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Abstract--The synthesis of compounds of piperazine-l,4-diylbis(methylene)bis(phos- 
phinic) acid (H2L) (1) with Co 11 is described and the X-ray structures of the isolated 
complexes [Co(H2L)3](C104)2 • 2H20 (2) and [Co(H20)6]L (3), have been determined. Com- 
pound 2 forms a three-dimensional polymeric network of cobalt atoms bridged by 1, which 
is monodentately coordinated to cobalt through the phosphinate groups. The nitrogen 
atoms are protonated and non-coordinated. In 3, 1 is deprotonated and forms non-coor- 
dinated anions and the octahedral coordination sphere of the cobalt atoms consists of water 
molecules. 

Aminoalkylphosphinic acids are the phosphorus 
analogues of the better known amino carboxylic 
acids. Interest in these substances is increasing, 
similarly to aminoalkylphosphonic acids, because 
of their biological activity, use in analytical chem- 
istry and in studying their azacycles. 1 Since these 
applications generally involve complexation with 
metal ions, the complexing abilities of the > NCHz- 
P(R)O2H moiety have been studied in solution 2"3 
and in the solid state. 4-s 

The structures of the complexes prepared were 
determined mostly for the complexes with amino- 
methylene(methylphosphinic) acid. On the basis of 
the X-ray structural data for complexes with 
H2NCH2P(CH3)O~-, we found several possibilities 

for coordination of 1. The simplest form, monomers 
with the phosphinate monodentately coordinated 
and N atoms protonated, was observed in [MnCI2 
{NH[CH2P(CH3)O£}(H20)2. 4 The dimeric form 
was found for [CuClz{NH +CHzP(CH3)O2}" 
(H20)]2 with two O ~ P ~  bridges connecting 
two copper atoms? The analogous complexes 
[ZnClz{NH +CH2P(CH3)O;}]6 and [MnBr2(NH + 
CH2P(CH3)(O)O)2(H20)2] 7 form infinite Zn--O--- 
P ~ O ~ Z n  or M n - - - O ~ P ~ M n  polymeric 
chains. Coordination of the amino group was 
found s only in [Cu2C12{NH2CH2P(CH3)O2}2] and 
phosphinates again formed O--P--O bridges con- 
necting two copper atoms. 

The present paper compares potentiometrically 
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de t e rmined  species 2 in aqueous  solut ion o f  1 and  
Co"  with the s t ructure* o f  the c o m p o u n d s  that  were 
i sola ted  f rom so lu t i on . t  

H x ~ ..H 
j P  -CH2"NH NH+-CHcP 

o ,  \ / I, "O- 
O O 

piperazine-l,4-diylbis(methylene)phosphinic acid, 1 

A n  ear l ier  po ten t iome t r i c  s tudy 2 showed that  
C o  11 forms d i p r o t o n a t e d  complexes ,  with ! with a 
m e t a l : l i g a n d m o l a r  ra t io  o f l  :2 [logfi~22 = 15.9(4)] 
and  also complexes  with a mo la r  ra t io  o f  1:1 
[1ogflll0 = 1.72(4)] in a na r row  p H  region f rom 3 to 
6.5. The  a b u n d a n c e  o f  the 1 : 2 species was highest  at 
a p H  of  a b o u t  4.5 (50%) and o f  the 1 : 1 species 
at  a pH of  a b o u t  6.5 (30%).  A prec ip i ta te  fo rmed  
at  a b o u t  p H  7. 

On the basis  o f  these results,  we tr ied to isolate  
bo th  the c o m p o u n d s  f rom solu t ions  o f  the a p p r o -  
pr ia te  p H  values.  The  p roduc t  [Co(H2L)3](CIO4) 2 
• 2H20 (2) crys ta l l ized f rom a solut ion o f  p H  4.2, 
and  a p r o d u c t  with the c o m p o s i t i o n  [Co(HeO)~,]L 
(3), where  H2L is 1, was isola ted  f rom the so lu t ion  
o f p H  6.5. 

* Measurements were made on the Syntex P2~ (2) and 
CAD4 MACH 3 (3) four-circle diffractometers with 
graphite crystal monochromated Mo-K~ radiation 
2 = 0.71073. Crystal data:  Co(P2N204C,,HI6)3 
(C104)2" 2H20, 2, M r = 1020.3, monoclinic space group 
P2~/c (no. 14), a = 11.256(3), b = 9.408(2), c = 20.164(6) 
/~, fl = 111.04(3) ~, U =  1993.0(4) /~3, F(000) = 1058, 
/~(Mo-K~) = 0.893 mm -1, Z = 2, Dc~,c. = 1.700 g cm 3. 
Data were collected in range 0 = 0-32 r:. Final R = 0.066, 
(R,,. = 0.074) for 5900 independent reflections with 
liar(1) > 2 without correction for absorption. 

Co(P2N204C6H,4) -6H:O, 3, Mr = 407.2, triclinic space 
group P l , a  = 6.0404(5), b = 7.4808(3), c = 9.5781(5)/~, 

= 96.645(4), fl = 107.201(6), 7' = 99.443(5)':, U = 
401.60(5) /~3, F(000) = 213, /~(Mo-K~) = 1.305 mm ', 
Z = 1, D¢,I~. = 1.683 g cm 3. Data were collected in the 
range 0 = 0-28' .  Final R = 0.022, (Rw = 0.036) for 1692 
independent reflections with I / a (1 )>  3 without cor- 
rection for absorption. 

*Compound 1 was prepared by the procedure 
described in our previous paper. 2 Complex 2 crystallized 
from an aqueous solution of 1 g 1 (3.59 mmol) and 
0.43 g Co(ClO4)2-6H20 (1.19 mmol) in 10 cm 3 of H20 
(pH = 4.2) after a few days. The same solution com- 
position was used for the preparation of 3, only the pH 
value was shifted to 6.5, by addition of an NaOH solu- 
tion. Satisfactory elemental analyses were obtained for 
these compounds. 

The crystal  s t ructure  o f  2 is shown in Fig. 1. The  
c oo rd ina t i on  sphere o f  the Co a t o m  is app rox i -  
mate ly  oc tahedra l  and  is fo rmed  by six oxygen 
a toms  o f  phosph ina t e  groups .  Each  oxygen a t o m  
comes fi 'om a different l igand molecule.  Ni t rogen  
a toms  are p ro tona t e d  and are not  coord ina ted .  The 
dis tances  o f  Co H to the axial  oxygen a toms  
C o - - O ( 2 1 )  o f  2.128(4) ,~ are longer  than  that  to 
the equa to r i a l  a toms  C o - - O ( l l ) ,  C o - - O ( 3 1 )  o f  
2.094(4) and  2.093(4) t~. 

The c oo rd ina t i on  a r o u n d  the p h o s p h o r u s  a tom 
is similar to that  found for piperidinomethyl-  
phosphinic acid (4) (approximately  the same bond 
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Fig. 1. Molecular structure and labelling scheme for 
[Co(H2L)~](C104)2" 2H20. Selected bond lengths (,~,) and 
angles ( ) :  C o - - O ( l l )  2.094(4), Co--O(21) 2.128(4), 
Co--O(31) 2.093(4), P(1)--O(11) 1.513(4), P(1)--O(12) 
1.503(4), P(2)--O(21)1.487(4),  P(2)--O(22)1.511(4),  
P(3)--O(31) 1.497(4), P(3)--O(32) 1.496(4), P(1)--C(I)  
1.818(3), P(2)--C(2) 1.838(3), P(3)--C(7) 1.828(3), 
P (1 ) - -H( lp )  1.24(7), P(2)--H(2p) 1.30(5), P(3)--H(3p) 
1.30(7), O(31)--Co--O(11)  89.9(2), O(21)--Co--O(11)  
93.1(2), O(31)--Co--O(21)  89.0(2), C o - - O ( l l ) - - P ( 1 )  
127.1(1), Co--O(21)--P(2)  130.4(1), Co--O(31)--P(3)  
134.2(2), O ( I 2 ) - - P ( I ) ~ O ( l l )  119.2(2), O(22)--P(2)--  
O(21) 118.4(2), O(32)--P(3)~O(31) 118.9(2), C ( l ) - -  
P ( 1 ) ~ ( l  1) 108.3(1), C(I)--P(1)--O(12) 103.9(1), 
C(2)--P(2)---O(21) 111.5(1), C(2)--P(2)-MD(22) 
101.5(1), C(7)--P(3)--O(31) 106.3(1), C(7)--P(3)--  

0(32) 105.8(1). 
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Fig. 2. Molecular structure and labelling scheme for [Co(HzO)6]L. Selected bond lengths (,~) and 
angles ('): Co--O(IW) 2.035(1), C o ~ ( 2 W )  2.113(1), Co--O(3W) 2.145(1), P--O(1) 1.504(1), 
P--O(2) 1.502(1), P--H(p) 1.22(2), P--C(1) 1.816(2), C(I)--N 1.472(2), O(IW)--Co--O(2W) 
90.37(5), O(1W)--Co--O(3W) 92.54, O(1)--P--O(2) 116.7(1), O(I)--P--C(1) 111.9 (1), 

O(2)--P--C(1) 108.2(1). 
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angles) 2 and significantly departs from regular 
tetrahedral. Comparison of the P - - O  distances for 
the coordinated and non-coordinated O atoms of 
the different phosphinates (there are three) in a 
single molecule shows that the P - -O  .... bonds are 
longer for phosphinates coordinated in the equa- 
torial positions at a P(I) [P(1)--O(I 1) distance of 
1.513(4) A] or comparable at a P(3) [P(3)--O(31) 
distance of 1.497(4) A] with non-coordinated P - -O  
bonds [P(1)--O(12) and P(3)--O(32) distances of 
1.503(4) and 1.496(4) A]. For  the axially coor- 
dinated phosphinates, this relation is reversed, and 
the P(2)--O(21) distance of 1.487(4) A is shorter 
than the non-coordinated P(2)--O(22) distance of 
1.511(4) ,~, pointing to weakness of the Co--Oax 
bond. 

The Co atoms are bridged by 1, two molecules 
of  ligand along the y axis and one molecule along 
the x axis (see Fig. 1) and, thus, a polymeric net- 
work is formed through the organic part of the 
ligands. This is in contrast with the previously char- 
acterized polymeric complexes of aminoalkyl- 
phosphinic acids where the bridging occurs through 
bidentate phosphinate groups. 6'7 This formation of 
a polymeric structure is similar to the polymeric 
chain of Cd"  atoms bridged by phosphonic ana- 
logues of  !.9 The piperazine ring has a chair con- 
formation and the amine groups are protonated. 

The structure is stabilized by the network of 
hydrogen bonds. Perchlorate anions are not 
involved in the hydrogen bond network. The anions 

are disordered, and therefore, a model involving 
their rotation around one C1--O was used. 

The molecule structure of 3 is shown in Fig. 2. In 
spite of the deprotonated phosphinic and amino 
groups, 1 is not coordinated to cobalt. The approxi- 
mately octahedral coordination sphere of cobalt is 
formed by oxygen atoms from six water molecules. 
The inversion centre at the cobalt atom gives three 
different C o - - O  bonds, the Co- -O(1W) distance 
of 2.035(1) A is considerably shorter than the 
Co--O(2W) distance of  2.113(1) A and 
Co--O(3W) distance of 2.145(1) ~.  

The piperazine ring of 3 retains the chair con- 
formation as was found for 2, and is not proton- 
ated. In the piperazine ring, the structure has a 
second crystallographic inversion centre. Both the 
phosphinic groups are also not protonated, and 
the P--O(1)  and P--O(2)  distances are the same, 
1.504(1) and 1.502(1) ,~. 

As is shown in Fig. 2, phosphinates are connected 
with the water molecules coordinated via hydrogen 
bonds with an O . . . O  distance of about 2.71 ,~. 
The deprotonated nitrogen atom is connected to the 
co-ordinated water molecule with an N . - . O ( 2 W )  
distance of 2.808(2) A. 

As was mentioned above, the formation con- 
stants found indicate that the complexing ability of 
1 for cobalt (II) is very low. The values of  Jorgensen 
parameter calculated from the absorption spectra 
point to the fact that the complexing ability of I for 
cobalt(ll),  nickel(II) and copper(II) may be very 
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close to the value o f  water .  ~° Thus,  the latt ice energy 
and s tab i l i za t ion  by the ne twork  o f  hydrogen  bonds  
and  consequen t ly  lower solubi l i ty  de te rmine  the 
c rys ta l l iza t ion  o f  bo th  the solids f rom the solut ions.  
Never theless ,  the chela t ing  system of  the amine  
g roup  and  the phosph ina t e  close to the 
[Co(H20)6] 2+ species is a surpr is ing  result  o f  struc- 
ture 3. 
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