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The Crystal Structure of Anhydrous Dilituric Acid 

:BY W ~  :BOLTON* 

The Crystallography Laboratory, The University of Pittsburgh, Pittsburgh 13, Pa., U.S.A. 

(Received 14 December 1962) 

The crystal structure of dilituric acid (5-nitrobarbituric acid) has been determined by the three- 
dimensional Fourier transform method and refined by least squares with anisotropic temperature 
factors. 

The molecule is in the 5-nitro-2,6-dioxo-4-hydroxy configuration and not the commonly reported 
trioxo form. There is an intramolecular hydrogen bond of 2-497 /~ in the molecule and the C-NO~ 
bond is rather short at 1.407 /~. 

In troduct ion  

Dilituric acid is the 5-nitro derivative of barbituric 
acid. Its eonfigurational formula is generally written 
as (I) because this best describes its chemical be- 
haviour, particularly the ready formation of 5- 
derivatives such as (II). The trioxo configuration is 
also suggested by analogy with barbiturie acid 
(Jeffrey, Ghose & Warwieker, 1961). However there 
are six alternative tautomerie formulae of which (III), 
with the nitro group coplanar with the pyrimidino ring, 
is not unlikely. 
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The compound is of interest in analytical chemistry. 
I t  forms characteristic crystalline derivatives with 
amino acids and aromatic amines and is used as a 
gravimetric agent for nickel and copper. I t  is unusual 
in forming an  almost insoluble potassium salt. 

The common crystalline form of diliturie acid is a 
trihydrate (Baeyer, 1880). In this there are at least 
eight hydrogens available for hydrogen bonding with 
ten nitrogen and oxygen atoms. Crystals of the 
anhydrous compound on the other hand have 0nly 
two protons to share between seven such atoms. 
Therefore, unless bifurcated hydrogen bonds are 
formed, some oxygen atoms will not be hydrogen- 
bonded. In parabanic acid (Davies & Blum, 1955), 
chloranil (Chu, Jeffrey & Sakurai, 1962) and an- 
hydrous barbiturie acid (Bolton, 1962) where there 
is a similar deficiency of hydrogen atoms, close 
intermolecular contacts between earbonyl oxygen 
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atoms and carbon atoms of C = O bonds are observed. 
These are of the order of 2.8 A and the direction of 
interaction is approximately the same in all the cases. 
In view of the deficiency of hydrogen atoms for 
hydrogen bonding in anhydrous dilituric acid, the 
intermolecular association was considered to be of 
particular interest. The structure was examined as 
as part of a general investigation of the crystal 
structures of pyrimidine derivatives which are proton- 
deficient for the hydrogen bonding of all the electro- 
negative substituents. 

E x p e r i m e n t a l  

As there are no crystal data in the literature relating 
to diliturie acid, particulars of two hydrates, which 
were prepared incidentally, are reported here, together 
with the data for the anhydrous crystals. Crystalliza- 
tion from water gives two polymorphie forms of the 
trihydrate. At room temperature small tabular crys- 
tals* are obtained. These are stable in air and have 
monoclinie symmetry with: 

a=20.97, b=6.40, c=12.24_~; f l=l10.5°;  
D~ = 1.682, Dx-- 1-664 g.cm-~; 

Z = 8 (CdHsOsN3.3 H20) . 

Systematic absences 0k0 for k and hO1 for l odd 
indicate the space group P21/c. 

Slow evaporation of an aqueous solution at about 
55 °C gives tabular crystals of a triclinic modification. 
These are unstable and lose water to the air at room 
temperature. The crystal data for this form are: 

a = 12.00, b = 7.64, c = 10.33 •; 

c~ = 90 °, fl = 115 °, 7 = 88 °; 
D~ = 1.750, Dx = 1.743 g.cm -8 ; 

Z = 4 (CdH3OsN8.3 H20).  

The space group is P1 or P1. 
These unit-cell dimensions were measured from 

* Further structural work on this compound is in progress. 
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rota t ion and Weissenberg photographs and are subject  
to errors of about  1% and 1 ° respectively.  

Crystals  of a monohydra te ,  which was shown to be 
a phase in  the  di l i tur ic  ac id -H20  system by  Loeffler 
& Moore (1948) from vapour  pressure studies, could 
not  be isolated from water  or s l ight ly  wet ethanolic  
solutions. 

Smal l  crystals  of anhydrous  di l i tur ic  acid were 
obta ined b y  slowly evaporat ing a solution in  d ry  
e thanol  sa tura ted  at  i ts  boil ing point.  These were 
short  pr isms of inde te rmina te  habi t ,  s l ight ly  elongated 
about  the b axis. The crystals  used in  this  analysis  
were 0.3 × 0.4 × 0.2 mm.  

The uni t  cell dimensions,  measured  wi th  the G.E. 
s ingle-crystal  orienter, are: 

a = 8.937 _+ 0.005, b = 6.262 +_ 0-003, 

c=11-875+_0.005 ~ ;  f l=112  ° I I ' + 6 ' .  

From the  sys temat ic  ext inct ions  0/c0 absent  wi th  
/c odd, hO1 absent  wi th  l odd, the space group is 
P21/c ,  Z = 4 ,  D ~ =  1.872 g.cm -3 and  D m =  1.874 g.cm -3. 

Intensi t ies  were recorded on mul t ip le- f i lm Weissen- 
berg photographs wi th  Cu K s  radiat ion.  A complete 
set of equi- incl inat ion photographs about  the a and 
b axes, wi th  ~ up to 35 ° were obtained.  These were 
measured by  visual  comparison wi th  a cal ibrated 
in tens i ty  scale. I n  order to reduce the  correlation 
errors, the  hlcl intensi t ies  obta ined from the b-axis 
photographs were correlated from double-layer  photo- 
graphs, as described by  Stadler  (1950), before scaling 
and averaging wi th  the  h k l  in tensi t ies  from the a-axis 
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Fig. 1. Part of the weighted reciprocal lattice of dilituric acid 

showing the transform origin peaks• 

photographs.  Out of a possible to ta l  of 1500 reflec- 
t ions wi th in  the  reflecting sphere 1220 were recorded, 
of which 200 were too weak to measure. No corrections 
were appl ied for the  smal l  absorpt ion errors. 

T h e  s t r u c t u r e  d e t e r m i n a t i o n  

The or ientat ion of the single molecule in  the asym- 
metr ic  un i t  was found b y  f i t t ing the highest  peaks 
of the  three-dimensional  Fourier  t ransform against  
the weighted reciprocal lattice.  For this  purpose the  
Fourier  t ransform of barb i tur ic  acid (Bolton, 1963) 
was used as i t  was expected to differ only in  detai l  
from the n i t robarb i tur ic  acid t ransform and  was 
avai lable  from earl ier  work. 

I t  was not  possible to f i t  the  t ransform saris- 
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F ig .  2. (a) F i t  o f  t h e  s t rong  t r a n s f o r m  peaks on t h e  H1L 
w e i g h t e d  rec ip roca l  l a t t i c e  sect ion.  (b) M o l e c u l a r  o r i en ta -  
t i ons  consistent with the H 1 L  transform fit. 
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faetor i ly  against  the  HOL weighted reciprocal lat t ice easily discernible on each section as regions of high 
section because of the  poor resolution in the  (010) scat ter ing lying on a s t ra ight  line th rough  the  origin. 
pro~ection. The H1L, H2L and H3L weighted recip- This is shown in Fig. 1. F rom the  posit ion of the  
rocal la t t ice  sections were therefore examined to locate origin peaks the orientat ion of the  molecular plane 
the  t rans form origin peaks (Stadler, 1960). These were was deduced, and hence it was possible to construct  
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the  t ransform of a projected molecule. This was 
placed on to the  HnL sections wi th  i ts  origin coin- 
cident  wi th  the  identif ied t ransform origin peaks and  
ro ta ted  un t i l  a consistent  f i t  on H1L, H2L, and H3L 
was obtained.  Only the  very  high t ransform peaks 
were used in this  procedure and as these were arranged 
hexagonal ly ,  three possible molecular  or ientat ions 
were obta ined  (for a molecule in which the  NO~. 
group was coplanar  wi th  the  ring). These are shown 
together  wi th  the  t ransform fi t  against  H1L in  
Figs. 2(a) and  2(b). 

Molecules in each of these or ienta t ions  were then  
packed together  on the  principle of imino-ca rbony l  
hydrogen  bonding across a centre of symmetry .  
Only f i t  3 of Fig. 2(b) gave a completely sat isfactory 
packing model  and  this  was used as the  basis for 
an  HOL s t ruc ture  factor  calculation. The agreement  
index for this  was 65%. A single Fourier  synthesis  
on (010) contained no large spurious peaks and showed 
t h a t  the  ni t ro  group was approx imate ly  coplanar with 
the  pyr imidine  ring. The coordinates from this  model 
gave an agreement  index of 54% and small movements  
of the  whole molecule reduced this  to  45%. 

As there  were no completely  resolved projections,  
ref inement  of the  s t ructure  was carried out  wi th  
three-dimensional  data .  Using the  x and y parameters  
from above and the  z coordinates calculated on the  
assumpt ion of a completely  p lanar  molecule, a struc- 
ture factor  calculat ion for seven hundred  Fo gave an 
R value of 46%. A single three-dimensional  Four ier  
synthesis ,  using a program for the  IBM 7070 by  
McMullan (1962), reduced this  to  24% for 1220 
observed and unobserved reflections. Differential  syn- 
theses, using an IBM: 7070 program by  Shiono (1962), 
reduced this  fu r ther  to 14.2%. 

Subsequent  ref inement  was carried out  wi th  a full 
ma t r ix  least-squares program for the  IBM: 704 com- 
puter  wr i t t en  by Busing & Levy  (1959). The Hughes 
(1941) weight ing scheme was used and  unobserved 
reflections and  t en  s t rong low order Fo suspected of 
ext inc t ion  errors were omi t ted  from the  calculations.  
Anisotropic t empera tu re  parameters  were determined.  
The second and f inal  least-squares calcula t ion con- 
t a ined  hydrogen  atoms, in fixed posit ions deduced 
from a difference synthesis  (see below). 

The f inal  R value for 1080 observed reflections was 
9.3%; when the  200 unobserved reflections were 

Table 2. Fractional atomic coordinates and 
atomic anisotropic thermal parameters 

Atom x y z 
C(2) 0-1222 0.1182 0-1702 
C(4) 0.2691 0.3996 0-3016 
C(5) 0.2766 0.5156 0.2023 
C(6) 0.2050 0.4280 0.0804 
•(1) 0-1311 0-2323 0.0749 
N(3) 0-1991 0.2052 0.2823 
N(5) 0-3619 0.7098 0.2254 
0(2) 0.0519 - 0.0535 0.1569 
0(4) 0.3269 0.4625 0.4144 
0(6) 0.2002 0.5142 - 0.0133 
0(7) 0.4183 0.7823 0.3321 
0(8) 0.3821 0.8077 0-1432 
H(1) 0.090 0.185 0.005 
H(3) 0.208 0.150 0.348 
It(6)' 0.384 0.593 0.405 

A t O 1 T I  ( ~ 1 ) )  ( ~ 2 2 2 )  ( ~ 3 2 3 )  ( ~ 1 2 )  ( ~ 1 2 3 )  

C(2) 1.48 2.14 1.29 -- 0.04 0.73 
C(4) 1.48 2.04 0.83 --0.10 0.68 
C(5) 1.81 1.73 1.38 --0.25 0.86 
C(6) 1.92 2.06 1.36 0.17 0.82 
N(1) 2.61 1.99 1.01 --0.15 0.80 
N(3) 2.35 1.99 0.97 --0.43 0.81 
N(5) 1.74 2.16 1-79 --0.22 0.89 
0(2) 3.92 2-02 1.17 --0.01 1.14 
0(4) 3.31 2-95 0.74 --0.87 0.79 
0(6) 2-82 2-08 1-60 --0.81 0-83 
0(7) 3.53 3.16 1.88 -- 1-24 0.82 
0(8) 3.55 3.28 2.38 --1.16 1.31 

B 2 3  
();~) 

- 0.25 
-0.13 
- 0.05 

0.01 
-0.18 
- 0.23 
-0.11 

0.16 
- 0-63 
-0.26 
-0.82 

0.63 

included a t  half  the  min imum observable s t ructure  
ampl i tude  this  was 10%. Results  from the  f inal  
s t ruc ture  factor  calculation,  scaled up by  a factor  
of 10, are shown in Table  1. The f inal  a tomic  coor- 
dinates  and  anisotropic the rmal  parameters  are given 
in Table 2. Mean es t imated  s t andard  deviat ions  for 
the  posi t ional  parameters  of C, N, and  O atoms are 
~(x) = ~(y)= (~(z)=0"0035 /~. For  the i r  the rmal  para-  
meters  the  mean  s t andard  deviat ions  are a ( B z ) =  
0.14 A 2 and  a(B~j)=0.10 /~2. 

The hydrogen atom positions 
At the  end of the  f irst  anisotropic least-squares 

re f inement  the  lengths  of C(2)O(2) and  C(6)O(6) 
showed them to be carbonyl  bonds. The n i t ro  group 
was coplanar wi th  the  r ing and  the  bond C(4)O(4) 
was in te rmedia te  in length  between a single and  a 
double bond. This would enta i l  contr ibut ions  from 
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resonance forms possessing C(4)-0(4) and C(4)=0(4)  
bonds, in which case the position of H(3) (originally 
supposed to be at tached to C5) would be chemically 
doubtful. There were also five intermolecular dis- 
tances less than  3 A, but  only two of these were 
obviously hydrogen bonds. I t  was therefore important  
to locate the hydrogen atoms, if the data permitted, 
for an unambiguous description of the molecular 
configuration and the intermolecular hydrogen bond- 
ing. 

m 

o ~ ~ H 4  
H3 "..... 

7 

Fig. 3. A composite  project ion of the  hydrogen  a tom electron 
densi ty  on (100) f rom x=O to ½. Contours are drawn at  
0.2 e.A -~" wi th  the  zero contour  omit ted.  

A three-dimensional difference Fourier synthesis, 
calculated for all reflections with sin 0 < 0.85, showed 
the hydrogen atoms as the three largest peaks. After 
a second least-squares calculation another difference 
map was computed with the result  of a structure 
factor calculation from which the hydrogen atoms 
were omitted. The results are shown in Fig. 3. Hydro- 
gen atom electron density peaks are clearly defined 
against a uniformly low background. The estimated 
s tandard deviations of the coordinates derived from 
those maxima is 0.05 A as calculated from the formula 
given by  Cruickshank (1949, 1954). 

D i s c u s s i o n  of the  s t r u c t u r e  

The interatomic distances and valence bond angles 
are shown in Table 3 and Fig. 4. Their s tandard 
deviations are 0.005 _~ and 0.3 ° respectively. Bond 
angles involving hydrogens have e.s.d.'s of about 3 °. 

The bond lengths and the hydrogen atom positions 
show tha t  the molecule is in the 5-nitro-2,6-dioxo-4- 
hydroxy configuration (III) and not the commonly 
given trioxo form (I). The molecule is very nearly 
planar and the best least-squares plane through the 
non-hydrogen atoms and the atomic deviations from 
this plane are given in Table 3. 

Bond orders calculated from Pauling's (1960) data 
show tha t  generally the bonds are of intermediate 
character. In  particular the formal hydroxyl  bond 
C(4)0(4) of 1.302 _~ is only 43% double bond and is 

Table 3. Molecular dimensions and planarity 

Bond  Leng th  Angles 
C(4)-C(5) 1-408/k C(4)-C(5)-C(6) 119.9 ° 
C(6)-C(5) 1-452 C(5)-C(6)-N(1) 113-9 
C(4)-N(3) 1.348 C(6)-N(1)-C(2) 126-9 
C(6)-N(1) 1.382 :N(1)-C(2)-N(3) 115.8 
N(1)-C(2) 1 . 3 6 6  C(2)-N(3)-c(4) 124-0 
N(3)-C(2) 1 . 3 6 1  N(3)-C(4)-C(5) 119.3 
N(5)-C(5) 1.406 N(3)-0(4)-O(4) 115.3 
C(2)-O(2) 1.225 N(1)-C(6)-O(6) 119.8 
C(4)-O(4) 1.302 N(1)-C(2)-O(2) 122-7 
C(6)-O(6) 1.223 N(3)-C(2)-O(2) 121.5 
N(5)-O(7) 1.259 C(5)-C(4)-O(4) 125.5 
N(5)-O(8) 1.222 C(5)-C(6)-O(6) 126.3 

C(5)-N(5)-O(7) 119-4 
N(1)-tI(1) 0.83 C(5)-N(5)-O(8) 120.7 
N(3)-H(3) 0.83 O(7)-N(5)-O(8) 120.0 

C(6)-C(5)-1~(5) 121-6 
O(4)-H(4) 0.99 C(4)-C(5)-N(5) 118.4 

C(4)-O(4)-H(4) 99.0 
Equa t ion  to the  plane:  

0.8758x - -  0.468 ly- -  0.2206z-- 0.1518 = 0 

Deviat ions from plane 

C(2) 0.012/~ N(3) 0.065/~ 0(7) --0.041 / i  
C(4) --0.007 N(5) 0.010 0(8) 0.096 
C(5) --0"028 0(2) 0"000 i ( i )  0.006 
C(6) --0.012 0(4) --0.035 H(3) 0.105 
N(1) --0.003 0(6) --0.057 H(4) 0.044 

0 4  

f-~2.~, ,, 
3 ~ L ~ . -  / ~ -  1-14 

\~ ~/ ° -... ~. 
Vo ~ - /  -.~ 

/ k  .,48 / ~  >. 
)20 ) . / ( 12,~5 IOI 0""  U 7 

~/~_ / \ , 2 \ /  ( ~ /  ~./'- ~ ~ - %  ~V 

o,  ,.,o, <  o.o , .  
'~- .X" - , .  - , . , /~y  ~."..,v " 

"-~\ ~, C6 / ' - ' ~  - ~ - - \  

,,~%LL__ 2.~" " o8 

0s 

Fig. 4. Dimensions of the  molecule in anhydrous  dilituric acid. 

significantly shorter than the longer bond in carboxylic 
acids and esters, 1.36 J~ (Sutton, 1958). I t  is interesting 
tha t  the dimensions of the 'urea' half of the molecule 
- N t I . C 0 . N H -  are not  siglfificantly different from 
those of the same parts of the molecules of barbituric 
acid (1) (Jeffrey et al., 1961; Bolton, 1963), uracil (2) 
(Parry, 1954) and thymine (3) (Gerdil, 1961), although 
the formal valence-bond structures of the rest of the 
pyrimidine ring are not the same in the four mole- 
cules: 

I I 
HN NH (1) (2) (3) 

a " - . . / c  a 1.363 1.34 1.361 
b 1.223 1.23 1-234 

O c 1.364 1.38 1.355 
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The C(5)N(5) bond length of 1.406 ~ is possibly 
the shortest reliable observed C-NO~ distance to 
date. I t  is significantly shorter than  the average of 
1.48 X, found by Trotter  (1960) for five nitro-aromatic 
hydrocarbons and the more accurate values of 1-454 ± 
0-006, 1.442 ± 0-006, 1.442 ± 0.006, and 1.445 i 0.003 
for 4-nitroaniline (Trueblood, Goldish & Donohue, 
1961) and c~ and fl 4-nitrophenol (Coppens, 1960). 
This shortening, together with the coplanarity of the 
nitro group and the pyrimidine ring, suggests ap- 
preciably more resonance interaction across the C-N 
bond than in those compounds. 

The difference between the C-N bond lengths in 
nitro and amino derivatives of benzene can be qualita- 
t ively explained by assuming tha t  only valence bond 
diagrams with the maximum number of double bonds 
are important  (e.g. Sakurai, Sundralingam & Jeffrey, 
1962). Seven such structures can be wri t ten for the 
dilituric acid molecule and four of these (IV, V, VI 
and VII) contain C(5)=N(5) double bonds. If these 
make appreciable contributions to the ground state 

-O O O O- 

N H N H 

I-IN NH HN NH y "-¢ 
0 0 

(IV) (V) 

-O O O O- 

N H N H o. o, 
HN NH HN NH 

o 0 

(vI) (vH) 

of the molecule, the observed shortening of C(6)N(1) 
and C(6)0(6) from formal single-bond values as well 
as the short C-1NOs bond are qualitatively accounted 
for. 

The intramolecular hydrogen bond (O(4)H(4)O(7), 
Fig. 4) is 2.497 A compared with 2.57, 2.59 and 2.44 
in nitroguanidine (Bryden, Burkardt ,  Hughes & 
Donohue, 1956), salicylic acid (Cochran, 1953), and 
potassium hydrogen maleate (Darlow & Cochran, 
1961) respectively. The hydrogen atom is closer to 
the line of centres of the oxygen atoms than  in the 
longer hydrogen bond in salicylic acid but  not as 
close as in the very short hydrogen bond in the 
maleate ion. There appears to be a qualitative correla- 
tion between colinearity of the O - H .  • • 0 bond and 
its length. 

// 
q ,-~o; ~_j o~ @ ~ ,  

o 

; QVv o .f% # 

(o) 

17.49j 
~....____3.01~N~r.~c, jo, 
/ 2.~7ny-I--~-~,N~ 

" 2~2\ I \O8 ,. 
c\ NlrX~ c6 \ 

\ 4, \ ~ 2 . 9 5  o/ xo---//a k~6 \./,..3"03 

(b) 
Fig. 5. The (010) project ion of the  s t ruc ture  of anhydrous  

dfliturie acid. (a) The hydrogen  bonding  scheme. Do t t ed  
lines indicate hydrogen  bonds.  Molecules I,  I I ,  I I I ,  IV and  V 
(at x, 1 + y ,  z) make  up  one complete  t u r n  of a spiral of 
hydrogen  bonded  molecules. (b) Closest intermoleeular  
approaches in the  s t ruc ture  of anhydrous  diliturie acid. 

Fig. 5(a) shows the projection of the structure on 
(010). The molecules are hydrogen bonded into 
interlocking spirals with axes perpendicular to b; 
(I), (II), (III), (IV) and (V) (at x, l + y ,  z) represent 
one turn  of a spiral. All the oxygen and nitrogen atoms 
(except 08 of the nitro group) and all available 
hydrogens take par t  in the hydrogen bonding system. 
The parabanic acid (Davies & Blum, 1955) and 
anhydrous barbituric acid (Bolton, 1963) structures, 
which have the same number of oxygen and nitrogen 
atoms and available protons for hydrogen bonding, 
are made up of puckered sheets and ribbons of mole- 
cules respectively. The number of molecules in a 
hydrogen bonded group is n 2 and 2n in these and 2ne 
in dilituric acid; therefore in this sense the last struc- 
ture is the more compactly hydrogen bonded. This 
corresponds to the unusually high density of the 



956 T H E  C1%YSTAL ST1%UCTURE OF ANHYD1%OUS DILITU1%IC A C I D  

Table 4. The intermolecular distances less than 4.0 _~ 

(I) x, y, z 
(11) x, y, z 
(III) x, ½--Y, ½+2 
(IV) x, ½+y, ½--z 
(V) 1 + x, y, z 
(VI) x , l + y , z  

Dis- 
tances 

(A) 
C(2)(IV)-C(4)(XII) 3.89 
C(2)(I)-C(5)(XII) 3.99 
C(2)(II)-N(1)(I) 3.67 
C(2)(I)-N(5)(XII) 3.24 
C(2)(II)-O(6)(VI) 3.61 
C(2)(III)-0(6)(I) 3.65 
C(2)(IV)-O(4)(XII) 3.88 
C(2)(II)-O(2)(I) 3.62 
C(2)(IV)-O(2)(I) 3.64 
C(2)(I)-O(7)(XII) 3.36 
0(2)(i)-o(8)(Xli) 3-14 
C(4)(III)-N(1)(I) 3.97 
C(4)(IV)-N(5)(VIII) 3.63 
C(4)(III)-O(6)(I) 3.60 
C(4)(IV)-O(2)(I) 3.10 
C(4)(IV)-0(7)(VIII) 3.77 
C(4)(IV)-O(8)(VIII) 2.99 
C(5)(IV)-N(5)(VIII) 3.57 
C(5)(I)-O(2)(VI) 3.29 
C(5)(IV)-O(2)(I) 3.91 
C(5)(IV)-O(7)(VIII) 3.25 
C(5)(IV)-O(8)(VIII) 3.19 
C(6)(II)-C(6)(VI) 3.55 
C(6)(II)-N(1)(VI) 3.57 
C(6)(III)-N(3)(VII) 3.62 
C(6)(II)-0(6)(VI) 3.42 
C(6)(III)-O(4)(VII) 3.56 
C(6)(I)-O(2)(VI) 3-77 
C(6)(II)-O(2)(I) 3-72 
C(6)(IV)-O(7)(VIII) 3.26 
N(1)(II)-N(1)(I) 3.74 
N(1)(III)-N(3)(VII) 3.77 
N(1)(I)-N(5)(XII) 3.92 

N(1)(II)-0(2)(I) 2.85* 
H(1)(II)-O(2)(I) 2.05 
N(3)(III)-O(6)(I) 2.79* 
n(3)(III)-O(6)(I) 1-97 

(VII) x, y, z-- 1 
(VIII) 1 +x, y-- 1, z 
(IX) x, 1 + y, z-- 1 
(X) l + x ,  1+y,  1 +z  
(XI) x, y, 1 +z 
(XII) x, y-- 1, z 

Dis- 
tances 

CA) 
l~(1)(II)-O(6)(VI) 3-19 
N(1)(III)-O(4)(VII) 3.27 
l~!(1) (IV)-O (7)(VIII) 3.77 
N(1)(I)-O(8)(XII) 3.38 
N(3)(I)-N(5)(XII) 3.60 
N(3)(IV)-0(2)(I) 3-01 
N(3)(I)-O(7)(XlI) 3.21 
N(3)(i)-o(s)(Xli) 3-69 
N(3)(IV)-O(S)(VlII) 3.57 
N(5)(IV)-N(5)(V) 3.89 
N(5)(I)-O(2)(VI) 2.97 
Iq(5)(IV)-O(7)(VIII) 3.54 
N(5)(IV)-O(8)(VIII) 3-36 
O(6)(II)-O(6)(VI) 3-71 
O(6)(III)-O(4)(VII) 3.42 
O(6)(III)-O(4)(IX) 3.67 
O(6)(I)-O(2)(VI) 3-90 
O(6)(II)-O(2)(I) 3.66 
O(6)(III)-O(2)(VII) 3.64 
O(6)(III)-O(7)(IX) 3.39 
O(6)(IV)-0(7)(VIII) 3.58 
O(4)(II)-O(4)(X) 3.03 
O(4)(IV)-O(2)(I) 3.17 
O(4)(II)-O(7)(X) 3.38 
O(4)(III)-0(8)(VI) 2.95 
0(4)(IV)-0(8)(VIII) 3.08 
O(2)(II)-O(2)(I) 3-55 
O(2)(I)-O(7)(XII) 3-31 
O(2)(I)-O(8)(XII) 3-14 
O(7)(III)-O(8)(VI) 3.87 
O(7)(IV)-O(8)(V) 3.70 
0(7)(IV)-O(8)(VIII) 3.42 

O(4)(I)-O(7)(I) 2-50* 
tt(4)(I)-O(7)(I) 1.57 

* Hydrogen-bond distances. 

crystals  of 1-874 g.cm-8, compared wi th  1.721 and 
1.560 for parabanic  and  barbi tur ic  acids. 

Apar t  from the  hydrogen bonds N(1)0(2) and  
N(3)0(6), of 2-85 and 2.79 A there are three  inter-  
molecular  approaches less t h a n  3 A (Table 4 and  
Fig. 5(b)). The N(5)0(2) and 0(8)0(4) distances of 
2.97 A and 2-95 A correspond to normal  van  der 
Waals  contacts.  The distance of 2-99 A between the  
non-hydrogen-bonded oxygen a tom 0 ( 8 ) a n d  the  
carbonyl  carbon a tom C(4) is about  0.10 A less t ha n  

the  sum of the  van  der Waals  radi i  given by  Paul ing  
(1960). The direct ion of this  non-bonding in terac t ion  
is similar to  those observed in anhydrous  barbi tur ic  
acid (Bolton, 1963) and the  other  examples quoted 
in the  in t roduc t ion  to this  paper.  
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