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The 1:1 complex of acetamide and barbital (C2HsNO.C8HI2N203), m.p. 116°C, is orthorhombic with 
space group P2~2121. Lattice translations are a =  10-615 (2), b=  10.568 (2), c= 11.243 (2) A. The crystal 
density (1"283 g cm -3) agrees with the calculated density (1.281 gcm -3) for four molecules of each com- 
ponent in the unit cell. The crystal structure has been determined from 1500 integrated intensities 
measured on a computer-controlled diffractometer with nickel-filtered Cu K~ radiation. The final R 
index is 0-044. The crystal structure is isomorphous with the urea/barbital complex. The acetamide 
complex has slight differences in barbital conformation as well as in the relative translations and orien- 
tations of the component molecules, but is similar in having two strong hydrogen bonds (N- • • O, 2.84 A) 
in which barbital is donor and the oxygen of the second component (acetamide) is acceptor. 

Introduction 

This crystal structure determinat ion is one of a series 
involving N H . . . O = C  hydrogen bonded complexes of  
drug-active barbiturates with various other amides. 
The crystal structure of  the 1:1 complex of  5,5- 
diethylbarbituric  acid (barbital,  Fig. 1) with acetamide 
is of  interest because it is i somorphous with the cor- 
responding urea complex (Gart land & Craven, 1974). 
Thus the acetamide methyl group which does not 
hydrogen bond,  replaces a urea amino group which 
does hydrogen bond, with only minor  perturbation of  
the crystal structure. 

Table 1. Crystal data for the isomorphous ( 1 : 1) complexes 
barbital/acetamide and barbital/urea 

Barbital/acetamide Barbital/urea 
(This work) (Gartland & Craven, 

1974) 

C8H12N203. C2HsNO CaHI2N203.  CH4N20 
Orthorhombic, space group P2~212~ 

m.p. 116°C 146-150°C 
a 10.615 (2) A 10.302 (5) A 
b 10.568 (2) 10.181 (2) 
c 11.243 (2) 11.627 (3) 
V 1261.2 A 3 1219.5 A 3 
D .. . .  1.283 g cm -3 1"320 g cm -3 
Dx 1 "281 1 "330 

Experimental 

Transparent ,  prismatic crystals of  the complex were 
grown f rom a saturated solution of  barbital  and 
acetamide in a solvent mixture of propanol  and cyclo- 
hexane (4: 1). The crystal density was determined by 
flotation in a mixture of  benzene and carbon tetra- 
chloride. Intensity data and unit-cell dimensions were 
measured on a four-circle computer-controlled dif- 
fractometer (Enraf -Nonius  CAD-4) using nickel- 
filtered Cu K~ radiat ion (2=1.5418 A). The crystal 
data for the isomorphous complexes of  barbital  with 
acetamide and urea are given in Table 1. 

1500 independent  reflections were measured in the 
range 0 < 75 °. The crystal, which had dimensions 0.3 × 
0.2 × 0.2 ram, was mounted so that there was an angle 
of  15 ° between the crystal axis a and the q~ axis of  the 
goniostat. Reflections were scanned in the 09-20 mode 
at different rates to obtain a m i n i m u m  net count of  
5000 within a specified m a x i m u m  scan time (90 s). The 
background counts were taken at each of the scan 
limits for ¼ of  the scan time. The 20 scan width in 
degrees was 1-2+0.4 tan 0. There were 86 reflections 
for which the integrated intensity (I) was less than 
2tr(1) as calculated from the counting statistics. These 
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reflections were assigned intensities of  a(I)/2. N o  cor-  
rect ions were m a d e  for  X- ray  abso rp t ion  or  extinct ion.  

In re t rospect  this crystal  s t ruc ture  could  have been 
de te rmined  mos t  readily f r o m  its i somorph i sm with 

Fig. 1. 

0(4) 

o~'c(sI 

Molecular stlucture of 5,5-diethylbarbituric acid 
(barbital). 

the ba rb i t a l / u rea  complex  ( G a r t l a n d  & Craven ,  1974). 
However ,  at  the t ime,  this re la t ionship  was  no t  ap-  
precia ted,  and  the crystal  s t ruc ture  was de te rmined  by 
direct  me thods  with the M U L T A N  p r o g r a m  of  Ger-  
main ,  M a i n  & Wool f son  (1971). 

A t o m i c  p a r a m e t e r s  (Table  2) were refined by a full- 
ma t r ix  leas t -squares  procedure .  The func t ion  mini-  
mized was ~wt~A~, where  An=lF°n~Sl-lF~lCl. The 
weights were a s sumed  to be w f f 1 = 0 . 1 5 + 0 . 0 0 2  IFj, I 2. 
The a tomic  scat ter ing fac tors  were those  o f  C r o m e r  & 
W a b e r  (1965) for  O, N,  C, and  o f  Stewart ,  Dav id son  
& S impson  (1965) for  H.  All hyd rogen  a tomic  posi-  
t ions were ob ta ined  f r o m  a difference Four i e r  m a p  
which was ca lcula ted  af ter  re f inement  o f  an i so t rop ic  
t empe ra tu r e  fac tors  h a d  been appl ied  for  the non-  
hydrogen  a toms.  H y d r o g e n - a t o m  posi t ional  a n d  iso- 
t ropic  the rmal  p a r a m e t e r s  were subsequent ly  refined. 
D u r i n g  the last three cycles of  leas t -squares  ref inement ,  
reflections with I <  2o-(1) a n d  17 s t rong  reflections for  
which IF°~Sl > IFCa~¢l were given zero weights.  Refine- 

Table  2. Atomic parameters with e.s.d.'s 

Positional parameters are given as fractions of the lattice translations. Thermal parameters are given according to the expression: 
T= exp [ - (fluh 2 + f122k 2 + fla312 + 2fl~2hk + 2fl~3hl+ 2f123kl)], or T= exp [ -  B sin 2 0/22], and Uk is the r.m.s, displacement (/~) along 
the kth principal axis of the thermal ellipsoid. The parameters are listed × 104, except for hydrogen atoms positional parameters 

(x  103) and Uk (X 102). 
(i) The barbital molecule 

B (A 2) 
x y z AI /~22 P33 ill2 fl,3 P,3 U1 U~ U~ 

N(1) 5757 (1) 4077 (1) 4916 (1) 88 (1) 59 (1) 55 (1) - 1 (1) 21 (1) - 2  (1) 17 18 24 
H(I) 524 (2) 398 (3) 557 (2) 4.8 (5) 
C(2) 6551 (2) 3097 (2) 4653 (1) 106 (2) 54 (1) 55 (1) 6 (1) 11 (1) 1 (1) 17 18 25 
0(2) 6584 (2) 2136 (1) 5245 (1) 200 (2) 73 (1) 88 (1) 26 (1) 43 (1) 30 (1) 17 23 36 
N(3) 7313 (2) 3246 (1) 3677 (1) 94 (1) 57 (1) 57 (1) 18 (1) 17 (1) 2 (1) 16 18 25 
H(3) 777 (2) 258 (2) 350 (3) 3.5 (4) 
C(4) 7318 (1) 4266 (2) 2920 (1) 61 (1) 64 (1) 46 (1) - 4  (1) - 2  (1) - 3  (1) 17 18 19 
0(4) 7986 (1) 4259 (l) 2043 (1) 87 (1) 98 (1) 59 (1) 1 (1) 20 (1) 1 (1) 17 23 24 
C(5) 6499 (1) 5390 (1) 3223 (1) 69 (1) 49 (1) 52 (1) - 3  (1) - 2  (1) 3 (1) 16 18 20 
C(6) 5726 (2) 5230 (2) 4358 (1) 67 (1) 54 (1) 57 (1) 3 (1) 2 (1) - 7  (1) 17 20 20 
0(6) 5071 (1) 6070 (1) 4744 (1) 103 (1) 78 (1) 96 (1) 28 (1) 19 (1) -11  (1) 17 25 27 
C(7) 5567 (2) 5634 (2) 2190 (2) 93 (2) 80 (2) 66 (1) 6 (1) - 1 7  (1) 4 (1) 19 22 24 
H(71) 513 (2) 643 (2) 242 (2) 3.8 (4) 
H(72) 605 (2) 575 (2) 149 (2) 4.1 (5) 
C(8) 4677 (2) 4548 (2) 1930 (2) 89 (2) 127 (3) 88 (2) - 6  (2) - 2 2  (2) - 2 0  (2) 19 25 28 
H(81) 417 (3) 432 (3) 263 (3) 5"5 (6) 
H(82) 511 (3) 378 (3) 168 (2) 5.6 (6) 
H(83) 414 (3) 473 (3) 127 (3) 6.5 (7) 
C(9) 7377 (2) 6550 (2) 3377 (2) 99 (2) 60 (1) 73 (1) -21  (1) - 0  (1) 3 (1) 17 22 25 
H(91) 690 (2) 736 (2) 349 (2) 4.2 (5) 
H(92) 777 (2) 672 (2) 256 (2) 4.0 (5) 
C(10) 8359 (2) 6385 (2) 4343 (2) 89 (2) 100 (2) 80 (2) - 2 8  (2) - 4  (1) - 1 9  (1) 18 23 27 
H(101) 787 (3) 625 (3) 514 (3) 5.7 (6) 
H(102) 900 (3) 554 (3) 419 (3) 6-5 (7) 
H(103) 889 (3) 719 (4) 437 (3) 8.4 (9) 

(ii) The acetamide molecule 
C(1) 3793 (1) 4477 (2) 7644 (1) 62 (1) 
O(1) 4048 (1) 3721 (1) 6832 (1) 122 (1) 
N(2) 4191 (2) 5659 (2) 7620 (2) 104 (2) 
H(21) 477 (3) 591 (3) 707 (3) 6.1 (7) 
H(22) 414 (2) 616 (3) 821 (2) 4.7 (5) 
C(3) 3041 (2) 4058 (2) 8699 (2) 102 (2) 
H(31) 283 (3) 478 (3) 921 (3) 5.7 (6) 
H(32) 227 (3) 365 (3) 843 (2) 5.6 (6) 
H(33) 339 (3) 337 (4) 911 (3) 7"3 (9) 

77 (2) 57(1) - 1 0 ( 1 )  3(1) --10(1) 18 19 22 
88 (1) 74 (1) - 4 2  (1) 35 (1) - 2 9  (1) 18 19 32 
69(1) 88(1) - 1 1 ( 1 )  22(1) - 1 7 ( 1 )  19 21 27 

103 (2) 67(1) - 1 7 ( 2 )  22(1) -11  (2) 19 22 27 
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ment was concluded when a}l parameter changes were 
tess than a/3. The final overall R index* is 0.044.~ 

The molecular structures 

(i) Barbital 
The oxopyrimidine ring is almost planar with C(5) 

and the ethyl carbon atoms forming the spine of a 
hydrocarbon chain which extends perpendicular to the 
ring. The slight r ing puckerings, which occur in the 
barbital rings in, both the acetamide and the urea 
complexes a r e  shown in Fig. 2. In the acetamide 
complex the ring is skewed with respect to a twist 
about the C(2).- .  C(5) axis. In the urea complex, this 
feature is coupled with a displacement of atom C(5) 
from the mean plane of the remaining ring atoms. In 

C 
both molecules, each four-atom group ~ C - N  and 
N O 

~ C - O  is nearly planar. These puckering modes 
N 
have both been noted in other barbiturate crystal 
stluctures (Craven, Cusatis, Gartland & Vizzini, 1973). 
Their occurrence presumably depends on the nature of 
the barbiturate molecular environment in the crystal 
structure. It is interesting that this conformational 
difference is now found to occur in a pair of iso- 
morphous crystal structures as a result of substituting 
acetamide for urea. 

Torsion angles C(8)-C(7)-C(5)-C(9) and C(10)- 
C(9)-C(5)-C(7) are 178.5 and 182.1 °, corresponding 
to small twists of the hydrocarbon chain from the fully 
extended conformation. In the urea complex, these 
~mgles are 184.6 and 180.9 ° respectively, the greater 
difference being a twist of 5.9 ° about the C(5)-C(7) 
bond. 

The bond lengths and angles in the oxopyrimidine 
ring (Table 3) are in excellent agreement with those 
reported for the urea complex. There is a small but 
significant difference (1.5 °) in the bond angle C(6)-C(5) 
-C(7) which may be associated with the conformational 
differences in the two barbital molecules. 

(ii) Acetamide 
The carbon, oxygen and nitrogen atoms are nearly 

coplanar, with the central carbon atom C(1) only 
0.008 A from the plane through the other atoms. There 
appears to be a rotation of the methyl group about the 
C-CH3 bond of about 5 ° from the configuration in 
which hydrogen atom H(31) is anti with respect to the 
carbonyl oxygen atom. The amide hydrogen atoms are 
displaced (0.13, 0.16 ,~; e.s.d. 0.03 A) from the too- 

4 F °bs * R=7~I -I/Yl ,, I. 
H /-/ 

t A list of structure amplitudes has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30318 (10 pp., 1 microfiche). Copies may be ob- 
tained through the Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 INZ, 
England. 

Table 3. Bond lengths and angles for barbital 
and acetamide 

These values have not been corrected for the effects of aniso- 
tropic thermal motion. The e.s.d.'s ate given in parentheses 
and refer to the least significant digit of the parameter. The 
C-H bond lengths in both barbital and acetamide range from 
0.94 to 1.13 A. The H-C-H and C-C-H bond angles range 

from 98 to 114 ° . 

(a) Bond lengths (A) 
(i) Barbital 

C(6)-N(1) 1.370 (2) 
N(I)-C(2) 1"367 (2) 
C(2)-N(3) 1"372 (2) 
N(3)-C(4) 1.373 (2) 
C(6)-O(6) 1.208 (2) 
C(2)-O(2) 1.214 (2) 
C(4)-O(4) 1.213 (2) 
C(5)-C(4) 1.511 (2) 
C45)-C(6) 1-525 42) 
C(5)-C(7) 1.547 (3) 
C(5)-C(9) 1-549 (2) 

(b) Bond angles (o) 
(i) Barbital 

N(1)-C(2)-O(2) 122.2 (2) 
N(I)-C(2)-N(3) 116.7 (2) 
N(3)-C(2)-O(2) 121.1 (2) 
C(2)-N(3)-C(4) 126.0 (l) 
N(3)-C(4)-O(4) 120.1 (1) 
N(3)-C(4)-C(5) 118.3 (1) 
C(5)-C(4)-O(4) 121.6 (1) 
C(4)-C(5)-C(6) 114.3 (1) 
C45)-C(6)-O(6) 121.9 41) 
C(5)-C(6)-N(1) 117.9 (l) 
N(I)-C(6)-O(6) 120.1 (2) 
C(6)-N(1)-C(2) 126-1 (l) 
C(4)-C(5)-C(7) 109.3 (1) 
C(4)-C45)-C(9) 107.5 (1) 
C(6)-C(5)-C(9) 108.5 (1) 

C(7)-C(8) 1.514 (3) 
C(9)-C(10) 1.516 (3) 
N(1)-H(I) 0.92 (3) 
N(3)-H(3) 0.88 (2) 

(ii) Acetamide 
C(1)-O(1) 1.242 (2) 
C(I)-N(2) 1.318 (2) 
C(1)-C(3) 1.497 (3) 
N(2)-H(21) 0.91 (3) 
N(2)-H(22) 0.85 (3) 

C(6)--C(5)-C(7) 107.6 (1) 
C(7)--C(5)-C(9) 109.6 (1) 
C(5)--C(7)-C(8) 114.6 (2) 
C(5)--C(9)-C(10) 113.7 (2) 
C(6)--N(1)-H(1) 117 (2) 
C(2)--N(I)-H(I) 117 (2) 
C(4)--N(3)-H(3) 119 (1) 
C(2)--N(3)-H(3) 114 (1) 

(ii) Acetamide 
N(2)--C(I)-O(I) 121.6 (2) 
O(1)--C(1)-C(3) 120-5 (2) 
C(3)--C(1)-N(2) 117.9 (2) 
C(1)--N(2)-H(21) 120 (2) 
C(1)--N(2)-H(22) 124 (2) 
H(21)-N(2)-H(22) 113 (3) 

lecular plane on the opposite side from H(31), so that 
the bonds at the amide nitrogen atom are possibly 
significantly non-coplanar. 

The bond lengths and angles (Table 3) agree with 
those reported in the two crystal forms of acetamide 
itself [rhombohedral, Senti & Harker (1940) and Denne 
& Small (1971); orthorhombic, Hamilton (1965)] 
although in the latter structure determinations, the 
e.s.d.'s are greater (0-05, 0.005 and 0-016 A respectively 
in bond lengths).* 

Differences between the isomorphous complexes  

There are both intra- and intermolecular differences 
between the isomorphous complexes of acetamide and 
urea with barbital. The intramolecular differences 
consist of the obvious difference between acetamide 
and urea, and the small conformational differences in 
the barbital molecule which have already been de- 
scribed. The intermolecular differences will be de- 

* The present lesults should be compared with those of 
Denne & Small (1971) before correction for molecular libra- 
tions. 
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scribed in terms o f  the relat ive t rans la t ions  and  or ienta-  
t ions  o f  the two c o m p o n e n t s  in each complex.  

The  a toms  which are close to the center  o f  mass o f  
each c o m p o n e n t  are C(5) in barbi ta l  and  the ca rbony l  
c a rbon  o f  ace tamide  and  urea. The  C ( 5 ) - . .  C dis tance 
between these a toms  (Table  1) is a lmos t  the same in 
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C(5) 

o / "  N(I) 

2 
Fig. 2. Conformations of the barbiturate trioxopyrimidine 

ring in the complex with acetamide (above) and urea (be- 
low). The dashed lines are the traces of the best least-squares 
plane through the six ring atoms. The vertical scale (A) is 
seven times that of the horizontal. 

bo th  complexes  (5.82 and  5.84 A). However ,  the com-  
ponen t s  o f  the C--+ C(5) in t e rmolecu la r  vec tor  differ 
by 0.25 A, 0.31 A and 0.21 A a long  the crystal  axes 
x, y and  z respectively,  co r r e spond ing  to a relat ive 
t r ans la t ion  of  0-45 A between these a toms  in the two 
complexes.  

Molecu la r  o r i en ta t ions  are given in Table  4 in terms 
o f  the d i rec t ion  cosines o f  the no rma l s  to the molec-  
ular  planes  with respect  to  crystal  axes, and  the direc- 
t ion  cosines o f  a selected C=O b o n d  which  lies in each  
o f  these molecu la r  planes.  In each case, the molecules  
chosen are those  for  which  a tomic  pa ramete r s  are 
given [see Table  1 in this paper ,  and  in G a r t l a n d  & 
Craven  (1974)]. These molecules  are shown  as the 
centra l  ace tamide  (or urea)  and  the barb i ta l  at  the 
b o t t o m  r ight  in Fig. 3. The  angle  between the p lane  
no rma l s  o f  the ba rb i tu ra t e  r ing and  ace tamide  in one 
complex  is different  by only  1.4 ° f r om the  angle  be- 
tween the p lane  no rma l s  o f  the ba rb i tu ra t e  r ing and  
urea in the other .  Similar ly  the angle between the direc- 
t ions  o f  the C(2)=O(2) barbi ta l  bond  and the ca rbony l  
b o n d  in ace tamide  differ by only  2.3 ° f r om the cor- 
r e spond ing  angle in the urea complex.  The  greatest  dif- 
ferences in molecu la r  o r i en ta t ion  in the two complexes  
are in the no rma l s  to the ba rb i tu ra t e  rings (5.9 °) and  
the d i rec t ion  o f  the barb i ta l  C(2)=O(2) ca rbony l  g roup  
(7.1°). It  is n o t e w o r t h y  tha t  these differences in in t ra-  
molecu la r  and  in t e rmolecu la r  conf igura t ion  have little 
effect on the N - . . O  distances in co r r e spond ing  
N H . . - O = C  hydrogen  bonds  in the two complexes.  

The hydrogen bonding 

The  i m p o r t a n t  molecu la r  in te rac t ions  in this crystal  
s t ructure  are the N H . . . O = C  hydrogen  bonds  (Table  
5). Both  N H  groups  f rom barb i ta l  are hydrogen  

Table  4. Molecular orientations in the isomorphous complexes o f  barbital with acetamide and urea 

Molecular orientations are expressed as best least-squares planes, Lx+ My+Nz= D, or as directions (L, M,N) where L, M,N 
are direction cosines with respect to the crystal axes, and D is in/~,. The appropriate angle is listed underneath each direction cosine. 

Barbital/acetamide Barbital/urea 
L M N D L M N D 

(1) 0"7295 0-3858 0.5648 9.2874 0.7524 0.4464 0"4843 9.0873 
43"2 ° 67"3 ° 55"6 ° 41.2 ° 63.5 ° 61.0 ° 

(2) 0.8398 - 0.2670 0.4726 6.1860 0.8244 - 0.2407 0.5123 6.6990 
32.9 ° 105.5 ° 61.8 ° 34.5 ° 103.9 ° 59.2 ° 

(3) 0.0292 -0-8364 0.5481 - 0.0984 -0.7692 0.6316 - 
88.3 ° 146.8 ° 56.8 ° 84.4 ° 140.3 ° 50.8 ° 

(4) 0-2175 -0.6428 -0.7351 - 0.2345 -0.6755 -0.6997 - 
77.4 ° 130.0 ° 137.3 ° 76.4 ° 132.5 ° 134.4 ° 

(1) Plane of pyrimidine ring 
(2) Plane of acetamide or urea 
(3) Direction cosines for barbital C(2)=O(2) bond 
(4) Direction cosines for acetamide or urea C=O bond 

Angles between plane normals, or between bond directions. Subscripts a and u refer to the acetamide and urea complexes re- 
spectively. 

(1)a A(2)a 39"1 ° (1)aA(1), 5'9 ° 
(l)u A(2), 40"5 (2)a A(2)u 2"9 
(3)a A (4)a 81"9 (3)a A (3). 7" 1 
(3). A (4). 84-2 (4)a A (4). 1"8 
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b o n d e d  to the ace tamide  oxygen a tom,  with N . - . O  
dis tances (2.84.&) slightly longer  than  the corre-  
spond ing  dis tances (2.80 and  2.78 .&) in the barb i ta l /  
urea complex.  Only  one of  the ace tamide  amide  hydro-  
gen a toms  H(22), forms a no rma l  hydrogen  bond,  and  
this is with the barbi ta l  0 (2)  a tom.  The  N.  • • O dis tance 
is ra ther  long  (2.98 ~) .  The  r ema in ing  amide  hydrogen  
a t o m  appears  (Fig. 3) as if  it migh t  be hydrogen  
bonded  to a barbi ta l  0 (4)  a tom,  with N . . .  O dis tance 
3.07 ./~. However ,  the N ( 2 ) - H ( 2 1 ) . . .  0 (4 )  angle  is 131 ° 
and  the H- • • O dis tance is 2.39 A, ind ica t ing  tha t  this is 
a t  mos t  a very weak in terac t ion .*  The  ace tamide  
methy l  hyd rogen  a t o m  H(31), which co r responds  to the 
amine  hyd rogen  a t o m  in the urea complex,  is at  a 
no rma l  van  der  Waals  dis tance (2.64 .~,) f rom the 
barb i ta l  0 (2 )  a tom.  This  hyd rogen  a tom is not  con-  
sidered to be involved in C - H . .  • O hydrogen  bonding .  

* In barbital/urea, the corresponding interaction is even 
weaker, with N - . . O  distance 3.10 A, H . . . O  distance 2"60 .A, 
and N - H ' - ' O  angle of 123 °. 

Table  5. Hydrogen-bonding distances and angles 

Parameters for atoms not in the crystal chemical unit (Table 1) 
may be derived by operations which are specified by sub- 
scripts i, j, where i is (½+x,½-y, 1 - z )  and j is (1 -x ,½+y ,  
-k-z). The e.s.d.'s given in parentheses refer to the least 

significant figures in the distances and angles. 

N(1) . . . .  O(1) 
H(1) . . . .  O(1) 
N(3) . . . .  O(1), 
H(3) . . . .  O(1), 
N(2) . . . .  O(2)j 
H(22)- • • O(2)j 
N(1) . . . .  0(1) C(1) 
N(1) H(1) . . . .  O(1) 
N(3) . . . .  O(l) l---C(1),  
N(3) H(3) . . . .  O(1), 
N(2) . . . .  O(2)j---C(2)j 
N(2)----H(22). • • O(2).s 

2"841 (2) ,~ 
1"92 (3) 
2836 (2) 
1"96 (3) 
2"980 (3) 
2"16 (3) 
127"7 (1) ° 
175 (2) 
118"6(1) 
170 (2) 
150"6 (1) 
161 (3) 

In the  crystal  s t ructures  o f  simple a l iphat ic  amides  
bo th  amide  hydrogen  a toms  are usually involved  in 
N H . . . O = C  hydrogen  bonds .  Often,  the amide  mole-  
cules fo rm cyclic dimers  l inked by pairs  o f  hydrogen  
bonds  which involve the hydrogen  a t o m  cis to  the 
ca rbonyl  oxygen a tom.  The  hydrogen  a t o m  which  is 
trans to  the oxygen a t o m  forms hydrogen  bonds  which  
fur ther  l ink dimers  to give r ibbons .  Table  6 lists the 

©2 

Fig. 3. The environment of the acetamide molecule, viewed 
normal to the plane of the amide group. 

Table  6. Distances N .  • • 0 in N H .  • • O--C hydrogen bonds in the crystal structures o f  aliphatic amides 

N- • • O distances 
Amide* N-H trans to C=O N-H cis to C=O 

Formamide (Ladell & Post, 1954) 2-88 /~ 2.94 A 
Acetamide, orthorhombic (Hamilton, 1965) 2.87, 2.94 2.97, 3.01 
Acetamide, rhombohedral (Denne & Small, 1971) 2.91 2-95 
Chloroacetamide, or-form (Penfold & Simpson, 1956) 2-95 2.99 
Chloroacetamide, B-form (Katayama, 1956) 3.05 - 
Fluoroacetamide (Hughes & Small, 1962) 2.88 2.96 
Cyanoacetamide (Chieh & Trotter, 1970) - 2"96, 2-94 
Decanamide (Brathovde & Lingafelter, 1958) 2.90 2.88 
Tetradecanamide (Turner & Lingafelter, 1955) 2-93 2-99 
Oxamide (Ayerst & Duke, 1954) 2.94 2"95 
Malonamide (Chieh, Subramanian & Trotter, 1970) 2.89, 2.92 2-89, 2-94 

2"95, 2.95 3-04, 3.14 
Dichloromalonamide (Leibscher, Krishna Rao & Trotter, 1971) 3.05 2.96 
Succinamide (Davies & Pasternak, 1956) 2.94 2.94 
Glutaramide (Hospital & Housty, 1966a) 2-94 2.97 
Adipamide (Hospital & Housty, 1966b) 2.93 2.94 
Suberamide (Hospital & Housty, 1966c) 2.97 2.91 
Azelamide (Hospital, 1971) 2.97 2.99 

* This tabulation was compiled from the bibliography of Kennard & Watson (1970, 1971). 
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N . . .  O distances for the two kinds of hydrogen bonds 
in amide crystal structures. The distributions of these 
two kinds of hydrogen bonds are very similar, with the 
20 cis N. • • O distances ranging from 2.88 to 3.14 A with 
an average value of 2-97 A and the 21 trans distances 
ranging from 2.87 to 3.05 A with an average value of 
2-94 A. The combined average distance is 2.95 A. 

The N . - .  O distances for the N H . . .  O=C hydrogen 
bonds in which barbital provides the donor (NH) and 
acetamide the acceptor (O=C) group are shorter (2.84 
and 2.84 A) than any of the distances in Table 6. They 
are also shorter than all but four of the 49 N . . . O  
distances in which a barbiturate is both donor and ac- 
ceptor [see Table 5 in Gartland & Craven (1974)]. 

The N. • • O distance (2.98 A) for the hydrogen bond 
in which acetamide provides the donor and barbital 
the acceptor is near the average value (2.95 A) of the 
distances in Table 6, but is longer than all but one of 
the 49 barbiturate-barbiturate N - . .  O distances. 

These results are consistent with the conclusion 
(Gartland & Craven, 1974) that in N H . . - O = C  hydro- 
gen bonds the drug-active barbiturates are more ef- 
fective as donor than acceptor. Analogous conclusions 
regarding the hydrogen bonding properties of aceta- 
mide and other simple amides must await crystal struc- 
ture determinations of other complexes in which they 
are involved. 

This work was supported by the U. S. Public Health 
Service, National Institues of Health, Grant No. 
NS-02763. We thank Dr R. Shiono for the use of 
computer programs. 
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