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Abstract

The crystal structure analysis of the title compound,
CoHolO4P, is a rare example of a full structural
determination of an a-ketophosphonate ester, a type
of compound which normally forms an oil. The P—
C(carbonyl) bond is long, there is evidence that steric
repulsion between the I and O(carbonyl) atoms is
unexpectedly weak and there is a short intermolecular
I..-O contact linking the molecules in chains. The
structure is compared with 2-iodobenzoyl compounds
and with a nickel complex of an «-ketophosphonate.

Comment

Acylphosphonates are a particularly interesting group
of phosphonates. The proximity of the carbonyl and
phosphoryl groups confers special physical, chemical
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and biological properties on these compounds, while
the electron-withdrawing nature of the functional groups
results in increased reactivity of both groups and
of the bond linking them; for these reasons they
are normally considered to be a separate class of
phosphonate. Acylphosphonates and their derivatives
have been reviewed recently (Breuer, 1996). As these
substances normally form oils, dimethy! 2-iodobenzoyl-
phosphonate, (I), represents an unusual example of
a crystalline acylphosphonate ester suitable for X-ray
structural analysis.

) (0]
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\P(OMe)2
|

@

The molecular structure shows some features of
special interest. The P—C7 bond distance is long;
the Cambridge Structural Database (Allen & Kennard,
1993; Fletcher, McMeeking & Parkin, 1996) revealed
50 structures with 55 fragments containing phospho-
nate esters attached to trigonal planar C,,: atoms.
Mean P==0, P—O and P—C distances were 1.461 (2),
1.567 (2) and 1.791 (3) A, respectively; the P—=0O and
P—O distances of the title compound correspond well
with those in the database, but the P—C7 distance is
close to the maximum previously found, i.e. 1.856 A
in menthylmethyl (Rp)-phenylphosphonate (Donohue &
Mandel, 1981), and would be considered somewhat
long even for a P—C,,: bond (Allen, Kennard, Watson,
Brammer & Orpen, 1987).

Cc8

Cc9

Fig. 1. Molecular structure of (I) showing 25% probability ellipsoids.
H atoms are omitted for clarity.

The intramolecular I---O7 distance [3.094 (4) A] is
distinctly less than the sum of van der Waals radii
(3.50 A; Bondi, 1964); allied to this the dihedral angle
of the ketophosphorus plane against the benzenoid plane
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is only 26.2(2)°. The Cambridge Structural Database
(Allen & Kennard, 1993; Fletcher et al., 1996) surpris-
ingly did not reveal any data on 2-iodophenyl ketones,
but some carboxylic acids, salts, esters and amides were
found. Table 2 summarizes the shortest I.--O contact
distances and the acute dihedral angles between least-
squares planes formed by (a) the benzene and carboxylic
C atoms and (b) the ipso-C atom and the three atoms
of the carboxylic group. Dihedral angles and I. - -O dis-
tances cover wide ranges and there is a clear correlation
between the two. In several cases, the I---O distances
are short and the angles small, indicating that in such
cases the expected steric repulsion between the I and the
carboxylic O atoms does not materialize. The I---O7
distance for the title compound is among the short-
est, quite close to those of 2-iodobenzoic and 3-iodo-
2-naphthoic acids. It is tentatively suggested that there
is an incipient tendency to cyclization with formation of
an [—O bond.

axis

0 —C

Fig. 2. Packing diagram of (I) along the ¢ axis showing the I.--O
contacts. The view is down the b axis.

In addition to this, there is a short intermolecular
I- - -O contact of 3.008 (3) A, the connected molecules
being related by translation along the ¢ axis. It is
possible that this interaction is responsible for the
crystalline nature of this particular ketophosphonate as
attempts to crystallize the bromo, chloro and fluoro
compounds have not been successful. The I—C2, 1. - -O7
and I..-O' vectors are coplanar, and the I---O' and
I—C2 vectors almost collinear. The presence of short
non-bonded contacts between the I and two O atoms
indicates that the I atom carries a partial net positive
charge, its own electronegativity being overcome by the
higher electronegativity of the ketophosphonate group
to which it is conjugated. The I atom is thus able to
attract lone-pair electrons from O atoms to build this
very unusual arrangement.

Certain ketophosphonate esters form 7?-(CO) com-
plexes with nickel. Although there have been no
structural determinations of a complex and the same
uncoordinated ligand, it is useful to attempt a compar-
ison of the geometry of the title compound with that
of a nickel complex of a ketophosphonate ester (Naka-
zawa, Nosaka, Kushi & Yoneda, 1990). The complex
[Ni(PhsP),{n*-(CO)EtC(O)P(O)(OMe), }] shows P—C
and C—O bond lengths of 1.810(7) and 1336(8)A
respectively. The P—C bond length is shorter than in
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the title compound but longer than the mean P—C dis-
tance quoted above. However, the difference in C—O
distances is highly significant, that in the complex being
much longer, and the three bonds within the complexed
ligand to the carbonyl C atom are not coplanar; taken
together these data are definite indications of strong
back-bonding from the Ni atom to the C—O group
of the ketophosphonate, presumably supported by the
electronegative nature of the phosphonate group.

Experimental

Dimethyl 2-iodobenzoylphosphonate, (I), was prepared from
2-iodobenzoyl chloride and trimethyl phosphite. Recrystalliza-
tion was achieved by layering hexane onto a solution in di-
ethyl ether. Yellow crystals in the form of rectangular plates
appeared after 1 d.

Crystal data
CoH,0IO4P Mo Ko radiation
M, = 340.04 A=071073 A
Monoclinic Cell parameters from 25
P2y /n reflections
a=7642(4) A 6 = 23.0-25.9° ]
=19.928 (8) A p = 2.856 mm”~
c=18388(4) A T=291(1)K
ﬁ = 113.23(2)° Plate
=1173.8 (9) Al 0.60 x 0.45 x 0.15 mm
Z 4 Yellow

D, = 1.924 Mg m~?
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer
w—20 scans
Absorption correction:
9 1 scans (MolEN; Fair,
1990)
Tmin = 0.292, Thax = 0.651
2709 measured reflections
2302 independent reflections

Refinement

Refinement on F>
R[F? > 20(F%)] =
wR(F?) = 0.097
S =1.147
2302 reflections
136 parameters
H atoms not refined
w = U[cX(F2) + (0.0571P)*
+ 0.9P]
where P = (F2? + 2F2)/3

0.034

1960 reflections with
I> 20

Rin = 0.014

Omax = 25.97°

h=0-—-9

k=0—24

l=-10—-9

3 standard reflections
frequency: 60 min
intensity decay: 9.2%

(A/O')max = —0 001

Apmax = 1.150 € A_

Apmm =-0.759 ¢ A_

Extinction correction: none

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

Table 1. Selected geometric parameters (A, °)

—C2 2.100 (4)
I---07 3.094 (4)
I-- -0 3.008 (3)
P—O 1.457 (3)
P—08 1.564 (3)
P—09 1.560 (3)

P—C7 1.850 (4)
0717 1.214(5)
08—C8 1.439(5)
09—C9 1.445(5)
C1—C7 1.482 (5)
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O0—P—08 114.9 (2) Cl1—C2—1 123.4 (3)
O0—P—09 118.8(2) Cc3—C2—1 117.3(3)
O0—P—C7 112.2(2) 07—C7—C1 124.0 (4
08—pP—09 102.9 (2) 07—C7—P 114.2(3)
08—P—C7 104.0 (2) C1—C7—P 121.7(3)
09—P—C7 102.3 (2) I---0'—P' 129.3(2)
P—08—C8 121.1(3) o' ..1—C2 176.7(1)
P—0%—C9 121.9 (3) o' ..1...07 109.96 (8)
Cc2—Ci—C7 123.3(3) 07 --1—C2 66.9 (1)
C6—C1—C7 117.7(4)

O—P—C7—07 —94.6 (3) C6—C1—C7—P —254(5)
O0—P—C7—CI 82.7(3) C6—C1—C7—07 151.7(4)
08—P—C7—07 30.1 (%) o7---1..-0O'—P —~131.6 (2)
08—P—C7—Cl1 —152.6 (3) Cc2—1---0'—P' —115(2)
09—P—C7—07 137.0 (3) o' .1...07—C7 157.5(3)
09—P—C7—Cl1 —45.7(3) C2—I.--07—C7 —-21.5(3)
c2—C1—-LC1—pP 156.3 (3) o' ..1I—C2—Ci -5
C2—C1—C7—07 —26.6 (6) o' .- 1—C2—C3 172(2)

Symmetry code: (i) x,y,z — 1.

Table 2. Comparative I- - -O distances and acute dihedral
angles (6) in 2-iodobenzoyl derivatives

CODE? R factor d(l---0) (A) §(°)
IBBIOX01” 0.09 3.07 6.1
OIBZAC® 0.08 3.09 16.7
Title compound 0.03 3.09 26.2
INPHAC 0.06 3.10 194
IBRBPX* 0.05 3.18 288
IRRIOX 0.13 3.200 437
DIBZPO? 0.13 3.25 483
DIBZPO® 0.13 3.25 215
IBNZAM" 0.10 3.27 46.7
FUMZES' 0.09 3.28 62.0
1BBIOX/ 0.13 3.30' 532
ICBOYP 0.14 3.33 53.3
FUMZES' 0.09 3.64 849
LSDIBZ* 0.04 3.71 84.1

Notes: (a) Cambridge Structural Database reference codes; (b) 1-
(2’-iodobenzoyloxy)- 1,2-benziodoxolin-3-one, 3-form (Gougoutas &
Clardy, 1972); (c) o-iodobenzoic acid (Gougoutas, 1977); (d) 3-iodo-
2-naphthoic acid (Gougoutas & Toeplitz, 1977); (e) 2-iodo-3’-bromodi-
benzoyl peroxide, 3-form (Gougoutas & Chang, 1979); (f) 1-(2-iodo-
benzoyloxy)-1.2-benziodoxolin-3-one, a-form (Gougoutas & Clardy,
1972); (g) 2,2’-diiododibenzoy] peroxide (Gougoutas & Clardy, 1970);
(h) o-iodobenzamide (Nakata, Tateno & Sakurai, 1976); (i) (35)-(—)-
N-(2,3-dihydro-1-methyl-2-o0xo0-5-phenyl-1H-1,4-benzodiazepin-3-yl )-
2-iodobenzenecarboxamide (Bock et al.. 1987); (j) 2-iodo-3’-chloro-
dibenzoyl peroxide (Gougoutas & Lessinger, 1973); () lysergic acid
diethylamide o-iodobenzoate (Baker, Chothia, Pauling & Weber, 1972);
(1) contact to singly bound oxygen.

The final Fourier difference map showed four positive and
three negative peaks lying near the I atom (distances 0.91-
0.99 A for positive and 1.07-1.69 A for negative peaks) in an
approximate plane perpendicular to the phenyl-iodine plane.
All other peaks were of height < 0.5¢ A™°.

Data collection: CAD-4 Manual (Enraf-Nonius, 1988). Cell
refinement: CAD-4 Manual. Data reduction: MolEN (Fair,
1990). Program(s) used to solve structure: MolEN. Program(s)
used to refine structure: MolEN and SHELXL93 (Sheldrick,
1993). Molecular graphics: MolEN. Software used to prepare
material for publication: SHELXL93.

We wish to acknowledge the use of the EPSRC
Chemical Database Service at Daresbury and the
EPSRC for a Research Studentship to JEH.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1305). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, CoHgNOQO,, is an intermediate in
the synthesis of polyvinylaminobenzaldehyde azo dyes.
The dioxolane ring displays an envelope conformation
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