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Molecular and crystal structure of cyanoformamide
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Cyanoformamide | Crystal structure

Abstract. C,H,N,0, M =70.051; Pnma; a=8.519(6), b= 5.427(4),
c=12355A;Z=4; D,=1.391g-cm™3; V= 334.49A3;(MoKa)=0.71069A;
F(000) = 144. The structure was solved with direct methods and refined by
least-squares analysis to an R=0.059 including 363 observed reflections. The
molecule lies on the mirror plane and must therefore be completely planar. By
two intermolecular hydrogen bridges towards the oxygen and the nitrogen
atom of the carbonyl and the nitrile group respectively, neighbouring
molecules of the same layer are bound together.

Introduction

Carrying on our studies on the electron density distribution of acyl amides,
nitriles and their derivatives, similar work on 2,4,6-tricyano-s-triazine which
can best be prepared from the corresponding amide and diphosphorus
pentoxide (Bailey et al., 1963), has been planned. We found, however, that the
product of this synthesis when condensed onto a liquid-nitrogen-cooled glass
finger, contains considerable amounts of a second more volatile compound.
Separation can be accomplished by renewed sublimation yielding colourless,
prismatic crystals which slowly turn yellow, when exposed to light or to X-ray
radiation. The X-ray structure determination showed this compound to be
cyanoformamide (ureamononitrile), formed by monomerization of the
starting triazine; this substance, incorporated into many insectizides, can be
synthesized in very high yield from cyanogen, water, formic acid, and
acetonitrile (Welcher et al., 1959).
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Table 1. Fractional coordinates, anisotropic temperature factors U;* (-10°; A?) of the non-
hydrogen atoms as well as fractional coordinates and isotropic B-values (A?) of the hydrogen
atoms

Atom x y z Uy Up Uy Ua Uy Uy
C(1) 0.2406(6) 0.2500 0.6026(7) 28(3) 40( 3) 242) O - 12 0
C(2) 0.1281(6) 0.2500 0.4473(8) 33(3) 42(3) 333) O - 22 0
N(1) 0.3899(5) 0.2500 0.5501(7) 28(2) 60(3) 24(2) O 1(2) 0
N(2) 0.0361(7) 0.2500 - 0.3325(7) 50(3) 60(4) 43(3) © —-19(3) 0
o) 0.1914(5) 0.2500 0.7603(6) 33(2) 81(3) 26(2) O 52) 0

Atom x y z B

-

H(1)  0.406(7) 0250  0.431(10)  1.4(10)
H(Q2) 0463(10) 0250  0.642(11)  3.5(20)

* The temperature factor T is given by the equation: T=exp(—-2n[Uy,-h*-a**+...
+2'U23'k'l'b"€‘n. a

Data collection

5624 reflections, 0.049 <sin 0/A<0.65 A~!, MoKa, /280 scan mode; four-
cycle diffractometer Stoe AED, temperature of measurement +20°C; 421
independent reflections, internal reliability factor for 302 reflections observed
(I>20a(I)) being 0.053; no absorption correction; scattering factors for
neutral atoms (International Tables, 1974). The cell constants were de-
termined and refined by a least-squares calculation using the positions of a
selected number of 18 reflections.

Structure determination

The structure was solved with the MULTAN 80 program system (Main et al.,
1980). Refinements of the non-hydrogen atoms for both possible space
groups showed the centrosymmetric space group to be the correct solution.
At this stage of refinement the resulting difference-density map revealed the
positions of both hydrogen atoms. Further refinement with isotropic and
anisotropic temperature factors for the hydrogen and all the other atoms
respectively, gave the following results: R = 0.059; R,, = 0.07 [w = 1/02(F,)],
G.0.F.=124. In Tables1 and 2 the final parameters as well as the

intramolecular bond lengths and angles have been listed, Figure 1 shows an
ORTEP-plot of the molecule!.

! Additional material to this paper can be ordered referring to the number CSD 50747, names

of tl:}e authors and citation of the paper at the Fachinformationszentrum Energie Physik Mathe-
matik, D-7514 Eggenstein-Leopoldshafen 2, FRG
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Table 2. Bond lengths (A) and angles (°) with standard deviations* for C,H,N,O

C(1)-N(1) 1.327(7) N(1)~C(1) —O(1) 126.8(5)
C(1)-0(1) 1.216(6) N(1)-C(1)-C(2) 113.9(4)
C(1)-C(2) 1.477(8) O(1) —C(1) - C(2) 119.3(5)
C(2)—-N(2) 1.141(8) C(1)—C(2)—N(2) 177.2(6)
N(1)-H(1) 0.87(7) C(1)—N(1) -H(1) 116(4)
N(1)-H(2) 0.91(8) C(1)-N(1)-H(Q) 116(5)
H(1)—N(1) —H(Q2) 128(6)

* Standard deviations of bond lengths and angles were calculated taking into account
uncertainties of cell parameters and fractional coordinates both

Fig. 1. ORTEP-plot of a molecule of cyanoformamide. The thermal ellipsoids have been scaled
to 50% probability

Fig. 2. Packing of molecules in solid cyanoformamide

Discussion

A comparison with the well known structures of urea (Guth et al., 1980) and
thiourea (Kutoglu et al., 1982) reveals a good correspondence in view of the
C(1)—N(1) bond length of the amide group [1.327(7) vs. 1.333(1) or
1.334(2) A]; the C(1) —O(1) bond, however, is considerably shorter [1.216(6)
vs. 1.246(2) A]. Probably due to less steric interactions on the nitrile side of
this planar molecule the angle O(1)—C(1)—N(1) widens [126.8(5) vs.



134 U. Driick et al.: Molecular and crystal structure of cyanoformamide

121.9(1)°], whereas the angle N(1) - C(1) —C(2) between the amide and the
nitrile group is smaller than the corresponding N—C—N value in the urea
molecule [113.9(4) vs. 116.2(1)°].

The nitrile group shows the well known ‘shortening’ of its bond length
from about 1.16 to 1.141(8)A which is always observed in case of
conventional (free atom model) refinement (Driick and Guth, 1982). A small
deviation from linearity [177.2(6)°] of the bond angle C(1)—C(2)—N(2)
might be an effect of intermolecular hydrogen bonding. A C(1) —C(2)
distance of 1.477(8)A is expected for a bond between a sp?- and a sp-
hybridized carbon atom.

Figure 2 shows the crystal structure of cyanoformamide whichischaracter-
ized by isolated layers parallel to (010). Sixteen-membered rings formed from
four molecules each, are stabilized by two N—H---O and two N—H---N
hydrogen bridges. With values of 2.07(8)A for H(2)—O(1) G+x,3-,
3—2) and 221(DA for H(1)—N(2") ¢+x,5—y,5—z) both intermolec-
ular hydrogen bonds are considerably shorter than the sums of the van der
Waals radii (2.70, 2.59 A: Bondi, 1964). The bond angles at the bridging
hydrogen atoms are 153(5) and 159(4) degrees, the N(1)---O(1') and
N(1)-- - N(2") contact has found to be 2.91 and 3.04 A, respectively.

All computations were done with an IBM 370/145 computer at Mineralo-
gisches Institut der Universitiat Marburg using the X-ray system (Stewart et
al., 1970).
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