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Crystal structure of nicarbazin, (C,3H1oN4O5)(CsHgN>O)
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The crystal structure of nicarbazin has been solved and refined using synchrotron X-ray powder dif-
fraction data and optimized using density functional theory techniques. Nicarbazin is a co-crystal of
4,4 -dinitrocarbanilide (DNC) and 2-hydroxy-4,6-dimethylpyrimidine (HDP) molecules. Nicarbazin
crystallizes in space group P-I (#2) with a=6.90659(8), b=12.0794(4), c=13.5040(7) A,
a=115.5709(11), f=102.3658(6), y=91.9270(4)°, V=982.466(5) A*, and Z=2. The DNC and
HDP molecules are linked by two strong N-H---O and N-H:--N hydrogen bonds, and the HDP
molecules are linked into centrosymmetric dimers by another N-H---O hydrogen bond. These strong
hydrogen bonds link the molecules into layers parallel to the ab-plane and parallel stacking of both
DNC and HDP molecules is prominent in the structure. The powder pattern has been submitted to
ICDD for inclusion in the Powder Diffraction File™ (PDF®).
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I. INTRODUCTION white powder was packed into a 1.5 mm diameter Kapton
capillary and rotated during the measurement at ~50 Hz.
The powder pattern was measured at 295 K at beam line 11-
BM (Antao et al., 2008; Lee et al., 2008; Wang et al., 2008)
of the Advanced Photon Source at Argonne National
Laboratory using a wavelength of 0.458208(2) A from 0.5°

Nicarbazin (sold under the brand names Carbigran®,
Nicarb®, and many others) is an equimolar complex of 4,4'-
dinitrocarbanilide and 2-hydroxy-4,6-dimethylpyrimidine. It
is used as a coccidiostat for poultry by inhibiting the reproduc-
tion of coccidia parasites, particularly in chickens selected for . . . . L
human consum;))tion. Nicgrbazin alzo finds application as a to 50° 26 with a step size (,)f 0.001 and.a coqntmg time of
contraceptive for Canada geese and pigeons. The systematic 0.1 s/step. The h1gh—r§§olut1on powder diffraction data were
name (CAS Registry Number 330-95-0) is 1,3-bis(4-nitro- collected using 12 silicon crystal analyzers that allow for

phenyl)urea 4,6-dimethyl-1H-pyrimidin-2-one. A two-dimen- high angular resolution, high precision, and accurate peak
sional molecular diagram is shown in Figure 1 positions. A mixture of silicon (NIST SRM 640c) and alumina

Nicarbazin can be obtained by the reaction of 4,4 -dinitrocar- (NIST SRM 676a) standards (ratio Al,05:Si=2:1 by weight)
banilide (DNC) and 2-hydroxy-4,6-dimethylpyrimidine (HDP) in
methanol (Rogers et al., 1983). Such complexes are prepared to o
enhance the solubility of DNC in water, but re-crystallization
(to single crystals) proved impossible. We are unaware of any
published X-ray powder diffraction data for nicarbazin.
This work was carried out as part of a project (Kaduk
et al., 2014) to determine the crystal structures of large-volume
commercial pharmaceuticals and include high-quality powder o N

N+

diffraction data for them in the Powder Diffraction File (Gates- 0 NH AN
Rector and Blanton, 2019).
HN
NH 7
Il. EXPERIMENTAL
Nicarbazin was a commercial reagent, purchased from Ox

TargetMol (Batch #114902), and was used as-received. The T

o
YAuthor to whom correspondence should be addressed. Electronic mail: Figure 1. The 2D molecular structure of nicarbazin. The 4,4’ -dinitrocarbanilide
kaduk @polycrystallography.com molecule is on the left, and 2-hydroxy-4,6-dimethylpyrimidine is on the right.
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Figure 2. The Rietveld plot for the refinement of nicarbazin. The blue crosses represent the observed data points, and the green line is the calculated pattern. The
red line is the background curve. The cyan curve is the normalized error plot. The vertical scale has been multiplied by a factor of 20x for 26>9.0°.

was used to calibrate the instrument and refine the monochro-
matic wavelength used in the experiment.

The pattern was indexed using peaks of >1% relative
intensity with JADE Pro 8.6 (MDI, 2022) on a high-quality
primitive triclinic unit cell with a=6.90659, b=12.0794,
c=13.5040 A, a=115.5709, B=102.3658, y=91.9270°,
V=982.466 A%, and Z=2. The suggested space group was
P-1, which was confirmed by the successful solution and
refinement of the structure. A reduced cell search in the
Cambridge Structural Database (Groom et al., 2016) yielded
one hit, but no related structures.

Structures of the constituent molecules were downloaded
from PubChem (Kim et al., 2019) as Conformer3D_CID_
1511764.sdf and Conformer3D_CID_9509.sdf. Conformer3D_
CID_1511764.sdf was trimmed to remove substituents. They
were converted to *.mol2 files using Mercury (Macrae et al.,
2020), and to Fenske-Hall Z-matrices using Open Babel
(O’Boyle et al., 2011). The structure was solved using FOX
(Favre-Nicolin and Cerny, 2002) using sin6/Ay=0.32 A~%.
Analysis of potential hydrogen bonding patterns indicated that
N35 was protonated (N3:--033~2.4 A), so H49 was added to
N35 using Materials Studio (Dassault Systemes, 2021).

Figure 3. Comparison of the Rietveld-refined (red) and VASP-optimized
(blue) structures of the 4,4’-dinitrocarbanilide (DNC) molecule in
nicarbazin. The rms Cartesian displacement is 0.069 A. Image generated
using Mercury (Macrae et al., 2020).
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Rietveld refinement was carried out using GSAS-II (Toby
and Von Dreele, 2013). Only the 2.0-25.0° portion of the pat-
tern was included in the refinement (d,;,=1.058 A). Initial
refinements indicated the presence of extra (unindexed)
peaks. NaCl was identified as being present and was added
to the refinement as a second phase. Its concentration refined
to 0.6 wt.%. A few very weak additional peaks indicated the
presence of at least one additional impurity phase. All non-
H-bond distances and angles were subjected to restraints,
based on a Mercury/Mogul Geometry Check (Bruno et al.,
2004; Sykes et al., 2011). The Mogul average and standard
deviation for each quantity were used as the restraint parame-
ters. The restraints contributed 1.4% to the final . The hydro-
gen atoms were included in calculated positions, which were
recalculated during the refinement using Materials Studio
(Dassault Systemes, 2021). The U;, was grouped by chemical
similarity. The U, for the H atoms was fixed at 1.3x the U,
of the heavy atoms to which they are attached. A second-order

Figure 4. Comparison of the Rietveld-refined (red) and VASP-optimized
(blue) structures of the 2-hydroxy-4,6-dimethylpyrimidine (HDP) molecule
in nicarbazin. The rms Cartesian displacement is 0.026 A. Image generated
using Mercury (Macrae et al., 2020).

Kaduk et al. 2
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Figure 5. The asymmetric unit of nicarbazin, with the atom numbering. The atoms are represented by 50% probability spheroids. Image generated using Mercury

(Macrae et al., 2020).

spherical harmonic model was included in the refinement. The
refined texture index was 1.001(0). The peak profiles were
described using the generalized microstrain model. The back-
ground was modeled using a six-term shifted Chebyshev poly-
nomial, plus a peak at 5.86° 26 to model the scattering from
the Kapton capillary and any amorphous component.

The final refinement of 136 variables using 23,037 obser-
vations and 75 restraints yielded the residuals Rwp =0.0991

C-

and goodness of fit (GOF) =1.90. The largest peak (0.32 A
from N7) and hole (1.62 A from C20) in the difference
Fourier map were 0.31(6) and —0.23(6) eA73, respectively.
The largest errors in the difference plot (Figure 2) are attrib-
uted to impurity peaks.

The crystal structure of nicarbazin was optimized (fixed
experimental cell) and population analysis was carried out
using density functional theory techniques as implemented

Figure 6. The crystal structure of nicarbazin, viewed down the b-axis. Image generated using Diamond (Crystal Impact, 2022).
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TABLE I. Hydrogen bonds (CRYSTALI17) in nicarbazin

H-bond D-H, A H--A, A DA, A D-H--A, Overlap, e E, keal/mol
N35-H49.--033 1.037 1.773 2.774 179.2 0.077 6.4
N7-H24---N34 1.031 1.899 2.891 174.6 0.064

N6-H23---033 1.025 1.945 2.942 170.8 0.059 5.6
C37-H42---02 1.080 2.420 3.253 128.1 0.019

C40-H45---04 1.092 2411 3.397 149.0 0.017

C40-H43---03 1.096 2,612 3.253 123.9 0.015

C12-H25---01 1.079 2.170° 2.862 120.4 0.023

C19-H29---04 1.082 2.394° 2.731 95.5 0.016

C21-H31---05 1.081 2.468 3.218 117.1 0.013

C20-H30---03 1.081 2.405° 2.720 94.8 0.013

C15-H28---01 1.077 2.185° 2.888 120.1 0.013

C21-H31---02 1.081 2433 3.364 127.6 0.012

C22-H32.--05 1.083 2.435° 2.748 94.7 0.011

“Intramolecular.

in CRYSTALI17 (Dovesi et al., 2018). The basis sets for the H,
C, N, and O atoms in the calculation were those of Gatti et al.
(1994). The calculations were run on a 3.5 GHz PC using 8
k-points and the B3LYP functional and took ~79 h.

lll. RESULTS AND DISCUSSION

The root-mean-square Cartesian displacements between
the Rietveld-refined and DFT-optimized structures of nicarba-
zin are 0.069 A for DNC and 0.026 A for HDP (Figures 3 and
4). The excellent agreement provides strong evidence that the
structure is correct (van de Streek and Neumann, 2014). The
following discussion concentrates on the DFT-optimized

structure. The asymmetric unit (with atom numbering) is illus-
trated in Figure 5. The best view of the crystal structure is
down the b-axis (Figure 6). Prominent is the parallel stacking
of both DNC and HDP molecules. The mean plane of the
DNC molecule is 18,1,—5, and that of the HDP molecule is
6,—3,16. The Mercury Aromatic Analyser indicates two
strong interactions between the DNC molecules, with dis-
tances of 4.19 A. Strong hydrogen bonds link the molecules
into layers parallel to the ab-plane

All of the bond distances, bond angles, and torsion angles
fall within the normal ranges indicated by a Mercury Mogul
Geometry check (Macrae et al., 2020). Quantum chemical
geometry optimization of isolated DNC and HDP molecules

%—-nt--- ssssssEs

6

Figure 7. The principal hydrogen bonds in the crystal structure of nicarbazin. Image generated using Mercury (Macrae et al., 2020).
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Figure 8. The Hirshfeld surface of nicarbazin. Intermolecular contacts
longer than the sums of the van der Waals radii are colored blue, and
contacts shorter than the sums of the radii are colored red. Contacts equal to
the sums of radii are white. Image generated using CrystalExplorerl7
(Turner et al., 2017).

(DFT/B3LYP/6-31G*/water) using Spartan ‘18 (Wavefunction,
2020) indicated that both molecules are in essentially their
minimum-energy conformations. Solid-state interactions,
though important to the crystal energy, do not result in molec-
ular changes.

Analysis of the contributions to the total crystal energy of
the structure using the Forcite module of Materials Studio
(Dassault Systemes, 2021) suggests that the intramolecular
deformation energy contributions are small and equally dis-
tributed among bond, angles, and torsion terms. The intermo-
lecular energy is dominated by electrostatic attractions, which
in this force field analysis also include hydrogen bonds. The
hydrogen bonds are better analyzed using the results of the
DFT calculation.

Hydrogen bonds are prominent in the structure (Table I).
The DNC and HDP molecules are linked by two strong N—
H---O and N-H---N hydrogen bonds, and the HDP molecules
are linked into centrosymmetric dimers by another N-H-:-O
hydrogen bond (Figure 7). Both the HDP---HDP and
DNC:--HDP links have graph sets R2,2(8) (Etter, 1990;
Bernstein et al., 1995; Shields et al., 2000). These strong
hydrogen bonds link the molecules into layers parallel to the
ab-plane. The energies of the N-H:-O hydrogen bonds
were calculated using the correlation of Wheatley and
Kaduk (2019). Both methyl and ring hydrogen atoms in the
HDP act as donors in intermolecular C-H---O hydrogen
bonds. Most of the ring hydrogen atoms in the DNC partici-
pate in intramolecular C—H---O hydrogen bonds to the nitro
groups and the urea carbonyl oxygen atom Ol.

The volume enclosed by the Hirshfeld surface of nicarba-
zin (Figure 8, Hirshfeld, 1977; Turner et al., 2017) is
483.11 A, 98.35% of 1/2 the unit cell volume. The packing
density is thus fairly typical. The only significant close con-
tacts (red in Figure 8) involve the hydrogen bonds. The vol-
ume/non-hydrogen atom is smaller than usual, at 15.8 A3,

The Bravais—Friedel-Donnay—Harker (Bravais, 1866;
Friedel, 1907; Donnay and Harker, 1937) morphology sug-
gests that we might expect platy morphology for nicarbazin,
with {001} as the major faces, or elongated morphology
with [100] as the long axis. A second-order spherical har-
monic model was included in the refinement. The texture

5 Powder Diffr., 2024

https://doi.org/10.1017/S0885715624000125 Published online by Cambridge University Press

index was 1.001(0), indicating that the preferred orientation
was slight in this rotated capillary specimen.

IV. DEPOSITED DATA

The Crystallographic Information Framework (CIF) files
containing the results of the Rietveld refinement (including
the raw data) and the DFT geometry optimization were
deposited with the ICDD. The data can be requested at
pdj@icdd.com.
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