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The title molecule, C6H8NO3P�H2O, has a zwitterionic

structure. The crystal-packing properties are in¯uenced by

the presence of water molecules in the crystal lattice and are

stabilized by stacking interactions between pyridyl rings.

Hydrogen bonds link the molecules in a three-dimensional

network.

Comment

The investigation presented in this paper is part of systematic

studies of organophosphorus derivatives of pyridine. Here we

describe the crystal structure of 3-pyridylmethylphosphonic

acid monohydrate, (I). In previous papers, the structures of

2-pyridylmethylphosphonic acid, (II) (Gaødecki & Wolf, 1990),

and 4-pyridylmethylphosphonic acid monohydrate, (III) (Wolf

et al., 1996), were reported. Knowledge of the structure of

these compounds will help to design and synthesize new

platinum(II) complexes with cytotoxic activity using them as

ligands. Platinum(II) complexes of phosphonate ligands

exhibit signi®cant antitumour activity (Klenner et al., 1993;

Bloemink et al., 1994).

The title molecule exists as a zwitterion. Negative charge is

spread over the O2ÐP1ÐO3 fragment of the phosphonic

group while the positive charge, formally located on the N

atom, is delocalized over the pyridyl ring.

The most interesting feature of (I) is the signi®cant differ-

ence between the P1ÐO2 and P1ÐO3 bond lengths, as large

as 10�, while the corresponding values in the previous

reported structures, (II) and (III), are not signi®cantly

different, 1.500 (4) and 1.507 (3) AÊ , and 1.506 (2) and

1.5039 (14) AÊ , respectively. However, the above-mentioned

values for bond distances P1ÐO2 and P1ÐO3 in (I) are

within the range for delocalized bond lengths 1.473±1.534 AÊ

(mean value 1.501 AÊ ) in aminophosphonic acids (Choi &

McPartlin, 2000).

Received 1 February 2002

Accepted 2 February 2002

Online 8 February 2002



organic papers

o236 Lilianna ChecinÂska et al. � C6H8NO3P�H2O Acta Cryst. (2002). E58, o235±o237

Analysis of the structural data indicates that the coordin-

ation around the P atom is nearly tetrahedral, with the angles

varying from 105.03 (10) to 116.84 (11)�.
Table 2 presents the hydrogen-bonding geometry and CÐ

H� � �O interactions, with H� � �O contacts signi®cantly less than

the sum of the van der Waals radii (Taylor & Kennard, 1982).

The crystal-packing properties are in¯uenced by the

presence of water molecules in the crystal lattice. The solvent

water molecule is a donor of two hydrogen bonds and is

involved in two CÐH� � �O interactions.

Considering the above PÐO distances, it should be noticed

that they correspond to three different environments (in order

of decreasing bond distances): O1 is protonated and a donor in

one OÐH� � �O interaction; O2 is an acceptor in two (OÐ

H� � �O and NÐH� � �O) interactions; O3 is an acceptor in three

(two OÐH� � �O and one CÐH� � �O) interactions.

Apart from the typical hydrogen bonds, aromatic �±�-

stacking interactions between pyridyl rings are found. They

additionally stabilize the molecular packing of (I). The

distances between the centroids of the pyridyl rings are

Cg1� � �Cg2(1ÿx, 1ÿy, 1ÿz) = 3.738 (4) AÊ and Cg1� � �Cg3(ÿx,

1ÿy, 1ÿz) = 4.021 (4) AÊ . The perpendicular distances

between the rings are 3.514 (4) and 3.459 (4) AÊ , respectively.

The conformation of the non-H skeleton of the title mol-

ecule is described by the torsion angles summarized in Table 1.

Experimental

The title compound was synthesized in one step by the acidolysis of

diethyl 3-pyridylmethylphosphonate with hydrobromic acid in acetic

acid (Wasilewski et al., 1976; Ochocki et al., 1997) and was recrys-

tallized from a water/ethanol mixture (1:1 by volume). The purity of

the product was con®rmed by 1H NMR analysis.

Crystal data

C6H8NO3P�H2O
Mr = 191.12
Monoclinic, P21=n
a = 7.0554 (7) AÊ

b = 14.0106 (13) AÊ

c = 8.5228 (15) AÊ

� = 103.444 (12)�

V = 819.40 (18) AÊ 3

Z = 4

Dx = 1.549 Mg mÿ3

Cu K� radiation
Cell parameters from 24

re¯ections
� = 20.0±37.8�

� = 2.84 mmÿ1

T = 293 (2) K
Cylinder, colourless
0.15 mm (radius)

Data collection

Kuma KM-4 diffractometer
! scans
Absorption correction: cylindrical

(CYLABS; Nardelli, 1996a)
Tmin = 0.491, Tmax = 0.527

2917 measured re¯ections
1410 independent re¯ections
1302 re¯ections with I > 2�(I)

Rint = 0.061
�max = 67.1�

h = ÿ7! 8
k = ÿ16! 16
l = 0! 10
3 standard re¯ections

every 150 re¯ections
intensity decay: <3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.052
wR(F 2) = 0.146
S = 1.11
1410 re¯ections
124 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.078P)2

+ 0.3766P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.007
��max = 0.44 e AÊ ÿ3

��min = ÿ0.42 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.025 (2)

Table 1
Selected geometric parameters (AÊ , �).

P1ÐO3 1.4860 (18)
P1ÐO2 1.5150 (17)
P1ÐO1 1.5655 (18)
P1ÐC1 1.799 (3)
C1ÐC2 1.502 (3)
C2ÐC3 1.383 (4)

C2ÐC6 1.392 (3)
C3ÐN1 1.340 (3)
N1ÐC4 1.334 (3)
C4ÐC5 1.366 (4)
C5ÐC6 1.383 (4)

O3ÐP1ÐO2 116.84 (11)
O3ÐP1ÐO1 112.23 (12)
O2ÐP1ÐO1 105.03 (10)
O3ÐP1ÐC1 109.52 (12)

O2ÐP1ÐC1 106.60 (12)
O1ÐP1ÐC1 105.92 (12)
C2ÐC1ÐP1 114.42 (17)

O3ÐP1ÐC1ÐC2 ÿ58.1 (2)
O2ÐP1ÐC1ÐC2 174.66 (18)
O1ÐP1ÐC1ÐC2 63.2 (2)

P1ÐC1ÐC2ÐC3 93.1 (3)
P1ÐC1ÐC2ÐC6 ÿ86.7 (3)

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

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

O1ÐH11� � �O2i 0.74 (3) 1.87 (3) 2.598 (3) 170 (4)
N1ÐH1� � �O2ii 0.89 (3) 1.78 (3) 2.644 (3) 163 (3)
O4ÐH401� � �O3iii 0.97 (3) 1.82 (4) 2.787 (4) 171 (4)
O4ÐH402� � �O3 0.95 (3) 1.87 (3) 2.806 (3) 166 (3)
C3ÐH3� � �O4 0.93 2.44 3.227 (4) 142
C1ÐH101� � �O4iv 0.97 2.38 3.309 (4) 159
C4ÐH4� � �O3v 0.93 2.44 3.313 (3) 156

Symmetry codes: (i) xÿ 1
2;

1
2ÿ y; zÿ 1

2; (ii) 1
2ÿ x; 1

2� y; 3
2ÿ z; (iii) ÿx; 1ÿ y; 2ÿ z; (iv)

1ÿ x; 1ÿ y; 2ÿ z; (v) ÿx; 1ÿ y; 1ÿ z.

H atoms of the pyridyl and methylene groups, except H1, were

geometrically placed and re®ned using a riding model with isotropic

displacement parameters equal to 1.2Ueq of the attached C atom. H

atoms involved in hydrogen bonds were located from a difference

map and re®ned isotropically. Atoms H401 and H402 of the solvent

Figure 1
The structure of the title compound with the atom-labelling scheme.
Displacement ellipsoids are drawn at the 40% probability level.



water molecule were re®ned with the OÐH distances restrained to

0.95 (3) AÊ (Uiso = 1.5Ueq of atom O4).

Data collection: KM-4 Data Collection Program (Kuma, 1998); cell

re®nement: KM-4 Data Collection Program; data reduction:

DATAPROC (Kuma, 1996); program(s) used to solve structure:

SHELXS86 (Sheldrick, 1990); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEX

(McArdle, 1995); software used to prepare material for publication:

PARST97 (Nardelli, 1996b).
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