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Crystal Structure of the Bis-(5,5'-diethylbarbiturato)bispyridine Complex of Copper(lI) 
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The crystal structure of the bis-(5,5'-diethylbarbiturato)bispyridine complex of copper(II) has been 
determined by Patterson and Fourier methods and refined by full-matrix least-squares computations 
to a final R of 0.036 for 1236 independent reflexions with measurable intensities. The monoclinic unit 
cell, space group P2~/c, with a =  11.235, b =  9.958, c=  12.624 ,~ and B= 102.6 °, contains two centrosym- 
metric molecules. The copper atom is bonded to the deprotonated nitrogen atoms of the barbital 
anions and the nitrogens of the pyridines, with bond lengths C u - N  of 1.983 (5) and 2.032 (5) A respec- 
tively. There is evidence of off-the-z-axis coordination by oxygen atoms from the barbital moieties, 
which have a Cu-O distance of 2.722 (5) A. The molecules are joined by relatively short (2-86 ,~) 
N - H . . . O  hydrogen bonds. 

Introduction 

We report the first determination of the crystal struc- 
tree of a complex of copper(II) with a drug-active 
barbiturate as one of the ligands. Various complexes 
of transition metals with barbiturates have been pre- 
pared as they are importartt in the detection and iden- 
tification of the drugs. They have the general formula 
M(II) (barb)2L2, where M is a transition metal, barb 
is the anion of a substituted barbituric acid and L is an 
organic base, usually pyridine. 

Levi & Hubley (1956) have studied the reaction of 
copper with twelve different barbiturates in the 
presence of pyridine and, on the basis of infrared 
spectral data, have suggested that the barbiturate ligand 
is bound to the copper through an oxygen atom. More 
recently, the molecular structures of two complexes 
MOO (barb)z(imidazole)z, (M = Co and Zn), have been 
elucidated by X-ray diffraction (Wang & Craven, 1971) 
and this study showed that, in both complexes, the 
donor atom in the barbiturate anion is a deprotonated 
nitrogen atom. The coordination environment of the 
metal atoms Co and Zn in these complexes is tetra- 
hedral, each molecule possessing twofold crystallo- 
graphic symmetry. The present X-ray analysis was 
undertaken in order to determine the molecular struc- 
ture of the copper complex in which square-planar 
coordination was expected. It was also desirable to 
establish whether the barbiturate donor atom is N or 
O in the copper complex. Hydrogen bonding has been 
a prominent feature in the crystal structures of barbi- 
turates, their salts (Berking & Craven, 1971; Craven, 
Vizzini & Rodrigues, 1969; Berking, 1972) and in the 
complexes M(II) (barb)2(imidazole)2 (Wang & Craven, 
1971). 

Experimental 

Single crystals of the complex were obtained in the 
following manner: dilute aqueous solutions of 
CuClz.2HzO, pyridine and sodium barbital were 

mixed in the molar ratio 1:2:2. The final pH of the 
mauve solution was 7.2. The crystals grew as small 
hexagonal plates. Microanalysis showed that they had 
the composition CuC26H32N60 6 corresponding to the 
formulation Cu(II) (5,5'diethylbarbiturato)2(pyridine)2. 
A single crystal of dimensions 0.25 x 0.225 x 0-35 mm 
was selected for the X-ray investigation. The lattice 

Table 1. Crystal data 
Molecular formula CHC26H32N606 
M.W. 587"5 
Space group P2dc (Monoclinic, 2nd 
a =  11"235 (5)/~, setting) 
b=9.958 (4) D,,= 1.410 g cm -3 
c =  12.624 (5) De= 1-415 g cm -3 for Z = 2  
fl= 102"6 (2) ° p=8-74 cm -1 
V= 1378.54 ,~3 F(000) = 614 

H/62) 

L c t s i  ~(3,H~s2) 

H',11) HL10} H ( 6 3 ~ ~ ~  H~sl} 

H~13) ~i~ 1) / ' ' 

Fig. I. The molecular structure of the complex, The super- 
scripted atoms are centrosymmetrically related to the corre- 
sponding atoms without superscripts. 
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cons tan ts  were ob ta ined  f r o m  a leas t -squares  analysis  
of  the sett ings o f  25 reflexions measu red  on a four-  
circle d i f f rac tomete r  wi th  M o K ~  rad ia t ion  ( 2 =  
0.7107 A).  The crystal  d a t a  are listed in Table  1. The 
crystal  density was de te rmined  with a dens i ty-gradient  
co lumn conta in ing  the componen t s  m-xylene (0 = 0 . 8 6  
g c m  -3) and  c a r b o n  te t rachlor ide  ( 0 =  1.60 g cm-3) ,  
which was preca l ib ra ted  with aqueous  caes ium chlor ide 
solutions.  

The  intensities were collected on a Philips P W  1100 
compute r -con t ro l l ed  four-circle d i f f rac tometer  opera t -  
ing in the og-scan m o d e  (scan width = 0.9 °, scan speed = 
0.03 ° sec-1).  

Wi th  Zr-fi l tered M o  Kc~ rad ia t ion ,  1462 reflexions up 
to 2 0 = 4 0  ° were measured .  T h r o u g h o u t  the d a t a  col- 
lection, three reference reflexions were recorded  af ter  
every 56 measu red  reflexions. The intensities o f  the 
s t a n d a r d  reflexions r ema ined  cons tan t  to within + 2 % 
t h r o u g h o u t  the run.  O f  the 1462 reflexions counted ,  
101 were sys temat ica l ly  absent .  A d o p t i n g  the cr i ter ion 
Oflre~ > 2tr(/re~) for  an observed reflexion, 116 reflexions 
were omi t ted  as unobserved.  A fur ther  nine reflexions 
were r e d u n d a n t  due to space-group  equivalence,  
leaving 1236 unique reflexions, all o f  which were 
employed  in the s t ruc tura l  de te rmina t ion .  The d a t a  
were correc ted  for  L o r e n t z - p o l a r i z a t i o n  effects. F o r  
the crystal  selected, p R  varied between 0.10 and  0.15 
and  the m a x i m u m  var ia t ion  in the co r re spond ing  ,4* 
values was between 1.18 and  1.28 for  all 0 values. This 
was deemed too  small  to w a r r a n t  abso rp t ion  correc-  
t ions,  which were therefore  neglected. 

Fig. 2. The environment of the copper atom showing the 
'off-the-z-axis' coordination involving O(1) and O(li). 

S o l u t i o n  a n d  r e f i n e m e n t  o f  t h e  s t r u c t u r e  

With  the copper  a t o m  at the unit-cell origin, the three-  
d imens iona l  Pa t t e r son  vector  m a p  resembles  the elec- 

Table  2. Fractional atomic coordinates and thermal parameters  and their e.s.d. 's f o r  Cu(I I )  
(5, 5 ' -diethylbarbi turate)  2(pyridine)2 

(a) Heavy atoms. Coordinates are × 104. Thermal parameters are of t h e  form 
T= exp [ -  (fll~h z + f122k z + fl33l 2 q- 2f112hk + 2f123kl + 2flallh) x 10']. 

x y z fil l  fl22 fl33 fl12 ~23 
Cu 0 0 0 22 (1) 47 (1) 18 (1) - 9  (1) 3 (1) 
C(1) 1304 (6) 1941 (7) -770  (6) 40 (6) 75 (8) 31 (6) - 6  (6) 6 (5) 
C(2) 3180 (6) 3176 (6) - 3  (5) 50 (7) 47 (8) 36 (5) 5 (6) 9 (5) 
C(3) 2087 (5) 1705 (d) 1153 (5) 31 (6) 50 (8) 27 (6) - 2  (5) 7 (5) 
C(4) 3038 (6) 2791 (7) 1138 (5) 47 (6) 86 (9) 25 (5) - 3 2  (6) - 9  (4) 
C(5) 2640 (8) 4097 (8) 1641 (6) 149 (11) 85 (10) 45 (6) - 5 9  (9) 28 (7) 
C(6) 1416 (8) 4656 (8) 1126 (7) 132 (10) 68 (10) 117 (9) 5 (8) 71 (8) 
C(7) 4278 (7) 2313 (10) 1796 (6) 63 (7) 181 (14) 50 (6) - 4 9  (9) - 2 2  (6) 
C(8) 4743 (7) 1066 (10) 1362 (8) 51 (8) 146 (13) 150 (10) 18 (8) 6 (7) 
C(9) -1009 (6) 2023 (7) 1264 (6) 49 (7) 96 (10) 41 (6) 0 (6) 10 (5) 
C(10) -1813 (7) 2989 (8) 1503 (6) 63 (8) 111 (10) 54 (6) 8 (7) 24 (6) 
C(I1) -2854 (7) 3253 (7) 748 (7) 63 (8) 74 (9) 98 (8) 11 (7) 41 (7) 
C(12) -3070 (6) 2569 (8) -226  (7) 44 (7) 78 (9) 77 (7) 8 (7) 6 (5) 
C(13) -2230 (6) 1644 (7) -427  (5) 46 (7) 70 (9) 47 (6) - 2  (7) 7 (5) 
N(1) 1294 (4) 1390 (5) 226 (4) 25 (5) 57 (6) 20 (4) - 16 (4) 2 (4) 
N(2) 2234 (5) 2819 (5) - 844 (4) 43 (5) 94 (7) 15 (4) - 31 (5) - 1 (4) 
N(3) - 1217 (4) 1366 (5) 323 (4) 32 (5) 61 (6) 33 (4) 1 (5) 6 (4) 
O(1) 530 (4) 1638 (5) - 1562 (4) 56 (4) 136 (7) 19 (3) -41  (5) - 15 (3) 
0(2) 4040 (4) 3789 (5) -171 (4) 47 (5) 104 (6) 58 (4) - 4 6  (5) 13 (3) 
0(3) 2031 (4) 1162 (4) 2009 (3) 67 (5) 78 (5) 14 (3) - 1 6  (4) 11 (3) 

- 2 ( 1 )  
7 (6) 
3 (5) 

- 12 (5)  
- 1 (5 )  

- 2 5  (6) 
- 39  (8)  

43 (8) 
78 (10) 

- 6 (6)  
- 2 0  (7)  

0 (7) 
16 (7 )  

- 6 (6)  
- 7 (4 )  
10 (4) 

- 13 (5 )  
- 5 (4)  
28 (4) 

5 (4) 
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Table 2 (cont.) 
(b) Fractional atomic coordinates (x 103) and their e.s.d.s' for 

the hydrogen atoms. 
x y 

H(2) 231 (5) 316 (7) - 154 (5) 
H(51) 269 (7) 385 (8) 236 (6) 
H(52) 336 (7) 472 (7) 170 (6) 
H(71) 414 (6) 216 (8) 257 (6) 
H(72) 480 (6) 312 (8) 184 (6) 
H(61) 73 (7) 401 (8) 125 (7) 
H(62) 124 (7) 556 (7) 159 (7) 
H(63) 132 (7) 464 (7) 29 (7) 
H ( 8 1 ~  4 7 8  ( 8 )  1 1 6  ( 8 )  7 1  ( 7 )  

H(82) 549 (7) 79 (8) 184 (7) 
H(83) 424 (7) 25 (8) 155 (7) 
H(9) - 26 (6) 170 (7) 184 (5) 
H(10) - 156 (6) 341 (7) 223 (6) 
H(I 1) - 334 (6) 382 (7) 94 (6) 
H(12) -381 (6) 275 (7) -77  (6) 
H(13) -237 (6) 108 (7) -114 (5) 

tron density map.  However,  since the Pat terson map  
had P2/m symmetry,  care was exercised in selecting 
unique peaks from their corresponding mirror  images. 
Nine atomic positions were found by analysis of  the 
Pat terson function and all the remaining non-hydrogen 
atoms were located on inspection of a subsequent 
Fourier  synthesis. Scattering facto]s for the copper,  
carbon,  nitrogen, oxygen and hydrogen atoms were 
those obtained f rom the HFS  model (Hanson,  Herman,  
Lea & Skillman, 1964). The copper was treated as Cu ° 
and the anomalous  dispersion correction (Af'= 0.3 for 
Mo K~ radiat ion) was applied to the scattering curve. 
The positional and anisotropic temperature  factors of  
all the non-hydrogen atoms were refined by the method 
of least squares (ORFLS: Busing, Mart in  & Levy, 
1963), each of  the 1236 reflexions being assigned unit 
weight. In the last cycle of  non-hydrogen a tom refine- 

Table 3. Observed and calculated structure factors 
The values listed are lOFo and 10Fo 
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ment, the average e.s.d, in the positional and aniso- 
tropic temperature factors was about fifty times the 
average parameter shift. All the hydrogen atoms were 
located from subsequent difference syntheses and were 
assigned the temperature factors of the atoms to which 
they were bonded. After the last refinement cycle, in 
which the hydrogen atomic positions were varied, the 
average e.s.d, in these parameters was about ten times 
the average parameter shift. The last cycle of refinement 
yielded an R of 0"036. The final atomic positional and 
thermal parameters are listed in Table 2(a) and (b). 

~ 1 .  1 .523 1,532 , 

, 350  1'~ | 1.345 !,_376 I 

< j  

As a final check of the correctness of the structure, a 
difference synthesis with the structure factors calculated 
in the last cycle of the refinement was computed. This 
map was practically featureless. The observed and cal- 
culated stru.zture factors are listed in Table 3. 

Description of the structure and discussion 

Intramolecular bond distances and angles with their 
e.s.d.'s from the least-squares refinement are listed in 
Tables 4 and 5 respectively. These parameters were cal- 
culated with the X-RA Y (1972) program system. Table 
6 lists computed least-squares planes with their equa- 
tions and the distances of various atoms from these 
planes. The molecular structure is shown in Fig. 1 
(ORTEP: Johnson, 1965). 

Table 4. Intramolecular bond lengths and their 
(A) 

e.s.d.'s 

Cu N(I) 1-983 (5) C(11)-C(12) 1.38 (1) 
Cu N(3) 2.032 (5) C(12)-C(13) 1-38 (1) 
C(1)--N(1) 1-374 (9) N(2)--H(2) 0.97 (6) 
C(3)--N(1) 1-345 (8) C(9)--H(9) 1.04 (6) 
C(1)--N(2) 1.381 (9) C(10)-H(10) 1-00 (7) 
C(2)--N(2) 1.376 (8) C(11)-H(11) 0.86 (7) 
C(9)--N(3) 1.332 (9) C(12)-H(12) 0.97 (6) 
C(13)-N(3) 1.342 (8) C(13)-H(13) 1.04 (7) 
C(1)--O(I) 1-212 (8) C(5)--H(51) 0.93 (7) 
C(2)--O(2) 1-200 (9) C(5)--H(52) 1.01 (8) 
C(3)--O(3) 1.222 (8) C(7)--H(71) 1.03 (8) 
C(2)--C(4) 1.532 (9) C(7)--H(72) 0-98 (8) 
C(3)--C(4) 1.523 (9) C(6)--H(61) 1.04 (8) 
C(4)--C(5) 1-56 (1) C(6)--H(62) 1-11 (8) 
C(5)--C(6) 1-49 (1) C(6)--H(63) 1.04 (8) 
C(4)--C(7) 1-53 (1) C(8)--H(81) 0.84 (9) 
C(7)--C(8) 1.50 (1) C(8)--H(82) 0-96 (7) 
C(9)--C(10) 1"40 (1) C(8)--H(83) 1"04 (8) 
C(10)-C(I 1) 1.36 (1) 

Fig. 3. Relevant bond lengths (/~) and bond angles (o) for the 
barbital moiety in Cu(II)(barb)2 (pyridine)2 (upper number) 
and in Zn(II)(barbh(imidazole)2 (lower number). 

Table 5. lntramolecular bond angles (°) 
N(1)-Cu--N(1 l) 180-0 
N(3)-Cu--N(3 f) 180.0 
N(3)-Cu--N(1) 90-5 (2) 
N(I)-Cu--N(3 t) 89"5 (2) 
Cu--N(1)-C(3) 127-9 (4) 
Cu--N(1)-C(1) 107"4 (4) 
C(1)-N(1)-C(3) 124.6 (5) 
C(1)-N(2)-C(2) 125-5 (6) 
C(1)-N(2)-H(2) 120 (3) 
C(2)-N(2)-H(2) 114 (3) 
N(I)-C(1)-O(I) 120"6 (6) 
N(2)-C(1)-O(I) 121"3 (6) 
N(1)-C(1)-N(2) 118-1 (5) 
N(2)-C(2)-O(2) 120.8 (6) 
C(4)-C(2)-O(2) 123.1 (5) 
N(2)-C(2)-C(4) 116.1 (6) 

N(1)--C(3)--O(3) 121.0 (6) 
C(4)--C(3)--O(3) 119.8(5) 
N(1)--C(3)--C(4) 119-2 (6) 
C(2)--C(4)--C(3) 114-0 (5) 
C(5)--C(4)--C(7) 110.3 (6) 
C(4)--C(5)--C(6) 116.9 (6) 
C(4)--C(7)--C(8) 114.0 (6) 
Cu--N(3)--C(9) 120.8 (4) 
Cu N(3)--C(13) 120.1 (4) 
C(9)--N(3)--C(13) 119.1 (6) 
N(3)--C(9)--C(10) 122.3 (6) 
N(3)--C(13)-C(12) 121.1 (6) 
C(9)--C(10)-C(I 1) 118.6 (7) 
C(10)-C(l l)-C(l 2) 119.0 (7) 
C(11)-C(12)-C(13) 119.9 (6) 

Environment of  the copper atom 
The four nitrogen donor atoms are arranged in a 

square-planar configuration about the copper atom, 
the bond angles N(1)-Cu-N(3)  and N(1)-Cu-N(3 i) 
being 90.5 (2) and 89.5 (2) ° respectively. The Cu-N(3) 
distance is 2.032 (5) A, only very slightly longer than 
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Table  6. Least-squares planes 

The equations of the planes are expressed in olthogonalized 
space as PI + QJ + RK = S. 

Plane ]: through atoms Cu, N(1), N(3), N(ll), N(3 i) 
Equation : 0.042721- 0.23816J+ 0.97028 K = 0.00 

Plane II: through the six pyrimidine ring atoms, C(3), N(I), 
C(1), N(2), C(2) and C(4). 

Equation: - 0.632991+ 0.76268J+ 0.13278K= 0.24309 
Dist. from Atoms not included Dist. from Atoms included 

in calculation plane (A) in calculation plane (A) 
C(3) - 0"043 0(3) - 0" 127 
N( 1 ) - 0"031 
C(1) 0.044 O(1) 0.097 
N(2) 0"024 
C(2) - 0"094 0(2) - 0.296 
C(4) 0" 100 
Angle of intersection of lzlanes I and II: 85.42 °. 

Plane III: through the six pyridine ring atoms, C(9), C(10), 
C(ll),  C(12), C(13), N(3) 

Equation : 0.58073I+ 0.71496J- 0.38934K = - 0.02245 
Dist. from Atoms not included Dist. from Atoms included 

in calculation plane (,~,) in calculation plane (A) 
C(9) - 0.003 H(9) - 0.114 
C(I 0) 0.007 H(10) 0.002 
C(I 1) -0.002 H(I 1) -0.037 
C(12) - 0.007 H(12) - 0.015 
C(13) 0-011 H(13) -0.031 
N(3) - 0.006 Cu 0.022 
Angle of intersection of planes I and III : 58.45 ° 
Angle of intersection of planes II and III: 82.76 °. 

Plane IV: through the trioxopyt imidine ring atoms C(3), N(1)" 
C(1), N(2), C(2), C(4), O(1), O(2), 0(3). 

Equation : - 0.593641+ 0.78876J+ 0.15955K= 0.36558 
Atoms included Dist. from 

in calculation plane (A) 
c(3) - 0.004 
N(1) -0"056 
C(1) 0.012 
N(2) 0.055 
C(2) 0.007 
C(4) 0.210 
O(1) O'OO6 
0(2) - 0.146 
0(3) -0.085 
Angle of intersection of planes II and IV: 3.11 ° 
Angle of intersection of planes I and IV: 86.70 °. 

Plane V: through atoms C(5), C(6), C(7), C(8) of the diethyl 
group and atom C(4) 

Equation: - 0.586131- 0.54894J + 0.59592K = - 2.48933 
Atoms included Dist. from 

in calculation plane (/~) 
C(4) -0.018 
C(5) - 0.020 
C(6) 0.020 
C(7) 0.016 
C(8) 0-003 

Angle of intersection of planes II and V: 88.2 °. 

the  co r re spond ing  distance,  C u - N ,  of  1.989 ( 6 ) A  in 
the complex  trans-bis[(chloroacetato)-(e-picoline)] cop- 
per(II)  (Davey & Stephens,  1971). Of  interest  is the 
Cu -N(1 )  dis tance of  1.983 (5 )A.  As no similar  corn- 

pounds  con ta in ing  copper  b o u n d  to a ba rb i tu ra te  
t h rough  the n i t rogen  a t o m  are known,  this dis tance 
may  be c o m p a r e d  with the ana logous  C o - N  and  Z n - N  
distances [2.020 (3) and  2-009 (2)/~, respectively] f ound  
in the complexes  M(II)  (barb)2(imidazole)2. The  p lane  
t h rough  a toms Cu, N(1), N(3), N(1 i) and  N(3 i) has  
been labelled p lane  I. Two fur ther  exocyclic ba rb i tu ra te  
oxygen a toms  O(1) and  O(1 t) are 2-723 (5) A f rom the 
copper  a t o m  above and  below plane  I. They therefore  
appea r  to be involved in off-the-z-axis c o o r d i n a t i o n  
(Fig. 2), which is also found  in the complexes diaceta to-  
d i ammine  coppcr ( l l )  (Siminov,  Ablov & Mal inovski i ,  
1963) ( C u . . . O  2.77 A) and  trans-bis[(chloroacetato)- 
(~-picoline)]copper(II)  ( C u - - . O  2.707 A) (Davey & 
Stephens,  1971). A toms  0(3)  and  O(3i), exocyclic 
ba rb i tu ra te  oxygen a toms,  lie at a dis tance of  3.234 (7) A 
f rom the copper  a tom,  jus t  less than  3.4/~,, the sum of  
the  van der Waals  radii  o f  copper  and  oxygen.This  fur ther  
in terac t ion ,  i f  present  at  all, is p robab ly  much  weaker  
than  the C u . . . O ( 1 )  in terac t ion.  All distances and  
angles involving the copper  c o o r d i n a t i o n  sphere are 
listed in Table  7. Cons ider ing  the no rma l  to the 
Cu, N(1), N(3) p lane  as the ' t e t r agona l '  axis, z, for  the 
complex (Fig. 2), then the angle between the 'ou t  o f  
p lane '  Cu-O(1)  di rect ion and  the z axis is 35-7 °. The 
ana logous  angle found  in the complex trans-bis- 

o.3A- I 

o.o ~ ~ .... _ 5  . . . . . . . .  003 

i.i] ~ ((32))~ N-(1) 
Fig. 4. The conformation of the trioxopyrimidine ring. The 

dotted line is a trace of the best least-squares plane through 
the six ring atoms only (plane II). The vertical scale is approx- 
imately three times the horizontal scale. 

O ,  . . . . - . - - ~  

/ ' t , 

/ 

Fig. 5. The [010] projection of the structure. Intermolecular 
hydrogen bonding is represented by dotted lines. 
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[(chloroacetato)-(e-picoline)]copper(II) has a value of 
36.1 ° 

Table 7. Interatomic distances (,&) and bond angles (o) 
and their e.s.d.'s, in the copper coordination sphere 

Cu--N(I )  1.983 (5) 
Cu--N(3) 2.032 (5) 
Cu--O(1) 2.723 (5) 
N(3)-O(1) 3.409 (7) 
N(I)-O(I) 2"247 (7) 
N(31)-O(1) 3"386 (7) 
N(I~)-O(I) 4"200 (7) 
N(I)-N(3) 2"850 (7) 
N(I)-N(3 ~) 2.827 (7) 

N(3)-Cu-O(I) 90"4 (2) 

N(1)-Cu-O(1) 54"3 (2) 

N(31)-Cu-O(1) 89"6 (2) 

\\ 166.0 
O- 

e/ 

Fig. 6. Schematic drawing of the geometry of the intermolec- 
ular hydrogen bond. The bond drawn is that between a 
molecule at x, y, z (upper ring) and a molecule at x, ~- - y, {- + z 
(lower ring, superscripts ii). 

In the pyridine moiety, the C-C and C-N bond 
lengths are within the expected ranges. The average 
C-H distance is 0-98 A. The greatest deviation from 
the least-squares plane through the six pyridine ring 
atoms is that of atom C(13), 0.011 A; (see Table 6). 
This plane has been labelled plane III. Planes I and III 
intersect at an angle of 58.45 ° . 

The barbital ligand structure 
In Fig. 3, a comparison is drawn between the bond 

lengths and bond angles in the system M-barb in the 
two complexes Cu(barb)z(pyridine)z investigated here, 
and Zn(barb)2(imidazole)2. Generally there is good 
agreement among these parameters. Of interest is the 
bond angle C(1)-N(1)-C(3). On comparison of the 
parent barbituric acid with the barbital ion in the 
sodium salt, it was found (Berking & Craven, 1971) 
that as a result ofdeprotonation, the internal ring angle 
at N(1) closes from 126.4 ° in barbital to 119.2 ° in its ion. 
In the complex reported here, the angle C( 1 )-N(1)-C(3) 
is 124.6 ° which is close to the corresponding angle 
in the protonated barbital molecule (126.4°); thus, on 
chelation of the barbital ion through atom N(1), the 
angles around N(1) and its neighbouring ring carbon 
atoms in Cu(II) (barb)2(pyridine)2 revert from the 
values in the barbital ion to values close to those 
found in the barbital molecule, as expected. 

The conformation of the trioxopyrimidine ring is 
shown in Fig. 4. The dotted line is a trace of the best 
least-squares plane through the six ring atoms (plane 
II). The exocyclic oxygen atoms have been included in 
the figure; the puckered conformation of the ring is 
evident. 

Atoms C(5), C(6), C(7), C(8) together with atom C(4) 
form a hydrocarbon chain which is almost perpendic- 
ular (88.2 °) to the pyrimidine ring plane. The hydrogen 
atoms of the diethyl group are in the staggered con- 
figuration. 

Planes I and IV intersect at 86.7 ° i.e., the plane Cu, 
N(1), N(3) and the trioxopyrimidine ring plane are 
almost perpendicular. Two relatively close intramolec- 
ular approaches may be mentioned. These are 
0 ( 3 ) . . .  H(9), 2-59 (6) A, and 0 ( 3 ) . . .  H(13i), 2-56 (7) A, 
involving an exocyclic oxygen atom of the barbiturate 
ring and H atoms of the pyridine ring. These distances 
are close to the well-established O. • • H van der Waals 
sum of 2.6 A. 

From the analysis of the complex Zn(II)(barb)2- 
(imidazole)2, it was concluded that the configuration 
of the barbiturate and imidazole ligands is stabilized 
by C - H . . - O  interactions involving carbon atoms of 
imidazole and carbonyl oxygen atoms of barbital at a 
C . . . O  distance of 3.02A. The H . . . O  distance is 
2.37 (3) A. In imidazole, the methine group involved is 
flanked by ring nitrogen atoms which may enhance the 
acidity of the hydrogen atom and favour a C - H . . .  O 
interaction. In the present study, it was found that the 
distances C(9) . . .O(3)  and C(13i) . . .O(3)  are both 
large, so that attractive C - H . . . O  interactions in the 
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complex Cu(II) (barb)2(pyridine)2 do not appear to be 
present. This is another factor (in addition to coordina- 
tion type) which contributes to the small differences in 
the barbital ligands in the copper and zinc complexes 
(Fig. 3). 

Intermolecular structure 

The structure is dominated by intermolecular hydro- 
gen bonding of the type N - H . . .  O = C. There is only 
one crystallographically distinct hydrogen bond, 
N ( 2 ) - H ( 2 ) . . . 0 ( 3  u) and this links adjacent barbital 
moieties in a zigzag pattern parallel to c. This is shown 
in Fig. 5, the [010] projection of the structure. There are 
thus four hydrogen bonds emanating from each mole- 
cule; two of these bonds link any two adjacent mole- 
cules. 

The geometry of the interaction is shown in Fig. 6. 
The distances N(2 ) . . .  0(3), N(2). • • n(2), H(2) . . .  O(3) 
are in good agreement with the corresponding distances 
in hydrogen-bonded systems in compounds containing 
donor ring-NH groups and acceptor carbonyl oxygen 
atoms (Donohue, 1968). The [001] projection, which 
shows no intramolecular overlap, is illustrated in Fig. 7. 

All computations were performed on a Univac 1106 
computer system. 

t 

/ 

J 

Fig. 7. The [001] projection of the structure. 
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