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The title compound, C19H18N4OS, crystallizes in space group

P1 with Z0 = 2. The two molecules in the selected asymmetric

unit are nearly enantiomorphous. The molecules are linked by

two NÐH� � �N hydrogen bonds [H� � �N both 2.20 AÊ , N� � �N =

3.064 (3) and 3.077 (3) AÊ , and NÐH� � �N = 165 and 172�] into

C 2
2(10) chains, and these chains are linked into sheets by two

independent CÐH� � ��(arene) hydrogen bonds.

Comment

The three-component cyclocondensation reaction between

4,5-diamino-3-methyl-1-phenyl-1H-pyrazole, benzaldehyde

and 2-mercaptoacetic acid provides the title compound, (I),

rather than the expected pyrazolodiazepine (Low et al., 2003).

Compound (I) crystallizes in the centrosymmetric space

group P1, with Z0 = 2. The asymmetric unit was selected to

provide the simplest description of the NÐH� � �N hydrogen

bonds and in these circumstances the two independent mol-

ecules (Fig. 1) are of opposite con®guration. Molecule 1,

containing atom S11, has the S con®guration at the stereogenic

centre C12, while molecule 2, containing atom S21, has the R

con®guration at C22. The space group accommodates equal

numbers of both con®gurations of both molecules. The two

independent molecules are themselves close to being enan-

tiomers, as shown qualitatively by Fig. 1 and quantitatively by

the key torsion angles (Table 1). Atoms N13 and N23 are both

effectively planar, while atoms N15 and N25 are both mark-

edly pyramidal. In each molecule, the two SÐC distances

show distinctly different values (Table 1), but all of the other

distances are typical of their types (Allen et al., 1987).

The molecules of (I) are linked into sheets by a combination

of NÐH� � �N and CÐH� � ��(arene) hydrogen bonds (Table 2).

Within the selected asymmetric unit, amino atom N15 acts as

hydrogen-bond donor, via atom H15A, to ring atom N22.
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Figure 2
Part of the crystal structure of (I), showing the formation of a C 2

2(10)
chain along [100]. For the sake of clarity, H atoms bonded to C atoms
have been omitted. Atoms marked with an asterisk (*) or a hash (#) are at
the symmetry positions (x ÿ 1, y, z) and (1 + x, y, z), respectively.

Figure 1
The two independent molecules, viz. (a) the S enantiomer and (b) the R
enantiomer, in the structure of (I), showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level.



Similarly, amino atom N25 in the type 2 molecule at (x, y, z)

acts as hydrogen-bond donor, via atom H25A, to ring atom

N12 in the type 1 molecule at (x ÿ 1, y, z), so generating by

translation a C 2
2(10) chain (Bernstein et al., 1995) running

parallel to the [100] direction (Fig. 2). This chain lies wholly in

the domain ÿ0.03 < z < 0.51, and a second antiparallel chain,

related to the ®rst by inversion, lies in the domain 0.49 < z <

1.03.

Within each domain, the [100] chains are linked by a pair of

CÐH� � ��(arene) hydrogen bonds. Atom C115 in the type 1

molecule at (x, y, z) acts as hydrogen-bond donor to ring

C121±C126 in the type 1 molecule at (x, 1 + y, z), so forming

by translation a chain running parallel to the [010] direction

(Fig. 3a). In an entirely similar manner, atom C215 in the type

2 molecule at (x, y, z) acts as donor to ring C221±C226 in the

type 2 molecule at (x, y ÿ 1, z) (Fig. 3b). These two inde-

pendent [010] chains thus link all of the [100] chains within a

given domain of z into an (001) sheet (Fig. 4). Two sheets,

related to one another by inversion, pass through each unit

cell, but there are no direction-speci®c interactions between

adjacent sheets. It is notable that each of the amino groups

acts only as a single donor of hydrogen bonds; there are no

other potential acceptors within suitable hydrogen-bonding

distance of either N15 or N25.

Experimental

For the preparation of (I), a solution of 4,5-diamino-3-methyl-1-

phenyl-1H-pyrazole (1.0 mmol), benzaldehyde (1.0 mmol) and 2-mer-

captoacetic acid (2.0 mmol) in anhydrous benzene (10 ml) was

heated under re¯ux for 17 h; the progress of the reaction was

monitored by thin-layer chromatography. When the reaction was

complete, the mixture was cooled and the solvent was evaporated.

The resulting solid residue was recrystallized from dimethylform-

amide giving crystals of (I) suitable for single-crystal X-ray diffraction

(m.p. 437 K, yield 65%). MS (EI, 70 eV) m/z (%): 350 (M+, 100),

245 (80), 200 (44), 173 (32), 135 (49), 119 (39), 91 (23), 77 (70),

51 (19), 46 (15).

Crystal data

C19H18N4OS
Mr = 350.44
Triclinic, P1
a = 10.7937 (4) AÊ

b = 11.3989 (2) AÊ

c = 14.2448 (5) AÊ

� = 79.993 (2)�

� = 83.3490 (14)�


 = 89.852 (2)�

V = 1714.07 (9) AÊ 3

Z = 4
Dx = 1.358 Mg mÿ3

Mo K� radiation
Cell parameters from 7923

re¯ections
� = 2.9±27.6�

� = 0.20 mmÿ1

T = 120 (2) K
Plate, colourless
0.18 � 0.10 � 0.05 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' scans, and ! scans with � offsets
Absorption correction: multi-scan

(SORTAV; Blessing, 1995, 1997)
Tmin = 0.945, Tmax = 0.990

7923 measured re¯ections

7923 independent re¯ections
5732 re¯ections with I > 2�(I)
Rint = 0.154
�max = 27.6�

h = ÿ14! 14
k = ÿ14! 14
l = ÿ18! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.065
wR(F 2) = 0.184
S = 1.03
7923 re¯ections
453 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0822P)2

+ 0.9869P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.46 e AÊ ÿ3

��min = ÿ0.63 e AÊ ÿ3
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Figure 4
A stereoview of part of the crystal structure of (I), showing the formation
of an (001) sheet by the combination of the [100] and [010] chains. For the
sake of clarity, H atoms bonded to C atoms and not involved in the motif
shown have been omitted.

Figure 3
Part of the crystal structure of (I), showing the formation of the CÐ
H� � ��(arene) chains along [010]. (a) A chain formed by the type 1
molecules; atoms marked with an asterisk (*) or a hash (#) are at the
symmetry positions (x, 1 + y, z) and (x, y ÿ 1, z), respectively. (b) A chain
formed by the type 2 molecules; atoms marked with an asterisk (*) or a
hash (#) are at the symmetry positions (x, y ÿ 1, z) and (x, 1 + y, z),
respectively. For the sake of clarity, H atoms bonded to C atoms and not
involved in the motif shown have been omitted.

Table 1
Selected geometric parameters (AÊ , �).

S11ÐC12 1.830 (2)
S11ÐC151 1.796 (3)

S21ÐC22 1.828 (2)
S21ÐC251 1.795 (3)

C12ÐN13ÐC141 117.5 (2)
C12ÐN13ÐC14 119.13 (19)
C14ÐN13ÐC141 122.9 (2)

C22ÐN23ÐC241 117.5 (2)
C22ÐN23ÐC24 118.13 (19)
C24ÐN23ÐC241 124.1 (2)

C13ÐC14ÐN13ÐC12 121.7 (3)
N12ÐN11ÐC111ÐC112 ÿ115.9 (3)
N13ÐC12ÐC121ÐC122 131.5 (3)

C23ÐC24ÐN23ÐC22 ÿ117.7 (3)
N22ÐN21ÐC211ÐC212 109.5 (3)
N23ÐC22ÐC221ÐC222 ÿ119.1 (3)
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Crystals of compound (I) are triclinic and space group P1 was

selected and con®rmed by the structure analysis. All H atoms were

located from difference maps and then treated as riding atoms, with

distances CÐH = 0.95 (aromatic), 0.98 (CH3), 0.99 (CH2) or 1.00 AÊ

(aliphatic CH) and NÐH = 0.88 AÊ , and with Uiso(H) = 1.2Ueq(C,N) or

1.5Ueq(Cmethyl).

Data collection: KappaCCD Server Software (Nonius, 1997); cell

re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN; program(s) used to solve structure:

OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: OSCAIL and SHELXL97

(Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003); soft-

ware used to prepare material for publication: SHELXL97 and

PRPKAPPA (Ferguson, 1999).

The X-ray data were collected at the EPSRC X-ray Crys-

tallographic Service, University of Southampton, England; the

authors thank the staff for all their help and advice. JNL

thanks NCR Self-Service, Dundee, for grants which have

provided computing facilities for this work. JC thanks the

ConsejerõÂa de EducacioÂ n y Ciencia (Junta de AndalucõÂa,

Spain) and the Universidad de Jaen for ®nancial support. BI

and FO thank COLCIENCIAS and the Universidad de Valle

for ®nancial support.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1731). Services for accessing these data are
described at the back of the journal.
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Table 2
Hydrogen-bonding geometry (AÊ , �).

Cg1 is the centroid of ring C161±C166 and Cg2 is the centroid of ring C261±
C266.

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

N15ÐH15A� � �N22 0.88 2.20 3.077 (3) 172
N25ÐH25A� � �N12i 0.88 2.20 3.064 (3) 165
C125ÐH125� � �Cg1ii 0.95 2.88 3.691 (3) 144
C225ÐH225� � �Cg2iii 0.95 2.93 3.794 (4) 152

Symmetry code: (i) xÿ 1; y; z; (ii) x; 1� y; z; (iii) x; yÿ 1; z.
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