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The thallium(I) dimethyl-N-trichloroacetylamidophosphate complex with a 18-crown-6 of
the composition Tl( 18-crown-6){L} (L = {Cl3CC(0 )NP(0 )(0 CH 3)2 }_ ) has been prepared and
characterized by means of IR spectroscopy and X-ray diffraction (orthorhombic, space group
P2,2,2, with a = 8.660( 1), b = 11.557(2), c =26.296(3) A, Z = 4, V = 2631.8(6) Ä3; R\ = 0.0285
and wR2 = 0.0558 for 4314 unique reflections). It was shown that (L~) is coordinatedoto the
central atom in a bidentate manner via oxygen atoms of phosphoryl [Tl-O(l) 2.678(4) A] and
carbonyl groups [Tl-0(2) 3.012(6) A], The Tl( 18-crown-6)+ moiety adopts a typical “sunrise”
coordination with the metal atom laying 1.134(2) A above the mean plane of the oxygen atoms
of the macrocycle. This deviation is the highest value of the structurally examined Tl( 18crown-6 )+ complexes. The Tl-O (etheric) separations are in the range 2.913(4) - 3.198(5) A (av.
3.030(6) A).

Introduction
The ability of crown ethers, in particular 18crown -6 (18c6), to form stable complexes with al
kali metal, ammonium and thallium(I) ions is well
known and the systems M+-18-crown-6 were ex
amined in solution as well as in the solid state
[1, 2]. The considerable interest in crown ether
co-ordination chemistry arises from the possibili
ties of their practical uses in the processes of se
lective extraction, membrane transport and separa
tion of nuclear fission products [1, 2]. X-ray stud
ies, carried out to explain principles of the M+-18crown -6 interaction, have shown a remarkable vari
ety of structures, including centrosymetric encapsu
lates, half-sandwiches [M( 18c6)]+ and sandwiches
[M(18c6)2]+ [1]. One of the important factors de
termining the relation between the metal cations
and the crown ligands is the match between the
cation ionic radius and the ligand cavity size J2, 3].
Thus, unlike the K+ cation (ionic radius 1.38 A [4]),
which often fits perfectly or almost perfectly into
Reprint requests to Dr. K. V. Domasevitch or Dr. V. M.
Amirkhanov; E-mail:dk@anorgchemie.univ.kiev.ua.

the 18-crown-6 cavity [ 1 , 2 ], the larger cations Tl+,
Rb+ and Cs+ (ionic radii 1.50, 1.52, and 1.67 A re
spectively [4]) usually deviate significantly from the
mean plane of the macrocyle towards the anion [ 1 ,
5, 6 ], Although the possibility to treat the value of
this deviation as a function of anion nucleophility
is evident and attractive, this point of view is not
correct in general [1], Recently we have reported
a spectacular example of the third possible orga
nization of the M(18c6)+-X-system , a “downcast”
coordination, in which this deviation appears to be
even negative [7]:
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Despite of this it may be suggested that coor
dination of the most effective ionic multidentates
(ß-diketonates, tris-pyrazolylboranates, etc.) to the
metal center may weaken its interaction with a neu
tral crown ether and “pull out” the metal ion from

0932-0776/99/0400-0451 S 06.00 © 1999 Verlag der Zeitschrift für Naturforschung, Tübingen - www.znaturforsch.com

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung 4.0 Lizenz.

K

This work has been digitalized and published in 2013 by Verlag Zeitschrift
für Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution
4.0 International License.

V. A. Trush e t al. ■Structure o f T l(18-cr0w n -6){C l3C C (0)N P (0)(0C H 3)2}

452

Table I. Main vibrational frequen
— Compond —
cies in IR spectra of the dimethylH(L) Na{L}a T1{L} La{L} 3 -2HMPAa Tl(18c6){L} Ph4Sb{L}a N-trichloroacetylamidophosphate
compounds and their assignments,
-—
—
—
K NH)
3068 —
cm
1645
f/(C=0) 1734 1624
1620 1635, 1630, 1615 1640
v(C —N)
1349
1327 1380, 1360
1350, 1330 1325
a Assignments are in accordance
1140
u( P=0)
1175 1165
1205
1268 1200
with [ 12 ].
1070
1065 1060
1070
I'as(P-O) 1063 1067
1045
^as(P-N) 1029 1040
1035 1040
1045
990
995
985, 960
J's(P-N)
965 995
995
770
M P O C ) 782 787
770
780
770
740
<5s(POC)
730 722
725
725
725
680
675
660
KC-Cl)
675 688
675
550
550
535
<5(PNC)
505 551
550

Assign
ment

the crown ligand cavity [1,8]. The factors effecting
the structures of such systems are not really obvi
ous. Herein we report the synthesis and results of
the study of a Tl( 18c6)+ complex with the structural
anolog of /3-diketonates, the dimethyl-N-trichloroacetylamidophosphate anion, {L}~, a readily avail
able, powerful chelating ligand:
, 0CH3

Y
o

[ '0CH3

0

Experimental
TI2CO 3 and 18-crown-6 were commercial products of
reagent grade used without further purification. Prepa
ration of dimethyl-N-trichloroacetylamidophosphate was
as described previously [9]. The thallium(I) complex was
synthesized according to the scheme:
TI2 CO 3 + 2H(L) + 2(18-crown-6)

2T1( 18-crown-6){L} + C 0 2 + H20
To the solution of 0.541 g (2 mmol) of dimethyl-N-trichloroacetylamidophosphate in 40 ml of aqueous 2-propanol (1:3 v/v) 0.4688 g (1 mmol) of solid TI2CO 3 was
added in several portions. The solution was stirred and
refluxed untill total dissolution of TI2CO 3 was observed,
and then was filtered and evaporated to the volume of
about 10 ml. A solution of 0.5286 g (2 mmol) of crown
ether in 40 ml of acetone was added, and the mixture
was allowed to stand at r. t. in a vacuum desiccator over
P4O 10 for 5 d, after which colourless well-faceted crystals
deposited, were filtered out, washed with a few drops of
diethyl ether and dried over P-tOio- The yield was 1.180 g
(~80%). The compound is soluble in water, alcohols, acetonitrile, acetone, insoluble in non-polar aprotic solvents,
and decomposes slowly in air to form T1C1.

Table II. Crystal data for Tl( 18-crown-6){L}.
Formula
M
Crystal system
Space group
a [A]
b [A]
c [A]
U [A]
Z
Dc/g cm -3
HiMo-Ka) [cm“ 1]
F(000)
0 Range for data collection [°]
Index ranges

C 16H3oNPOk,T1
738.10
orthorhombic
P2 12,2 1
8.660(1)
11.557(2)
26.296(3)
2631.8(6)
4
1.863
65.49
1440
1.55 to 27.34
-11 < h < l \ k ± 14;
I±33

Total number of reflections
Number of unique reflections
^int
Observed reflections [I>2a(I)]
Data used
Parameters refined
R 1 (obs.)(/?l (all data))
wR2 (obs.) (wR2 (all data))
Absolute structure parameter
Goodness of fit on F:
Maximum, minimum
difference peaks [e A“ 3]

14311
5378
0.0362
3925
4314
289
0.0285 (0.0479)
0.0558 (0.0651)
0 .012 (6 )
0.991
0.520 and -0.552

Analysis for Tl( 18-crown-6){L}:
C, 6H3oNPOioT1 (738.10)
Calcd C 30.42 H 4.79 N 2.22 %,
Found C 30.02 H 4.82 N 2.61% .
IR spectra of the complex (Table I) were recorded on a
UR-10 (Carl Zeiss, Jena) spectrometer (400 - 4000 c m '1,
nujol mulls).
For the X-ray diffraction study crystals of the dimen
sion 0.30x0.25x0.20 mm were used. Crystallographic
measurements were made at 22 °C using a SMART CCD
area detector diffractometer (Siemens). Semi-empirical
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Table III. Selected bond lengths (A) and angles (°) for
Tl(18-crown-6){L}.
Tl-O(l)
Tl-0(2)
Tl-0(5)
Tl-0(6)
Tl-0(7)
Tl-0(8)
Tl-0(9)
Tl-O(lO)
P( l)-O (l)
P( 0 -0 (3 )
P( 0 -0 (4 )
0(l)-T l-0(2)
0(l)-T l-0(5)
0(l)-T l-0(9)
0(2)-Tl-0(6)
0(2)-T1-0(10)
0(6)-Tl-0(5)
0(6)-Tl-0(7)
0(8)-Tl-0(7)
0(8)-Tl-0(9)
0(10)-T1-0(9)
0(10)-T1-0(5)

2.678(4) P(l)-N (l)
3.012(6) C(l)-C(2)
3.198(5) C (l)-N (l)
2.929(5) C (l)-0(2)
2.998(4) 0(5)-C(7)
2.913(4) 0(5)-C(6)
3.093(5) 0(6)-C(9)
3.049(4) 0(6)-C(8)
1.457(4) 0(7)-C(10)
1.575(4) 0(7)-C(l 1)
1.577(4) 0(8)-C(12)
P( 1)-0( 1)-Tl
66.4(1)
140.0(2) C (l)-0(2)-Tl
118.7(2) N(l)-C(l)-C(2)
136.9(2) 0(2)-C (l)-N (l)
81.8(1)
C(l)-N(l)-P( 1)
55.2(2)
0 (l)-P (l)-0 (3 )
56.8(2)
0(1)-P(1)-N(1)
57.1(2)
C(7)-0(5)-C(6)
56.3(2)
C(9)-0(6)-C(8)
55.5(2)
C(11)-0(7)-C(10)
54.0(2)
C(13)-0(8)-C(12)

1.591(5)
1.568(8)
1.268(7)
1.234(7)
1.40(1)
1.45(1)
1.393(9)
1.433(9)
1.426(9)
1.385(8)
1.437(8)
131.7(2)
121.2(5)
114.5(5)
131.2(6)
127.5(4)
113.4(3)
121.4(3)
114.0(8)
111.7(7)
111 .6 (6 )
114.9(7)

absorption corrections using the SADABS program were
applied. Table II lists the cell parameters and details of the
data acquisition and structure refinement. The structures
were solved by direct methods and subsequent Fourier
difference techniques and refined using the programs
SHELXS-86 and SHELXL-93 [ 10,11 ]. All non-hydrogen
atoms were refined anisotropically, the hydrogen atoms
were included as fixed contributions with their isotropic
U values set invariant at 0.08 A2. Refinements were termi
nated with all non-hydrogen parameter shifts < 0.20 a ; the
weighting schemes were w- 1 = <t2(F2) + (aP )2 + bP, where
3P = (2FC2 + F02) and a and b are constants adjusted by
the program. Convergence was obtained at the R-values
given in Table II. The principal interatomic distances and
angles are listed in Table III. Further details are available
from the Fachinformationszentrum Karlsruhe, D-76344
Eggenstein-Leopoldshafen (Germany), on quoting the de
pository number CSD-410099, the name of the authors,
and citation of the paper.

C(6)

0(51

C(7>

Fig. 1. Molecular structure of the Tl(18-crown-6){Cl3CC(O)NP(O)(OCH;02 } complex with non-hydrogen
atoms represented with thermal ellipsoids at the 50%
probability level, showing the atom numbering scheme.

from the parameter for the sodium salt Na{L}, but
is increased with respect to the spectra of T1{L},
Ph 4 Sb{L} and Ln{L} 3 -2HMPA (HMPA-hexamethylposphoric triamide) (1165 - 1175 cm -1 ) [12].
The ^(P = 0) absorption bands for all these com
pounds are found in a lower frequency range than
that of neutral dimethyl-N-trichloroacetylamidophosphate (1268 cm -1 ), suggesting some conju
gation in the frame of anion. The z/(C=0) vibra
tional frequency is somewhat higher than we have
observed for Na{L} and T1{L} and is consistent
with the data for the Ph 4 Sb{L} complex (Table I),
in which the carbonyl group takes no part in coor
dination [12]. Thus we may conclude that the IR
spectroscopic data revealed an essentially ionic na
ture of the T1-{L}~ interaction in the Tl(18c6){L}
complex.

Results and Discussion
The values of the main vibrational frequencies
in the IR spectra of the complex Tl(18c6){L} are
comparable with the data for ionic dimethyl-Ntrichloroacetyl-amidophosphates (Table I). Thus,
i/(P=0) of the complex (1205 cm - 1) does not differ

In the crystal the compound has the molecular
structure [Tl( 18c6){L}]; there are no shortened con
tacts between neighbouring molecules in the lattice.
The thallium atom adopts eight-fold coordination of
an irregular geometry and is bound to six oxygen
atoms of the crown ligand and both the carbonyl
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Table IV. Geometry of the Tl( 18-crown-6)+ fragment in documented structures, arranged following the deviation of
the metal atom from the mean plane of the macrocycle (Tl-P).
Anion

[Cu{N(CN)2}2]_
[H{ONC(CN)-(benzothiazol-2-yl)}->]
[H{0NC(CN)C(0)Ph)}->]~
{0NC(CN)C(0)Ph}~
{Tetracyanoquinodimethanide}CuCl42_ , T r C l 4_
{ONC(CN)C(S)N(CH3)2}~
{ONC(CN)-(thiazol-2-yl)}~
CuBr42_, T1 Br4~
{C13C C (0)N P(0)(0C H 3)2}~

Type

Downcast
Perfect fit
Perfect fit
Sunrise
Sunrise
Sunrise
Sunrise
Sunrise
Sunrise
Sunrise

Coord.
p°iyhedra

range

[T1N06]
[T1N20 6]
[TIOs]
m o 7]
[TiN2o 6]
[T1C130 6]
[TIOt]
[TINOft]
[TlBr30 6]
[T108]

2.79(1)- 3.07(3)
2.820(4) - 2.876(4)
2.832(7)- 2.862(8)
2.874(7)- 3.057(7)
2.90(1)-3.05(1)
2.931(9)-3.05(1)
2.836(5) - 3.058(5)
2.898(7) - 3.084(7)
2.91(2)-3.11(2)
2.913(4)-3.198(5)

and phosphoryl oxygen atoms of the anion (Fig. 1).
The position of the anion with respect to the crown
ligand is not orthogonal, the mean plane of the 18c6
molecule and the plane T10( 1)0(2) intersect with
an angle of 70.0(2)°. The distortion of the metal co
ordination sphere may be explained at least in part
in terms of an influence of a stereoactive electron
pair on the thallium atom [4]. This influence is often
evident for low-coordinated thallium(I) (coordina
tion numbers 2 - 4 ) [13, 14], and may be of signif
icance even in thallium(I) macrocyclic complexes
with high coordination numbers of the central atom.
It can also effect an unusual “downcast” coordina
tion in the Tl(18c6)Cu{N(CN)2}2 complex [7].
The amidophosphate anion is coordinated to
the metal atom in a bidentate chelate manner via
the oxygen atoms of carbonyl and phosphoryl
groups. This coordination mode is a characteris
tic feature of phosphazo analogues of /?-diketones,
and was observed earlier for Ln{L} 3 -2 HMPA
and NaLn{L }4 complexes [15]. In the six membered chelate ring the 0 (l)-T l-0 (2 ) bond angle of
66.4(1)° is an intermediate value of these param
eters for /3-diketonate and diphosphorylmethane
complexes (cf. 61.3(6)° for Tl{CH(COCF 3 )2} [16]
and 70.4(6)° for T 12 {CH 2 (P 0 3 H)2} [17]). This
chelate ring is not planar and the thallium atom devi
ates by 1.24(1) A from the mean plane of the atoms
0 ( 1)P( 1)N( 1)C( 1)0(2). The T l-0( 1) bond length of
2.678(4) A agrees with the values for Tl-O bonds in
T 12 {CH 2 (P 0 3 H)2} (2.71(2) - 2.76(2) A) [17] and is
essentially shorter than Tl-0(2) (3.012(6) A).
The Tl-O (18c6) separations lie within the range
2.913(4) - 3.198(5) A (av. 3.030(6) A) and are

— Separations. A —
— T l-O Tl-P
average

Ref.

2.87(2) -0.622(5) [7]
2.853(4) 0
[5]
2.844(8) 0
[20 ]
2.944(7) 0 .86 ( 1) [21 ]
2.95(1)
0.89(1) [22 ]
0.92(1) [23]
2.98(1)
2.950(5) 0.932(1) [24]
2.96(1)
0.933(1) [24]
3.01(2)
0.982(7) [25]
3.030(6) 1.134(2) This work

the largest values for structurally characterized
Tl( 18c6)+ complexes (Table IV). The thallium atom
adopts a typical “sunrise” coordination and devi
ates by 1.134(2) A from the mean plane of the six
etheric oxygen atoms. This deviation exceeds the
usual values for related systems, which suggests a
weakening of the Tl+-18c6 interaction due to the
coordination of the anionic chelate {L}~. A similar
effect was described for the K( 18c6)+ ion pair with
the ethylacetoacetate ion [8 ].
The macrocyclic ligand has a distorted 0 3 d con
formation, the most stable for this ligand in its
complexes with metal ions [18]. The C -0 and CC bond lengths (av. 1.41(1) and 1.47(1) Ä) have
typical values for macrocyclic polyethers and are
somewhat shortened with respect to these param
eters in gaseous 1,4-dioxane (1.423 and 1.523 A
respectively) [18]. The torsion angles of COCC
fragments (±171.3(7) - 177.4(8)° correspond to
trans conformations, and those for OCCO (±65(1)
- 70.0(9)°) to gauche. The latter values are smoller
than the parameters observed in Tl(18c6)+ com
plexes of the “perfect fit” type (±70.5(7)-73.6(8)°)
(Table IV) [5],
In the structure of the amidophosphate anion
{L}- both the P (l)-N (l) and C (l)-N (l) separations
are shortened with respect to the values for the neu
tral H(L) molecule [12] (1.591(5) and 1.268(7) Ä
versus 1.676(1) and 1.347(2) A, respectively). The
C = 0 bond appears slightly longer (1.234(7) vs.
1.202(2) A), while P (l)-0 (1 ) bond lengths (ca.
1.457(4) A) exhibit no essential differences. Thus
the anion geometry suggests a partial delocalization
of 7r-electron density in its frame. This delocaliza
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tion may be rationalized in terms of contributions
of three mesomeric forms:

1

2

3

The C-N and P-N bond lengths in the anion sug
gest a partial double-bond character with dominant
contributions of the mesomeric forms (2) and (3).
The 0(2)C(1)N(1)P(1) fragment is planar with a
torsion angle of about -4(1)°, while the 0(1)-P(1)N (l)-C (l) torsion angle of 27.4(7)° indicates an
essentially non-coplanar disposition of the atoms.
Thus the mesomeric structure (3) seems to be dom
inant. Formation of the shorter M -0 coordination
bond in the title complex via the phosphoryl oxygen
atom may be attributed to higher electron density on
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