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STRUCTURE AND MOLECULAR MECHANICS 

DIMETHYLALANINATO)COPPER(II) 
HEXAHYDRATE 

CALCULATIONS FOR AQUABZS(L-N,N- 
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"Laboratory for General and Inorganic Chemistry, Faculty of Science, University oj 
Zngreb, Zagreb, Croatia"; hlnstitutefr,r Medical Research and Orcupational Health, 

Zugreb, Croatia 

(Received February 3, 1997) 

The structure of blue, monoclinic (C2) crystals of trans-aquabis(L-N,N-dimethylalaninato- 
)copper(Il) hexahydrate was determined by X-ray diffraction methods and refined to R = 
0.026. The structure consists of discrete molecules in the same (equatorial-equatorial) 
conformation linked together in a comprehensive m a y  of water molecules with the 
structure resembling that of ice. The copper coordination polyhedron is highly distorted 
[N-Cu-N'-= 166.2(1)O and 0-Cu-0' = 161.5(1)"] and the apical bond length [Cu-OW = 
2.222(3) A] is extremely short, which is a direct consequence of the distortion of the 
coordination polyhedron. Conformational analysis shows that the conformation of the 
molecule in the crystal state is 1.4 kJ mol-' higher in energy than the most stable 
conformer (with axial-axial conformation). 

Keywords: copper; amino acids; X-ray structure; energetics 

INTRODUCTION 

Coppcr(I1) chelates with N-alkylated and N,N-dialkylated a-amino acids [ 1 1  are 
a class of compounds which has been systematically studied by our group for 
more than a decade. These compounds have, due to close contact of bulky 

'Author for correspondence. 
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3 10 B.  KAITNER et u l  

substituents on nitrogen atoms, very pronounced distortion of the coordination 
polyhedron, which led us to develop a number of molecular mechanics models 
for the simulation of the shape of both tetracoordinated [2-41 and pentacoordi- 
nated (aqua) complexes. I51 

Analysis of the shape of the pentacoordinated copper(I1) chelates with N -  
alkylated amino acids revealed that the Cu-OH, appical bond length correlated 
with the distortion of coordination polyhedron from planarity, and was mainly 
dependent on the N-Cu-N‘ truns angle. [ 5 ]  Further analysis showed that there are 
two kinds of (distorted) coordination polyhedra in this class of compounds: group 
1 compounds (N-Cu-N’ > 0-Cu-0) are distorted “square pyramids”, and group I1 
cornpounds (N-Cu-N’ < 0-Cu-0’) are distorted “trigonal bipyramids”. 16 1 
Interestingly, group I consists exclusively of N, N-dimethylated derivatives. 

The aim of this paper is first to answer to three specific questions: (1) is the 
conformation of the compound observed in the crystal state the most stable 
conformation; (2) are the molecular mechanics models capable of reproducing 
geometry of the molecule as observed in the crystal state; ( 3 )  is the shape of the 
coordination polyhedron a direct consequence of the molecular structure, i e . ,  is 
it necessary for N,N-dimethylated derivatives to belong to the group I of distorted 
coordination polyhedra. Answers to these questions would throw more light not 
only to this particular class of compounds, but other copper compounds as well. 

EXPERIMENTAL 

The ligand, L-N,N-dimethylalanine was prepared by the modified method of 
Bowman and Stroud, [7] i.e., by condensation with formaldehyde, followed by 
catalytic hydrogenation in ethanol-water ( 1 : 1) solution. The product was 
recrystallized three times from watedether, total yield 50%, m. p. 18 I-2°C. Its 
structure was confirmed by C,H,N analysis and NMR spectroscopy. The copper 
complex was prepared by the reaction of the ligand and copper(I1) acetate 
monohydrate in dry CH2C12. (81 Crystals suitable for X-ray analysis were 
prepared from watedacetone solution by slow evaporation. 

Crystal Structure Determination 

Crystallographic, cell constant, collection and refinement data are listed in 
Table I. The structure was solved applying heavy-atom method. Using the copper 
atom contribution to the structure amplitudes the positions of all remaining non- 
H atoms were found in a SF map. Refinement was carried out by full-matrix 
least-square methods based on F.  The hydrogen atoms were generated in 
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312 B.  KAITNER et al. 

geometrical positions at d(C-H) = 0.95 A, whereas those belonging to the water 
molecules were found as small positive electron density maxima in an electron 
density map at the end of anisotropic refinement. The correct spatial orientation 
of the methyl groups was verified by electron-density contour drawings 
calculated through the methyl hydrogen atoms. The complex crystallizes in the 
inonoclinic space group C2 with the copper atom and water molecule on the two- 
fold axis. The polar axis direction has been properly determined by refining 
Rogers' chirality parameter. Empirical absorption correlations were performed 
based on the best isotropic model (the min. and max. absorption coefficients were 
0.814 and 1.222, respectively). Programs used for data collection, cell refinement 
and empirical absorption corrections were STADI4, X-RED and DIFABS. [ 9-1 1 I 
Molecular graphics used were ORTEPII, PLUTON92. 11 2, 131 Programs used 
for structure solution, refinement and preparing the publishing material were 
contained in the NRCVAX suite of programs. [ I41 

Conformational Analysis 

The conformational potential (or strain energy) was calculated from the general 
equation ( I ) ,  

1 

2 
+ - 2 V,,,k (1 & cos nk&) + 2 [AI exp(-Br,) - C,r;"] 

where h, 0, 4 and x stand for bondlengths, valence, torsion and out-of-plane 
angles, respectively; r is a non-bonded distance, kb is an empirical parameter for 
bond stretching and ke for valence angle bending; h, and 0" are equilibrium bond 
and valence angle values, respectively. Torsion interactions were determined 
with parameters V,, and n (height and multiplicity of torsional barrier, 
respectively) and non-bonded interactions were computed from Buckingham 
functions with parameters A, B and C. In addition, the out-of-plane deformation 
potential ( k ,  = 100 kcal mol-' radP2) for the angle defined with four atoms in the 
carboxyl group was also calculated (1 cal = 4.1845). 

The force fields (FF3'a, FF6'a etc.) used in this paper were defined elsewhere. 
[S, 151 Computations were done with the CFF program [16] for conformational 
analysis. 

Root-mean-square deviations were calculated from (2) 
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AMINO ACIDS WITH CU(I1) 313 

FIGURE 1 Perspective view of the molecule showing the crystallographic numbering scheme. The 
vibrational ellipsoids are drawn at the 30% probability level. Hydrogen atoms are drawn as small 
sphcres of arbitrary size. Symmetry code: (*) -x, y, -z. 

where X usually stands for ten valence angles around copper (rms'y). A denotes 
the difference between values of observable X in two structures. 

RESULTS AND DISCUSSION 

A molecule of aquabis(L-N,N-dimethylalaninato)copper(II) hexahydrate in a 
general orientation with our crystallographic numbering scheme is depicted in 
Fig 1. The unit cell contents (Table 11) with existing hydrogen bond patterns 
suggest the presence of a comprehensive three-dimensional array (Fig 2). The 
complex crystallizes as a hydrate with six water molecules of crystallization, 
which are bonded to carboxylic groups and to the water molecule lying on the 
two-fold axis. So far, two crystal structures of copper aminoacidates with 
bidentate L-alaninato ligands have been determined, the anhydrous red and the 
aqua blue modification both being N,N-diethyl derivatives. [17, 181 

The copper atom coordination environment is an irregular square-pyramid 
[Ol-Cu-OW1 = 99.3(1)' and NI-Cu-OW1 = 96.9(1)'] with N and 0 alaninato 
donor atoms in the equatorial plane trans to each other [Cu-01 = 1.942(1) A and 
Cu-N = 2.028(2) A] and a water molecule in the apical position [Cu-OW1 = 
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314 B. KAlTNER er al. 

TABLE I1 
mcnt coefficients B,, (.A2). 

Final atomic fractional coordinates ( X  10') and equivalent isotropic thermal displacc- 

X h  .Yh 7/C Be," 

c u 0 0 0 2.36(1) 
01 1 117( 1 )  -390(2) -913(1) 3.46(8) 
0 2  294% 1 j -587(2) -662(2) 3.68(7) 
N 1348( 1) -305(2) 16 1 6(2) 2.61(7) 
CI  2 IS4(2) -349(2j -219(2j 2.6(7) 
c 2  2374(1) 129(4j I21 7(2j 2.79(7) 

c 4  1332(2) -2092(4) 1972(3) 4.3( I ) 
cs 1270(2) 738(4) 27 17(2) 4.2(1) 
ow I 0 2771 ( 3 )  0 4 . l ( l j  

OW3 0 1986(4) SO00 4.4( 1 ) 
OW4 1315(2) 4637(2) 4275(2) 4.72(9) 
OW5 3344(2) 4586(2) 3560(2) 4.42(8) 

c 3  3504(2) -S43(4) 2100(2) 4.9( 1 ) 

o w 2  so00 2275(4) 5000 4.9( I ) 

*B,,  is the incan of the principal axes of the thermal ellipsoid. 

2.222(3) A]. The Cu-01 bond length is one of the longest and the same as in the 
N,N-dimethylisoleucinato copper complex (l.C349(S) A), [ 191 while the Cu-N 
bond distance belongs to the shortest kind (2.010(2) A). [20] The copper atom 
displacement out of the basal plane defined by donor atoms 0 1 ,  N and their 
syininetry related logeners is remarkable, amounting to 0.278 A. In previously 
dcterinined crystal structures of numerous copper aqua-aminoacidates with 
various N-substituents, the metal-to-water bond length was established to be in 
the range from 2.206(3) A in aquahis(L-N,N-dimethylthreoninato)copper(II) 
dihydrate, [2 I ]  to a maximum of 2.464(2) A in aquabis(M-tert-buty1-M- 
methylglycinatojcopper(I1). [221 

The 0 I -Cu-0 1' [ 161.5( l)"] and N-Cu-N' [ 166.2( l)"] valence bond angles 
deviate significantly from linearity. Molecules of the aqua complex generate 
infinite chains through the strong 02---OW 1" = 2.743(2) A hydrogen bond along 
the x axis. Six waters of crystallization are inverwoven mutually by hydrogen 
bridges, connecting the parallel chains with the same interactions forming an 
endless three-dimensional network clearly visible in Fig 2. OW---OW hydrogen 
bond distances range from 2.825(3) to 2.917(3) A, while OW---0 bond between 
the aqua complex in its infinite chains and water molecules are of the three- 
centred type, i .e.,  01---0WS"' = 3.122(3) and 02---0W5"' = 3.057(2) A. The 
bondlengths in the bindentate N,N-dimethylalaninato ligand are comparable to 
values reported elsewhere. [23] 

Comparison of experimentally obtained and theoretical values (obtained by 
molecular mechanics calculations) for internal coordinates (Table 111) revealed 
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AMINO ACIDS WITH CU(I1) 315 

that bond lengths were reproduced with rms = 0.015 A, bond angles with rms = 
2.0", close to values obtained for similar molecules. [ 19-22] Exceptions are the 
angles around copper which were reproduced with rmspY = 5.6" (FF3'a). Other 
force fields yielded similar results (rmspY = 6.1" lor FF4'a, 5.9" for FFS'a and 
5.4" for FF6'a), which was in some degree worse than the results obtained with 
the respective force fields for other N-alkylated aminoacidates ( m s e  = 3.06 - 
6.1"; mean 4.65"). [ 5 ]  This result suggests that the shape of the coordination 
Ephere was also determined by the extensive hydrogen bonding in the crystal 
lattice. 

FIGURE 2 
hydrogen bond pattern between the complex and thc water molecules. 

Diagram of the unit cell contetils in the ac projection showing the three-dimensional 
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316 B. KAITNER et al. 

TABLE I11 Interatomic distances (A), valence angles (") and selected torsion angles (")." 

Internal coordinute 

cu-ow1  
c u - 0  1 
Cu-N 
CI-01 
c 1-02 
N-C2 
N-C4 
N-C5 
C 1 - c2  
C2-C3 
Ol-CU-ow 1 
N-Cu-OW1 
01-Cu-N 
01-Cu-N* 
0I-Cu-01* 
N-Cn-N* 
c u - 0  I -C I 
Cu-N-C2 
Cu-N-C4 
Cu-N-CS 
C2-N-C4 
C2-N-CS 
C4-N-CS 
01 -c1-02 
Ol-Cl-C2 
0 2 - c  1 - c2  
N-C2-Cl 
N-C2-C3 
0 1 -Cu-N-C4 
Cu-N-C2-C3 
01-CI-C2-N 
Cu-0  1 -c 1 -c2  
N-Cu-01-C1 
01---OW5' 
02---0w 1" 
02---0W5' 
OW2---OW4" 
ow2-- -ows  
OW3---OW4 
OW3---OW5"' 
ow4-- -ows  

Experimental value 

2.222(3) 
1.942( 1 ) 
2.028(2) 
1.272(2) 
1.229(2) 
1.492(2) 
1.485(3) 
1.480(3) 
1.536(3) 
1 .S28(3) 

99.3( 1) 
96.9( 1) 
84.1 (1) 
93.7( I )  

161.3 1) 
l66.2( 1) 
115.6(1) 
105.3 1) 
10S.5( 1) 
1 l2.9(1) 
112.2(2) 
1 1  1.4(2) 
109.2(2) 
122.6(2) 
116.4(2) 
120.9(2) 
108.9(2) 
115.3(2) 

-94.2( 1) 
- 160.3(2) 

25.7(1) 
-4.4( 1) 

-12.2(1) 
3.122(3) 
2.743(2) 
3.057(2) 
2.91 O(3) 
2.845(3) 
2.917(3) 
2.892(3) 
2.825(3) 

Theareticaf value (FF3'a) 

2.476 (2.354)' 
1.959 
2.0 13 
1.279 
1.241 
1.484 
I .48 1 
1.482 
1.517 
IS52 

92.2 
95.5 

93.8 
175.6 
168.9 
111.4 
104.1 
105.4 
111.5 
110.8 
113.1 
110.8 
119.4 
118.2 
122.4 
108.0 
113.7 

-94.1 
- 160.9 

34.9 
-13.1 

-7.7 

85.8 

"Symmetry codes: (i) 0.5 - x ,  -0.5 + y, -z; (ii) 0.5 + x ,  -0.5 + y, z; (iii) 0.5 - x ,  -03  + y. 1 
hCalculated from the regression line Cu-OW1 = -0.0308 (180-N-Cu-N') + - z ;  (*) -x, y, - 2  

2.6956, taken from ref. 6. 
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AMINO ACIDS WITH CIJ(I1) 317 

FIGURE 3 
structure. 

Copper coordination polyhedra obtained by two force fields. CR denotes the crystal 

The coordination polyhedron in the crystal lattice belonging to the type I 
polyhedra (i.e., N-Cu-N' > 0-Cu-0') is in accordance with the finding that all 
N,N-dimethylated derivatives have this form of coordination. Its shape resembles 
most that of the coordination polyhedron in aquabisfN,N-dimethylglycinato- 
)copper(II), [24] differing only by rms(A 0) = 1.1 '. Another alanine derivative, 
aquabisfL-N,N-diethylalaninato)copper(II) [ 171 yielded a quite different shape 
(N-Cu-N' < 0-Cu-Or), differing from the N,N-dimethyl derivative by rmspY = 
6.1". All force fields used (FF3'a, FF4'a, FFS'a, FF6'a) correctly reproduced the 
general shape of the coordination polyhedron (Fig 3). 

The very short apical bond length [Cu-OW 1 = 2.222(3) A] is a consequence 
of a very high distortion of the coordination polyhedron. From the regression line 
correlating N-Cu-N' angles with the apical bond lengths in the group I of 
molecules (regression No. 13) [6] the apical bond length in the title compound 
can be estimated to be Cu-OW1 = 2.271 A. Due to the different shape of the 
coordination polyhedron obtained by molecular mechanics calculations, the 
estimation of the apical bond length from the same regression line gave 2.354 
(FF3'a) and 2.218 A (FF6'a). 

From simple stereochemical reasoning it can be concluded that bis(L-N, N-  
dimethylalaninato)copper(II) has three conformers (axial-uxial, equatorial- 
equatorial and equatorial-axial). Theoretical calculations (Table TV) showed that 
the most stable was the a-a conformer, but the energy difference from the most 
strained conformer (e-e) was only 2.67 kJ mol-'. Aquabis(L-N,N-dimethylalani- 
nato)copper(II) has altogether six isomers due to two possible positions of the 
apically coordinated water (from C"-CH, of C"-H side of the molecule). 
Molecular mechanics calculations revealed that the bonding of a water molecule 
from the H-side is energetically favoured. The conformation obtained in the 
crystal (e-e,  H-side) is not the most stable conformation; it is 1.42 kJ mol-' 
higher in energy than the global minimum of the conformational potential (i.e., 
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TABLE IV Relative conformational cnergy (kJ mol-') of the conformers of bis(L-N,N- 
dimethylalaninlito)copper(ll) and aquabis(L-N,N-dimethylalaninato)eoppcr(II)' 

Contormet (Me2Ala)&h (Me2Ala),Cu-OH, 
C'"-H side C'" R side 

(I-u 0.00 0.00 8.20 
U-C 2.41 1.13 6 43 
e-r 2.67 1.42* 2 78 

"Calculations were performed with forcc field FF3'a. Zero point cnergies: 15.491 kJ mol-' 
L(Me2Ala),Cu] and 14.870 kJ mol- ' [(Me2Ala),Cu-OHz]. Conformlition observed in  crystal state is 
denoted with an asterix. 

ci-a H-side conformer). This result is not at all surprising because the crystal 
conformation does not appear to be the energetically most favoured one in any 
of the analyzed N-alkylated copper(l1) aminoacidates so far. [17, 20-23, 251 
Obviously, intermolecular interactions (extensive hydrogen bonding in the 
crystal lattice) appear to be the dominant factor determining the conformation of 
this class of molecules. 

SUPPLEMENTARY MATERIAL 

A full list of H atom positions, anisotropic thermal parameters and observed and 
calculatcd factors is available from N. R. upon request. 
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