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[bookmark: _Toc97400197][bookmark: _Toc97400575]1HNMR, 13CNMR, FT-IR and Mass spectra of Compounds (4a-f):


[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\DHPM-Q00.jpg]
Figure 1. 1HNMR (DMSO): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a)

[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\DHPM.Q.jpg Cnmr.jpeg]
Figure 2. 13CNMR(DMSO): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a)

[image: E:\DHPM-Q data\IR spectrom DHPM-Q\DHPM-Q.TIF]
Figure 3. FT-IR(KBr): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a)
[image: C:\Users\tramadol\Desktop\New folder (2)\DHPM-Q.jpg]
Figure 4. Mass(m/z): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a)



[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\3OH-DHPM-Q00.jpg]
Figure 5. 1HNMR (DMSO): Ethyl 4-(3-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4b).

[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\3OH-DHPM.Q.jpg Cnmr.jpeg]
Figure 6. 13CNMR(DMSO): Ethyl 4-(3-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4b).
[image: E:\DHPM-Q data\IR spectrom DHPM-Q\3OH-DHPM-Q.jpg]
Figure 7. FT-IR(KBr): Ethyl 4-(3-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4b).

[image: E:\DHPM-Q data\Mass\3OH-DHPM.Q.jpg]
Figure 8. Mass(m/z): Ethyl 4-(3-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4b).

[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\4OH-DHPM-Q00.jpg]
Figure 9. 1HNMR (DMSO): Ethyl 4-(4-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4c).

[image: ]
[image: ]Expanded 1HNMR spectrum (4c).

[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\4OH-DHPM.Q.jpg Cnmr.jpeg]
Figure 10. 13CNMR(DMSO): Ethyl 4-(4-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4c).

[image: E:\DHPM-Q data\IR spectrom DHPM-Q\4OH-DHPM-Q.jpg]
Figure 11. FT-IR(KBr): Ethyl 4-(4-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4c).
[image: E:\DHPM-Q data\Mass\4OH-DHPM.Q.jpg]
Figure 12. Mass(m/z): Ethyl 4-(4-hydroxyphenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl)thio)methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4c).

[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\3NO2-DHPM-Q.jpg]
Figure 13. 1HNMR (DMSO): Ethyl 4-(3-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d).

[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\3NO2-DHPM.Q.jpg Cnmr.jpeg]
Figure 14. 13CNMR(DMSO): Ethyl 4-(3-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d).
[image: E:\DHPM-Q data\IR spectrom DHPM-Q\3NO2-DHPM-Q.jpg]
Figure 15. FT-IR(KBr): Ethyl 4-(3-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d).
[image: E:\DHPM-Q data\Mass\3NO2-DHPM.Q.jpg]
Figure 16. Mass(m/z): Ethyl 4-(3-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d).

[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\4NO2-DHPM-Q (1)00.jpg]
[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\4NO2-DHPM-Q.PNG]Figure 17. 1HNMR (DMSO): Ethyl 4-(4-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate(4e).
Expanded 1HNMR spectrum (4e).
[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\4NO2-DHPM.Q.jpg Cnmr.jpeg]
Figure 18. 13CNMR(DMSO): Ethyl 4-(4-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate(4e).

[image: E:\DHPM-Q data\IR spectrom DHPM-Q\4NO2-DHPM-Q.jpg]
Figure 19. FT-IR(KBr): Ethyl 4-(4-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate(4e).
[image: E:\DHPM-Q data\Mass\4NO2-DHPM.Q.jpg]
Figure 20. Mass(m/z): Ethyl 4-(4-nitrophenyl)-2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate(4e).

[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\3,4,5-tri-OMe-DHPM-Q.jpg]
Figure 21. 1HNMR (DMSO): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-4-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f).
[image: E:\DHPM-Q data\HNMR spectrum for DHPM-Quinazolin\3,4,5-tri-OMe-DHPM-Q (1).jpg]
[image: E:\DHPM-Q data\C-nmr for DHPM-Quinazolin\Noori\3,4,5,OME-DHPM.Q.jpg Cnmr.jpeg]
Figure 22. 13CNMR(DMSO): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-4-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f).


[image: E:\DHPM-Q data\IR spectrom DHPM-Q\3,4,5-OME-DHPM-Q.TIF]
Figure 23. FT-IR(KBr): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-4-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f).

[image: E:\DHPM-Q data\Mass\3,4,5.OMe-DHPM.Q.jpg]
Figure 24. Mass(m/z): Ethyl 2-oxo-6-(((4-oxo-3-phenyl-3,4-dihydroquinazolin-2-yl) thio) methyl)-4-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f).





[bookmark: _Toc97400198][bookmark: _Toc97400576]Docking results
Analysis of the docking results showed that hydrophobic interactions and hydrogen bonds have the key contributions in keeping the compounds bound into the minor groove of DNA.  

As seen in Figure 25 there are three hydrogen bonds between nitrogen atoms of pyrimidine group in 4a and oxygen atoms of thymine nucleotides (dT20,dT19 and dT7) in DNA. Carboxyl of 4a interacts with oxygen atom of thymine nucleotide (dT8) through hydrogen bond interaction. Moreover, 4a interacts with DNA through hydrophobic interactions with cytosine nucleotides (dC9, anddC21) and adenine nucleotides (dA18and dA6).
[image: ]

Figure25.The 2D interaction plotbetween best binding modes of 4a and DNA provided with Ligplot program.




Figure 26 shows hydrophobic interactions and hydrogen bonds between 4b and DNA. 4b interacts with DNA through hydrophobic interactions with thymine nucleotide (dT20), adenine nucleotides (dA18and dA6)and cytosine nucleotide (dC21). Moreover, there are two hydrogen bonds between nitrogen atoms of pyrimidine group in 4b and oxygen atoms of thymine nucleotides (dT19 and dT7) in DNA. Hydroxyl group of 4b forms two hydrogen bondswith oxygen atoms of thymine nucleotide(dT8) and cytosine nucleotide (dC9).

[image: ]
Figure26.The 2D interaction plot between best binding modes of 4b and DNA provided with Ligplot program.






As seen in Figure 27 there isone hydrogen bond between nitrogen atom of pyrimidine group in 4c and oxygen atom of thymine nucleotide (dTt20) in DNA. Moreover, 4c interacts with DNA through hydrophobic interactions with adenine nucleotides (da5, dA6 anddA18), cytosine nucleotides(dcC21and dC9), thymine nucleotides (dT7,dT19and dT8) and guanine nucleotide(dG22).
[image: ]
Figure27.The 2D interaction plot between best binding modes of 4c and DNA provided with Ligplot program.








Figure 28 provides hydrophobic interactions and hydrogen bonds between 4d and DNA.This compound interacts with DNA through hydrophobic interactions with adenine nucleotide (dA5) and cytosine nucleotides (dC21 and dC9).Moreover, there are two hydrogen bonds between nitrogen atoms of pyrimidine group in 4d and oxygen atoms of thymine nucleotides (dT19 and dT7) in DNA. Carboxyl groups of 4d forms four hydrogen bonds with oxygen atoms of thymine nucleotides (dT8, dT19 and dT20).
[image: ]
Figure28.The 2D interaction plotbetween best binding modes of 4d and DNA provided with Ligplot program.





Figure 29 shows hydrophobic interactions and hydrogen bonds between 4e and DNA. This compound interacts with DNA through hydrophobic interactions with thymine nucleotides (dT8 and dT7), adenine nucleotides (dA5 and dA6),guanine nucleotide (dG22)and cytosine nucleotides (dc9 and dc21).Moreover, there isone hydrogen bond between nitrogen atom of pyrimidine groupin 4e and oxygen atom of thymine nucleotide (dTt20) in DNA. Carboxyl group of 4e forms three hydrogen bondswith oxygen atoms of thymine nucleotides (dT19 and dT20).


[image: ]
Figure29.The 2D interaction plotbetween best binding modes of  4e and DNA provided with Ligplot program.





As seen in Figure 30 there isone hydrogen bond between nitrogen atom of pyrimidine group in 4f and oxygen atom of thymine nucleotide (dT8) in DNA andthere is one hydrogen bond between carbonyl group of 4f and oxygen atom of thymine nucleotide (dT8) in DNA. Carboxyl group of 4f form one hydrogen bond with oxygen atomof thymine nucleotide (dTt20). Moreover, 4f interacts with DNA through hydrophobic interactions with adenine nucleotides (dA6 anddA18), cytosine nucleotide(dC21), and thyminenucleotides (dT7 anddt19).
[image: ]
Figure 30.The 2D interaction plot between best binding modes of 4f and DNA provided with Ligplot program.





Table 1: Binding energies and inhibition constants of the compounds in the DNA minor groove.
	Complex
	ΔG (KCal/mol)
	Ki (nM)

	DNA-4a
	-9.95
	50.48

	DNA-4b
	-10.36
	25.32

	DNA-4c
	-10.64
	15.92

	DNA-4d
	-10.62
	16.49

	DNA-4e
	-9.28
	157.32

	DNA-4f
	-8.42
	668.82



The compound 4c showed the lowest level of ΔG among the compounds. Also the Ki of the 4c is more than other compounds. Therefore, the 4c binds to DNA with higher affinity rather than other compounds.

[image: ]
Figure 31. The superimposition of the best docking structures of the compounds in the DNA minor groove. All of the compounds can bind to DNA via hydrogen bond formation with the minor groove.

3.Docking Methods:
Crystal structure of DNA dodecamerd(CGCGAATTCGCG)2with entry code 1BNA was taken from the Brookhaven Protein Data Bank (RCSB)[1].The 3D structures of the compounds were prepared using Gauss view 5.0.Thereafter in order to get the most stable geometry all structures were optimized by using Gaussian 09 software by using the B3LYP hybrid density functional theory at the 6-31G** level [2]. Flexible ligand docking calculations were performed with the Auto Dock 4.2 package by using empirical free energy function and Lamarckian genetic algorithm with local search [3]. During the preparation of the DNA in Auto Dock Tools environment, water molecules were removed from crystal structure and missing hydrogen atoms and Gasteiger charges were added to the molecule. At first a grid box, containing the whole DNA was used to allow the compounds move freely during docking run. Thereafter, the grid map was set at 40 Å ×40 Å ×40 Å with a grid-point spacing of 0.375 Å to cover the binding site. For all docking parameters, default values were used excepting 200 separated docking runs contain of the maximum 25,000,000 energy evaluations. For each compound the docking conformation with the lowest binding energy in the highest populated cluster was selected as the most probable binding mode.
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Abundance Scan 271 (2.968 min): TEST 1843.D\data.ms
258.2

360000

340000

320000

300000

280000

260000

240000

220000

200000

2212
180000

160000 RS

435.2
140000

379.2
120000

772 1192
100000

524.3

80000
484.2

60000

162.1

40000
442 3031 3462

20000

0 1 594.2624.3 756.4
T T T

1| T
m/z—-> 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750




image24.jpeg
V7 i o

Current Data Parameters

HAE -4
EXPlD 8815
PROCHD 1
F2 - Acquisition Parameters
Date 20171215
Tine 13.30
THSTRIN spect
i PROBHD 5 mm Multimu
o PULPROG. 2
one ™ 16000
SOLVENT Do
g 16
2§ H
Eid 8012.820 Bz
FIDRES 0,500801 Ez
a0 0.9584500 sec
RS 406.4
o 62,400 usec
DE .00 usec
kol 500.0 K
1 1.00000000 sec

CHAMEL £1

e 18
Pl 10.00 usec
PLL 6,00 &8
sFoL 400.1336012 MEz
F2 - Processing parameters
s 52768
ko 400.1300085 Mz
oy B
558 o
1B 0.40 Bz
o8 o
4 1.00

e o e e e e e T

18 17 16 16 14 13 12 11 10 8 B8 7 6 65 4 3 2 ppm

085 >=
1.2
136!
146
17E
332/
338/
100,
100=
07
113
226\
345%
3.04)
3.08)
300= =




image25.jpeg
T
N BESE

Current Data Parameters

i SHa
ExBlin aa1s
FROCHD 1
F2 - Acquisition Parameters
Date_ 20171215
Tine 13.30
TR Spect
PROBHD 5w Multimu
mr noori-sample code:DHPM-Q BULEROG: 16088
SoLvENT Dusn
i3 is
05 S
s a012.620 Ee
FIDRES 0. 500801 Ez
P 0.9984500 sec
RG a06.4
o 62,400 usec
s 400 Unee
™ 300.0 K
- Lele 250 PRR pp 1.00000000 sec

4.0 3.8 ppm

CHAMEL £1

e 18
Pl 10.00 usec
PLL 6.00 &8
sFoL 400.1336012 MEz
F2 - Processing parameters
s 52768

a 400.1300085 Mz
oy B

558 o

1B 0.40 Bz
o8 o

4 1.00

S

50

107

» b B

a0

25

20

15 ¥





image26.jpeg
OSIWQ £8'8E
OSING bO'6E
OSINQ 52'6E
OSING 9b'6E

oswa et |

osa sy’
26E5
2955~
8965~
o097

Zh'00T—
09'90T~_
2980T~
PSETTY
6521
PTRTY
09927
£E6CT
6€'6CT
95'6TT
T96CT
TUOET
TO'SET ]
L9SET
0E8ET
STTHT |
66'9bT
STLYT
966HT
Z805T
oL'zsT
9W'LST
65°09T

CL3c DMSO D2\ Administrator 29
P
]

Noori- Mojtaba-EN981126.50.1.1r

34-5

200 180 160 140 120 100 80 60 40 20
f1 (ppm)

220




image27.tiff
Lol

pE 0L
IETOLL
sEazzt

05 Z0E¢

699671

pLGeEL
v ipl
Zoerst

Sy ovel
81'g69)

1zol0z

LE'99ET

501957

16'PET
525862

pi'acze

LOEGEE
B OLYE

BauEnIwIsURI L

2500 2000 1500 1000 500
Waverumbers (crn-1)

3000

3500





image28.jpeg
Abundance

90000

85000

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

m/z-->

43.2

50

772

119.1

100

162.1

150

258.

221.2

200 250

Scan 247 (2.713 min): TEST 1849.D\data.ms

379.2

347.2

301.1

300 350 400

435.2

450

512.2

500

557.2

550

600

650

700

750




image29.jpeg
Ac21(B)

@==@ Ligand bond Hiss3_ Non-ligand residues involved in hydrophobic
@—@ Nonigand bond e contaci(s)
@-~-@ Hydrogen bond and its length

@  Comesponding atoms involved in hydrophobic contact(s)




image30.jpeg
@@ Ligandbond fins3_ Non-ligand residues involved in hydrophobic
@—@ Non-ligand bond e contact(s)

@-~@ Hydrogen bond and its length @  Comesponding atoms involved in hydrophobic contact(s)




image31.jpeg
@==@ Ligandbond Hinss_ Non-ligand residues involved in hydrophobic
@—@ Non-ligand bond e contact(s)

@-~-@ Hydrogen bond and its length

Coresponding atoms involved in hydrophobic contact(s)




image32.jpeg
@=——@ Ligandbond
@—@ Nonligand bond

@-~-@ Hydrogen bond and its length

Non-ligand residues involved in hydrophobic

e contaci(s)

Corresponding atoms involved in hydrophobic contact(s)





image33.jpeg
. e

@==@ Ligand bond wissy Non-ligand residues involved in hydrophobic
@—@ Nonligand bond e contacis)
@-'~-@ Hydrogen bond and s length

Corresponding atoms involved in hydrophobic contact(s)




image34.jpeg
“ o (&

Non-ligand residues involved in hydrophobic
contact(s)

@=——@ Ligandbond
@@ Non-ligand bond

@-'~-@ Hydrogen bond and its length

Corresponding atoms involved in hydrophobic contact(s)




image35.png
£

4a:0 4b:e 4c:e 4d:e 4e:0 4f:0





image1.jpeg
mr noori-sample code:B+Q

BRUKER
(<O

Current Data Parameters

B
He

a
e

me

He

HE SHoa
EXePID 854
PROCHO 1
F2 - Acquisition Parameters
Date 20170706
Tine 5.4l
THSTRIN spect
PROBED 5 mm Multinu
PULPROG. g
™ 16000
SOLVENT Do
g 16
2§ H
Eid s012.820
FIDRES 0, 500801
a0 0.5584500
RS 1625.5
o 62,400
DE &.00
kol 500.0
1 1.00000000
CHAMEL £1
el 18
Pl 5.00
PLL _6.00
sFoL 400.1336012
F2 - Processing parameters
s 52768
ko 400.1300085
oy By
558 o
1B 0.40
o8 o
4 1.00





