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Abstract—Syntheses of trans-1,2-di-tert-butylpyrazolidine 1, d,l- and semi-meso-1,2-diisopropyl-3,5-dimethylpyrazolidines, 2a and 2b,
respectively, have been developed. Activation parameters of the nitrogen inversion in 1 (DG5 = 123 kJ mol�1 at 110 �C, DH5 =
114 kJ mol�1, DS5 = �15 J K�1 mol�1) have been determined. The steric veto of the nitrogen inversion in 2a has been confirmed. Chem-
ical transformations of 1 have been studied, and the crystal structures of 2aÆpicrate and 2bÆHCl determined.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Sterically hindered nitrogen inversion in cyclic hydrazines,
a new direction of the investigation of asymmetric nitro-
gen, has been developed over the last decade. In tertiary
amines, increasing the bulk of the substituents causes the
ground state to be destabilized up to full planarization of
the N-atom, corresponding to a transition state whereas
in cyclic hydrazines it leads to destabilization of the transi-
tion state of inversion up to its complete veto. Four types
of cyclic hydrazines I–IV (Tables 1 and 2) were synthesized
and studied.
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Table 1. Nitrogen inversion barriers in cyclic hydrazines I, II and III
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HR
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DG5/kJ mol�1 (T/�C)

N N
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R R

II

D

R = t-Bu2 136 (150.7)4 R = t-Bu5,6 1
R = n-Bu2 123 (115)4 R = i-Pr7,8

R = Ad3 — R = Et7,8

R = Me7,8
The activation parameters given in Tables 1 and 2 convinc-
ingly show that the barriers of nitrogen inversion consider-
ably rise with an increase in the bulk of the N-substituents.
1,2-Di-tert-butylpyrazolidine 1 is so highly configuration-
ally stable, that in the 13C NMR spectrum, the signal of
3,5-C at 42 ppm (dd with 1J = 10 Hz) is not transformed
into a triplet (in [2H8]-toluene at 100 �C). Complete resolu-
tion of (±)-1 was detected by GLC on Chirasil-b-Dex chi-
ral stationary phase11 at 110 �C. The concept of a steric
veto of nitrogen inversion in 1,2,3,5-tetrasubstituted pyr-
azolidines has already been reported,10 and 1,2-diisopro-
pyl-3,5-dimethylpyrazolidin was synthesized.11
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Table 2. Nitrogen inversion barriers in pyrasolidines IV a–d
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(a) DG5 = 68 kJ mol�1 (25 �C)10 (b) DG5 = 70 kJ mol�1 (25 �C)10 (c) DG5 = 73 kJ mol�1 (25 �C)11 (d) DG5 = 46 kJ mol�1 (�45 �C)12,13
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Scheme 1. The synthesis of sterically hindered pyrazolidines 1 and 2.
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Figure 1. Eyring plot for the determination of the activation parameters
DH# and DS# of 1,2-di-tert-butylpyrazolidine 1 from the DGC experi-
ment. The upper and lower curves represent the error bands of the linear
regression with a level of confidence of 95%. Activation parameters
calculated: DH# = 114 ± 2 kJ mol�1 and DS# = �15 ± 5 J mol�1 K�1.
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2. Results and discussion

Herein we report a detailed investigation of pyrazolidines 1
and 2 synthesized as described earlier (Scheme 1).11

It should be noted that reaction of 1,2-di-tert-butylhydr-
azine with acrolein was carried out under more severe con-
ditions (75–80 �C, 1 h, yield 78%), in comparison to the
reaction of N,N-diisopropylhydrazine with methylpropen-
ylketone (4–10 �C, 1 h, yield 81%).

Pyrazolines 3 are cyclic enhydrazines14 and can undergo
reactions that are typical for enamines.15 It is known16 that
aluminium hydrides (AlH3, AlClH2 and AlCl2H) in ether
smoothly reduce enamines to saturated tertiary amines
with high yields. This method was used for the reduction
of pyrazolines 3. However, the reduction of 3 under these
conditions was found to result in formation of a mixture
of 1 and 3 in a constant ratio of 1:1 (according to 1H
NMR spectroscopy). Fractional distillation, as well as col-
umn chromatography, on silica gel were unsuccessful to
separate the mixture. Changing the reaction conditions
(time, temperature, increase in concentration of the reduc-
ing agent), and repeated reduction of the produced mixture
under the same conditions do not influence the ratio of the
products, apparently due to formation of the stable com-
plex of pyrazoline 3 and pyrazolidine 1 with reducing
agents, which then prevents the further reduction.

Therefore, the reduction of 3 was performed by treating it
with formic acid (98%), by the earlier method successfully
used for hydrogenation of enamines.17 Although the yield
of 1 did not exceed 40–45%,� the yield of 2 reached 80%.
�Obviously the low yield of 1 is connected with N-dealkylation under the
action of formic acid (see Scheme 3).
The high configurational stability of 1 has been shown
recently.11 Herein, the activation parameters of nitrogen
inversion in 1 (DH5 = 114 ± 2 kJ mol�1 and DS5 =
�15 ± 5 J mol�1 K�1) (Figs. 1 and 2; Table 3) were deter-
mined using dynamic gas chromatography (DGC) on chi-
ral stationary phase (CSP), Chirasil-b-Dex.

The data given in Table 3 confirm the high configurational
stability of 1. However, the resolution of 1 into enantio-
mers by HPLC on microcrystalline triacetyl cellulose�

was not possible, and all attempts to separate the enantio-
mers of 1 by fractional crystallization via diastereomeric
�Enantiomers of substituted diaziridines are well separated on this
sorbent.18
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Figure 2. Chromatograms from the temperature-dependent DGC experiment for 1. Chromatographic conditions: 25 m Chirasil-b-Dex (0.25 mm i.d., film
thickness 0.25 lm). Carrier gas: dihydrogen, P = 10 kPa.

Table 3. The data from the DGC experiment, rate constants of the enantiomerization of 1 in the presence of CSP Chirasil-b-Dex and enantiomerization
barrier of 1 at different temperatures

T [�C] a tM [min] t1 [min] t2 [min] w1 [s] w2 [s] hplateau [%] kapprox
1 ½10�5 s�1� DG# [kJ mol�1]

95 1.076 6.25 49.83 53.16 42.80 46.58 2.01 1.5 ± 0.2 123 ± 0.3
100 1.070 6.28 40.92 43.33 35.50 38.30 3.10 2.4 ± 0.3 123 ± 0.3
105 1.064 6.31 33.99 35.75 29.92 32.04 5.00 4.0 ± 0.5 123 ± 0.4
110 1.057 6.34 28.62 29.89 25.46 27.20 8.29 6.2 ± 0.7 123 ± 0.4
115 1.052 6.40 23.39 24.24 20.88 22.00 15.29 10.2 ± 1.2 123 ± 0.4
120 1.046 6.36 21.17 21.86 18.56 19.60 28.56 17.4 ± 2.0 123 ± 0.4

Table 4. The influence of anion type on the NMR spectra of t-Bu groups
in pyrazoline 1 salts

Salts of pyrazolidine 1 d Me3C Solvent

Hydrogen sulfate11 1.19 (br s, 9H),
1.32 (br s, 9H)

Acetone-d6

p-Toluenesulfonate11 1.27 (s, 9H), 1.42
(s, 9H)

CDCl3

(S)-(+)-10-
Camphorsulfonate

1.34 (s, 9H), 1.47
(s, 9H)

CDCl3

(R)-(�)-1,10-
Binaphthyl-2,2 0-diyl
hydrogenphosphate

1.16 (s, 9H), 1.28
(s, 9H), 1.30 (s,
9H), 1.38 (s, 9H)

CDCl3
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salts with (S)-(+)-10-camphorsulfonic acid from acetone
failed.

The enantiomers of 1 were successfully separated through
diastereomeric salts with (R)-(�)-1,1 0-binaphthyl-2,2 0-diyl
hydrogenphosphate.§ Unlike the 1H NMR spectra of the
salts with (S)-(+)-10-camphorsulfonic acid, in the spectra
of the salts of 1 with (R)-(�)-1,1 0-binaphthyl-2,2 0-diyl
hydrogenphosphate, the signals from the diastereomers
were differentiated (Table 4).

The purest fraction was recrystallized from acetone to give
a sample with ½a�20

D ¼ �11:2 (c 0.032, MeOH) and ee
P93% (according to 1H NMR).

After treating the sample with 6 M HCl and isolating
(R)-(�)-1,1 0-binaphthyl-2,2 0-diyl hydrogenphosphate, the
mother liquor was evaporated under reduced pressure
and the residue was treated with aqueous alkali. However,
instead of the expected enantiomer of 1, 1-tert-butyl-4,5-
dihydro-1H-pyrazole 6 was obtained (yield 70%), which
was transformed into crystalline tosylate 7 (Scheme 2).

An excess of strong acid apparently causes the dealkylation
of salt 4.– According to 1H NMR spectroscopy, the iso-
lated compound 5 is 1-tert-butylpyrazolidine hydrochlo-
§ This acid is successfully used for separation of diastereomeric salts of
Tröger base.19

– In independent experiment it is shown that treatment of 1 itself with
quadruple surplus of 6 M HCl in methanol leads to the same product 6.
In case of 2 such transformations was not observed.
ride, which rapidly oxidizes into pyrazoline�� 6 during
alkalization. The structure of 7 is confirmed by 1H NMR
and X-ray diffraction (XRD) data.

Pyrazolidine 2 was obtained as a mixture of (dl)- and semi-
meso-forms, 2a and 2b, respectively (Scheme 3). Crystalli-
zation of the mixture from benzene was used to enrich 2a
up to 90–93%. The pure (dl)-form was separated as a pic-
rate from a methanol solution. Structures of 2aÆpicrate
and 2bÆHCl were confirmed by an XRD study.

The possibility of the diastereomerization of 2a (Fig. 3) was
examined by gas chromatography on a chiral stationary
phase. Only the two peaks of the analyte enantiomers were
observed, that is, no diastereomers of 2 were formed under
�� It is known, that tertiary hydrazines are quickly oxidized into
corresponding hydrazones.20
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Figure 3. Chromatogram of the enantioseparation of 2 by gas chroma-
tography. Chromatographic conditions: 20 m Chirasil-b-Dex (0.25 mm
i.d., film thickness 0.25 lm). Carrier gas: dihydrogen, P = 50 kPa.

Table 5. Crystal data and structure refinement parameters for 2aÆpicrate,
2bÆHCl and 7

Compound 2aÆpicrate 2bÆHCl 7

Empirical formula C17H27N5O7 C14H28ClN2 C14H22N2O3S
Formula weight 413.44 259.83 298.40
Temperature (K) 120 100 100
Crystal system Monoclinic Monoclinic Monoclinic
Space group C2/c P21/n P21

Z 8 4 2
a, Å 17.3903(9) 7.4082(7) 9.3378(8)
b, Å 13.9780(7) 10.2084(9) 8.8648(7)
c, Å 16.5587(9) 20.547(2) 9.5610(8)
b, � 98.785(5) 98.867(6) 112.406(6)
V, Å3 3977.9(4) 1535.3(2) 731.69(10)
Density, g cm�3 1.381 1.124 1.354
l(Mo Ka), cm�1 1.08 2.33 2.31
F(000) 1760 572 320
2hmax, � 56 56 58
Number of
measured refl.

20,157 9840 5925

Number of
independent refl.
(R(int))

4788 3693 3569

Number of observed
refl. with I > 2r(I)

3672 2576 3254

Parameters 366 158 185
R1 0.0496 0.0438 0.0322
wR2 0.1423 0.1293 0.0784
GOF 1.019 1.003 1.001
Dqmax, Dqmin (e Å�3) 0.470, �0.239 0.352, �0.226 0.331, �0.271
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Scheme 3. (dl)-2a and semi-meso-2b forms of 1,2-diisopropyl-3,5-di-
methylpyrazolidine 2.

S. V. Usachev et al. / Tetrahedron: Asymmetry 18 (2007) 1540–1547 1543
these conditions. Interconversion of the enantiomers,
which could be detected by the appearance of a middle
peak, was also not observed.

According to the X-ray diffraction study of the single crys-
tals of 2aÆpicrate, 2bÆHCl and 7 (Table 5) only one of the
salts, namely, 2bÆHCl, crystallizes as a solvate with the benz-
ene cation in a 2:1 ratio. It is noteworthy that 2aÆpicrate
and 2bÆHCl both crystallize in centrosymmetric space
groups, while 7 is in a non-centrosymmetric chiral space
group P21 is a non-resolvable conglomerate. According
to the 1H NMR spectra of 7 in solution, a-protons are
equivalent, which indicates the fast exchange of the proton
at the asymmetric nitrogen atom.

The bond lengths of pyrazolidine in 2aÆpicrate and 2bÆHCl
are typical for this type of heterocycles whereas in the crys-
tal of pyrazoline 7, there are two different N–C bonds
(Table 6). The conformation of the heterocycle is an ideal
envelope in 2aÆpicrate and 2bÆHCl and flattened one in
the case of 7 with the deviation of C(2) atom by
0.477(3) Å in 2aÆpicrate (Fig. 4a) and atom C(1) by
0.540(3) and 0.139(4) Å in 2bÆHCl (Fig. 5) and 7
(Fig. 7a), respectively.

As expected the configuration of nitrogen atoms, with the
exception of N(2) in the crystal of 7, can be described as
a trigonal pyramid. The deviation of the N(1) atom from
the plane formed by C(1), N(2) and C(6) [C(4) in the case
of 7] varies in the range of 0.429(3)–0.484(3) Å, the corre-
sponding parameter for the N(2) atom is 0.459(3) and
0.488(3) Å in 2bÆHCl and 2aÆpicrate, respectively.

The mutual disposition of the methyl and isopropyl groups
of the cation in 2aÆpicrate with respect to the plane of the



Table 6. Selected bond lengths (Å) and angles (degr) of the cation in the
crystals of 2aÆpicrate, 2bÆHCl and 7

Parameter 2aÆpicrate 2bÆHCl 7

N(1)–N(2) 1.4759(15) 1.4716(19) 1.478(2)
N(1)–C(1) 1.5362(17) 1.525(2) 1.510(2)
C(1)–C(2) 1.521(2) 1.514(2) 1.529(2)
C(2)–C(3) 1.521(2) 1.530(2) 1.487(2)
N(2)–C(3) 1.4874(17) 1.496(2) 1.265(2)
N(2)–N(1)–C(1) 108.69(10) 106.47(13) 108.51(12)
N(1)–N(2)–C(3) 106.99(10) 107.52(13) 107.13(14)
C(1)–C(2)–C(3) 104.66(11) 103.52(14) 102.08(13)
C(1)–N(1)–C(6)a 112.50(10) 118.63(14) 116.63(13)
N(2)–N(1)–C(6)a 109.56(10) 111.40(13) 110.88(12)
N(1)–N(2)–C(9) 110.76(10) 109.84(13) —
C(3)–N(2)–C(9) 116.06(11) 115.21(14) —

a C(1)–N(1)–C(4) and N(2)–N(1)–C(4) angles in the case of 7.

Figure 5. General view of molecule 2bÆHCl in thermal ellipsoids at the
30% probability level.
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central ring is the transoid one. In contrast to 2aÆpicrate,
the methyl substituents of pyrazolidine in 2bÆHCl are in a
cisoid conformation. The determination of the relative con-
figuration of the asymmetric nitrogen atoms has revealed
that the structure of 2aÆpicrate corresponds to the (dl)-form
of the 1,2,3,5-tetra substituted pyrazolidine while in crys-
talline 2bÆHCl the semi-meso-form is realized.

The analysis of crystal packing revealed that in racemic
2aÆpicrate, 2bÆHCl and homochiral 7 crystals the cation
and anion form close pairs by means of N(1)–
H(1N)� � �O(1) (N� � �O is 2.817(2) Å and 2.718(3) Å, NHO
angle is 173� and 177� in 2aÆpicrate and 7, respectively)
(Figs. 4a and 6) or N(1)–H(1N)� � �Cl(1) (N� � �Cl is
3.022(2) Å, NHCl angle is 157�) H-bonds (Fig. 5). The
close pairs are assembled by anion� � �anion stacking in
Figure 4. General view of molecule 2aÆpicrate in thermal ellipsoids at the 30%
C(13)� � �C(13A) and C(17)� � �C(17A)) distances are 3.398(3)–3.253(3) Å. (b)
operation 1 � x, y, 0.5 � z.
2aÆpicrate (Fig. 4b) and C–H� � �Cl weaker contacts with
solvate molecule in 2bÆHCl into centrosymmetric dimers.

In all the salts studied, the above associates are held
together by weak C–H� � �O and/or C–H� � �C interactions
resulting in the formation of three-dimensional framework
(Fig. 6). Accordingly, the type of the supramolecular orga-
nization and the chirality of a crystal are mainly governed
not by strong but rather weak intermolecular interactions,
as was previously observed for crystalline imidazolidine-2-
one derivatives.24
probability level (a) and the stacking dimer in the crystal of 2aÆpicrate (the
The atoms with label A are obtained from the basic one by symmetry



Figure 6. The N–H� � �Cl� � �H–C bonded dimer in the crystal of 2bÆHCl. The atoms with a are obtained from the basic one by symmetry operation �x, �y,
�z.

Figure 7. The general view of molecule 7 in thermal ellipsoids at the 30% probability level (a) and the fragment of three-dimensional framework in the
crystal 7 (b). The atoms with A are obtained from the basic one by symmetry operation 1 � x, 0.5 + y, 1 � z.
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3. Conclusions

Thus, as suggested previously,11 high configurational sta-
bility of 1,2-diisopropyl-3,5-dimethylpyrazolidin enantio-
mers via steric veto of the nitrogen inversion has been
proved. Therefore, because of the chemical stability of
the compound towards strong acids, resolution of 1,2-
diisopropyl-3,5-dimethylpyrazolidin into enantiomers can
be performed through diastereomeric salts.
4. Experimental

1H NMR spectra were measured on spectrometers Bruker
WM-400 (400.13 MHz).

S-(+)-10-Camphorsulfonate of 1: yield 91%, mp 152–
154 �C (acetone). 1H NMR (CDCl3) d: (a-acid, p-pyrazol-
idine) 0.85a (s, 3H, CH3), 1.17a (s, 3H, CH3), 1.34p (s,
9H, Me3CN), 1.46p (s, 9H, Me3CN+), 1.61a (m, 1H, CH),



Table 7. Diastereoisomeric composition (D/C), the form of crystals and
its melting point

Fraction D/Cb The form of crystals Mp (�C)

Initial crystals 1/1 Fine a plate 251–254
1 2/1 Fine a plate 251–253
2 2/1 Fine a plate —
3 1/5 Thin needles —
4 1/13 Thin needles 258–260
5a 5/1 Fine a plate 249–251

a The fraction obtained after recrystallization of fractions 1 and 2 from
acetone.

b The correlation of the sum of integral intensities of signal at 1.16 and
1.38 ppm to the sum of intensities of signal at 1.27 and 1.28 ppm (see
Table 3).
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1.83a (m, 2H, CH2), 2.01a (m, 2H, CH2): CHp
2: 2.17 (m,

1H), 2.81 (m, 1H), 3.17 (m, 1H), 3.56 (m, 2H), 4.23 (m,
1H); CH2CO: 2.29 (t, 1H), 2.34 (t, 1H); CH2SO3: 2.83a

(d, 1H), 3.35a (d, 1H).

Fractional crystallization of the diastereomeric salt of 1
with (R)-(�)-1,1 0-binaphthyl-2,2 0-diyl hydrogenphosphate
from a mixture of acetone/dichloromethane (1/1 vol.) led
to five crystal fractions of different morphology, melting
point and diastereomeric composition. The relative inten-
sity of the signals of diastereomers varied depending on
the fraction of crystals and their form (Table 7).

R-(�)-1,1 0-Binaphthyl-2,2 0-diyl hydrogenphosphonate of 1:
yield 89%, mp 251–254 �C (acetone). 1H NMR (CDCl3)
d: 1.16 (s, 9H, Me3C), 1.28 (s, 9H, Me3C), 1.30 (s, 9H,
Me3C), 1.38 (s, 9H, Me3C); CH2: 2.06 (m, 1H), 2.19 (m,
1H), 3.05 (m, 1H), 3.45 (m, 2H), 3.95 (m, 1H); CHAr:
7.20 (t, 2H), 7.37 (t, 4H), 7.51 (d, 2H), 7.88 (dt, 4H);
11.77 (s, 1H, HN+).

1-tert-Butyl-4,5-dihydro-1H-pyrazole 6: A solution of 1a in
methanol was acidified with a fourfolded excess of 6 M
HCl. 1,1-Binaphtylposphonic acid was separated, and the
mother liquid evaporated in vacuo. The residue, 5ÆHCl,
was dissolved in water, filtered and basified. The base
was extracted with CH2Cl2. Yield 6 70%. 1H NMR
(CDCl3) d: 1.15 (s, 9H, Me3C); 2.62 (dt, 2H, 3J = 9.6 Hz,
3J = 1.7 Hz); 3.01 (t, 2H, CH2N, 3J = 9.6 Hz); 6.75 (t,
1H, HCN, 3J = 1.7 Hz).

5ÆHCl: 1H NMR (CDCl3) d: 1.36 (s, 9H, Me3C); 2.24 (q,
2H, CH2); 3.19 (br t, 2H, NCH2); 3.19 (br t, 2H, CH2N);
3.35 (br t, 2H, CH2N+).

p-Toluenesulfonate 7: 1H NMR (CDCl3) d: 1.42 (s, 9H,
Me3C); 2.43 (s, 3H, CH3); 3.35 (br m, 2H, CH2); 4.15 (br
m, 2H, NCH2); 7.15 (d, 2H, HPh), 7.22 (d, 2H, HPh); 7.94
(s, 1H, NCH).

Picrate 2a: mp 118–119 �C (methanol). 1H NMR (CDCl3)
d: 1.16 (d, 3H, A-MeCHN-1, 3J = 6.5 Hz); 1.20 (d, 3H, C-
MeCHN-1, 3J = 7.08 Hz); 1.23 (d, 3H, B-MeCHN-1,
3J = 6.5 Hz); 1.38 (d, 3H, C-MeCHN+-2, 3J = 6.6 Hz);
1.42 (d, 3H, B-MeCHN+-2, 3J = 6.6 Hz); 1.60 (d, 3H, C-
MeCHN+-2, 3J = 6.87 Hz); 2.01 (dt, 1H, Hb, 2J =
�12.7 Hz, 3J HbHa ¼ 3J HbHa0 ¼ 7:8 Hz); 2.08 (ddd, 1H,
Hb0, 2J = �12.7 Hz, 3J Hb0Ha ¼ 4:59 Hz, 3J Hb0Ha0 ¼ 1:83 Hz);
3.73 (sept, 1H, HCN-1, 3J = 6.5 Hz); 3.75 (sept, 1H,
HCN+-2, 3J = 6.6 Hz), 3.81 (ddq, 1H, Ha, 3J HaHb0 ¼
4:59 Hz, 3JHbHa = 7.8 Hz); 8.85 (ddq, 1H, Ha 0, 3J Ha0Hb0 ¼
1:83 Hz, 3J HbHa0 ¼ 7:8 Hz); 8.82 (s, 2H, HAr); 10.04 (s,
1H, HN+).

X-ray diffraction experiments were carried out with a Bru-
ker SMART 1000 CCD diffractometer [k(Mo Ka) =
0.71072 Å, x-scans, 2h <56�] at 120 K for 2aÆpicrate and
with a Bruker SMART APEX2 CCD diffractometer
[k(Mo Ka) = 0.71072 Å, x-scans] at 100 K for 2bÆHCl
and 7. Low temperature of the crystals was maintained
with a Cryostream (Oxford Cryosystems) open-flow N2

gas cryostat. Reflection intensities were integrated using
SAINTSAINT software and absorption correction was applied
semi-empirically using SADABSSADABS program. The structure
was solved by direct method and refined by the full-matrix
least-squares technique against F2 in the anisotropic–iso-
tropic approximation. All hydrogen atoms of 2aÆpicrate
were located from the Fourier synthesis of the electron den-
sity and refined in the isotropic approximation. In the case
of 2bÆHCl and 7 only hydrogen atoms of NH groups were
located from the Fourier synthesis of the electron density
and refined in the isotropic approximation. The H(C) atom
positions were calculated. The hydrogen atoms H(C) were
refined in the isotropic approximation in the riding model.
Crystal data and structure refinement parameters for
2aÆpicrate, 2bÆHCl and 7 are given in Table 6. All calcula-
tions were performed using the SHELXTLSHELXTL software (Sheld-
rick, G. M. SHELXTLSHELXTL-97, Version 5.10, Bruker AXS Inc.,
Madison, WI 53719, USA).

The racemate of 2a was enantioseparated by gas chroma-
tography on a chiral stationary phase (CSP) Chirasil-b-
Dex21,22 with the enantioseparation factor a = 1.08
(40 �C). In order to examine the possible diastereomeriza-
tion of 2a, a stopped-flow experiment23 was performed as
follows. The flow of the carrier gas was switched off exactly
at the time when both (already separated) enantiomers
were located in the centre of the gas-chromatographic cap-
illary. The temperature of the oven was quickly increased
up to 190 �C and kept for 10 min followed by fast cooling
to 40 �C and proceeding with the separation at 50 kPa of
the carrier gas pressure.

Crystal data: The crystallographic data have been depos-
ited with the Cambridge Crystallographic Data Center,
CCDC 255386 for 2aÆpicrate, CCDC 255387 for 2bÆHCl
and CCDC 255388 for 7. Copies of this information may
be obtained free of charge from: The Director, CCDC,
12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk).
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