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1,3-Di-2-pyridylthiourea monohydrate

The title compound, C;{H;(N,S-H,O, displays an intramol-
eculear Nymido' - ‘Npyriayt hydrogen bond [2.652 (2) A] that
locks the thiourea unit and one pyridyl ring into coplanarity
[dihedral angle 2.7 (1)°]. The second pyridyl ring is also
coplanar with the thiourea unit [dihedral angle 2.9 (1)°]. Its
attached N atom interacts with the lattice water molecule to
form a helical hydrogen-bonded chain that runs parallel to the
b axis of the orthorhombic unit cell; adjacent chains are linked
into a layer-like architecture by another hydrogen bond
between the water molecule and the double-bonded S atom.

Comment

Previous attempts to prepare 1,3-di-2-pyridylthiourea, a
compound that can be used for the separation of racemic
mixtures of carboxylic acid derivatives, resulted in the iso-
lation of the oxidation product. This fused four-ring
compound features two pyridyl N atoms which are covalently
linked to the S atom (Coles et al., 2000). A modification of the
synthesis, with carbon disulfide in place of carbonyl sulfide,
gave the expected compound, which crystallizes as a mono-
hydrate, (I) (Fig. 1).

Selected geometric parameters are given in Table 1. The
compound displays an Numigo' - ‘Npyriayi intramolecular
hydrogen bond [N2- - -N3 =2.652 (2) A; Table 2] that stabilizes
the coplanarity of the thiourea unit with one pyridyl ring
[dihedral angle 2.7 (1)°]. The second pyridyl ring is also
coplanar with the thiourea unit [dihedral angle 2.9 (1)°]. Its
attached N atom, N4, interacts with the lattice water molecule
to form a helical hydrogen-bonded chain that runs parallel to
the b axis (Fig. 2 and Table 2). Adjacent chains are linked into
a layer-like architecture by another, somewhat weaker,
hydrogen bond between the water molecule and the double-
bonded S atom.

A similar intramolecular interaction [2.646 (4) A] was also
noted in 3-phenyl-1-(2-pyridyl)thiourea [dihedral angle
5.4 (1)°]; two molecules are linked across a centre of inversion
to form a dimer (West et al., 1999). Here the phenyl ring is
inclined to the thiourea unit by 58.0 (1)°. On the other hand, in
1,3-diphenylthiourea (Ramnathan et al., 1995), for which no
such intramolecular interaction is possible, each ring is
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Figure 1 -
ORTEPII (Johnson, 1976) plot of (I). Displacement ellipsoids are drawn
at the 50% probability level and H atoms are shown as spheres of
arbitrary radii.
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Figure 2

ORTEPII (Johnson, 1976) plot depicting the water-amide hydrogen
bonding that leads to the formation of a helical chain running along the b
axis.

inclined to the thiourea unit by 75.2 (1)°. This large twist is
necessary for the molecule to use its two amide H atoms to
bind to the S atom of an adjacent molecule to form a zigzag
chain. The C=S distances in the three compounds are almost
identical.

Experimental

An ethanol solution (50 ml) of 2-aminopyridine (0.19 g, 2 mmol) and
carbon disulfude (9 ml, 1.4 mmol), kept at 273 K, was stirred for 2 h.
The solution was then heated at reflux for 12 h. The reaction was
carried out under an N, atmosphere. The solution was poured into
water to afford a solid material that was recrystallized from aqueous
ethanol.

Crystal data

Ci1HoN,S-H,0

M, = 24831
Orthorhombic, P2,2,2,
a=61921(1) A

b =11.9609 (3) A

¢ = 16.5666 (3) A

V =1226.97 (4) A
Z=4

D, =1344Mgm™

Data collection

Bruker SMART APEX area-
detector diffractometer

¢ and o scans

Absorption correction: none

7255 measured reflections

2724 independent reflections

Refinement

Refinement on F?
R[F? > 20(F?%)] = 0.041
wR(F?) = 0.089
§=095

2724 reflections

170 parameters

Mo Ko radiation

Cell parameters from 1662
reflections

6 =24-233°

©n=025mm-

T=298(2)K

Block, colourless

0.37 x 0.24 x 0.22 mm

1

2320 reflections with I > 20([)
Rine = 0.021

Omax = 27.5°
h=-7—17
k=-15—-9
[=-21—21

w = 1/[0*(F,?) + (0.0493P)?]
where P = (F,” + 2F)/3

(A/6) max = 0.001

APmax = 030e A3

Apmin = —0.17 e A3

Absolute structure: Flack (1983),

H atoms treated by a mixture of
independent and constrained

1119 Friedel pairs
Flack parameter = 0.06 (8)

refinement
Table 1
Selected geometric parameters (A, °).
S1—Cl1 1688 (2)  N4—Cll 1.381 (3)
N2—Cl1 1.348 (3) N4—C10 1412 (2)
N2—Cl 1.408 (3)
Cl1—N2—C1 1328 (2) N2—C11—S1 1269 (2)
C10—N4—C11 131.0 (2) N4—C11-S1 1179 (2)
N2—CI1—N4 1152 (2)
Table 2
Hydrogen-bonding geometry (A, °).
D—H.--A D—H H---A D---A D—H.--A
N2—H2n.- N3 0.85 (1) 1.90 (2) 2.652 (2) 146 (2)
N4—Hd4n. - -Olw' 0.84 (1) 2.19 (1) 3.016 (2) 166 (2)
Olw—HIwl.--N1 0.85 (1) 218 (1) 3.008 (2) 166 (2)
Olw—H1w2. - -S1* 0.84 (1) 2.61 (1) 3414 (2) 161 (2)

Symmetry codes: (i) 1 —x,3+y.3— z; (i) —x,y — 5.3 — z.

The aromatic H atoms were placed at calculated positions (C—H =
0.93 A) in a riding-model approximation; Uj,,(H) values were set
equal to 1.2U.q(parent C-atom). O- and N-bound H atoms were
located and refined with an O—H = N—H = 0.86 (1) A distance
restraint.

Data collection: SMART (Bruker, 2001); cell refinement: SMART,;
data reduction: SAINT (Bruker, 2001); program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEPII (Johnson, 1976); software used to prepare material for
publication: SHELXL.97.
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