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ABSTRACT

Three crystalline picrate salts with benzimidamidig), 2-isopropyl-6-methylpyrimidin-1,3-diium-4-olad ) and
N-(amino(pyrimidin-2-yl)methylene)hydroxyl ammoni(iii) cations, respectively, were self-assembled aed th
three-dimensional structures were characterized siygle-crystal X-ray diffraction. Salt is crystallized in
orthorhombic space group P22; with a = 5.031(3) A, b = 13.692(7) A, ¢ = 21.82a(4, V = 1503.1(13) Aand
Z = 4. Saltll is crystallized in monoclinic space group;R2with a = 7.9360 (8) A, b = 18.852 (2) A, ¢ = 9140
(11) A, g = 100.067 (2)°, V = 1755.0 (3)%and Z = 2. Sallll is crystallized in non-centrosymmetric monoclinic
space group P2with a = 12.0404 (11) A, b = 4.0308 (4) A, ¢ = 0678 (14) Ap = 99.680 (2)°, V = 1503.1 (13)°A
and Z = 2. Proton transfers are observed in allrpte salts, featuring short intermolecularN\H---O hydrogen
bonds [d(N---O) ~ 2.7 A]. Saldisplayed a three-dimensional structural netwotklevsaltsl| andl1l formed zero-
dimensional tetramer and two-dimensional planepeesively, under the interactions of intermolecutesdrogen
bonds.
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INTRODUCTION

Similarly to trinitrotoluene (TNT), picric acid iserved as a high-energy-density materials (HEDMs3riillery
projectile, ammunition and explosives [1]. Theemsdive use of picric acid was slowly replaced byxRBesearch
Department Formula X) due to its higher performaiee with the increase of environmental concergglacement
of commonly used toxic RDX is required [2]. Perfance and sensitivity are often contradictory patans. High
detonation velocity and high detonation pressueeiaportant for high performance HEDMs and in castrhigh
thermal and mechanical stabilities are also vital $afe handling of HEDMs [3]. One way to encourttee
contradiction between sensitivity and performarsc®iform hydrogen bond with other nitrogen-ricimpmund [4].
Present study is focused on the protonation effecthe geometrical features, molecular conformatsom
intermolecular interactions in crystalline orgapicrate salts, namely benzimidamidium picrdfg 2-isopropyl-6-
methylpyrimidin-1,3-diium-4-olate picratdl j andN-(amino(pyrimidin-2-yl)methylene)hydroxylammoniuncpate

().
EXPERIMENTAL SECTION
The reagents and solvents for synthesis were @ataitommercially from Sigma Aldrich and Merck Corgitwn

and were used without any additional purificatiBicric acid (1 mmol, 0.23 g) and 1 mmol of correxiag base
(Figure 1) were dissolved in methanol (30 ml) anakmed on a hotplate with stirring for a few minutése
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solutions were allowed to cool to room temperaamd crystals were formeda slow evaporation after few days.
X-ray analysis for all samples were performed udngker APEX Il DUO CCD diffractometer, employingd¥a
radiation { = 0.71073 A) withy andw scans, at room temperature. Data reduction anoratien correction were
performed usingSAINT and SADABSprograms [5]. All structures were solved by direwethods and refined by
full-matrix least-squares techniques@husingSHELXTLsoftware package [6].

Table 1: Crystal data and parameters for structurerefinement of I, Il and Il

Compound | Il 1
CCDC no. 938989 938990 938991
Molecular formula (@‘lgN2)+' (CGH2N307)- (C3H13N20)+' (CGH2N307) (C5H7N40)+ (CGH2N307)-
Molecular weight 349.27 381.31 367.25
Crystal system Orthorhombic Monoclinic Monoclinic
Space group P2:2,2, P2;/c P2,
a(h) 5.031 (3) 7.9360 (8) 12.0404 (11)
b (A) 13.692 (7) 18.852 (2) 4.0308 (4)
c(A) 21.821 (10) 11.9140 (11) 15.0078 (14)
a (%) 90 20 90
B (%) 90 100.067 (2) 99.680 (2)
¥ (°) 90 90 90
V (A% 1503.1 (13) 1755.0 (3) 717.99 (12)
4 4 4 2
Deac(g cnmi®) 1.543 1.443 1.699
Crystal dimensions (mm) 0.51 x 0.11 x 0.06 0.9519( 0.08 0.70 x 0.10 x 0.08
u (mmit 0.13 0.12 0.15
Trmin/ Tmas 0.937/0.992 0.894/0.991 0.904/0.989
Reflections measured 6598 17212 8688
Ranges of indicedh(k, 1) -5-3;-16-16; -25-25 -11-11;-26—25;-16—16 -16—-16;-5—5;-21-20
6 limit (°) 1.8-25.0 2.6 -30.0 1.4-30.0
Unique reflections 1560 5083 2363
Observed reflections
[1'> 26(1)] 1154 2635 2089
Parameters 226 252 251
Restraints 0 0 1
Goodness of fit o2 1.12 1.05 1.05
Ry, WR, [1 > 26(1)] 0.066, 0.246 0.066,0.234 0.034, 0.093
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Figure 1: Reaction scheme for the synthesis of piate salts

All non-hydrogen atoms were refined anisotropicalhd all C-bound H atoms were calculated geomdiirigath
isotropic displacement parameters set to 1.2 @ifdr. methyl grouplimes the equivalent isotropld value of the
parent carbon atoms. The N-bound H atoms were ledédclgeometrically and refined withs, (H) = 1.2 xUgq (N)
for saltl. The N-bound and O-bound H atoms forandlIll were located from difference Fourier map and efin
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freely. Crystallographic data fdr, Il and Ill are summarized in Table 1 and have been depositiéd the
Cambridge Crystallographic Data Centre as suppléangrpublications, namely CCDC 938989, 938990 and
938991, respectively. Copies of available matecah be obtained free of charge, on application @DC, 12
Union Road, Cambridge CB2 1EZ, UK, (Fax: +44-(0)3:3836033 or e-mail: deposit@ccdc.cam.ac.uk).

X-ray crystal structure description of picrate salts I, Il and IlI
Saltl, is crystallized in orthorhombic crystal systemhnéipace group2,2,2;. The asymmetric unit df consists of
a benzimidamidium cation and a picrate anion asctexpin Figure 2.

Figure 2. The molecular structure of | with displa@ment ellipsoids at 50% probability level and atomé numbering scheme

The OH group of picric acid is deprotonated andtgmdransferred to the imine group of benzimidamidgch
indicated by changes in bond distance of C1-O1-8#43and C13-N5. The bond lengths of C1-Ol i;mreduced
from 1.32 A to 1.26 A as compared to neutral piega [7], while symmetrical C(NJb group inl with similar C—

N bond lengths (1.32 A and 1.31 A) are differs frasymmetrical (HN)C(Nk) group (C-N = 1.29 A and 1.35 A)
in reported benzimidamide crystal [8] (Table 2).heTsimilar C13—-N4 and C13-N5 bond lengths suggesated
delocalized N-C—N fragment. The cation and ani@ncannected into a hydrogen-bonded dimer throufyindaited
N-H---O (N4-HA---O1, N4-HA---0O2, N5-HB---O1 and N5-H%--O7) hydrogen bonds, featuring a
RE(G)R%((S)RE(G) supramolecular heterosynthon [9]. Under thduafce of synthons, torsion angles of nitro

groups at 2- and 6-positions (02—N1-C2—-C1 and O6€&€3C5) inl are smaller as comparedltoandlll (Table
3). In the crystal of, molecules are linked into a zig-zag chain alofaxisvia N4—H4B. - - O4, N4—HB-: - - O5, N5—
H5C. -- 06 and N5-H5: - - O7 hydrogen bonds (Figure 3a). In overall, an8Bvork is built by intermolecular N4—
H4B-: - - O4 hydrogen bonds (Figure 3b).

Table 2: Selected bond lengths and angles of preseompounds and related structures (in parentheses)

Bond length (A) and angle (°)

I Cci1-O1 1.26 (1.32)
C13-N4 1.32 (1.29)
C13-N5 1.32 (1.35)
N4-C13-N5 117 (124)

I Cc1-01 1.25 (1.32)
C10-08 1.23 (1.29)
C7-N4-C8 124 (117)
C7-N5-C10 123 (116)

m c1-o1i 1.27 (1.32)
C11-N7 1.31 (1.36)
N6-08 1.38 (1.42)

C11-N6-08 119 (109)

Table 3: Torsion angles (°) of nitro groups from atached benzene ring

02-N1-C2-C1  04-N2-C4-C3 06-N3-C6-C5

| 1.7 -7.95 19.68

Il -25.7 7.52 43.59

] -11.52 9.61 48.51
Picric acid [7] 9.26, -3.84 -0.17, -3.84 18.70,.818
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Figure 3: (a) Partial packing of | viewed alongb-axis, forming a zig-zag chain. (b) Packing diagma of | viewed alonga-axis

Saltll is crystallized in monoclinid®2,/c space group. The asymmetric unit lbf consists of a 2-isopropyl-6-
methylpyrimidin-1,3-diium-4-olate cation and a pit¥ anion as shown in Figure 4. The hydroxyl grompBoth
molecules are deprotonated and the protons arsféraed to the nitrogen atoms in pyrimidine ringpeTionic C1—
01 (1.25 A) and C10-08 (1.23 A) bond lengths are shorter than reported neutral picric acidB3and 2-((4-
hydroxy-6-methylpyrimidin-2-yl)trisulfanyl)-6-methgyrimidin-4(3H)-one (1.29 A) [10], respectively. The C-N-C
bond angles in protonated pyrimidine ring (C7-N4-2@8 C7-N5-C10 ~ 123°, Table 2)lbfare larger than non-
protonated pyrimidine ring (~116°) [10]. The mol=uofll are linked into supramolecular heterodimers thioug

N4—HIN4---O1 and C11-HAL--O2 hydrogen bonds, forming%’t.:(m) ring motif (Figure 4). In the crystal df,
heterodimers are linked into a centrosymmetriatarvia N5—H1N5-: -- O8 hydrogen bonds, formin& §\(8) ring

motif. Crystalll is further stabilized by weak: - «t interaction, involving the centroid of phenyl rirg picrate
anion (Figure 5).

Figure 4: The molecular structure of compound Il wth displacement ellipsoids at 50% probability levebnd atomic numbering scheme
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@ centroid of w7 interaction
® centroid of tetramer

Figure 5: Partial packing diagram of Il shows centosymmetric tetramer and=- - & interaction

Figure 6: The molecular structure of compound Il with displacement ellipsoids at 50% probability levéand atomic numbering scheme

Saltlll is crystallized in non-centrosymmetric monocliggace grou2,. The asymmetric unit dfl consists of a
N-(amino(pyrimidin-2-yl)methylene)hydroxylammoniunaton and a picrate anion as shown in Figure 6tdAro
transfer is observed from hydroxyl group in pictdcid to the imine group inN'-hydroxypyrimidine-2-
carboximidamide. As compared to reportdehydroxypyrimidine-2-carboximidamide crystal [1Hond angle of
hydroxyamide moiety (C11-N6—-08) Inis stretched by 10° (Table 2). The protonation asused bond lengths of
C1-01, C11-N7 and N6-08 shortened to 1.27 A, 1.34n8l 1.38 A, respectively (Table 2). The N6—Clalde-
bond length irlll and neutral form [11] are similar (1.298 and 1,2@Spectively) indicated the C11-N7 bond with
similar length is a double-bond. Thus, we suggestaymmetrical delocalized N-C-N fragment is fornogen
proton transfer similar tb. In the crystal ofll , cation and anion are linked through bifurcated-N8\6- - - (01,07)

hydrogen bond into a supramolecular heterodimen ﬁﬁ(G) ring motif. These heterodimers are linked ih&dical

chains alongb-axis via N7—HIN7---O8 and O8-H8---O1 hydrogen bonds (Figure 7a). The helicalnshare
further connected by C8-H8. - O5 hydrogen bond into 2D planes paralléddplane (Figure 7b).
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Figure 7: Partial packing of Ill viewed along b-axis shows (a) a helical chain alonig-axis and (b) a 2D plane parallel tdc-plane

Table 4: Hydrogen bond geometries for picrate saltg Il and 111

D—H--A D—H@A) H-AR) D-AR) £D—H--A () Symmetry code
|

N4-H4A --O1 0.86 1.97 2.728 (10) 147 1y, z
N4-HZA. -- 02 0.86 2.37 3.049 (14) 136 X1y, z
N4-H4B. --04 0.86 2.46 3.158 (9) 139 X242+, 312z
N4-H4B. --05 0.86 2.39 3.098 (9) 139 x2t/24, 312z
N5-H5B. --O1 0.86 2.00 2.757 (9) 145 X0y, 2
N5-HEB. --O7 0.86 2.49 3.220 (12) 143 1y, z
N5—HEC- - - 06 0.86 2.57 3.177 (10) 129 ™23/2y, 22
N5—HEC - - 07 0.86 2.35 3.186 (11) 165 2312y, 22

[

C11-H1H - 02 0.96 2.54 3.418 (4) 151 XY,z
N4-HIN4---O1  0.82(4) 187(4) 2676 (3) 167 (2) XY,z
N5-HIN5---O8  0.80(3)  2.00(3) 2.791(2) 171 (3) X, 1,z

I

N6-HIN6---O1  0.88(3) 211(3) 2797 (2) 134 (2) XY,z
N6-HING---O7  0.88(3)  228(3) 2.983(2) 137 (3) XY,z
N7-HIN7---O8  0.92(4)  2.05(4) 2.951 (3) 166 (3)  x 1i/24y, 1z

08-HI08---01 092(3) 1.63(3) 2533(2) 165 (3) X, 14y, z
C8-H&\--05 0.93 2.43 3.259 (4) 149 x1424y,-2

CONCLUSION

Supramolecular networks of three picrate crystalf (andlll ) are investigated by single-crystal X-ray diffiact
analysis. The bond lengths and angles of moietiegchwinvolved in proton transfer are differ frometh
corresponding neutral co-former or related moleclieall salts, the picrate anions are hydrogendednto the
protonated imine group or pyrimidine ring to forapsamolecular heterosynthovist N*—H- - - Qinteractions.
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