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Fig. 3. A view of the crystal along a showing the packing. Hydrogen 
bonds are indicated by dashed lines. 

171 (4)°; O(2').. .Br ~ 3.254 (3), H(2'). . .Br ~ 2.41 (5)/~, 
O(2 ' ) -n(E ' ) . . .Br  ~ 170(4)°; O(16)...Br 3.385(4), 
H(16A)...Br 2.85 (6) , /k ,  O(16)--H(16A).-.Br 
131 (5)°; O(16)...Br ~ 3.485 (4), H(16B)...B& 
2.48 (7)/~, O(16)-H(16B).. .Br ~ 152 (6)°; (i) - x  + 1, 
y + ½,--z + ½; (ii)x + ½,-y + ½,-z + 1]. 

The authors thank Dr H. Merz, Boehringer 
Ingelheim, for providing the title compound. 
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X-ray Studies on Crystalline Complexes Involving Amino Adds and Peptides. XVI.* 
Structure of L-Ornithine D-Aspartate Monohydrate 

BY JAYASHREE SOMAN AND M. VIJAYAN 

Molecular Biophysics Unit, Indian Institute o f  Science, Bangalore - 560 012, India 

(Received 16 March 1988; accepted 25 May 1988) 

Abstract. CsH13N20+.C4H6NO~-.H2 O, M r = 283, 
monoclinic, P21, a = 5.118 (1), b = 7.881 (2), c = 
16.025 (2) A, f l=  91.78 (2) °, V =  646.1 (4) A3, Z =  2, 
D m = 1.46 (2), D x = 1.45 g cm -a, 2(Mo Ka) = 
0.7107A, / t=  1.376cm -1, F(000)=304,  final R = 
0.055 for 1370 observed reflections. The aggregation 
pattern in the present structure is entirely different from 
that in L-ornithine L-aspartate hemihydrate. It is similar 
to that in L-lysine D-aspartate monohydrate in that the 

* Part XV: Soman, Suresh & Vijayan (1988). 

0108-2701/88/101794-04503.00 

unlike molecules aggregate into separate alternating 
layers, but is different from that in the other LD amino 
acid-amino acid complexes analysed so far. An 
interesting feature of the structure is an internal 
hydrogen bond between the or-amino group and one of 
the side-chain carboxyl O atoms in the aspartate ion. 
The structure contains a closed hydrogen-bonded loop 
made up of alternating amino and carboxylate groups. 

Introduction. X-ray studies of crystalline complexes 
involving amino acids and peptides being carried out in 

© 1988 International Union of Crystallography 
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Table 1. Positional parameters (x 104) and equivalent 
isotropic temperature factors (Hamilton, 1959) of  

non-H atoms 

The e.s.d.'s are given in parentheses. 

x y z Beq(A 2) 
N1 5772 (6) 737 9264 (2) 1.59 (7) 
Ol 7639 (5) 2800 (5) 10522 (2) 2.33 (7) 
02 11606 (5) 2743 (5) 9996 (2) 2.22 (7) 
CI 9199 (7) 2523 (5) 9956 (2) 1.46 (7) 
C2 7964 (7) 1930 (5) 9119 (2) 1.39 (7) 
C3 6881 (8) 3465 (6) 8642 (3) 1.94 (9) 
C4 9002 (8) 4694 (6) 8405 (3) 2.07 (9) 
C5 7854 (8) 6289 (6) 8023 (3) 2.10 (9) 
N6 9919 (7) 7546 (5) 7887 (2) 2-01 (7) 
Nil 8909 (7) 7015 (5) 3657 (2) 1.99 (8) 
O 11 6763 (6) 5386 (5) 2331 (2) 2.50 (7) 
O12 2848 (6) 5194 (5) 2867 (2) 2.81 (8) 
C II 5240 (8) 5519 (6) 2902 (2) 1.81 (8) 
C12 6317 (8) 6232 (6) 3748 (2) 1.70 (8) 
C13 6504 (9) 4796 (6) 4396 (3) 2.59 (10) 
C 14 7693 (8) 5352 (6) 5245 (3) 2.28 (I0) 
O15 9456 (8) 6431 (6) 5264 (2) 4.00 (I0) 
O16 6854 (7) 4619 (6) 5870 (2) 3.34 (9) 
WI 2441 (6) 5617 (5) 6635 (2) 2.92 (8) 

this laboratory have provided useful information on 
biologically significant specific interactions and inter- 
action patterns (Sudhakar & Vijayan, 1980; Sudhakar, 
Bhat & Vijayan, 1980; Salunke & Vijayan, 1981, 1983, 
1984; Vijayan, 1983). They have also led to an 
approach to chemical evolution based on molecular 
interactions and interaction patterns (Vijayan, 1980; 
Suresh & Vijayan, 1983a,b,c; Suresh & Vijayan, 1985; 
Vijayan & Suresh, 1985). These studies have recently 
been expanded to include analysis of complexes 
containing D as well as L amino acids (Suresh, 
Ramaswamy & Vijayan, 1986; Soman, Suresh & 
Vijayan, 1988). The work on LD complexes has 
provided interesting insights into the effect of chirality 
on molecular aggregation and its possible implications. 
Here we report the crystal structure of another such 
complex, that between L-ornithine and D-aspartic acid. 

Experimental. Crystals of  the complex were grown 
using the vapour diffusion technique from aqueous 
solutions of the amino acids in molar proportion, with 
acetone as the precipitant. Space group (0k0, k odd, 
systematically absent) and unit-cell dimensions were 
determined from preliminary X-ray diffraction photo- 
graphs. The density was measured by flotation in a 
mixture of benzene and carbon tetrachloride. Crystal of 
dimensions 0.1 x 0.4 x 0.5 mm. Unit-cell dimensions 
and orientation matrix were refined on a CAD-4 
diffractometer using 25 reflections in the range 14 < 
0 < 2 5 ° ;  monochromated M o K a  radiation; 2176 
reflections measured with 0 < 28°;  2054 unique, 1370 
with I > 2a(I); h 0 to 6, k 0  to 10, 1 - 2 1  to 21. 348, 
1,1,12, 446 used as standard reflections; maximum 
variation in intensity 2%; R i n  t = 0.017. Intensities were 
not corrected for absorption. The structure was solved 
by direct methods using the M U L T A N 8 0  system of 

programs (Main, Fiske, Hull, Lessinger, Germain, 
Declercq & Woolfson, 1980). The structure was refined 
against F, non-H atoms anisotropically and H atoms 
isotropically, using the block-diagonal least-squares 
method (9 x 9 and 4 × 4 matrices respectively for 
non-H and H atoms) employing the locally modified 
version of a program originally written by Dr R. 
Shiono. Refinement converged at R = 0.055, wR = 
0.070, S = 0 . 6 1 7 8 .  Max. A / a =  0.146. The weighting 
scheme used was of the form 1/(a + bF o + cFJ) with 
a =  2.7800, b = - 0 . 3 4 4 0  and c =  0.0167. Max. and 
min. values in the final difference Fourier map were 
0.33 and - 0 . 3 4  e A -3, respectively. Form factors for 
non-H atoms were taken from Cromer & Waber (1965) 
and those for H atoms from Stewart, Davidson & 
Simpson (1965). The final positional coordinates and 
equivalent isotropic temperature factors (Hamilton, 
1959) of the non-H atoms are listed in Table 1.* 

Discussion. Molecular structure. The bond lengths and 
angles in the positively charged ornithine molecule and 
the negatively charged aspartate ion are normal and do 
not merit any comment. The torsion angles that define 
the conformation of the two zwitterions ( IUPAC-IUB 
Commission on Biochemical Nomenclature, 1970) are 
as follows: 

Ornithine: ~ '  = - 3 9 . 0  (4); ~ "  = 143.7 (3); X ~ = 
- 1 7 5 . 6  (3);X 2 = - 1 7 3 . 5  (3);Z 3 = 173.5 (3)°; 

aspartate: ~ ' = 1 3 . 5  (5); ~ " = - 1 6 3 . 9 ( 4 ) ;  X~= 
54.5 (5); X 2' = - 3 5 . 2  (6); Z22= 147.4 (4) °. 

The energetically most favourable conformation with 
the side chain trans to the a-carboxylate group 
(Z ~ ~ - 6 0  °) is found in L-ornithine L-aspartate hemi- 
hydrate (Salunke & Vijayan, 1983) and L-orni- 
thine.HCl (Chiba, Ueki, Ashida, Sasada & Kakudo, 
1967). The observed value of z ~ in the present structure 
corresponds to the next most favourable conformation 
with the side chain trans to the a-amino group 
(Z 1~ 180°). But, unlike L-ornithine aspartate hemi- 
hydrate where the side chain has a somewhat folded 
conformation, the side chain in the present structure has 
an all-trans fully extended conformation (Z2~ 180 °, 
Z3~ 180°), as in L-ornithine.HC1. 

Two torsion angles, Z ~ and either Z 2~ or Z 22, are 
required to specify the conformation of the side chain in 
the aspartate ion. The torsion angle Z ~ in the present 
structure has a value close to 60 °, corresponding to the 
sterically most favourable conformation in which the a- 
and the side-chain carboxyl groups are trans to each 
other. The molecule assumes this conformation in a 
majority of the crystal structures containing aspartic 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and bond lengths and angles have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 51072 (12 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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Table 2. Hydrogen-bond parameters with e.s.d.'s in 
parentheses 

Symmetry of 
A--H. . .B  A. . .B(A) H--A. . .B(°)  atom B 

N1-HI(N1).. .O2 2.929 (4) 11 (3) x - l , y , z  
NI-H2(N1)-..O11 2.844 (4) 18 (4) - x + l ,  ½+Y-l,--z+l 
N1--H3(N1).-.O2 2.945 (4) 7 (3) --x+2, ½+y--I, - z+2  
N6-HI(N6)...W1 2.857 (5) 19 (3) x+l , y ,  z 
N6--H2(N6)...O12 2.778 (5) 10 (4) -x+  1, ½+y, - z+  1 
N6--H3(N6)...O1 2.811 (4) 11 (5) -x+2,  ½+y,-z+2 
N11--HI(NI 1)... W1 2.955 (6) 10 (3) --x+ 1, ½+y, - z+  1 
N11--H2(NI 1)...O15 2.624(5) 19(5) x , y , z  
N11-H3(N11)...O12 2.808 (5) 10 (3) x + l , y , z  
WI--HI(W1)...O16 2.719 (5) 5 (3) x,y ,  z 
W1,H2(W1)...O15 2.713 (5) 9 (8) x - l , y ,  z 

acid or the aspartate ion (Derissen, Endeman & 
Peerdeman, 1968; Rao, 1973; Bhat & Vijayan, 1976; 
Salunke & Vijayan, 1982b, 1983; Soman, Suresh & 
Vijayan, 1988). The side-chain carboxyl group does not 
appear to have a preferred orientation with respect to 
the rest of the molecule and X 2~ (or Z 2~) can assume all 
possible values (Bhat, Sasisekharan & Vijayan, 1979; 
Salunke & Vijayan, 1983). However, it is found:that 
certain combinations of X ~ and X 21 lead to the formation 
of an internal hydrogen bond between the a-amino 
group and the side-chain carboxyl group. This ob- 
viously cannot happen when the amino and the 
carboxyl groups are trans with respect to each other 
(ZI~ 180°). Simple calculations show that w h e n  
X 1 ~ 60 ° in a D isomer the internal hydrogen bond could 
occur for a wide range of values for X 21, as indeed 
happens in the present structure (see Table 2). This 
range is more restricted when the side-chain earboxyl 
group is staggered between the a-amino and the 
a-carboxylate groups (Z~~-60 ° in the D isomer). An 
internal hydrogen bond in such a conformation has 
previously been found in the structure of L-arginine 
D-aspartate (Suresh, Ramaswamy & Vijayan, 1986). 

Hydrogen bonding and molecular aggregation. The 
crystal structure of L-ornithine D-aspartate mono- 
hydrate, shown in Fig. 1, is stabilized by ionic 
interactions and hydrogen bonds. The parameters of the 
hydrogen bonds are given in Table 2. Each amino 
group is involved as donor in three N - H . . . O  hydro- 
gen bonds. The a-carboxylate 02  and O12 atoms 
accept two hydrogen bonds each •whereas O 1 and O 11 
accept one hydrogen bond each. The protons of the 
water molecule in the structure are linked to each of the 
side-chain carboxyl O atoms of the aspartate ion and 
the O atom is linked to two protons in the side-chain 
amino group in ornithine and the a-amino group of the 
aspartate ion. 

The aggregation pattern in the present structure 
bears no resemblance to that observed :in L-ornithine 
L-aspartate hemihydrate (Salunke & Vijayan, 1983). 
Among the four LD amino acid-amino acid complexes 
analysed so far (Suresh, Ramaswamy &Vijayan, 1986; 
Soman, Suresh & Vijayan, 1988), three have aggrega- 
tion patterns based on double layers. The molecules in 

one of them, L-lysine D-aspartate monohydrate, how- 
ever, aggregate into separate alternating layers of unlike 
molecules, a situation similar to that found in the 
present structure. The organization of molecules in the 

• ornithine layer in the structure is similar to that in the 
lysine layer in L-lysine D-aspartate monohydrate. That 
in the aspartate layer, however, is very different in the 
two structures. In fact, the arrangement of the aspartate 
ions in the present structure appears to be very different 
from any observed so far in crystal structures con- 
taining aspartic acid or aspartate ions. The aspartate 
layer is made up of molecular ribbons parallel to the 
shortest axis, each containing an S2-type head-to-tail 
sequence (Suresh & Vijayan, 1983b). Adjacent ribbons 
in the layer are intercorinected through water mole- 
cules and side-chain amino groups of ornithine mole- 
cules in the neighbouring layers. 

It has been shown earlier that side-chain amino 
groups tend to form characteristic interaction patterns 
(Salunke & Vijayan, 1982a, 1983, 1984; Suresh & 
Vijayan, 1983e; Soman, Suresh & Vijayan, 1988). One 
such pattern involving a loop of alternating amino and 
carboxylate groups occurs in the present structure. This 
loop, as can be seen from Fig. 1, is made up of the 
side-chain amino group of an ornithine molecule, the 
a-amino group of an ornithine molecule related by a cell 
translation, the a-carboxylate group of another orni- 
thine molecule related by a 21 screw axis and the 
a-carboxylate group of an aspartate ion. Similar loops 
have earlier been observed in the structure of L- 
ornithine L-aspartate hemihydrate (Salunke & Vijayan, 
1983). 

i / / 

--- " 4 . .  -- • 

/ , 
~ N  

GO 
®W 

Fig. 1. The crystal structure as viewed along the a axis. The broken 
lines indicate hydrogen bonds. 
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TCNQ-M6thoxy-9 Ellipticine, Un Complexe par Transfert de Charge: Structure du 
T6tracyano-7,7,8,8 p-Quinodim6thane-M6thoxy-9 Dim6thyl-5,11 

6H-Pyrido[4,3-b]carbazole-Ac6tonitrile ( 1:1:1) 
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Abstract. [C 18H 16N20.C I2H4N4].C 2H3 N, Mr= 521.6, 
monoclinic, P2t/c, a - - 1 2 . 5 8 7  (2), b - -13 .324 (2), c 
= 1 6 . 7 3 3 ( 2 ) A ,  f l=105 .18(2 )  °, V =  2708.4 (7) A 3, 

0108-2701/88/101797-04503.00 

Z = 4, D x = 1.28, D m ----- 1.30 (2) Mg m -3, 2(Mo Ka) 
= 0.71069/~, p = 0.092 mm -I, F(000) = 1088, room 
temperature, final R = 0 . 0 3 7 ,  w R = 0 . 0 3 5  for 1816 

© 1988 International Union of Crystallography 


