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Abstract. Ni(C6HsN3OE)2.H20 , monoclinic, C2, a = 
29.406(4) ,  b = 8.2675 (9), c = 6.3135 (6) /k, fl = 
90 .01(1)  °, U = 1534.9 (3) ,/k 3, D m = 1.66, D x = 
1.666 g cm -3, Z = 4. The structure is isomorphous 
with the cobalt(II) complex [Harding & Long, J. Chem. 
Soc. A (1968), pp. 2554-2559].  The conformations of 
the histidine molecule in various complexes are shown 
in a conformational energy map. 

Introduction. The crystal structures of histidine and its 
metal complexes have been extensively studied because 
of the importance of the imidazole moiety in various 
enzymatic activities. Among the metal complexes, the 
Ni complex with DL-histidine is known to form an 
orthorhombic monohydrate (Fraser & Harding, 1967). 
Recently, we found that the Ni complex of L-histidine 
crystallizes in another form with monoclinic symmetry. 

Nickel carbonate was added to an aqueous solution 
of L-histidine and kept at 0 ° C  for several days. Needle- 
shaped violet crystals were obtained. The X-ray 
diffraction data were collected on a Rigaku automated 
four-circle diffractometer, with graphite-monochro- 

matized Cu Ka radiation. Within the range 2 0 <  
140 ° , 1410 independent reflections were observed. The 
size of the crystal was 0.7 x 0.3 x 0.1 mm, and no 
absorption correction was applied. 

From the lattice parameters and the observed 
structure factor values, the structure was found to be 
isomorphous with the Co monohydrate complex 
(Harding & Long, 1968). Therefore, the structure was 
directly refined starting from the coordinates of the 
latter compound.* All H atoms were deduced from a 
difference Fourier synthesis. Block-diagonal least 
squares, with anisotropic temperature factors for all 
non-hydrogen atoms, reduced the R index to 2.9%. 
Atomic parameters are given in Table 1.t 

* Because of the slight deviation of the fl angle from 90 °, the 
signs of the y and z coordinates are reversed from those of the Co 
complex. 

t Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 33079 (6 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CHI 1NZ, England. 

Fig. 1. A stereodrawing of bis(L-histidinato)nickel(II). 
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Table 1. Atomic parameters 

Positional parameters are multiplied by 10 4 for non-hydrogen 
atoms, and by 103 for hydrogen atoms. Anisotropic temperature 
factors have been deposited,* and the equivalent temperature 
factors are given. 

Ni 
O(1A) 
O(2A) 
N(1A) 
N(2A) 
N(3A) 
C(1A) 
C(2A) 
C(3A) 
C(4A) 
C(5.4) 
C(6A) 
O(1B) 
O(2B) 
N(IB) 
N(2B) 
N(3B) 
C(IB) 
C(2B) 
C(3B) 
C(4B) 
c(sB) 
C(6B) 
O(W) 

X y z Beq (,/k 2) 

1323 (0) 0 (2) 2319 (1) 1.4 
1374 (1) -2485 (4) 3179 (5) 2.0 
1795 (1) -4589 (4) 2193 (6) 2.2 
1386 (1) -1101 (5) -627 (6) 1.8 
2034 (1) 16 (7) 2626 (5) 1.8 
2695 (1) 75 (7) 4251 (6) 2.3 
1615 (1) -3238 (6) 1837 (7) 1.6 
1705 (2) -2468 (6) -316 (7) 1.7 
2200 (2) -1859 (7) -408 (8) 2.2 
2336 (2) -946 (6) 1508 (8) 1.7 
2265 (2) 598 (7) 4257 (7) 2.1 
2745 (2) -908 (7) 2526 (8) 2.2 
1267 (1) 1097 (5) 5314 (5) 1.9 
937 (1) 3216 (5) 6822 (5) 2.5 

1245 (1) 2408 (5) 1419 (6) 1.7 
620 (1) -237 (6) 2331 (6) 1.9 
-64 (1) -1289 (7) 2528 (6) 2.4 
1056 (2) 2435 (7) 5238 (7) 1.7 
934 (2) 3113 (6) 3037 (7) 1.8 
439 (2) 2755 (7) 2404 (8) 2.3 
306 (2) 1020 (7) 2437 (7) 1.8 
386 (2) - 1609 (7) 2404 (8) 2.2 

-118 (1) 349 (7) 2566 (7) 2.3 
801 (1) -3471 (5) 6665 (6) 2.7 

x y z B (A 2) 

160 (2) -334 (9) -131 (10) 4.5 (1.6) 
238 (2) -269 (9) -50 (9) 3.9 (1.5) 
223 (2) -112 (9) -171 (10) 5.4 (1.7) 
217 (2) 100 (7) 523 (8) 2.0 (1.1) 
301 (2) -127 (8) 220 (9) 3.2 (1.3) 
148 (2) -42 (7) -162 (8) 2.6 (1.2) 
111 (2) --151 (8) - -110(8)  2 .8 (1 .2 )  
286 (2) 12 (10) 524 (8) 3-7 (1.3) 

95 (3) 404 (11) 385 (13) 8.8 (2.4) 
39 (2) 325 (9) 57 (10) 4.6 (1-6) 
28 (3) 343 (11) 369 (11) 7.3 (2.1) 
50 (2) --281 (9) 218 (10) 4.9 (1.6) 

--46 (2) 85 (10) 271 (11) 6.2 (1.9) 
109 (2) 261 (8) --16 (9) 3.9 (1.4) 
143 (2) 290 (10) 92 (11) 6.3 (1.9) 

--37(3) --215(11) 267(12) 9.1 (2.5) 
99 (2) --320 (10) 576 (11) 5-6 (1.9) 
78(2) --414(10) 670(11) 6.1 (2.0) 

H(C2A) 
H(IC3A) 
H(2C3A) 
H(C5A) 
H(C6A) 
H(1NIA) 
H(2NIA) 
H(N3A) 
H(C2B) 
H(1C3B) 
H(2C3B) 
H(C5B) 
H(C6B) 
H(INIB) 
H(2NIB) 
H(N3B) 
H(IOW) 
H(20W) 

* See footnote on p. 660. 

D i s c u s s i o n .  The Ni a tom is octahedral ly  coordinated  
(Fig. 1). The oc tahedron  is slightly deformed. The bond 
lengths and angles shown in Fig. 2 are similar to those 
of  the o r thorhombic  Ni complex. The m e t a l - N  
distance (ca 2.09 A, in the present case) is slightly 
shorter than the 2.17 ,A, found in the Co complex. As a 
ligand, the histidine molecule is known to have four 
different forms (Table 2). The first (which occurs in Ni 
and Co complexes) is tr identate with O(1), N(1) and 

0(2A)O~2 3 N(3B) 

C(6A 

NOB) C(2B) O(2B) 
(a) 

O(2A)~  N(3B) 
"~J~36 C(5B! ~_..~-~) 

.... p, , ,  ~ F '°'' ,, 

C(3A)'~ 8(J~'112 ~ "  888 / ~910-7_9 / 

(b) N,B, c6B, '09 °c'") 

Fig. 2. (a) Bond distances (A). Standard deviations are: 0.006 A 
for metal-other-atom distances; 0.008 A for distances between 
non-metal atoms. (b) Bond angles (o). Standard deviations are: 
0.2 ° for the metal atom at the apex; 0.5 ° for others. 

N(2) coordinat ing to the metal  a tom at a lmost  equal 
distances. The second (which appears in Zn  and Cd 
complexes) is also tridentate,  but the m e t a l - O ( 1 )  
distance is considerably longer than meta l - -N dis- 
tances. The third (in the Cu complex) is bidentate with 
O(1) and N(1) coordinat ing to the metal  atom. The 
fourth (in the HgCI 3 complex) is monodenta te  with 
0 ( 2 )  coordinat ing to the metal atom.* 

Depending on these different environments ,  the 
histidine molecule is known to have various 'closed'  or 
'open '  conformat ions .  The main flexibility is due to the 
rotat ions about  two single bonds:  C ( 2 ) - C ( 3 )  and 
C ( 3 ) - C ( 4 ) .  In order to see the relation between the 
various conformat ions ,  the in t ramolecular  van der 
Waals  energy was calculated for the rota t ion about  the 
C ( 2 ) - C ( 3 )  and C ( 3 ) - C ( 4 )  bonds (Sakurai  & 
Kobayashi ,  1972). For  this calculation,  p lanar i ty  of  the 
N - C - C O  2 moiety was assumed, and the possibility 
of  a hydrogen bond was neglected. The result is shown 
in Fig. 3. There  are many  low-energy regions in this 
map. The tr identate forms are 'folded' ,  a conformat ion  
which is limited to a very nar row region of  (-)-gauche- 
(-)-gauche. This is because the orientat ion of  the 

* Since the structure has pseudo mirror planes, and the possibility 
of random distribution could not be completely ruled out, this 
structure is omitted from further discussion. 
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Table 2. Comparison o f  important torsion angles in the various conformations of  L-histidine 

Complex 

Ni(L-hi) 2 

Ni(hi)2 
Co(L-hi) 2 

CO(DL-hi) 
Zn(L-hi) 2 
Cd(L-hi) 2 
Cu(L-hi) 2 

HgCl3(L-hi) 

L-hi. HC1 

L-hi (orthorhombic) 

L-hi (monoclinic) 

Coordination Coordination C(I)-C(2)- C(2)-C(3)- O(1)-C(I)- 
number atoms C(3)-C(4) C(4)-N(2) C(2)-N(1) References 

t -47 ° -33 ° -14 ° Present work 
-56 -21 -23 

3 O(l),N(1), N(2) -57 -21 --14 Fraser & Harding (1967) 
-48 -27 -10 Harding & Long (1968) 
-53 -22 -21 
-58 -19 -15 Candlin & Harding (1970) 

3 -49 -42 -4  Harding & Cole (1963) N(l), N(2), IO( I)1 --43 -55 -24 Fuess & Bartunik (1976) 
2 O(l), N(l) -178 126 17 Evertsson (1969) 

-179 -62 19 
1 0(2) - 174 87 87 Adams, Hodgkin & 

Raeburn (1970) 
-53 -120 -2  Oda & Koyama (1972); 

Fuess, Hohlwein 
& Mason (1977) 

181 57 --27 Madden, McGandy 
& Seeman (1972) 

181 53 -28 Madden, McGandy, 
Seeman, Harding 
& Hoy (1972) 

CONFORMATION ENERGY MAP 
3 6 0  . 

0 . . . . . . .  
0 6 0  120  180 2z, o 3 0 0  3 6 0  

C2-C3-C4-N2 (deg) 
Fig. 3. Intramolecular van der Waals energy. Energies are 

calculated between the imidazole ring and other parts of the 
molecule, and the values on the map are kcal mol-L 3 :~: 
Tridentate complex. • Bidentate complex. [] Histidine hydro- 
chloride. :c,) L-Histidine with an intramolecular hydrogen bond. 

imidazole ring is restricted by the formation of the 
complex. The van der Waals energy at this region is 
slightly higher than the other energy minima. However, 
this situation may be relieved by the deviation of the 
N - C - C O  2 moiety from planarity. In the Cu complex, 
and in the hydrochloride, the orientation of the 
imidazole ring is not restricted by complex formation, 
and the conformation is distributed in various minima 
in the energy map. The choice between these minima 
depends on the intermolecular interaction in the 
crystals. In natural L-histidine, because of the formation 

of the intramolecular hydrogen bond between N(1) and 
N(2), which was not accounted for in this calculation, 
the conformation appears at a higher energy region in 
this map. 

Calculations were performed on a F A C O M  
230-75 computer of this Institute, using the UNICS 
II program system (Sakurai, Iwasaki, Watanabe,  
Kobayashi,  Bando & Nakamichi,  1974). The research 
was supported, in part, by a Scientific Grant  (134041) 
from the Ministry of Education. 
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