
organic compounds

o378 # 2003 International Union of Crystallography DOI: 10.1107/S0108270103011077 Acta Cryst. (2003). C59, o378±o380

2-(Hydroxymethyl)pyridinium
dihydrogenphosphate

Selcuk Demir,a Veysel T. Yilmaza* and William T. A.

Harrisonb

aDepartment of Chemistry, Faculty of Arts and Science, Ondokuz Mayis University,

55139 Kurupelit Samsun, Turkey, and bDepartment of Chemistry, University of

Aberdeen, Meston Walk, Aberdeen AB24 3UE, Scotland

Correspondence e-mail: vtyilmaz@omu.edu.tr

Received 1 May 2003

Accepted 19 May 2003

Online 20 June 2003

The title compound, C6H8NO+�H2PO4
ÿ, consists of 2-(hy-

droxymethyl)pyridinium and dihydrogenphosphate ions. The

dihydrogenphosphate moieties are linked into chains by pairs

of PÐOÐH� � �OÐP hydrogen bonds. The 2-(hydroxy-

methyl)pyridinium cations are connected to the dihydrogen-

phosphate units by OÐH� � �O and NÐH� � �O hydrogen

bonds. Weak �±� interactions help to determine the

interchain packing.

Comment

During the synthesis of metal phosphates templated by

organic amines (Cheetham et al., 1999), amine phosphates may

occur as unexpected by-products and may also act as inter-

mediates in the formation of open-framework structures

(Oliver et al., 1998; Neeraj et al., 1999; Rao et al., 2000). In

addition, amine phosphates show interesting crystal-packing

motifs controlled by the interplay of NÐH� � �O and OÐ

H� � �O hydrogen bonds (Demir et al., 2002). We describe here

the structure of the title compound, (I) (Fig. 1).

The pyridine ring in (I) is essentially planar (for atoms N1

and C1±C5, the r.m.s. deviation from the best least-squares

plane is 0.009 AÊ ), and the bond distances and angles in the

cation are comparable to those seen for the neutral molecule

coordinated to metal ions (Yilmaz et al., 2002a,b). Similar

geometric parameters were also observed in (C6H8NO)[Ru-

Cl3(C6H6NO)(NO)] (Suzuki et al., 1999), in which the organic

moiety acts as both an OÐH deprotonated N,O-chelating

ligand to ruthenium and an NÐH protonated counter-ion.

For the dihydrogenphosphate group, the protonated PÐO

vertices (atoms O3 and O4) show the expected lengthening

relative to the other PÐO bonds (atoms O1 and O2; Table 1),

which are of similar length as a result of delocalization of the

negative charge between them.

The crystal packing is shown in Figs. 2 and 3. The di-

hydrogenphosphate anions are linked by relatively strong,

roughly parallel, pairs of PÐOÐH� � �OÐP and PÐO� � �HÐ

OÐP hydrogen bonds, thus creating a polymeric chain that
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Figure 2
Part of the structure of (I), showing the connectivity of the dihydrogen-
phosphate units (shaded tetrahedra) into [001] chains via pairs of OÐ
H� � �O hydrogen bonds (H� � �O portion shaded; shown as green in the
online version). Each organic moiety is pendant to a particular H2PO4

ÿ

group. Adjacent chains interact via weak �±� stacking interactions (lines
linking pyridine-ring centroids; shown as orange online). Sphere radii are
arbitrary. (C, N, O and H atoms are shown as blue, green, red and grey
spheres, respectively, in the online version.)

Figure 1
The asymmetric unit of (I), with displacement ellipsoids drawn at the 50%
probability level. H atoms are shown as spheres of arbitrary radii.



propagates along [001]. Along the chain, these bonds alternate

between PÐO3ÐH3� � �O2ÐP and PÐO2� � �H3ÐO2ÐP

pairs, and between PÐO4ÐH4� � �O1ÐP and PÐO1� � �H4Ð

O4ÐP pairs. By comparison, in N-(2-hydroxyethyl)ethylene-

diammonium hydrogenphosphate monohydrate (Demir et al.,

2002), in®nite chains of HPO4 groups are linked by a single

PÐOÐH� � �OÐP connection, while in triethanolammonium

dihydrogenphosphate (Demir et al., 2003), the H2PO4
ÿ

moieties are connected by alternating single and double PÐ

OÐH� � �OÐP hydrogen-bond links.

In (I), the 2-(hydroxymethyl)pyridinium cations are

pendant to the phosphate chains; each C6H8NO+ cation is

bonded to its neighbouring H2PO4
ÿ unit by both an N1Ð

H1� � �O1 and an O5ÐH5� � �O2 hydrogen bond. The ®rst of

these links (Table 2) may be acute because of a weak intra-

molecular N1ÐH1� � �O5 hydrogen bond [NÐH = 0.89 AÊ ,

H� � �O = 2.40 AÊ , N� � �O = 2.736 (2) AÊ and NÐH� � �O = 103�].
Adjacent chains interact via van der Waals forces and

relatively weak �±� ring-stacking interactions [ring-centroid

separation = 3.829 AÊ ; the adjacent ring is generated by the

symmetry code (ÿx, ÿy, 1 ÿ z)]. The pattern of �±� stacking

(Fig. 2) between adjacent chains results in a head-to-tail

con®guration for the participating 2-(hydroxymethyl)-

pyridinium cations, although it is not clear that the �±�
interaction alone actually drives this motif. This con®guration

results in extended (110) sheets (Fig. 3). If it is not an artefact

of the crystal packing, a weak C4ÐH14� � �O3 bond (Table 2)

provides further cohesion between neighbouring chains in the

(110) sheets.

Experimental

H3PO4 (0.814 ml, 12 mmol; aqueous 85 wt%) was added dropwise to

an aqueous solution (20 ml) of ethylene glycol (20%) and

2-(hydroxymethyl)pyridine (1.012 ml, 10 mmol), and the resulting

mixture was stirred for 2 h at 323 K and then left to crystallize at

room temperature. The colourless transparent crystals of (I) that

formed from the mixture were washed with a small amount of water

and acetone, and ®nally dried in air.

Crystal data

C6H8NO+�H2PO4
ÿ

Mr = 207.12
Triclinic, P1
a = 7.8826 (4) AÊ

b = 8.0041 (4) AÊ

c = 8.2092 (5) AÊ

� = 65.5050 (1)�

� = 69.5660 (1)�

 = 69.0370 (1)�

V = 427.67 (4) AÊ 3

Z = 2
Dx = 1.608 Mg mÿ3

Mo K� radiation
Cell parameters from 2793

re¯ections
� = 2.8±30.0�

� = 0.31 mmÿ1

T = 293 (2) K
Chunk, colourless
0.39 � 0.37 � 0.28 mm

Data collection

Bruker SMART1000 CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Bruker, 1999)
Tmin = 0.884, Tmax = 0.918

3828 measured re¯ections

2447 independent re¯ections
2150 re¯ections with I > 2�(I )
Rint = 0.012
�max = 30.0�

h = ÿ9! 11
k = ÿ10! 11
l = ÿ7! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.115
S = 1.08
2447 re¯ections
118 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0759P)2

+ 0.0416P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.44 e AÊ ÿ3

��min = ÿ0.45 e AÊ ÿ3

Hydroxy and amine H atoms were found in difference maps and

were re®ned by allowing them to ride in these positions. H atoms

bonded to C atoms were placed in calculated positions 0.97 AÊ from

their parent atoms and modelled as riding. The Uiso(H) values were

constrained to be 1.2Ueq of the values of the parent atom in all cases.

Data collection: SMART (Bruker, 1999); cell re®nement: SAINT

(Bruker, 1999); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997) and ATOMS (Dowty, 1999); software

used to prepare material for publication: SHELXL97.

The authors thank Ondokuz Mayis University for the

®nancial support given to the project.
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Figure 3
The unit-cell packing in (I), viewed along [001]. All H atoms bound to C
atoms (except atom H14) have been omitted for clarity. Atom and bond
colours are as in Fig. 2, with H14� � �O3 bonds coloured light grey (yellow
in the online version).

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O3ÐH3� � �O2i 0.87 1.67 2.5386 (14) 173
O4ÐH4� � �O1ii 0.79 1.78 2.5667 (14) 176
O5ÐH5� � �O2iii 0.89 1.83 2.7071 (15) 165
N1ÐH1� � �O1iii 0.89 1.89 2.7172 (16) 153
C4ÐH14� � �O3iv 0.93 2.52 3.3472 (19) 148

Symmetry codes: (i) 1ÿ x; 1ÿ y;ÿz; (ii) 1ÿ x; 1ÿ y; 1ÿ z; (iii) ÿx; 1ÿ y; 1ÿ z; (iv)
1ÿ x;ÿy; 1ÿ z.

Table 1
Selected interatomic distances (AÊ ).

P1ÐO1 1.5054 (10)
P1ÐO2 1.5072 (9)

P1ÐO3 1.5634 (11)
P1ÐO4 1.5668 (11)
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: AV1139). Services for accessing these data are
described at the back of the journal.

References

Bruker (1999). SMART (Version 5.624), SAINT-Plus (Version 6.02a) and
SADABS. Bruker AXS Inc., Madison, Wisconsin, USA.

Cheetham, A. K., FeÂrey, G. & Loiseau, T. (1999). Angew. Chem. Int. Ed. 38,
3268±3292.

Demir, S., Yilmaz, V. T., Andac, O. & Harrison, W. T. A. (2002). Acta Cryst.
C58, o407±o408.

Demir, S., Yilmaz, V. T. & Harrison, W. T. A. (2003). Acta Cryst. E59, o907±
o909.

Dowty, E. (1999). ATOMS. Shape Software, 521 Hidden Valley Road,
Kingsport, TN 37663, USA.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Neeraj, S., Natarajan, S. & Rao, C. N. R. (1999). Angew. Chem. Int. Ed. 38,

3480±3483.
Oliver, S., Lough, A. J. & Ozin, G. A. (1998). Inorg. Chem. 37, 5021±

5028.
Rao, C. N. R., Natarajan, S. & Neeraj, S. (2000). J. Solid State Chem. 152, 302±

321.
Sheldrick, G. M. (1990). Acta Cryst. A46, 467±473.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Suzuki, Y., Tomizawa, H. & Miki, E. (1999). Inorg. Chim. Acta, 290, 36±43.
Yilmaz, V. T., Guney, A., Andac, O. & Harrison, W. T. A. (2002a). Acta Cryst.

C58, m427±m430.
Yilmaz, V. T., Guney, A., Andac, O. & Harrison, W. T. A. (2002b). Polyhedron,

21, 2393±2402.


