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The molecule of the title compound, C13H15N2O4PS, consists

of a benzopyran moiety substituted with a phosphoro-

hydrazone group in position 3. There are two planar groups,

viz. benzopyran and methylhydrazone, which are slightly

twisted with respect to each other. Owing to the tetrahedral

hybridization of the P atom, two methoxy groups are arranged

out of the planes. There are intermolecular CÐH� � �O
contacts in the crystal structure.

Comment

Compounds involving the benzopyran moiety are analogues

of chromone and coumarin, which are natural biologically

active compounds. They are known to exhibit diverse phar-

macological properties (Gabor, 1988). On the other hand,

phosphoramides and phosphorohydrazides have been found

to exhibit anticancer activity (Arnold et al., 1961, Quin, 2000;

Holland & Frei, 2000) by alkylation of nucleophilic centres of

nucleobases and amino-acids. The combination of phosphor-

ohydrazide and heterocyclic moieties in one molecule gives

the possibility of obtaining novel compounds with interesting

properties.

For the above reasons, many chromone derivatives with a

phosphoryl substituent have been synthesized (Nawrot-

Modranka & Kostka, 1995; Nawrot-Modranka, 1995). They

attracted our attention due to their alkylation properties in

vitro in the Preussmann test with 4-(4-nitrobenzyl)pyridine

(NBP) (Preussmann et al., 1969), and the expected antitumour

activity in vivo by analogy with other chromones (Valenti et

al., 1996; Rajski & Williams, 1998). The possible application in

cancer chemotherapy makes knowledge of their molecular

structure of great importance. Against this background and in

order to obtain detailed information about the molecular

structure, in continuation of our previous research (Rybarczyk

et al., 1999; Rybarczyk-Pirek et al., 2003; Rybarczyk-Pirek,

Grabowski & Nawrot-Modranka, 2002; Rybarczyk-Pirek,

Grabowski, Maøecka & Nawrot-Modranka, 2002), the crystal

structure of the title compound, (I), has been determined by

X-ray diffraction methods.

The molecule of the title compound consists of two

condensed rings, forming a benzopyran moiety, substituted in

position 3 with a thiophosphorylmethylhydrazide group. The

geometry of the benzopyran ring system con®rms its aromatic

Received 28 April 2004

Accepted 4 May 2004

Online 15 May 2004



character. The maximum deviation from the least-squares

plane (Nardelli, 1996) is observed for atom C67 [0.014 (5) AÊ ].

Atom C64 is engaged in a formal double C O bond which

results in an elongation of the CÐC bonds to 1.462 (6) AÊ and

a decrease of the valence angle to 114.2 (4)� for this atom. In

contrast, the shortest bond length and the largest angle are

observed for atom C62, viz. 1.330 (5) AÊ and 125.1 (4)�,
respectively. Such variations of geometric parameters in the

benzopyran system have been reported also for other

compounds (Thinagar et al., 2003; Wallet & Gaydou, 1992;

Adams et al., 1991). These distances can be compared with the

typical aromatic bond length of 1.384 (13) AÊ (Allen et al.,

1987). The dihedral angle between the least-squares planes of

the condensed rings forming the benzopyran system is 2.2 (1)�.
The methylhydrazone group (atoms C5, N4, N3 and C31) is

planar. Including H atoms, the local symmetry of this moiety is

Cs. The methylhydrazone is twisted around the C5ÐC63 bond

with respect to the benzopyran system, with a dihedral angle

between the least-squares planes of 16.2 (2)�. Such an

arrangement of both groups reduces the possibility of reso-

nance between them.

The P1 S2 bond lies slightly above the methylhydrazone

plane; the distances are 0.207 (2) AÊ for P1 and 0.107 (2) AÊ for

S2. The normal to the methylhydrazone plane forms an angle

of 87.0 (2)� with the P1 S2 bond. Thus, the group of atoms

C5/N4/N3/C31/P1/S2 can be regarded as almost planar. Such a

planar arrangement provides �-conjugation along the C5Ð

N4ÐN3ÐP1 chain and induces a planar geometry around the

atom N3; this is con®rmed by the P1ÐN3 bond length

[1.643 (3) AÊ ], which is much closer to the standard PÐNplanar

distance of 1.65 (2) AÊ than the PÐNpyramidal distance of

1.68 (1) AÊ (Allen et al., 1987).

The geometry around the four-coordinate P atom indicates

a slight deformation of the tetrahedron towards a trigonal

pyramid, typical for such derivatives with one double bond.

The bond angles in the P environment range from 97.7 (2) to

117.8 (1)�.
Signi®cant differences in bond length are observed for the

methoxy groups, indicating that they are not chemically

equivalent. In addition, comparatively large displacement

parameters of atom C12 may indicate some disorder of the

O11/C12 group.

The overall molecular geometry most resembles the mol-

ecular geometry of (E)-3-{[(diphenoxyphosphoryl)methyl-

hydrazono]methyl}-4H-1-benzopyran-4-one, (II) (Rybarczyk-

Pirek, Grabowski & Nawrot-Modranka, 2002), a compound in

which the only differences are the substituents on P. There are

two phenoxy instead of methoxy groups and oxygen instead of

sulfur in (II). There are no differences in bond distances and

angles greater then 0.012 AÊ and 4�, respectively, in similar

molecular fragments of both compounds. The only exceptions

are the N4ÐC5ÐC63ÐC62 and N4ÐC5ÐC63ÐC64 torsion

angles which describe the twist of the molecule around the

C5ÐC63 bond.

However, (I) and (II) pack differently, most probably due to

different intermolecular interactions. There are relatively

short intermolecular CÐH� � �O contacts in (I) (Table 2),

which stabilize the crystal packing (Fig. 2).

Experimental

The title compound, (I), was obtained by the reaction of equimolar

amounts of 4-oxo-4H-benzopyran-3-carbaldehyde (0.41 g) and

N1-dimethoxyphosphonate-N1-methylhydrazide (0.40 g) in dry
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Figure 2
The crystal packing, viewed along the c axis, with intermolecular CÐ
H� � �O contacts indicated by dashed lines. Symmetry codes as in Table 2.

Figure 1
A view of (I), showing the atomic numbering scheme. Displacement
ellipsoids are drawn at the 40% probability level. H atoms are shown as
small spheres of arbitrary radii.
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methanol (see reaction scheme). After re¯uxing for 2 h and cooling,

the product was precipitated from the reaction solution. Recrys-

tallization from methanol ®nally gave 0.5 g of the title compound

(m.p. 400±402 K). 1H NMR (CDCl3, �): 3.32 [d, 3H, N-CH3, J(PN-

CH3) = 9.6 Hz], 3.77 [d, 3H, O-CH3, J(PO-CH3) = 13.8 Hz], 7.28±8.32

(m, 5H, aromatic, CH N), 8.52 (s, 1H, CH). 31P NMR (CDCl3, �):

74.91. Crystals for X-ray analysis were obtained by recrystallization

from methanol. Because the compound showed a tendency to form

twinned crystals, a thin plate for X-ray measurement had to be cut.

Crystal data

C13H15N2O4PS
Mr = 326.30
Monoclinic, P21=c
a = 8.5760 (9) AÊ

b = 14.9072 (9) AÊ

c = 12.0912 (5) AÊ

� = 92.146 (7)�

V = 1544.7 (2) AÊ 3

Z = 4

Dx = 1.403 Mg mÿ3

Cu K� radiation
Cell parameters from 20

re¯ections
� = 20.1±28.6�

� = 3.00 mmÿ1

T = 293 (2) K
Plate, colorless
0.20 � 0.20 � 0.05 mm

Data collection

Rigaku AFC-5S diffractometer
! scans
Absorption correction: analytical

(de Meulenaer & Tompa, 1965)
Tmin = 0.530, Tmax = 0.725

2930 measured re¯ections
2751 independent re¯ections
1105 re¯ections with I > 2�(I)

Rint = 0.025
�max = 68.5�

h = ÿ2! 10
k = ÿ1! 17
l = ÿ14! 14
3 standard re¯ections

every 150 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.127
S = 1.01
2751 re¯ections
230 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = [exp{4.2(sin�/�)2}]/[�2(Fo
2) +

(0.0533P)2] where P =
0.33Fo

2 + 0.67Fc
2

(�/�)max < 0.001
��max = 0.62 e AÊ ÿ3

��min = ÿ0.25 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0009 (2)

Table 1
Selected geometric parameters (AÊ , �).

P1ÐO11 1.543 (3)
P1ÐO13 1.613 (3)
P1ÐN3 1.643 (3)
P1ÐS2 1.911 (2)
O11ÐC12 1.435 (5)
O13ÐC14 1.381 (5)
N3ÐN4 1.389 (4)
N3ÐC31 1.456 (6)
N4ÐC5 1.272 (5)

C5ÐC63 1.467 (5)
O61ÐC62 1.349 (5)
O61ÐC69 1.383 (5)
C62ÐC63 1.330 (5)
C63ÐC64 1.462 (5)
C64ÐO641 1.231 (5)
C64ÐC70 1.462 (6)
C69ÐC70 1.384 (5)

O11ÐP1ÐO13 97.7 (2)
O11ÐP1ÐN3 108.6 (2)
O13ÐP1ÐN3 102.1 (2)
O11ÐP1ÐS2 117.9 (2)
O13ÐP1ÐS2 115.0 (2)
N3ÐP1ÐS2 113.5 (1)
C12ÐO11ÐP1 119.0 (3)
C14ÐO13ÐP1 123.0 (3)
N4ÐN3ÐC31 120.5 (4)
N4ÐN3ÐP1 114.0 (3)
C31ÐN3ÐP1 125.0 (3)
C5ÐN4ÐN3 118.7 (4)

N4ÐC5ÐC63 121.1 (4)
C62ÐO61ÐC69 118.1 (3)
C63ÐC62ÐO61 125.1 (4)
C62ÐC63ÐC64 120.5 (4)
C62ÐC63ÐC5 121.5 (4)
C64ÐC63ÐC5 118.0 (4)
O641ÐC64ÐC70 122.7 (4)
O641ÐC64ÐC63 123.1 (4)
C70ÐC64ÐC63 114.2 (4)
O61ÐC69ÐC70 121.5 (4)
C69ÐC70ÐC64 120.5 (4)

O11ÐP1ÐN3ÐN4 43.7 (3)
O13ÐP1ÐN3ÐN4 ÿ58.8 (3)
S2ÐP1ÐN3ÐN4 176.8 (2)
S2ÐP1ÐN3ÐC31 ÿ11.6 (5)
P1ÐN3ÐN4ÐC5 172.1 (3)

N3ÐN4ÐC5ÐC63 177.9 (4)
N4ÐC5ÐC63ÐC62 ÿ15.8 (7)
N4ÐC5ÐC63ÐC64 163.2 (4)
C5ÐC63ÐC64ÐO641 0.5 (6)

Table 2
Intermolecular CÐH� � �O contacts (AÊ , �).

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

C62ÐH62� � �O61i 1.04 (5) 2.69 (5) 3.316 (5) 119 (3)
C67ÐH67� � �O641ii 0.98 (5) 2.59 (4) 3.417 (6) 142 (4)

Symmetry codes: (i) 1ÿ x;ÿy;ÿz; (ii) 2ÿ x; yÿ 1
2;ÿ1

2ÿ z.

Methoxy H atoms were positioned geometrically, with CÐH =

0.96 AÊ , and re®ned using a rigid body model, with U(H) = 1.2Ueq(C).

The other H atoms were re®ned freely.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1989); cell re®nement: MSC/AFC

Software Control Software; data reduction: TEXSAN (Molecular

Structure Corporation, 1989); program(s) used to solve structure:

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

SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek,

1998); software used to prepare material for publication:

SHELXL97, PARST97 (Nardelli, 1996) and WinGX (Farrugia,

1999).
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