LE MAGUERES, OUAHAB, HOCQUET AND FOURNIER

N1—C7 1.365 (4) C5—C6 1.376 (5)
NI1—HS5 0.88 (3) C5—H3 0.91 (3)
N2—C7 1.367 4) C6—H4 0.91 (3)
N2—C8 1.402 (4) C8—C9 1.391 4)
N2—Hé6 093 (2) Cc8—Cl12 1.387 (4)
N3—C9 1.340 (5) C9—H7 1.03(3)
N3—C10 1.334 (5) c10—C1 1.380 4)
Cc1—C2 1.370 (5) C10—H8 1.09 (3)
C1—C6 1.378 (5) C11—C12 1.373(5)
Cc2—C3 1.374 (6) C11—H9 1.11(4)
C2—H1 1.00 (3) C12—HI10 0.95 (3)
C4—N1—-C7 128.8 (2) C1—C6—C5 119.7 (3)
C4—N1—H5 118 (2) C1—C6—H4 119 (2)
C7—N1—H5 113 (2) C5—C6—H4 121(2)
C7—N2—C8 127.8 (2) O0—C7—NI 1242 (3)
C7—N2—Hé6 118 (2) 0—C7—N2 1243 (3)
C8—N2—Hé6 114 (2) N1—C7—N2 111.5(2)
C9—N3—C10 119.2(3) N2—C8—C9 1245Q3)
Cl—C1—C2 120.7 3) N2—C8—ClI12 1184 (2)
ClI—C1—Cé6 119.4 (3) C9—C8—C12 117.1 (3)
C2—C1—C6 119.9(3) N3—C9—C8 1225(3)
C1—2—C3 120.8 (3) N3—C9—H7 122(2)
C1—C2—H1 114 (2) C8—C9—H7 115(2)
C3—C2—H1 125 (2) N3—C10—Cl11 122.1(3)
C2—C3—C4 1204 (3) N3—C10—H8 122(2)
C2—C3—H2 122 (2) C11—C10—H8 116 (2)
C4—C3—H2 117 (2) C10—C11—C12 118.4 (3)
N1—C4—C3 1245 (3) C10—C11—H9 120 (2)
N1—C4—C5 117.73) C12—C11—H9 121 (2)
C3—C4—C5 117.7(3) c8—C12—C11 120.7 3)
C4—C5—C6 121.5(3) C8—C12—HI10 120 (2)
C4—C5—H3 117 (3) C11—C12—HI10 119 (2)
C6—C5—H3 121 (3)

Table 6. Selected geometric parameters (A, °) for (3)

C1—C1 1751 2) Cc3—C4 1392 3)
o—C7 1214 (3) C3—H2 091 (2)
N1—C4 1.410 3) C4—C5 1.394 (3)
N1—C7 1.363 (3) C5—C6 1.380(3)
NI1—H5 094 (2) C5—H3 092(2)
N2—C7 1.382 (3) C6—H4 0.96 (2)
N2—C8 1.386 (3) C8—C9 1.382(3)
N2—H6 0.87(2) Cc8—CI12 1.397 (3)
N3—C10 1.345 (3) C9—C10 1.380 (4)
N3—Cl1 1.336 (3) C9—H7 0.94(2)
cl—C2 1372 (3) C10—H8 097 (2)
C1—C6 1.379 (4) Cl11—C12 1.368 (4)
C2—C3 1.383 (3) Cl1—H9 1.00 2)
C2—H1 0.92(2) C12—H10 0.96 (3)
C4—N1—C7 127.1 2) C1—C6—C5 119.6 (2)
C4—N1—H5 119 (2) C1—C6—H4 122 2)
C7—N1—H5 113 (2) C5—C6—H4 119(1)
C7—N2—C8 127.1 2) O—C7—NI 124.6 (2)
C7—N2—H6 116 (1) 0—C7—N2 123.7(2)
C8—N2—H6 17(1) N1—C7—N2 111.6 2)
C10—N3—Cl1 114.5 (2) N2—C8—C9 124.6 (2)
C—C1—C2 119.6 (2) N2—C8—C12 1184 (2)
Cl—C1—C6 119.4 2) C9—C8—C12 117.0 (2)
C2—C1—C6 121.1 (6) C8—C9—C10 118.5 (2)
C1—C2—3 119.3Q2) C8—C9—H7 124 (1)
Cl—C2—Hl 119 (1) C10—C9—H7 118 (1)
C3—C2—Hl 121 (1) N3—C10—C9 125.6 (2)
C2—C3—C4 120.9 (2) N3—C10—H8 116 (1)
C2—C3—H2 120 (1) C9—C10—HS 118 (1)
C4—C3—H2 119 (1) N3—C11—C12 124.6 (2)
N1—C4—C3 117.12) N3—C11—H9 115 (1)
N1—C4—CS 124.4 (2) C12—C11—H9 121 (1)
C3—C4—C5 118.5 (2) Cc8—CI12—Cl1 119.8 (2)
C4—C5—C6 1206 (2) C8—CI12—H10 120 (2)
C4—C5—H3 122(1) C11—C12—H10 120 (2)
C6—CS5—H3 117(1)

The structure was solved by direct methods and successive
difference Fourier syntheses. All of the H atoms were lo-
cated by difference Fourier synthesis. Full-matrix least-squares
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anisotropic (3;) refinement was carried out for all atoms ex-
cept the H atoms, which were refined isotropically. All calcu-
lations were performed on a MicroVAX 3100 using the MolEN
programs (Fair, 1990).

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the [UCr
(Reference: PA1069). Copies may be obtained through The Managing
Editor, Intemational Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Abstract

The structure of a second monoclinic polymorph of
]-carboxymethyl-3-hydroxy-2-methyl-4-pyridinone
(3-hydroxy-2-methyl-4-oxopyridine-1-acetic acid,
CgHoNO,) is reported. The molecule has a delocal-
ized zwitterionic structure much like that reported
for form 1 [Zhang, Rettig & Orvig (1992). Can. J.
Chem. 70, 763-770]. The structure contains a legiti-
mate intermolecular C—H:--O hydrogen bond [H---O
=2.18(2), C-0=3.155@3)A, C—H-0=
165 (2)°]. The two forms differ primarily in the
details of the hydrogen bonding.

Comment

Tautomerism is one of the most important features
of heterocyclic compounds. For 4-pyridinones there

Acta Crystallographica Section C
ISSN 0108-2701 ©1994



1512

are two possible tautomers: 4-hydroxypyridine and
4-pyridinone (Elguero, Marzin, Katritzky & Linda,
1976). In the equilibrium between these two tauto-
mers, the predominant form in polar solvents is the
pyridinone; however, the hydroxypyridine tautomer
appears to be the more stable of the two in the gas
phase (Johnson, 1984; Gilchrist, 1985; Maqueatian,
van Haverbeke, de Meyer, Katritzky, Cook & Page,
1975). The crystal structures of 3-hydroxy-2-methyl-
4-pyridinone (Hmpp) and 3-hydroxy-1,2-dimethyl-4-
pyridinone (Hdpp) (Nelson, Karpishin, Rettig &
Orvig, 1988) show that these compounds exist as the
pyridinone forms in the solid state and that the ring
system of the pyridinones shows some delocalization
of the formal double bonds. The effect of the ring
N-atom substituent on the delocalization has also
been discussed (Nelson, 1988). We have also deter-
mined the structures of 3-hydroxy-1-(p-methoxy-
phenyl)-2-methyl-4-pyridinone -(Hpap) and
1-carboxymethyl-3-hydroxy-2-methyl-4-pyridinone
(Hemp) (Zhang, Rettig & Orvig, 1992). The pyridi-
none ring system in Hpap contains localized formal
double bonds while this ring system in Hcmp
appears to be delocalized, as a zwitterionic structure
is formed (Zhang, Rettig & Orvig, 1992). Here we
report the structure of a second crystalline form of
Hcmp.

HO Cl

Hs HO CH,4
(rzth—cuz—coon e Ho—@fn—cuz—coo-

Hemp

The geometry of the Hcmp molecule in this crystal
form is very similar to that reported earlier for form
1 (Zhang, Rettig & Orvig, 1992), the largest differen-
ces between corresponding bond lengths being
0.008 (3) A for C(5—C(6) and 0.007 (3) A for
N(1)—C(6). [It should be noted that there are minor
differences in the atom numbering: O(3), 0(4), H(3),
H(4), H(5), H(8) and H(9) in the present structure
correspond to O(4), O(3), H(5), H(3), H(4), H(9) and
H(8), respectively, in form 1.] The intramolecular
bond angles in the two crystal forms exhibit some
small (but statistically significant) differences. The
plane of the carboxylate group is almost perpendicu-
lar to the plane of the aromatic ring, the angle
between the normals to the mean planes being 83.9°,
while the corresponding angle for form 1 is 91.0°.

In both crystal forms there are weak intramolecu-
lar O(1)—H--O(2) hydrogen bonds and weak intra-
molecular C(1)—H-+O(1) interactions, the former
interaction being weaker in form 2 than in form 1
[O--H =2.29 (2) A] while the latter interaction is
virtually identical in the two polymorphs. The
importance of weak C—H--O interactions in the
determination of molecular conformation and in lat-
tice stabilization, even when the geometry deviates

CsHgNO4

Fig. 1. Perspective view of 1-carboxymethyl-3-hydroxy-2-methyl-
4-pyridinone; 33% probability displacement ellipsoids are
shown for the non-H atoms. Fine lines represent hydrogen
bonds or weak C—H:--O interactions.

from the classical ‘ideal’ hydrogen-bond values, has
been recognized in a number of recent publications
(e.g. Keller, Neeland, Rettig, Trotter & Weiler, 1988;
Desiraju & Nalini, 1991; Wiborg, Waldron, Schulte
& Saunders, 1991). The differences between the
C(8)—O bonds [0.047 (3) A in form 2; 0.039 (2) A in
form 1] are consistent with an overall structure
derived predominantly from the zwitterionic form
with a large contribution from the pyridinone form.
This average structure is facilitated by the formation
of a strong O(2)—H(2)--O(carboxylate) hydrogén
bond (see below) and is further supported by the
detailed molecular geometry.

The intermolecular hydrogen bonding in the two
crystal forms of Hemp is shown in Fig. 2. The
hydrogen-bonding schemes have several features in
common. In both polymorphs the two OH-group H
atoms are involved in intermolecular O—H---O
hydrogen bonds, while the aromatic H atom adjacent
to the ring N atom and a methylene H atom attached
to C(7) are involved in C—H---O interactions, giving
rise to a total of eight intermolecular interactions per
molecule. The carboxylate O atoms O(3) and O(4)
act as the only acceptors in the intermolecular inter-
actions. Both polymorphs feature very strong O(2)—
H(2)---O(carboxylate) hydrogen bonds that link the
molecules head-to-tail to form infinite chains. These
chains are further linked by the remaining inter-
molecular interactions to form three-dimensional
networks. Examination of Fig. 2 reveals several
differences between the hydrogen-bonding schemes.
Each molecule in form 1 is linked to five different
neighboring molecules by O—H---O hydrogen bonds
and C—H--O interactions, while the molecules in
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form 2 are each linked to eight neighboring mol-
ecules. In form 1, both carboxylate O atoms [O(3)
and O(4)] are involved in one O—H--O hydrogen
bond and one weak C—H:---O interaction, whereas in
form 2, O(3) is only involved in O—H:--O hydrogen
bonding and O(4) is exclusively involved in C—H---O
interactions. The involvement of O(3) in a second
relatively strong O—H:--O hydrogen bond in form 2
accounts for the weakening of the O(2)—H(2)---O(3)
interaction relative to that in form 1 [O--O=
2.545 (2) versus 2.475 (1) A]. This distinction between
the carboxylate O atoms in the two polymorphs is
also consistent with the larger difference between the
two C(8)—O bond lengths in the present structure
[0.047 (3) versus 0.039 (2) A for form 1; the differen-
ces between the corresponding C(8)—O distances in
the two forms are both 0.004 (2) A, which is possibly
significant]. The hydrogen bonding in form 1 results
in centrosymmetric dimeric units linked via O(1)—
H(1)--O(3) hydrogen bonds that are absent in form
2. Different C(7) methylene H atoms are involved in
the C—H---O interactions in the two crystal forms:
that directed towards C(6) in form 1 and that
directed towards C(2) in form 2. The C(6)—
H(7)-+-O(4) interaction in form 2 is considerably
stronger than either C—H---O interaction in form 1

Fig. 2. Hydrogen bonding in the two polymorphs of 1-carboxy-
methyl-3-hydroxy-2-methyl-4-pyridinone (form 2 is on the left
and form 1 is on the right). Fine lines represent intermolecular
hydrogen bonds or C—H---O interactions. Other complete mol-
ecules shown are those linked to the labeled base molecule by
O—H:--O hydrogen bonding. For the sake of clarity, only those
atoms (or moieties) directly involved in C—H---O interactions
with the base molecule are shown.
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and may be classified as a legitimate C—H--O
hydrogen bond. It is noteworthy that, despite an
apparent advantage in intermolecular hydrogen
bonding, the density of form 2 is lower than that of
form 1 (1.487 versus 1.540 Mg m~?3), indicative of
stronger overall van der Waals interactions in form
1. This may result from the fact that in form 1 each
molecule is double-linked to three different molecules
by pairs of either O—H--O hydrogen bonds or

C—H---O interactions.

Experimental

The title compound was prepared as decribed by Zhang, Rettig

& Orvig (1992).

Crystal data

CgHoNO4
M, = 183.16
Monoclinic

P21/C

a=8380 (1) A_
b=10474 4) A
c=95542) A

8 =102.78 (1)°

vV =2817.8 (3) A?
Z=4

D, =1487 Mgm™?

Data collection

Rigaku AFC-6S diffractome-
ter
w-20 scans
Absorption correction:
empirical
Tmin = 0.90, Trnax = 1.00
2658 measured reflections
2380 independent reflections
1492 observed reflections
[ > 3a(D)]
Rim = 0.044

Refinement

Refinement on F

R =0.043

wR = 0.041

S =285

1492 reflections

154 parameters

All H-atom parameters
refined

w = 1/g*(F)

Mo Ka radiation

A =0.71069 A

Cell parameters from 25
reflections

f = 18.9-21.9°
p=0113 mm~'
T=294K
Prism

0.45 x 0.24 x 0.15 mm
Colorless

9m3x=300
h=0— 11
k=0— 14
Il =-13—-13

3 standard reflections
monitored every 200
reflections
intensity variation:
insignificant

(A/0)max = 0.02

Apmax = 025 ¢ A3

Apmin = —0.15¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Beg = (SWZ/S)ZiZjU,jai' aj‘ a;.a.

X y z Beq
o(l) —0.0809 (2) 0.0315(1) 0.2790 (1) 3.35(6)
0(Q) —0.2241 (1) 0.1679 (1) 0.0406 (1) 3.31(6)
0Q3) 0.6775 (1) 0.1762 (1) 0.3353 (1) 3.33(6)
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o) 0.4438 (2) 0.2821 (1) 0.3122(2) 4.20 (6) Johnson, C. K. (1976). ORTEPIL. Report ORNL-5138. Oak
N(1) 0.2688 () 0.1063 (1) 0.1354 (2) 2.59 (6) Ridge National Laboratory, Tennessee, USA.
gg; 8?22 g; _8835?; 8; ggggg g; ;g 2< 1(>7) Keller, T. H., Neeland, E. G., Rettig, S. J., Trotter, J. & Weiler, L.
cG) 0.0092 (2) 0.0823 (2) 0.1917 2) 237(6) M(1988)t..J. AA"' Che"}'i S"C‘bll:O' ;853_7328' C.. Katritzky. A
C@) —0.0639 (2) 01513 (2) 0.0681 (2) 261 (7) aqueatian, A., van Haverbeke, Y., de Meyer, C., Katntzky, A.
) 0.0364 (2) 0.1958(2)  —00190(2)  327(8) R., Cook, M. J. & Page, A. D. (1975). Can. J. Chem. 53,
C(6) 0.1994 (2) 0.1722(2) 0.0154 (2) 3.24(8) 490-496.
C(7) 0.4479 (2) 0.0942 (2) 0.1705 (2) 2.83(7) Molecular Structure Corporation (1985a). MSC/AFC Diffractom-
C(8) 0.5259 (2) 0.1937 (2) 0.2821(2) 2.67(7) eter Control Software. MSC, 3200 Research Forest Drive, The
Woodlands, TX 77381, USA.
Table 2. Selected geometric parameters (A, °) Molecular Structure Corporation (19856). TEXSAN. TEXRAY
Structure Analysis Package. MSC, 3200 Research Forest Drive,
O(1)—C(3) 1.352(2) C(1)»—C(2) 1.489 (3)
0(2)—C(4) 1.321(2) C(2—C@?3) 1.384 (2) The Woodlands, X 77381, USA.
0(3)—C(8) 1.273(2) C(3)—C@4) 1.404 (2) Nelson, W. O. (1988). PhD thesis, Univ. of British Columbia,
O(4)—C(8) 1.226 (2) C@—C(5) 1387 (3) Canada.
N(1)—C(2) 1.364 (2) C(5—C(6) 1355(3)  Nelson, W. O., Karpishin, T. B., Rettig, S. J. & Orvig, C. (1988).
N(1)—C(6) 1.355(2) C(1—C®) 1.529 3) Can. J. Chem. 66, 123-131.
N()—C(7) 1.469 (2) Wiborg, K. B., Waldron, R. F., Schulte, G. & Saunders, M.
C(2)—N(1)—C(6) 1209 (1) 0(2)—C(4)—C(3) 118.0(2) (1991). J. Am. Chem. Soc. 113, 971-977.
C(2—N(1)—C(N) 121.4(2) 0(2)—C(4)—C(5) 124.1(2) Zhang, Z., Rettig, S. J. & Orvig, C. (1992). Can. J. Chem. 70,
C(6)—N(1)—C(7) 117.6 (2) C3)—C(4)—C(5) 117.9 2) 763-770.
N(1)—C(2)—C(1) 120.0(2) C(4)—C(5)—C(6) 1204 (2)
N(1)—C(2)—C(3) 1189 (2) N(1)—C(6)—C(5) 121.3(2)
C(1)—C2)—C(3) 121.1 2) N(1)—C(7—C(8) 111.0(1)
0(1)—C(3)—C(2) 117.8(2) 0(3)—C(8—0(4) 125.3(2)
O(1)—C(3)—C(4) 121.5(1) 0(3)—C(8—C(7) 114.5(2)
C(2—C(3)—C4) 120.6 (2) O@)—CE—C(N 120.2 (2) Acta Cryst. (1994). C50, 1514-1516
Table 3. Hydrogen-bonding geometry (A, °) . .
D H A poH H.A Dp.a pm.a Structures of Trimethyloxosulfonium Salts.
88) H(D) gg‘)) 0.9 %; 175Q) 2677 ) 160 (2) VIII. New Refinement of the Perchlorate
) HQ) ( 0.96 ( 240(3) 732(2) 100 (2) —

02) HE@) 03Y) 1053) 149(3) 2545(2) 176(3) (CH,);S0".C10,
C(1) HG) o) 091(2) 2322 2786(3) 112(2)
c6) H(T) 0@ 100(2) 2.18(2) 3.155(3) 165(2)
C(7) H®) 0@d™)  099(2) 246(2) 3387(3) 156(1) CorINNE KOLINSKY, RENE PUGET,

Symmetry codes: (i) x — 1, y, z; (ii) x — 1, }—y, —}+z; (iii) x, -,

=4z (iv) 1 —x, — 3y, §—z.
Data collection and cell refinement: MSC/AFC Diffractometer
Control Software (Molecular Structure Corporation, 1985a).
Data reduction, structure solution, refinement and preparation
of material for publication: TEXSAN (Molecular Structure
Corporation, 1985b). Molecular graphics: ORTEPII (Johnson,
1976).

We thank the Natural Sciences and Engineering
Research Council of Canada for financial support.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, bond distances and angles involving H atoms, least-
squares-planes data and torsion angles, and a stereoview of the molec-
ular packing have been deposited with the [UCr (Reference: CD1062).
Copies may be obtained through The Managing Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, Eng-
land.

References

Desiraju, G. R. & Nalini, V. (1991). Acc. Chem. Res. 24, 290-296.
Elguero, J., Marzin, C., Katritzky, A. R. & Linda, P. (1976). Adv.
Heterocycl. Chem. Supl. 1, p. 86. New York: Academic Press.
Gilchrist, T. L. (1985). Heterocyclic Chemistry, pp. 290-296.
London: Pitman.

Johnson, C. D. (1984). Comprehensive Heterocyclic Chemistry,
edited by A. R. Katritsky & C. W. Ress, pp. 148-157. New
York: Pergamon.

©1994 International Union of Crystallography
Printed in Great Britain — all rights reserved

CHRISTINE DE BRAUER AND MICHEL JANNIN

Laboratoire de Physique du Solide, ERS 0002 CNRS,
Université de Bourgogne, BP 138,
21004 Dijon CEDEX, France

(Received 19 July 1993; accepted 26 January 1994)

Abstract

The trimethyloxosulfonium cations, (CH;);SO",
have the same geometry as in the other salts reported
previously. The ClO; anions occupy two different
sites of tetrahedral geometry. The first type is regular
[C1—O bonds 1.402 (2) A], while the second has an
irregular form [Cl—O bonds from 1.379 (5) to
1.417 (3) A); two kinds of tetrahedra are located at
the site having m symmetry with occupation factors
of 0.5. The structure of this compound has been
solved previously [Coulder, Gantzel & McCullough,
(1963). Acta Cryst. 16, 676-681] but the old data
required refinement.

Comment

In this series of papers, the iodide, bromide, chloride,
nitrate, chromate, chlorocadmate and thiocyanate
structures have been reported (Jannin, Puget, de
Brauer & Perret, 1991a,b,c; de Brauer, Jannin, Puget
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