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6-Aminohexanoic Acid: Models of Copper-Protein Interactions 
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Summary The crystal structures of two Cu'I complexes 
of 6-aminohexanoic acid (HA) have been determined by 
X-ray diffraction analysis : the copper of Cu(HA),~2C104 
is co-ordinated to the oxygens of four carboxylate groups 
forming four short and four long bonds, whereas the 
copper of CuA2-2H,0 is co-ordinated to two nitrogens 
and four oxygens. 

IT is generally assumed that the Cu+--Cu2f couple is involved 
in reactions of copper enzymes. The change in oxidation 
state between Cu' and CuII appears consistent with an 
almost tetrahedral symmetry of the copper site in these 
proteins,l even though the steric arrangements around 
CuI' in low-molecular-weight models have been found to be 
octahedral or square pyramidal.2 One reason for this might 
be that most of the compounds investigated2 form chelates 
through their or-amino, amide, and/or imidazole nitrogen 
atoms. 6-Aminohexanoic acid, (HA), was chosen as a 
model for the study of the possible role of unidentate 
complexing (6-amino-nitrogen and carboxyl oxygen) in 
copper-protein interactions. 

In solution, 6-arninohexanoic acid and copper( 11) form 
two major complexes, CuHA2+ and CuH2A22+, and probably 
also two minor complexes,3 Cu2H,A44+ and CuH4A42+. 
The last complex can be isolated from solution as its 
perchlorate. The structure of this complex has now been 
established by X-ray crystal structure analysis of CuH,- 

The 
copper atom occupies the 2 site and is co-ordinated to a very 
slightly tetrahedrally distorted square of oxygen atoms 
coming from four different ligands, Cu-O(1) = 1.93 A; 
(Figure 1).  The second oxygens of the carboxylic groups, 
0(2) ,  describe an elongated tetrahedron at  2.88 A from the 
copper. Each of these oxygens is hydrogen bonded to the 
amino-nitrogen of another ligand, 0(2)-N = 2.81 A. The 
nitrogen atoms also describe an elongated tetrahedron and 
are 3.76 A from the copper. A second hydrogen bond may 
be formed by each nitrogen atom to a perchlorate oxygen, 
O(3)-N = 3.02 A, forming a three-dimensional network 
through the structure. In the direction of the third 

A4-(ClO,) 2' 

The crystals are tetragonal, of space group Pal 

L O(1)-Cu-O(1") = 90*0", L. O(1)-Cu-O(1') = 179*1°, 
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hydrogen of each amino-group there are two interactions 
at 2.84 A, N-0(2), and 2-90 A, N-O(1). Calculations 
indicate that a N-O(2) hydrogen bond exists rather than a, 
O( 1)-N-O(2), bifurcated hydrogen bond, This leads to the 
formation of dimers, “head to tail,” between neighbouring 
ligands in the same xy plane. 

O( 4) 

O( 1 

O(1‘ 

FIGURE 1 

Structure analysis shows that the co-ordination to copper 
is different from that suggested by previous investigators4e5 
(co-ordination through nine-membered chelate rings formed 
by the amino-nitrogen and the carboxyl oxygen atoms;4 
unidentate co-ordination formed by four ligands through 
their nitrogen atoms5). On the other hand, the co-ordina- 
tion is similar to that recently reported for CaCu(OAc),- 
6H,0.6 The co-ordination polyhedron of this structure 
was described as a distorted dodecahedron having four 
short bonds, Cu-0 = 1.97 A and four long bonds, Cu-0 

Unlike copper( 11), copper( I) ions apparently do interact 
with 6-amino-groups in solution.’ Data obtained from 
e.m.f. measurements using constant-current electrolysis of 
a two-phase copper amalgams indicate that a single four- 
nuclear complex CudA, exists.’ Attempts to crystallize 
this species produced violet, green, and colourless phases. 
One of the violet phases has been identified as the Cu’I 
phase, CuA2.2H,O. The X-ray structure analysis shows 
that the four closest ligand atoms are two carboxyl oxygens 
and two amino-nitrogens arising from four different mole- 
cules bonded in trans-positions, Cu-O(1) = 1.96 &&, Cu-N 

86.4” (Figure 2). Each ligand is bonded to two different 
copper atoms, and so forms a three-dimensional network of 

= 2.79 A. 

= 1.98 A; ,,-“- O(l)-CU-N(l) = 93*6”, /‘- O(l)-CU-N(l’) = 

infinite chains. The other two carboxyl oxygens form two 
weak bonds, Cu-0(2) = 2-67 A (Figure 2). There are also 
two oxygens belonging to the water molecules at 3.60 A 
from copper: these oxygens are hydrogen bonded to one 
nitrogen, N-0(3) = 2-96 A, and two carboxylic oxygen 
atoms, O(3)-O(2”’) = 2.70 A; O(3)-O(2”) = 2.87 A (Fig- 
ure 2). The nitrogen atom also appears to be hydrogen 
bonded to a carboxylate oxygen, N-0(2) = 2.98 A. 
However, the bond is somewhat longer than the corres- 
ponding bond (0.17 A) in the first structure. 

FIGURE 2 

Regarding the possible biological significance of these 
results, Cu” ions apparently become co-ordinated to the 
6-amino-nitrogen atoms after first being reduced and then 
re-oxidized. This parallels the reconstitution of native 
Cun-proteins from apoprotein and Cu ions, which is best 
achieved by the addition of Cu’ to the apoprotein and then 
subsequent o~ida t ion .~  

Crystal data : Tetra- (6-aminohexanoic acid) copper ( I  I) 
diperchlorate is tetragonal with a = 10.60, G = 7-72 A, 
D m  = 1.51, D, = 1.51 g ~ m - ~ ,  Z = 1 for CUC,,H,~N,O~- 
ZClO,; space group Pz; the collected data consist of 937 
independent reflexions (138 unobservably weak). 

Bis-( 6-aminohexanoato) copper( I I) dihydrate is mono- 
clinic with a = 8.3, b = 20.0, c = 5-15 A, = 107.7O, 
D m  = 1.41, Dc = 1.47 g CM-~,  2 = 2 for CuC,,H,,N,O,. 
2H,O; space group P2,/n; the collected data consist of 949 
independent reflexions (175 unobservably weak). 

The two sets of data were recorded using equi-inclination 
Weissenberg photographs and Cu-K, radiation, the reflex- 
ions being estimated visually. The structures were solved 
by three-dimensional Patterson and heavy-atom Fourier 
methods, and were then refined by full-matrix least- 
squares techniques. At the present stage of refinement, 
the residuals R are Cu(HA),(ClO,),, 0.086; CuA,.(H,O),, 
0.094. 

The calculations were performed on the SAAB D21 and 
IBM 360/65 computers of the University of Goteborg using 
crystallographic programmes of Prof. S. Abrahamsson and 
Prof. G. Lundgren. A grant for computer work obtained 



1410 CHEMICAL COMMUNICATIONS, 1970 

from the University of Goteborg is acknowledged. This 
work was also supported by grants from the Swedish Fund. 
Medical Research Council, the Scientific Council of the 

D. C. Gould and A. Ehrenberg, European J .  Biochem., 1968, 5, 451. 
H. C .  Freeman, Adv. Protein Chem., 1967,22, 257. 
R. Osterberg and B. ToftgArd, unpublished work. 

A. Nakahara, J. Hidaks, and R. Tsuchida, Bull. Chem. SOG. Japan, 1956,29, 925. 
D. A. Langs and C. R. Hare, Chem. Comm., 1969, 225. 
R. Osterberg and B. Sjoberg, unpublished work. 

* R. h e r b e r g ,  European J. Biochem., 1970, 13, 493. 
T. Omara, J .  Bioclzem. ( Japa?~) ,  1961, 50, 389. 

Swedish Dairies Association, and the Magnus Bergvall 

(Received, August 12th, 1970; Cow. 1356.) 

* F. K. VeliEko, N. A. Kuimina, and L. D. Ermalova, Zhur. priklud. Khim., 1965,38, 153. 




