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ABSTRACT: Four Pd(I) complexes, (dpk)PdCl, (complex-1), and (dpk)Pd(OAc), (complex-2)
have been prepared using di(2-pyridyl) ketone as the chelate ligand (dpk). The (dpk-EtOH)PdCl,
(complex-3) and (dpk-EtOH)Pd(OAc), (complex-4) were synthesized by selectively introducing
complex-1 and complex-2 to an EtOH in situ nucleophilic addition reaction on the O=C of the dpk
ligand, respectively. All complexes were characterized using CHN-EA, UV—vis, FT-IR, FAB-MS, EDX,
TGA, and NMR physicochemical tools. The XRD-crystallography technique was employed to
ascertain the structure of complex-3. The analysis revealed a monoclinic/P2;/c crystal system
characterized by a square planar structure oriented in the cis direction around the Pd center. Several
C—H:--Cl and O—H:--O H-bonds constructing 2D-S12 and S7 synthons were confirmed via XRD/
HSA interactions. The influence of EtOH addition to the O=C group of dpk in (dpk)PdCl, was
documented by using UV—vis/FT-IR spectra and TGA analysis. As catalysts, all complexes have
demonstrated a notable catalytic function in the Heck reaction, resulting in a high yield under gentle
conditions using iodobenzene and methyl acrylate as model reactions. Moreover, the complex-1 and
complex-3 docking activity was evaluated against IBNA-DNA.

Heck Catalyst

1. INTRODUCTION form (dpk.EtOH)PdCl, was tracked by UV—vis/IR and
The di(2-pyridyl) ketone (dpk) has gained attention as a proven by single-crystal X-ray single crystal measurement.
chelate ligand due to its ability to bond with various The utilization of Pd(1I)-complexes in the Heck cross-coupling
coordination modes. It is a commonly utilized ligand for process as a means to catalyze the introduction of aryl groups
metals, and numerous studies have investigated its interactions onto alkenes using organic halides is widely regarded as an
with metal ions.'~* Mononuclear transition metal complexes of exceptionally adaptable and potent method for generating new
the dpk ligand were isolated when it acts a nitrogen bidentate carbon—carbon bonds."* 7>

ligand; mostly polynuclear or cluster transition metal As part of our continued focus on palladium(II) chelate
complexes were expected if the carbonyl oxygen atom bonded catalyst chemistry for the C—C Heck reaction,”’ we prepare
to the metal center.*”” The neutral dpk molecule can act as a and structurally identify all complexes produced from the dpk
bidentate ligand by forming bonds through the N, O or N, N ligand in this study. The thermal behaviors of complex-1 and
atoms. Alternatively, it can be a tridentate ligand by formin complex-3 before and after alcoholization have been
additional bonds through the N, N, and O atoms.””’ determined. The catalytic investigation of all complexes in
Moreover, when coordinated to M-centers, the O=C group Heck processes using iodobenzene and methyl acrylate as the

was subjected to nucleophilic addition reactions, such as the
addition of water, revealing the formation of its hydrated gem-
diol or alcohol, resulting in alcoholate dpk.ROH formation.
Afterward, dpk can undergo an in situ procedure to convert
into another ligand type, a transformation that cannot be
accomplished by traditional organic methods."”* In this work,
the carbonyl of ketone in (dpk)PdX, complex undergoes
alcoholation in the existence of ROH (e.g, ethanol), an
“ethanolated” (dpk-EtOH)PdX, hemiketal complex was
formed. The in situ ethanoate reaction of (dpk)PdCl, to

model reaction has also been carried out under easy coupling
easy conditions. Moreover, the in silico docking behavior
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against 1BNA-DNA for complex-1 and complex-3 has been
evaluated.

2. EXPERIMENTAL SECTION

2.1. Materials and Instrumentations. All reactions were
conducted under an inert argon atmosphere, employing typical
high-vacuum and Schlenk-line techniques. Pd(OAc),,
PdCL,(PhCN),, and dpk were obtained from ChemPur and
Merck and utilized without further modifications. An elemental
analysis was conducted using an Elementar Varrio EL analyzer.
The Bruker DRX 250 spectrometer was used to record high-
resolution 'H, *C{'H}, and DEPT 135 NMR spectra at a
temperature of 298 K. Additionally, FT-IR and FAB-MS data
were acquired using a Bruker IFS 48 FT-IR spectrometer and a
Finnigan 711A (8 kV) spectrometer, respectively. After being
edited by AMD, the FAB-MS data was reported as mass/
charge (m/z). The C—C coupling tests were analyzed using a
GC 6000 Vega Gas 2 instrument (manufactured by Carlo Erba
Instrument) equipped with a Flame Ionization Detector (FID)
and a PS 25$ capillary column (20 m in length). The carrier
gas used was helium at a pressure of 40 kPa. The data was
integrated using a 3390 A integrator (manufactured by
Hewlett-Packard).

2.2. Synthesis of Complex-1 and Complex-2. A 0.40
mmol portion of Pd(1I) salt was dissolved in 30 mL of CH,Cl,
and added to 10 mL of dpk (0.41 mmol). The reaction mixture
was agitated for 1 h at RT, producing a clear red-colored
solution. The solution was condensed to a volume of 1 mL
using decreased pressure. The addition of 20 mL of n-hexane
resulted in the formation of brown particles, which were then
filtered and thoroughly washed with diethyl ether.

Complex-1.

N
N,/

d\
a” Sca
Complex-1

Yield: 82%, "H NMR (CDCl,): 6 (ppm): 8.72 (d, 2H, H1,J =
5.21 Hz); 8.07 (d, 2H, H4, ] = 7.70 Hz); 7.87 (dd, 2H, H2, ] =
7.67 Hz); 7.46 (dd, 2H, H3, ] = 5.13 Hz); C {"H} NMR
(CDCly): 193.78 (C6); 152.34 (CS); 150.29 (C1); 137.73
(C3); 128.47 (C2); 121.70 (C4). CHN Anal. Found: C, 36.17;
H, 2.12; N, 7.79%, calculated from C,;;HgCl,N,OPd formula
C, 36.55; H, 2.23; N, 7.75%. Theor. MS [M]* 360.1 found [M-
1]* 359.8 m/z. IR, (KBr, cm™"): 3088 (Py—H); 2905—2858
(alkyl-H); 1655 (C=0), 1566 (C=N); 1533—1443 (C=C),
680—500 (Pd—N).
Complex-2.

Complex-2

Yield: 76%, "H NMR (CDCL,): § (ppm): 8.92 (d, 2H, HI, ] =
4.41 Hz); 8.32 (d, 2H, H4, ] = 7.88 Hz); 8.22—7.85 (m, H2

and H3); 2.25 (s, 6H, H8); *C {'H} NMR (CDCl,): 185.66
(C6); 180.24 (C7), 153.45 (CS); 149.23 (C1); 137.22 (C3);
123.54 (C2); 120.97 (C4); 21.12 (C8). CHN Anal. Found: C,
44.23; H, 3.54; N, 6.65%, calculated from the C,;H;,N,O.Pd
formula C, 44.08; H, 3.45; N, 6.85%. Theor. MS [M]*408.1
found [M-1]" 407.2 m/z. IR, (KBr, cm™"): 3104 (Py—H);
2915-2825 (alkyl-H); 1652 (C=0), 1562 (C=N); 1522—
1434 (C=C), 680—500 (Pd—N).

2.3. Synthesis of Complex-3 and Complex-4. A
solution of 1 or 2 (0.20 mmol) was dissolved in a mixture of
dichloromethane/ethanol (1 to S). The reaction mixture was
subjected to ultrasonication for 10 min to ensure complete
solubility and then sealed and stirred for 24 h. The solution
was concentrated to a 1 mL volume under reduced pressure.
The addition of 20 mL diethyl ether caused the precipitation of
light red solids, which were filtrated, then washed well with n-
hexane, and dried under vacuum.

Complex-3.

Complex-3

Yield: 71%, "H NMR (CDCL,): 6 (ppm): 8.84 (d, 2H, H1,J =
4.88 Hz); 8.24 (d, 2H, H4, ] = 7.82 Hz); 8.12—7.90 (m, 4H,
H2 and H3); 4.43 (s, 1H, OH); 3.71 (q, 2H, H7, ] = 7.04 Hz);
121 (t, 3H, H8, J = 7.02 Hz); *C {'H} NMR (CDCl,):
152.45 (CS); 149.98 (C1), 136.44 (C3); 124.38 (C2); 121.38
(C4), 105.13 (C6), 63.12 (C7), 14.88 (C8). CHN Anal.
Found: C, 38.63; H, 3.24; N, 6.55%, calculated from
C,3H14,N,0,Pd formula C, 38.31; H, 3.46; Cl, 6.87%. Theor.
MS [M]*406.2 found [M-1]* 405.3 m/z. IR, (KBr, cm™):
3450 (O—H), 3084 (Py—H); 2935—2798 (alkyl-H); 1560
(C=N); 15201455 (C=C), 680—500 (Pd—N).
Complex-4.

o’
()§<

Complex-4

Yield: 68%, "H NMR (CDCl,): 6 (ppm): 8.92 (d, 2H, H1,J =
4.54 Hz); 8.33 (d, 2H, H4, J = 7.52 Hz); 8.23—7.90 (m, 4H,
H2 and H3); 4.39 (s, 1H, OH); 3.82 (q, 2H, H7, ] = 7.04 Hz);
223 (s, 6H, H10); 1.28 (t, 3H, HS, J = 7.02 Hz); “C{'H}
NMR (CDCly): 181.14 (C9); 152.45 (C5); 149.98 (C1);
136.44 (C3); 125.38 (C2); 122.38 (C4); 105.78 (C6); 62.45
(C7); 22.23 (C10); 15.08 (C8).

CHN Anal. Found: C, 44.65; H, 4.22; N, 6.35%, calculated
from C;;H,N,0,Pd formula C, 44.90; H, 4.43; N, 6.16%,
Theor. MS [M]* 455.6 found [M-1]* 454.7 m/z. IR, (KBr,
ecm™): 3452 (O—H), 3092 (Py—H); 2940—2800 (alkyl-H);
1635 (C=0) 1565 (C=N); 1515—1460 (C=C), 680—500
(Pd—N).
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Table 1. Crystal Data and Structure Refinement of Complex-3

empirical formula

formula weight
temperature
wavelength
crystal system
space group

unit cell dimensions

volume

zZ

density (calculated)
absorption coeflicient

F(000)

crystal size

theta range for data collection
index ranges

reflections collected
independent reflections
completeness to theta = 27.63°
absorption correction

max. and min. transmission
refinement method

twin law

twin domains ratio
data/restraints/parameters
goodness-of-fit on F*

final R indices [I > 26(I)]

R indices (all data)

C,;H,,CLN,0,Pd
407.56
100(2) K
0.71073 A
monoclinic
P2,/c
a=97686(13) A a=90°
b = 11.9097(15) A B = 93.342(2)°
¢ = 12.5960(16) A y = 90°
1462.9(3) A
4
1.850 Mg/m’
1.635 mm™'
808
0.26 X 0.25 X 0.14 mm®
2.36 to 27.63°
—12<h<12,0<k<150<1<16
21840
3370 [R(int) = 0.0478]
98.8%
semiempirical from equivalents
0.7673 and 0.5461
Full-matrix least-squares on F>
179.9 degrees about real axis 1, 0, 1
0.650(1)/0.350(1)
3370/0/184
1.107
R, = 0.0299, wR, = 0.0731
R, = 0.0394, wR, = 0.0770

largest diff. peak and hole

0.769 and —0.616 e A™3

Scheme 1. Synthesis of the Complexes

\ / PdCLEICN),
N CH:Cl,

S e O
o y RT

N

Pd(OAC);

X=CI(1), OAc (2)

N\ / CH)Cly/ N

X
N A EOH o N\Pd/
_ 7 x wmRT o N

< .

X=Cl (3), OAc (4)

2.4. Heck Reaction. A 1.0 ymol amount of Pd(II) salt, 1.0
mmol of iodobenzene, 1.16 mol of methyl acrylate, 1.1 mmol
of base, and 10 mL of DMF were combined in a 100 mL
Schlenk tube. The reaction mixture underwent a freeze—thaw
cycle before being heated at 80 °C for 4 h. Throughout the
coupling process, samples were extracted from the reaction
mixture using a dedicated syringe to monitor the extent of the
conversion. After the reaction was completed, the liquid was
chilled and subjected to extraction using a mixture of ethyl
acetate and hexane in a ratio of 1:5. The resulting mixture was
then passed through a silica gel pad with thorough washing,
concentrated, and finally purified using flash chromatography
on silica gel. The progress of all processes was observed by
using gas chromatography (GC). The chemicals’ purity was
verified using NMR.

2.5. HSA and Crystallography. The HSA computational
analysis was carried out via Crystal Explorer 3.1.>* The X-ray
structure determination of complex-3 was conducted by using
a Bruker SMART (diffractometer with graphite monochromate

Mo Ka radiation (4 = 0.71069 A). The P2,/c space group
structure was determined using a direct technique and
enhanced using the SHELXL-97 computer package using full
matrix least-squares analysis. The SAINT program was used to
accomplish data reduction and cell refining. The calculations
were conducted by using the al§orithms included in the
SHELXL—97 software package.”’ Table 1 contains the
parameters related to the unit cell dimensions, intensity data
collecting, and refinement for the structure of the compound

3. RESULT AND DISCUSSION

3.1. Synthesis, EDX, FAB-MS, and NMR. Complex-1 and
complex-2 were prepared in good yields by interacting the dpk
ligand with Pd(1I) ions in 1:1 molar dichloromethane at RT.
By adding EtOH to the reaction complex-1 or complex-2
under vigorous stirring for 24 h, the ethanoate conjugation
complex-3 and complex-4 were prepared (Scheme 1).
Complex-1 and complex-3 were isolated as red solids, while
complex-2 and complex-4 are light oranges. All are stable in a

25075 https://doi.org/10.1021/acsomega.4c02015
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Figure 1. (a) EDX of complex-3, (b) FAB-MS, (c) 'H NMR, and (d) *C NMR of complex-1.

solid state at RT and unstable in an open atmosphere liquid
system, soluble in CH,Cl,, CHCl; EtOH, and MeOH, and
insoluble in nonpolar solvents such as ethers or n-hexane.
Isolated complexes have been verified by identifying
distinctive bands in IR spectra, UV—vis, CHN-EA, FAB-MS,
EDX, ("H and "C)-NMR, and XRD crystallography. The
elemental analyses of these complexes are proportional to the
predicted formula, as indicated in the experimental section. For
example, the atomic composition of complex-3 was recorded
by EDX. Figure la shows the energy signals consistent with the
chemical content of complex-3; it displays the presence of a
signal for Pd, Cl, O, N, and C only; no other signals appeared,
which reflected the high degree of purity and confirmed the
absence of any side products or elements contamination. In
FAB-MS, peaks consistent with molecular ions of all complexes
at 359.8, 408.9, 40S5.3, and 454.7, respectively, have been
recorded. As an example, FAB-MS of complex-4 was illustrated
in Figure 1b. Several m/z signals have been recorded, the peak
position at 454.7 [M]* corresponding to its C,,H,,N,O4Pd
formula, together with a series of fragments 442.4 [M-CH,]*,
395.2 [M-OAc]*, 364.3 [M-OAc-OCH,;]*, 336.4 [M-20Ac]",

25076

and other peaks corresponding to various undetectable
fragments.

The 'H and “C{'H} NMR of all complexes revealed
characteristic couples of signs attributed to the aromatic and
allylic carbons, and protons of dpk or dpk-EtOH chelate
ligands as well as the OAc group can be seen in the
experimental section. For example, '"H and “*C{'H} NMR of
complexes-1—4 are illustrated in Figure lc,d, and Figures S1,
S2, and S3, respectively.

3.2. IR and UV-vis Investigations. The synthetic
reactions of all complexes were tracked by FT-IR, as shown
in Figure 2a and Figure S4. The substitution of both PhCN
ligands from the PdCL,(PhCN), starting complex by dpk was
proven via the demised characteristic PhCN band at 2260
cm ™" conforming (dpk)PdCl, production (i.e., complex-1), as
shown in Figure 2a. Moreover, the disappearance of dpk O = C
at 1655 cm™" in complex-1 parallel to the appearances of OH
at 3340 cm™! and Cay-H at 2870 cm™! due to the EtOH
nucleophilic in situ addition reaction resulting in
PdClL,(dpk.EtOH) complex-3 was recorded as in Figure 2a.
In general, FT-IR spectra of all complexes reflected character-
istic peaks at 3340 cm™" attributed to v(O—H) in complex-3

https://doi.org/10.1021/acsomega.4c02015
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Figure 2. (a) FT-IR spectra of PdCL,(PhCN), complex-1, and
complex-3; (b) electronic UV—vis spectra of complex-1 and complex-
3 in EtOH at RT.

and complex-4, 3100—3050 cm™" cited to v(Cp,—H), 2950—
2850 cm™" assigned to v(Cyy—H) in complex-2, 3, and 4, the
C = O of dpk ligand (complex-land 2) and OAc bands in
(complex-2 and 4) appeared at broad bands 1600—1660 cm™,

The effect of the EtOH nucleophilic addition reaction in
PdCl,(dpk) to produce PdCl,(dpk.EtOH) was monitored by
studying the optical properties of the complexes. Figure 2b
displays the UV—vis spectra of complex-1 and complex-3; both
complexes showed several bands assigned to the 7 to #*
electron transition of the dpk and (dpk-EtOH) ligand
coordinated to the Pd(II) center similar to the free ligands.
The band at 355 nm belongs to PdCl,(dpk) in the complex-1,
and the disappearance of this band upon the EtOH addition to
preparing complex-3 confirmed the nucleophilic addition at
the C=O of dpk, since e-delocalization was cut by such
addition as seen in Figure 2b. Similar optical behaviors were
observed for complex-2 and complex-4 (Figure S5).

3.3. Crystallography of PdCl,(dpk-EtOH);. Complex-3
was crystallized in a CH,Cl, solution with a monomeric system
and square planar geometry. A light red block crystals were
yielded, and a suitable specimen was chosen for XRD
examination. Figure 3a shows the 3D structure of complex-3.

All the structure parameters, including angles and bond
distance, are illustrated in Table 2. In situ, nucleophilic EtOH
addition to the C=O of dpk in complex-1 resulted in
PdCL(dpk-EtOH) complex-3. XRD analysis confirms the
molecular structure of complex-3, conclusive evidence for
this reaction. The previous reports indicated the hydrolysis or
alcoholism of free dpk followed by coordination to the Pd(1I)
center.”>~*® Moreover, earlier studies have described similar
structures involving PdCj, using the dpk-H,0.> The two
nitrogen atoms of the dpk-EtOH ligand and two chlorine
atoms coordinated to the palladium center are a cis
configuration, forming a regular square planar structure as
required via the bidentate chelating geometry of the dpk-EtOH

Figure 3. (a) ORTEP diagram and (b) 1D-interaction along with the unit cell of complex-3.
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Table 2. Angles and Bond Lengths of Complex-3

no. bond A no. angle (deg)

1 Pdl ck 2.2951(9) 1 ck Pd1 Cl3 90.82(3)
2 Pd1 Cc3 2.294(1) 2 Cl2 Pd1 N10 90.73(8)
3 Pdl N10 2.025(3) 3 ck Pdl N16 176.97(8)
4 Pd1 N16 2.052(3) 4 cl3 Pd1 N10 178.39(8)
S C4 oS 1.392(4) S Cl3 Pd1 N16 92.04(8)
6 c4 06 1.412(4) 6 N10 Pd1 N16 86.4(1)

7 Cc4 Cc9 1.535(5) 7 05 Cc4 06 112.4(3)
8 c4 C1s 1.525(5) 8 05 c4 ) 111.5(3)
9 06 Cc7 1.450(4) 9 oS C4 C1s 108.1(3)
10 c7 cs8 1.508(5) 10 06 c4 C9 105.6(3)
11 C9 N10 1.352(4) 11 06 C4 C15 110.8(3)
12 C9 C14 1.384(5) 12 C9 c4 C15 108.3(3)
13 N10 cil 1.337(4) 13 c4 06 c7 114.3(2)
14 Cl1 C12 1.378(5S) 14 06 C7 C8 106.7(3)
15 c12 C13 1.370(5) 15 c4 C9 N10 116.4(3)
16 C13 Cl4 1.380(5) 16 C4 C9 Cl4 122.2(3)
17 C15 N16 1.334(4) 17 N10 C9 C14 121.3(3)
18 C1s 20 1.383(5) 18 Pdl N10 c9 119.0(2)
19 N16 C17 1.350(4) 19 Pd1 N10 Ci1l 122.2(2)
20 C17 C18 1.387(5) 20 C9 N10 cil 118.8(3)
21 C18 C19 1.377(5) 21 N10 Cl1 Cl2 122.3(3)
22 C19 20 1.394(5) 22 Ci1 c12 C13 119.2(3)

23 Cl12 C13 Cl4 119.2(3)

24 C9 Cl4 C13 119.2(3)

25 c4 C15 N16 115.8(3)

26 C4 C1s C20 122.8(3)

27 N16 C15 20 121.3(3)

28 Pd1 N16 C1$ 119.6(2)

29 Pd1 N16 C17 120.3(2)

30 C1s N16 c17 120.0(3)

31 N16 C17 C18 121.1(3)

32 c17 C18 C19 119.4(3)

33 c1s C19 C20 118.7(3)

34 C1s C20 C19 119.4(3)
ligand. Notably, no coordination involving oxygen atoms (OH increasing stability and manipulating material physical proper-
or OCH,) was detected (Figure 3a). All of the angles and ties.”
bond distances are given in Table 2. In the context of complex- The HSA analysis illustrated in Figure S provides vital
3 crystal packing, it has been shown that the cis-protecting information about the intermolecular interactions within
groups have a notable influence on the arrangement of the complex-1 matrix.”’ " The HSA analysis utilizes a color-
packing mode, as depicted in Figure 3b. The chain packing was mapped representation that spans from —0.454 (shown in
displayed since four molecules in each unit cell (Z = 4) arrange blue) to 1.569 (shown in red) to identify locations prone to
themselves in elongated chains. These chains are connected via substantial and insignificant interactions. The d,,,, surface
intramolecular hydrogen bonding, specifically O—H:-O and (Figure Sa) exhibited six red spots, which signify the number
C—H---Cl interactions, which significantly contribute to the of H-bond interactions per molecule. These interactions
stabilizing of the crystal lattice of complex-3. include a major nonclassical C,,-H:Cl interaction and a

3.4. XRD/HSA-Interactions. The synthesized Pd-complex minor Cg,-H--Cl interaction as well as classical O—H--Cl
molecule exhibited a molecular structure characterized by hydrogen bond interactions. The shape index (Figure Sb)
several H-bond types, such as C y-H--Cl/Cp,-H--O and O— demonstrates the presence of electron concentrations
H---O, which are nonclassical and classical interactions, surrounding functional groups, as indicated by surface colors
respectively. The interactions led to the creation of two that vary from red (Cl and O) to blue (alcohol proton and H’s
unique categories of new 2D synthons and one category of 1D of py). The presence of a blue color surrounding surface
interactions. The initial distinct 2D-S12 synthon connected by atoms, especially H atom e-acceptors, along with the red color
Ca-H--Cl and Cp,-H--O with bond distances of 2.903 and indicating Cl and O e-donors (Figure Sb), aided in the creation
2.577 A, respectively (Figure 4a). The second 2D-S7 synthon of polarized molecules via several H-bonds. In addition, the
Cpy-H-~-Cl and Cp,-H:-Cl with bond lengths of 2.948 and 2D-FP calculations, depicted in (Figure Sd), confirmed the
2.943 A (Figure 4b). Alternatively, one primary category of 1D existence of intermolecular contacts and disclosed the
connections was identified: O—H--O H-bonds with a bond proportionate contribution of atom-to-atom interactions ratio
length of 2.353 A as seen in Figure 4c and Table 3. The as H-+-H(40%)>Cl---H(10%)>C:--H(8%)>O-+-H(5%) > N--
presence of such synthons played a significant role in H(1%) > Pd---H(1%). Significantly, the Cl atoms make more

25078 https://doi.org/10.1021/acsomega.4c02015
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Figure 4. (a) 2D-S12, (b) 2D-S7 synthons, and (c) 1D-interactions of
complex-3.

Table 3. Main Interactions Exhibited by (dpk-EtOH)PdCl,

donor---H--acceptor D-H (A) H--A (A) D--A (A) D-H-A (deg)

O1—HI1A---CI2 0.838 2.353 3.169 164.0
C2---H2--01 0.951 2.577 3.299 133.0
C4—H4---01 0.950 2.448 2.779 100.3

contributions than the O atoms, which, in turn, are greater
than the contributions of N atoms. This observation is
consistent with empirical XRD findings in the crystal lattice,
where Cl's as e-donors are shown to be the predominant
element in forming H-bonds, leading to the creation of many
synthons followed by O’s. However, N does not tend to engage
in hydrogen bonding, which explains its 1% 2D-FP value.
3.5. TGA Investigation. The TG/DTG curves of complex-
1 and complex-3 were performed in an open atmosphere
temperature range of 0—1000 and 10 °C/min heating rate
(Figure 6). The two complexes exhibited similar thermal
behavior, and both were decomposed to PdO in one step. In
complex-1, the dpk and ClI ligands were digested to light gases
at 245—360 °C with a mass loss of 65.8% (calcd 66.2%) and
Tprg = 285 °C(Figure 6). Similarly, in complex-3, dpk-EtOH
and Cl ligands were decomposed to light gases at 285—380 °C
with a mass loss of 68.1% (calcd 69.2%) and Tprg = 325 °C
(Figure 6). Moreover, in both complexes, the PdO final
decomposition product was found to be stable until ~750 °C,
above 750 to 785 °C the PdO was deoxygenated to produce
pure Pd with a mass loss of ~5.0% (calcd 5.6%) and Tprg =
766 °C for complex-1 (28%, yield) and Tprg = 772 °C for
complex-3 (24%, yield). While the behavior of the two
complexes was comparable, complex-3 exhibited greater

stability. It started to break down at a temperature 40 °C
higher than complex-1, as indicated by the higher value of the
Tprg. This result is expected, as the alcoholization process of
complex-1 introduced additional hydroxyl and ether polar
functional groups to form complex-3. These extra groups
contributed to enhanced bonding through hydrogen bonds,
resulting in improved thermal stability of complex-3.

3.6. Heck Reaction. Heck reaction catalyzed with the
prepared four complexes using methyl acrylate with
iodobenzene to synthesize the cinnamate was taken as a
model reaction in order to evaluate the catalytic activities of all
complexes. The reactions were carried out with KOH or Et;N
base as cocatalysts and DMF solvent at 80 °C for ~1 to 24 h
(Scheme 2) (Table 4).

In general, traces of unwanted product were observed by
GC; all complexes exhibited significant activity under basic C—
C coupling conditions, and the cinnamate was obtained in a
good TOF and high yield (Table 4, runs 1-7). For all
catalyzed reactions, the progress of each reaction was tracked
every 10 min by GC. The active reaction was detected once
the conversion was almost completed in approximately 1 h
(where the value TON = TOF). Under the same conditions,
The catalysts improvements were recorded, exhibiting the
following sequence activities: complex-3 > complex-4 >>
complex-1 > complex-2 (Table 4, runs 1—4). Temperature is
critical in enhancing activities; for example, using complex-3,
full conversations were reached at 80 °C after 1 h; meanwhile,
only 97% conversion was reached after 24 h, which reduced
the TOF values (Table 4, runs 3 and 8). The base strength
enhanced the coupling reaction, and the KOH, as a strong
base, accelerated the process better than the weaker NEt;N
one (Table 4, runs 1, 3—7). Moreover, it was observed that no
coupling reaction proceeded without base (Table 4, run 9);
such a result is consistent with current ones.'°™>' Regrettably,
all catalysts are sensitive to O,, so coupling should be
performed in an inert environment to prevent catalyst
poisoning. Experimental results have shown that the coupling
reaction never happens before getting rid of dissolved O, in
solvent via Ar-degassed (Table 4, run 10). In a single
experiment, when the conversion reached 50%, atmospheric
O, was allowed to enter into the Schlenk tube of the reaction.
However, no additional yield was seen after the reprocess
reaction, even for 48 h. This indicated that atmospheric oxygen
molecules can easily deactivate or poison the catalyst.

3.7. 1BNA Docking. In-silico docking is the best
theoretical bioinformatic technique used here to discover and
differentiate the DNA-binding tendency and nature of
interactions between complex-1 and complex-3 (before and
after EtOH nucleophilic addition), as seen in Figure 7. The
favorable binding sites are controlled by the molecular volume
as well as surface functional groups® ™ ; since complex-1 is
smaller in volume, it impeded effectively in a middle minor
groove position (Figure 7a), while complex-3 is a terminal side
of 1BNA as seen in Figure 7b. The binding of complex-3 to the
active sites of DNA is strengthened mainly by two short H-
bonds as DNA:A:DAS:H3:0 with 2.012 A distance and
DNA:A:DG4:0 with 1.944 A distance (Figure 7d); mean-
while, complex-1 reflected only one H-bond of type
DNA:B:DA18:H3:0=C with 1.704 A short distance (Figure
7c), it is noticed that EtOH nucleophilic addition polarized
complex-3 with "TOH and OR functional groups which played
the main role in forming H-bond interactions with the DNA.
In contrast, complex-1 has more van der Waals forces
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Figure 6. TG/DTG thermal behavior of complex-1 and complex-3.

Scheme 2. C—C Coupling Reaction Using the Four
Complexes as Catalysts

Pd(II) / base Ph
Ph-I + = o > ——
\ DMF at 80 °C
CO,Me CO,Me

interacting with six nuclides like DCA:9, DGA:10, DTB:19,
DTB:20, DTA:8, and DAB:17(Figure 7e); meanwhile,

Table 4. Heck Couplings Catalyzed by the Four
Complexes”

run cat. base t (h) cov. (%) TOF
1 complex-1 KOH 2.3 99 425
2 complex-2 KOH 2.5 95 380
3 complex-3 KOH 1 99 990
4 complex-4 KOH 1 97 970
N complex-3 Et;N 1 92 920
6 complex-4 Et;N 1 88 880
7 complex-1 Et;N 2 75 375
8 complex-3 KOH 24 97" 40
9 complex-3 - 24 0° 0
10 complex-3 KOH 24 o 0

“Reaction conditions: Pd(II) = 1.0 ymol, iodobenzene = 1 mmol,
methyl acrylate = 1.1 mmol, base = 1.1 mmol, in 10 mL DMF at 80
°C, isolated yields are based on iodobenzene, TON = 1000, all
reactions were monitored by GC. “RT. “No base was added.
9Reaction in an O, open atmosphere.

complex-3 interacted with four nuclides DCB:23, DAA:6,
DCA:3, and SER DGA:2(Figure 7h), which is not surprising
since complex-1 is less polar than complex-3. The negative
value of the binding energy signified complex-3 with the lowest
energy (—6.92 kecal/mol) compared to complex-1 with —5.62
kcal/mol to be a better and more effective DNA binder than
nonalcoholate complex-1. Nevertheless, both complexes are
good binders but are one-helix DNA interactions, resulting in
an anticisplatin complexes model.

4. CONCLUSIONS

In a very good yield and via an in situ nucleophilic EtOH
addition reaction, four Pd(II) complexes [(dpk)PdX,] and
[(dpk-EtOH)PdX,] (X = Cl, OAc) have been prepared. The
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Figure 7. Docking result of complex-1 and complex-3: (a, b) minor groove interactions, (¢, d) H-bond interactions, and (e, h) 2D-interactions

including van der Waals forces, respectively.

EtOH addition reaction to (dpk)PdCl, resulting in (dpk-
EtOH)PdCl, has been tracked by FT-IR and UV-vis.
Moreover, the final structure of (dpk-EtOH)PdCIl, was proven
by XRD in addition to FAB-MS, EDX, CHN-EA, and NMR
analyses. The XRD showed the 3D-structure complex with a
square planar Pd(II) center, two types of 2D-synthons, and
one 1D-interaction constructed via C,-H-Cl/C,-H:-Cl
and C—O—H--O H-bonds have been proven in the crystal
lattice of the complex-3. Additionally, the HSA computational
analysis confirmed the existence of such classical and
nonclassical H-bonds. TGA reflected complex-1 and com-
plex-3 with similar thermal behaviors, but complex-3 had more
significant stability. All four complexes reflected under mild
conditions are efficient catalysts in the complex-3 > complex-4
> complex-1 > complex-2 sequence order when methyl
acrylate with iodobenzene is used as a model reaction coupled
via the Heck reaction. The in silico docking result reflected the
(dpk-EtOH)PACl, as a better DNA binder than the non-
alcoholate (dpk)PdCl, one.
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