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Abstract

The pyranoid rings are in a half-boat conformation in
compound (I), C;3H4CIO¢P, and in a deformed half-
boat-towards-half-chair conformation in compound (II),
C11H;2CIO4P. Fusion with the pyranoid ring has no sig-
nificant influence on the planarity of the benzene ring
in either compound. In both structures, the dimethoxy-
phosphoryl group is attached axially. The presence of
the methoxycarbonyl substituent in (I) seems respon-
sible for the disorder observed in the dimethoxyphos-

phoryl group.

Comment

This paper is the continuation of the structure deter-
minations of new derivatives of benzopyran (Olszak et
al., 1994). It is known that 2H-1-benzopyran derivatives

t Alternative names: methyl 4-chloro-2- -dimethoxyphosphoryl-2H-1-
benzopyran-3-carboxylate, (I), and dimethy! (4-chloro-2H- 1-benzo-
pyran-2-yl)phosphonate, (II).
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CysH3NO,

show biological activity (Farkas, Kallay, Gabor & Wag-
ner, 1982; Gabor, 1988; Yudelevich, Komarov & Ionin,
1985). The title compounds exhibit either a myocardial
nutrional circulation effect in rabbits and a spasmolytic
effect on isolated rabbit intestine (Kostka, Modranka,
Szadowska, Graczyk & Orszulak, 1994) or are expected
to exhibit spasmolytic properties.

o
| PO(OCH;),
OM P(OCH;);
GO
Cl g
(4))
P(OCH3)
o

The condensed ring system in (I), excepting atom
Cl, is almost planar. The best plane calculated through
the benzene ring and that through the five atoms of
the pyranoid ring form a dihedral angle of 0.50(7)°.
The benzene ring is planar to within experimental
error. The pyranoid ring has a half-boat conformation.
The puckering parameters (Cremer & Pople, 1975)
corresponding to the sequence 01—C1—C2—C3—
C9—C8 are Q = 0.364(2) A, ¢ = 41.8(4)° and 6, =
64.6(4)°, with Cl at the apex. A pseudosymmetry
twofold axis runs through the midpoints of the 01—C1
and C3—C9 bonds [asymmetry parameter A;(C1—O1)
= 0.039 (1); Nardelli, 1983]. The dimethoxyphosphoryl
group is attached axially to the ring with torsion angles
C8—01—C1—P10 and C3—C2—C1—P10 of 81.2(2)
and —89.1(2)°, respectively. The group is disordered,
with atoms O13 and O23 split over two sites with
occupation factors k4 = 0.709 (7) and kg = 0.291 (7).

The pyranoid ring in compound (II) is in a half-
chair conformation that is slightly deformed towards a
half-boat conformation, with the C1 atom at the apex.
The skeleton of the pyranoid ring itself has a twofold
pseudosymmetry axis running through the midpoints
of the C1—O1 and C3—C9 bonds. The puckering
parameters (Cremer & Pople, 1975) corresponding to
the sequence C1—C2—C3—C9—C8—Ol are Q =
0.194(2) A, ¢, = 151.2(9)° and 6, = 116.0(7)°, and
the asymmetry parameter (Nardelli, 1983) A,(Cl—
01) is 0.002(1)°. The dimethoxyphosphoryl group is
attached axially to the ring. The torsion angles C8—
O1—C1—P10 and C3—C2—C1—PI10 are 102.2(2)
and —110.6 (3)°, respectively.

Compound (1) is devoid of a methoxycarbonyl group
in position 3 in comparison with (I). This absence
seems to influence the conformation of the dimethoxy-
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phosphory! group. Indeed, two O atoms of the three in
the dimethoxyphosphoryl group of compound (I) were
found to be disordered over two possible positions. The
presence of the methoxycarbonyl group influences the
total puckering amplitude of the pyranoid ring, which
in (I) is approximately double that in (II). The distances
and angles in (II) are in good agreement with those in
the substituted compound (I).

Cl4
Fig. 1. The atomic numbering scheme of compound (I) [only
major occupancy atoms are shown; site occupancy (4) 0.709 (7).
Displacement ellipsoids are drawn at the 40% probability level.

Fig. 2. The atomic numbering scheme of compound (II). Displacement
ellipsoids are drawn at the 40% probability level.

Experimental

Compound (I) was obtained by the reaction of 4,4-di-
chloro-3-methoxycarbonyl-4H-1-benzopyran (Féhlisch, 1971)
with trimethyl phosphite (Modranka, 1995). The light-yellow
prismatic crystals were obtained by slow evaporation from
benzene or diethyl ether solution at room temperature. Com-
pound (II) was obtained by the reaction of 4,4-dichloro-
4H-1-benzopyran (Fohlisch, 1971) with trimethyl phosphite
(Modranka & Kostka, 1997). The light-yellow crystals were
obtained by slow evaporation from diethyl ether solution at
room temperature.

Compound (I)

Crystal data

Ci3H4ClOP Cu Ka radiatipn
M, = 332.68 A=154178 A

Triclinic

P1 .
a=9.035(1)A
b=12.501(1) A
¢ =6.9634(5) A

a = 96.62(1)°
B = 102.08 (1)°
v = 73.56 (1)°
V=7363(1) A’
Z=2

D, = 1.5006 Mg m—3
D, = 1.490 Mg m™*
D,, measured by flotation

Data collection

Rigaku AFC-5S four-circle
diffractometer

w scans

Absorption correction:
empirical v scan (North,
Phillips & Mathews,
1968)
Tin = 0.587, Tmax = 0.700

4374 measured reflections

2187 independent refiections

Refinement

Refinement on F>

R(F) = 0.033

wR(F?) = 0.090

S=1.195

2183 reflections

239 parameters

Methyl H atoms refined as
rigid body, other H atoms
refined isotropically

w = U[oX(F2) + (0.0537P)%]
where P = (F2 + 2F)/3

1515

Cell parameters from 22
reflections
0 = 28.81-41.59°

i =3.564 mm™'
T=293(2) K
Prism

0.2 x 0.2 x 0.1 mm
Light yellow

1653 reflections with

1> 20(D)
Rint = 0.015
Omax = 60.08°
h=-10—- 10
k=-14 — 14
Il=-7->7

3 standard refiections
every 150 reflections
intensity decay: <2%

(A/0)max = —0.228

Apmsx = 0272 A3

Apuin = —0320 e A3

Extinction correction:
SHELX193 (Sheldrick,
1993)

Extinction coefficient:
0.0062 (7)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (fi, °) for (1)

0l--Cl1 1.442 (2)
01—C8 1375 (2)
Cl1—C2 1.509 (3)
C1—P10 1.822 (2)
C2—C3 1.339 (3)
Cc2—Cl15 1.483 (3)
C3—C9 1461 (2)
C1—01—C8 1153 (2)
01—C1—P10 108.9 (2)
01—C1—C2 1134 (2)
C2—C1—PI10 112.1 (2)
Cl1—C2—CI5 1184 (2)
C1—C2—C3 116.6 (2)
C3—C2—CI5 125.0 (2)
C2—C3—Cl 1226 (2)
C2—C3—C9 121.3 (2)
CY—C3—Cl 116.0 (2)
C3-—-C9—C4 124.8 (2)
Compound (IT)

Crystal data

C:H2ClO4P

M, = 274.64

Cc3—Ql 1.725 (2)
C9—C8 1.393 (3)
C15—016 1.197 (3)
Ci5—017 1.338 (3)
017—C18 1.448 (3)
P10—O11 1.544 (1)
o11—Ci2 1.431 (4)
C3—C9—C8 1175 (2)
C8—C9—C4 117.6 (2)
01—C8—C9 1214 (2)
Cc9—C8—C7 1215 (2)
01—-C8—C7 117.0 (2)
C2—C15—017 110.8 (2)
C2—C15—016 125.8 (2)
016—C15—017 1234 (3)
C15—017—C18 1156 (2)
P10—0O11—CI2 122.6 (2)

Cu K radialign
A=154178 A
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Triclinic

Pl .
a=78864 (5) A _
b=113138 (10) A
c=172675(6) A

a = 108.444 (7)°
B = 92736 (7)°

v = 82.800 (7)°,
V=610.26 (8) A’
Z=2

D, = 1.4946 Mg m™>
D,, not measured

Data collection

Rigaku AFC-5S diffractom-
eter
w scans
Absorption correction:
empirical ¥ scan (North,
Phillips & Mathews,
1968)
Trin = 0.898, Thax = 1.000
1915 measured reflections
1791 independent reflections

Refinement

Refinement on F?

R(F) = 0.033

wR(F?) = 0.088

S=1.082

1791 reflections

185 parameters

Methoxy H atoms refined
as rigid body with fixed
displacement parameters,
other H atoms refined
isotropically

w = 1/[o*(F}) + (0.0571 P)’]
where P = (F2 + 2F2)/3

Ci3H4C1O¢P AND C,;;H,,ClO4P

Cell parameters from 23

reflections
0 = 22.72-34.09°

u =0.0410 mm ™"
T=2932)K
Prism

0.2 x 0.1 x 0.1 mm
Light yellow

1384 reflections with

I > 20(D
R = 0.014
Brmax = 60.07°
h=0—8
k=-12 — 12
/I=-8—8

3 standard reflections
every 200 reflections
intensity decay: <2%

(A/0)max = 0.008_

Apmax = 0252 ¢ A3

Apmin = —0.186 ¢ A~?

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.0140 (12)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 2. Selected geometric parameters (A, °) for (1I)

Ol-ClI 1.429 (2)
01-—C8 1.370 (3)
Cl—C2 1.487 (3)
C1—P10 1.817 (2)
C2-C3 1.318 (3)
C3—C9 1.461 (3)
C3—Cl 1.734 (2)
C9—C8 1.391 (3)
C1—01—C8 119.5 (2)
01—C1--P10 111.6 (2)
o1—C1—C2 114.5 (2)
C2—C1—PI0 110.8 (2)

Co—C4 1.393 (4)
C8—C7 1.384 (3)
P10—023 1.453 ()
P10—O011 1.550 (2)
P10—013 1.568 (2)
O11—-ClI2 1.403 (3)
013—C1l4 1.420 (3)
01—C8—C9 1226 (2)
Cco—C8—C7 121.0 (2)
O01—C8—C7 116.3 (2)
C|—Pi10—O013 1015 (1)

Cc1—C2—C3 121.1 (2) C1—P10—O11 104.6 (1)
c2—C3—C1 119.9 (2) C!1—P10—023 113.4 (1)
c2—C3—C9 121.5(2) O11—P10—013 105.0 (1)
C9—C3—C1 118.6 (2) 023—P10—013 115.6 (1)
C3—C9—C4 125.2 (2) 023—PI10—OI11 115.2 (D)
C3—C9—C8 116.6 (2) P10—O11—CI12 126.1 (2}
C8—C9—C4 118.2 (2) P10—O13—Cl14 121.5 ()

For both compounds, data collection: MSC/AFC Diffrac-
tometer Control Software (Molecular Structure Corpora-
tion, 1988); cell refinement: MSC/AFC Diffractometer Con-
trol Software; data reduction: TEXSAN (Molecular Struc-
ture Corporation, 1989); program(s) used to solve structures:
SHELXS86 (Sheldrick, 1990); program(s) used to refine struc-
tures: SHELX193 (Sheldrick, 1993); molecular graphics: OR-
TEX (McArdle, 1995); software used to prepare material for
publication: PARST (Nardelli, 1993).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1207). Services for accessing these
data are described at the back of thc journal.
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