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Abstract

Bis(4-dimethylaminopyridine) group 12 trifluoroacetates—M(OCOCF3),-2DMAP (M = Zn, Cd, Hg) were prepared in quantitative yields
from the anhydrous metal trifluoroacetates and DMAP. All compounds crystallize in the triclinic space group P1 (no. 2) with two molecules
per unit cell. While Zn(OCOCFj3),-2DMAP is built up by well-separated tetrahedral units exhibiting strongly covalent Zn—O bonds to
monodentate trifluoroactate groups, Cd(OCOCF;),-2DMAP and Hg(OCOCEF;),-2DMAP form dimeric units. The metal centers are distorted

octahedrally surrounded by two axial DMAP ligands, two ionic bridging and one chelating trifluoroacetate group.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Trifluoroacetates of group 12 elements are known for a
long time and have been used for different synthetic pur-
poses. However, the number of structurally characterized
compounds is limited but even this small number exhibits
structural diversity caused by different complex ligands.

Therefore, we started a systematic investigation on single
crystal structures of groups 12 and 13 perhalocarboxylates
mainly with the complex ligand DMAP. In this paper, a
comparative investigation on the single crystal structures
of M(OCOCF;),2DMAP (M =Zn, Cd, Hg; DMAP =
4-dimethylaminopyridine) is presented.

2. Results and discussion

2.1. Syntheses and characterizations of
M(OCOCF3),-2DMAP (M = Zn, Cd, Hg)

Anhydrous trifluoroacetates of main group 12 elements
were prepared from the corresponding oxides and trifluor-
oacetic acid in the presence of trifluoroacetic acid anhydride
to remove water produced in the course of the reaction [1]
(Eq. (1)).

(CF3CO0)
—

(6]
MO + 2CF;COOH *’M(OCOCF;), + H,0 (1)

Complexes with DMAP are formed reacting M(OCOCF;),
and two equivalents DMAP in boiling methanol (Eq. (2)).

v v
M(OCOCEs), + 2 N</:\>—N\ _CHOH _ M0COCEs), - 2 NC\>—N\ )
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Experimental details are given in Section 3.

All the derivatives had satisfactory elemental analyses.
Decomposition points were determined to be 130 °C for
Zn(OCOCF3;),-2DMAP, 180 °C for Cd(OCOCF;3),-2DMAP
and 216-220 °C for Hg(OCOCF;),-2DMAP.
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Table 1
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Crystal data and structure refinement parameters for Zn(OCOCF;),-2DMAP I, Cd(OCOCFs;),-2DMAP II and [Hg(OCOCF;),-2DMAP]-CH;0H III

I

I

11

Empirical formula
Crystal system

C 1 3H20F6N4O4Z[1
Triclinic

C,3H,oFsN,0,4Cd
Triclinic

Ci9H24FsN4OsHg
Triclinic

Space group PI1 (no. 2) PI (no. 2) PI (no. 2)

a (pm) 795.7(1) 1009.9(2) 1020.0(2)

b (pm) 898.6(2) 1028.4(2) 1027.3(3)

¢ (pm) 1606.9(3) 1213.0(2) 1178.1(2)

o (%) 79.80(1) 103.64(2) 95.84(2)

() 81.43(1) 100.94(2) 103.96(1)

7 (©) 80.64(1) 106.22(2) 109.68(1)

Volume (nm?) 1.1072(3) 1.1306(4) 1.1051(3)

zZ 2 2 2

Formula mass (g mol™ 1) 535.75 582.78 703.01

Peate (g em™) 1.607 1.712 2.113

u (mm™Y) 1.192 1.047 7.055

Absorption correction Numerical Numerical Numerical

Transmission, maximum/minimum 0.6877/0.9242 0.7261/0.8938 0.2089/0.4560

0 Range (°) 2.33-26.00 1.80-26.00 1.82-27.20

Total data collected 13028 12055 12539

Index range —-10<h <11 —12<h<13 —12<h <13
—-12<k<12 —12<k<13 —13<k<13
—22<1<22 -15<1<15 —15<1I< 15

Unique data 3961 4450 4761

Observed data 2872 2268 3461

Diffractometer STOE Image Plate Diffraction System

Radiation Mo Ko (Graphite-Monochromator, 2 = 71.073 pm)

Temperature (K) 170(2) 170(2) 170(2)

Rinere 0.0813 0.1007 0.1045

R indexes [I > 201 R, =0.0417 R, = 0.0503 R, = 0.0589
wR, = 0.0963 wR, = 0.1004 wR, = 0.1359

R indexes (all data) R, = 0.0620 R, =0.1187 R, = 0.0881
wR, = 0.1042 wR, = 0.1237 wR, = 0.1442

Goodness of fit (Syps) 1.069 0.875 1.136

Goodness of fit (Sy;) 0.961 0.736 1.016

No. of variables 379 379 319

F(000) 544 580 680

Largest difference map

Hole/peak [e¢ 1076 pm ] —0.424/0.501 —1.006/0.728 —1.986/1.875

R = SIIF] — [Fell/ SRl whs = [Sw(Fo — 1R/ SwllE ]

5 = [SwlF = IFP P/ 0 —p)] 2 with w = 1/[2(F,)? + (0.0588P)))

for Zn(OCOCF3),-2DMAP, w = 1/[6%(F,)* + (0.0600P)*] for Cd(OCOCF;),-2DMAP and w = 1/[6%(F,)* + (0.0669P)*] for [Hg(OCOCF3),-2DMAP]--

CH30H were P = (F2 + 2F?) /3. F; = kF.[1 +0.001|F.|*2* /sin(20)]""/*.

2.2. Single crystal structure analyses

The nature of carboxylate coordination to metal centers
can be: (i) monodentate; (ii) bridging; and (iii) chelating.
Additionally, transitions between covalent and ionic bond-
ing situations appear to be fluid. As a consequence different
intermediate bonding modes have been formulated [2].
Crystallographic data are summarized in Table 1.

2.2.1. Bis(4-dimethylaminopyridine)zinc
bis(trifluoroacetate), Zn(OCOCF3),-2DMAP

Although zinc bis(trifluoroacetate) is a commercially
available compound, nothing is known about its structure
and even the insight into complex derivatives is still limited.
Five crystal structure analyses are reported [4-7] while
further characterizations are missing (e.g. [8]) or are based
mainly on vibrational spectra [9].

The crystal structure of Zn(OCOCF3),-2DMAP is built up
from well-separated tetrahedral units and is closely related
to that of Zn(OCOCHj;),-2NCsHs [10]. The geometry
around the zinc atom (Table 2, Fig. 1) is distorted tetrahe-
dral; the central atom is coordinated by two oxygen atoms
and two nitrogen atoms. Bond angles deviate up to approxi-
mately 12° from the regular tetrahedral angle.

Zinc—oxygen bond lengths are 198.5 and 197.9 pm and
shorter than in further structures of zinc trifluoroacetate
complexes [4-7] which are reported to be significantly
longer than 200 pm. This might indicate a monodentate
bonding mode with highly covalent character of the Zn-O
bond in this complex compound. Secondary Zn—O contacts
of 318.5 and 275.7 pm are out of range or very close to the
sum of van der Waals radii which is calculated as 291 pm
(139 pm for Zn, 152 pm for O) [11]. As a consequence of the
monodentate coordination, carbon—oxygen bonds lengths
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Table 2

Selected internuclear distances (pm) and angles (°) for the compounds
Zn(OCOCF;),-2DMAP, Cd(OCOCFs;),-2DMAP and [Hg(OCOCFs;),-2D-
MAP]-CH;0H

Zn(OCOCF;),-2DMAP
Zn-N 11 200.6(3) N 11-Zn-N 21 116.9(1)
Zn-N 21 199.2(3) N 11-Zn-0 311 97.2(1)
Zn-0 311 198.5(3) N 11-Zn-0 411 110.7(1)
Zn-0 312 318.5(5) N 21-Zn-0 311 106.7(1)
Zn-0 411 197.9(2) N 21-Zn-0 411 115.6(1)
Zn-0 412 275.7(5) 0 311-Zn-0 411 107.7(1)
C 31-0 311 126.0(4)
C 31-0 312 121.1(4)
C 31-C 32 152.7(5)
C 41-0 411 127.0(4)
C 41-0 412 121.8(4)
C41-C 42 153.2(5)
Cd(OCOCF;),-2DMAP
Cd-N 11 223.9(6) N 11-Cd-N 21 171.1(2)
Cd-N 21 223.9(6) N 11-Cd-0 311 93.8(2)
Cd-0 311 244.7(5) N 11-Cd-0 312 92.0(2)
Cd-0 312 247.5(5) N 11-Cd-O 411 85.1(2)
Cd-0 411 240.5(6) N 11-Cd-O 412’ 91.7(2)
Cd-0 412/ 242.0(5 N 21-Cd-O 311 94.5(2)
cd-cd’ 397.6(4) N 21-Cd-O 312 90.5(2)
C 31-0 311 123.8(8) N 21-Cd-O 411 86.3(2)
C 31-0 312 125.2(9) N 21-Cd-O 412/ 92.0(2)
C31-C 32 151.8(9) 0 311-Cd-0 411 146.0(2)
C 41-0 411 123.1(9) 0 311-Cd-0 412 85.0(2)
C 41-0 412 124.8(9) 0 311-Cd-0 312 53.92)
C 41-C 42 148.8(9) 0 411-Cd-0 412’ 128.9(2)
0 312-Cd-0 412 138.9(2)
0 312-Cd-0 411 92.2(2)
[Hg(OCOCF;),-2DMAP]-CH;0H
Heg N 11 205.4(9) N 11-Hg-N 21 172.9(4)
Hg-N 21 204.09) N 11-Hg-O 311 92.1(3)
Hg-0 311 262.7(9) N 11-Hg-O 312 89.3(3)
Hg-0 312 280.09) N 11-Hg-O 411’ 92.2(3)
Hg-O 411’ 269.5(9) N 11-Hg-0 412 85.6(4)
Hg-O 412 282.09) N 21-Hg-O 311 92.7(3)
Hg-Hg' 371.3(7) N 21-Hg-O 312 90.0(3)
C 31-0 311 124.8(9) N 21-Hg-O 411’ 93.3(3)
C 31-0 312 123.009) N 21-Hg-O 412 87.4(3)
C31-C 32 154.0(9) 0 311-Hg-0 411’ 86.1(3)
C 41-0 411 124.9(9) 0 311-Hg-0 412 127.2(4)
C 41-0 412 118.0(9) 0 311-Hg-0 312 48.3(3)
C41-C 42 160.0(9) 0 312-Hg-0 412 79.0(3)
0 412-Hg-0 411’ 146.6(4)
0 312-Hg-0 411’ 134.4(4)

around C 31 and C 41 significantly differ from each other.
While C-O bonds to the metal coordinated oxygen atoms are
in the expected region of a C—O single bond (126.0 and
127.0 pm) those to the second oxygen atom are shorter
(121.1 and 121.8 pm) indicating double bond character.

Zinc—nitrogen distances (199.2 and 200.6 pm) are in good
agreement with those reported for the complexes Zn-
(NCO),-2DMAP and Zn(NCS),-2DMAP (199.2-203.7 pm)
[3] and also are in agreement with those reported for
Zn(OCOCH3;),-2NCsH;s [10].

2.2.2. Bis(4-dimethylaminopyridine)cadmium
bis(trifluoroacetate), Cd(OCOCF3),-2DMAP

To our knowledge, two single crystal structures of
cadmium trifluoroacetate complexes have been reported
so far [12,13]. While the Cd atom in [Cd(OCOCFj3),-PPh;],
is penta-coordinated by four bridging trifluoroacetate
groups and one terminal PPhj ligand [12], the molecular
structure of Cd(OCOCEFs5),-2(1,10-phenanthroline) is sug-
gested to show hepta-coordination around the cadmium
atom [13].

Cd(OCOCF;3),-2DMAP (Table 2, Figs. 2 and 3) has a
crystallographically imposed inversion center of symmetry.
The cadmium atom is distorted octahedrally surrounded
by four equatorial oxygen atoms, two deriving from two
bridging units and two from one chelating moiety, and
two nitrogen atoms of the DMAP ligands occupying axial
sites.

Cyclic dimeric units are built up forming eight-member
rings of two cadmium atoms and two bridging trifluoroa-
cetate groups. In the bridging CF;COO unit, Cd-O dis-
tances are nearly equidistant (240.5 and 242.0 pm). The
same is true for carbon-oxygen distances (123.1 and
124.8 pm; C 41-O 411(0 413)) emphasizing an ionic
bridging character of this unit. Cd—O distances are signi-
ficantly longer than those reported for [Cd(OCOCEFs;),-
PPhs], [12] (224.9-229.8 pm), again indicating the ionic
character of the bridging Cd—OCOCF;5 units. Both Cd-O
distances of the chelating CF;COO group are of compar-
able size (244.7 and 247.5 pm), in this case indicating a
bidentate unit.

The data presented in [13] might be interpreted as one
“bidentate” (Cd-O distances 240.6 and 282.0 pm [13™])
and one monodentate trifluoroacetate group (234.3 pm
(“second contact”, 328.0 pm [13*] (402.1 pm, [13])).
All C-O bond lengths of 123.1-125.2 pm indicate ionic
trifluoroacetate groups [13], in every case with the
[Cd(DMAP)z]ZJr group acting as the cation. Cd-N contacts
(223.9 pm) are shorter than those reported for [Cd(NCSe),:
2DMAP],, and Cd(NCS),-2DMAP (232.4 and 282.5 pm)
[3].

With respect to the quasi-linear N-Cd-N moiety (171.1°),
N-Cd-O angles deviate from the right angle by less than 5°.
Geometry in the plane around Cd, built up by four oxygen
contacts, is determined from two angles closely related to
the right angle, one acute angle (O 311-Cd-0 312, 53.9°) for
the bidentate trifluoroacetate group and one obtuse angle
between the bridging trifluoroacetate groups (O 411-Cd-O
412, 138.9°).

With respect to studies on the coordination behaviour of
Hg(OCOCF;), with pyridine derivatives [14—16], the results
of the molecular structure of Cd(OCOCF;),-2DMAP can be
summarized as follows. The cationic unit [Cd(DMAP),]* " is
surrounded by two ionic bridging trifluoroacetate groups and
one symmetrically chelating ionic trifluoroacetate ligand.
Dimeric units of eight-member rings are built up from the
bridging moieties.
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Fig. 1. Asymmetric unit of Zn(OCOCF;),-2DMAP I. Coordination around Zn with the atomic labeling scheme. Thermal ellipsoids are shown at 50%

probability.

2.2.3. Bis(4-dimethylaminopyridine)mercury
bis(trifluoroacetate), [Hg(OCOCF3),-2DMAP]-CH;0H
[Hg(OCOCFs;),-2DMAP]-CH;0H (Table 2, Figs. 4 and 5)
has a crystallographically imposed inversion center of
symmetry similar to the cadmium derivative. The mercury
atom 1is distorted octahedrally surrounded by four equa-
torial oxygen atoms—two deriving from two bridging
units and two from one chelating moiety—and two
nitrogen atoms of the DMAP ligands occupying axial sites.
In comparison with data reported for Hg(OCOCF;),
complexes ([14-16] and literature cited therein), exclu-
sively ionic trifluoroacetate groups surround the mercury
center. Different bonding modes as explained and described
in [16] are not of significant interest in this case. All
Hg—O bond lengths are significantly longer than 253 pm

which is estimated as the ionic distance [16] between
a Hg2+ ion [17] and the effective O radius in the tri-
fluoroacetate group [18] indicating ionic trifluoroacetate
groups [16]. In contrast with the structure of the cadmium
derivative, the bidentate, chelating trifluoroacetate group
is less symmetric. Distances are 262.7 and 280.0 pm,
respectively.

With respect to the quasi-linear N-Hg—N moiety (172.9°),
N-Hg-O angles deviate from the 90° angle by a maximum
of 4.4°. Geometry in the plane around Hg, built up by four
oxygen contacts, is determined from two angles related to
the right angle (86.1 and 79.0°), one acute angle (O 311-Hg—
O 312, 48.3°) for the bidentate trifluoroacetate group and
one very obtuse angle between the bridging trifluoroacetate
groups (O 412-Hg-O 411’, 146.6°).

Fig. 2. Cd(OCOCF;),-2DMAP II. Coordination around Cd with the atomic labeling scheme.
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Fig. 3. Molecular structure of the Cd(OCOCF;),-2DMAP dimer II with thermal ellipsoids at the 50% probability level.
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Fig. 4. Hg(OCOCF;3),-2 DMAP III. Coordination around Hg with the atomic labeling scheme.

3. Experimental

All the reactions were carried out in ambient atmosphere in
open glass beakers. NMR spectra were recorded on a Bruker
AC 200 spectrometer operating at 200.1 MHz ('H). External
standards were used in all cases ("H: Me,Si; '°F: CCLF).
Mass spectra were run on a Finnigan MAT 95 spectrometer
using the electron impact method (20 eV) in a temperature
range of 25 and 300 °C. Intensities are referenced to the most

intensive peak despite any isotope patterns. Visible decom-
position points were determined in one-end open glass
capillaries. CHN analyses were carried out with a Heraeus
CHN Rapid apparatus. Elemental analyses were performed
by literature procedures: Zn, Cd, Hg [19], F [20].
Trifluoroacetates were prepared according to the literature
procedure for Hg(OCOCF;), [1]. 4-Dimethylaminopyridine
was purchased from Merck-Schuchardt and used as

received.
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Fig. 5. Molecular structure of the Hg(OCOCF;),-2DMAP dimer III with thermal ellipsoids at the 50% probability level.

3.1. Syntheses of M(OCOCF3),-2DMAP (M = Zn, Cd, Hg)

M(OCOCF;3); (5 mmol) were suspended in 10 ml metha-
nol. DMAP (10 mmol) was added in one portion as a solid.
Mixtures were heated until clear, colorless solutions were
obtained and then cooled to ambient temperature. Colorless
crystals of the title compounds precipitated in quantitative
yields after evaporating methanol overnight under a venti-
lated hood.

Single crystals were grown on slowly cooling saturated
hot solutions of the appropriate compounds to room tempera-
ture; Zn(OCOCF;),-2DMAP and Hg(OCOCFs;),-2DMAP
from methanol, Cd(OCOCEF;),:2DMAP from dichloro-
methane.

9F NMR spectra of all compounds (CD;0D) displayed
exclusively one signal for the trifluoroacetate group at
approximately —75 ppm. 'H NMR chemical shifts deviated
only slightly from those of neat DMAP. Results of NMR
spectra were unsatisfactory with respect to structural infor-
mation.

EI mass spectra (ca. 120 °C) of Zn(OCOCFj3),-2DMAP
and Cd(OCOCF;),-2DMAP exclusively showed the peak
of [C;H;oN>]" under comparable conditions. At elevated
temperature in the case of Cd(OCOCFj3),-2DMAP also
peaks for [CAOCOCF;]" and [Cd]" were detected. Mass
spectra of the mercury derivative exhibited the ions
[CF3Hg]", [Hglt, [CF5]t and [CO,]" besides the DMAP
peak.

Neither NMR and mass spectra nor IR analyses gave any
further insight into the molecular structure of these deriva-
tives. Relevant stretching modes of the trifluoroacetate
group [2] and stretching frequencies of the DMAP unit

[3] superpose, not giving any kind of information about
the bonding mode of the trifluoroacetate group.

3.1.1. Bis(4-dimethylaminopyridine)zinc
bis(trifluoroacetate), Zn(OCOCF3),-2DMAP

Colorless needles: mp 130 °C (beginning decomposition).
EIMS 20 eV, m/7 (relative intensity): 122 [C;H;oN,]" (100).

IR (KBr)v: 3443 (s, br),2924 (m), 1682 (vs), 1620 (vs), 1547
(s), 1447 (s), 1397 (s), 1296 (m), 1227 (vs), 1134 (s), 1069 (s),
1017 (vs), 947 (m), 839 (s), 818 (s), 760 (m), 723 (s), 530 (m).

Anal. Calcd. for CgH,oN4,O4F¢Zn: C, 40.4; H, 3.8; N,
10.5; F, 21.3; Zn, 12.2. Found: C, 40.2; H, 3.9; N, 10.2; F,
22.6; Zn, 11.7.

3.1.2. Bis(4-dimethylaminopyridine)cadmium
bis(trifluoroacetate), Cd(OCOCF3),-2DMAP

Colorless needles: mp 180 °C (beginning decomposition).
EIMS 20 eV, m/z (relative intensity): 122 [C;H;oN,]" (100).

IR (KBr)v: 3436 (s, br),2920(m), 1682 (vs), 1618 (vs), 1545
(s), 1447 (s), 1397 (s), 1294 (m), 1225 (vs), 1130 (s), 1065 (s),
1011 (vs), 947 (m), 837 (s), 816 (s), 760 (m), 723 (s), 532 (m).

Anal. Calcd. for C;gH,oN4O4F¢Cd: C, 37.1; H, 3.5; N,
9.6; F, 19.6; Cd, 19.3. Found: C, 35.3; H, 4.0; N, 8.9; F, 20.8;
Cd, 19,0.

3.1.3. Bis(4-dimethylaminopyridine)mercury
bis(trifluoroacetate), Hg(OCOCF3),-2DMAP
(crystal with 1 eq. CH;0H)

Colorless needles: mp 216-220 °C (decomposition).
EIMS 20 eV, m/z (relative intensity): 271 [CF;Hg]" (18);
202 [Hg]" (29); 122 [C;H oN>]" (36); 69 [CF;]" (44); 44
[CO,]T (100).
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IR (KBr) v: 3451 (s, br), 2926 (m), 1682 (vs), 1615 (vs),
1537 (s), 1447 (s), 1393 (s), 1343 (m), 1294 (m), 1223 (vs),
1137 (s), 1065 (s), 1007 (vs), 947 (m), 837 (s), 812 (s), 756
(m), 723 (s), 529 (m).

Anal. Calcd. for CoH,4N4OsFgHg: F, 16.2; Hg, 28.5.
Found: F, 17.1; Hg, 27.8.

3.2. Single crystal structure determinations

A suitable single crystal of each compound was carefully
selected under a polarizing microscope and mounted in
glass capillaries. The scattering intensities were collected
by an imaging plate diffractometer (IPDS II; STOE and CIE)
equipped with a normal focus, 1.75 kW, sealed tube X-ray
source (Mo Ko, 4 =0.71073 A) operating at 50 kV and
40 mA. Intensity data for Zn(OCOCF;),-2DMAP (I) were
collected at 170 Kin 165 frames with @ scans (0 < w < 180°;
Y =0° 0<w<150°% ¢ =90°, Aw = 2°, exposure time
of 5 min) in the 20 range of 2.3-59.5°. The intensity data for
Cd(OCOCF;3),-2 DMAP (I) and [Hg(OCOCF;),-2DMAP]-
CH;OH (III) were collected at 170 K in 135 frames with @
scans (0 < w <180°% Y =0° 0<w<90° ¥ =90°
Aw = 2°, exposure time of 8 min for IT and 5 min for III)
in the 20 range of 1.9-54.8°. The structures were solved by
direct methods (program SHELXS-97 [21]) and refined by
the full-matrix least-squares method on all [F?| data using the
SHELXL-93 [22] program. For [Hg(OCOCFj3),-2DMAP]-
CH;O0H (III) the C and O atom in the solvate molecule is
disordered; the occupancy factor for each was refined, result-
ing in value of 0.50(4) for C 1 and 0.42(3) for O 1. H atom
positions for I and II were taken from the difference Fourier
card at the end of the refinement. For compound III H atoms
were not included in the refinements. A numerical absorption
correction was applied after optimization of the crystal shape
(X-RED [23] and X-SHAPE [24]). The last cycles of refine-
ment included atomic positions for all the atoms, anisotropic
thermal parameters for all the non-hydrogen atoms and
isotropic thermal parameters for all of the hydrogen atoms
(except compound III). Details of the refinements are given
in Table 1." Selected internuclear distances and angles are
presented in Table 2.
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