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O(2—C(2y—N 122.0(3) C(8)—C(8a)—Se 116.8 (2)
0(2—C(2—Se 117.0 (3) C(14)—C(9)—C(10) 121.2(3)
N—C(2)—Se 121.0 (2) C(14)—C(9—N 118.6 (3)
O@4)—C@4)y—N 117.6 3) C(10—C(9—N 120.2 (3)

The structure was solved by the heavy-atom method using
SHELXS86 (Sheldrick, 1990). Refinement was performed by
SHELXL93 (Sheldrick, 1993) using full-matrix least squares,
with anisotropic displacement parameters for all non-H atoms.
H atoms were included at calculated positions and refined
using a riding model with isotropic displacement parameters
assigned. Molecular graphics: ORTEPII (Johnson, 1976).
Software used to prepare material for publication: SHELXL93.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, complete geometry and least-squares-planes data
have been deposited with the IUCr (Reference: KH1013). Copies
may be obtained through The Managing Editor, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Abstract

The crystal structures of three polymorphic forms of
ethyl maltol (2-ethyl-3-hydroxy-4-pyranone), C;HgOs,
have been determined. The polymorphs exhibit differ-
ent molecular arrangements through intermolecular hy-
drogen bonding. Form (1) contains nearly planar chains
of molecules, (2) contains three-dimensional or spiral
chains and (3) contains hydrogen-bonded dimers.
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Comment

Pyranones are biologically important chelating ligands
which may be used for removing metal overloads from
the body or the introduction of metals for therapy or
NMR imaging (Hider & Hall, 1991; Burgess, 1993).
Maltol (3-hydroxy-2-methyl-4-pyranone) is a naturally
occurring pyranone much used in the baking industry.
The ethyl analogue of maltol has been found in three
polymorphic forms, all of which were crystallized as
minor components; polymorph (1) was isolated from the
attempted reaction between crude 3-benzyloxy-2-ethyl-
4-pyranone and 4-fluoroaniline while (2) and (3) were
obtained from preparations of the metal complexes of
Si and Sb, respectively. This is not unexpected, as the
potential of these compounds as drug-transport systems
depends on the very similar solubilities of the ligand
and the metal complexes.

0]
OH

O
Ethyl Maltol

In each of the structures the hydroxyl H atom
H(1) bonded to O(1) is involved in intermolecular
hydrogen bonding to a terminal carbonyl O atom
0O(2). In polymorphs (1) and (2) the hydrogen bonds
link the molecules to form infinite chains. In the
case of polymorph (1) the result is a near-planar
chain (Fig. 1) in which adjacent molecules are related
by a crystallographic twofold screw axis. Polymorph
(2) contains a three-dimensional chain (Fig. 2) in
which adjacent molecules spiral along a crystallographic
threefold screw axis. In polymorph (3) pairs of mol-
ecules form hydrogen-bonded dimers mutually linked
across a crystallographic centre of symmetry (Fig.
3). In all three forms the H atom H(1) was located
as the highest residual electron-density peak after all
other atoms were included in the refinement (other
H atoms were included in calculated positions) and
was subsequently included in a riding position in the
final least-squares cycles. The intermolecular contact
distances between the hydroxyl O atoms O(1) and
O(2) (Table 2) are similar [2.724 (4), 2.676(1) and
2.711 (2) A for the polymorphic forms (1), (2) and (3),
respectively] and are consistent with hydrogen bonding.
Although the positions of the bridging H atoms were
not refined, their locations are chemically reasonable,
with H(1)---O(2) distances of 1.89, 1.87 and 1.81A
and O(1)—H(1)---O(2) angles of 146, 155 and 152°
for forms (1), (2) and (3), respectively.

Maltol (3-hydroxy-2-methyl-4-pyranone) has also
been found in two polymorphic forms (Burgess,
Fawceit, Llewellyn & Russell, 1995), one of which con-
tains a planar chain similar to that found in (1) and the
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Fig. 1. Structure of polymorph (1) (SHELXTL/PC XP; Sheldrick,
1990) showing the near-planar chain of hydrogen-bonded molecules
about a crystallographic 2; axis. Intermolecular hydrogen bonds are
indicated by the broken lines. Displacement ellipsoids are drawn at
the 50% probability level for all three polymorphs.

Fig. 2. Structure of polymorph (2) (SHELXTL/PC XP; Sheldrick, 1990)
showing the spiral arrangement of the hydrogen-bonded molecules
around a crystallographic 3; axis.

Fig. 3. Structure of polymorph (3) (SHELXTL/PC XP; Sheldrick,
1990) showing the hydrogen-bonded dimeric pairs of molecules.
The atom-labelling scheme is common to all three polymorphs.

THREE POLYMORPHS OF C;HgO;

other having a dimeric structure where the dimers ex-
hibit identical bridging to that found in (3).

The analogous pyridinone compounds display similar
hydrogen-bonded structures. 1,2-Dimethyl-3-hydroxy-4-
pyridone has been reported as forming centrosymmet-
ric dimers (Hider, Taylor, Walkinshaw, Wang & van
der Helm, 1990; Chan, Ghosh, Venkataram, Rahman
& Grant, 1992), as has Il-ethyl-2-methyl-3-hydroxy-4-
pyridinone (EMHP) (Xiao, van der Helm, Hider & Dob-
bin, 1992). In all of these structures the hydroxyl H
atoms have been located in the plane occupied by the
pyranone or pyridinone ring and O atoms and inclined
towards the O(2) atom of the same molecule, suggesting
a very weak intramolecular interaction. In the structure
of 1,2-diethyl-3-hydroxy-4-pyridone pairs of molecules
also form dimers, like the dimeric structures described
above (Burgess, Fawcett, Patel & Russell, 1993).

In view of the polymorphic forms reported here
for ethyl maltol and the analogous methyl maltol and
pyridones, it is likely that further forms of some or all
of these compounds will be found.

Experimental

Polymorph (1) was isolated as a white solid from the attempted
reaction between crude 3-benzyloxy-2-ethyl-4-pyranone and 4-
fluoroaniline. Crystals were grown from ethanol/water (50:50).
Polymorph (2) was obtained as a minor unreacted component
from the preparation of Si(etmalt),Cl, (etmalt = ethyl maltol).
Silicon tetrachloride (0.85 g, 5 mmol) was added dropwise
to a stirred solution of ethyl maltol (1.4g, 10 mmol) in
25 ml of anhydrous CH,Cl,. A white precipitate was formed,
which was washed with diethyl ether. Crystals we obtained
by fractional crystallization. Polymorph (3) was obtained
as a minor unreacted component from the preparation of
Sb(etmalt);. Aqueous 2M NaOH was added to a methanol
solution of antimony trichloride (0.5 g, 2.2 mmol) and ethyl
maltol (0.92 g, 6.6 mmol) and the solution concentrated to a
white solid. Crystal were obtained from hot methanol/water
by fractional crystallization.

Polymorph (1)

Crystal data

C7Hs03 Mo Ka radiation

M, = 140.1 A=071073 A
Monoclinic Cell parameters from 30
P2y /n reflections
a=4867(2) A 0 =69-12.5°
b=6.895(2) A p=0.108 mm™!

¢ =20.200(6) A T=293K

B =95.23(1)° Block

V=675.0@4) A 0.78 x 0.34 x 0.17 mm
Z=4 Colourless

D, = 1.379 Mg m~?

Data collection

Siemens P4 diffractometer

w scans

Absorption correction:
none



1760 measured reflections
1100 independent reflections
715 observed reflections

[F > 40(F)]
Rine = 0.0389

Refinement

Refinement on F

R =0.077

wR =0.104

$=1.83

715 reflections

91 parameters

H-atom parameters not
refined

w = 1/[¢*(F) + 0.0015F%]

Polymorph (2)
Crystal data
C7Hg03

M, = 140.1
Rhombohedral

R3 (hexagonal axes)
a=20828(3)A

c=7832(2) A
V = 2942 (1) A3
Z=18

D, =1423Mgm™

Data collection

Siemens P4 diffractometer
w scans
Absorption correction:
none
5053 measured reflections
1425 independent reflections
1024 observed reflections
[F > 40(F)]
R = 0.0165

Refinement

Refinement on F

R = 0.0408

wR = 0.057

§=121

1024 reflections

91 parameters

H-atom parameters not
refined

w = 1/[oc*(F) + 0.0013F%]

Polymorph (3)
Crystal data

C;Hs03
M, = 140.1

SIMON D. BROWN et al.

3 standard reflections
monitored every 100
reflections
intensity decay: 1%

(A/0)max = 0.005

Apmax =030 ¢ A3

Apmin = —024 ¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C)

Mo Ko radiation

A=071073 A

Cell parameters from 27
reflections

0 =54-124°

p=0.112 mm~

T=293K

Plate

0.43 x 0.36 x 0.18 mm

Colourless

1

Omax = 22.5°

h=-26 — 26
= —-26 — 26

I=-9 -1

3 standard reflections
monitored every 100
reflections
intensity decay: 2%

(A/0)max = 0.001

Apmax = 0.18 ¢ A3

Apmin = —0.18 ¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C)

Mo K« radiation
A=0.71073 A

Triclinic

P1

a=7.144 3) A
b=7641 () A
c=7.700 4) A
a=62.13 (1)°
3 = 68.28 (1)°
v =76.39 (1)°
V=3442 3) A’
Z=2

Dy = 1.352 Mg m™3

Data collection

Siemens P4 diffractometer
w scans
Absorption correction:

none
1771 measured reflections
1431 independent reflections
813 observed reflections

[F > 4a(F)]
Rine = 0.0182

Refinement

Refinement on F

R =0.0519

wR = 0.0733

S=1.10

813 reflections

91 parameters

H-atom parameters not
refined

w = 1/[c%(F) + 0.0029F]
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Cell parameters from 19
reflections

0 =5.5-124°

u = 0.106 mm™'
T=293K

Plate

0.58 x 041 x 0.18 mm
Colourless

Ormax = 27°
h=-1—-9
k=-8—8
1=-9-59

3 standard reflections
monitored every 100
reflections
intensity decay: 2%

(A/0)max = 0.002

Apmex =0.19e A3

Apmin = 029 ¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C)

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

Ueq = (l/3)2i2jU;,-a,.*aj‘ai.aj.

x y z Ueq

Polymorph (1)

o(l) 0.0753 (9) 0.1371 (5) 0.3406 (2) 0.063 (1)
0(2) 0.1946 (8) 0.4397 (5) 0.2573 (2) 0.062 (1)
o3 —0.3677 (8) 0.5139 (5) 0.3918 (2) 0.062 (1)
c) —0.1863 (16) 0.2443 (9) 0.5070 (2) 0.079 (2)
C(2) —0.3150 (14) 0.1974 (8) 0.4379 (2) 0.064 (2)
C@3) —0.2333 (2) 0.3404 (7) 0.3875 (2) 0.052 (2)
C4) —0.0470 (12) 0.3134 (7) 0.3428 (2) 0.049 (2)
C(5) 0.0206 (11) 0.4667 (7) 0.2986 (2) 0.048 (2)
C(6) —0.1167 (12) 0.6457 (7) 0.3070 (2) 0.053 (2)
C) —0.3051 (14) 0.6586 (8) 0.3510 (2) 0.064 (2)
Polymorph (2)

o(1) 0.4739 (1) 0.1203 (1) 0.0639 (2) 0.047 (1)
0oQ) 0.3898 (1) —0.0075 (1) 0.2488 (2) 0.048 (1)
0(@3) 0.6074 (1) 0.0683 (1) 0.1774 (2) 0.045 (1)
C(1) 0.6825 (1) 0.2319(1) 0.1286 (3) 0.061 (1)
C(2) 0.6284 (1) 0.1708 (1) 0.0123 (3) 0.046 (1)
C@3) 0.5750 (1) 0.1045 (1) 0.1074 (2) 0.036 (1)
C@) 0.5026 (1) 0.0805 (1) 0.1311 (2) 0.033 (1)
C(5) 0.4564 (1) 0.0147 (1) 0.2275 (2) 0.034 (1)
C(6) 0.4947 (1) —0.0206 (1) 0.2947 (3) 0.040 (1)
C(7 0.5663 (1) 0.0070 (1) 0.2687 (3) 0.045(1)
Polymorph (3)

o) 0.9536 (3) 0.8984 (3) 0.3314 (3) 0.063 (1)
0(2) 0.7702 (3) 0.9633 (3) 0.0471 (3) 0.067 (1)
0oQ3) 0.4772 (3) 0.6941 (3) 0.6553 (3) 0.062 (1)
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C() 0.8409 (6) 0.4850 (5) 0.8339 (5) 0.079 (2)
CQ2) 0.7483 (5) 0.6929 (5) 0.7665 (4) 0.061 (2)
C@3) 0.6675 (4) 0.7501 (4) 0.5920 (4) 0.050 (1)
C4) 0.7665 (4) 0.8418 (4) 0.3888 (4) 0.046 (1)
C(5) 0.6765 (4) 0.8810 (4) 0.2331 (4) 0.047 (1)
C(6) 0.4766 (4) 0.8202 (4) 0.3112 (5) 0.056 (2)
C(7) 0.3878 (4) 0.7337 (5) 0.5117 (5) 0.062 (2)

Table 2. Selected geometric parameters (A, °)
1) ) (3)

Oo(1)—C@4) 1.356 (6) 1.347 (3) 1.351 (4)
0(2)—C(5) 1.256 (6) 1.235(2) 1.241 (3)
0(3—C(3) 1.370 (6) 1.355(3) 1.363 (4)
O(3)—C(N) 1.346 (6) 1.334(2) 1.356 (5)
C(H)—C(2) 1.512 (7) 1.511(3) 1.489 (5)
C(22—C(3) 1.497 (7) 1.471(2) 1.495 (5)
C(3)—C4) 1.349 (7) 1.344 (3) 1.352(3)
C4)—C(5) 1.441 (6) 1.434 (2) 1.444 (5)
C(5)—C(6) 1.421 (7) 1.428 (3) 1.425 (4)
C(6)—C(7) 1.337 (8) 1.318(3) 1.320 4)
o(l)- - -0(2) 2.724 (4) 2.676 (1) 2.711(2)
C(3)»—03)—C(N" 118.2(4) 119.3(2) 119.1 (2)
C(1)—C(2—C(3) 111.9(5) 112.4(2) 111.8 (4)
0(3)>—C(3)>—C(2) 112.0 (4) 112.0 (2) 113.2(2)
0(3)—C(3—C(4) 121.1 (4) 121.1(2) 1203 (3)
C(2—C(3—C4) 126.9 (5) 126.9 (2) 126.5 (3)
O(1)—C4)»—C(3) 118.0 (4) 118.5(2) 118.8 (3)
O(1)—C(4)—C(5) 120.8 (4) 120.2 (2) 119.6 (2)
C(3)—C4)—C(5) 121.3 (4) 121.3 (2) 121.6 (3)
0(2)—C(5—C4) 120.6 (4) 121.3(2) 120.8 (3)
0(2—C(5—C(6) 124.1 (4) 124.7 (2) 1244 (3)
C(4)—C(5)—C(6) 115.2 (4) 1140 (2) 1148 (2)
C(5)—C(6)—C(N) 119.7 (5) 121.3 (2) 120.5 (4)
03)»—C(1—C(6) 124.4 (5) 123.1(2) 123.7 (3)

Symmetry codes: for polymorph (1), (i) § —x, y— 1, 1 —z; for polymorph
(2),() } —y,—4 —y+=x,z~ }; for polymorph (3), (i) 2 — x,2 — y, —z.

The structures were solved by direct methods and refined by
full-matrix least squares. H atoms bonded to C atoms were
included in calculated positions (C—H 0.96 A). With all non-
H atoms refined with anisotropic displacement parameters the
hydroxyl H atom H(1) was located as the highest residual
electron-density peak and was included in the final cycles of
least squares riding on atom O(1). All crystals of polymorph
(1) gave broad, weak diffraction peaks, resulting in a small
observed data set and consequent high value of R. Cell
refinement and data collection: XSCANS (Fait, 1991). Data
reduction, structure solution and refinement: SHELXTL/PC
(Sheldrick, 1990). Molecular graphics: SHELXTL/PC.

Lists of structure factors, anisotropic displacement parameters and
H-atom coordinates have been deposited with the ITUCr (Reference:
AS1151). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

The crystal structure analysis of 4-[2-(methylamino)-
ethyl]-1,2-benzenediol 1-(dihydrogenphospate) hydro-
chloride, CoH;sNOsP*.Cl~, shows that the Cl~ ion is
an acceptor in a hydrogen-bonding system joining the
ammonium cations in endless chains and involving one
phosphate and the phenol hydroxyl groups together
with the ammonium group, acting as proton donors.
The stability of this system may justify the isomeriza-
tion of the 4-hydroxy-3-O-phosphate to 3-hydroxy-4-O-
phosphatephenethyl moiety, observed in strongly acidic
HCI solution. This isomerization allows simplification
of the synthesis of the Z2055 dopaminergic prodrug.

Comment

Dopamine [DA, (I)] has been studied extensively be-
cause of its important physiological endogenous role
(Goldberg, 1972). A great deal of effort was devoted
to the synthesis of DA analogues which overcame DA
problems of oral low absorption and rapid metabolism
(Ince, 1990). A second line of research focused on
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