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Methods
Experimental methods:

All the NMR experiments were performed at a 400 MHz Bruker Ascend™ spectrometer. Two-
dimensional NMR experiments such as 'H-'F HOESY"-? and 'H-'N HSQC? were performed
using standard pulse sequences available in the Bruker library. The synthesis of all the

molecules investigated in this study were synthesized following the procedure.
General procedure for synthesis of the A and B series of molecules:
Synthesis procedure for A series:

High-purity, commercially available reactants were purchased and employed without any
additional purification. Thionyl chloride (SOCIl,, 30 mmol) was added to the respective acid
derivatives (2.5 mmol) in dry CH2Cl,, and the resulting suspension was refluxed under a
nitrogen atmosphere overnight at 40°C. After completion of the reaction, the excess SOCl, was
evaporated under reduced pressure. The acid chloride was dissolved in dry CH>Cl, and cooled
to 0°C. A solution containing triethylamine(2 mmol) and 2,6-diaminopyridine (1 mmol) in dry
CHxCl, was added dropwise to the reaction mixture, which was then stirred at 0°C for 30
minutes and subsequently at room temperature for 16 hours under a nitrogen atmosphere.
Further, the suspension was washed with a saturated aqueous mixture of NH4Cl and water, then
dried over anhydrous Na,;SO4 and concentrated in vacuo. The crude product was purified with
column chromatography using an ethyl acetate/petroleum ether solvent mixture with a polarity

gradient.

The reaction scheme for the synthetic procedure is shown below.

COOH CH,Cl, COCl
+ + SO, * HCI
socl, ———
X Reflux, 4001 X

: NEt;

e B, - 2B
+ — —
X H,N7~N” “NH, NN H)Ij
X X

X=H, F, Cl, CF3, OCHs

S1



_>Reaction
Mixture

X=H, F, Cl, CF3, OCH3

Scheme S1: Chemical and graphical representation of the synthetic procedure for the series A

molecules.
Synthesis procedure for B series:

The 2,6-dipicollinic acid (Immol) was treated with thionyl chloride (SOCl,, 30 mmol) in
acetonitrile and refluxed under a nitrogen atmosphere overnight at 80°C. Upon completion of
the reaction, excess thionyl chloride was removed in vacuo, resultant acid chloride was
dissolved in dry CH>Cl; and cooled to 0°C. A solution of triethylamine(2 mmol) and desired
amine derivatives(2.5 mmol) in dry CH>Cl> was added dropwise, then stirred 30 minutes at
0°C and subsequently at room temperature for 16 hours under a nitrogen atmosphere. The
reaction mixture was washed with a saturated solution of NH4Cl and water, dried over
anhydrous Na>SOys, and concentrated under reduced pressure. The crude product was purified
by column chromatography using an ethyl acetate/petroleum ether solvent mixture with a

polarity gradient.
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: NEt;

X=H, F, Cl, CF4, OCHs
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\
S

X=H, F, Cl, CF3, OCHj4

N

Scheme S2: Chemical and graphical representation of the synthetic procedure for the series B
molecules.
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Computational methods:

All molecular mechanics calculations were carried out in the Gaussian 16 software.* The 3D
structures of all the molecules listed in Scheme 1 were generated using GaussView software.
The structures were then set for geometry optimization and frequency calculation using
B3LYP/6-311+G(d,p) and B3LYP/6-311++G(d,p) basis set of DFT with chloroform as
solvation medium modeled using integral equation formalism-polarizable continuum model
(IEF-PCM).> The wave function (.wfn) files were derived from the optimized minimum energy
structures and subsequently used for QTAIM and NCI analyses. Different DFT levels of theory
were employed for geometry optimization depending on the calculation type, and the specific
levels used are noted in the respective sections. DFT-based NMR calculations were carried out
using the Gauge-Independent Atomic Orbital (GIAO)® method employing the minimum energy
geometries for all investigated molecules. The shielding constants obtained from DFT-based
NMR calculations were converted to chemical shifts using TMS as the reference standard,
following the relation, &(ppm)=0rys — Otheor- The orys value was determined using the

same computational parameters and level of theories as applied for the investigated molecules.

The implicit solvent model (IEF-PCM) employed in this study was used for geometry
optimization for QTAIM, NCI and NBO analyses, as well as for NMR calculations to predict
the NH proton chemical shift in chloroform. In continuum solvation approaches such as PCM,
the solvent is represented as thermally averaged, isotropic continuous electric field, where
solute-solvent interactions are primarily described in terms of bulk electrostatic polarization.’
Consequently, specific solvent-solute interactions such as hydrogen bonding between DMSO
and -NH group, are not explicitly treated within the IEF-PCM framework.” Therefore, specific
DMSO-NH interactions observed from the DMSO titration was only done experimentally and
were not modelled computationally. Previous studies have shown that such HB interactions

require explicit solvent treatment, which is not capture within implicit solvent model.”-8

S4



NMR Analysis

The used solvents and the spectrometer frequencies of respective nuclei for all 1D and
homonuclear 2D experiments are defined in the figure captions. All the 2D heteronuclear
experiments are performed at the 400 MHz 'H resonating frequency.
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Figure S2: 400 MHz 'H-NMR spectrum of A2 molecule in DMSO-dj solvent
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Figure S4: Expanded region of 100 MHz '*C-NMR spectrum of Figure S2.
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Figure S5: 2D COSY spectrum of A2 molecule measured at 400 MHz in CDCl; solvent.

R

CH-1,5
o 110
C-21,18 115
BeN ’
109N2N4812 120 _
8 |: F CH-23,16 E
25 26 ’
® -125 &
o
CH-15,24 130 -
@ CH-22,17
® 135
cH-6 -140

' 90 86 82 78 74 7.0 6.6

1
H (ppm)
Figure S6: 2D 3C-"H HSQC spectrum of A2 molecule in CDCl; solvent.

S7



-85.05

-85.10

-85.15

-85.20

-85.25

-85.30

10.56 10.52 10.48

"H (ppm)

Figure S7: 2D '"H-decoupled 2D 'H-'>N HSQC spectrum of A2 molecule in DMSO-ds
solvent

10.64 10.60

S8

5N (ppm)



n <N N OTATT OO ONNTNNOOO ©
] - DONRVRROOOOUVWWWWWON N
(=} ©0 0 MNNNMNMSMMMNMNMMMNMNMMNMNNMNMNMNNMNMNNN M~
| \/ NN TS e |
11 6 14
(o) 1| X°* O
15 24
16 &9 Kl 2 N/4I§l12 3 23
17 19 |I'| ’ |'I| 20 22
% 25 26 1 H-21,23,16,18

H-15,24,20,19

85 84 83 82 81 80 79 78 77 76 75 74 73 72

TEO" HE BN
< - = <2 NN
N N < - N <
1
H (ppm)
Figure S8: 400 MHz 'H-NMR spectrum of A1 molecule in CDCl; solvent.

—165.50
149.69
141.20

—134.13

—132.38

—128.92

—127.18
109.93

C-21,23,16,18|  |c.15,24,20,19

6 14
ﬁ i
15 7 48 24 Cc-1,5
— 13 4
16 6 ° "N72>N" >N, 2 c17,22
| 3 | ’
17 19 H H 20 22
25 26 PY]

18

o

C-9,12
c24 C-13,10
I
| T T T | | | T T T | [
165 160 155 150 145 140 135 130 125 120 115 ppm
13
C (ppm)

Figure S9: 100 MHz 3C-NMR spectrum of A1 molecule in CDCl; solvent.

S9



[

CH-1,5
_ @ -110
1
4
59 N 2 N T
L 120
CH-15,24 -125
— ® CH-23,16
—_— Y- 3
CH-22,17 -130
Do
] 135
C 140
90 88 86 84 82 80 7.8 7.6 74 72 7.0 68 6.6
1
H (ppm)
Figure S10: 2D 3C-'H HSQC spectrum of A1 molecule in CDCI; solvent
- 135.85
- 135.90
y = _88.73 Hz
NH
| L 135.95
- 136.00
: - 136.05
11 14 :
o | X' 0 !
15 24
16 e ;l 5 l?l 32 - -136.10
17 19 !lls !I(! 20 22
* z 136.15
8.50 8.45 8.40 8.30 8.25 8.20
'H (ppm)
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Figure S58: Visualization of (3, -1) BCPs and corresponding bond paths (BPs) associated with
hydrogen bonding interactions for the B series of molecules (B1-B5) generated using

B3LYP/6-311+G(d,p) optimized geometries.
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Figure S59: Visualization of (3, -1) BCPs and corresponding bond paths (BPs) associated with
HBs for molecules A1-A5 and BI1-B5 generated using B3LYP/6-311++G(d,p) optimized
geometries. The dots representing the CPs, while thin yellow lines indicating the BPs of (3, -
1) BCPs.

Non-covalent interaction: Series B

In the B series of molecules, three common intramolecular interactions are observed, viz
C=0---H-Py, C=0---H-Ar, and H(N)---N-Py (Figure S59). In molecule B1, we can see three
closely spaced spikes on the left side of the topology map, which are mainly attributed to these
three interactions. In molecules B2 and B3, two additional spikes are observed due to the
hydrogen bonding interaction of H(N)--+-X-C (X=F and Cl) and the van der Waals interaction
between two halo atoms. For molecules B4 and BS5, additional spikes are also observed
alongside those mentioned above, corresponding to weak van der Waals interactions such as
Ar—H:--F-C in B4 and O-CH3"--H-Ar as well as CH3-O---O-CH3s in B5. The additional NCI

spike associated with the NH:--N-Py interaction in series B reflects increased conformational
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locking and electronic redistribution, which directly impacts the availability and reactivity of

the donor sites during complex formation.
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Figure S60: Plot of sign(1,)p(r) vs RDG and corresponding color-filled isosurface maps for
the B series of molecules (B1-B5) generated using geometries optimized at B3LYP/6-
311+G(d,p) level of theory.
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Non-covalent interaction: Series A and B geometries optimized at B3LYP/6-311++G(d,p)

2.0 0.020 2.0 0.020
18 0.015 1.8 0015
16 0010 16 0.010
1.4 0.005 14 0.005
12 0.000 12 0.000
-0. 0] ~0.005
§ 10 _E.g?z g -0.010
08 -0.015 08 -0.015
06 -0.020 06 -0.020
04 -0.025 0.4 ~0.025
02 T -0.030 02 -0.030
0.0 . = ; -0.035 0'010 + ®© § - © - o ©® ¢ w» -0.035
£28858%35¢8¢8¢3%¢8 £3588885%8E83¢8
sign(2z)p (a.u.)

w < s} o - o - o (5] < w
S © © © o © o o © o o©
sign(2o)p (a.u.)

Figure S61: Plot of sign(4,)p(r) vs RDG and corresponding color-filled isosurface maps for the
molecules A1-A5 generated using geometries optimized at B3LYP/6-311++G(d,p) level of theory
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Figure S62: Plot of sign(4;)p(r) vs RDG and corresponding color-filled isosurface maps for the
molecules B1-B5 generated using geometries optimized at B3LYP/6-311++G(d,p) level of theory
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Relaxed potential energy surface scan of A2, B2 and A4 molecules: Performed at

B3LYP/6-311++G(d,p) level of theory.
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Figure S63: Relaxed PES of molecules A2, B2, and A4 for the internal rotation of the phenyl
ring around the single bond. The selected atoms for scanning dihedral angles are highlighted

in cyan color. The analysis was performed at B3LYP/6-311++G(d,p) level of theory.
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