angles. 

The difference between the two C--S distances 
reflects the sp 2 and sp 3 character of the C1 and C4 
atoms, respectively. The C 1D--N 15D and 
C1D---N2D distances are very short and equal in 
magnitude, 1.301 (6) and 1.323 (6)/k, respectively. 
The similarity in the C - - N  bond lengths and the 
almost planar arrangement of the S, C1, N15, N2 
moiety are consistent with the two equally important 
resonance formula shown below. The remaining part 
of the thiazolidine ring is puckered, as illustrated by 
the torsion angles C1D---N2/)- -C3D--C4D = 
23.3 (5) and N 2 D - - C 3 D - - - C 4 D - - S D  = - 2 7 . 4  (4) °. 

II I 
s~C~N - s~C%N - 
\ / \ / 
H2C--CH2 H2C--CH2 

Description of the anion 

Almost exact inversion symmetry relates the two 
p-toluenesulfonate ions in the optically active salt; as 

shown in Table 5, the two O1--S---C1---C2 torsion 
angles differ by only 4.3 (4) ° . Within experimental 
error, the values are identical to the anion in the 
racemic salt. The numbering scheme and conforma- 
tion of the anion are illustrated in Fig. 3. Small 
variations in the S--O distances are caused by 
hydrogen bonding (Table 5). 02,  which is not 
involved in any hydrogen bonds, has the shortest 
S---O2 distance, 1.446 (2)/k. 

Comparison of the crystal packing 

The similarities between the unit-cell dimensions 
(Table 1) for 3-(2'-chloro-2'-phenylethyl)-2-thiazo- 
lidiniminium p-toluenesulfonate of different optical 

O2 

03 

01 

Fig. 3. ORTEPII (Johnson, 1976) drawings showing the molecular 
geometry and numbering scheme of the p-toluenesulfonate 
anion. The thermal ellipsoids are scaled to include 50% 
probability; H atoms are drawn as spheres with fixed radius. 
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Table 6 Hydrogen bonds D---H...A in the different 
3-(2'-chloro-2'-phenylethyl)-2-thiazolidiniminium p- 

toluenesulf onate 

D...A (A) D---H...A (o) H...A (~,) 
R A C  
NI5B--HINB...OIA 2.773 (3) 163.48 (9) 1.918 (3) 
NI5B--H2NB...O3A' 2.751 (3) 168.10 (9) 1.884 (3) 

OA89 
N15B--HINB...OIA 2.771 (5) 161.0 (2) 1.924 (5) 
NI5B--H2NB...03C 2.749 (5) 162.78 (14) 1.896 (5) 
NI5D--HIND-..OIC 2.774 (5) 164.6 (2) 1.916 (5) 
N15D---H2ND...O3A 2.743 (5) 170.3 (2) 1.872 (5) 

Symmetry code: (i) 1 - x, 1 - y, 1 - z. 

purity have their origin in an almost identical pack- 
ing of the racemic and the optically active salts. 

The crystal packing is dominated by the hydrogen 
bonds that link the cations and anions. As shown in 
Table 6, the two protons of the iminium group 
hydrogen bond to two different p-toluenesulfonate 
ions. In the racemate, the two anions are related by a 
crystallographic inversion center, in the optically 
active salt the two independent anions are related by 
the pseudoinversion center. The hydrogen bonds 
connect two cations and two anions to form 12- 
membered rings. The stereo pairs in Figs. 4 and 5 
illustrate the packing in the racemic and optically 
active salts. At a first glance, the two packing dia- 
grams look identical. It requires careful inspection to 
see that they actually differ with respect to the 
position of the C1 atom. 

DSC measurements were carried out on samples 
of 3-(2'-chloro-2'-phenylethyl)-2-thiazolidiniminium 
p-toluenesulfonate of different optical purity. The 
DSC traces did not give any evidence for the exist- 
ence of an eutectic composition in the phase dia- 
gram, thus the compound forms a solid solution 
(Jacques, Collet & Wilen, 1981). The exact melting 
points could not be determined because the thermo- 
gravimetric measurement showed that the salt 
decomposes while melting; m.p. 464--466 K for [a]o 
= - 2 5 . 2  (c = 1, methanol), 467-470 K for race- 
mate. The optically active and racemic salts also 
had identical FT-IR spectra. The existence of 
3-(2'-chloro-2'-phenylethyl)-2-thiazolidiniminium p- 
toluenesulfonate as a solid solution that contains the 
enantiomers of the cation in all ratios is consistent 
with the observation that the optical purity does not 
increase by recrystallization. Although such a mixed 
crystalline system has been postulated and classified 
many years ago by Roozeboom (1891, 1899), very 
few systems have been characterized structurally. 
Carvoxime is an equivalent example. The structure 
was determined for a crystal with a composition 
close to racemic (Baert, Fouret, Oonk & Kroon, 
1978) and was compared with the structure of the 
racemate (Baert & Fouret, 1975; Oonk & Kroon, 
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1976) and the enantiomer (Kroon, van Gurp, Oonk, 
Baert & Fouret, 1976). 

Racemic carvoxime has an ordered structure and a 
maximum in the phase diagram corresponding to the 
racemic composition, which makes it a true 
racemate. Conversely, the racemate of 3-(2'-chloro- 
2'-phenylethyl)-2-thiazolidiniminium p-toluenesul- 
fonate has a disordered structure and displays no 
obvious maximum in the phase diagram, so it can be 
classified as a pseudoracemate. 

Comparison of crystal structures of racemates and 
enantiomers 

The virtually identical crystal packing of the 
racemic and enantiomeric salts subject to the present 
investigation raised the following question: Is it a 
rare incident or does it occur frequently? Pedone & 

Fig. 4. Stereopair (Johnson, 1976) illustrating the packing in 
RAC, seen along the a-axis. Hydrogen bonds are shown as thin 
lines. 

b.dk% 

-2 

d 

Fig. 5. Stereopair (Johnson, 1976) illustrating the packing in 
OA89, seen along the a-axis. The hydrogen bonds are shown as 
thin lines. Molecules labelled A and D are drawn with open 
bonds. 
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R E F C O D E  
ZEGGIB 
ZEGGEX 

BAGMUR 
BAGMOL 

COBDEC 
COBDEC 

BZPPBA 
EBPVPO 

CARVOX 
LCARVX 

PRCOUM 
PPRHCMf  

KUHLAA~ 
KUHLEE~ 

DLALNI 
LALNIN~f 

DLTYRS 
LTYROS~f 

MBABIQ 
MBABIQ 

FBPACR~' 
DFBPAC 

APALAM 
APHAMA~f 

CDBMPI 
BZMPIZf 

DLVALC 
VALEHC 

S T R U C T U R E S  W I T H  I D E N T I C A L  P A C K I N G  

Table 7. Pairs of  structures for a racemate and the corresponding enantiomer 

Crystal Space 
system group Z a (,~) b (/~) c (A) 

Triclinic P'I" 2 9.300 (2) 15.283 (3) 7.808 (1) 
Triclinic Pl 2 9.313 (3) 15.564 (5) 7.764 (2) 

Monoclinic P2Jn 4 15.824 (3) 12.704 (1) 9.559 (1) 
Monoclinic P2~ 4 16.036 (3) 12.606 (I) 9.634 (1) 

Monoclinic P2~/a 4 8.691 (10) 28.05 (2) 8.864 (7) 
Monoclinic P2~ 4 8.875 (7) 28.525 (10) 8.695 (5) 

Monoclinic P2/c 4 9.206 (3) 10.530 (4) 17.223 (5) 
Monoclinic P2~ 4 9.147 (3) 10.294 (3) 16.911 (4) 

Monoclinic P2flc 4 9.856 (3) I 1.848 (3) 8.480 (3) 
Monoclinic P2~ 4 10.24 (1) 1 !.67 (I) 8.54 (2) 

Monoclinic P2fln 4 11.407 (3) 18.005 (4) 7.177 (2) 
Monoclinic P2, 4 11.752 (2) 17.751 (5) 7.171 (I) 

Monoclinic P2/c 4 7.349 (1) 7.203 (2) 24.729 (4) 
Orthorhombic P2~2~2t 4 7.3342 (8) 7.3587 (4) 24.613 (6) 

Orthorhombic Pna2~ 4 12.06 (1) 6.05 (1) 5.82 (1) 
Orthorhombic P2~2~2~ 4 12.343 (1) 6.032 (1) 5.784 (I) 

Orthorhombic Pna2~ 4 20.8360 (8) 6.810 (2) 5.905 (1) 
Orthorhombic P2~2~2~ 4 21.116 (3) 6.913 (5) 5.829 (4) 

Orthorhombic Pna2j 4 8.571 (4) 30.754 (2) 5.957 (2) 
Orthorhombic P2~2t2~ 4 8.730 (5) 30.094 (4) 5.950 (2) 

Orthorhombic Pc2~n 4 5.95 (1) 7.66 (1) 19.25 (3) 
Monoclinic P2j 2 5.963 (5) 7.411 (6) 10.019 (9) 

Monoclinic P2fln 4 19.45 (4) 4.98 (1) 12.29 (2) 
Monoclinic P2t 2 11.531 (I) 4.966 (1) !1.695 (I) 

Monoclinic P2~/a 4 11.220 (6) 14.571 (6) 10.688 (7) 
Monoclinic P2j 2 5.889 (5) 14.251 (12) 10.789 (7) 

Moneclinic P2Jc 4 1 i.722 (4) 7.007 (3) 11.143 (4) 
Monoclinic P2~ 2 10.382 (2) 7.066 (1) 5.4407 (9) 

(°) P (°) ~, (°) 
96.61 (1) 101.25 (1) 111.12 (1) 
96.76 (2) 102.03 (3) I 11.80 (3) 

92.78 (2) 
94.44 (2) 

! 14.49 (7) 
I 15.59 (6) 

I11.89 (6) 
98.08 (4) 

98.95 (5) 
103.1 (1) 

95.30 (10) 
92.58 (2) 

91.27 (l) 

102.9 (I) 

91.92 (7) 
116.6 (I) 

99.38 (8) 
102.59 (6) 

120.53 
91.40 (2) 

* Hydrogen bonds observed in the structure; R the racemate is prepared by X-ray exposure. 
t The axes are permuted to show the similarities. 

Entitled Thioph6 in Brock, Schweitzer & Dunitz (1991). 

Hydrogen 
bonds* 

+R 
+R 

+R 
+R 

R 
R 

+ 
+ 

+ 
+ 

+ 
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Benedetti (1972) gave three examples of identical 
packing for a racemate and the corresponding 
enantiomer. Since no systematic structural compari- 
son has been performed previously for racemates and 
corresponding enantiomers, it was a natural exten- 
sion of the present investigation to perform such an 
analysis, making use of the information in the 
Cambridge Structural Database (CSD) (Allen, 
Kennard & Taylor, 1983). 

Brock, Schweitzer & Dunitz (1991) compared the 
density of racemic crystals with their chiral counter- 
parts, using extracted structural information from 
the CSD. They classified the structures into two 
groups, one which contains the enantiomers that 
readily racemize and the other with resolvable 
enantiomers. We have used the latter group of struc- 
tures as a basis for our investigations. From this 
group Brock, Schweitzer & Dunitz (1991) excluded 
entries lacking coordinates, crystallographic R-values 

larger than 0.15 and structures that were marked as 
suffering from errors of disorder. Thus, we may have 
excluded structures that resemble those of the 
present study. The resulting 64 structures were 
analysed for similarities between crystal structures of 
the racemate and the corresponding enantiomer. A 
comparison of the cell dimensions with special 
emphasis on unique axes was made first. Equivalent 
symmetry operations were also sought in the space 
groups for a racemate and the corresponding 
enantiomer. The overall packing was checked on a 
graphics system (Insight II, 1992). 

We found a large diversity in the relations between 
the structures of a racemate and the corresponding 
enantiomer ranging from identical to completely dif- 
ferent packing modes. According to the degree of 
similarity, the 14 pairs listed in Table 7 have been 
classified into three groups. For the first group, the 
racemate and the enantiomer have the same number 
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of molecules in the unit cells of almost identical 
dimensions. In these cases, the enantiomer structure 
has two independent molecules in the asymmetric 
unit that interact in a mode identical to that found in 
the racemate structure, just as observed for the com- 
pound we investigated. As shown in Table 7, an 
additional pseudoinversion center relates the two 
independent molecules in all six enantiomeric struc- 
tures. It must be noted that half the examples in this 
group are structures where the racemate is formed by 
a photochemically induced solid-state reaction of 
cobaloxime complexes. One cannot exclude that this 
could favor the formation of a metastable form of 
the racemate. The packing in the other structures in 
this group is strongly influenced by hydrogen bonds. 

The unit-cell dimensions are also very similar in 
the second group of structures, which contains four 
racemate/enantiomer pairs. All the structures have 
one independent molecule per asymmetric unit. 
Three of the racemate/enantiomer pairs crystallize in 
the space groups Pna21 and P212~21. The relative 
positions of the symmetry elements are the same in 
these two space groups. Both the racemate and the 
enantiomer structures contain layers of identical 
chirality and differ only in their interlayer inter- 
actions. 

The last group consists of four pairs of structures 
in which two of the lattice periods are identical for 
the racemate and the enantiomer. In the third direc- 
tion, the axis of the enantioner is half that of the 
racemate. All the enantiomeric structures in this 
group crystallize in the space group P21. The relative 
position of the two molecules of identical chirality in 
the enantiomeric structure is preserved in the struc- 
ture of the racemate. The racemate/enantiomer struc- 
tures differ only in the direction where the 
enantiomer is half the size of the racemate. In this 
direction, the molecules are related by translational 
symmetry in the structure of the enantiomer and by 
the symmetry of a glide plane (inversion center) in 
the racemate structure. This relation has been 
described earlier by Di Blasio, Napolitano & Pedone 
(1977) in their analysis of the structures of racemic 
and optically active valine hydrochloride. 

The present comparison has revealed that identical 
packing in structures of a racemate and the corre- 
sponding enantiomer cannot be called a rare 
incident. The racemate and the corresponding 

enantiomer contain identical functional groups with 
the possibility of forming identical hydrogen bonds, 
therefore, it is not surprising that the similarity 
between racemates and the corresponding enantio- 
mers appears to be more pronounced in systems 
where the packing is influenced by hydrogen 
bonding. 
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