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Non-profiled w scans
Absorption correction:

1) scan (North et al.,

1968)

Trmin = 0.936, Trmax = 0.969
3739 measured reflections
3355 independent reflections

Refinement

Refinement on F*

R(F) = 0.035

wR(F?) = 0.104

S = 1.053

3355 reflections

259 parameters

All H-atom parameters
refined

CisHsNO,S

Rin = 0.012
nax = 27.47°

h=0—-6

k=0—13

l=-36 — 36

3 standard refiections
frequency: 60 min
intensity decay: none

(A/O')max =0. 001

Apmax =033 € A‘

Apmin = —0.16 ¢ A™3

Extinction correction: none

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

A difference Fourier map indicated the possible locations of
the H atoms. They were inserted as such and refined freely
without constraint resulting in the final figures of merit for the
compound. The C—H distances and Ui valucs for the refined
H atoms are in the ranges 0.91 (3)-1.01 (3)A and 0.034 (4)-
0.077 (7) A‘ respectively.

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994).
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD4
(Harms & Wocadlo, 1995). Program(s) used to solve structure:
SIR97 (Altomare et al., 1999). Program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics:
ORTEP-3 for Windows (Farrugia, 1997). Software used to
prepare material for publication: WinGX (Farrugia, 1998).

RLL thanks Michigan Technological University for
support and a reviewer for suggestions that improved
the presentation of results.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FR1217). Services for accessing these
data are described at the back of the journal.
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Abstract

4-Hydroxypiperidinium iodide, CsH|,NO*-I~, displays
normal bond lengths and angles, but its crystal packing
is unusual in involving four-centre hydrogen bonds from
one NH group to two OH groups and one iodide anion
as acceptors. 4-Methylpiperidinium 4-methylpiperidine-
N-carboxylate hydrate, C¢H4N*-C;H;3NO; -H,0, is
formed when 4-methylpiperidine absorbs CO; from the
air. The N atom of the anion is essentially planar,
in contrast to that in the parent amine. Four classical
hydrogen bonds, one from each donor, are involved in
forming broad layers of residues parallel to the xy plane.

Comment

We are interested in secondary interactions in var-
ious systems, e.g. in amine complexes of metals
(Ahrens et al., 1999) and in various amine derivatives
(Jones & Ahrens, 1998; Freytag & Jones, 1999). We
present here the structures of two piperidinium deriva-
tives, namely 4-hydroxypiperidinium iodide, (1), and
4-methylpiperidinium 4-methylpiperidine-N-carboxylate
hydrate, (2), one of which was obtained by chance.

o é

O" -0
(¢Y) (2)

4-Hydroxypiperidinium iodide, (1) (Fig. 1), dis-
plays the expected chair conformation of the cation,
marginally flattened in the region of the N atom, with the
hydroxy substituent equatorial. Bond lengths and angles
may also be regarded as normal.

The crystal packing is largely determined by hydro-
gen bonding (Table 2); there are conventional, essen-
tially linear, hydrogen bonds from N—H]1’ (axial) and
the OH group as donors to iodide as acceptor, with
H.--A distances similar to those of 2.76 and 2.55 A,
respectively, quoted by Steiner (1998) for normalized
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Fig. 1. The asymmetric unit of compound (1) in the crystal. Ellipsoids
correspond to the 50% probability level.

H.--1 di§tances (N—H normalized to 1501 A and O—H
to 0.98 A), Mascal (1997) quotes 2.67 A for N*—H- - I
and 2.72 A for O—H- -1, but it is not clear whether
the D—H distances were normalized. A more unusual
feature is a four-centre hydrogen bond from N—H2’
(equatorial) to two OH groups and one iodide ion as ac-
ceptors. The H- - A distances are rather long, as would
be expected in such cases. [A referee points out that the
H- - -A distances are not much less than the sum of the
van der Waals radii, especially for the H- - -I contact of
3.31(3) A. This is true, but H2' would be expected to be
a hydrogen-bond donor, and it has three neighbouring
potential acceptors, making N—H.--A angles of 122-
137°. In the final analysis, it is impossible to prove
whether any contact is genuinely a hydrogen bond, but
we feel our interpretation is plausible.] The net effect of
the hydrogen bonds is to connect the residues in a three-
dimensiona] network (Fig. 2) with hydrophilic regions
aty = 0, | 3, 1 etc. There are also three C—H- - I con-
tacts that may be borderline cases of hydrogen bonds;
these are given in Table 2, but are not shown in Fig. 2.

4-Methylpiperidinium 4-methylpiperidine-N-carboxyl-
ate hydrate, (2) (Fig. 3), furnishes an example of the
principle that secondary amines can absorb carbon diox-
ide from the air to form sec-ammonium N-carboxylates

A

\7\?-%/ *’ @
'O \

/ ?
H ’ :
. .
v . H
“dl &
J . ®
N

~.

Fig. 2. Packing diagram of compound (1), viewed parallel to the z
axis. H atoms not involved in hydrogen bonds (dashed lines) have
been omitted for clarity. C atoms are drawn as points.
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(carbamates). [It is conceivable that the formation of
(2) is catalysed by the silver ions present during the
crystallization (see Experimental)]. This was first noted
by Knorr (1898) for morpholine, and the correspond-
ing structure of morpholinium morpholine-4-carboxyl-
ate has been determined by Brown & Gray (1982), von
Dreele er al. (1983) and Czugler er al. (1995). Other re-
lated adducts of secondary amines are known, but seem
to be much less stable; their exact nature has not been
established. The piperidine derivative was reported, but
with few details (Schroth er al., 1989).

Fig. 3. The formula unit of compound (2) in the crystal. Ellipsoids
correspond to the 50% probability level.

Both methyl groups in (2) are equalorial The major
effect on the anion ring structure is_the planarization of
the N atom; N1 lies only 0.052 (2) A out of the plane of
atoms C1, C5 and C7. The chair form is retained, how-
ever. The endocyclic C5—N1—CI angle is still narrow
at 114.40 (14)°, but the exocyclic angles are widened to
122-123°. The carboxylate group is essentially copla-
nar with the N1 centre [interplanar angle 2.32 (5)°]. The
N1—C7 bond length of 1.373(2) A compares well with
the value of 1.379 (2)A observed by von Dreele er al.
(1983) for the morpholine analogue.

The crystal packing involves four classical hydrogen
bonds (Table 4). The water H atoms each act as donor

Fig. 4. Packing diagram of compound (2), viewed paraliel to the z
axis. H atoms have been omitted for clarity. Hydrogen bonds are
drawn as thick dashed lines. C atoms are drawn as points.
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to one carboxylate O atom, whereas the N—H groups
donate to water and to the carboxylate O2 atom. The
net effect is to form hydrophilic regions at z = 4'—1, % elc.
(with hydrophobic regions at z = 0, %, 1 etc.), wherein
the residues associate to give two broad layers of ions
per unit cell parallel to the xy plane. One of these is
shown in Fig. 4. Additionally, there are two possible
hydrogen bonds of the form C—H- - -O (Table 4).

Experimental

For the preparation of (1), 4-hydroxypiperidine (Fluka) was
treated with aqueous HI. After evaporation almost to dryness,
the residue was crystallized from ethanol/petroleum ether. In
an attempt to obtain a silver complex, silver trifluoromethane-
sulfonate (0.26 g) was dissolved in 4-methylpiperidine (5 ml).
After one month, small quantities of crystals had formed,
but these proved to be compound (2) rather than the desired

complex.

Compound (1)
Crystal data
CsH;,NO* .1~
M, = 229.06
Monoclinic
P2y/n
a=77939(8) A

b =12.3957 (14) A
c=17978(1) A
B=9748(1)°
V=764.20 (15) A’
Z=4

D; = 1991 Mg m~?
D, not measured

Data collection

Siemens P4 diffractometer
w scans
Absorption correction:

v scan (XEMP; Siemens,

1994a)

Tin = 0.702, Trax = 0.996
5555 measured reflections
1750 independent reflections
1595 reflections with

I > 20a(l)

Refinement

Refinement on F*

RIF? > 20(F»)] = 0.014

wR(F?) = 0.035

S=1.071

1750 reflections

86 parameters

H atoms treated by a
mixture of independent
and constrained refinement

w = U[o2(F2) + (0.0193P)

+ 0.1398P]

where P = (F} + 2F2)/3

Mo Ko radiation

A=0.71073 A

Cell parameters from 62
reflections

0 =3.0-125°

i =4.107 mm™!
T=173(2) K
Prism

04 x 0.3 x 0.2 mm
Colourless

Rine = 0.023
Omax = 27.5°
h=-4— 10
k=—-16 — 13
I=-10—-10

3 standard reflections
every 247 reflections
intensity decay: none

(A/0)max = 0.001

Apmax = 0.50 e A7

Apmin = —047 ¢ A3

Extinction correction:
SHELXL97 (Sheldrick,
1997a)

Extinction coefficient:
0.0357 (8)

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

CsH,NO*- 1= AND C¢H 4N*-C;H;NO; -H,0

Table 1. Selected geometric parameters (A °) for (1)

N—C5 1.495(2)
N—C1 1.500 (2)
C5—N—C1 113.32 (15)
C5—N—C1—2 —54.8(2)
N—C1—C2—C3 56.5(2)
Cc1—C2—C3—0 —177.95 (15)
C1—C2—C3—C4 —59.0(2)

0—C3 1.431(2)
0—C3—C4—C5 179.78 (14)
C2—C3—C4—C5 58.45(19)
C1—N—C5—C4 54.9(2)
C3—C4—C5—N -56.2(2)

Table 2. Hydrogen-bonding geometry (A °) for (1)

D—H.-..A D—H
N—H1’- -1 ) 0.88 (2)
N—H?'...0' 0.85(3)
N—H2'-..O" 0.85 (3)
N—H2'.. ™ 0.85 (3)
O—H3' ... ¢ 0.74 (2)
C3—H3. - .1 1.00
C5—H54- - -I' 0.99
C5—H58- - -1 0.99
Symmetry codes: (i) x — 1,1 — v, 3
i) 1 —x, =y, —z(ivix~ L, =y 1+
Compound (2)
Crystal data
C¢H1sN'-C7H,;NO; -H,0
M, = 260.37
Orthorhombic
Pbca

a =9.1378 (10) A
b =10.9924 (14) A
¢ =30.580 (3) A

V =3071.6 (6) A®
Z=8

D, =1.126 Mg m™?
D,, not measured

Data collection

Siemens P4 diffractometer
w scans
Absorption correction: none
3094 measured reflections
2694 independent reflections
1486 reflections with

I > 20()
Rin = 0.029

Refinement

Refinement on F*

R[F? > 20(F%)] = 0.038

wR(F?) = 0.078

§=0.797

2694 reflections

181 parameters

H atoms treated by a
mixture of independent
and constrained refinement

H-..A D--.A D—H...A
2.70(3) 3.566 (2) 169 (2)
2.30(3) 2.985(2) 137 (2)
246 (3) 3.106 (2) 133(2)
3.31(3) 3.835(2) 122 (2)
276 (3) 3.488 (1) 169 (2)
3.30 4.283(2) 167

329 3919(2) 123

3.39 4.047 (2) 12§
M VR 8 e T &

VL —xl+y -z

Mo Ka radiation

A=071073 A

Cell parameters from 45
reflections

0 =48-11.9°

@ = 0.079 mm™'
T=173 2)K

Cone

04 x 0.3 x 0.3 mm
Colourless

Omax = 25°
h=-10—-0
k=-13 -2
l=-36 -0

3 standard reflections
every 247 reflections
intensity decay: none

w = U[o*(F}) + (0.0346P)*]
where P = (F2 + 2F3)/3

(A/0)max < 0.001

Apmax = 0.12e AT

Apmin = ~0.13 ¢ A3

Extinction correction: none

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

Table 3. Selected geometric parameters (A, °) for (2)

N2—CI5 1.483(2)
N2—C11 1.488 (2)
017 1.256 (2)
02—C7 1.275(2)

N1—C7 1.373(2)
N1—C5 1.449 (2)
N1—C1 1.455(2)
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C15—N2—Cli 112.24 (15) 01—C7-02 124.23(17)
C7—N1—C5 122.29(15) O1—C7—N] 118.19(17)
C7—N1—ClI 12291 (14) 02—C7—NI1 117.58 (16)
C5—N1—C1I 114.40 (14)
CI15—N2—CI11—C12 55.8(2)
N2—C11—CI12—C13 —559(2)
Cl1—CI12—C13—Cl14 55.8(2)
C11—C12—CI13—C16 179.68 (16)
C12—C13—C14—Cl15 —559(2)
Cl6—C13—C14—C15 —179.73 (16)
CI1—N2—C15—C14 —-55.9(2)
C13—C14—CI15—N2 56.5(2)
C7—N1—C1—-C2 —131.71(17)
C5—N1—C1—C2 55.4(2)
NI—C1—C2—C3 —53.1(2)
C1—C2—C3—C4 52.1(2)
C1—C2—C3—C6 176.33 (15)
C2—C3—C4—C5 —525(2)
C6—C3—C4—C5 —176.44 (16)
C7—N1—-C5—C4 131.01 (17)
Cl1—N1—C5—C4 —56.0(2)
C3—C4—C5—NI 54.3(2)
C5—N1—C7—01 -4.3(3)

Table 4. Hydrogen-bonding geometry (A, °) for (2)

D—H- - -A D—H H-..A D---A D—H-.-A
O3—HIW-..02 054 (2) 1.79(2) 2.718(2) 172(2)
O3—H2W- . .0l 0.92(2) 1.79 (2) 2.712(2) 177 (2)
N2—H1...02" 1.06 (2) 1.63(2) 2.681 (2) 167 (2)
N2—H2.-.03 0.97 (2) 1.84 (2) 2.796 (2) 172(2)
C15—HI154- - -O3" 0.99 2.58 3.442(2) 146
Cl2—HI124- . -O1" 0.99 2.58 3.303(2) 129

Symmetry codes: (i) 3 —x, L+y,z; (i) I —x, L+y, }
(iv)x, I +vy,2z

=z (i)x—14,y, L=z

For (1), NH atoms were refined freely, the OH atom was
treated as a rigid group (initial position from difference
synthesis, allowed to rotate but not tip) and the remaining H
atoms were treated as riding. The largest features of residual
electron density (0.5 e A~>) are 0.8 A from the I atom. A rigid-
body libration correction (Schomaker & Trueblood 1968)
gave Ryp = 0.039 and corrected bond lengths (A) of N—Cl1 =
1.507, C1—C2 = 1.522, C2—C3 = 1.528, C3—C4 = 1.528,
C4—CS5 = 1.525, C5—N = 1.503 and C3—O = 1.435. For (2),
the NH and OH atoms were refined freely, methyl group H
atoms were refined as rigid groups (as for OH above) and the
remaining H atoms were treated as riding. The freely refined
N—H bonds are longer than expected (for fixed N—H of
this type, the program system sets a distance of 0.91 A), but
attempts to idealize the N—H bond lengths with refinement
restraints were unsuccessful (the program indicated that there
were ‘disagreeable restraints’). Clearly, if the N—H bonds
are for any reason systematically too long, then the H:.-A
hydrogen-bonding contacts will be too short. It is unlikely
that X-ray methods alone can resolve this problem. A rigid-
body libration correction (Schomaker & Trueblood, 1968) for
the cation gave Rj, = 0.056 and corrected bond lengths (A)
of N2—C11 = 1.499, C11—C12 = 1.519, C12—C13 = 1.529,
C13—C14 = 1.531, C14—C15 = 1.530 and C15—N2 = 1.492.
The anion was not amenable to correction, presumably because
of rotation about the exocyclic N—C bond.

For both compounds, data collection: XSCANS (Fait, 1991);
cell refinement: XSCANS; data reduction: XSCANS; program(s)
used to solve structures: SHELXS97 (Sheldrick, 1997b); pro-
gram(s) used to refine structures: SHELXL97 (Sheldrick,
1997a); molecular graphics: XP (Siemens, 1994b); software
used to prepare material for publication: SHELXL97.

© 1999 International Union of Crystallography
Printed in Great Britain - all rights reserved

1877

We thank the Fonds der Chemischen Industrie for
financial support and Mr A. Weinkauf for technical
assistance.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: BM1355). Services for accessing these
data are described at the back of the journal.

References

Ahrens, B., Jones, P. G. & Fischer, A. K. (1999). Eur. J. Inorg. Chem.
pp. 1103-1110.

Brown, C. J. & Gray, L. R. (1982). Acta Cryst. B38, 2307-2308.

Czugler, M., Bombicz, P., Csoregh, 1. & Gallardo, O. (1995). Z.
Kristallogr. 210, 368.

Dreele, R. B. von, Bradshaw, R. L. & Burke, W.J. (1983). Acta Cryst.
C39, 253-255.

Fait, J. (1991). XSCANS. Siemens Analytical X-ray Instruments Inc.,
Madison, Wisconsin, USA.

Freytag, M. & Jones, P. G. (1999). Acta Cryst. C55, 1682-1685.

Jones, P. G. & Ahrens, B. (1998). Eur. J. Org. Chem. pp. 1678-1688.

Knorr, L. (1898). Ann. Chem. 301, 1-10.

Mascal, M. (1997). J. Chem. Soc. Perkin Trans. 2, pp. 1999-2001.

Schomaker, V. & Trueblood, K. N. (1968). Acta Cryst. B24, 63-76.

Schroth, W., Schadler, H.-D. & Andersch, J. (1989). Z. Chem. 29,
129-135.

Sheldrick, G. M. (1997a). SHELXL97. Program for the Refinement of
Crystal Structures. University of Gottingen, Germany.

Sheldrick, G. M. (1997b). SHELXS97. Program for the Solution of
Crystal Structures. University of Gottingen, Germany.

Siemens (1994a). XEMP. Empirical Absorption Correction Program.
Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin,
USA.

Siemens (1994b). XP. Molecular Graphics Program. Version 5.03.
Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin,
USA.

Steiner, T. (1998). Acta Cryst. B54, 456—463.

Acta Cryst. (1999). C55, 1877-1881

A rhodanine derivative and its cycloadduct
with diphenyl nitrile imine

ANTHONY LINDEN, ENas M. A. H. AwaD AND HEINZ
HEIMGARTNER

Institute of Organic Chemistry, University of Ziirich,
Winterthurerstrasse 190, CH-8057 Ziirich, Switzerland.
E-mail: alinden®@oci.unizh.ch

(Received | June 1999; accepted 30 June 1999)

Abstract

The phenylmethylene substituent at the C5 position of
5-benzylidene-3-phenyl-2-thioxo-1,3-thiazolidin-4-one,
Ci6H1NOS;, (I), is virtually coplanar with the planar
five-membered ring, whereas the phenyl group at N3
is almost orthogonal to this plane. The crystals of the

Acta Crystallographica Section C
ISSN 0108-2701 © 1999



