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Abstract

The structures of dif 2-Buorobenzoato-0}di{ 1 3-diaminopropanc-N.N" Ycopper{ ih
nopropanc-¥ N ynickel(1} {2 were delermingd by g-crystal X
28520 = ortho-flnorcbenzoate ), Co H, FoCul,0,, M, = 49001, monocl
r=26846(4)Y A, B=10620(1)°, V=13307121 A", 2= 6, D, = 1.476
clinic, space group P2,/a No. 14, a= 11.280(2), b= 8423(2).¢
in compounds 1 and 2 the chelate nings display ach R’L"ézs;’sa“ﬁﬁ‘i'ﬁﬁ St
are two crysialiographically mdependent complex units, wh h‘
central copperf H) 1on sits at 2 contre of symmet
central nickel( !} cation is €. Afl the axial M-0O bami cswa‘;a ex}(mh ax
of the axial bonding in the two compounds is essentially different. In the
the nickel(ll} analogue the amount of d-s mixing is almost neglipgible :
carboxylate groups. The most noticeable changes ocowr in the U-O-0 anple of 2he
the benzeic acid and benzoale anion was invest 4ot the HEZG.30 4 4 Gid) fevel of theos
angle of the carboxylate group.
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1. Introduction

played the o MR TG 17
The coordination mode in a series of Min»{ ;K}} {w“ vy wiih the F*mmw amons coording

M s either Co{ID), Ni(ly or Co(lliy : s a s
stituted or «u{muuzsd benzoate arion; 1n i3 1,3 éz&m;w;ﬂm- introdured
panc) has been a topic in 8 Jarge number of swuctural studies ‘
carried out in our laboratories. The Hist for the abbee 5
used for the compounds mentionad in tas work 50
Table 1. Usually the complex units display conteosymmeitic
trans-bis coordination mode with the two six-membored che-
late rings in chair conformation and the rwo axial sit
pled by coordinated benzrate anioss. There are meresting
exceptions in the Cullly complexes, bowever, In CUDINT
the coordination number i whereas in CUAQMI the
coordination mode 15 4 + 1+ 1/ A benzoate anion can aviid
totally the coordination, as found for CUORNL
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sgof the abbrevigtons for the compounds studied with their respective references

WIORFL trans-di( 2-Buorobenzoato-Gibis( [ .3-daminopropane-AN Inickel(H ) this work
NIORME rrans-di (2-methylbenzoato-0 1 bis( 1, 3-diaminopropane-¥,N" Jcopper(11} (1}
COFACL srans-dif 4-benzomo-O 1 bis( 1,3 -diaminopropane-N N jcobalt{ 1} 4-chiorohenzoate {2}
CUAQMI agua-di{ 1 3-diaminopropane-N N }-3-lodobenzoatocopper( 11} 3-iodobenzoate {31
CUBENZ rans-di{ benzoaso-0 1bis{ 1,3-diaminopropane-NN' Jcopper(H} [4]
CUDINE dit 1.3-diaminopropane-N.V' j-3.5-dinitrobenzoatocopper( 11} 3,5-dinitrobenzoate 5]
CUMEIO rrans-di( 3-icdobenzoate-0 bis{ | 3-diaminopropane-N.N jcopper( 1} 6]
CUMENI rans-gi { 3-nitrobenzoato-0 ) bis( 1 3-diaminopropane-N A jcopper{il} {7]
CUGRFL di( 2-flucrobenzoato-O0ydi{ },3-diaminopropane-N,N" jcopper (11} this work
CUORME trans-di{ 2-methylbenzoato-0 ybis( 1,3-diaminopropane-N,N" Yeopper{1T) 181
CUORNI trans-Giaguabis( 1,3-diaminopropane-N¥ N}copper( 1) di( 2-nitrobenzoate) 9]
CUTOSY rans-gi(4-methylbenzenesulfonato-Oybis( 1,3-diaminopropane jcopper{ 11} (10}
NIMENI wrans-gi ( 2-nttrobenzoate-0 bis{ | 3-diaminopropane-N N ynickel( 11} td
NIPAME srans-di( 4-mgthylbenzoato-O Y bist 1, 3-diaminopropane-M AN pnickel( I [i21
WIMEME trans-di( 2-methylbenzoate-O ybis( 1,3-diaminopropane-MN' Jnicket(I1T) {13}
NIPANI trans-dii 4-nitrobenzoato-O ybis( 1.3-diaminopropane-N.N' jnickel (1) {14}

explain this, d-s mixing was presented as a rationale for the
similaritics. As a result, the melecular orbital arising piimar-
ity from the 3d,, orbital of Cu(Il} or Ni(ll) would have the
lowest energy among the molecular orbitals arising from the
d orbitals [ 191.

In our earlier report we suggested that the base strength of
the 2-nitrobenzoate anion may be a reason for the exceptional
cocrdination meode of CUORNI, where the water molecules
occupy the axial sites instead of the 2-nitrobenzoate anions
{9]. To study further the possible effect of ortfio substitution
on the coordination mode, we decided to use 2-fluoroben-
zeate as a counter anion. Also the dissociation constant and
aceordingly the base strength should be close to the values
found for 2-nitrobenzoic acid. Moreover, structural infor-
mation regarding either the 2-Buorobenzoic acid or its anion
is very scarce [ 20.21].

The C~F- - -Fe’” interaction has been proposed as a cause
of the extreme toxicity of fluorocitrate. Moreover, significant
agostic F- - -M interactions are suggested to facilitate the
formation of metal fuvorides in [Calhfa).(H,(N.1, and
{Bathfa),(H,0) 1, (hfa=hexafluoroacetylacetone} [221.
As oriho-hydroxybenzoic acid forms a complex with tn and
Cu'*, where the deprotonated hydroxy group is coordinated
{23}, we decided to investigate the coordination behaviour
of artho-flucrobenzoic acid.

We have proyared srans-di(2-flusrohenzoato- () dif 1,3-
diantinepropane-N N peickel (1) and s copper(i} ana-
logue. A different synthesis route and the electronic spectrum
of the Ca(ll) compound wore published earlier by Melnik
{241 We report here also the molecular structures of the two
compounds determined by single-crystal X-ray methods.
EHMO (extended Hickel molecular orbital} calculations
were carried out for the cornplex units to evaluate the amount
of d-s mixing. Moreover, the effects of arthe substitution
and ¢oordination on the benzoate anion were investigated by

ab ipitio calculations at the HF/6-31+ + G({d) level of

theory.

2. Experimental
2.1, Syntheses

CUORFL. 2.90 mmol of 1,3-diaminopropane (Flukaj in
5 mi of MeCN were added to a solution of 1.40 mmol
Cu({CH;COQ),-H,0 (Merck, p.a.}, 3.00 mmol 2-fluoro-
benzoic acid (Sigma) and 3.00 mmol of triethylamine
{Merck) in 33 ml of MeCN. The violet precipitate appeared
immediately. The solution was allowed to stand at room tem-
perature for 1.5 h. The raw product was filtered and washed
with diethyl ether and acetone. The yield of the product was
65%. Recrystallisation was carried out by dissolving 101 mg
of the raw product in 5 ml of absolute EtOH and 3 ml of
diethyl ether. The solution was kept in a freezer ( — 18 °C)
for 3 days. The deep blue crystals formed (70 mg) were
filtered and washed with diethyl ether and acetone. Anal.
Calc. for CogHo F,CalN,O4: Cu, 13.0; C,49.02;: N 1143, H
5.76. Found Cu, 13.1, C, 48.82: N, 11.42. H, 5.80%.

NIORFL. A balch of 20 mmol NiCO; was dispersed into
a solution coniaining 50 ml H,0 and 100 ml EtCH. To this
solution was added 40 mmol 2-fluorobenzoic acid (Sigma)
and the mixture was stirred and boiled until there was a
homogenous light green precipitate. Then 40 mmol 1,3-di-
aminopropane were added resulting it a light blue solution.
Light blue crystals were separated upon cooling (1.930 g,
yiekd 39.8%). Suitable single crystals for the subsequent X-
ray analysis were obtained by crystaliising the raw product
from MeOH. Anal. Cale. for CopHa FoNIN,O, C, 4951 N
11.55; H 5.82. Found: C, 4939 N, 11.42; H, 5.96%.

2.2, X-ray structure determination

2.2.1. Crystal data

CUCORFL: [Cutn(2Fbz0}),], CyHuF,CuN, Oy, M. =
490.01, monoclinic, space group P2;/n No. 14, a=
15.189(3), b=8.446(4), c=26.846(4) A, B=106.20(1)°,
V=13307(2) A* (by least-squares refinement of diffracto-
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meter angles for 25 independent well-centred reflections
measured in the 28 range of 29.2-37.5°, A=0.71069 A,
F(000) =1530,Z=6, D_=1.476 g cm ™" Dark blue plates.
Crystal dimensions 0.14 X 0.20X0.32 mm, £ =1040cm ™ L
NIORFL: [Ni{tn),(2Fbz0),], CooHF,CuNOy M=
485.15, monoclinic, space group P2,/a No. 14, a=
11.280(2), b=8.423(2), c=11.568(3) A, B=96.37(2),
¥=1092.3(9) A’ (by least-squares refinement of diffracto-
meter angles for 25 independent well-centred reflections in
26 range 23.2-37.1°, A=0.71069 A), Z=2, D,=1.512 g
m ™3, F(000) =532, light blue plates. Crystal dimensions
021 x0.28%0.35 mm, =942 cm™ L.

2.2.2. Data collection and processing

CUORFL: Rigaku AFCSS diffractometer, w-26 scan
mode, scan speed 4.0° min~!, weak reflections with
I1<10.00(]) twice rescanned, graphite monochromated
Mo Ka« radiation, 8105 unique reflections measured
(6<26<55°), giving 3556 observed reflections with
I>3g(1I,). Neither decay nor absorption correction, but
Lorentz and polarisation corrections were made.

NIOEFL: Nicolet P3 diffractometer, &>-2 8 scan mode, var-
iable scan speed 2.0~20.0° min !, graphite monochromated
Mo Ka radiation, 3519 unique reflections measured
(5<26<60°), no absorption correction, giving 2686 inde-
pendent reflections with F> 50 (F,). No decay, but Lorentz
and polarisation corrections were made.

2.2.3. Structure analysis and refinement

CUOQORFL. The structure was solved by direct methods and
refined by full-matrix least-squares techniques to an R value
of 0.047 (R, =0.051: w=1/{c*{F,)1). The heavy atoms
were refined anisotropically, and the hydrogen atoms with
fixed isotropic temperature factors (1.2 times B, of the car-
rying atom ). Neutral atomic scattering and dispersion factors
were taken from International Tables for X-Ray Crystallog-
raphy [25]. All calculations were performed using the
TEXSAN crystallographic software {26]. Figures were
drawn with ORTEP [27].

NIORFL. Direct methods followed by difference Fourier
techmiques. Full-matrix least-squares refinement with ajl non-
hydrogen atoms anisotropic and the kydrogens with isotropic
temperature parameters. Final R and R values are 0.037 and
0.043, respectively. The neutral atom scattering factors and
correction factors for anomalous scattering were those
included in the program package. The calculations were car-
ried out with XTAL software [28]. The ncutral atom scat-
tering factors and correction factors for anomalous scattering
were those included in the program package.

2.2.4. Quantum chemical calculations

These were carried out by the Gaussian 92 program pack-
age with 6-31 4+ +G{(d) as the basis set [29]. The calcula-
tions were run on a CRAY X-MP computer of the Computer
Centre of the Finnish State. The extended Hiickel calculations
were carried out by CACAD [30].

2.2.5. UV-Vis-NIR specira

The solid state spectra were measured in Nujol mulison a
Cary SE UV-Vis-NIR spactrometer. NIORFL displayed
maxima at 350 (sh), 565, 806 and 1070 nm and CUORFL
at 559 am.

3. Results and discussioen
3.1. General description of the compounds

The coordinates and selecied bonds and angles are given
in Tables 2 and 3, respectively. The complex vnits for the
two compounds with the Jabelling scheme are shown in
Figs. | and 2. Both compounds have similar overall struc-
tures. However, in CUORFL there are two independent com-
plex units, which are named as unit I and II hereafier. The
coordination polyhedra are elongated p cudo-octahedra with
two tn ligands coordinated . . central meial cation. The axial
sites are occupied by two 2-fluorobenzoate anions. In
NIORFL the coordination arrangement is more similar to that
in the unit II, but the syiametry of the coordination polyhe-
dron is quite near to oci e k. o direct agostic C-F- - -M
contacts are found.

In the complex unit * of “UORFL there is no symmetry
clement involved and thus o = site symmetry around the cen-
tral copper (1) atom is only €, (Fig. 1). The coordination
mode is clearly 44 1+ 1. The complex unit is the unique
example of s.v. .~ metry in the series given in Table 1.

The most pr. «p. 1 oreakdown of the symmetry is seen
in the axial directic:  The axial bond lengths Cu—O are highly
significantly non-equal. The shorter distance Cu(1)-0{1) is
only 2.345(3) A, which is clearly shorter than the shortest
found (2.468(3) A for CUBENZ) in the series studied so
far. However, it is still longer than 2.250(3) A found in the
five-coordinated CUDINIL The longer Cu{1)-0(3) bond
length is 2.704(4} A, which is longer than 2.665{2) A {the
longest axial bond found so far) in CUMENIL

In the complex unit II of CUORFL the central copper(II)
cations sits in a centre of symmetry. Thus the site symmetry
around Cu{1Il} is C,. This is the usunal coordma{ioax mode in
our series. The axial bond leroth is 2.513(4) A, which is
similar to the value found for CUMEIO, 2.500(3). It is sig-
nificantly longer than in CUBENZ, 2.468(3) A, however.

Also in NIORFL the site symmetry around the central
metal cation is C; (Fig. 2). The axial bond length of 2.132(2)
A shows slight elongation, since the sum of the respective
crystal ionic radii is 2.04 A. All the other Ni(1} complexes
in the series display similar elongation.

The six-membered chelate rings display chair conforma-
tion in the present compounds. Several descriptive values for
the six-membered chelaie rings in analogous compounds are
shown in Table §1 (Section 4). In spite of the differences in
the coordination mode of unit I, the puckering values for the
two chelate rings look similar. The total puckering values 0
[31] for the three chelate rings (0.658, 0.619 and 0.666 A
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Table 2

Positionat parameters and B, for the non-hydrogen atoms i CUORFL, and
atomic positional and isotropic displacement parameters for the non-hydro-
gen atoms in NIORFL

CUORFL x ¥ z B
Cu(l) 0.83780(5) 047741(T) G.17192(23 247(3)
Cu(2) 1/2 1/2 1/2 24G(4y
F(1) 1.1889(3) 0.6692(6) 0.1052(2) 7.2(2)
F(2) 0.4973(3) 0.1578(5} 0.2020(2) 65.9(2)
F(3) 0.1743(3} 0.2348(6) 0.5673(2) 6.6(2)
O(1A) YOI57(3} 0.5467(5) 0.1819(1) 3.7(2)
O(IB) 0.6806(3) 04678(5) 0.1653(2) 5.6(2)
O(IC) 0.3317¢3) 0.4894(5) 0.4931(2) 3.9(2)
O(2A) 1.0019(3) 0.6748(5) 0.1081(1) 3.8(2)
0O(2B) 0.6711(3) 0.2332(5) 0.2009(1) 3192
o(2Cy 0.3374(3; 0.2900(5) 0.5479¢ 1) 3.6(2)
N{1A) 0.8215(3) 0.5334(6) 0.0962(2) 2.7(2y
N(IB) 0.8608(3) 0.4144(6) (.2480(2) 3.0(2)
N(IC) 0.5212(4) 0.4848(5) 0.5778(2) 2.7(2)
N{2A) 0.8388(4) 0.7115(6) 0.189G(2) 3.2(2)
N(ZB} 0.8476¢4) 0.2432(6) 0.1580(2) 3.2y
N2Cy 0.5001{4) 0.2603(6) 0.4994(2) 2.8(2)
C(1A) 0.7531(4) 0.6540(8) 0.0718(3) 373
C(1B) 0.9393(5) 0.3119(8) 0.2715(2) 3.8(3)
C(1C) 0.6000{4) 0.3885(7 0.6072(2) 32y
C(2A) 0.7718(5) 0.8103(N 0.1001(3) 3.9(3)
C(2B) 0.9317(5) 0.1533(8) 0.2445(3) 4.1(3)
C(2Cy 0.5864(5) 0.2165(7) 0.5913(2) 3.3(3)
C(34) 0.7650(5) (.8085(7) G.1551(3) 3.7(3)
C(3B) 0.9306(5) 0.1635(7) 0.1890(3) 3.5(3)
C(3C) 0.5800(5) 0.1846(7) 0.5350(3) 33(3)
C(4A) 1.1348(4) 6.7201(6) 0.1776(2) 2.8(2)
CL4B) 0.5339(4) 0.3594(6} 0.1503¢(2) 2.5(2)
C(4C) 0.1913(4} 0.3735(6) 0.4944(2) 2.6(2;
C(5A) 1.1495(5) 0.7949(8) 0.2247(2) 4.5(3)
C{5B) 0.4980(4) 0.4695(8) 0.1118(3) 4.2{3)
C(5C) 0.1449(4) 0.4412(8) 0.4469(2) 4.1{3)
C(6A) 1.2323(6) 0.873(1) 0.2471(3) 6.1(4)
C(6B) 0.4050(5) 0.483(1) (.0884(3) 5.8(4)
C(6C) 0.0515(5) 0.429(1) 0.4256(3} 5.3(4)
C(7A) 1.3009(5) 0877 0.2235(3) 5.5(4)
C(7B} 0.3449(5) 0.3858(9) 0.1037(3) 4.7(3)
C(7CH 0.0018(5) 0.351(1) 0.4529(3) 5.1(3)
C(8A) 1.2868(5) 0.806(1) 0.1763(3) 5.3(4)
C(8B) 0.3780(5) 0.2772(8) 0.1422(3) 4.3(3)
C(8C) 0.042045) 0.2845(8) 0.5001(3) 4.8(3)
C(9A) 1.2034(5) 0.7310¢7) 0.1539(2) 3.8(3)
C(9B} 0.4694(4) 0.2667(7} 0.1640(2) 3603
C(9C) 0.1364(4) 02973(7} 0.5197¢(2 35(%
C(10A) 1.0444¢4) 0.6389(6) 0.1542(2) 26(2)
C(10B) 0.6370(4} 0.3514¢(7y 0.1744(2) 2.5(2)
CLioc) 0.2953(4) 0.3856(%) 0.5133(2) 29%(2)
NIORFL.  x/a y/b zle Ug®
Ni(1} 1/2 172 0 0.0245(1)
N(1) 0.6374(2) 0.5570(3) ~0.1019(2)  0.0340(6)
N(2) 0.4603(2) 0.7437(3) 0.0018(2)  0.0360(6)
o) 0.6197(1) 0.5273(2) 0.1548(1)  0.0353(5)
0(2) 0.7273(2) 0.7399(2) 0.1186(1)  0.0483(6)
C(1) Q6118(2) 0.6677(4) -0.1996(2)  0.0447(8)
C(2) 0.5707(3) 0.8282(4) -0.1605(3)  0.0498(9)
C(3) 0.4522(2) 0.8292(3) -0.1106¢(2)  0.0436(8)
C(4) 0.7540(2) 0.6257(3) 0.3081(2)  0.0328(6)

{continued)

Table 2 (continuedy

NIORFL  x/a vib zlc Uy ®
C(5) 0.8651(2) (0.6853(3) 0.3449(2) 0.0462(8)
C76) 0.9154(3) 0.6796(5) 0.4584(3) 0.065¢1)
Ty (.8530(4) 0.6123(5; 0.5398(3) 0.072(1)
18} 0.7429(4} 0.5520(5) 0.5075(3) 0.077(H
C{9} 0.6934(3) 0.5359(4) 0.3931(2) 0.0540(9)
C(10) 0.6966(2) 0.6322(3) 0.1832(2) 0.0312(6)
F(1) 0.9328(23 0.7493(3) 0.2680(2) 0.0952(9)

E.s.d.s are given in parentheses.

* B, = 1/3(1trace of the orthogonalised B, matrix) for the non-hydrogen
atoms.

" Uy, = 1/3(trace of the orthogonalised U, matrix) for the non-hydrogen
atoms.

for the rings IA, IB and II, respectively) are comparable to
those observed for the other Cu(Il) compounds studied so
far (0.597-0.662 A}. Also the values for NIORFL are similar
to those found for the Cu(II) complexes. Generally, the che-
late rings of the Cu(II) and Ni(II) compounds are more
puckered than found for COPACL (0.510 and 0.585 A).
Obvicusly the unequality in the axial bonding in unit I in
CUORFL results in differences in the puckering values of the
rings, because the hydrogen bonding system is similar in both
rings (Table 82, Section 4).

3.2. d-s mixing

The axial elongation in trans-Cul,L,’ type complexes is
usually explained by d—s mixing [19,32-34]. In their con-
cluding remarks Vanquickenborne and co-workers [19]
point out that, owing to the d—s mixing, the most stabilising
distortion would be produced by an asymmetricai axial elon-
gation. This would then lead either to five-coordination or
the 4+ 1 + 1 coordination mode. However, most of the com-
pounds in Table 1 display centrosymmetric structures. The
only exceptions are CUDINI and CUAQMI with 4 +1 and
4+1+1" coordination modes, respectively. To study the
effect of d—s mixing, we performed extended Hiickel calcu-
lations for each complex unit, since all the chromophores of
this study are suitable for that purpose.

According to the resuits, the contribution of a 4s orbital in
the two compounds is significantly different. In CUORFL
the MO in the axial direction does have a significant contri-
bution from the 4s orbitals, as predicted. The numerical val-
ues are 4 and 6% for the complex units I and II, respectively.
However, in NIORFL the amount of d-s mixing is almost
negligible (1%). In the copper(Il) compounds shown in
Table 1, the amount of d-s mixing varies in the range 5-8%,
while for the nickel{IT) compounds the value is <1%. The
numerical values for the mixing are reasonable, however
smaller than predicted by Vanquickenborne and co-workers
[19]. The values obtained here are much smaller than
obtained for planar copper(Il) complexes (about 20%)
[35-371.
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Tabie 3

Lty

Selected bonding parameters for the two crystallographicaliy indepeadent complex units (numbering scheme in Fig. 1) in CUORFL (1} and NIORFL (2)

CUORFL A CUORFLB CUORFLC NIORFL
M-N(1) 2.045(4) 2.033(4) 2.028(4) 2.404¢(3)
M-N(2) 2.027(4) 2. ) 2.025¢4) 2.102(2)
M--O(1) 2.345(3) 2.704(4) 2.513(4) 2.132(2)
Ny j—M-MN{2) 86.0(2) §9.5(2) 86.8(2) 87.35(%
O{1N-M-0(1) 169.39{14) 169.3%(143 180 180
O(1A)-Cu(1)-N(1} 83.59(14) 94.01(14)
O(1A)Y-Cu(1)-N(2) 79.8(2) 96.1(2)
O(1B)}-Cu(1)-N(1) 95.4(2) 87.3(2)
O(1B)-Cu(1)-N(2) 89.7(2) 94.5(2)
O(1C-Cu(2)-N(1) B6.5()
O(1C)-Cu(2)-N(2) 88.1(2)
Q(1)-Ni(13-N(1) 90.47(7)
O(1)-Ni(1)-N(2) 20.12(7)
C(74)
unit Tt ciaa) f orsm)
C(9A) 8 Cisa)
craay % F(
C({10A)

Fig. 1. ORTEP drawing showing the numbering scheme for the complex
units Iand I1in CUORFL. The hydrogen atoms have been omitted for clarity.
The thermal ellipsoids have been presented at the 50% probability level.

3.3. The geometry of the 2-fluorobenzoate anions

In each coordinated benzoate anion the fluorine atom lies
at the same side of the aromatic ring with respect to the non-
coordinated oxygen. Similar conformation is also found
in CUORME and NIORME. However, in the frans-di-
(ortho -aminobenzoato - O) bis{ 1,3-diaminopropane-N,N'}-
copper(1I) complex the ortho substituent lies on the same
side of the ring as the coordinated oxygen [38].

Seiected bond lengths and angles for the ortho-fluoroben-
zoate anions of the two compounds are listed in Table 4. In
each observed fragment there are highly significant devia-
tions from ideal geometry. The deformations take place espe-
cially in the angles in the vicinity of the fluorine substituent.

Fig. 2. ORTEP drawing showing the numbering scheme in NIORFL. The
thermal ellipsoids for the non-hydrogen atoms are drawn at the 50% prob-
ability level.

The torsion angle of the carboxylate group around the
C(4)-C(10) bond shows a wide variation, In 2-flucro-
benzoic acid the angle is 10.6° [20] and in calcium
2-fluorcbenzoate dihydrate it is 41° [21]. The torsion in an
ortho-substituted benzoate anion is also pronounced in
CUORME and NIORME, where the values are 61.0 and
64.3°, respectively. If the substituent is situated either at a
meta or para position, the torsion angle is considerably
smaller and ranges from 2.20 to 15.18° [2-7,11-14].

To study rurther the torsion angle, an MMX optimisation
was performed for the 2-fluorobenzoate anion. The angle for
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Selected bonding parameters for ortho-fAucrobenzoic acid (HORFL, optimised and observed {20} ), its optimised anion (ORFL), NIORFL and CUDRFL

HORFL,, HORFL,, ORFL NIORFL CUORFL A CUORFL B CUORFL C
O(13-C(10} 1.342 1.260(5) 1.261 1.256(3) 1.237(7) 1.247(8) 1.239(8)
0(2)-C(10) 1217 1.223(5} 1.249 §.249(3) 1.263(6) 1251(7) 1.262(6)
F(13-C(5) 1.365 1.330(43 1374 1.347(4) 1.367(8) 1351(7) 1.354(7)
CL45-CLI0) 1.475 1.463(6) 1543 1517(3) 1.506(8) 1.520(8) 1.522(8)
C(9)-C(4)-C(5) 117.43 117.5(4) 115.94 116.0(2) 116.6(5) 114.7(5) 115.0(5)
C(9)-C(43-C(10) 116.68 120.0(4) 1771 119.9(2) 119.2(6) 119.5(5) 119.3(5)
C(5)-C(4)-CL10) 125.90 122.5(4) 126.35 124.1(2) 124.1¢5) 1258(5) 125.7(5)
F(1)-C(5)-C(6) 116.29 117504 114,51 116.2(3) 118.1¢7) 116.1(6) 116.8(6)
O(1)-C(10)-0(2) 12111 123.0(4) 128.66 125.6(2) 124.8(5) 125.6(5) 125.3(5)
C(9)-C(4)-C(10}-0(1) 179.99 10.6(4) -499 —25.1(3) —~49.7(8) 14.7(8) 18.9(8)

the optimised structure is 65.5°. When the carboxylate group
is rotated around the C(4)-C(10) bond by applying rigid
rotor approximation, the maximum value during the rotation
is 32.6 kI mol~!. This is clearly a bigger value than 12 kJ
mol ™! found for the para-chlorobenzoate anion [2]. The
maximum corresponds to a coplenar conformation. Therange
for an energy minimum window {where the energy is equal
or less than 4 kJ mol ™'} is rather wide, about 80°. Although
the energy needed to rotate the carboxylate group was eval-
uated at the MMX level, the variation in the observed values
supports the idea of almost free rotation in a wide range of
rotation angles,

The geometry for ortho-fluorobenzoic acid and its corre-
sponding anion was optimised by ab initio methods at the 6-
31+ +G(d} level of theory, as weil. Only the conformaiion
similar to the coordinated anion (the fluorine atom sy to the
hydroxyl group) was optimised for the acid form. Because
the calculated IR spectra do not have any imaginary frequen-
cies, the geomeiries are considered to represent the true min-
ima. Selected bond lengths and angles for the optimised
structures are given in Table 4.

The optimised acid molecule is practically coplanar having
the torsion angle C(9)-C(4)-C(10)-0(1) of 179.99°, This
planarity is in clear contrast with the result obtained by the
semiempirical MMX methods mentioned above. The torsion
angle for the optimised anion is also rather small, —4.99°,
There are considerable distortions from an ideal geometry, as
seen in the angles in the vicinity of the fluorine substituent.
Although the carboxylate group is almost coplanar in the
optimised structure of the acid, it is bent away form the
fluorine atom. This is seen in the angles C(5)~C(4)-C(10});
the experimental values for the compounds studied heie are
in the range 124.1-125.8° In a similar study carried out for
3,5-dinitrobenzoic acid and its anion in CUDINI the respec-
tive values were 120.3(4)-121.1(4)°. It seems that an
inductive effect could play arole in the widening of the angle
in the ortho-fluorobenzoates. Further studies are in progress
to investigate the corresponding bromo and chlorc analogues.

Also the bond C(4)-C(10) for the optimised anion is long,

1.553 A. In the solid state the observed value for the acid is
1.463(6) A {20]. The structure is dimeric with intradimeric
hydrogen bonds, which are very likely to affect the electronic

properties. The optimised structure of the acid is assumed to
present a gascous phase with no intermolecular contacts. In
spite of this, the bond is rather short, 1.489 A. The observed
values in the present structures are quite near to the values of
the optimised anion. A similar situation was found in
CUDINL

The C(10)-0(1) and C(10)-0(2) bond lengths do not
have equal values. In the acid the C(10)-0(1) bond length
is clearly Ionger than the C(10)-0(2) bond; in the com-
plexes the situation tends to be reversed. Also in the anion
form the bond lengths are different. This is in sharp contrast
with the optimised values for 3,5-dinitrobenzoate and para-
chiorobenzoate anions, where the bond lengths are equal
[5,2]. Obviously there must be an interaction between a
fluorine substituent and a neighbouring oxygen. This would
also explain the planarity of the optimised acid. No doubt, in
the solid state hydrogen bonding affects the electronic distri-
bution of a carboxylate group. The relevant hydrogen bond-
ing parameters are given in Table S2 (Section 4). The
intermolecular interactions in turn will change the intramo-
lecular interactions between fluorine and oxygen.

The effect of complexation is seen especially in the O(1)—
C(103-0(2) angle, which shows a wide variation. The
observed values for the angle in the complexes lie between
the values obtained for the optimised acid and its anion. A
similar behaviour was also found in CUDINI and COPACL.

4. Supplementary material

Listings for the descriptive parameters for the chelate rings
(Table S1), hydrogen bonding parameters (Table S2) and a
complete list for the atomic positicnal coordinates as well as
the thermal motions are available from the authors on request.
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