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Abstract
In the current research chor, we are reporting the synthesis of 2-amino-6-methylpyrimidin-4-yl benzenesulfonate (AMPBS) and 2,6-diaminopyrimidin-4-yl benzenesulfonate (DAPBS) via O-benzenesulfonylation of 2-amino-6-methylpyrimidin-4-ol 1 and 2,6-diaminopyrimidin-4-ol 2 respectively. The structures of the synthesized compounds were characterized unambiguously by single crystal analysis (SC-XRD).Hirshfeld surface study showed that  C-H…O, C-H…N and especially C-H…C hydrogen bond interactions are the key contributors to the intermolecular stabilisation in the crystal. The quantum chemical understanding about optimized geometry, natural bond orbitals (NBOs), frontier molecular orbitals (FMOs) and nonlinear optical (NLO) analysis for AMPBS and DAPBS were obtained by applying density functional theory (DFT) at B3LYP level and 6-311G(d,p) basis set. Time dependent density functional theory (TD-DFT)/ B3LYP/ 6-311G(d,p) level were employed to determine the photo physical properties of compounds. As a whole, the simulated results were found to have an excellent concurrence to the experimental results. The charge transfer phenomenon entitled compounds was determined by FMOs. Global reactivity parameters were obtained by using HOMO–LUMO energies of compounds. Overall, the computational results of AMPBS and DAPBS have outstanding agreement to experimental data. The computational study also showed that the title compounds have remarkable NLO properties. 
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1. Introduction:
Pyrimidine, a six-membered hetero-aromatic nucleus with two atoms of nitrogen, is a part of remarkable chemical architectures having numerous valuable pharmacological activities [[endnoteRef:1]]. Some of the pyrimidine derivatives show the potential anticancer activity [[endnoteRef:2]]. Anti-HIV potential is also known for the pyrimidine derivatives [[endnoteRef:3]] Also, abilities like protein kinase inhibitors and antitubercular potential, are reported for the pyrimidine derivatives [[endnoteRef:4]-[endnoteRef:5]]. Additionally, pyrimidine-based compounds are also known for their anti-inflammatory and antiviral activities [[endnoteRef:6]]. These compounds have also been used as antibacterial, [[endnoteRef:7]] antifungal [[endnoteRef:8]] and antitumor [[endnoteRef:9]]. Moreover, the pyrimidine based compounds are cardiovascular [[endnoteRef:10]] and diuretic agents [[endnoteRef:11]] (some of the selected structures with their biological activities are mention in (Figure1).The application of pyrimidine derivatives is not only restricted to the medicinal chemistry but it has also many utility in the applied and theoretical chemistry. It is important to mention that pyrimidine can be found in natural substances as well as can be synthesized in the laboratory. Naturally, the pyrimidine core is also found in the central skeleton of the nucleic acids like thymine, cytosine and uracil. Furthermore, it can be found in folic acid, riboflavin, barbituric acid, alkaloids, coffee, cocoa, coenzymes, and purines etc [[endnoteRef:12]]. [1: [] N.V. Rao, B. Vaizalini, B. Mounika, L.V. Harika, P.K. Desu, S. Nama, An overview on synthesis and biological activity of pyrimidines, J. Pharm. Chem. Res., 2013, 2, 14-22.]  [2: [] J. Sigmond, G.J. Peters, Pyrimidine and purine analogues, effects on cell cycle regulation and the role of cell cycle inhibitors to enhance their cytotoxicity, Nucleos. Nucleot. Nucl., 2005, 24, 1997-2022.]  [3: [] N. Neamati, Dipyrimidine-based inhibitors of HIV-1 integrase, Expert Opin. Investig. Drugs, 2003, 12, 289-292.]  [4: [] I.W. Althaus, K.C. Chou, R.J. Lemay, K.M. Franks, M.R. Deibel, F.J. Kezdy, L. Resnick, M.E. Busso, A.G. So, K.M. Downey, D.L. Romero, R.C. Thomas, P.A. Aristoff, W.G. Tarpley, F. Reusser, The benzylthio-pyrimidine U-31,355, a potent inhibitor of HIV-1 reverse transcriptase, Biochem. Pharmacol., 1996, 51, 743-750.]  [5: [] L. Ballell, R.A. Field, G.A.C. Chung, R.J. Young, New thiopyrazolo[3,4-d]pyrimidine derivatives as anti-mycobacterial agents, Bioorg. Med. Chem. Lett., 2007, 17, 1736-1740.]  [6: [] N.H. Ouf, A.E.G.E. Amr, Synthesis and antiinflammatory activity of some pyrimidines and thienopyrimidines using 1-(2-Benzo[d][1,3]dioxol-5-yl)vinyl)- 4-mercapto-6-methylpyrimidine-[5]-yl)ethan-2-one as a starting material, Monatsh Chem., 2008, 139, 579-585.]  [7: [] P. Sharma, N. Rane, V.K. Gurram, Synthesis and QSAR studies of pyrimido[4,5-d]pyrimidine-2,5-dione derivatives as potential antimicrobial agents, Bioorg. Med. Chem. Lett., 2004, 14, 4185-4190.]  [8: [] S.N. Pandeya, D. Sriram, G. Nath, E.D. Clercq, Synthesis and antimicrobial activity of Schiff and Mannich bases of isatin and its derivatives with pyrimidine, Farmaco, 1999, 54, 624-628.]  [9: [] E. Wagner, K.A. Kadasi, M. Zimecki, W.S. Dobrowolska, Synthesis and pharmacological screening of derivatives of isoxazolo [4,5-d]Pyrimidine, Eur. J. Med. Chem., 2008, 43, 2498-2504.]  [10: [] M. kurono, M. Hayashi, K. Miura, Y. Isogawa, K. Sawai, Sanwa Kagaku Kenkyusho Co, Kokai Tokkyo Koho, Co.Japan, Chem. Abstr., 1988, 109, 3783-3787.]  [11: [] I.V. Ukrainets, I.A. Tugaibei, N.L. Bereznykova, V.N. Karvechenko, A.V. Turov, 4- Hydroxy-2-quinolones 144. Alkyl-, arylalkyl-, and arylamides of 2-hydroxy-4- oxo-4H-pyrido [1, 2-a]pyrimidine-3-carboxylic acid and their diuretic properties, Chem. Hetrocycl. Compd., 2008, 44, 565-575.]  [12: [] Olayinka O. Ajani, Jessica T. Isaac, Taiwo F. Owoeye and Anuoluwa A. Akinsiku., Exploration of the Chemistry and Biological Properties of Pyrimidine as a Privilege Pharmacophore in Therapeutics., Int. J. Biol. Chem., 2015, 9, 148-177.] 



Figure 1: Selected diversely functionalized pyrimidine based chemical architectures with their pharmacological potential. 
Owing the synthetic utility as precursors and intermediates for the successful accomplishment of various diversely functionalized biologically active scaffolds, pyrimidines core has attracted considerable attention. Herein we are reporting the synthesis, single crystal analysis and computational investigation of the O-4-Acetylamino-benzenesulfonylated pyrimidines starting from 2-Amino-6-methyl-pyrimidin-4-ol and 2,6-Diamino-pyrimidin-4-ol.
Experimental section: 
Chemistry
Chemicals used for the synthesis of targeted compounds were of top grade and purchased from well-reputed chemical industries like Acros Chemicals, Sigma-Aldrich, and Fisher Scientific Ltd. Thin layer chromatography (TLC) was carried out by using precoated silica gel plates and result was displayed at 254 nm in ultraviolet and also by vaniline within H2SO4. For the structural investigation of compounds, data was collected on Bruker Kappa Apex-II diffractometer having x-rays tube containing molybdenum as a target, monochromator made of graphite and CCD for recording of intensity peaks. For data correction and data reduction, APEX-II and SAINT are used, respectively [[endnoteRef:13]]. SHELXS97 was used for structure solutuion [[endnoteRef:14]] and SHELXL2014/6 was used for refinement of structure [[endnoteRef:15]] to minimize the errrors in structure. For graphical representation of single crystal structure results, ORTEP is used for graphical repreasentation of asymmetric unit [[endnoteRef:16]], PLATON is used for exploring hydrogen bonding and Mercury 4.0 is used for the graphical representation of  π-πstacking interaction. [13: [] Bruker, APEX2 and SAINT, Bruker AXS Inc., Madison, Wisconsin, USA, 2009.]  [14: [] G.M. Sheldrick, A short history of SHELX, Acta Crystallogr. 2008, A64, 112-122,]  [15: [] G.M. Sheldrick, Crystal structure refinement with SHELXL, Acta Crystallogr. 2015, C71, 3-8.]  [16: [] L.J. Farrugia, WinGX and ORTEP for Windows: an update, J. Appl. Crystallogr. 2012, 45,  849-854,] 


General procedure:
Preparation of compound 3
To a round bottom flask containing 2-amino-6-methylpyrimidin-4-ol (1.0 mmol, 1 equiv) in acetone (10 mL), K2CO3 (3.0 mmol, 3 equiv) and benzenesulfonyl chloride (1.3 mmol, 1.3 equiv) were added. The reaction was refluxed for 4 h and on completion (monitored by TLC), the crude product was filtered and purified by column chromatography. The purified product was recrystallized from ethanol (Figure 2). 

Preparation of compound 4
To a round bottom flask containing 2,6-diaminopyrimidin-4-ol (1.0 mmol, 1 equiv) in acetone (10 mL), K2CO3 (3.0 mmol, 3 equiv) and benzenesulfonyl chloride (1.3 mmol, 1.3 equiv) were added. The reaction was refluxed for 4 h and on completion (monitored by TLC), the crude product was filtered and purified by column chromatography. The purified product was recrystallized from ethanol (Figure 2).



Figure 2: General synthetic scheme for the O-benzenesulfonylation of hyroxy pyrimidins.
Computational procedure:
The overall quantum chemical calculations for benzenesulphonate derivatives: 2-Amino-6-methylpyrimidin-4-yl benzenesulfonate (AMPBS) and 2,6-Diaminopyrimidin-4-yl benzenesulfonate (DAPBS) were carried out with the help of DFT by applying Gaussian 09 package [[endnoteRef:17]] using B3LYP/ 6-311G(d,p) functional [[endnoteRef:18]-[endnoteRef:19]]. The entitled compounds were optimized by using single SC-XRD based geometries at B3LYP/311G(d,p) level [[endnoteRef:20]]. The FTIR analysis was carried out at DFT/B3LYP/6-311 G(d,p) level which was used for verification of stability related with optimized geometries. Moreover, NBOs, FMOs and NLO analysis were carried out at B3LYP/6-311G(d,p) level. However, UV-VIS spectral analysis were performed at TD-DFT/B3LYP/6-311G(d,p) level for photophysical properties of AMPBS and DAPBS. The input files were organized with the help of Gauss view 5.0. Avogadro [[endnoteRef:21]], Gauss view 5.0 [[endnoteRef:22]], Gauss Sum [[endnoteRef:23]]  and Chemcraft [[endnoteRef:24]] programs. Further, same softwares were applied for interpretation of output files. [17: [] M. J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, V.G. Zakrzewski, A. J. Montgomery, Jr., R. E. Stratmann, J.C. Burant, S. Dapprich, J.M. Millam, A.D. Daniels, K.N. Kudin, M.C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochterski, G.A. Petersson, P.Y. Ayala, Q. Cui, K. Morokuma, N. Rega, P. Salvador, J.J. Dannenberg, D.K. Malick, A.D. Rabuck, K. Raghavachari, J.B. Foresman, J. Cioslowski, J.V. Ortiz, A.G. Baboul, B.B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R.L. Martin, D.J. Fox, T. Keith, M.A. AI-Laham, C.Y. Peng, A. Nanayakkara, M. Challacombe, P.M.W. Gill, B. Johnson, W. Chen, M.W. Wong, J.L. Andres, C. Gonzalez, M. Head-Gordon, E.S. Replogle, J.A. Pople, Gaussian 98, Revision A.11.4, Gaussian, Inc., Pittsburgh, PA, 2002.]  [18: [] A.D. Becke, J. Chem. Phys., 1993, 98, 5648. ]  [19: [] C. Lee, W. Yang, R.G. Parr, Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density, Phys. Rev. B., 1998, 37, 785.]  [20: [] J.-L. Calais, “Density-functional theory of atoms and molecules. R.G. Parr and W. Yang, Oxford University Press, New York, Oxford, 1989. IX + 333 pp. Price £45.00,” Int. J. Quantum Chem., 1993, vol.47, 101–101.]  [21: [] M. D. Hanwell, D. E. Curtis, D. C. Lonie, T. Vandermeersch, E. Zurek, and G. R. Hutchison, “Avogadro: an advanced semantic chemical editor, visualization, and analysis platform,” J. Cheminformatics, Aug. 2012, vol. 4, 17.]  [22: [] 2 GaussView Version 5 Dennington R Keith T Millam J Semichem Inc Shawnee.” [Online]. Available: https://www.coursehero.com/file/p6dg8n/2-GaussView-Version-5-Dennington-R-Keith-T-Millam-J-Semichem-Inc-Shawnee/. [Accessed: 07-Apr-2019].]  [23: [] N. M. O’Boyle, A. L. Tenderholt, and K. M. Langner, “cclib: a library for package-independent computational chemistry algorithms,” J. Comput. Chem., Apr. 2008, vol. 29, 839–845.]  [24: [] Chemcraft - Citation.” [Online]. Available: https://www.chemcraftprog.com/citation.html. [Accessed: 31-Mar-2019].] 

Result and discussion:
 The crystallographic study of the title copounds showed that AMPBS exist in monoclinic form with P21/n space group whereas,  DAPBS also exist in monoclinic form but have different space group as  P21/c. The detailed crystallographic  data of AMPBS and DAPBS was listed in Table 1. 
Table 1: Crystallographic data of studied compounds.
	Crystal data
	AMPBS
	DAPBS

	CCDC
	1983263
	1983262

	Chemical formula
	[bookmark: shelx__chemical_formula_sum]C11H11N3O3S
	C10H10N4O3S

	Mr
	[bookmark: shelx__chemical_formula_weight]265.29
	266.28

	Crystal system, space group
	Monoclinic, P21/n
	Monoclinic, P21/c

	Temperature (K)
	296
	296

	a, b, c (Å)
	[bookmark: shelx__cell_length_a][bookmark: shelx__cell_length_b][bookmark: shelx__cell_length_c]11.7448 (7), 8.0506 (5), 13.4238 (9)
	12.299 (5), 7.664 (3), 13.196 (4)

	, ,   (°)
	[bookmark: shelx__cell_angle_beta]90, 103.357 (4), 90
	90, 108.405 (18), 90
 

	V (Å3)
	[bookmark: shelx__cell_volume]1234.92 (14)
	1180.2 (7)

	Z
	4
	4

	Density (calculated)
	1.427 Mg/m3
	1.499 Mg/m3

	F(000)
	552
	552

	Radiation type
	Mo K
	Mo K

	Wavelength (λ)
	0.71073 Å
	0.71073 Å

	µ (mm-1)
	[bookmark: shelx__exptl_absorpt_coefficient_mu]0.27
	0.28

	Crystal size (mm)
	[bookmark: shelx__exptl_crystal_size_max][bookmark: shelx__exptl_crystal_size_mid][bookmark: shelx__exptl_crystal_size_min]0.44 × 0.38 × 0.30
	0.36 × 0.24 × 0.22

	Diffractometer
	Bruker APEXII CCD
Diffractometer
	Bruker APEXII CCD
Diffractometer

	Absorption correction
	Absorption correction: 
multi-scan (SADABS; Bruker, 2007)
	Absorption correction: multi-scan (SADABS; Bruker, 2007)

	No. of measured, independent 
And observed [I> 2s(I)] 
Reflections
	[bookmark: shelx__diffrn_reflns_number][bookmark: shelx__reflns_number_total][bookmark: shelx__reflns_number_gt]7565, 2668, 2278
	7106, 2563, 1654

	Rint
	[bookmark: shelx__diffrn_reflns_av_R_equivalents]0.039
	0.072

	Theta range for data collection
	2.626 to 26.999°
	3.116 to  27.000°

	Index ranges
	-15 h 13, -10 k 10,  -17 l  15
	-15 h 12, -9 k 9, -15  l 16

	(sin θ/λ)max (Å-1)
	0.639
	0.639

	

	R[F2> 2σ(F2)], wR(F2), S
	[bookmark: shelx__refine_ls_R_factor_gt][bookmark: shelx__refine_ls_wR_factor_ref][bookmark: shelx__refine_ls_goodness_of_fit_ref]0.038, 0.107, 1.07
	0.051, 0.137, 1.03

	No. of reflections
	[bookmark: shelx__refine_ls_number_reflns]2668
	
2563

	No. of parameters
	170
	163

	H-atom treatment
	[bookmark: shelx__refine_ls_hydrogen_treatment]H atoms treated by a mixture of independent and constrained refinement
	H-atom parameters constrained

	Δmax, Δmin (e Å-3)
	[bookmark: shelx__refine_diff_density_max][bookmark: shelx__refine_diff_density_min]0.26, −0.32
	0.29, −0.42




In 2-Amino-6-methylpyrimidin-4-yl benzenesulfonate (Figure 3, Table 1), the 2-Amino-6-methylpyrimidin-4-ol group A (C1-C5/N1-N3/O1) and benzene ring B (C6-C11) are planar with r. m. s. deviation of 0.0097 and 0.0044 Å, respectively. The sulfonyl group C (S1/O2/O3) is of course planar. The dihedral angle between A/B is 82.55 (5). The sulfonyl group is oriented at dihedral angles of 59.96(6)  and 52.67 (10) with respect to group A and B, respectively. The molecules are connected with each other in the form of dimmers through N-H…O and N-H…N interaction to form R22(12) loop [[endnoteRef:25]] where NH is from meta aniline part, N from pyrimidine of another molecule and O from the sulfonate group. The dimmers are interlinked through N-H…N and N-H…O interaction to complete R22(12) loop, where NH is formed meta aniline part. An adjacent set of bifurcated R32(8) loop is formed through N-H…N. N-H…O and C-H…O interaction, where CH is formed the meta methyl part of 2-Amino-6-methylpyrimidin-4-ol group.   These loops are shown in Figure 4 and given in Table 2. In this way, molecules form infinite one-dimensional polymeric network with crystallographic base vector.  [25: [] J. Bernstein, R. E. Davis, L.  Shimoni, N-L. Chang, Patterns in Hydrogen Bonding:  Functionality and  Graph Set  Analysis in Crystals, Chem. Int. Ed. Engl.  1995, 34, 1555-1573] 

There exist π-π stacking interaction between rings that helps in further stabilization of crystal structure [[endnoteRef:26]]. There exist face-to-face stacking interaction between pyrimidine rings that are strictly parallel to each other with distance of 4.4208(9) Å between centroids, corresponding to ring offset of 2.746 Å connected with each other by symmetry code (iv) 1-x, -y, 1-z as given  (Table 3). The benzene rings at (x, y, z) and (1-x, 1-y, z) are juxtaposed through face-to-face stacking interaction with the inter-centroid separation of 4.1477(13) Å with a slippage of 2.090 Å. There also exist multi π-π stacking interaction between pyrimidine ring and benzene ring with inter-centroid distance of 3.9722(13) Å, corresponding to ring off-set of  1.702 Å connected with each other by symmetry code (vi) 1-x, -y, -z. The C-H-Cg (1) interaction also exist that further stabilize crystal packing with C-Cg (1) distance of 3.745(2) Å related with each other by symmetry code (vi) 1-x, -y, -z, where Cg1 is centroid of (C2-C4/N2/N3) ring. [26: [] S. K. Seth, Structural characterization and Hirshfeld surface analysis of a Co-II complex with imidazo[1,2-a]-pyridine, Acta Cryst. 2018, E 74, 600–606.] 
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Figure 3: Ortep diagram of  studied compounds with ellipsoids at 50 % probability level wit H-atoms as small circles of arbitrary radii.
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Figure 4: The packing diagram of  studied molecules showing dimerization and interlinkage of dimmers.
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Figure 5: π-π stacking of compounds showing interaction between centroids of various rings with distance measured in Å. 
Table 2: Hydrogen-bond geometry (Å, º) for studied compounds.
	
	D—H···A
	D—H
	H···A
	D···A
	D—H···A

	
   AMPBS
	[bookmark: 0_hinteractions_0_N1_1_555_H1A_1_555_O2_]N1—H1A···O2i
	0.78 (3)
	2.34 (2)
	2.9702 (19)
	139 (2)

	
	[bookmark: 0_hinteractions_1_N1_1_555_H1B_1_555_N2_]N1—H1B···N2ii
	1.00 (3)
	2.16 (3)
	3.123 (2)
	159.4 (19)

	
	[bookmark: 0_hinteractions_2_C5_1_555_H5B_1_555_O2_]C5—H5B···O2iii
	0.96
	2.45
	3.322 (2)
	152

	

    DAPBS
	N1—H1A···N2i
	0.86
	2.21
	3.054 (3)
	168

	
	N1—H1B···O1ii
	0.86
	2.54
	3.322 (3)
	151

	
	N4—H4A···N3iii
	0.86
	2.43
	3.163 (3)
	144

	
	N4—H4B···O3iv
	0.86
	2.20
	3.018 (3)
	159

	
	C3—H3···O3iv
	0.93
	2.59
	3.324 (3)
	136

	
	C6—H6···O2v
	0.93
	2.65
	3.252 (4)
	123


Symmetry codes of AMPBS: (i) −x+1/2, y−1/2, −z+1/2; (ii) −x+1/2, y+1/2, −z+1/2; (iii) x, y−1, z.
Symmetry codes of DAPBS: (i) −x, −y−1, −z; (ii) −x, y−1/2, −z−1/2; (iii) x, −y−1/2, z+1/2; (iv) x, −y+1/2, z+1/2; (v) −x+1, −y, −z.
Table 3: Geometrical parameters (Å) for π – π stacking for studied compounds.
	
	Ring i-ja
	Rcb
	R1vc
	R2vd
	αe
	βf
	γg
	Slippage

	
 AMPBS
	Cg1...Cg iv
	4.4208(9)
	3.4649(6)
	3.4648(6)
	0.00(7)
	38.4
	38.4
	2.746

	
	Cg2...Cg2v
	4.1477(13)
	3.5830(9)
	3.5830(9)
	0.02(10)
	30.3
	30.3
	2.090

	
	Cg2...Cg2v
	3.9722(13)
	-3.5889(9)
	-3.5889(9)
	0.02(10)
	25.4
	25.4
	1.702

	
DAPBS
	Cg1...Cg1vi
	3.522(2)
	-3.3536(13)
	-3.3536(13)
	0.00(15)
	17.8
	17.8
	1.076

	
	Cg2...Cg2vi
	3.922(3)
	3.7116(14)
	3.7116(14)
	0.02(10)
	18.8
	18.8
	1.266


Symmetry codes of AMPBS: (i) −x+1/2, y−1/2, −z+1/2; (ii) −x+1/2, y+1/2, −z+1/2; (iii) x, y−1, z. (iv)1-x,y, 1-z (v) 1-x, 1-y, z (vi) 1-x, -y, -z; Symmetry codes of DAPBS: (vi) 1-x, 1-y, 1-z (vii) 1-x, 1-y,z.
 (a ) Cg1 and Cg2  are the centroids of (C2-C4/N2/N3) and (C6-C11) rings, representing pyrimidine and benzene rings,  respectively. ( b) centroid–centroid distance between ring i and ring j. ( c ) vertical distance from ring centroid i to ring j. ( d) vertical distance from ring centroid j to ring i. ( e ) dihedral angle between the first ring mean plane and the second ring mean plane of the partner molecule. (f ) angle between the centroid of the first ring and the second ring. ( g ) angle between the centroid of the first ring and the normal to the mean plane of the second ring of the partner molecule.  
In 2,6-Diaminopyrimidin-4-yl benzenesulfonate (Figure 3, Table 1), the 2-Amino-6-methylpyrimidin-4-ol group A (C1-C4/N1-N4/O1) and benzene ring B (C5-C10) are planar with r. m. s. deviation of 0.0220 and 0.0026 Å, respectively.  The sulfonyl group C (S1/O2/O3) is of course planar. The dihedral angle between A/B is 81.47 (8). The sulfonyl group is oriented at 51.31(10)  and 64.49 (14)  with group A and B, respectively. The molecules are connected with each other in the form of dimmers to form R22(8) loop through N-H…N bonding, where NH is from one of the amino group of the 2-Amino-6-methylpyrimidin-4-ol group and N is from the pyrimidine moiety. The dimmers are interlinked through N-H…O bonding to form a set of bifurcated R22(12) loops where NH is from one of the amino group of the 2-amino-6-methylpyrimidin-4-ol group and O is from the sulfonate group. The dimmers are also interlinked by another set of bifurcated R21(6) loop through N-H…O and C-H…O bonding, where CH is from the pyrimidine moiety. All these loops are shown in Figure 4 and Table 2. In this way, the molecules form infinite 2-D network with base vector [0 1 0], [0 0, 1] in the crystallographic plane (1 0 0). 
The π-π stacking interaction exist that helps in further firmly establishing the crystal packing. The pyrimidine ring at general position (-x, -y, -z) is involved in face-to-face stacking interaction with another pyrimidine ring present at position (1-x, 1-y, 1-z) with inter-centroid separation of 3.522(2) Å , corresponding to ring off of 1.076 Å. There also exist face-face stacking between benzene rings related with each other by symmetry code (1-x, 1-y, z) with distance of 3.922(3) Å between centroids of rings, with a slippage of 1.266 Å.
 (a) Cg1 and Cg2 are the centroids of (C2-C4/N2/N3) and (C6-C11) rings, representing pyrimidine and benzene rings, respectively. ( b) centroid–centroid distance between ring i and ring j. (c) vertical distance from ring centroid i to ring j. (d) vertical distance from ring centroid j to ring i. (e) dihedral angle between the first ring mean plane and the second ring mean plane of the partner molecule. (f) angle between the centroid of the first ring and the second ring. (g) angle between the centroid of the first ring and the normal to the mean plane of the second ring of the partner molecule.  Furthermore, in order to explorer intermolecular interactions in the crystal packing quantitative, HS analysis is performed on Crystal Explorer version 3.1 [[endnoteRef:27]]. In Figure 6 [AMPBS  (a)] and Figure 7 [DAPBS (a)] have different colors which indicate the strength of intermolecular interaction. The strongest, intermediate and weak interaction are indicated by red, white and blue color, respectively. The surfaces are constructed by an assumption that is the electron distribution around the atom is formulated as the summation of spherical atom electron densities [[endnoteRef:28]]. In Figure 6 [AMPBS (a)], the ring nitrogen of 2-amino-6-methylpyrimidin-4-ol moiety that is nearest to methyl group, the amino group and methyl group of 2-amino-6-methylpyrimidin-4-ol moiety and one of the oxygen atom of sulfonyl group are involve in strong interaction as shown in Figure 6 [AMPBS (a)]. The amino groups, the ring nitrogens, ring CH and one of the oxygen atom of sulfonyl group are involve in strong interaction in compound DAPBS as shown in Figure 7 [DAPBS (a)]. In Figure 6 [AMPBS (b) and 7 DAPBS (b)], the different colours represent the distance of a point on Hirshfeld surface to nearest nucleus outside the Hirshfeld surface. The Red, green and blue colours represent the shortest, intermediate and long distances, respectively. The configuration of contiguous red and blue regions on the Hirshfeld surface mapped over shape index indicates the presence of π-π stacking interaction as shown in Figure 6 [AMPBS (c) and 7 DAPBS (c)]. The large and flat green region on the corresponding curvedness surface also confirms the presence of π-πstacking interactions as shown in Figure 6 [AMPBS (d) and 7 DAPBS (d)]. In order to find out the percentage contributions of different interatomic contacts, two dimensional figure print plots are drawn. These plots can be utilized to measure out the individual contributions of each intermolecular interaction involved in the crystal packing [28]. The strongest interaction is found among hydrogen atoms in both AMPBS and DAPBS.  The strength of this interaction is 34.8% and 31.1% for AMPBS and DAPBS, respectively and as given in Figure 8 respectively. The percentage contribution for other interatomic contacts for AMPBS are shown (Figure 8 ) whereas the percentage contribution for interatomic contacts other than strongest contact for DAPBS are shown (Figure8).   [27: [] S. K. Wolff,  D. J. Grimwood, j. j. McKinnon, M. J. Turner, D. Jayatilaka, M. A. Spackman, CrystalExplorer (Version 3.1), University of Western Australia, 2012. ]  [28: [] (a) A. S. Mark, J. Dylan, Hirshfeld sur face analysis, The Royal Society of Chemistr y 2009, CrystEngComm, 2009, 11, 19-32, (b) J. Zukerman-Schpector, S. D. Pedroso, L. S. Madureira,
M. W. Paixao, A. Ali, E. R. T. Tiekink, 4-Benzyl-1-(4-nitrophenyl)-1H-1,2,3-triazole: crystal structure and Hirshfeld analysis Acta Cryst. 2017, E73, 1716–1720. (c) A. Ali,  J. Zukerman-Schpector, M. W. Paixao, M. M. Jotani, E. R. T. Tiekink, 7-Methyl-5-[(4-methylbenzene)sulfonyl]-2H,5H-[1,3]dioxolo[4,5-f] indole: crystal structure and Hirshfeld analysis, Acta Cryst. 2018, E74, 184–188. (d) M. N. Tahir, M. Ashfaq, A. F. de la Torre, J. Caballero, E. W. Hernandez-Rodríguez, A. Ali. Rationalizing the stability and interactions of 2,4-diami no-5-(4-chlorophenyl)-6-ethylpyrimidin- 1-ium 2-hydroxy-3,5-dinitrobenzoate salt, Acta Cryst. E Journal of Molecular Structure, 2019, 1193, 185-194. (e) M. Ashfaq, M. N. Tahir, A. Kuznetsov, S. H. Mirza, M. Khalid, A. Ali. DFT and single crystal analysis of the pyrimethamine-based novel co-crystal salt: 2,4-diami no-5-(4-chloro-phenyl)-6-ethylpyrimidin-1-ium:4-hydroxybenzoate:methanol:hydrate (1:1:1:1) (DEHMH) Acta Cryst. E Journal of Molecular Structure, 2020, 1199, 127041, (f) V. V. Mossine, C. L. Barnes, T. P. Mawhinney, Multicentered hydrogen bonding in 1-[(1-deoxy-b -D-fructopyranos-1-yl)azaniumyl]cyclopentane-carboxylate (‘D -fructose-cycloleucine’) Acta Cryst. 2019. E 75, 1096–1101, (g) O. B. O. Moreira, M. C. R. Freitas, K. C. Souza, A. K. Jordaod, J. A. L. C. Resende, Crystal structure of 1-anilino-5-methyl-1 H -1,2,3-triazole-4-carboxylic acid monohydrate Acta Cryst. 2019, E75, 738-741. (h) H. Wang, Z. Yin, Crystal structure and Hirshfeld surface analysis of dibutyl 5,5 ′ -(pentane-3,3-diyl)bis(1H-pyrrole-5-carboxylate), Acta Cryst, 2019, E75, 711-713, (i) N-P. Pook, A. Adam, M. Gjikaj, Crystal structure and Hirshfeld surface analysis of (µ-2-{4-[(carboxylatomethyl)-carbamoyl]benzamido}acetato- κ2 O:O′ )bis[bis(1,10-phenanthroline-κ2 N, N′ )copper(II)] dinitrate N, N′ -(1,4-phenylenedicarbonyl)diglycine monosolvate octahydrate Acta Cryst. 2019, E75 , 667-674, (j) A. D. Herrera-Espan, J. Aguilera-Gonzalez, G. J. Mena-Rejon, S. Hernandez-Ortegac, D. Caceres-Castillo, Crystal structure and Hirshfeld surface analysis of  N-(5-iodo-4-phenylthiazol-2-yl)acetamide   Acta Cryst. 2019, E75 , 717-720, (k) N. K. Sebbar, B. Hni, T. Hokelek, A. Jaouhar, M. L. Taha, J. T. Magued, E. M. Essassi, Crystal structure, Hirshfeld surface analysis and interaction energy and DFT studies of 3-{(2 Z)-2-[(2,4-dichlorophenyl)methylidene]-3-oxo-3,4-di-hydro-2H-1,4-benzothiazin-4-yl}propanenitrile Acta Cryst. 2019, E75, 721-727.] 
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Figure 6:  Hirshfeld surfaces of the title compound AMPBS mapped over (a) dnorm (b) de (c) Shape Index (d) Curvedness in the ranges -0.367 to 1.500 au, 0.883 to 2.557 au, -1.000 to 1.000 au, -4.000 to 0.4000 au, respectively. (1 au of electron density 6.748 e Å-3). 
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Figure 7: Hirshfeld surfaces of the title compound DAPBS mapped over (a) dnorm (b) de (c) Shape Index (d) Curvedness in the ranges -0.442 to 1.459 au, 0.836 to 2.657 au, -1.000 to 1.000 au, -4.000 to 0.4000 au, respectively. (1 au of electron density 6.748 e Å-3). 
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Figure 8: Percentage contributions of interatomic contacts to the Hirshfeld surface for the title compounds. 
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Figure 9: The voids showed (Wolff et al., 2012) in the crystal structure of title compounds.

 These voids are calculated, based on the sum of spherical atomic electron densities at the appropriate nuclear positions (procrystal electron density) [[endnoteRef:29]]. The crystal-void calculation (results under 0.002 a.u. isovalue) shows the void volume is of the order of 176.92 A˚3 and 159.61A˚3 of titled salts, respectively. The surface area is of the order of 507.34A˚2 and 469.49 A˚2 for titled salts, respectively. With the porosity, the calculated void volume of tilted salts is 14.3% and 13.5% respectively. There are no large cavities. [29: [] M. J. Turner, J. J. McKinnon, D. Jayatilaka, M. A. Spackman. Visualisation and characterisation of voids in crystalline materials. CrystEngComm, 2011 13(6), 1804–1813.] 

Molecular geometric parameters:
The geometry of the AMPBS and DAPBS were optimized by using B3LYP/6-311G(d,p) level. The obtained results were shown in Tables S1 and S2 (Supplementary Information) for AMPBS and DAPBS respectively. In AMPBS, the bond lengths of O-S as S1-O1, S1-O2, S1-O3 and S1-C6 were determined through XRD found to be as 1.417, 1.417, 1.615 and 1.746Å while, through DFT as 1.447, 1.448, 1.692 and 1.788Å respectively. The bond lengths between nitrogen and carbon atoms for N1-C1, N2-C1, N2-C2, N3-C1 and N3-C4 were measured through SC-XRD as 1.345, 1.338, 1.345, 1.351 and 1.311Å whereas, the calculated values were found to be 1.363, 1.336, 1.341, 1.35 and 1.314Å respectively. The C-C bond lengths for C2-C3, C2-C5, C3-C4, C6-C7, C11-C10, C10-C9, C9-C8 and C8-C7 were found through XRD as 1.38, 1.493, 1.365, 1.383, 1.383, 1.371, 1.36 and 1.382Å while, simulated values were measured as 1.391, 1.503, 1.395, 1.391, 1.391, 1.395, 1.394 and 1.392Å respectively. Similarly in AMPBS, the bond angles in O-S-O: O1-S1-02, O1-S1-O3 and O2-S1-O3 were observed through single crystal X-rays diffraction as 119.4°, 101.4° and 109.3° while, through DFT as 122°, 100.9° and 109.6° respectively. The bond angles in O-S-C like O2-S1-C6, O2-S1-C6, O3-S1-C6 and S1-O3-C4 were determined through SC- XRD as 109.8°, 110.5°, 105.2° and 124.8° whereas, simulated values were determind as 108.7°, 110.5°, 103.2° and 124.7° respectively. The bond angles of S-C-C: S1-C16-C11 and S1-C6-C1 through SC-XRD were found to be 118.4° and 119.3° whereas, calculated values were achieved as 118.5° and 119.3°respectively. 
 The N-C-N bond angles for N1-C1-N2, N1-C1-N3 and N2-C1-N3 were measured by SC-XRD as 118.4°, 115.6°and 125.9° while calculated values of aforementioned bond angles were found to be 117.2°, 116.4° and 126.4°respectively. The bond angles in C-N-C as C1-N2-C2, N2-C2-C3, N2-C2-C5, C1-N3-C4 and N3-C4-C3 were measured XRD as 116.6°, 121.7°, 116.7°, 114.2° and 126° while, calculated of said bond angles were found as 116.7°, 121.9°, 116.3°, 115.3° and 124.2° respectively. The bond angles in C-C-C: C3-C2- C5, C11-C6-C7, C6-C7-C8, C10-C9-C8 and C9-C8-C7 were found to be 121.6°, 122.2°, 118.6°, 120.2° and 120.2° by SC-XRD whereas, the calculated above mentioned bond angles were found as 121.8, 122.2°, 118.6°, 120.4° and 120.2° respectively. 
In DAPBS, the S-O bond lengths for S1-O1, S1-O2, S1-O3 and S1-C45 were measured as 1.602, 1.425, 1.422 and 1.754Å by SC-XRD while, calculated aforesaid bond lengths were found to be 1.691, 1.450, 1.450 and 1.792Å respectively. In similar way bond lengths between nitrogen and carbon atoms for N1-C1, N2-C1, N2-C2, N3-C1, N3-C4 and N4-C2 were measured by XRD were found to be 1.337, 1.347, 1.343, 1.358, 1.327 and 1.340Å whereas, the calculated aforesaid bond lengths were found to be 1.359, 1.338, 1.340, 1.346, 1.317 and 1.367Å respectively. The carbon and carbon bond lengths for C2-C3, C3-C4, C5-C6, C5-C10, C8-C7, C7-C8, C8-C9 and C9-C10 were measured as 1.416, 1.356, 1.389, 1.378, 1.378, 1.361, 1.378 and 1.385Å by XRD while calculated values of said bond lengths were found as 1.406, 1.385, 1.392, 1.392, 1.392, 1.394, 1.394 and 1.392Å respectively. In DAPBS, the bond angles in O-S-O through DFT were observed as 109°, 109.1° and 122.4° for O2-S1-03, O2-S1-O4 and O3-S1-O4 respectively. Both the DFT and XRD values of bond angle are same for O2-S1-O3 but different in O2-S1-O4 and O3-S1-O4. The bond angles in O-S-C were calculated through DFT as 109.1° for O3-S1-C13 and O4-S1-C13 but the experimental values of above mentioned bond angles were different from DFT as 110° and 109° respectively. Furthermore, the same simulated and experimental S-C-C bond angles values for S1-C12-C14 and S1-C13-C18 were found to be 118.9° and 119° respectively. The N-C-N bond angles for N5-C9-N6, N5-C9-N7, N6-C9-N7 and N6-C10-N8 were measured by SC-XRD as 116.4°, 117°.4, 126.1° and 117.9° whereas, the calculated values were found to be 117.2°, 116.3°, 126.5° and 116.1° respectively. The C-N-C bond angles for C9-N6-C10, N6-C10-C11, C9-N7-C12 and N7-C12-C11 were measured by SC-XRD as 116.9°, 121.7°, 113.4° and 127.5° whereas, the simulated values of aforementioned bond angles were found as 116.4°, 122.3°, 115° and 125.2° respectively. The simulated C-C-C bond angles were observed as 122.1°, 118.6°, 120.1° and 120.1° for the C14-C13-C18, C13-C14-C15, C14-C15-C16, C16-C17-C18 respectively through DFT and the same values of bond angles are observed through XRD (Figure 10). 
	

	


	


	





 Figure 10: Optimized bond lengths (Å) and bond angles (°) of AMPBS and DAPBS.
Natural bonding orbital analysis:	
NBO analysis provided  an effective method to investigate charge transfer and intra- and inter-molecular bonding interactions [[endnoteRef:30]]. The bonding and anti bonding interactions were described by NBO analysis which were expressed by second-order perturbation energy E(2) as could be seen in  Equation 1 [[endnoteRef:31]-[endnoteRef:32][endnoteRef:33][endnoteRef:34]].  [30: [] S. Muthu, J.U. Maheswari, Quantum mechanical study and spectroscopic (FT-IR, FT-Raman, 13C, 1H, UV) study, first order hyperpolarizability, NBO analysis, HOMO and LUMO analysis of 4-[(4-aminobenzene) sulfonyl] aniline by ab initio HF and density functional method
 Spectrochim. Acta, 2012, 92, 154-163.]  [31: [] A.E. Reed, F. Weinhold, Natural localized molecular orbitals, J. Chem. Phys., 1985, 83, 1736-1740. ]  [32: [] A.E. Reed, R.B. Weinhold, F. Weinhold, Natural population analysis,  J. Chem. Phys., 1985, 83, 735-746.]  [33: [] A.E. Reed, F. Weinhold, Natural bond orbital analysis of near‐Hartree–Fock water dimer, J. Chem. Phys., 1983, 78, 4066-4073. ]  [34: [] J.P. Foster, F. Weinhold, Natural hybrid orbitals, J. Am. Chem. Soc., 1980, 102, 7211-7218.] 

	
	Equation          1


 Here;  E(2), qi,  F(i.j), j and i  are stabilization energy, donor orbital occupancy, diagonal and the off-diagonal NBO Frock matrix elements respectively [[endnoteRef:35], [endnoteRef:36]]. NBOs were performed using Gaussian 09 programme at the B3LYP 6-311G(d,p) level [[endnoteRef:37]-[endnoteRef:38]]. The representative hyper conjugative interaction values were given in Tables 4 moreover, other remarkable hyper conjugative interaction were depicted in Tables S3-S4.   [35: [] J. Liu, Z. Chen, and S. Yuan, “Study on the prediction of visible absorption maxima of azobenzene compounds,” J. Zhejiang Univ. Sci. B., Jun. 2005, vol. 6, 584–589.]  [36: [] M. Khalid, M. Ali, M. Aslam, S.H. Sumrra, M.U. Khan, N. Raza, N. Kumar, M. Imran, Frontier molecular, natural bond orbital, UV-VIS spectral study, solvent influence on geometric parameters, vibrational frequencies and solvation energies of 8-hydroxyquinoline, International Journal of Pharmaceutical Sciences and Research, 2017, 8(2), 457.]  [37: [] M. Szafran, A. Komasa, E.B. Adamska, Crystal and molecular structure of 4- carboxypiperidinium chloride(4-piperidinecarboxylic acid hydrochloride), J. Mol. Struct. Theochem, 2007, 827, 101-107.]  [38: [] C. James, A. Amal Raj, R. Reghunathan, V.S. Jayakumar, I.H. Joe, Structural conformation and vibrational spectroscopic studies of 2,6‐bis(p‐N,N‐dimethyl benzylidene)cyclohexanone using density functional theory, J. Raman Spectrosc., 2006, 37, 1381-1392.] 

Table 4: Representative NBO based hyper conjugative interactions in title compounds.
	Compound
	Donor(i)
	Type
	Acceptor(j)
	Type
	E(2) [kcal/mol]
	E(j)-E(i)(a.u)
	F(i,j(a.u)

	
	O4-C14
	
	C12-C14
	
	0.50
	1.49
	0.025

	
	N5-H7
	
	N8-C10
	
	3.93
	1.19
	0.061

	
	N8-C10
	
	C11-C12
	
	34.49
	0.33
	0.096

	
	N9-C10
	
	O4-C14
	
	5.43
	1.15
	0.071

	
	N9-C14
	
	N8-C10
	
	32.78
	0.32
	0.097

	
	C11-C12
	
	N9-C14
	
	38.30
	0.26
	0.091

	
	C12-H13
	
	N8-C11
	
	4.72
	1.06
	0.063

	AMPBS
	C15-H16
	
	N8-C11
	
	4.44
	1.04
	0.061

	
	C19-C28
	
	C19-C20
	
	5.16
	1.29
	0.073

	
	C19-C28
	
	C20-C22
	
	21.68
	0.30
	0.072

	
	C20-H21
	
	C19-C28
	
	4.88
	1.09
	0.065

	
	C20-C22
	
	C24-C26
	
	21.59
	0.28
	0.071

	
	C24-C26
	
	C19-C28
	
	24.97
	0.27
	0.074

	
	C26-C28
	
	C19-C28
	
	4.05
	1.27
	0.064

	
	C28-H29
	
	C19-C20
	
	4.97
	1.08
	0.065

	
	O2
	LP(2)
	S1-C19
	
	16.16
	0.45
	0.076

	
	O2
	LP(3)
	S1-O4
	
	31.95
	0.33
	0.094

	
	O4
	LP(2)
	N9-C14
	
	29.86
	0.35
	0.098

	
	N8-C13
	
	C14-C15
	
	35.90
	0.31
	0.099

	
	N9-C13
	
	O2-C17
	
	5.30
	1.14
	0.070

	
	N9-C17
	
	N8-C13
	
	35.74
	0.31
	0.101

	
	C14-C15
	
	N9-C17
	
	43.30
	0.26
	0.097

	
	C18-C19
	
	C18-C27
	
	5.08
	1.29
	0.072

	
	C18-C27
	
	C19-C21
	
	21.46
	0.30
	0.072

	DAPBS
	C19-C21
	
	S1-C18
	
	4.40
	0.86
	0.057

	
	C19-C21
	
	C23-C25
	
	21.54
	0.28
	0.070

	
	C23-C25
	
	C18-C27
	
	24.30
	0.27
	0.073

	
	C25-C27
	
	S1-C18
	
	4.41
	0.86
	0.057

	
	C27-H28
	
	C18-C19
	
	4.91
	1.09
	0.065

	
	O2
	LP(2)
	N9-C17
	
	29.13
	0.35
	0.099

	
	O3
	LP(3)
	S1-O2
	
	37.14
	0.33
	0.102

	
	O4
	LP(3)
	S1-O2
	
	37.19
	0.33
	0.102

	
	N5
	LP(1)
	N8-C13
	
	51.49
	0.27
	0.112

	
	N10
	LP(1)
	C14-C15
	
	41.17
	0.30
	0.105


donor; (j) acceptor; E(2) means energy of hyper conjugative interaction (stabilization energy); E(j) _ E(i) is the energy difference between donor and acceptor i and j NBO orbitals; F(i, j) is the Fock matrix element between i and j NBO orbitals.

[bookmark: _Hlk10867437]Among π→π* plausible electronic transitions: π(C11-C12) → π*(N9-C14) and π(C14-C15) → π*(N9-C17) revealed highest magnitude of stabilization energy of 38.30 and 43.30 kcal/mol in AMPBS and DAPBS respectively. Whereas, the transitions, such as σ(O4-C14) →σ*(C12-C14) and σ(S1-C18) →σ*(C19-H20) were obtained with lowest stabilization energy as 0.50 kcal/mol for AMPBS and DAPBS respectively. These lowest energy values indicated weak interactions between the electron donor and acceptor.
Herein, we reported some other π→π* interactions in AMPBS such as π(N8‒C10) →π*(C11–C12), π(N9–C14) →π*(N8–C10), π(C24–C26) →π*(C19–C28), π(C19–28) → π*(C20–C22) and π(C20–C22) →π*(C24–C26) yielding 34.49, 32.78, 24.97, 21.68 and 21.59 kcal/mol stabilization energies respectively. On the other hand, in DAPBS the π→π* interactions were observed  as   π(N8-C13) →π*(C14-C15), π(N9-C17) →π*(N8-C13), π(C18-C27) →π*(C19-C21), π(C19-C21) →π*(C23-C25) and (C23-C25) →(C18-C27) led to the stabilization energies as 35.90, 35.74, 21.46, 21.54, and 24.30 kcal/mol respectively. Moreover, some of the σ→σ* interactions observed as σ(N9-C10)→ σ*( O4-C14), σ(C19-C28)→σ*( C19-C20), σ(C20-H21)→ σ*( C19-C28),  σ(C28-H29)→ σ*( C19-C20) and σ(N5-H7)→ σ*( N8-C10) with stabilization energies as 5.43, 5.16, 4.88, and 4.97 and 3.93 kcal/mol respectively in DAPBS. Furthermore, some other σ→σ* interactions were found to be σ(N9-C13)→σ*(O2-C17), σ(C18-C19)→σ*( C18-C27), σ(C19-C21)→σ*( S1-C18), σ(C25-C27)→σ*(S1-C18),σ(C27-H28)→σ*( C18-C19) with stabilization energies as 5.30, 5.08, 4.40, 4.41, and 4.91 kcal/mol, respectively.
In AMPBS and DAPBS the most prominent interactions in LP → σ* were seen as LP1(N5) → σ*(N8-C10) afforded stabilization energies of 46.22 and 41.17 kcal/mol respectively. The transition between lone pair to antibonding orbitals signified the presence of hydrogen bonding in compounds [[endnoteRef:39]-[endnoteRef:40][endnoteRef:41][endnoteRef:42][endnoteRef:43][endnoteRef:44]]. Moreover, in AMPBS some important transitions such as LP(2)(O2)→σ*(S1-C19),LP(3)(O2)→σ*(S1-O4),LP(2)(O4)→(N9-C14) and LP(O3)→σ*(S1-O4) were seen with stabilization 16.16, 31.95, 29.86 and 37.84 kcal/mol respectively. In DAPBS some significant transition LP→π* and LP→σ* were observed as  LP(2)(O2)→π*(N9-C17), LP(1)(N5)→(N8-C13), LP(1)(N10)→(C14-C15) and LP(3)(O3)→σ*(S1-O2) with stabilization energies 29.13, 51.49, 41.17 and 37.14 kcal/mol respectively. The above discussion led to the conclusion that charge transfer, extended conjugation and hyper-conjugative interactions were present in the title compounds.  [39: [] A.E. Reed, L.A. Curtiss, F.A. Weinhold, Intermolecular interactions from a natural bond orbital, donor-acceptor viewpoint, Chem. Rev., 1988, 88, 899–926.]  [40: [] R. Khaliullin, A.T. Bell, M. Head-Gordon, Electron donation in the water–water hydrogen bond, Chem. Eur. J., 2009, 15, 851–855.]  [41: [] E.D. Glendening, A.E. Reed, J.E. Carpenter, F.A. Weinhold, NBO, Version 3.1, 1995. ]  [42: [] P. Hobza, Z. Havlas, Blue-shifting hydrogen bonds, Chem. Rev., 2000, 100, 4253–4264.]  [43: [] A. Chakraborty, R. De, N. Guchhait, Dissection of methyl internal rotational barrier in thioacetone, Chem. Phys. Lett., 2006, 432, 616–622. ]  [44: [] B.K. Paul, S. Mahanta, R.B. Singh, N. Guchhait, J. Phys. Chem., 2010, 114, 2618–2627.] 

Natural population analysis (NPA):
In AMPBS and DAPBS the atomic charges based on natural population [[endnoteRef:45]] were determined by adopting B3LYP/6-311G(d,p). NPA of the AMPBS showed (Figure S1) that some carbon and sulphur atoms were positively charged. Whereas, O2, O3, O4, N5, N8, N9 and C19 atoms were negatively charged. For DAPBS, some atoms like C and S1 were positively charged while O2, O3, O4, N7, N8, N9 and C18 were negatively charged (Figure S1). [45: [] R. G. Parr and R. G. Pearson, “Absolute hardness: companion parameter to absolute electronegativity,” J. Am. Chem. Soc., Dec. 1983, vol. 105, 7512–7516.] 


FT-IR analysis:
B3LYP/ 6-311G(d,p) level were employed to determine the vibrational frequencies of compound AMPBS and DAPBS. As a whole, the simulated results were found to have an excellent concurrence to the experimental results.
C-H vibrations
The stretching (C-H) vibrational frequencies of aromatic and heteroaromatic were found as 3100-3000 cm-1 [[endnoteRef:46]]. The calculated absorption frequencies for symmetric vibration of C-H in AMPBS and DAPBS were located at 3225-3210 cm-1 and 3221-3210 cm-1 respectively. In AMPBS and DAPBS symmetric and asymmetric calculated vibrational frequencies were found to be at 3194 cm-1 and 3193 cm-1 respectively. The C-H asymmetric vibrations in benzene ring were located at 3185-3096 cm-1 in AMPBS while in DAPBS same vibrations were found at 3184 cm-1. The scissoring vibrations were located at 1626 cm-1and 1202 in AMPBS, wheras in DAPBS same vibrations were observed at 1628 and 1201cm-1 in aromatic ring. C-H wagging vibrations in AMPBS were found at 1409, 1368, 1364, 754, 706, and 569cm-1 showing a good agreement with experimental data (Figure S2-S3 and Tables S5-S6). C-H twisting vibrations were located at 987-980 cm-1(DFT) and 949 cm-1 (Experimental). On the other hand, in DAPBS wagging vibrations were located at 765, 703 and 702 cm-1. The rocking vibrations in benzene ring were found at 1103-1082 cm-1 in AMPBS and DAPBS in DFT study (Tables S5-S6). [46: [] G. Socrates, Infrared and Raman characteristic group frequencies: table and charts, Ltd WJS, 2001,  1-347.] 

C-C stretching vibrations
The C=C absorption frequencies were found in the range of 1650-1400 cm-1 [[endnoteRef:47]]. In  AMPBS the C-C stretching vibrations in benzene ring were located at 1631-1626 cm- 1 and 729 cm-1 by DFT. Similarly, in DAPBS, same carbon-carbon stretching vibrations appeared at 1628, 1015 and 746 cm-1 ( DFT). [47: [] D. Sathiyanarayanan, Vibrational Spectroscopy Theory and Application, New Age International Publishers, New Delhi, 2004.] 

C-N vibrational bands
The FT-IR vibrations of C=N are found in the range of 1382-1266 cm-1 [[endnoteRef:48]]. In AMPBS symmetric C-N vibrations in pyrimidine were located at 1603, 1288, 1018 and 621cm-1 whereas, in DAPBS C-N vibrations were appeared at 1604, 1331, 631 and 566 cm-1 showing a good agreement with experimental data (Figure S2-S3 and Tables S5-S6). [48: [] R. Rittnera, L.C. Ducatia, C.F. Tormenaa, B.C. Fiorin, C.B. Braga, Spectrochim. Acta A, 2011, 79, 1071-1076.] 

N-H vibration
In AMPBS and DAPBS N-H symmetric stretching vibrations of NH2 were located at 3605 and 3612 cm-1 (DFT) whereas, the experimentally determined values were found to be at 3603 and 3653 cm-1 respectively. Moreover, in AMPBS and DAPBS the asymmetric stretching vibrations for NH2 were appeared at 3730 and 3744 cm-1 respectively. Furthermore, the simulated N-H scissoring vibrations were found as 1647 and 1651 cm-1 while, the experimental values were found to be 1692 and 1688 cm-1 for AMPBS and DAPBS respectively. In AMPBS rocking vibrations were computed as 1603, 1473, 1288, and 980 cm-1 while, in DAPBS were located at 1604, 1425, 1331 and 1039 cm-1.
S-O Vibration
In AMPBS S-O stretching vibrations in SO3 were located at 1158, 729, 664 and 569 cm-1 (DFT) and 1144, 777, 658 and 559 cm-1 (Experimental) respectively. Similarly, in DAPBS, same vibrations were computed as 746, 676 and 566 cm-1 (DFT) and 746, 686 and 561 (Experimental) respectively. In AMPBS and DAPBS asymmetric vibrations in SO3 were found as 1364 and 1356 cm-1 respectively (Figure S2, S3 & Tables S5, S6). 
Frontier molecular orbital:
Frontier molecular orbitals (FMOs) containing highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) as well as energy gap were considered very effective parameters in chemical quantum chemistry [[endnoteRef:49],[endnoteRef:50]]. FMOs also delivered important information to determine molecular dynamics and describing the chemical transformations [[endnoteRef:51]]. The HOMO and LUMO of a compounds were helpful in determining various parameters such as optical, electronic properties, chemical reactivity, stability, intermolecular charge transfer, chemical hardness, softness and electronegativity. The HOMO–LUMO energy gap of  molecules played an important role in chemical reactions [[endnoteRef:52]-[endnoteRef:53]]. The HOMO-LUMO energy gap of AMPBS and DAPBS was calculated at DFT/B3LYP/6-311G(d,p) level (Table 5). [49: [] M.N. Arshad, A.-A.M. Al-Dies, A.M. Asiri, M. Khalid, A.S. Birinji, K.A. Al-Amry, A.A. Braga, Synthesis, crystal structures, spectroscopic and nonlinear optical properties of chalcone derivatives: a combined experimental and theoretical study, J. Mol. Struct., 2017, 1141, 142-156.]  [50: [] M.N. Tahir, S. H. Mirza, M. Khalid, A. Ali, M. U. Khan, A. A. C. Braga. Synthesis, single crystal analysis and DFT based computational studies of 2,4-diamino-5-(4-chlorophenyl)-6-ethylpyrim idin-1-ium 3,4,5- trihydroxybenzoate -methanol (DETM) J. Mol. Struct., 2019, 1180, 119-126.]  [51: [] I. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley, London, 1976.]  [52: [] Kohn W, Becke AD, Parr, RG, Density functional theory of electronic structure, J Phys Chem., 1996, 100(31), 12974–12980.]  [53: [] Pearson RG, Absolute electronegativity and hardness correlated with molecular orbital theory, Proc Natl Acad Sci USA, 1986, 83(22), 8440–8441.] 

Table 5: Computed energies (E) of title compounds
		
	AMPBS
	
	
	DAPBS
	

	MO(s)
	Energy
	E
	MO(s)
	Energy
	E

	HOMO
	-6.496
	4.871
	HOMO
	-6.043
	4.598

	LUMO
	-1.625
	
	LUMO
	-1.445
	

	HOMO-1
	-7.200
	6.224
	HOMO-1
	-6.936
	6.027

	LUMO+1
	-0.976
	
	LUMO+1
	-0.909
	

	HOMO-2
	-7.723
	6.820
	HOMO-2
	-7.074
	6.936

	LUMO+2
	-0.903
	
	LUMO+2
	-0.138
	


 	E= energy, ∆E(eV) = ELUMO-EHOMO; 

 The HOMO was labelled as an electron donor,whereas LUMO was assigned as electron acceptor. A deeper understanding of chemical reactivity could be gained by this electronic absorption corresponded to the transition from the ground to the first excited state and it was mainly described by one electron excitation from HOMO to the LUMO orbital [[endnoteRef:54]-[endnoteRef:55]]. The chemical stability could be understood by energy gap between HOMO and LUMO (∆E = ELUMO-EHOMO). In both molecules the electronic distribution could be observed in HOMOLUMO, HOMO-1LUMO+1 and HOMO-2LUMO+2 as shown (Table 5). The energy gaps from HOMO to LUMO in AMPBS and DAPBS were determined as 4.871 and 4.598 eV respectively. Moreover, in AMPBS and DAPBS the energy gaps from HOMO-1LUMO+1 and HOMO-2LUMO+2  were found as  6.224, 6.027 eV and 6.820, 6.936 eV respectively.   [54: [] Y.R. Sharma, Elementary Organic Spectroscopy Principles and Applications, S. Chand & Company Ltd., 2005.]  [55: [] V. Arjunan,I. Saravanan, P. Ravindran, S. Mohan, Structural, vibrational and DFT studies on 2-chloro-1H-isoindole-1, 3 (2H)-dione and 2-methyl-1H-isoindole-1, 3 (2H)-dione, Spectrochim. Acta. A, 2009, 642–649.] 

The electron density of HOMO concentrated on the 4-methoxypyrimidine-2-amine but had a small effect on other two oxygen atoms in 2-amino-6-methylpyrimidin-4-yl benzenesulfonate. While concentration of LUMO was revealed at methyl benzensulfonate but affected primidine carbon atoms for AMPBS. The electron density of HOMO was observed on methyl benzenesulfonate and a small effect on pyrimidine carbon atom while concentration of LUMO was found at 2,6-diaminopyrimidine-4-yl methansulfonate except sulfur atom for DAPBS. Accordingly, the lower E illustrated that the DAPBS obsessed slightly strong potential for the transfer of electrons and better NLO properties than AMPBS. (Figure 11)
	

	

	


	
	AMPBS
	

	

	

	



DAPBS
Figure 11: Frontier molecular orbitals of the entitled compounds.
Global reactivity parameters:
The stability, reactivity and energies of AMPBS and DAPBS were described by HOMO-LUMO energies and energy gaps. The electronic affinity (A) and ionization potential (I) could be calculated by using equations 2 and 3.
			Equation	 2
			Equation 	3
Global hardness and electronegativity [46] were determined using equations 4 and 5.

			                  Equation	   	4

			     Equation		5
The calculation for chemical potential () was completed using equation 6.
			Equation 	6
The electrophilicity calculation was performed to establish the charge transfer process which describe the variation in energy. 

			        	Equation 	7
The global softness could be calculated by using equation 8.

			          Equation	 8
The results obtained from these calculation were presented in Table 6.
Table 6: Ionization potential (I), electron affinity (A), electronegativity (X), global hardness (η), chemical potential (μ), global electrophilicity (ω) and global softness (σ).
	Compounds
	
I
	A
	X
	
	η
	μ
	ω
	σ

	AMPBS
	6.496
	1.625
	4.0605
	
	2.4355
	-4.0605
	3.384861
	0.205297

	DAPBS
	6.043
	1.445
	3.744
	
	2.299
	-3.744
	3.048616
	0.217486



[bookmark: _Hlk31625793] In AMPBS and DAPBS it could be seen that electron affinity had much lower values than ionization potential. The electron affinity as well as ionization potential values for AMPBS were greater than DAPBS. The preceding results indicated that all investigated molecules were chemically hard with greater kinetic stability and electron donating capability. The global hardness  of AMPBS and DAPBS were seen as  (HOMOLUMO)= 2.4355 and (HOMOLUMO)= 2.299 respectively. The molecule with greater chemical potential values could be considered as less reactive, more stable and vice versa. The chemical potential values of AMPBS and DAPBS were found as: (HOMOLUMO)= -4.0605 and (HOMOLUMO)= -3.744 respectively. The global softness values of AMPBS and DAPBS were found as: (HOMOLUMO)= 0.205297 and  (HOMOLUMO)= 0.217486 respectively. These values were found greater in magnitude as compared to their global hardness values. The global electrophilicity (ω) values of AMPBS and DAPBS were found to be (HOMOLUMO)= 3.384861 and  (HOMOLUMO)= 3.048616 respectively. The aforementioned results showed that all investigated molecules were characterized with greater kinetic stability.
Non-linear optical property:
Non-linear optical (NLO) material were used for designing the optical switches, optical memory devices, communication technology and signal processing. Molecules containing pi-electron conjugated system could be considered as strong candidates for electronic, optical and non-linear optical (NLO) applications [[endnoteRef:56]]. Electronic properties were responsible for the strength of the optical response which depended upon the polarizability and hyperpolarizability (linear and nonlinear responses). The polarizability and hyperpoalizability should be evaluated for the estimation of NLO properties of compound AMPBS and DAPBS. To examine the change in the π-conjugated linker the polarizability values of the compound AMPBS and DAPBS were given (Table 7). 	 [56: [] J. Zyss, J.-F. Nicoud, Status and perspective for molecular nonlinear optics: from crystals to polymers and fundamentals to applications, Curr. Opin. Solid State Mater. Sci., 1996, 1(4), 533-546.] 


Table 7: Dipole moment, polarizability and major contributing  tensor (a.u.) of the studied     compounds.
	Linear Polarizability
	
	

	
	AMPBS
	DAPBS

	αxx
	186.259
	218.583

	αyy
	169.937
	152.48

	αzz
	135.028
	120.139

	αtotal(a.u)
	163.7413
	163.734

	Dipole moment
	AMPBS
	DAPBS

	μx
	0.3012
	0.4639

	μy
	4.7751
	4.2539

	μz
	1.7388
	-0.1703

	μtotal
	5.0908
	4.2825



	Table 8: Computed first hyperpolarizabilities (βtot) and major contributing     tensor (a.u.) of the  studied compounds.
	Hyper Polarizability
	
	

	
	AMPBS
	 DAPBS

	βxxx
	-133.307
	-196.585

	βxxy
	161.270
	-19.303

	βxyy
	81.246
	261.062

	βyyy
	-54.850
	70.796

	βxxz
	-63.007
	-4.991

	βyyz
	84.481
	-5.369

	βxzz
	-32.604
	62.331

	βyzz
	-22.236
	40.339

	βzzz
	83.691
	-1.868

	βtotal(a.u.)
	159.106
	157.044



For, AMPBS the linear polarizability along x, y and z directions were obtained as 186.259, 169.937and 135.028 a.u. respectively, which resulted α total value of 163.7413a.u. For, DAPBS the linear polarizability along x, y and z directions were calculated as 218.583, 152.48 and 120.139 a.u. respectively, which resulted α total 163.734 a.u. as shown (Table 7). The second order polarizability (βtotal) values of AMPBS and DAPBS were calculated as 159.106 and 157.044 a.u. respectively. The sum of all the tensors calculated for AMPBS and DAPBS as 159.106 and 157.044 respectively (Table 8). The urea molecule is frequently applied as standard molecule [[endnoteRef:57]]. The βtotal values for AMPBS and DAPBS obtained were greater in magnitude than the urea molecule (βtotal) [[endnoteRef:58]]. Polarizabilities and hyperpolarizabilities characterized the 228 response of a system in an applied electric field [[endnoteRef:59]]. The dipole moment of AMPBS (5.0908) was greater than DAPBS (4.2825) as shown in Table 7. The second hyper polarizabilities of  AMPBS and DAPBS were computed as -8.0464 and 0.3622 a.u. respectively (Table S7). [57: [] V. Balachandran, A. Lakshmi, A. Janaki, vibrational spectroscopic studies and natural  bond orbital analysis of 4,6-dichloro-2-(methylthio)-pyrimidine on density functional  theory, SpectrochimicaActa Part A, 2011, 81, 1-7.]  [58: [] P.N. Prasad, D.J. Williams, Introduction to nonlinear optical effects in molecules and polymers, Wiley New York etc.1991. ]  [59: [] C.-R. Zhang, H.-S. Chen, G.-H. Wang, Chem. Research in Chinese Universities, 2004, 20, 640-646.] 

Molecular electrostatic potential (MEP):
[bookmark: page20][bookmark: _Hlk17578109]The chemical and physical aspects of any chemical system could be explored with the help of molecular electrostatic potential (MEP) plot. Usually, MEP plot could be employed to comprehend the plausible electrophilic or nucleophilic attack at suitable sites on chemical structures. MEP surface contains several standard colors likewise orange, red, yellow, blue and green which revealed the magnitude of electrostatic potential. The order of magnitude of electrostatic potential in decreasing order were found to be blue > green > yellow > orange > red. The segment highlighted with red color was engaged to communicate the negative potential value which could be supportive for electrophilic attack. On the contrary, the nucleophile enticing site by most positive potential could be displayed through blue color. MEP was charaterized using Equation 9:
	 9
	


The MEP was associated to electron density and presented very suitable indices for determine electrophilic and nucleophilic reactions and interaction due to hydrogen bonding [[endnoteRef:60]-[endnoteRef:61]].  [60: [] F.J. Luque, J.M. Lopez, M. Orozco, Electrostatic interactions of a solute with a continuum. A direct utilization of ab initio molecular potentials for the prevision of solvent effects, Theor. Chem. Acc., 2000, 103, 343–345. ]  [61: [] N. Okulik, A.H. Jubert, Internet electron, Theoretical analysis of the reactive sites of non-steroidal anti-inflammatory drugs, J. Mol. Des., 2005, 4, 17–30. ] 

	



AMPBS
	


	



DAPBS

	



Figure 12: MEPs and color scheme of the studied compounds AMPBS and DAPBS.
Conclusions
[bookmark: shelx__space_group_crystal_system][bookmark: shelx__space_group_name_H-M_alt]In summary, the synthesis of 2-6-methylpyrimidin-4-yl benzenesulfonate AMPBS and 2,6-Diaminopyrimidin-4-yl benzenesulfonate DAPBS was achieved via O-benzenesulfonylation reaction. The structures of the synthesized compounds were verified by the X-ray crystallographic technique. SC-XRD study revealed that AMPBS and DAPBS consisting of crystal systems with space groups as Monoclinic, P21/n, and Monoclinic, P21/c respectively. The XRD study disclosed that besides hydrogen bonding, structures of the titled molecules are stabilized by the π-π stacking interactions. From Hirshfeld analysis the fingerprint plots of the close contacts in our entitled molecules, the highest values were seen as: H…H (34.81%), H…O (28.16%), H…C (16.03%) and  H…N (13.73%) while, the lowest interaction was found as N…N (1% )for AMPBS. In DAPBS the highest values of interactions were found to be as H…H (31.32%), H…O (30.60%), H…N (16.52%), H…C (12.08%) whereas, the lowest value was calculated as N…N (0.21%) respectively. Furthermore, DFT based FT-IR spectra was in outstanding concurrence with the experimental data. NBOs investigation revealed that AMPBS and DAPBS are involved in the intra molecular charge transfer therefore, these compounds have greater stability due to hyperconjugation. FMO analysis was used to determine chemical reactivities and charge transfer properties at differends sites in entitled molecules. The global hardness of AMPBS and DAPBS are found to be 2.4355 and 2.299 (HL) respectively and the global softness values are found to be 0.205297 and 0.217486 respectively. Moreover, the chemical potential values are found to be -4.0605 and -3.744 for AMPBS and DAPBS respectively. On the basis of chemical reactivity descriptors, it could be considered that investigated compounds are less reactive and more stable. MEP plot indicate electrophilic and nucleophilic attack shown by red and blue color respectivey. The βtotal values of AMPBS and DAPBS were calculated as 159.106 and 157.044 a.u. respectively.These findings  indicate that NLO values of title compounds were observed higher as compared to the urea molecule indicating the significant NLO character and may have important contribution in the field of technology. 
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