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Abstract

The preferred conformations and the complexional behaviour of my©]2&ere studied by means of both
NMR spectroscopy and molecular modelling. Furthermitvee A complexes of this ligand mn-123, were
also studied by molecular mechanical calculations.
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sulfur atoms to the rigid maleonitril suhit. Thelatter fact
Introduction should be useful for the formation of endocyclic complexes.
It is the major objective of this paper to examine the dy-
The maleonitrile-dithiocrown ethers are a suitable class ohamics of both the ligand and its 'Agpmplexes.
S/O-coronands in order to force on metal ions up to now
unknown mixed ether / thioether coordination spheres.

The maleonitrile-dithiocrown ether (Figure 1) derives 3 2
from the saturated parent compound 1,4-dithiocrown ether /\
by substitution of the flexible ethylene sequence between N S le)
the two S atoms by the rigid and voluminous maleonitril unit. 5
In contrast to the 1,4-dithiocrown ether, the sulfur atoms 6
in the maleonitrile dithiocrown ether reveal a restricted N S

exodentate conformation which was proved by X-ray inves- \_/
tigation [1, 2]. This is caused by theastg affiliation of the
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Figure 2. The minimum energy conformations (calculatedsoftware; the heats of formation were calculated using the
with PM3 and AM1) program MOPAC (AM1, PM3).

Methods Results

* The structures of mn-128,, [Ag(mn-12S0,),]JPF,and  Molecular dynamic simulations were carried out using

[Ag(mn-12S0,),]CIO, were investigated theoretically by SYBYL in the TRIPOS force field at 250 K and 1000 K,

empirical and semiempirical methods and experimentally byespectively, to investigate the dynamic behaviour of the

1D and 2D NMR spectroscopy in solution ((NID,, CD.CL,). ligand mn-1280,. The coordinates of the X-ray analysis were

e The complex formation was studiedlbir, 13C- and%%Ag used for the starting conformation /1/. The dihedral angles of

NMR titration experiments, respectively. the conformations obtained at 250 K proved to remain in the

» The molecular dynamic simulations of the ligand and itsregion of the X-ray crystal structure (Table 1).

Ag' complexes were carried out using SYBYL (TRIPOS The heats of formation of the (global) minimum were

force field) and BIOSYM/DISCOVER95 (ESFF force field) found to be 29,9 kcal/mol (PM3) and -6,7 kcal/mol (AM1),
respectively (Figure 2).

Figure 3. The [Ag(mn-1250,).]PF . conformations.
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Table 1.
Bond calculated [°] X-ray analysis AM1 minima PM3 minima
H2-C3-C4-H3 30.50 - 82.60 48.4%c 52.4° 45.5°
H5-C>-C6-H8 34.42 - 88.63. sc —61.3ac 7.5° sp 39.2°,sc
HO-C7-C8-H12 —179.95 - -154.22 -175.04p -174.3° -166.7°
St-c3-c*-0t -89.86 - —40.17 -71.53¢C -73.6° -79.6°
01-C?-C8-02 —75.83 - —30.43 -58.33¢c -111.7°,sc -78.3°
O?-C'-C8-&2 30.40 - 84.95 65.3%cC 74.8° 84.0°

As expected, mn-128, is completely flexible at 1000 K.

For mn-12S0, the coalescence temperatures of three differphosphate anion) [2].

ent signals of the molecule could be obtainted by tempera-
ture-dependent NMR spectra. The free energgati/ation

in the ESFF force field to investigate the conformation of the
The!H NMR spectra of the ligand and its complexes showligand in the bounded state. Again, the X-ray analysis was
exchange phenomena at room temperature (broad signalsjsed as the starting conformation (without the hexafluoro-

The X-ray analysis of the complexes [Ag(mn-
125,0,),]PF; and [Ag(mn-12$0,),]CIO, depicted the Ag

for these processes were determinated to be about 50 kJ/moh to be sandwiched between two mn-}23molecules and
coordinated to the S- and the O-atot#8.NMR studies gave

Molecular dynamic simulations of the complexes [Ag(mn- the same results for the mn-125 complexes in nitrometh-
1250,),]PF; were carried out using BIOSYM/DISCOVERS95 ane solutions [3].

at 259 K [3].

Table 2.

Generally, in both the ligand and the complexes the ring
system can interconverted. In order to differentiate the vari-
ous ring inversions, the energy barriers were calculated. The
calculated data were then compared with the results of the

X-ray conf. 1

dihedral angle

S-C-C-O[7] 74.37 70.79

Epot [kcal/mol] - -13.6

—66.57 66.57

72
71
70
69 T
68 T
67T
66 T
65T

chemical shift

tion 3.

3¢ chemical shifts of C-4/C-7 and C-5/C-6

temperatur-dependent NMR spectra .
conf. 2 conf. 3 At 500 K many conformations were obtained for [Ag(mn-
1250,),]PF,. Minimization of these conformations yieled
13 different structures. Three of these conformations (Figure
3) proved be different from the X-ray structure in only one of
the S-C-C-O dihedral angles (Table 2) and were further in-
-12.6 -12.6 vestigated. Conformation 2 is the mirror image of conforma-

—8—C-4/C-7
—4—C-5/C-6

64 t t t
0,00 0,13 0,27 0,40
A i 01 01

Figure 4a. The titration results
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'H chemical shift

——S3CH2 / S8CH2
—8—04CH2 / O7CHZ
—— O5CH2 / O6CH?Z

chemical shift

3.1 t t t t t t t t t t {
1: 1: 1: 1: 1: 1: 1: 1:
0,53 0,67 0,80 0,93 1,07 1,20 1,60 2,00

[mMn-12S,0,] : [AgCIO 4]

Figure 4b. The titration results plex crystallized out at a molar ration of 13.4 : 1. This com-
plex has a 2 : 1 composition (AgG/OMn-12S0,). X-ray
analysis of the complex revealed a polymeric structure with
The determination of the energy biarr for the ring  four Ag centres differing in the coordination sphere. The syn-
interconversion from 1 to 2 was also subject of the presenthesis and the detailed structure of this and other oligonuclear
study. The energy barrier of the ring S-C-C-O interconversiorAg' complexes of maleonitrile-dithiocrown ethers will be

from 1 to 2 was calculated by molecular mechanical methreported in a forthcoming report [5].

ods. The barer was found to be -6,7 kcal/mol.

In order to study the corresponding complex formation,
AgCIO, was added to the coronand solutions. Theedd-
ence of the'H and *3C chemical shifts on the [coronand]/
[AgCIO,] molar ratio was investigated (Figudg The ex- 1.
change between the free and the complexed mpeL2s 2.
generally fast on the NMR time scale; averaged shifts were
obtained. The vs.molar ratio [coronand]/[salt] curves show 3,
a single sharp bend when the molar ratio is approximately
1:1. Accordingly, the formation of a 1:1 complex was con-
cluded. 4.

During 19°Ag titration expeiments of AgCIQ with mn- 5,
1250, in nitromethane solutions a yellow-coloured Ag com-
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