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Abstract. C2H4N203,  monoclinic, P 2 1 / c  , a = 8.385 (2), 
b =  5.126 (1), c =  10.812 (2)A, f l =  110.90 (1)°, Z = 
4, D m = 1.59, D x = 1.59 Mg m -3. The crystal structure 
is closely related to that of chloroacetamide. The effect 
of the nitro group as a substituent is discussed in a 
general context. Among the 1255 unique reflections, 
663 were considered observed. The final R value is 
0.053. 

Introduction. This structure determination is part of a 
study of aliphatic nitro compounds, nitronate salts and 
tautomeric forms of these compounds. The present 
structure determination was carried out primarily to 
investigate the O 2 N - - C H  2 configuration and to com- 
pare the structure of nitroacetamide with that of 
nitromalonamide in which the nitro group is bonded to 
an sp2-hybridized C atom (Simonsen & Thorup, 1979). 

The ammonium salt of nitroacetamide was prepared 
as described by Steinkopf (1904). 10 g ammonium salt 
was ion-exchanged on a column giving 7.8 g nitro- 
acetamide. Suitable single crystals were obtained from 
a benzene-ethanol solution (10% ethanol) by 
evaporation at room temperature. 

Crystal symmetry, space group, and preliminary 
unit-cell dimensions were deduced from precession 
photographs. Refined cell constants were obtained from 
a Guinier powder photograph taken with Cu Kct 1 

radiation (2 = 1.54050 A) and calibrated with silicon 
as an internal standard. 

A single crystal with dimensions 0.1 x 0.3 x 0.3 
mm was chosen for data collection on an Enraf-  
Nonius CAD-4 diffractometer using graphite-mono- 
chromatized Mo Ka radiation (2 : 0.71073 A). All 
reflections +h, +k, +l  in the range 2 ° < 0 < 30 ° were 
measured with the co-scan technique (Aw = 1.00 ° + 
0.35 ° tan 0). The intensities were corrected for Lorentz 
and polarization effects, but no corrections were made 
for absorption or extinction [/t(Mo Ka) = 0.141 
mm -1 ]. Symmetry-equivalent reflections were averaged 
giving a unique set of 1255 observations. The internal 
consistency index Rlc(F 2) = Y IIFI 2 - ( IFI2)] /~ IFI 2 

0567-7408/81/071442-03501.00 

was 0.025. Among the unique reflections, 663 with 
I FI 2 > 2.5tr(IFI z) were considered observed and used 
in the structure refinement. During data collection a 
minor decrease (approximately 5 %) in the intensities of 
the control reflections was observed. An attempt to 
correct for this effect produced slightly poorer agree- 
ment with respect to internal consistency as well as to 
structure refinement; therefore no correction was 
applied for decay. 

The structure was solved by direct methods using 
MULTAN (Main, Lessinger, Woolfson, Germain & 
Declercq, 1977). Refinement and analysis of the 
structure was performed with the program systems 
S H E L X  (Sheldrick, 1976) and XRAY (Stewart, 
Kruger, Ammon, Dickinson & Hall, 1972). Complex 
scattering factors for the neutral atoms were taken from 
International Tables for X-ray Crystallography (1974). 
In the full-matrix minimization of ~ w(IFol - IFcl) 2 
the weighting function was w = 1.O/[a2(IFo I) + 
0.0011Fol2], where ty(IFo 12) is derived from counting 
statistics. Isotropic thermal parameters were used for H 
atoms and anisotropic thermal parameters for all other 
atoms. At the end of refinement (maximum shift 0.01a) 
the residuals were: R(F) = ~l lFol  - tFcllfl c IFol = 
0.053 and R,,(F)= [• w(IFol - IFcI)2/x" WlFo12]'/2 = 
0.057. That these values are somewhat higher than 
expected from the internal consistency can probably be 
ascribed to the quality of the crystal, which was not 
completely satisfactory. Final atomic parameters are 
given in Table 1.* 

Discussion. The bond angles around the C(2) atom are 
close to 109 ° (Fig. 1) and the bond distances 
C(1) -C(2)  1.524 and C(2) -N(2)  1.481 A are within 
the normal range of C - C  and C - N O 2  single bonds. 

* Lists of structure factors, anisotropic thermal parameters and 
distances of atoms from least-squares planes have been deposited 
with the British Library Lending Division as Supplementary 
Publication No. SUP 35975 (6 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crys- 
tallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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Table 1. Fractional coordinates (x 10 4) and &otrop& 
thermalparameters (A 2) 

Beq is equivalent to the anisotropic parameters actually refined for 
non-H atoms (Hamilton, 1959). 

x y z Beq/B 

O(1) 1051 (2) 3813 (3) 4004 (1) 3"18 (5) 
0(2) 2925 (3) 2603 (4) 7111 (2) 4.94 (7) 
0(3) 4561 (3) 2393 (4) 5995 (2) 5"00 (7) 
N(1) 1237 (3) 8156 (4) 3800 (2) 3.55 (6) 
N(2) 3536 (2) 3525 (4) 6354 (2) 3.01 (5) 
C(1) 1661 (3) 5932 (4) 4439 (2) 2.29 (5) 
C(2) 3001 (3) 6178 (4) 5825 (2) 2.87 (6) 
H(1) 1707 (31) 9588 (60) 4142 (25) 3.83 (61) 
n(2) 445 (37) 8148 (54) 2942 (30) 4.40 (60) 
n(3) 2504 (30) 7001 (51) 6411 (27) 3.81 (57) 
n(4) 4005 (37) 7104 (64) 5785 (30) 5.43 (72) 

q 0 ( 2 )  0.97(3) 
~.206(3) ~) H(3) 1221(2) 

I I " ~o(1)  

c ~ ?  ~' I . . . . .  o.8~(~1 
v,.,, (,_) H (4) 

(a) 

Q 10J6c2) 
118.6(2) !1 .110(1) ~ 

~120o9(2),~.,.. 124.8(2) 119(2) 

• 117.9(2) "1~,~10(2) ~14.3(2) ~ A , ~ ' ~ . 3  

I 
(hi 

Hence the C(2) atom must be sp a hybridized, thus 
differing from the corresponding C in nitromalonamide 
(Simonsen & Thorup, 1979). Each of the molecular 
fragments O(2), O(3), N(2), C(2) and O(1), N(1), C(1), 
C(2) has a planar configuration.* The two planes make 
a dihedral angle of 83.1 (5) ° (Fig. 1). 

It is well documentated that hydrogen bonds have a 
pronounced influence on the bond lengths in carboxylic 
acids and amides (Derissen, 1971; Nahringbauer, 
1970; Ottersen, 1975b). To facilitate comparison the 
compounds in Table 2 have been divided into groups 
(I-IV) with similar hydrogen-bonding schemes. When a 
series of substituted acids (RCOOH; R = - H ,  -CHa, 
-CH2CI, -CHCI2, -CH2NO2 etc.) is considered, 

* See previous footnote. 

Fig. 1. Perspective drawing of the nitroacetamide molecule showing 
(a) bond distances (A) and (b) angles (o), with the atom- 
numbering scheme. Estimated standard deviations are given in 
parentheses. 

substi tuent electrical effects, which influence properties 
such as IR frequencies and acid strength, are observed 
(Ferguson,  1975). In Table 2, bond distances are 
quoted for some groups (1-IV) of  compounds  
( R C O O H ,  R C O N H 2 )  which indicate a systematic 
influence on the bond lengths such that  C = O ,  C - N H  2 
and C - O H  are shortened and R - C  elongated as R 
becomes more electronegative. Al though the observed 
differences are small, we are convinced that  the effect is 
real. Ottersen (1975a) has observed a similar effect by a 
compar ison of  hexahydro-3,6-pyr idazinedione and di- 

Table 2. Bond lengths (A) in nitroacetamide compared with corresponding bonds in related compounds 

Compound Ref.  Method Group C-C C-NH 2 

O2NCH2CONH2 X-ray I 1.524 (3) 1.315 (3) 1.221 (2) 

HCONH 2 (1) X-ray I 1.319 (2) 1.243 (2) 
CH3CONH 2 (2) X-ray I 1.510 (3) 1.336 (4) 1.243 (4) 
CH3CONH 2 (3) X-ray I 1.513 (5) 1.324 (6) 1.241 (6) 
HCONH 2 (4) m.w. II 1.367 1.212 
HCONH 2 (5) e.d. II 1.368 (3) 1.212 (3) 
CH3CONH 2 (6) e.d. II 1.519 (6) 1.380 (4) 1.220 (3) 
CICH2CONH 2 (7) e.d. II 1.53 1.36 1.21 
HCOOH (8) e.d. monomer III 1.217 (3) 
CHaCOOH (9) e.d. monomer III 1.520 (5) 1.214 (3) 
FCH2COOH (10) m.w. and e.d. III 1.534 (8) 1.202 (4) 
CH3COOH (11) X-ray IV 1.482 (8) 1.220 (6) 

O2NCH2COOH (12) X-ray IV 1.510 (2) 1.204 (1) 

F3CCOOH (13) X-ray IV 1.526 (5) 1.213 (5) 

C=O C--OH 

1.361 (3) 
1.364 (3) 
1.344 (10) 
1.318 (7) 

1.297 (2) 

1.303 (5) 

C - N O  2 N - O  

1.206 (3) 
1.481 (3) 1.210 (3) 

1.209 (2) 
1.478 (2) 1.215 (2) 

e.d. = electron diffraction (gas phase); m.w. = microwave spectroscopy (gas phase). (I) Ottersen (1975b). (2) Ottersen (1975b). (3) Denne 
& Small (1971). (4) Stubgaard (1978). (5) Kitano & Kuchitsu (1974). (6) Kitano & Kuchitsu (1973). (7) Kimura, Aoki & Kurita (1954). 
(8) Almenningen, Bastiansen & Motzfeld (1969). (9) Derissen (1971). (10) van Eijck, van der Plaats & van Roon (1972). (11) Nahringbauer 
(1970). (12) von Deuten & Klar (1980). (13) Nahringbauer, Lundgren & Andersen (1979). 



1444 N I T R O A C E T A M I D E  

Fig. 2. Projection of the crystal structure along b. The dotted lines 
represent the hydrogen bonds. The dimensions of the two 
different hydrogen bonds are :  H(2)...O(ll) 2.06 (3), 
N(1)...O(1 j) 2.972 (2) A, N(I)-H(2)...O(1 ~) 168 (2) ° and 
n(1)...O(1 ti) 2.23(3), N(1)...O(1 H) 2.917(3)A, N(1)- 
H(1)...O(1 ll) 138 (2) °. O(1 I) (-x,½ + y, ½-z); O(1 u) (x, 1 +y,z). 

formohydrazide. The nitroacetamide bond distances 
fit well into this pattern. 

Only intermolecular hydrogen bonds occur in nitro- 
acetamide. They are centered around the 21 axes and 
connect molecules to form bands nearly coincident with 
the planes (202). The nitro groups are not involved in 
hydrogen bonds (Fig. 2). 

The crystal structure of nitroacetamide is closely 
related to that of chloroacetamide (unstable form) 
(Katayama, 1956). Chloroacetamide crystallizes in the 
space group P2~/a with a = 7.45, b = 5.15, c = 
10.27 A, fl = 102.5 ° and Z = 4. The two reflections 
202 and 202 which are the strongest for nitro- 
acetamide are also the strongest reflections for chloro- 
acetamide. 

A powder diagram of nitroacetamide crystallized 
from boiling benzene exhibited about twice as many 
lines as a diagram obtained from a crushed single 
crystal grown in a benzene-ethanol solution at room 
temperature. The former diagram indicates the exis- 
tence of another crystal modification. Chloroacetamide 
(Katayama, 1956) and acetamide (Denne & Small, 
1971) have also been found to crystallize in two 
modifications. 

References 

ALMENNINGEN, A., BASTIANSEN, O. • MOTZFELD, T. 
(1969). Acta Chem. Scand. 23, 2848-2864. 

DENNE, W. A. tgL SMALL, R. W. H. (1971). Acta Cryst. B27, 
1094-1098. 

DERISSEN, J. L. (1971). J. Mol. Struct. 7, 67-80. 
DEUTEN, K. VON & KLAR, G. (1980). Cryst. Struct. 

Commun. 9, 397-401. 
EIJCK, I.  P. VAN, VAN DER PLAATS, G. & VAN ROON, P. H. 

(1972). J. Mol. Struct. II, 67-91. 
FERGUSON, L. N. (1975). Organic Molecular Structure, pp. 

64-71. Boston, Massachusetts: Villard Grant Press. 
HAMILTON, W. C. (1959). Acta Cryst. 12, 609-610. 
International Tables for X-ray Crystallography (1974). Vol. 

IV, pp. 99, 149. Birmingham: Kynoch Press. 
KATAYAMA, M. (1956). Acta Cryst. 9, 986-991. 
KIMURA, M., AOKI, M. & KURITA, Y. (1954). Bull. Chem. 

Soc. Jpn, 27, 360-364. 
KITANO, M. & KUCHITSU, K. (1974). Bull. Chem. Soc. Jpn, 

46, 3048-3051. 
KITANO, M. & KUCHITSU, K. (1974). Bull. Chem. Soc. Jpn, 

47, 67-72. 
MAIN, P., LESSINGER, L., WOOLESON, M. M., GERMAIN, G. 

& DECLERCQ, J.-P. (1977). MULTAN 77. A System of 
Computer Programs for the Automatic Solution of Crystal 
Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

NAHRINGBAUER, I. (1970). Acta Chem. Scand. 24, 453-462. 
NAHRINGBAUER, I., LUNDGREN, J. O. & ANDERSEN, E. K. 

(1979). Acta Cryst. B35, 508-510. 
OTTERSEN, T. (1975a). Acta Chem. Scand. Ser. A, 29, 

690-694. 
OTTERSEN, T. (1975b). Acta Chem. Scand. Ser. A, 29, 

939-944. 
SHELDRICK, G. M. (1976). SHELX 76. Univ. of Cambridge, 

England. 
SIMONSEN, O. & THORUP, N. (1979). Acta Cryst. B35, 

432-435. 
STEINKOPE, W. (1904). Ber. Dtsch. Chem. Ges. 37, 4623- 

4627. 
STEWART, J. M., KRUGER, G. J., AMMON, H. L., DICKINSON, 

C. & HALL, S. R. (1972). The XRAY system - version of 
June 1972. Tech. Rep. TR-192. Computer Science Center, 
Univ. of Maryland, College Park, Maryland. 

STUBGAARD, M. (1978). En Mikrobolgespektroskopisk 
Undersogelse af Formamids Struktur. Thesis, Univ. of 
Copenhagen. 


