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1. Introduction

Aziridines are excellent substrates for the addition of various
nucleophiles. This reaction constitutes a general method for
the synthesis of various 2-substituted amines (Hu, 2004). The
reaction is highly trans-stereoselective and usually requires the
use of either a Lewis acid or a Lewis base as a catalyst.
Trimethylsilyl nucleophiles, such as trimethylsilylcyanide,
trimethylsilylazide or trimethylsilylchloride, are commercially
available alternatives for hydrogen nucleophiles (Gawronski
et al., 2008). Recently, we demonstrated that Me;SiNCS reacts
with N-substituted aziridines (1) and cyclohexene oxide
without the action of any activator to give the ring-opening
products (2) with good to high yields. Me;SiNCS is an ambi-
philic reagent, however, in these additions it behaved prefer-
entially as a sulfur-centered nucleophile (Prusinowska &
Gawronski, 2009). Bifunctional ring-opening products, such as
(2), can be transformed to chiral thiazolidin-2-imines (3) (see
Fig. 1). A wide interest in thiazolidin-2-imines and related
heterocycles is due to their pharmacological and biological
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activity such as local anesthetic, anti-seizure, anti-tubercular,
anti-bacterial, anti-amoebic, anti-diabetic, anti-inflammatory,
anti-oxidant and anti-fungal activity (Chaurasia, 1971;
Eswaramoorthy et al., 1991; Zimenkovsky et al, 1999; Shan-
karan et al., 2004; Heinelt et al., 2004). Substituted 1,3-thia-
zolidines have also been explored as valuable starting
materials for the preparation of more complex structures
(Zask et al., 1990; Hwu et al., 1999; Jin & Kim, 2002). The most
popular method to synthesize thiazolidines is the cyclization
reaction of aziridines with heterocumulenes, such as phenyl
isothiocyanate, in the presence of a catalyst [Nal; Campbell &
Craig, 1980; Nadir & Basu, 1995; compounds of palladium(II);
Baeg et al., 1995; Butter et al., 2000; or BusP; Wu et al., 2008].
Also, the thiocyanate ion was found to react with aziridines
with Bu,NHSO, as the catalyst to give a five-membered
thiazoline structure (Weitzberg et al., 1984). p-Toluenesulfonyl
chloride (TsCl)/NaOH was introduced as a reagent combi-
nation for the synthesis of 2-amino-thiazolidines from N-(2-
hydroxyethyl)-thioureas (Heinelt et al., 2004). The treatment
of amino thiocyanates with dry hydrogen chloride also
provides access to thiazolidines (Kleist ef al., 1998).

In relation to our synthetic work on chiral 2-amino thio-
cyanates, we obtained a mixture of diastereomeric products
(2) which were converted to a mixture of diastereomers of
thiazolidin-2-imines as hydrochloride salts (3) by the last of
the above-mentioned methods. These salts showed the unex-
pected property of preferentially crystallizing together, which
prompted our interest in determining their structure. The
presence of two diastereomers in one crystal is rare and
unexpected as it violates the method of chiral resolution,
discovered by Pasteur, which rests upon the combination of a
racemate with an enantiomerically pure chiral resolving agent
and subsequent separation of the mixture of diastereomeric
salts by crystallization (Eliel et al, 1994). Incorporation of
diastereomers into the same crystal lattice can be carried out
in two ways, i.e. either by multiplication of the asymmetric unit
or by the formation of a substitutional solid solution. In the
former case the two diastereomers are incorporated in a
regular sequence and form co-crystals. As pointed out by
Brock and co-workers (Lloyd et al., 2007), the formation of co-
crystals containing diastereomers is unlikely because of the
difficulty of simultaneously optimizing the translational
spacings for both isomers. On the other hand, in substitutional
solid solutions the two diastereomers are inserted into the
lattice randomly, and their ratio is not necessarily an integer.
They occupy equivalent lattice sites and can substitute for one
another at these sites. Obviously, this random distribution of
stereoisomers can occur in cases when the shapes of the two
stereoisomers are very similar and when they occupy the same
volume, and when the parts that are disordered are engaged in
only weak interactions. The formation of solid solutions of
enantiomers is not common (see, for example, Chion et al.,
1978; Huang et al., 2006; Zeller et al., 2009), but is still more
frequently encountered than the formation of solid solutions
of two diastereomers (Jacques et al., 1994). The rarity of two
diastereomers appearing on the same crystallographic site will
be discussed in more detail in §3.

Besides solid solutions of enantiomers and diastereomers,
examples of solid solution behavior for molecular crystals are
found in various other crystal systems including inorganic
(Gopalan et al., 1993) and organic salts (Pal et al, 2002),
mixtures of small molecules (Sridharan et al., 2009), confor-
mational rotamers (Lampe et al, 1993), multicomponent
organic alloys (Dabros et al., 2007; Sada et al., 2005) and metal
complexes (Rychlewska et al., 2007).

In this paper we report a rare example of the solid solution
of two diastereomers, ie (3aS,7aS)-3-[(1'R)-1-pheny-
lethyl]perhydro-1,3-benzothiazol-2-iminium  chloride and
(3aR,7aR)-3-[(1'R)-1-phenylethyl]perhydro-1,3-benzothiazol-
2-iminium chloride (see Fig. 2) in a homochiral crystal (space
group P3,21). The geometry and electronic structure of the
1,3-thiazolidin-2-iminium cation established from the X-ray
experiment is compared with that obtained for an isolated
cation by density functional theory (DFT) using the 6-
311++G(2df,p) basis set. The quantum chemical calculations
have also been applied to estimate the energetic difference
between the S,S,R and R,R,R isomers in geometry extracted
from the crystal and in fully optimized geometry in the
isotated state.

2. Experimental
2.1. Synthesis and spectral characteristics

NMR spectra were recorded on a Varian Gemini 300
spectrometer with TMS as an internal standard. Mass spectra
were recorded with an AMD 402 mass spectrometer. Melting
points were determined on a Biichi B-450 apparatus and were
uncorrected. Optical rotations were measured with a Perkin—
Elmer 243 B polarimeter.

(1R,2S,1'R)-N-[(R)-a-Phenyl]cyclohexene aziridine (1) was
obtained according to a literature procedure (Praceju et al.,
1987; Watson & Yudin, 2003).

2.1.1. Mixture of diastereomers (2). Trimethylsilylisocya-
nate (0.24 ml, 223 mg, 1.7 mmol, 1.4 equiv.) was added to a
stirred solution of aziridine (1) (240 mg, 1.2 mmol) in 8 ml of
dry CH,Cl, at room temperature. The solution was stirred for

Figure 2

Chemical formula and charge distribution in the investigated solid
solution of (3aR,S,7aR,S)-3-[(1'R)-1-phenylethyl|hexahydro-1,3-
benzathiazol-2(3H)-iminium chloride (3). Stereogenic centers are
marked with asterisks. Presented here, the IUPAC numbering scheme
differs from that used in the X-ray structure analysis.
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Table 1

Selected crystal data, data collection and refinement parameters for the

investigated crystal.

Crystal data
Chemical formula
Mr

Crystal system, space group
Temperature (K)
a,c e(A)

V (A%

Z

Radiation type

p (mm™)

Crystal size (mm)

Data collection

Diffractometer

Absorption correction

Tnins Trmax

No. of measured, independent and
observed [I > 20(I)] reflections

Rin

Refinement

R[F* > 20(F%)], wR(F), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

AP Apin (6 A7)
Absolute structure
Flack parameter

C,sH,N,S-Cl

296.85

Trigonal, P3,21

130

9.0538 (1), 32.4921 (4)
2306.59 (5)

6

Cu Ko

3.36

0.4 x 0.2 x 0.1

SuperNova, detector: Atlas
Multi-scan

0.295, 0.715

10 612, 3132, 3105

0.024

0.028, 0.072, 1.07

3132

284

0

H atoms treated by a mixture of
independent and constrained
refinement

0.36, —0.37

Flack (1983)

—0.009 (13)

Computer programs used: SHELXS97, SHELXL97 (Sheldrick, 2008).

24 h, and then the reaction mixture was quenched with water
and extracted with CH,Cl,. The organic fraction was dried
over MgSO, and evaporated, and the product was purified by
column chromatography on silica gel (eluent dichloromethane
and its mixtures with AcOEt). Oil, yield: 173 mg (56%). 'H
NMR (CDCl3): é 1.00-1.50 (m, 6H), 1.67 (d, J = 7.1 Hz, 3H),
1.71 (d, J = 7.4 Hz, 3H), 1.73-2.07 (m, 2H), 3.08-3.17 (dt, J =
11.3,3.3 Hz, 1H), 3.22-3.39 (dt, /= 11.5, 3.3 Hz, 1H), 5.73-5.79
(q,J=6.8 Hz, 1H), 7.27-7.40 (m, SH). LR-MS 261(M+1), 157,
104. IR (KBr): 2936, 2859, 2051, 1585, 1577, 1447, 1213, 741,
699, []® +179.7 (¢ = 1.15, CHCly).

2.1.2. Mixture of diastereomers (3). Dry hydrogen chloride
was bubbled through a solution of (2) (127 mg, 0.5 mmol) in
dry THF (10 ml) for 30 min. The precipitated salts (3) were
filtered off and washed with THF. Yield 127 mg (90%). The
product was crystallized from water to give colorless crystals,
m.p. 526-537 K, "H NMR (CD;0D): § 1.08-1.71 (m, 6 H), 1.79
(d,J=7.1 Hz,Me), 1.81 (d,J=7.1 Hz, Me), 2.05-2.20 (m, 2 H),
3.50-3.59 (dt, J = 12.0, 3.3 Hz, 1 H), 3.57-3.60 (dt, J = 11.9,
3.4 Hz, 1 H),3.71-3.78 (dt,/=11.9, 3.4 Hz, 1 H), 3.83-3.88 (dt,
J=12.0,3.3Hz, 1 H), 545 (q, J = 6.9 Hz, 1 H), 7.33-7.50 (m,
5H), [a]p +112.5 (c = 0.91, MeOH).

2.2. X-ray diffraction

A colorless trigonal-pyramidal crystal of (3) was used to
measure the intensity data with a SuperNova diffractometer

equipped with a 135 mm Atlas detector. The temperature of
the sample was kept at 130 K with an Oxford Instruments
Cryojet Controller device and a nitrogen atmosphere. Data
reduction and analysis for this structure were carried out with
the CrysAlisPro program (Oxford Diffraction, 2009). The
structure was solved by direct methods using SHELXS97
(Sheldrick, 2008), and refined by the full-matrix least-squares
techniques with SHELXL97 (Sheldrick, 2008). The intensity
data were corrected for Lorentz and polarization effects. A
multi-scan correction for absorption was also applied
(SCALE3 ABSPACK; Oxford Diffraction, 2006). All heavy
atoms (C, N, O, S) were refined anisotropically. For the phenyl
rings, rigid-group constraints (AFIX 66) were used. H atoms
bound to C atoms were placed in their idealized positions and
were refined as riding on their parent atoms, with C—H
distances of 0.96 (methyl), 0.97 (methylene), 0.98 (methine)
and 0.93 A for aromatic groups, and their Uy, values were
12U.4(C). H atoms attached to the N atom were located
reliably on difference Fourier maps and their positions and
isotropic displacement parameters were refined. Owing to the
disorder of the cation, which resulted from the presence of two
diasteroisomers at the same crystallographic site, the occu-
pancy factors for each diastereomer were first refined freely
with their sum constrained to unity, while the displacement
parameters of the corresponding components of disorder were
kept equivalent. For the molecule possessing the S, config-
uration at C2A and C7A, the site occupation factor refined to
0.54 (1). Hence, for the isomer with an R,R configuration at
C2B and C7B this value was 0.46 (1). These values were kept
fixed at the final stages of the refinement allowing the indi-
vidual displacement parameters of the disorder components to
vary. The correct absolute structure was assumed from the
known absolute configuration of (1) used in the synthesis.
Moreover, the absolute structure of the crystals was verified
on the basis of the Flack parameter (Flack, 1983), which is
provided in Table 1, together with the relevant crystal data
collection and refinement parameters. Jmol (Jmol, 2010),
ORTEP3 (Farrugia, 1997) and Mercury (Taylor & Macrae,
2001; Bruno et al., 2002) programs were used to prepare the
drawings. The puckering parameters of five- and six-
membered rings were calculated using PLATON (Spek, 1990,
1998).

2.3. Quantum chemical calculation

The structures of both diastereoisomers observed in the
crystal were used as starting points for DFT full-geometry
optimization. The structures were optimized using the hybrid
functional-B3LYP (Lee ef al., 1988; Parr & Yang, 1989; Becke,
1993) at the split-valence triple ¢ 6-311++G(2df,p) basis set
(Ditchfield et al., 1971; Hehre et al., 1972; Hariharan & Pople,
1973, 1974; Gordon, 1980; Clark et al., 1983; Frisch et al., 1984).
The molecular geometry obtained is compared with the X-ray
results in Table 2. Also, the single-point energies were calcu-
lated at the same level of theory for the 3aS$,7aS,I’R and
3aR,7aR,1'R stereoisomers in the geometry extracted directly
from the crystal structure. The electronic properties were
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Table 2 .
Selected bond lengths (A), valence angles (°) and torsion angles (°)
obtained from X-ray and DFT calculations.

X-ray DFT

S1—-C1 1.748 (2) 1.747
Cl1—N1 1.335 (2) 1.325
Cl1—N2 1.309 (2) 1.332
N1—-C24 1.514 (9) 1.499
C2A—C7A 1.496 (12) 1.524
S1—-C74 1.822 (4) 1.844
N1-—-C84 1.555 (17) 1.495
N1—-C2B 1.385 (13) 1.497
C2B—C7B 1.541(11) 1.524
S1—-C7B 1.832 (5) 1.844
N1—-C8B 1.420 (2) 1.499
Cl1—N1-C24 112.4 (4) 111.87
N1—-C24—-C7A 107.1 (7) 104.96
C2A—C7A—-S1 105.0 (4) 103.51
C7A—-S1— C1 91.12 (13) 89.06
S1—Cl1—NI1 114.08 (13) 115.45
C1—-N1—-C2B 115.2 (5) 115.16
N1—-C2B—C7B 107.7 (8) 107.74
C2B—C7B—-S1 104.2 (5) 104.21
C7B—S1—-C1 89.25 (16) 89.25
S1-C1-N1-C24 7.7 (3) 10.1
Cl1-N1-C2A—-C7A —27.4 (5) —332
N1—-C24—-C7A—S1 33.0 (5) 39.5
C2A—C7A-S1-C1 —25.5(3) -30.1
C7A—S1—C1—NI1 11.0 (2) 12.7
S1—-C1—-N1-C2B —8.6 (4) —8.6
Cl1—-N1-C2B—C7B 27.2 (7) 272
N1—-C2B—C7B—Sl1 —32.0 (7) —32.0
C2B—C71B—S1—-C1 233 (5) 233
C7B—S1—-C1—N1 —10.3 (2) —10.3
C2A—C3A—C4A—-C5A —52.4 (10) —55.1
C3A—C4A—C5A—C6A 48.9 (13) 53.1
C4A—CS5A—C6A—CTA —49.6 (14) —53.1
C5A—C6A—CTA—C2A4 56.7 (10) 59.9
C6A—C7A—C2A—C3A —67.5 (7) —65.2
C7TA—C2A—C3A—C4A 63.6 (8) 59.6
C2B—C3B—C4B—C5SB 56.4 (18) 56.4
C3B—C4B—C5B—C6B —53.2 (19) —53.2
C4B—C5B—C6B—C7B 52.2 (13) 522
C5B—C6B—C7B—C2B —62.3 (11) —62.3
C7B—C2B—C3B—C4B —55.5 (11) —55.5
Co6B—C7B—C2B—C3B 64.0 (11) 64.0

analyzed by means of the natural (NPA; Foster & Weinhold,
1980; Reed & Weinhold, 1983a,b; Reed et al., 1985, 1988;
Carpenter & Weinhold, 1988), Mulliken (Mulliken, 1955) and
CHelpG (Breneman & Wiberg, 1990) population analyses.
Using these analyses, the atomic charge distribution was
calculated. The results for the 1,3-thiazolidine-2-iminium
fragment are listed in Table 3. Also the Wiberg indices
(Wiberg, 1968) were calculated in order to analyze bond
orders and hence the degree of electron delocalization in the
1,3-thiazolidine-2-imine moiety. All calculations were carried
out with the GAUSSIANO3 (Frisch et al., 2003) program at the
Poznan Supercomputing and Networking Center.

3. Results and discussion

(1R 2S5,1'R)-N-[(R)-a-Phenyl]cyclohexene aziridine (1) was
prepared in a two-step reaction from cyclohexene oxide by
ring opening with (R)-a-phenylethylamine (Praceju et al.,
1987), followed by the Mitsunobu reaction to close the ring

Table 3

Partial charges on atoms in the S,S,R isomer (e).

Atoms Mulliken NPA ChelpG
S1 —0.623 0.349 —0.105
C1 0.629 0.381 0.284
N1 0.539 —0.451 0.047
N2 —0.466 —0.683 —0.711
HIN 0.315 0.398 0.396
H2N 0.361 0.384 0.435
C2A —0.969 0.039 —0.249
H2A 0.227 0.171 0.069
C3A —0.105 —0.348 0.222
H3A 0.190 0.189 —0.049
H3B 0.186 0.195 —0.058
C4A —0.485 —0.317 0.072
H4A 0.148 0.175 —0.001
H4B 0.189 0.194 0.001
C5A —0.464 —0.336 —0.019
H5A 0.198 0.195 0.019
H5B 0.143 0.178 —0.003
Co6A —0.444 —0.332 0.142
H6A 0.181 0.199 0.027
H6B 0.161 0.186 —0.035
C7A 0.853 —0.276 0.215
H7A 0.248 0.180 —0.005
C8A —0.724 0.041 0.112
H8A 0.113 0.171 0.044
C9A —0.530 —0.532 —0.082
H9A 0.164 0.190 0.083
H9B 0.196 0.209 0.048
HIC 0.187 0.197 0.026
C10A 1.109 —0.052 0.017
Cl1A —0.388 —0.176 —0.118
H11A 0.143 0.164 0.072
CI2A —0.312 —0.132 —0.062
HI12A 0.195 0.172 0.110
C13A4 —0.311 —0.134 —0.092
HI13A 0.193 0.173 0.123
Cl4A —0.385 —0.129 —0.097
H14A 0.194 0.173 0.124
C15A —0.042 —0.173 —0.105
HI15A 0.190 0.169 0.101

(Watson & Yudin, 2003). Ring opening of aziridine (1) in the
uncatalyzed reaction with Me;SiNCS (1.4 equiv.) led to a
mixture of diastereomers (2). Finally, diastereomers of thia-
zolidine-2-iminium chloride (3) were obtained from (2) in the
reaction with dry hydrogen chloride (Fig. 1).

The isolated products (2) and (3) were identified by the "H
NMR spectra, and the diastereomers could be readily distin-
guished by the position of the diagnostic signals of protons
attached to the heteroatom-substituted C atoms of the
cyclohexane skeleton. In the case of (2) detailed analysis
showed integration of the diagnostic signals CHN and CHS in
the ratio 1.4:1. In the '"H NMR spectrum of (3) the two
methine ring protons were observed as four overlapping
doublets of triplets in the interval 3.5-3.95 p.p.m., which were
due to diastereomers of (3) (Fig. 3).

The diastereomers could not be separated readily and, as
subsequently revealed by the crystal structure determination,
crystallization yielded single crystals in which both diaster-
eomers were incorporated, rather than crystals of a single
diastereomer.

Crystals of (3) subjected to X-ray analysis were obtained by
crystallization from water. The asymmetric part of the unit cell
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comprises a thiazolidinum cation and a chloride anion. The
cation includes the bicyclic ring system consisting of the 1,3-
thiazolidine-2-iminium moiety frans-fused with a cyclohexane
ring, and the ethylphenyl moiety attached to an endocyclic N
atom. The cation molecule displays disorder, except for S1, C1,
N1 and N2 (see an enhanced Fig. 4, and Fig. 5). It contains
three stereogenic centers, namely at C2, C7 and C8. The
disorder is due to the presence of two diastereomers, at the
same crystallographic site, differing in their configuration at
C2 and C7 (S,S and R,R for molecules A and B). For both
isomers, the stereogenic center at C8 is the same and has been

4.0 3.9 3.8 3.7 3.6 3.5 3.4
ppm

Figure 3
Diagnostic signals of protons CHN and CHS in diastereomers (3).

Figure 4

Overlay of two diastereomers occupying the same crystallographic site
(red and blue), highlighting the changes in the molecular orientation and
stereochemistry. See Fig. 5 for the full atom-numbering scheme. The
interactive figure can be viewed online at http://submission.iucr.org/jtkt/
edit/z/s/hoj166X ChRsasQrX/zz0000/640/512.

determined as R on the basis of the Flack parameter (Flack,
1983), and in accordance with the absolute configuration of
(1). Owing to this disorder, the standard ITUPAC numbering
cannot be fully implemented for (3). The numbering scheme
used in the X-ray analysis, together with the atomic displa-
cement ellipsoid plot, is shown in Fig. 5.

A search of the Cambridge Structural Database (Version
5.31, November 2009 + three updates; Allen, 2002) using
ConQuest Version 1.12 (Bruno et al., 2002) reveals 12 275
entries that contain stereomers, but not enantiomers, in their
crystal lattice. This sub-base was used to search for disordered
structures, among which we expected to identify the solid
solutions of diastereomers. Identification of such structures
has been performed by individually examining each of the
1152 structures. Moreover, independent searches have been
performed for the phrases ‘diastereomer’ and ‘diastereo-
isomer’. The resulting entries were also individually examined.
A combination of the three searches provided 29 instances of
the presence of both diastereomers at the same crystal-
lographic site (multiple appearances not counted), to which
we have added a case recently reported from our laboratory
(Rychlewska et al., 2010) but not yet incorporated into the
CSD. The list of these structures is provided in the supple-
mentary material (Table 1S). The performed search illustrates
that the solid solution of diastereomers is very rarely
encountered, being reported only in 29 out of 12 275 cases,
which makes ~ 0.24% of all deposited structures that have
diastereomers in their crystal lattice. Except for one case
(Rychlewska et al., 2010), the molecules that possess the
ability to form solid solutions of diastereomers are built of
aliphatic or aromatic rings, and a significant percentage of
them (11 out of 29, i.e. 38%) contain a metal atom as one of
the stereogenic centers. In 41% of cases the diastereomers
form homochiral crystals. A somewhat analogous situation to
that described in this paper is observed in the crystal structure
of RAQLEB (Yeori et al., 2005), where the overlapping
diastereomers feature the opposite chirality at the diamino-
cyclohexane fragment but the same chirality at the metal
atom, and thus form homochiral crystals. Examination of the
CSD provides some idea of when to expect that a single crystal
of the solid solution could be made from a solution of
diastereomers. The ability of two diastereomers to appear at
the same crystallographic site seems to be analogous to the
ability of a molecule in a crystal to display an orientational
disorder. Obviously both orientations must be easily accom-
modated in the available space and in this part of the crystal
the molecules should be only very weakly bound. In the parts
of the crystal where the molecules are strongly bound both
diastereomers should be involved in the same type of inter-
molecular interactions.

A random distribution of diastereomers in the crystal
suggests that the shape and the volume occupied by the
diastereomeric molecules is very similar. Indeed, the two

! Supplementary data for this paper are available from the TUCr electronic
archives (Reference: ZB5015). Services for accessing these data are described
at the back of the journal.
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molecule A
Figure 5

ORTEP-style representation of two diastereomeric cations occupying the same site in the crystal showing
the atom-labelling for the molecules A and B of the S,S,R and R,R,R configurations. The displacement

ellipsoids for the non-H atoms are drawn at the 40% probability level.

diastereomeric cations display similar, albeit complementary,
conformations and orientations. The five-membered rings in
both stereoisomers adopt a half-chair conformation with the
pseudo-C, axis passing through the C1 atom and the midpoint
of the opposite C2—C7 bonds. In the S,S,R isomer atoms C2A
and C7A are disposed —0.187 (8) and 0.347 (7) A out of the
plane defined by S1, C1 and N1 atoms, while in the R,R,R
isomer C2B and C7B atoms deviate from this plane by
0.188 (9) and —0.328 A, ie by the same amount but in the
opposite direction. The asymmetry parameters for the two
heterocycles are: AC347"4 = 2.69° and AC35~78 = 3.01° (Duax
& Norton, 1975). The Cremer and Pople puckering para-
meters (Cremer & Pople, 1975) for the atom ring sequences
S1/C1/N1/C2A/CTA are Q = 0.331 (6) A, ¢ = 134.7 (4)°, and

1.004

Figure 6
Wiberg indices calculated for an isolated cation using NBO analysis.

molecule B

indicate a distortion intermediate
between an envelope and a half-
chair form. For the ring sequences
S1/C1/N1/C2B/C7B these para-
meters are Q = 0.316 (7) A =
—45.1 (6)° and indicate a similar
type of distortion but in the
opposite direction. The six-
membered ring composed of
atoms labelled with ‘A’ adopts a
nearly perfect inverted-chair
conformation, as indicated by the
puckering parameters: Q =
0.589 (9) A, ¢ = 173 (5)° and 6 =
169 (1)°. In contrast to that, the
other cyclohexane ring (C2B-
C7B) adopts a chair conformation
for which the corresponding
puckering parameters amount to
0 = 0582 (11) A, ¢ = —29 (7)°
and 6 =9 (1)°.

Selected bond lengths, valence
angles and torsion angles are
listed in Table 2 and compared with the geometry obtained
during energy minimalization. The endocyclic C1 —N1 bond
[1.335 (2) A] is slightly longer than the exocyclic N2—C1 bond
[1.309 (2) A], and simultaneously these bonds are shorter than
typical single Csp®—Nsp?® bonds. For comparison, the mean
values of the single endo- and exocyclic Csp?—Nsp* bonds,
listed in the International Tables for Crystallography (2004),
amount to 1.372 (16) and 1.336 (17) A, whereas for double
endo- and exocyclic Csp”>—Nsp® bonds these values are
1.313 (11) and 1.279 (8) A. The C1—S1 bond length is
1.748 (2) A and is comparable with the value of 1.741 (11) A
which is typical of the ring Csp”—S bond length. Similarly, the
S1—C7A and S1—C7B bond distances which are 1.822 (2) and
1.832 (5) A agree well with the value of 1.827 (18) A for
Csp®—S ring bonds.

The Wiberg bond indices of C1—N1 and C1—N2, calcu-
lated using the NBO analysis (Foster & Weinhold, 1980) at the
B3LYP/6-311++G(2df,p) level, are 1.366 and 1.305 A. The fact
that these bond orders are significantly different from the
ideal values for a single (1.0) or a double bond (2.0) suggests
delocalization of electrons within the N2—C1—N1 fragment.
Furthermore, a detailed analysis of the NBO results shows
that the electrons from the lone pairs of N1 and N2 are
delocalized to C1—N1 and C1—N2 bonds, leading to partially
double bonds. The geometrical consequence of such a redis-
tribution of electrons is a shortening of the C1—N1 and C1—
N2 bonds compared with formally single C—N bonds. Indeed,
the calculated C—N bond lengths range from 1.325 to 1.332 A
and their values are in between the formally single and double
C—N bonds (International Tables for Crystallography, 2004).
Other bond orders are very close to the expected values (see
Fig. 6) and they agree with the bond character obtained from
the X-ray analysis. Delocalization of positive charge between
exo- and endocyclic N atoms in the 1,3-thiazolidine-2-amine
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Figure 7

Possible resonance structures of the cation assigned from Mulliken, NPA and CHelpG analyses.

Figure 8
N—H---ClI” hydrogen-bond chains — the supramolecular motif unaf-
fected by changes of chirality.

ring has been reported previously (see for example the recent
publication by Glidewell et al., 2004).

Secondly, we investigated the Mulliken, NPA and ChelpG
point charge values of each atom to examine the charge
distribution in the cation, particularly in the 1,3-thiazolidine-2-
imine moiety. These results are given in Table 3. Inspection of
this table reveals dramatic differences in the calculated atomic
charges depending on the actual population analysis
performed. Point charges obtained from Mulliken population
analysis exhibit large variations upon going from one atom to
its neighbour. The results indicate that the positive charge of
the cation can be located at either the C1 or the N1 atom, the
point charges on these atoms being 0.629 and 0.536 e. Mean-
while, the values of NPA charges show that C1 and S1 are the
atoms that have the highest (and comparable) partial positive
charges (0.381 and 0.349 e). The diversity in charge distribu-
tion obtained from ChelpG analysis is not as dramatic as from
Mulliken or NPA analysis. A slightly positive charge is located
on C1 as well as on the whole NH, group. Their values amount
to 0.284 and 0.120 e. It is worth noting that N2 is negatively
charged in each of the population analyses applied (—0.466 e

in MPA, —0.683 e in NPA and
—0.711 e in ChelpG), and in all
cases the whole NH, group has a

N positive charge (0.210, 0.099 and
\> NH 0.120 ). Distribution of partial

2 atomic charges derived from
S Mulliken, NPA and ChelpG

analyses seems to indicate that the
molecule is a hybrid of three
resonance structures shown in Fig.
7.

With regard to the molecular
geometry in the crystal, there are
significant differences in the Csp®—Nsp? bond lengths for the
two diastereomers. The differences exceed several times their
standard uncertainty [0.129 (16) and 0.135 (17) A] The values
of both Csp®—Nsp? bond lengths are smaller in R,R,R than in
the §,5,R diastereomer, the larger values being closer to those
obtained during full geometry optimization.

In order to check the energetic preferences of the two
diastereomers present in the crystal we performed single-point
energy calculations at the B3LYP/6-311++G(2df,p) level for
both diastereomeric molecular cations with geometries
directly extracted from the crystal. The resulting calculated
energies predicted the S,S,R isomer to be significantly more
energetically favourable than the R,R,R one. The energy
difference between the two diastereomers is as high as
72.1 kJ mol ™! and might result from the substantial difference
in Csp®—Nsp® bond lengths. The relative energies calculated
for both stereoisomers in the gas phase indicate that the R,R,R
isomer is energetically more favourable, but, as expected, the
energy difference is only 1.3 kJ mol .

The supramolecular aggregation in the solid state is domi-
nated by strong charge-assisted N—H- - -Cl hydrogen bonds
involving the iminium group of the cation as a double
hydrogen-bond donor and the chloride anion as a hydrogen-
bond acceptor. The interactions present link alternating
cations and anions into zigzag chains (see Fig. 8). The chains
located at approximately 0, 1/3 and 2/3 z levels propagate
along the [110], [100] and [010] lattice directions. The
hydrogen-bond parameters are listed in Table 4. An identical
type of hydrogen bond has been observed in a large number of
crystal structures deposited in the CSD (Allen, 2002; 445 hits),
for which the mean H---Cl™ distance amounts to 2.52 (1) A.
However, such short H--.-Cl™ distances as we obtained
[2.21 (3) and 2.23 (3) A] were only present in 19 non-disor-
dered structures.

4. Conclusions

Unlike enantiomers which, when crystallized from racemic
mixtures, predominantly form achiral racemic crystals,
diastereomers crystallized from mixtures usually produce
single crystals containing only one of the possible diaster-
eomeric components. Nevertheless, from a mixture of two
diastereomers of the hydrochloride salts of thiazolidin-2-
imines we have obtained a solid solution in which the two
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Table 4 .

Intermolecular hydrogen-bond parameters (A, °).

D—H---A D-HA) H-A@A) D-AQA) D-H--AC()
N2—HIN---Cll 095 (3) 221 (3) 3.145 (2) 170 (2)
N2—H2N---CllI'  0.89 (3) 223 (3) 3107 (2) 171 (2)

Symmetry code: (i) x —y+1, -y +1,—z +2%

diastereomers are disordered over the same crystallographic
site and randomly distributed throughout the crystal. Their
ability to form a molecular solid solution can be attributed to
the similarity of their molecular shapes resulting from the
inversion of the cyclohexane ring and the simultaneous
inversion of configuration at two of the three stereogenic
centers. Furthermore, the impossibility to resolve (3) into
diastereomers by crystallization might arise from the forma-
tion of strong, charge-assisted hydrogen bonds, unaffected by
the changes of chirality at some of the stereogenic centers.

AP thanks the Foundation for Polish Science for a FOCUS
fellowship. The authors thank Poznan Supercomputing and
Networking Center for the access to computer resources
therein.

References

Allen, F. H. (2002). Acta Cryst. B58, 380-388.

Baeg, J. O., Bensimon, C. & Alper, H. (1995). J. Am. Chem. Soc. 117,
4700-4701.

Becke, A. D. (1993). J. Chem. Phys. 98, 5648-5652.

Breneman, C. M. & Wiberg, K. B. (1990). J. Comput. Chem. 11, 361—
373.

Bruno, I. J., Cole, J. C., Edgington, P. R., Kessler, M., Macrae, C. F,
McCabe, P, Pearson, J. & Taylor, R. (2002). Acta Cryst. B58, 389—
397.

Butter, D. C. D., Inman, G. A. & Alper, H. (2000). J. Org. Chem. 65,
5887-5890.

Campbell, M. M. & Craig, R. C. (1980). J. Chem. Soc. Perkin Trans. I,
pp. 766-774.

Carpenter, J. E. & Weinhold, F. (1988). J. Mol. Struct. THEOCHEM,
169, 41-62.

Chaurasia, M. R. (1971). Indian J. Pharm. 33, 17-19.

Chion, B., Lajzerowicz, J., Bordeaux, D., Collet, A. & Jacques, J.
(1978). J. Phys. Chem. 25, 2682-2688.

Clark, T., Chandrasekhar, J., Spitznagel, G. W. & Schleyer, P. R.
(1983). J. Comput. Chem. 4, 294-301.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358.

Dabros, M., Emery, P. R. & Thalladi, V. R. (2007). Angew. Chem. Int.
Ed. 46, 4132-4135.

Ditchfield, R., Hehre, W. J. & Pople, J. A. (1971). J. Chem. Phys. 54,
724-728.

Duax, W. L. & Norton, D. A. (1975). Atlas of Steroid Structures, Vol.
1, pp. 462-473. New York: Plenum Press.

Eliel, E. L., Wilen, S. H. & Mander, L. N. (1994). Stereochemistry of
Organic Compounds. New York: John Wiley and Sons.

Eswaramoorthy, S., Ponnuswamy, M. N., Raju, K. S. & Czerwinski,
E. W. (1991). Acta Cryst. C47, 171-173.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.

Flack, H. D. (1983). Acta Cryst. A39, 876-881.

Foster, J. P. & Weinhold, F. (1980). J. Am. Chem. Soc. 102, 7211-7218.

Frisch, M. J., Pople, J. A. & Binkley, J. S. (1984). J. Chem. Phys. 80,
3265-3269.

Frisch, M. J. et al. (2003). GAUSSIANO3, Revision B.05. Gaussian
Inc., Pittsburgh PA, USA.

Gawronski, J., Wascinska, N. & Gajewy, J. (2008). Chem. Rev. 108,
5227-5252.

Glidewell, C., Low, J. N., Skakle, J. M. S. & Wardell, J. L. (2004). Acta
Cryst. C60, 0273-0275.

Gopalan, P, Peterson, M. L., Crundwell, G. & Kahr, B. (1993).J. Am.
Chem. Soc. 115, 3366-3367.

Gordon, M. S. (1980). Chem. Phys. Lett. 76, 163-168.

Hariharan, P. C. & Pople, J. A. (1973). Theor. Chim. Acta, 28,213-222.

Hariharan, P. C. & Pople, J. A. (1974). Mol. Phys. 27, 209-214.

Hehre, W., Ditchfield, R. & Pople, J. A. (1972). J. Chem. Phys. 56,
2257-2261.

Heinelt, U., Schultheis, D., Jaeger, S., Lindenmaier, M., Pollex, A. &
Beckmann, H. S. G. (2004). Tetrahedron, 60, 9883-9888.

Hu, X. E. (2004). Tetrahedron, 60, 2701-2743.

Huang, J., Chen, S., Guzei, I. A. & Yu, L. (2006). J. Am. Chem. Soc.
128, 11985-11992.

Hwu, J. R., Hakimelahi, S., Moosavi-Movahedi, A. A. & Tsay, S.-C.
(1999). Chem. Eur. J. 5, 2705-2711.

Jacques, J., Collet, A. & Wilen, S. H. (1994). Enantiomers, Racemates
and Resolution. Malabar, Florida: Krieger Publishing Company.
Jin, M.-J. & Kim, S.-H. (2002). Bull. Korean Chem. Soc. 23, 509-510.
Jmol (2010). Jmol: an open-source Java viewer for chemical structures

in three-dimensional, http://www.jmol.org.

Kleist, M., Chume, P, Reinke, H., Teller, J. & Dehne, H. (1998).
Phosphorus Sulfur Silicon, 139, 123-145.

Lampe, J. W., Chou, Y.-L., Hanna, R. G., Di Meo, S. V., Erhardt, P. W,,
Hagedorn III, A. A., Ingebretsen, W. R. & Cantor, E. (1993). J.
Med. Chem. 36, 1041-1047.

Lee, C., Yang, W. & Parr, R. G. (1988). Phys. Rev. B, 37, 785-789.

Lloyd, M. A., Patterson, G. E., Simpson, G. H., Duncan, L. L., King,
D. P, Fu, Y., Patrick, B. O,, Parkin, S. & Brock, C. P. (2007). Acta
Cryst. B63, 433-447.

Mulliken, R. S. (1955). J. Chem. Phys. 23, 1833-1840.

Nadir, U. K. & Basu, N. (1995). J. Org. Chem. 60, 1458-1460.

Oxford Diffraction Ltd (2006). SCALE3 ABSPACK, CrysAlis
Software Package. Oxford Diffraction Ltd.

Oxford Diffraction Ltd (2009). CrysAlisPro, Version 1.171.33.34d.
Oxford Diffraction Ltd, Yarnton, England.

Pal, T.,, Kar, T., Wang, X.-O., Zhou, G.-Y., Wang, D., Cheng, X.-F. &
Yang, Z.-H. (2002). J. Cryst. Growth, 235, 523-528.

Parr, R. G. & Yang, W. (1989). Density-Functional Theory of Atoms
and Molecules. New York: Oxford University Press.

Praceju, S. H., Pracejus, G. & Costisella, B. (1987). J. Prakt. Chem.
329, 235-245.

Prusinowska, N. & Gawronski, J. (2009). Synth. Commun. 39, 2795—
2803.

Reed, A. E., Curtiss, L. A. & Weinhold, F. (1988). Chem. Rev. 88, 899—
926.

Reed, A. E. & Weinhold, F. (1983a). J. Chem. Phys. 18, 1736-1740.

Reed, A. E. & Weinhold, F. (1983b). J. Chem. Phys. 78, 4066
4073.

Reed, A. E., Weinstock, R. B. & Weinhold, F. (1985). J. Chem. Phys.
83, 735-746.

Rychlewska, R., Warzajtis, B., Cvetic, D., Radanovic, D. D., Guresic,
D. & Djuran, M. 1. (2007). Polyhedron, 26, 1717-1724.

Rychlewska, U., Warzajtis, B., Glisic, B. D., Rajkovic, S. & Djuran, M.
(2010). Acta Cryst. C66, m51-m54.

Sada, K., Inoue, K., Tanaka, T., Epergyes, A., Tanaka, A., Tohnai, N.,
Matsumoto, A. & Miyata, M. (2005). Angew. Chem. Int. Ed. 44,
7059-7062.

Shankaran, K., Donnelly, K. L., Shah, S. K., Guthikonda, R. N,
MacCoss, M., Humes, J. L., Pacholok, S. G., Grant, S. K., Kelly,
T. M. & Wong, K. K. (2004). Bioorg. Med. Chem. Lett. 14, 4539—
4544,

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Spek, A. L. (1990). Acta Cryst. Ad6, C34.

Acta Cryst. (2010). B66, 678—686

685

Agnieszka Plutecka et al. « Solid solution of two diastereomers


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB17
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB17
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB18
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB18
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB19
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB20
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB21
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB22
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB22
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB23
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB23
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB24
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB24
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB25
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB25
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB26
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB26
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB27
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB28
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB29
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB30
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB30
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB31
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB31
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB32
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB33
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB33
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB34
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB34
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB35
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB35
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB36
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB37
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB37
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB38
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB38
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB39
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB39
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB39
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB40
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB41
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB41
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB41
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB42
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB43
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB44
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB44
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB45
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB45
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB46
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB46
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB47
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB47
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB48
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB48
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB49
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB49
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB50
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB51
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB51
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB52
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB52
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB53
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB53
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB54
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB54
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB55
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB55
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB55
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB56
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB56
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB56
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB56
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB57
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB58

research papers

Spek, A. L. (1998). PLATON. A Multipurpose Crystallographic Tool.
Utrecht University, The Netherlands.

Sridharan, M., Jayarampillai, K., Prasad, R., Kotheimer, A. E.,
Wagner, T. R. & Zeller, M. (2009). J. Chem. Crystallogr. 39, 804—
811.

Taylor, R. & Macrae, C. F. (2001). Acta Cryst. B57, 815-827.

Watson, D. G. & Yudin, A. K. (2003). J. Org. Chem. 68, 5160-5167.

Weitzberg, M., Aizenshtat, Z. & Blum, J. (1984). J. Heterocyclic
Chem. 21, 1597-1601.

Wiberg, K. B. (1968). Tetrahedron, 24, 1083-1096.

Wu, J.-Y., Luo, Z.-B., Dai, L.-X. & Hou, X.-L. (2008). J. Org. Chem.
73, 9137-9139.

Yeori, A., Groysman, S., Goldberg, I. & Kol, M. (2005). Inorg. Chem.
44, 4466-4468.

Zask, A., Jirkovsky, 1., Nowicki, J. W. & McCaleb, M. L. (1990). J.
Med. Chem. 33, 1418-1423.

Zeller, M., Lutz Jr, M. R. & Becker, D. P. (2009). Acta Cryst. B65,
223-229.

Zimenkovsky, B, Lesyk, R., Vladzimirska, O., Nektegayev, 1., Golota,
S. & Chorniy, 1. (1999). J. Pharm. Pharmacol. 51, 264.

686

Agnieszka Plutecka et al. + Solid solution of two diastereomers

Acta Cryst. (2010). B66, 678—686


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB69
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB69
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB60
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB60
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB60
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB61
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB62
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB63
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB63
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB64
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB65
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB65
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB66
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB66
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB67
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB67
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB68
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB68
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB69
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=zb5015&bbid=BB69

