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Dihydrobis(tetrazoly1)borate metal compounds of the compo- 
sition [M(L)2(p-H2B(CHN4),)2]n for M = Mn, Fe, CO, Zn, Cd 
with L = H2O and for M = Cu with L = NH3 are obtained 
from metal salts and K[H,B(CHN4),]. Single-crystal X-ray 
studies reveal the formation of two-dimensional rhombic grid 
sheets through the bridging action of the bis(tetrazoly1)bo- 
rate ligands. Each metal atom is octahedrally coordinated 
with two tram L ligands and four H2B(CHN4)F nitrogen do- 

nors. Two additional, hydrogen-bonded water molecules oc- 
cupy the rhombic openings in the compounds with M = Mn, 
Fe, CO, Zn, and Cd. The water of crystallization is held in 
place through hydrogen bonding from the water ligands and 
to the nitrogen atoms to give a substructure of parallel kin- 
ked water chains. Temperature-variable magnetic measure- 
ments show a Curie-Weiss behavior for the paramagnetic 
complexes with M = Mn, Fe, CO, and Cu. 

Our research is concerned with modifications of the scor- 
pionate or poly(pyrazoly1)borate ligands 1 and 2['1, such 
that the pyrazolyl rings are replaced by 1,2,4-triazolyl or 
tetrazolyl rings, for example. The resulting ambidentate 
poly-triazolyl- and -tetrazolyl-borate anions, e. g. [HB- 
(C2H2N&]- (3)[2-41 and [H,B(CHN4),]- (4)r51 with their 
multiple bonding centers give rise to an interesting coordi- 
nation chemistry and supramolecular architecture in the so- 
lid state with the formation of incorporated two-dimen- 
sional water layerd61 and linkage isomerism[7] for 3 and the 
formation of two-dimensional rhombic grid sheets for 4L61. 
The controlled synthesis of two- and three-dimensional in- 
organic materials with inner cavities for the catalysis of or- 
ganic reactions[*] or with collective magnetic phenomena 
for the design of molecular based ferromagnet~[~] is receiv- 
ing an increased attention"O1. 

In this paper we report on the synthesis of two-dimen- 
sional coordination polymers from 4 with manganese(II), 
iron(II), cobalt(II), copper(II), zinc(II), and cadmium(I1) 
cations, their magnetic porperties and the results of single 
crystal X-ray studies. 

Syntheses and Properties of ([M(HzO)2{rc-H2B(CHN,)z)tj 
2 H,O}, for M = Mn (5), Fe (6), CO (7), Zn (9), and Cd 
(lo), and of {Cu(NH3)Z{ZL-H2B(CHN4)2}2}, (8) 

The dihydrobis(tetrazoly1)borate anion 4 in the form of 
its potassium salt (11) reacts with manganese(II), cobalt(II), 
and cadmium(I1) chloride, iron(I1) sulfate, as well as with 
zinc(I1) acetate in water to form the diaquabis[pdihydrobis- 
(tetrazolyl)borate]metal(II) complexes 5-7, 9, 10 (eq. 1). 
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Upon slow diffusion of solutions of the reactants the iron, 
cobalt, zinc and cadmium complexes together with water of 
crystallization are obtained as colorless (6, 9, 10) and or- 
ange (7) crystals directly from the reaction mixture in 
35-57% crystal yield. The analogous manganese com- 
pound (5) is formed when the water is allowed to slowly 
evaporate at room temperature at normal pressure. From 
the resulting crystal mixture, the colorless crystals of 5 are 
obtained in analytically pure form upon washing with water 
to remove the cocrystallized unreacted starting material and 
potassium chloride. 
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suggest that the thermal behavior of the other derivatives 5, 
6, and 9 may also be unpredictable above ca. 200°C. The 
vibrational spectra (infrared and Raman) of the complexes 
are essentially similar in the measured wave number range 
(400-4000 cm-’ for the IR and 40-3250 cm-’ for the Ra- 
man spectra). Typical characteristic bands are observed, e. 
g., at 2450 (vB-H) and 3150 cm-’ (vC-H for the tetrazolyl 
ring). It seems, that a band at 1285 cm-I with the highest 
intensity in the Raman spectra and weak intensity in the IR 
spectra of all complexes is the “breathing” vibration of the 
tetrazolyl ring. Typical spectra are displayed in Figure 1. 

The copper is Obtained as a dark Figure 1. Typical infrared (top) and Raman spectrum (bottom) for 
the dihydrobis(tetrazoly1)borate metal compounds (spectra col- 

lected with the zinc complex 9) 
amorphous precipitate in water. While the bis(tetrazoly1)- 
borato metal complexes are insoluble in water or organic 
solvents once they have formed and, thus, cannot be recrys- 
tallized, the copper compound can be redissolved in aque- 
ous ammonia solution (eq. 2) from which it precipitates 
upon slow solvent evaporation as blue-violet crystals. Pre- 
sumably, this recrystallization has been successful because 
of the availability of a stable metal-ammine complex in the 
form of tetraamminecopper. The crystallization of the cop- 
per complex is not without difficulties, however, since a 
white, a turquoise, and a light blue microcrystalline material 
are formed together with the actual blue-violet complex. 
Vibrational spectroscopic studies suggest that they also con- 
tain the bis(tetrazo1yl)borate moiety, but their exact compo- 
sition or structure could not be elucidated. In the course of 
the formation of 6, 7 and 9 gas evolution takes place which 
is interpreted (vide infra) as being due to hydrogen forma- 
tion from a partial hydrolysis of 4. Hydronium ions (from 
the transition metal cation acids) can react with the boron- 

bonded hydridic hydrogens. 3000 2500 2000 1500 1000 500 
X-ray structural investigations show that the crystals of 

5-7 and 9, 10 contain two molecules of hydrogen-bonded 
water of crystallization per formula unit aside from the 
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metal-coordinated aqua ligands. This solvent of crystalliz- 
ation is not or only very slowly lost over a several-month 
period when the air-dried crystals are stored at room tem- 
perature. Heating of the crystalline material leads to loss of 
water of crystallization at around 100°C with the retention 
of the crystalline shape. Most of the compounds appear to 
be infusible materials up to over 260 or even 350”C, except 
for the cobalt complex 7 and the copper compound 8. De- 
composition of 7 becomes clearly visible at 280°C. Moni- 
toring the heating process for 7 (in air) with a thermogravi- 
metric balance, however, shows the onset of decomposition 
at about 200”C, followed by a slow but steady weight loss 
of altogether 58% up to 800°C. Care should however be 
taken when heating the materials over 190°C because explo- 
sive decompositions have in some cases been observed above 
this temperature: When a sample of the cobalt compound 
was heated in an argon atmosphere at normal pressure an 
explosive decomposition occured at 197°C. The same hap- 
pened at 210°C when heating a sample of the copper com- 
plex 8 in air. The cadmium complex 10 could normally be 
heated over 350°C without problems, yet in two cases it 
also explosively decomposed at 250°C. These observations 

X-Ray Structure Analyses of 5-10 

The formation of a two-dimensional coordination poly- 
mer has been observed so far as the only structural motif 
in the transition metal complexes of 4. The arrangement of 
the metal centers and ligands within such a layer is illus- 
trated in Figure 2 for the isomorphous structures of 5-7 
and 9, 10. The relative packing of these layers together with 
their kinked nature can be visualized from a stereo plot 
provided in Figure 3. Figure 4 shows the Jahn-Teller-dis- 
torted layer polymer for the copper complex 8. The dis- 
torted copper complex 8 exhibits the expected four short 
and two long Cu-N distances. The elongation of two 
bonds to tetrazolyl nitrogen atoms is the origin of the ob- 
served layer distortion. The metal centers in 5-10 are in all 
cases octahedrally coordinated, with the coordination poly- 
hedron being formed from four nitrogen atoms of the bis- 
(tetrazoly1)borate ligands and two trans-coordinated solvate 
molecules (H20 in 5-7 and 9, 10; NH3 in 8). The metal 
coordination and atomic numbering scheme are depicted in 
Figure 5. Only the C-H neighboring N-4 atom functions 
as a donor atom to the metal center, in agreement with the 
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charge distribution from an AM1 calculation which assigns 
the highest negative charge and electrostatic potential to 
this nitrogenL61. Thus, in contrast to the bidentate 
dihydrobis(pyrazo1yl)borate ligand 2['1, the dihydrobis(tetra- 
zolyl)borate ligand 4 does not form chelates but bridges be- 
tween metal atoms. Selected bond lengths and angles are 
collected in Table 1. A plot of the M-N and M - 0  dis- 
tances versus M, given in Figure 6, shows the expected de- 
crease for high-spin ions from Mn to CO, with a minimum 
at Ni (not investigated here) and again an increase 
towards Zn[l31. 
Figure 2. Structure of the two-dimensional metal-ligand grid sheets 
in the isomorphous complexes 5-7, 9, and 10 (PLUTON plot['*]) 

Figure 5 .  Detailed metal coordination and atomic numbering 
scheme in the isomorphous complexes 5-7, 9, and 10 (PLATON- 

TME plot[12]) 

to each of the adjacent water of Frystallization 
[O-(H)...O = 2.68 It 0.02 and 2.855 2 0.004 A], thus giving 
rise to one-dimensional chains of water molecules which 
run parallel to the two-dimensional metal-ligand grid sheets 
(Figure 7). The variances in the above hydrogen bonds co- 
ver the ranges observed in the different metal complexes 
5-7, 9, and 10. It is evident that there is essentially no 
variation with the change in the metal. The parameters for 
the individual hydrogen schemes of each complex are in- 
cluded in Table 1. The stereo plot in Figure 3 reveals that 
the rhombohedral, water-filled openings do not extend 

Figure 3. Stereo plot for the crystal packing of the grid sheets in 5-7, 9, and 10 (PLUTON[I2I) 

Figure 4. Structure of the Jahn-Teller-distorted two-dimensional 
Cu-ligand framework in 8 (PLUTON[lz]) 

The rhombohedral openings in the undistorted coordi- 
nation polymers 5-7 and 9, 10 are filled with two water 
molecules of crystallization, which have fully been localized 
including the hydrogen atoms (Figure 2). These water mol- 
ecules are held tightly in place through hydrogen bonding 
to the N-3 atoms of the tetrazolyl rings (O-(H)-.N = 2.84 
It 0.03 A) and by means of the metal-coordinated water 
ligands. The aqua ligand forms two hydrogen bonds, one 

Figure 6. Variation of the M-N and M-0 distances with the 
metal (d-electron configuration respectively) in 5-9. For the Jahn- 
Teller-distorted Cu complex 8 both the long and short Cu-N di- 

stances are given 

4 

2.00' I 
Mn Fe CO Ni Cu Zn 

M 

through the crystal lattice as open channels since the next 
layers are shifted half a unit cell along a so that caves are 
formed. The formation of two- and three-dimensional coor- 
dination polymers has recently also been discussed under 
the terms of self-assembly of molecular building blocks[' '1. 

The B-N, C-N, and N-N bond lengths and angles in 
the tetrazolylborate moiety (cf. Table 1) are similar to those 
observed in bis- or tris(pyrazolyl)borate ligand~r','~], tetra- 
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Table 1. Selected bond lengths [A] and angles [“I for 5-10 including the hydrogen bonding network (cf. Figure 5 for the atomic numbering 
scheme). Symmetry transformations: f: - 0.5 - x, y, 0.5 - z; g: - x, 0.5 - y, - 0.5 + z 

Compound 5 (M = Mn) 6 (M = Fe) 7 (M = CO) 8 (M = Cu) [a] 9(M=Zn)  10 (M = Cd) 

M - N  2.281(2) 2.2 18( 1) 2.176(2) 2.045(3). 2.512(4) 2.190(3) 
M - 0 (solvate ligand) 2.154(3) 2.083(2) 2.06712) CU-NH~ 2.021(4) 2.085(3) 
B-NI 1.566(3) 1.567(2) 1.568(2) 1.554(5), 1.571(5) 1.572(4) 
N1 -N2 1.347f3) 1.34212) 1.343(44). 1.35314) 1.348(4) 

N3 - N4 
N4-C 
C-NI 

1.3 16(3) 
1.321(3) 

1.315(2) 
1.318(2) 

1.316(2) 
1.31 7(2) 

1.309(5), 1.311(4) 1.308(5) 
1.322(5), 1.318(4) 1.319(5) 

1.312(3) 
1.325(3) 

91.2(1), 88.8(1) 90.88(7), 89.12(7) 

cis N - M - N 88.36(6), 91.64(6) 88.20(5), 91.80(5) 89.59(5), 90.41(5) 86.6(1), 93.4(1) 88.7(1), 91.3(1) 88.01(6), 91.99(6) 
N1 - B  -Nlf 106.0(3) 106.3(1) 106.3(2) 109.6(3) 105.9(3) 106.0(3) 

0- M - N (NH3-CU-N) 90.94(7), 89.06(7) 91.55(5), 88.45(5) 90.97(5), 89.03(5) 89.2(1). 90.8(1) 
88.3(1), 91.7(1) 

hydrogen bonding scheme: 

Ol-H-.02(g) 157(3), 159(3) 158(3), 158(3) 157(4), 164(3) 
2.683(4), 2.855(5) 2.6933). 2.851(3) 2.666(3), 2.859(3) -- 01--02(g) 

02-N3 2.840(3) 2.819(2) 2..820(3) -_ 
02-H-.N3 155(2) 155(2) 153(2) -- 

_ _  2.666(5), 2.855(5) 2.704(4), 2.855(4) 
152(6), 152(6) 1 5 W .  1W4) 
2.819(4) 2.877(3) 
124(4) 1W3) 

shortest M-M separations: 6.977(5), 9.543(7) 6.956(2), 9.444(3) 6.984(4), 9.435(5) 7.653(3), 8.170(3) 6.973(3), 9.444(4) 7.023(3), 9.650(3) 

[a] The two tetrazolyl rings are not symmetry-related in the structure of the copper complex 8, thus giving rise to two sets of distances 
and NH3-Cu-N angles. 

Figure I .  Water substructure and hydrogen bonding network in the 
isomorphous complexes 5-7, 9, and 10 (PLUTON[121) 

zolate or the potassium salt of 4151. As in the 
structures of the latter two, the “inner” N-N bond N2-N3 
remains shorter by 0.04-5 A than the neighboring N-N 
bonds. 

Magnetic Properties of 5-8 

The magnetic data for 5-8 is listed in Table 2. Tempera- 
ture-variable magnetic measurements confirm the manga- 
nese, iron, and cobalt compound to be high-spin complexes. 
The magnetic moments lie within the range typically ob- 
served for complexes of the respective transition metal. The 
variations of the susceptibility for 5-8 with temperature are 
characteristic of normal paramagnets in the temperature 
range measured (12-308 K for 5-7, 80-320 K for 8), and 
the Curie-Weiss law is obeyed. Thus, there is neither a mag- 
netic coupling transmitted through the ligand nor a 
through-space interaction of the metal centers [shortest 
M-M contacts about 6.97 A for 5-7 and 7.65 A for 8). 

The magnetic moments listed in Table 2 are temperature- 
independent within experimental error, except for 7, where 
p depends on temperature. This situation is illustrated in 
Figure 8 and is due to the fact that the ground term is 
degenerate, and there are thermally accessible degenerated 
excited terms[’7]. 

Table 2. Magnetochemical data for 5-8 

5 5.8 0 5.92 5.7 - 6.0 
6 5.1 8 4.90 5.1 - 5.7 
7 4.7 -11 3.87 4.3 - 5.2 
8 1.9 -99 1.7 1.8 - 2.1 

Experimentally obtained magnetic moment at 300 K. No diama- 
gnetic correction employed. Tem erature range measured: 12- 308 
K for 5-7, 80-320 K for 8. - [bPCurie-Weiss constant from a plot 
of I/ against T - Lcl Calculated spin-only value s.o/p = 2[S(S 

ran e for observed magnetic moments in metal complexes at 300 
K V  171. 

+ l)f/2 for the free ions Mn2+, Fe2+, Co2+, and Cu Y B  +. - d]Typical 

Figure 8. Temperature variations of the molar susceptibility (xmol) 
and the magnetic moment (peXp) of 7 between 14 and 150 K 
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Conclusions 
The introduction of additional nitrogen coordination 

centers into the bis(pyrazoly1)borate ligand 2 to give the 
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bis(tetrazoly1)borate ligand 4 changes the coordination 
chemistry from a chelate to a bridging ligand. Metal coordi- 
nation and bridging action through the exodentate, CH- 
neighboring nitrogen atom in 4 lead to the formation of 
extended two-dimensional rhombic grid sheets. Each metal 
is coordinated by four nitrogen atoms and its coordination 
sphere then completed to an octahedron by two tram sol- 
vate molecules. 

This work was supported by the Deutsche Forschungsgernein- 
schaft (grant Ja466t4-l), the Fonds der Chemischen Indusirie, and 
the Freunde der TU Berlin. We thank Prof. H. Schumann for his 
generous and encouraging support, Mrs. M. Borowski and Mr. I;: 

Girgsdies for collecting the crystallographic data sets. The help of 
Dr. H. FP! Sichting and Dr. W. Giinther in obtaining the mag- 
netochemical data is appreciated. 

Experimental 
Bidistilled or deionized water was used as a solvent. - CHN: 

Perkin-Elmer Series I1 CHNS/O Analyzer 2400. - IR: Perkin- 
Elmer 580B or Nicolet Magna 750. - Raman: Carl-Zeiss-Jena ILA 
120 (10 mW Ar laser, 514.5 nm, 3 mW at the sample). - Suscepti- 
bility measurements: Faraday magnetic balance and AC suscepto- 
meter Lakeshore Model 7000. - The potassium salt of 4 was syn- 
thesized from KBH4 and tetrazole according to ref.t51. 

Table 3. Yields, melting points, colors, and elemental analyses for the dihydrobis(tetrazoly1)borate metal complexes 5-10 

Analyses calcd. [cl 
found 

Formula Mol. Mass Yield [a] Color rn. p. b l  C H  N . M  

5 CqH16B2MnN1604 428.8 0.30 g (53%) colorless > 260 "C 11.20 3.76 52.26 12.81 
11.70 3.55 52.02 n. d. 
11.18 3.75 52.15 13.00 
11.30 3.41 49.35 n. d. 

6 CqH16B2FeN1604 429.8 0.26 g (47%) colorless > 260 "C 

7 CqH16B2CoN1604 432.8 0.20 g (35%) orange 200 "C (dec.) 11.10 3.73 51.78 13.62 
11.15 3.41 51.50 n.d. 

8 C4f?16B2CuN1604 399.4 0.20 g (38%) blue-violet 210 "C (dec) 12.02 3.53 63.12 15.91 
12.72 3.46 60.25 n. d. 

9 CqH16B2N1604Zn 439.3 0.33 g (57%) colorless ( > 350 "c) 10.94 3.67 51.02 14.88 
10.90 3.43 50.86 14.89 

10 CqH16B2CdN1604 486.3 0.30 g (47%) colorless ( > 350 "c) / 9.88 3.32 46.09 23.12 
250 "C (dec.) 9.52 2.85 44.54 n.d. 

Crystalline material. - Lb] The clear crystals turn blind at around 100°C due to the loss of the water of crystallization. - [cl n.d. = 
not determined. 

Table 4. Crystal data for the compounds 5-10 

Compound 5 6 I 8 9 10 

Formula 
Mol. mass [g mol-11 
Crystal size [mm] 
Temperature IKI 
Crystal system 
Space group 
Cell constants: 
a [AI 
b [AI 
c 1Al 

C4H16B2FeNi 604 
429.75 
0.5.0.5.0.4 

C4H16B2CON1604 
432.83 

C4Hl&ZCuNl8 
399.45 
0.40.4.0.5 

C4H16B2N1604Zn 
439.29 
0.5.0.6.0.3 

C4Hl6BZCdN1604 
486.31 
0.4.0.1.0.1 0.50.4.0.3 

293 
Orthorhombic 
ccmb [a1 

18.081(7) 
10.180(7) 
9.543(7) 
90 
1756(2) 
4 
1.622 
876 
7.7 
DIFABS 
1.291; 0.950; 1.044 
unit weights 

2355 
996 
[>4@21815 

0.6'0.6'0.4 
293 
Orthorhombic 
Ccmb [a1 

17.682(2) 
10.299(5) 
9.435(5) 
90 
1718(1) 
4 
1.673 
884 
10.5 
DIFABS 
1.184; 0.956; 1.029 
unit weights 

293 
Orthorhornbic 
ccmb [a1 

17.890(5) 
10.218(1) 
9.444(1) 
90 
1726.2(6) 
4 
1.653 
880 
9.2 
-- 

unit weights 

293 
Monoclinic 
.P21/a (No. 14) 

293 
Orthorhombic 
Ccmb [a] 

293 
Orthorhombic 
Ccmb [a] 

7.995(3) 
13.052(5) 
8.17N2) 

17.772(3) 
10.26 l(2) 
9.444(4) 

18.36q5) 
10.207(2) 
9.6 5 O( 2 ) 

102.49(2) 
832.415) 
2 
1.594 
406 
13.5 
DIFABS 
1.051; 0.542; 0.839 
1 .o; 0.0 

90 
1722.0(9) 
4 
1.694 
896 
15.1 
DIFABS 
1.453; 0.843; 0.974 
2.16; 0.0 

90 
1809.1(7) 
4 
1.785 
968 
12.5 
DIFAFS 
1.484; 0.968; 1.151 
1.98; 0.0 

Absorption correction: 
max.; min.; av. 

Weighting scheme: k g 
No. of reflections: 

measured 
independent 
observed 

1144 
97 1 
[>2dFll909 

2297 
1003 
[rldrnl 935 

2149 
1774 
[rldF)J 1396 

2415 
1015 
I>4dF)1876 

No. of variables 85 85 85 136 85 85 
R; R, rbl 0.0298 0.0227 0.0246 0.0395; 0.0382 0.0489; 0.0520 0.0240 0.0230 
Ap: max;min [e A-31 0.26; -0.25 0.22; -0.19 0.26; -0.33 0.4% -0.62 0.66; -0.72 0.34; -0.51 

[a] Non-standard setting of Cmca (No. 64). In ref.L6], the structures of 7, 9, and 10 were erroneously reported to have been solved in the 
isomorphic subgroup Ccrn2,. - Ib] R = (C 1 )  F,I - IF, /])E IF,]; R, = [Cw(lFol - IFc1)2Ew~]1'2; w = k[02(F) + g(F)]. 

Chem. Bev. 1995, 128, 323-328 



328 C. Janiak, T. G. Scharmann, K.-W. Brzezinka, P. Reich 

{[Mn(H20)2{p-H2B(CHN4)2]2] . 2 H20}m (5): A solution of 
0.i7 g (1.3 mmol) of anhydrous MnC12 in 15 ml of water was care- 
fully overlayered in a test tube with a solution of 0.50 g (2.6 mmol) 
of the potassium salt of 4 in 20 ml of methanol. After 10 d the 
colorless solution was filtered from some precipitate and the sol- 
vent slowly allowed to evaporate from the filtrate at ambient temp. 
and pressure. The resulting crystalline material was washed once 
with 10 and twice with 5 ml of water to leave 0.30 g of large color- 
less crystals which analyzed as 5 (38% yield). Elemental analysis is 
included in Table 3. - IR (CsI): 5 = 3350 cm-' s, br (OH), 3145 
s (CH), 2950 sh, 2485 s, (BH) 2460 m (BH), 2380-2200 w, 1805 w, 
br, 1700 w, br, 1625 w, br, 1490 m, 1480 s, 1392 m, 1377 m, 1287 
m, 1245 w, 1190 s, 1169 w, 1159 s, 1140 m, 1110 s, 1042 m, 1005 s, 
981 w, 905 m, 864 m, 745 w to m, 707 w to m, 622 s, br, 350 m, br. 

C[M(H20) ,~~-H2B(CHN,)2]21  2 H20Im [M = Fe (61, CO (71, 
Zn (9), Cd (lo)]: A solution of 1.3 mmol of the transition metal 
salt i0.36 g of FeS04 . 7 H20, 0.31 g of CoCI2 . 6 H20, 0.29 g of 
Zn(02CCH& . 2 H20, 0.26 g of CdCI2 . H20] in 15 ml of H 2 0  
was carefully overlayered in a test tube with a solution of 0.50 g 
(2.6 mmol) of the potassium salt of 4 in 20 ml of water. Some 
amorphous material precipitated in this process. Slow diffusion of 
the starting compounds then led to the formation of 6, 7, 9, and 
10, respectively, as analytically pure, well-shaped crystals. Except 
for the reaction with cadmium some gas evolution was also visible. 
Crystal growth usually started within 2 d, and the reaction and 
process of crystallization appeared to be concluded within 2 weeks. 
Yields, colors, melting points as well as the elemental analyses are 
compiled in Table 3. The infrared spectra of the compounds are 
almost identical, the Raman spectra very similar. The vibrational 
spectra for the zinc complex 9 are displayed in Figure 1. As an 
example the IR data are listed above for the manganese derivative 
5. - Raman: 7: P = 3151 cm-' m, 2881 sh, 2457 s, 2440 sh, 1491 
w, 1477 w, 1384 m, 1284 s, 1178 m, 1142 vw, 1049 m to s, 1018 w, 
1005 vw, 705 w, 638 w, 626 w, 355 w, 269 w to m, 148 m, 109 s, 90 
w. - 9: P = 3152 cm-' m to s, 2482 sh, 2459 s, 2441 sh, 1491 w, 
1479 vw, 1388 m, 1287 s, 1196 rn, 1147 w, 1117 w to m, 1052 m to 
s, 1020 w, 979 w, 701 vw, 641 vw, 628 w, 356 vw, 270 w, 120 m, 78 
sh, 65 s, 47 m. - 10: Q = 3142 cm-I m, 2481 sh, 2454 m, 2437 sh, 
1492 w, 1478 vw, 1385 m to s, 1282 s, 1194 w, 1179 vw, 1145 vw, 
1116 vw, 1049 m to s, 1017 vw, 977 vw, 704 vw, 639 vw, 626 w, 349 
w, 261 w, 158 m, 107 w, 95 w, 79 w, 61 s. 

~[Cu(NH3)2{p-H2B(CHM4)2]2]}m (8): A solution of 0.22 g (1.3 
mmol) of CuCI2 . 2 H20  in 15 ml of water was carefully overlayered 
in a test tube with a solution of 0.50 g (2.6 mmol) of the potassium 
salt of 4 in 20 ml of water. No crystalline material, only a dark 
blue voluminous amorphous precipitate formed from which the 
supernatent clear solution was decanted after a month and the so- 
lid completely dissolved in concentrated aqueous ammonia (25%) 
to a clear deep blue solution. The solvent was slowly allowed to 
evaporate. During the process a dark blue-violet crystalline mate- 
rial formed together with some minor white, turquois, and light 
blue crystals. The blue-violet fraction was manually separated and 
analyzed as 8 (yield 0.20 g, 38%). Elemental analysis see Table 3. 
- IR (KBr): P = 3361 cm-' w, 3342 w, 3152 m (CH), 2490 m, 
2456 m (BH), 1617 w, 1500 w, 1486 m, 1470 w, 1397 w, 1288 w, 
1246 vw, 1186 w, 1153 s, 1139 m, 1112 m, 1100 s, 1038 w, 1028 w, 
1011 w, 976 w, 897 w, 876 vw, 742 vw, 705 m, 675 vw, 645 vw, 631 
w, 621 w. - Raman: 3 = 3153 cm-' m, 2487 w, 2458 m, 1500 w, 
1483 w, 1394 m, 1289 s, 1196 w, 1173 w, 1113 vw, 1097 s, 1007 w, 

704 vw, 615 vw, 354 w, 271 w, 172 m, 132 m, 116 m, 107 s, 78 s, 66 
m, 55 m, 50 m. 

X-Ray Structure Determinations of% 10: Syntex P21 four-circle 
diffractometer, 01 scan (0' 5 2 0  I 55") for 5,7-10; CAD4, Enraf- 
Nonius four-circle diffractometer, 01-20 scan (6" 5 2 0  55") for 
6; room temperature, MO-K, radiation (h = 0.71069 A, graphite 
monochromator). Structure solution was performed by direct me- 
thods (SHELXS-86['81). Refinement: Full-matrix least-squares; all 
atomic positions including those of hydrogen atoms found and 
non-hydrogen atoms refined with anisotropic temperature factors 
(SHELX-76['81). Crystal data are listed in Table 4[191. 

* Dedicated to Professor Dr. Herbert Schumann on the occassion 
of his 60th birthday. 
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