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Abstract

The phenyl and chlorophenyl rings are planar in the title
compound, C,;¢H;,CINO;. The structure is stabilized
by intermolecular hydrogen bonds involving the OH
(donor) groups of the carboxylic acid moieties, the
carbonyl O atoms (acceptor) of the carboxylic acid
moieties and the Cl atoms (acceptor) of the chlorophenyl
groups, together with hydrogen bonds between the amino
N atoms (donor) and the carbonyl O atoms (acceptor)
of the benzamide moieties.

Comment

In an attempt to prepare the compound 7-(4-chloro-
phenyl)-5-(4-methoxyphenyl)-2-phenyloxazolo[5,4-b]-
pyridine, (I), some colourless crystals were obtained
(sample supplied by Dr V. Bansal, University of
Rajasthan). The crystal structure determination was
undertaken to obtain information for use in structure—
function studies of 2-phenyloxazolo[5,4-b]pyridine com-
pounds thought to possess analgesic properties (Clark ef
al., 1978). The result of this analysis indicates that the
compound is 2-benzamido-3-(p-chlorophenyl)propenoic
acid, (I), which is a cleaved version of the originally

©1995 International Union of Crystallography
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proposed structure in which the two N-containing rings
are broken. How this cleavage occurred remains open
to conjecture.

|
N
|
H
Cl

an

The phenyl and chlorophenyl rings are planar.
There are no significant deviations from the average
bond lengths [1.380(7) and 1.375(7) A] The bond
angles C13—C12—C17 [117.9 (4)°] and C3—C4—C5
[116.7 (4)°] in these rings show slight deviations from
the average bond angles of 120.0(4) and 120.0(5)°,
respectively. These distortions are in keeping with
the findings of Domenicano, Murray-Rust & Vaciago
(1983). The C—Cl bond length [1.741 (5) A] is typical
of C—Cl bond lengths in structures of the type C(ar)—
Cl (Allen er al., 1987). The Cl atom is displaced by
0.086 (7) A from the least- -squares plane calculated for
the phenyl ring, the Cl atom and C7 (r.m.s. deviation of
all eight atoms is 0.013 A). The backbone chain of the
molecule, C4-C12, is in an extended conformation be-
tween C7 and C12, while C4 is cis to N10, by rotation
about C7—C8 (Table 2).

Hydrogen bonds involving the OH (donor) groups of
the carboxylic acid moieties, the carbonyl O atoms (ac-
ceptor) of the carboxylic acid moieties and the Cl atoms
(acceptor) of the chlorophenyl groups, together with
hydrogen bonds between the amino N atoms (donor) and

Fig. 1. Minimum overlap view of the molecule showing 50%

probability displacement ellipsoids.
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the carbonyl O atoms (acceptor) of the benzamide moi-
eties, stabilize the crystal structure (Table 2). H92 on the
carboxy atom 092 occupies two alternative sites, H92A
and H92B (50% each), in order to satisfy the hydrogen
bonding. Coordinates for H92A and H92B were derived
geometrically and their parameters were not allowed to

refine.

Experimental

Crystal data

Ci6H12CINO;
M, =301.72
Tetragonal
14]/0
a=21.184(5) A
c=15412(4) A
V =6916.3 (29) A’
Z=16

. = 1.159 Mg m™>

Data collection

Enraf—-Nonius CAD-4
diffractometer
w-260 scans
Absorption correction:
none
3218 measured reflections
1559 independent reflections
1329 observed reflections
[ > 20(]

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.0695
wR(F?) = 0.1838
$=1.128
1559 reflections
203 parameters
w = 1/[c*(F2) + (0.1307P)?
+9.4711P]
where P = (FZ + 2F2)/3
(A/0)max = 0.229
Apmax = 0.558 € A:3
Apmin = —0.261 ¢ A3

Cu Ka radiation

A=154178 A

Cell parameters from 25
reflections

8 = 20-25°

p=2.029 mm™!

T=291(02)K

Needle

0.2 x 0.1 x 0.1 mm

Colourless

Rim = 0.0212

Omax = 48.4°

h=-20—0

k=-14 — 13

1=0— 14

3 standard reflections
monitored every 100

reflections

intensity decay: <10%

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.0004 (1)

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)X:%,;Uja} a7 a;.a;.

X

z U,

y

Cl 0.37761 (9) —0.30240 (7) 0.41604 (12) 0.09;:‘1] (8)
C1 0.3589 (3) —0.2224 (3) 0.4116 (3) 0.061 (2)
C2 0.4025 (2) —0.1797 (2) 0.3828 (3) 0.082 (2)
C3 0.3866 (2) —0.1169 (2) 0.3759 (3) 0.068 (2)
C4 0.3277(2) —0.0951 (2) 0.3993 (3) 0.0463 (13)
() 0.2852(2) —0.1395 (2) 0.4304 (3) 0.0527 (14)
(&) 0.3009 (3) —0.2020 (3) 0.4382 (3) 0.060 (2)
Cc7 0.3135(2) —0.0274 (2) 0.3929 (3) 0.0467 (13)
C8 0.2582 (2) 0.0019(2) 0.3825 (3) 0.0401 (12)
c9 0.2547 (2) 0.0720 (2) 0.3785 (3) 0.0433 (13)

2339
091 0.2173(2) 0.0985 (2) 0.3291 (2) 0.0566 (10)
092 0.2935 (2) 0.1032(2) 0.4307 (3) 0.0809 (13)
N10 0.2021 (2) —0.0309 (2) 0.3645 (2) 0.0406 (11)
Cl1 0.1474 (2) —0.0192 (2) 0.4057 (3) 0.0355(12)
Ool1 0.14553 (13) 0.0189 (2) 0.4669 (2) 0.0470(10)
C12 0.0914 (2) —0.0546 (2) 0.3792 (3) 0.0349(12)
C15 —0.0173 (2) —0.1221 (2) 0.3396 (4) 0.0555 (15)
C13 0.0423 (2) —0.0606 (2) 0.4385 (3) 0.0469 (13)
Cl6 0.0306 (2) ~0.1168 (2) 0.2791 (3) 0.0492 (14)
C17 0.0845 (2) —0.0837 (2) 0.2979 (3) 0.0433(13)
C14 —0.0114 (2) —0.0940 (2) 0.4180 (4) 0.0563 (15)

Table 2. Selected geometric parameters (A, %)

Ccnn—Ci 1.741 (5) C9—091 1.234 (6)
c1—C2 1.367 (7) C9—092 1.327 (6)
C1—Ceé 1.365 (8) N10—Cl1 1.344 (6)
Cc2—C3 1.376 (6) C11—011 1.242 (5)
C3—C4 1.379 (6) C11—C12 1.460 (6)
C4—Cs 1.386 (7) C12—C13 1.391 (6)
C4—C7 1.468 (7) C12—C17 1.405 (6)
C5—C6 1.371.(7) C15—Cl4 1.352(7)
C7—C8 1.336 (7) C15—C16 1.383(7)
C8—NI10 1.404 (6) C13—C14 1.377. (7)
Cc8—C9 1.489 (7) Cl6—C17 1.371 (6)
C2—C1—Cé6 119.7 (5) 091—C9—C8 120.7 (4)
C2—C1—Cil 120.2 (4) 092—C9—C8 116.1 (4)
C6—C1—Cll 120.1 (4) C11—N10—C8 123.1 (4)
C1—C2—C3 119.9 (3) 011—C11—N10 120.3 (4)
C2—C3—C4 121.7 (3) 011—C11—C12 121.3 (4)
C3—C4—C5 116.7 (4) N10—C11—C12 118.3 (4)
C3—C4+—-C7 119.6 (4) C13—C12—C17 117.9 (4)
C5—C4—C7 123.6 (4) C13—C12—Cl11 118.1 (4)
Co—C5—C4 121.9(5) C17—CI12—Cl11 124.0 (4)
C1—C6—C5 119.9 (5) C14—C15—Cl6 119.9 (4)
C8—C7—C4 129.9 (4) C14—C13—C12 121.0 4)
C7—C8—NI0 122.4 (4) C17—C16—C15 120.7 (4)
C7—C8—C9 120.9 (4) C16—C17—C12 120.0 (4)
N10—C8—C9 116.3 (4) C15—C14—C13 120.5 (5)
091—C9—092 123.1 (4)

C6—C1—C2—C3 —3.8(6) C7—C8—C9—092 —37.6(6)
C2—C3—C4—C7 178.4 (3) N10—C8—C9—092 149.8 (4)
C3—C4—C5—C6 0.5(7) C7—C8—N10—Cl1 134.2(5)
C7—C4—C5—C6 —177.6 (5) C9—C8—NI10—Cl1 —53.4(6)
Cll—C1—C6—C5 —176.5 (4) C8—N10—C11—011 ~5.2(6)
C3—C4—C7—C8 154.4 (5) C8—N10—C11—C12 177.7(4)
C5—C4—C7—C8 -27.5(8) 011—C11—C12—C13  —20.1 (6)
C4—C7—C8—NI0 —8.4(8) N10—C11—C12—C13 157.0 (4)
C4—C7—C8—C9 179.4 (4) 011—C11—C12—C17 160.9 (4)
C7—C8—C9—091 142.7 (5) N10—C11—C12—C17  —22.0(6)
N10—C8—C9—091 —29.9(6) C11—C12—C17—C16 179.0 (4)

Table 3. Hydrogen-bonding geometry A, °)

D—H - -A D—H H.A DA D—H..A
092—H92A- - 'C]l'_ 0.82 3.327(2) 3.5774) 101.1 (3)
092—H928- - -091" 0.86 2.232(3) 2.971(5) 143.6 (3)
N10—H10. . .o1™ 0.86 2.007 (5) 2.821(5) 157.3(4)

Symmetry codes: (i) x,} + y,1 — z (i) L + y,4 —x§ + 2
Gii) } —y,x—4,z—}.

H atoms were refined in riding mode with Uy, variable, except
for H92A4 and H92B which are modelled with (unrefined) half-
occupied alternative sites on 092 consistent with hydrogen
bonding. The quality of the refinement was limited by the
relatively weak diffracting power of the crystals, intensity data
being measurable only to ca 50° 6.

The structure was solved by direct methods using the
program SHELXS86 (Sheldrick, 1985). Refinement was by
full-matrix least squares using SHELXL93 (Sheldrick, 1993),
with which geometrical calculations were also performed.
Molecular illustrations were drawn using SNOOPI (Karaulov,
1992). Calculations were carried out on a VAX 11/750
computer and Lofgren PC486.
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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: PA1184). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The title compound, C;oH;4NOsP, is one of a series
of novel carbonic anhydrase inhibitors [Osapay &
Csiba (1993). Eur. J. Med. Chem. 28, 355-361]. In
an initial approach to structure—activity relationship
studies, the molecular structure of the title compound
was determined by X-ray crystallography. The mol-
ecule is fully extended with a trans urethane moiety.
The phosphonate group emerges from the plane of the
backbone with a 92.3° torsion angle. The orientation
of phosphonate groups facilitates the formation of two
intermolecular hydrogen bridges (1.812 and 2.253 A)
between adjacent phosphonate moieties.

t Present address: College of Medicine, University of California
Irvine, Irvine, CA 92717, USA.
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Comment

A series of phosphonic analogs of amino acids and pep-
tides showed significant inhibitory potency for the es-
terase activity of the human carbonic anhydrase (HCA).
The title compound, (S)-[1-(benzyloxycarbonylamino)-
ethyl]phosphonic acid, (1), possesses the strongest
inhibitory activity toward both HCA isoenzymes I and
II. The structure determination of (1) was undertaken
within the context of investigations on a hypothetical
inhibitor-enzyme complex by computer directed analy-
sis (Osapay & Csiba, 1993).

8))

Intramolecular bond distances and angles, listed
in Table 2, do not deviate significantly from the
expected values (Chemistry Data Book, 1982). The mol-
ecule has a fully extended structure with trans back-
bone torsion angles: C(8)—O0(1)—C(7)—C(6) —166.6,
C(7—O(1)—C(8)—N(1) —179.1 and C(9)—N(1)—
C(8)—O0(1) —179.2°. The aromatic ring is planar within
experimental error and it is in a gauche™ position rel-
ative to the CH>,—O bond; the torsion angle C(1)—
C(6)—C(7)—0(1) is —67.8°. The chain O(5)—P(1)—
C(9)—N(1) is close to planar with a torsion angle
of 167.7°, and the torsion angle C(8)—N(1)—C(9)—
P(1) of —92.3° indicates that the phosphonate group
emerges from the plane of the backbone. The P atom has
an approximate tetrahedral environment of one C and
three O atoms. The P(1)—C(9) distance has a value of
1.834 (5) A, which is close to that of 1.82 A in amino-
methylphosphonic acid (Darriet, Darriet, Cassaigne &
Neuzil, 1975). There are two types of P—O bonds,
which are affected by their participation in intermolec-
ular hydrogen-bridge formation. The two HO—P bonds
have lengths of 1.552 (4) [P(1)—O(5)] and 1.529 (4) A
[P(1)—0O(4)] (P—OH bonds are found in the range
1.56-1.57 A in the literature), while the P=0 bond is

Fig. 1. ORTEP (Johnson, 1965) view of the title compound. The atoms
are drawn with 30% probability ellipsoids.

Acta Crystallographica Section C
ISSN 0108-2701 ©1995



