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Abstract 

The template condensation of a number of aliphatic, aromatic and alicyclic dioximes containing tin(IV) 
tetrachloride on iron(I1) ion results in the formation of anionic clathrochelate complexes, which have 
been isolated and characterized as salts with organic bases of the general compositions 
[FeD,(SnC1J)2](HAm)2, where D2- is a dioxime dianion and Am is a aliphatic or aromatic amine. 
The composition and clathrochelate nature of the complexes obtained are confirmed by the results 
of elementary analysis, by IR, electronic absorption, ‘H, 13C{‘H}, “‘Sn NMR and “Fe, “‘Sn Mossbauer 
spectra. According to the “Fe Mossbauer spectroscopic data, the complexes have a trigonal-antiprismatic 
geometry of coordination polyhedron with a distortion angle of 40-55”. The ‘macrocyclic’ ligand field 
force increase effect for clathrochelate tin-containing complexes is less pronounced than for boron- 
containing macrobicyclic complexes. The parameters of the Mijssbauer and “‘Sn NMR spectra indicate 
a highly symmetrical octahedral geometry of the cross-linking tin-containing fragment. 

Introduction 

A great number of works are known now dealing 
with the encapsulation of iron(I1) tris-dioximates by 
boron-containing Lewis acids involving the formation 
of corresponding FeD3(BR)2 clathrochelate com- 
plexes [l]. The formation of macrobicyclic d-metal 
tris-dioximate complexes by cross-linking with com- 
pounds of other p-block elements, which are also 
Lewis acids, is much less studied. Only clathrochelate 
tris-dimethylglyoxymates of cobalt(II1) were synthe- 
sized [2] by the macrocyclization of K3CoDmJ with 
tin(IV) and silicon(IV) tetrachlorides, the complex 
not having been isolated as an individual compound 
in the latter case. We have previously reported the 
possibility of obtaining macrobicyclic iron(I1) tris- 
dioximates by the template cross-linking of three 
dioxime molecules with inorganic and organic tin(IV), 
germanium(IV), arsenic(III), bismuth(II1) and an- 
timony(II1) compounds [l, 31. The present paper 
presents the results of studies on the synthesis, 
structure an d properties of clathrochelate tris-diox- 
imates of iron(I1) obtained by encapsulation with 
tin(IV) tetrachloride. 

*Author to whom correspondence should be addressed. 
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Experimental 

Materials and apparatus 
The reagents used, FeCl,.4Hz0, SnCl,, diethy 

lamine (DEA), pyridine, dimethylglyoxime, cy-ben- 
zyldioxime, nioxime, as well as organic solvents were 
obtained commercially. The remaining dioximes listed 
in Table 1 were synthesized by the methods reported 
in ref. 4. 

The analyses of carbon, hydrogen and nitrogen 
were carried out with a Carbo Erba model 1106 
microanalyser; iron and tin were determined by the 
atomic-absorption method using an SP2-800 Pye 
Unicam spectrophotometer. Chlorine analyses were 
made at the Institute of Organic Chemistry (Kiev). 

The IR spectra of solid samples (CsI and KBr 
tablets) in the range 2004000 cm-’ were recorded 
on a Specord M-80 spectrophotometer. The assign- 
ment of lines was performed using results obtained 
earlier [l] as well as model compounds. The electron 
absorption spectra of solutions in acetonitrile in the 
range 11000-36 000 cm-’ were recorded on a Spe- 
cord M-40 spectrophotometer. The ‘H, r3C{rH} and 
“‘Sn NMR spectra of solutions in DMSO-D6 and 
CD3CN were obtained on a CXP-200 Bruker FT- 
spectrometer. 

0 1991 - Elsevier Sequoia, Lausanne 



TABLE 1. Characteristics of IR and electron spectra of macrobicyclic tin-containing iron(B) dioximates $ 

Compound Starting dioxime v(C=N) v(N-0) u(Sn-Cl) %Xx ld &X103 
(cm-‘) (cm-‘) (mol-’ cm-r 1) 

[FeNx,(SnCI,),](HDEA), =P+OH 0 =NoH 

nioxime, H2Nx 

1568 968, 
1046 

310 17, 92 6, 16 
20, 88 7, 16 
33, 56 17, 30 

[FeNx3WGM(HW2 H,Nx 1572 968, 312 18, 00 5, 85 
1052 20, 88 6, 92 

33, 56 16, 70 

[FeGm,(SnCI,),](HDEA), H-F=NoH 1544 996, 318 18, 48 4, 53 
H-C=NOH 1122 21, 24 4, 88 
glyoxime, HzGm 32, 84 16, 80 

[FeMm3(SnC13),](HDEA)2 CH3 -F=NoH 1570 918, 316 18, 36 5, 15 
H-C=NOH 1044, 21, 24 5, 71 

methylglyoxime, 1124 33, 40 17, 50 
H,Mm 

[FeDm,(SnCl,),](HDEA), 

[FeBd,(SnCl,),J(HDEA), 

m3-Y=NoH 1580 966, 314 18, 16 4, 95 
CH,-C=NOH 1074 21, 32 5, 66 
dimethylglyoxime, 34, 08 15, 40 
H,Dm 

1578 318 
@!=,e, @WKl” 
a-benzyidioxime, 
HzBd 

1094 892, 20, 17, 56 56 11, 9, 41 40 
35, OO- 26, 00 
36, OOsh 

1572 306 5c 0 =NcM =WH 
936, 17, 92 5, 64 

1006, 20, 88 6, 49 
4-methylnioxime, 1080 33, 52 15, 50 
H#MNx 

=Nlm 
0 =NOH 

octoxime, H,Ox 

1568 954, 
1028 

FeNxa(BF)s [51 HrNx 1584 965, 1070, 
1225, 1250 

312 18, 04 5, 85 
21, 00 6, 78 
33, 80 15, 60 

22, 50 18, 40 



85 

Mossbauer spectra were obtained on a YGRS4M 
spectrometer with a saw-like change of velocity. The 
spectra were stored in 256 channels of amplitude 
analyzer. The velocity scale was calibrated relative 
to the cr-Fe foil spectrum. For the “Fe Mossbauer 
spectra the origin of the velocity scale was brought 
into coincidence with the centre of the spectrum of 
sodium nitroprusside. 57Co in Cr was used as a 
source. A minimum width of absorption line within 
the spectrum of a standard sample of sodium ni- 
troprusside is 0.24 mm/s. For the tin Mdssbauer 
measurements the source chosen was “9mSn02 with 
a minimum line width of 1.17 mm/s. The sources 
were always kept at room temperature. 

Syntheses of complexes 

A total of 2.32 g of dimethylglyoxime (20 mmol) 
and 1.32 g of FeC12*4Hz0 (6.6 mmol) was dissolved 
under stirring in 50 ml of isopropanol. After intensive 
stirring for 20 min a solution of 1.5 ml of tin 
tetrachloride (13.2 mmol) in 10 ml of n-butanol was 
added dropwise to the dark-brown solution. The 
dark-red reaction mixture was stirred for 30 min, 
heated at Z-60 “C for 10 min and filtered. Then 
a solution of 3.4 ml of diethylamine (33 mmol) in 
10 ml of isopropanol was added dropwise to the 
filtrate under intensive stirring, a red precipitate 
being observed. After 30 min stirring the precipitate 
was filtered off, washed with isopropanol, diethyl 
ether, hexane and recrystallized from dry acetone. 
Yield 65%. 

Anal. Calc. for FeCzoH42NsOaSn2Cla: Fe, 5.60; C, 
24.07; H, 4.21; N, 11.23; Sn, 23.81; Cl, 21.48. Found: 
Fe, 5.40; C, 23.93; H, 4.29; N, 11.16; Sn, 23.67; Cl, 
21.48%. 

This complex was synthesized by the same pro- 
cedure as above for [FeDm,(SnC1),](HDEA)2 except 
that 1.76 g of glyoxime (20 mmol) were used instead 
of dimethylglyoxime. The red product obtained was 
recrystallized from acetonitrile, washed with acetone, 
diethyl ether, hexane and dried in vacua. Yield 45%. 

Anal. Calc. for FeCI,H~0N806Sn2C16: Fe, 6.11; C, 
18.40; H, 3.29; N, 12.27; Sn, 26.00; Cl, 23.33. Found: 
Fe, 6.16; C, 18.45; H, 3.31; N, 12.29; Sn, 26.14; Cl, 
22.97%. 

[FeMm3 (Snc13)2J(HDm)2 
This complex was synthesized in the same way as 

the previous one except that 2.04 g of methylglyoxime 
(20 mmol) were used instead of glyoxime. Yield 
42%. 

Anal. Calc. for FeC17HJ6N80&r2C16: Fe, 5.84; C, 
21.36; H, 3.77; N, 11.73; Sn, 24.86; Cl, 22.30. Found: 
Fe, 5.72; C, 21.22; H, 3.86; N, 11.77; Sn, 24.48; Cl, 
21.93%. 

This complex was synthesized like dimethylglyox- 
imate. A total of 4.80 g of a-benzyldioxime (20 mmol) 
was taken instead of dimethylglyoxime. The initial 
volume of isopropanol was 200 ml. Yield 27%. 

Anal. Calc. for FeCS0H54Ns0&r2C16: Fe, 4.08; C, 
36.52; H, 3.94; N, 8.18; Sn, 17.34; Cl, 15.56. Found: 
Fe, 3.83; C, 36.72; H, 3.96; N, 8.15; Sn, 17.41; Cl, 
15.43%. 

[Fef4MNx3fsnC13)2JfH~~)2 
This complex was synthesized like dimethylglyox- 

imate. A total of 3.12 g of 4-methylnioxime (20 mmol) 
was taken instead of dimethylgyoxime. Yield 35%. 

Anal. Calc. for FeC29HS4Ns0,Sn2C16: Fe, 5.00; C, 
31.15; H, 4.83; N, 10.03; Sn, 21.25; Cl, 19.07. Found: 
Fe, 4.93; C, 31.26; H, 4.81; N, 10.02; Sn, 21.02; Cl, 
19.45%. 

IFeOx3fsnC13)2JfH~~)2 
This complex was synthesized like the previous 

one. A total of 3.40 g of octoxime (20 mmol) was 
used instead of 4-methylnioxime. Yield 38%. 

Anal. Calc. for FeCS,H,0N80&tzCl,: Fe, 4.81; C, 
33.13; H, 5.18; N, 9.66; Sn, 20.48; Cl, 19.07. Found: 
Fe, 4.80; C, 32.71; H, 5.06; N, 9.53; Sn, 20.27; Cl, 
19.45%. 

PeNx3 (sncr3)2/ fHDE42 

Two methods were used. 
1. The complex was synthesized like dimethyl- 

glyoximate. A total of 2.84 g of nioxime (20 mmol) 
was used instead of dimethylglyoxime. To purify the 
precipitated red product of impurities it was sus- 
pended in 20 ml of acetonitrile at - 30 “C, and after 
10 min stirring the solution was filtered off. The 
filtrate was cooled in a refrigerator to -0 “C, the 
white precipitate was isolated, and the complex was 
again suspended in an acetonitrile solution at -30 
“C. The procedure was repeated several times till 
there was no white precipitate on cooling. The red 
purified product was recrystallized from acetonitrile, 
washed with diethyl ether, hexane and dried in vacua. 
Yield 73%. 

Anal. Calc. for FeC&H4sNr,0.&r2C16: Fe, 5.19; C, 
29.02; H, 4.47; N, 10.42; Sn, 22.08; Cl, 19.81. Found: 
Fe, 5.17; C, 29.04; H, 4.61; N, 10.52; Sn, 22.25; Cl, 
19.82%. 

2. A solution of 0.1 ml of tin tetrachloride (0.8 
mmol) in 10 ml of benzene was added dropwise 
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are found in the range 1568-1580 cm-’ for all 
clathrochelate tin-containing compounds, except 
glyoximate (the V(C=N) band is observed in its IR 
spectrum at 15.54 cm-‘). This is associated with its 
greater C=N bond length [13]. It should be noted 
that the v(N-0) bands are absent from the spectra 
of [FeD,(SnCI,),](HAm), complexes at 1250 cm-’ 
when the band intensity of these vibrations increases 
sharply near 1100 cm-‘. 

The electronic absorption spectra of clathrochelate 
tin-containing complex solutions differ greatly from 
the spectra of clathrochelate FeD3(BR)2 complexes 
and are close to the absorption spectra of iron(I1) 
tris-phenanthrolinates and dipyridinates [14]: two 
metal-ligand charge transfer bands (CTB) are ob- 
served in the visible region at 17 570-18 480 and 
20 560-21320 cm-’ with an intensity of (5-10) X lo3 
mol-l 1 cm-’ as compared with one intensive 
(~-(2-3)x lo4 mol-’ 1 cm-‘) asymmetric CTB at 
19 000-23 000 cm-’ for boron containing complexes, 
Fig. 3. The bands in the UV regions of the spectra 
of tin-containing clathrochelate complexes may be 
assigned either to intraligand transitions or to charge 
transfer from the iron(I1) d-orbitals to the second 
acceptor rr* level of the ligand [14]. 

The peculiarities of the electronic spectra of 
[FeD3(SnC13)2(HArn), complexes also permit one to 
suppose that their coordination polyhedra have a 
trigonal-antiprismatic geometry which is close to an 
octahedral one and similar to the geometry of the 
coordination polyhedron in iron(I1) tris-orthophen- 
anthrolinates and dipyridinates. 

The ‘H and r3C{‘H} NMR parameters of tin- 
containing iron(I1) dioximate solutions (Table 3) also 
differ greatly from the spectra of boron-containing 
complexes. First of all, signals of carbon atoms and 
organic cation protons appear in the spectra of the 
above dioximates. Their integral intensity corresponds 
to the stoichiometric composition [FeD3(SnC13)*- 
(HAm)2. The singlet character in the PMR spectra 
for dioxime fragment protons is retained only for 
dimethylgyoximate and glyoximate. The chemical 
shift value is much lower for the latter than for the 
analogous boron-containing complex and practically 
coincides with the values obtained for the starting 
dioxime and those presented in ref. 1. For the rest 
of the complexes one can observe a multiplet char- 
acter of these fragments’ proton signals. In the case 
of nioximate and cu-benzyldioximate the PMR spectra 
show a distinct doubling of these signals. An anal- 
ogous phenomenon was also found in the 13C{‘H} 
NMR spectrum of a complex with 4-methylnioxime. 
The appearance of such a magnetic non-equivalence 
in the case of tin-containing complexes may be due, 
first of all, to the considerable change in the symmetry 

of complex molecules in solution as compared with 
their boron-containing analogs. 

The “‘Sn NMR spectra of [FeD3(SnC13)2](HAm)z 
complex solutions contain a narrow singlet line in 
the range - 620 to - 640 ppm relative to the Sn(CH3)4 
signal. The chemical shift value and the line shape, 
along with the Mossbauer “‘Sn spectroscopy data, 
indicate a highly symmetrical octahedral Sn0&13 
environment of the tin atom; G(Sn(CH3)4) for 
(N&)$nC& is - 670.4 ppm. The non-equivalence 
of the cross-linking tin atoms is observed and the 
line doubles only for a complex with non-symmetrical 
methylglyoxime, the chemical shift value of both 
“‘Sn atom types being an intermediate one between 
the chemical shift values for glyoximate and di- 
methylglyoximate. Analogous effects were observed 
in the case of the FeMm3(BF)2 complex [l]. 

The considerable change in the structure of tin- 
containing complexes in comparison with the cor- 
responding boron-containing iron(I1) dioximates is 
primarily associated with a change in the geometric 
and electronic parameters of the cross-linking group, 
which permits cross-linking dioximate fragments at 
large distortion angles optimal for the d6 configuration 
of the central iron(I1) ion. Under these conditions, 
the geometry of the coordination polyhedron becomes 
close to TAP. Besides, tin(IV) tetrachloride is a less 
strong Lewis acid than boron-containing analogs, 
which causes considerably smaller differences of elec- 
tron density distribution in clathrochelate complexes 
formed by it from that in non-macrocyclic iron(I1) 
tris-dioximates. 
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