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Abstract 

The interaction of the potentially pentadentate 
compartmental Schiff base, (HaL), derived by con- 
densation of 2,6-diformyl-4-chlorophenol and o- 
aminophenol with thorium(IV) salts has been studied 
and the crystal structure of the ionic complex [Mg 
[Th2Ls] 2*6Hz0 determined by X-ray crystallo- 
graphy. The compound is monoclinic, space group 
K?r/c, with a = 12.488(6), b = 22.044(5), c = 24.316- 
(5) A, and /I = 104.82(3)“; D, = 1.66 g cme3 for 2 = 
2. The structure was refined to the final conventional 
R of 0.067 based on 5455 observed reflexions. The 
two independent Th atoms of the monoanionic 
[Th2L3]- complex are nona-coordinate and bridged 
by three oxygen atoms. The Mg2+ cations, which are 
on crystallographic centres of symmetry, are octa- 
hedrally surrounded by Hz0 molecules. Selected 
bond distances are: Th-0 (bridging) 2.47 A (mean 
value), Th-0 2.31 8, (mean value), Th-N 2.74 w 
(mean value), Mg. s-0 2.09 A (mean value). 

Introduction 

Binuclear Schiff bases have been extensively 
studied and used for the preparation of homo- and 
hetero-dinuclear complexes [l-7]. These ligands are 
generally planar and especially designed to incor- 
porate, in a planar fashion, two identical or different 
metal ions. The compartmental ligands represent a 
particular case of the above compounds and give 
rise to complexes with metal sharing of at least one 
donor atom of the ligand. They contain adjacent 
sites in which the central donor atom behaves as a 
bridging group between the two metal ions [4,7] 
(Fig. 1). 

The ‘side-off and ‘cyclic’ ligands have been suc- 
cessfully used in the preparation of homo- and 
hetero-dinuclear complexes, containing actinide ions 
[8]. On the contrary, the ‘end-off ligands seem 
to be not suitable for coordination of actinides owing 
to their coordination geometry and ionic radii [9, 
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Fig. 1. Schematic representation of compartmental ligands: 
A, macrocycle (N204); B, ‘end-off’ (N2YX2; X = N, 0, S; 
Y = 0, S); C, ‘sideaff’ (N204). 

lo], which are considerably different from those of 
the d-metal ions used for the synthesis of binuclear 
complexes. For instance, thorium(IV) is usually 
eight- or nine-coordinate in the square antiprismatic, 
dodecahedral, monocapped square antiprismatic, or 
trigonal tricapped prismatic coordination geometry 
[ 111. Reaction of thorium(IV) salts with the Schiff 
base H3L: 

obtained by condensation of 2,6-diformyl-4~chloro- 
phenol with o-aminophenol, shows the compartmen- 
tal behaviour of this ligand with large metal ions. We 
report here the synthesis, the chemical properties and 
the crystal structure of the complex Mg[Th2L3]2* 
6H2O. 

Experimental 

2,6-Diformyl-4chlorophenol was prepared and 
purified according to the literature [12]; o-amino- 

0 Elsevier Sequoia/Printed in Switzerland 



166 U, Casellato et al. 

phenol, Mg(CHsCOO)s*4HsO, LiOH and the solvents 
were commercial products and were used without 
purification. 

Preparation ofMg[Th2L3]2*6H20 
To a pale yellow methanolic (50 ml) solution of 

2,6-diformyl-4chlorophenol (184.5 mg, 1 mmol), 
o-aminophenol (218 mg, 2 mmol) was added. The 
red precipitate obtained was dissolved by addition of 
LiOH (72 mg, 3 mmol). To this wine red solution, 
Th(NO&.4Hz0 (369 mg, 0.66 mmol) in methanol 
(20 ml) and Mg(CHsCOO)s*4HzO (40 mg, 0.17 
mmol) in methanol (10 ml) were added. The orange- 
red solution was refluxed for 15 min and a micro- 
crystalline orange precipitate was obtained. It was 
filtered, washed with methanol and dried in vacua. 
Anal. Calc. for Mg[ThsLs]s*6HsO: C, 44.44; H, 
2.61;N,5.18.Found: C,43.90;H,2.80;N,4.92%. 

Well formed crystals of Mg[ThzLs]s*6Hz0 have 
been obtained from the mother liquor. 

The crude product dissolved in the minimum vol- 
ume of dimethylformamide (dmf), together with 
a few drops of methanol, was maintained in an 
atmosphere saturated by diethyl ether. After 2 days 
well formed single crystals were obtained in high 
yield. Anal. Calc. for Mg[ThzLs]s*6HZO*dmf: C, 
44.55; H, 2.77; N, 5.49. Found: C, 44.32; H, 2.80; 
N, 5.34%. 

Crystals of Mg[Th2Ls]s*6HsO*dmf are not stable 
in air. Stable crystals, suitable for X-ray investiga- 
tions, were obtained by dissolving Mg[ThsLsJs* 
6HsOmdmf in dimethylformamide and maintaining 
the solution in an atmosphere saturated by water 
at 45 “C. These crystals are identical to those 
obtained from the mother liquor, 

Physical Measurements 
The infrared spectra were obtained using KBr 

pellets on a Perkin-Elmer Model 580B infrared spec- 
trophotometer. 

Thorium, magnesium and chlorine ratios were 
conveniently determined by the integral counting of 
back-scattered X-ray fluorescence radiation from a 
Philips SEM Model 505 scanning electron microscope 
equipped with an EDAX data station. 

Samples suitable for SEM analysis were prepared 
by suspending the microcrystalline powders in 
petroleum ether. Some drops of the resulting sus- 
pension were placed on a graphite plate and after 
evaporation of the solvent the samples were metal- 
lized with gold or graphite using an Edward’s S150B 
model sputter coater. 

X-ray Data 
A crystal of Mg[ThzLs]s*6Hz0 was mounted on 

a glass fibre and used for the X-ray work. Unit 
cell parameters were determined from accurate set- 
tings of 25 reflextions with 5 < 29 < 20 on a Philips 

TABLE I. Crystal and Intensity Data for Mg[ThzL,lz* 
6HzO 

Formula 
Formula weight 
Crystal system 
Space group 

a (A) 
b (A) 
c (A) 
P (deg) 
v (A? 

D, (g cm-9 
Radiation 
h(Mo KU) 
Maximum crystal size (mm) 
&scan speed 
29 range 
Reflexions recorded 
Reflexions observed, Z > 30(Z) 
Parameters varied 
R (observed reflexions) 

Mg[TW312*6H20 

3135.13 
monoclinic 
p2 l/C 

12.488(6) 
22.044(S) 
24.316(5) 
104.82(3) 
647 1 
L 

1.66 
MO Kor 
0.7107 A 
0.2 
2 deg min-’ 
2-50 deg 
8667 
5455 
344 
0.067 

four-circle diffractometer with graphite-monochro- 
matized MO Ko radiation (h = 0.7107 A). 

Crystal data are given in Table I, together with 
data collection conditions. Two standard reflexions 
monitored every 100 measurements indicated no 
significant systematic fluctuation. Insensities were 
converted to structure amplitudes after applying 
Lorentz and polarization corrections. Because of the 
relatively high absorption coefficient, an absorption 
correction was also made [ 13 1. 

The structure was solved by direct methods using 
programs incorporated in SHELX [14] and by 
Fourier difference maps. Non-hydrogen atoms were 
refined in blocks by full-matrix least-squares, mini- 
mizing the function CwAF’ with w = 1. Ring carbon 
atoms were refined as rigid bodies (C-C = 1.395 A). 
At convergence the maximum shift on the parameters 
refined was 0.40, and in the final difference Fourier 
map there were no significant residuals of electron 
density. 

Scattering factors for Th were taken from ref. 15 
and for other atoms were from ref. 14. A correction 
was applied for the anomalous dispersion of Th. 
Final positional and thermal parameters are in Table 
II. Tables III and IV list bond lengths and angles. 
The equations of selected mean planes are reported 
in Table V. 

Results and Discussion 

By condensation of 2,6-diformyl&hlorophenol 
and o-aminophenol in alcoholic solution the poten- 
tially pentadentate compartmental Schiff base HaL 
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TABLE II. Atomic Parameters for Mg[ThzL3]2*6HzO 

Atom xla Y/b ZlC 

Atomic coordinates 

Thl 0.06233(7) 
Th2 0.13393(8) 
01 -0.0755(12) 
02 0.1943(9) 
03 0.2227(16) 
Nl 0.0605(12) 
N2 0.3384(16) 
Cl1 0.5518(7) 
04 0.0098(11) 
05 -0.0186(10) 
06 0.2523(13) 
N3 -0.1276(15) 
N4 0.0758(16) 
Cl2 -0.4472(7) 
07 0.1816(12) 
08 0.1129(12) 
09 -0.0011(13) 
N5 0.2529(15) 
N6 -0.0271(14) 
Cl3 0.1827(8) 

Mgl 0.0000(0) 
020 0.0711(16) 
021 0.1272(15) 
022 0.0898(15) 

Cl -0.1071(11) 
c2 -0.2088(11) 
c3 -0.2470(11) 
c4 -0.1834(11) 
c5 -0.0817(11) 
C6 -0.0436(11) 
c7 0.1414(16) 
C8 0.2525(8) 
c9 0.3380(8) 
Cl0 0.4452(8) 
Cl1 0.4670(8) 
Cl2 0.3814(8) 
Cl3 0.2742(8) 
Cl4 0.4111(18) 
Cl5 0.3668(15) 
Cl6 0.4509(15) 
Cl7 0.4737(15) 
Cl8 0.4125(15) 

Cl9 0.3284(15) 
c20 0.3056(15) 
c21 -0.0565(11) 
c22 -0.0462(11) 
C23 -0.1143(11) 
C24 -0.1927(11) 
C25 -0.2029(11) 
C26 -0.1349(11) 
C27 -0.2123(18) 
C28 -0.2091(11) 
c29 -0.3117(11) 
c30 -0.3169(11) 
c31 -0.2196(11) 
C32 -0.1171(11) 
c33 -0.1118(11) 
c34 -0.0236(19) 

0.19279(3) 
0.32936(3) 
0.1785(6) 
0.2743(S) 
0.3191(8) 
0.2731(6) 
0.2812(7) 
0.3604(4) 
0.0992(S) 
0.2908(S) 
0.4042(S) 
0.1889(7) 
0.4027(6) 
0.4017(3) 
0.1522(6) 
0.2179(S) 
0.3945(S) 
0.1399(8) 
0.2843(7) 
0.0639(3) 
0.5000(0) 
0.4921(7) 
0.5581(6) 
0.4259(7) 
0.2193(S) 
0.2132(S) 
0.2592(S) 
0.3113(S) 
0.3174(S) 
0.2714(S) 
0.3026(g) 
0.3082(6) 
0.3286(6) 
0.3340(6) 
0.3190(6) 
0.2986(6) 
O-2932(6) 
0.2827(g) 
0.2601(8) 
0.2188(8) 
0.2038(8) 
0.2301(8) 
0.2714(8) 
0.2864(8) 
0.0895(6) 
0.0384(6) 
0.0316(6) 
0.0760(6) 
0.1272(6) 
0.1339(6) 
0.2232(9) 
0.2842(4) 
0.3105(4) 
0.3687(4) 
0.4006(4) 
0.3743(4) 
0.3161(4) 
0.4114(9) 

0.89640(3) 
0.81510(3) 
0.9449(6) 
0.9072(4) 
0.7407(6) 
0.9825(6) 
0.8412(8) 
1.0937(3) 
0.8546(S) 
0.8549(S) 
0.8532(S) 
0.8140(7) 
0.8958(6) 
0.845 3(S) 
0.9763(S) 
0.8076(4) 
0.7656(6) 
0.8824(6) 
0.7238(6) 
0.6250(3) 
0.5000(0) 
0.4305(7) 
0.5 394(7) 
0.5389(6) 
0.9778(S) 
0.991 l(5) 
1.0206(S) 
1.0368(S) 
1.0234(S) 
0.9939(S) 
1.0140(8) 
1.0009(5) 
1.0460(S) 
1.0393(S) 
0.9875(S) 
0.9424(S) 
0,9491(S) 
0.8882(g) 
0.7909(6) 
0.7898(6) 
0.7383(6) 
0.6878(6) 
0.6889(6) 
0.7405(6) 
0.8032(4) 
0.771 l(4) 
0.7162(4) 
0.6934(4) 
0.7254(4) 
0.7803(4) 
0.8030(g) 
0.8300(S) 
0.8278(S) 
0.8495(S) 
0.8733(S) 
0.8754(S) 
0.8537(S) 
0.8984(g) 

(continued) 
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TABLE II. (continued) 

Atom xla y/b zlc 

c35 0.1643(g) 0.4406(6) 0.9224(5) 

C36 0.1637(g) 0.4773(6) 0.969 l(5) 

c37 0.2555(9) 0.5 132(6) 0.9935(5) 

C38 0.3480(g) 0.5 124(6) 0.9712(5) 

c39 0.3486(g) 0.4757(6) 0.9246(5) 

c40 0.2568(g) 0.4398(6) 0.9002(5) 

c41 0.2868(12) 0.1347(7) 0.9819(7) 

C42 0.3542(12) 0.1228(7) 1.0360(7) 

c43 0.4632(12) 0.1037(7) 1.0425(7) 

c44 0.5048(12) 0.0965(7) 0.9948(7) 

c45 0.4373(12) 0.1084(7) 0.9407(7) 

C46 0.3283(12) 0.1276(7) 0.9342(7) 

c47 0.2724(17) 0.1200(9) 0.8363(g) 

C48 0.2044( 11) 0.1342(6) 0.7796(4) 

c49 0.2208( 11) 0.0971(6) 0.7359(4) 

c50 0.1602(11) 0.1071(6) 0.6800(4) 

c51 0.0834(11) 0.1543(6) 0.6676(4) 

C52 0.0671(11) 0.1915(6) 0.7112(4) 

c53 0.1276(11) 0.1814(6) 0.7672(4) 
c54 -0.0193(18) 0.2367(10) 0.6945(g) 
c55 -0.1159(13) 0.3230(6) 0.7094(7) 

C56 -0.2223(13) 0.3066(6) 0.6786(7) 

c57 -0.3092(13) 0.3481(6) 0.6718(7) 

C58 -0.2896(13) 0.4058(6) 0.6956(7) 

c59 -0.1832(13) 0.4222(6) 0.7263(7) 

C60 -0.0963(13) 0.3808(6) 0.7332(7) 

Atom Ull uz2 u33 u23 u13 u12 

Thermal parameter? U(~,J) X lo4 

Thl 
Th2 
01 
02 
03 
Nl 
N2 
Cl1 
04 
05 
06 
N3 
N4 
Cl2 
07 
08 
09 
N5 
N6 
Cl3 

Mgl 
020 
021 
022 
Cl 
c2 
c3 

623(5) 

753(6) 
787(107) 
375(77) 

1353(164) 
385(97) 
965(154) 

1133(62) 
788(105) 
511(86) 
961(124) 
819(136) 
882(148) 
987(61) 
727(109) 
913(109) 
887(118) 
787(140) 
720(130) 

1509(100) 
1113(102) 
1420(176) 
1147(147) 
1165(147) 
531(55) 
664(65) 
789(77) 

321(4) 
321(4) 
487(88) 
597(85) 
989(137) 
427(91) 
482(105) 

1560(83) 
29q7 1) 

291(69) 
395(81) 
325(92) 
309(86) 
730(51) 
638(97) 
387(73) 
327(76) 
625(117) 
535(110) 
656(45) 
419(60) 
576(103) 
551(99) 
704(109) 

324(4) 

306(4) 
638(94) 
299(70) 
459(100) 
353(94) 
503(126) 
521(45) 
362(79) 
474(80) 
492(92) 
563(118) 
356(101) 

2837(116) 
402(84) 
216(70) 
585(100) 
331(101) 
431(103) 
743(49) 
580(72) 
662(112) 
893(127) 
5 13(97) 

- 14(3) 
- 39(3) 

- 172(72) 
- 130(62) 
- 120(94) 

-41(74) 
-94(91) 

90(48) 
- 3(58) 

-43(58) 
-95(69) 

- 102(84) 
- 115(76) 
-119(61) 

40(72) 
-114(57) 

- 20(67) 
- lO(86) 

24(86) 
- 145(37) 

-38(52) 

-94(86) 
- 170(90) 

-67(82) 

194(4) 
244(4) 
402(83) 
112(59) 
452(106) 
127(77) 
461(120) 

- 108(41) 
47(73) 

136(67) 
442(89) 
232(103) 
237(97) 

1019(70) 
181(77) 
272(72) 
178(87) 
200(95) 
264(95) 
865(59) 
340(70) 
394(115) 
521(113) 
256(97) 

-78(4) 

- 102(4) 
- 266(77) 

-92(63) 
-261(123) 

-35(75) 
- 194(101) 
-851(59) 

-42(68) 
-63(59) 

- 103(79) 
- 120(92) 
- lOO(90) 

146(44) 
-26(80) 
- 38(70) 

28(74) 
- 143(101) 
- 115(93) 

238(53) 
136(62) 
123(107) 

9(96) 
128(102) 

(continued) 
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TABLE II. (continued) 
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Atom Ull uzz u33 u23 u13 Ul2 

c4 790(78) 

c5 540(56) 
C6 456(5 1) 
Cl 460(50) 
C8 496(5 1) 
c9 585(60) 
Cl0 721(70) 
Cl1 623(64) 
Cl2 520(55) 

Cl3 396(48) 
Cl4 496(55) 
Cl5 677(65) 
Cl6 1090(100) 
Cl7 1070(99) 
Cl8 1220(113) 

Cl9 1066(99) 
c20 707(71) 
c21 498(54) 
c22 596(61) 
C23 916(89) 
C24 906(84) 
C25 766(76) 
C26 544(56) 

c27 560(56) 
C28 511(54) 
C29 774(73) 
c30 749(73) 
c31 661(65) 
C32 543(55) 
c33 403(47) 
c34 544(58) 
c35 436(48) 
C36 755(75) 
c37 836(79) 
C38 690(67) 
c39 643(66) 
c40 505(54) 
c41 65 3(66) 
C42 1063(101) 
c43 1417(133) 
c44 1560( 140) 
c45 1032(97) 
C46 610(62) 
c47 487(53) 
C48 564(59) 
c49 728(71) 

c50 712(70) 
c51 651(65) 
C52 473(50) 
c53 502(53) 
c54 577(59) 
c55 657(65) 
C56 905(84) 
c57 1430(134) 
C58 1267(115) 
c59 992(94) 
C60 683(69) 

aAnisotropic thermal parameters are in the form T = exp 2n’(UijHiHjAi*Aj*). 
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TABLE III. Bond Lengths (A) for Mg[ThzL3]2*6HzO 

Coordination 

Th(l)-O(1) 
Th(l)-O(2) 
Th(l)-O(4) 
Th(l)-O(5) 
Th(l)-O(7) 
Th(l)-O(8) 

Th(l)-N(1) 
Th(l)-N(3) 
Th(l)-N(5) 

Ligand 1 

0(1)-C(l) 
C(6)-N(1) 

N(l)-C(7) 

C(7)-C(8) 
Cl(l)-C(10) 
C(13)-O(2) 
C(12)-C(14) 
C(14)-N(2) 
N(2)-C(15) 
C(ZO)-O(3) 

Mg2+(HzO)6 

Mg. * *0(20) 

O(4). * *0(20’) 
O(7). * .0(22’) 

2.34(2) 
2.41(l) 
2.32(l) 
2.49(l) 
2.31(l) 
2.46(l) 

2.75(2) 
2.69(2) 
2.75(2) 

1.33(2) 
1.41(2) 
1.28(2) 

1.5 l(2) 
1.72(l) 
1.30(2) 
1.50(3) 
1.26(3) 
1.43(3) 
1.26(3) 

2.1 l(2) 

2.71(2) 
2.74(2) 

Th(2)-O(2) 
Th(2)-O( 3) 
Th(2)-O(5) 
Th(2)-O(6) 
Th(2)-O(8) 
Th(2)-O(9) 

Th(2)-N(2) 
Th(2)-N(4) 
Th(2)-N(6) 

Ligand 2 

O(4)-C(21) 
C(26)-N(3) 

N(3)-C(27) 
C(27)-C(28) 
U(2)-C(30) 
C(33)-O(5) 

C(32)-C(34) 
C(34)-N(4) 
N(4)-C(35) 
C(40)-O(6) 

Mg...0(21) 

Th(l)* - .Th(2) 

2.49(l) 
2.36(2) 
2.50(l) 
2.25(l) 
2.47(l) 
2.31(l) 
2.69(2) 
2.78(2) 
2.77(2) 

1.33(2) 
1.45(2) 

1.27(3) 
1.49(2) 
1.76(2) 
1.28(2) 
1.42(3) 
1.27(3) 
1.40(2) 
1.26(2) 

2.08(2) 

3.831(l) 

Ligand 3 

O(7)-C(41) 
C(46)-N(5) 

N(5)-C(47) 
C(47)-C(48) 
C1(3)-C(50) 
C(53)-O(8) 
C(52)-C(54) 
C(54)-N(6) 
N(6)-C(55) 
C(60)-O(9) 

Mg.. .0(22) 

1.34(2) 

1.39(2) 
1.28(3) 
1.46(2) 
1.72(2) 
1.32(2) 
1.45(3) 
1.28(3) 
1.37(2) 
1.28(2) 

2.07(2) 

TABLE IV. Selected Bond Angles (deg) for Mg[Th2LS]2. 
6H2O (estimated standard deviations in parentheses refer to 
the last significant digit) 

Angles involving Th 

Th(l)-O(2)-Th(2) 
Th(l)-O(5)-Th(2) 
Th(l)-O(8)-Th(2) 
N(l)-Th(l)-N(3) 
N(l)-Th(l)-N(5) 
N(3)-Th(l)-N(5) 
Th(l)-0(1)-C(l) 
Th(l)-O(2)-C(13) 
Th(l)-0(4)X(21) 
Th(l)-O(5)-C(33) 
Th(l)-O(7)-C(41) 
Th(l)-O(8)-C(53) 
Th(l)-N(8)-C(7) 
Th(l)-N(3)-C(27) 
Th(l)-N(5)-C(47) 
N(2)-Th(2)-N(4) 
N(2)-Th(2)-N(6) 
N(4)-Th(2)-N(6) 
Th(2)-O(2)-C(13) 
Th(2)-0(3)X(20) 
Th(2)-O(5)-C(33) 
Th(2)-O(6)-C(40) 
Th(2)-O(8)-C(53) 
Th(2)-0(9)-X(60) 

103.0(4) 
100.5(5) 
101.8(5) 
114.2(5) 
122.9(5) 
121.5(5) 
126(l) 
134(l) 
126(l) 
131(l) 
127(l) 
129(l) 
129(l) 
132(l) 
128(l) 
117.8(5) 
120.0(5) 
120.5(5) 
123(l) 
127(l) 
128(l) 
130(l) 
129(l) 
128(l) 

(continued) 

TABLE IV. (continued) 

Th(2)-N(2)-C(14) 128(2) 
Th(2)-N(2)-C(34) 124(l) 

Th(2)-N(6)-C(54) 127(l) 

Ligand 1 

C(6)-N(l)-C(7) 
N(l)-C(7)-C(8) 
C(12)-C(14)-N(2) 
C(14)-N(2)-C(15) 

122(2) 
123(2) 
121(2) 
120(2) 

Ligand 2 

C(26)-N(2)-C(27) 
N(3)-C(27)-C(28) 
Ct32)-C(34)-N(4) 
C(34)-N(4)-C(35) 

117(2) 
121(2) 
128(2) 
123(2) 

Ligand 3 

C(40-N(5)-N(47) 
N(5)-C(47)-C(48) 
C(52)-C(54)-N(6) 
C(54)-N(6)-C(55) 

119(2) 
124(2) 
124(2) 
122(2) 

Angles involving Mg 

0(20)-Mg-O(21) 
0(20)-Mg-O(22) 
0(21)-Mg-O(22) 

89.5(7) 
90.6(7) 
90.8(6) 
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TABLE V. Selected Mean Planes for the [ThzLs]- Anion* 

Plane I : O(l), O(4), O(7) 
-0.276X - 0.835Y + 0.4762 = 9.164 

Th(1) 1.36 

Plane II: O(2), O(5), O(8) 
-0.378X - 0.79OY + 0.4832 = 6.745 

Th(1) 1.89, Th(2) 1.94 

Plane III: O(3), O(6), O(9) 
-0.341X - 0.786Y + OS15Z = 4.055 

Th(2) 1.26 

Plane IV: N(l), N(3), N(5) 
-0.378X - 0.784Y + 0.4922 = 8.668 

Plane V: N(2), N(4), N(6) 
-0.384X - 0.766Y + 0.515Z = 5.825 

Plane VI: C(1) to C(6) 
-0.244X + 0.434Y - 0.8672 = - 16.026 

Plane VII: C(8) to C(13) 
-0.117X+ 0.943Y - 0.3122 = -0.584 

Plane VIlI: C(15) to C(20) 

0.65OX+O.751Y+ 0.1202=6.317 

Plane IX: C(21) to C(26) 

0.797X + 0.478Y - 0.3692 = - 10.571 

Plane X: C(28) to C(33) 

0.213X+ 0.389Y - 0.8962 = -16.707 

Plane XI : C(35) to C(40) 

-0.239X + 0.749Y - 0.6182 = -5.240 

Plane XII: C(41) to C(46) 

0.295X + 0.952Y + 0.0792 = 3.928 

Plane XIII: C(48) to C(53) 

0.774X+ 0.619Y - 0.1352 = -2.427 

Plane XIV: C(55) to C(60) 

0.426X + 0.337Y - 0.8392 = - 14.094 

Planes Angle Planes Angle 

Angles (“) between the planes 

I-II 6.4 VI-VIII 

I-IV 6.6 IX-X 

II-IV 0.6 X-XI 

II-III 2.8 IX-XI 

II-V 2.3 XII-XIII 
III-V 2.7 XIII-XIV 

VI-VII 44.9 XII-XIV 
VII-VIII 53.6 

86.4 

46.6 
37.4 

66.7 

36.2 

49.3 

67.7 

aX, Y, Z are orthogonal coordinates which are related to the 

crystallographic coordinates x, y, z by the expression X = 

12.488x - 6.2212, Y = 22.044y, Z = 23.507~. Distances (A) 

of atoms from the planes are in parenthesis. 

was obtained as a orange-red microcrystalline 
powder. Spectroscopic and mass spectrometry data 
gave evidence that the equilibrium of Scheme 1 
occurs [16]. By reaction of the preformed HsL 
ligand or of the precursors with Th(N0&*4Hz0 
in the presence of the stoichiometric amount of 
LiOH and Mg(CHsC00)2*4Hz0, an orange complex 

Scheme 1. 

was obtained which, on the basis of scanning electron 
microprobe and eiemental analysis, was formulated 
as Mg[ThzLs12.6Hz0. Infrared spectra of the powder 
and of the crystals (obtained by slow evaporation 
of the mother liquor or by recrystallization from 
dimethylformamide/diethyl ether of the crude 
product) show an identical shape along the whole 
range investigated, apart from the additional bands 
associated with dimethylformamide for the crystals 
grown from this solvent. In particular, this compound 
shows an intense IR band at 1680 cm-’ due to 
v(C=O). In both complexes the u(C=N) of the co- 
ordinated Schiff bases lies at 1618 cm-‘. A correct 
comparison with the free ligand is difficult, since it 
is mainly in the oxazoline form. However, the band 
at 3403 cm-’ due to n(NH) disappears and bands 
at 1642 and 1634 cm-‘, also associable with n(C=N), 
are lowered upon coordination. 

Crystals of Mg[ThzLs]2*6HzO*dmf are not stable 
in air; it is possible that dimethylformamide is partially 
lost in air with the consequent destruction of the 
crystalline packing. 

Mg[ThzL3]2.6HzO*dmf, dissolved in dimethyl- 
formamide and maintained in an atmosphere of 
aqueous vapour, transforms into Mg[ThzLs]s*6Hz0 
which is identical, also by a crystallographic point 
of view, to the complex obtained from the mother 
liquor. 
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Fig. 2. The structure of the [ThzLs]- anion. 

Crystal Structure of Mg[ Th2 L 3 / 2 * 6H2 0 
Two formula units of the ionic complex Mg[Th2- 

Ls]2.6HaO occur in the monoclinic unit cell of the 
crystal; the complex anions [ThaLsJ- and the Hz0 
molecules are in general positions, whereas the Mg2+ 
cations are in special positions on inversion centres at 
(0, 0, 0) and (0, f, +). As shown in Fig. 2 each anion 
is a dinuclear unit in which two Th atoms are bridged 
by three oxygen atoms from three different ligands. 
Each ligand, which is trianionic pentadentate, is 
coordinated with two atoms to the first Th atom, 
with two atoms to the second Th atom, and with 
the central oxygen atom to both Th atoms. Thus 
ligand 1, which comprises the five donor atoms O(l), 
N(l), O(2), N(2) and O(3), is coordinated to Th(1) 
through O(1) and N(2), to Th(2) through N(2) 
and O(3), and bridges both Th atoms through O(2). 

CiE 
9 

:53 x c22 
Cl9 

R 

cso 

r<. 

:i3 

The pentadentate ligands are not planar, the two 
terminal phenylene rings being inclined with respect 
to the central ring of each ligand by 36” to 54”, as 
shown in Table V. The two independent Th atoms 
are nona-coordinate in slightly distorted tricapped 
trigonal prisms, whose structural details are shown 
in Figs. 3 and 4. 

Th(1) is displaced by 1.36 and 1.89 A from the 
outer and the inner trigonal faces of the coordination 
polyhedron, the corresponding values being 1.26 
and 1.94 A for Th(2) (Table V). The two trigonal 
faces of each polyhedron are approximately parallel, 
and are not exactly eclipsed, being rotated from each 
other by about 16”, as shown in Figs. 3 and 4. The 
angles between the directions of the Th-N directions 
(the nitrogen atoms are the caps of the tricapped 
polyhedrons) are 124’, 114” and 122” for the Th( 1) 
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Fig. 3. Coordination polyhedron around Th(1). 

Fig. 4. Coordination polyhedron around Th(2). 

polyhedron and 118”, 121’ and 121” for the Th(2) 
polyhedron; that is they differ only by a few degrees 
from the ideal value of 120’. 

Th-0 bonds are of two types: bonds with non- 
bridging oxygen atoms are in the range 2.25-2.36 A, 
with a mean of 2.32 A for Th(l)-0 and 2.31 A for 
Th(2)-0; bonds with bridging oxygen atoms are, 
as expected, significantly longer, in the range 2.41- 
2.50 A, with a mean of 2.45 A for Th(l)-0 and 2.49 
A for Th(2)-0. 

Th-N bonds are much longer than the correspond- 
ing Th-0 bonds, being between 2.89 and 2.77 A, 
with a mean of 2.73 A for Th(l)-N and 2.75 A for 
Th(2)-N. A similar feature, concerning U-N and 
U-O distances, has already been observed in uranyl 
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complexes with multidentate ligands containing 
nitrogen and oxygen donor atoms, as for example 
in UOs [o-OC6H4-CH=N(CH2)2]zS [ 171, in UOs [o- 
OC6H4-CH=N(CHs)] sCeHsP0 [ 181 and in UOs [o- 
OCsH4-C(CHa)=N(CH&] sNH [ 181. This fact, 
which is not restricted only to uranium and thorium 
metals, was tentatively explained by Pearson on the 
basis of the ‘hard’ and ‘soft’ acid-base concept 
[19]. Structural details in the ligand are normal. 
C=N double bonds are localized at N(l)=C(7) and 
N(2)=C(14) for ligand 1, at N(3)=C(27) and N(4)= 
C(34) for ligand 2, and at N(5)=C(47) and N(6)= 
C(54) for ligand 3, as expected. 

The Mg’+ cations are octahedrally surrounded 
by six water molecules, The distances of the O(4) 
and O(7) ligand oxygens from two water molecules 
are compatible with 0. **Hz0 hydrogen bonding. 
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