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ARTICLE INFO ABSTRACT

A new class of low-cost, easily-synthesizable and modifiable chiral amine bis(phenolate) ligand (L), its chiral
boron complex (LB), and five different salen groups (1-(3-Aminopropyl) imidazole (LB,), N,N-Diethyl-p-phe-
nylenediamine (LBs), 2-Picolylamine (LB3), 4’-Aminoacetophenone (LB,), and 4-Amino-2,2,6,6-tetramethyl
piperidine (LBs)) containing chiral boron complexes were synthesized in this study. These newly synthesized
chiral compounds were fully characterized by 'H and '*C NMR, FT-IR, UV-Vis, and LC-MS/MS spectroscopy,
melting point, elemental analysis, and cyclic voltammetry techniques. The in vitro antibacterial activity of the
synthesized different chiral boron complexes was tested against four pathogenic bacteria strains using the re-
sazurin-based broth microdilution method, and the MIC values of each boron complex were determined. Based
on the overall results, the N, N-Diethyl-p-phenylenediamine group containing chiral boron complex (LB,)
showed the highest activity against all bacterial strains, with the lowest MIC value of 4 pg/mL which is nearly in
the range of values for commercial antibacterial drugs.
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1. Introduction

Boron-based organic synthesis has become one of the most popular
research areas due to the unique coordination chemistry of boron which
allows the preparation of functionalized novel compounds. The design
and spectroscopic properties of different boron derivatives have been
extensively studied in organic synthesis, and different boron-based
applications in various fields such as catalytic [1-3], fluorescence [4],
electrochemical [5], pharmaceutical [6-8], enzyme-based detection
[91, photo and electroluminescent devices [10] have been described by
other research groups. As a relatively new focus area, boron derivatives
have been used in designing new therapeutic agents based on biological
activities of boron compounds which depend on the chemistry of boron
atom [11,12]. Due to its vacant p-orbital, boron is a strong Lewis acid
and could drive the formation of a dative bond (coordinate covalent
bond) with a pair of electrons on the hydroxyl and amine groups of
amino acid residues, carbohydrates and nucleic acids [13-16].

Boronic acids are a class of boron-containing compounds that are
used for the preparation of complex molecules [17]. A boronic acid is a

trivalent boron-containing compound that has two hydroxyls and one
alkyl or aryl functional groups. The functional group bonded to boron
determines the reactivity of boronic acid [18,19]. Their unique re-
activity (mild organic Lewis acids), stability, and low toxicity make
boronic acids widely applicable as synthetic intermediates in different
areas [20,21]. These compounds have been used as building blocks for
crystal engineering [22] and the generation of supramolecular archi-
tectures, possible enzyme inhibitors, and therapeutics [23] due to their
unique electronic structure [24-26]. Several boronic acid derivatives
have been used to design new drugs over the past decades. Boron-
containing compounds have been explored as inhibitors for different
biological targets and some of them were approved by Food and Drug
Administration (FDA) as the drugs to treat a variety of diseases such as
multiple myeloma, cancer, etc [27,28]. Moreover, many of them are
good candidates for designing potential antimicrobial agents. An ap-
proved cyclic boronic acid derivative has been used to treat urinary
tract infections. The mechanism of the drug relies on the inhibition of -
lactamase enzymes which is the source of bacterial resistance [29-31].

Usage of different polydentate ligands plays a significant role in the
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improvement of the structure and reactivity of the metal complexes.
Tetradentate ligands have become an important part of today’s chem-
istry in order to generate functionalized novel compounds [32,33]. The
use of chelating tetradentate amine-bis(phenolate) ligands has recently
played an increasingly important role in transition-metal catalyst de-
sign and modeling of metalloenzyme active-sites. During several years
we have studied the different behavior exhibited by these ligands,
mainly due to the potential reduction capacity showed by the chemical
group which leads to a great variety of coordination patterns [34].
Chiral amine-bis(phenolate) ligand which is a chelating tetradentate
has been an attractive subject in combination with various metals such
as Fe, Co, Rh, Zr, and Cr and these metal complexes have been acted as
catalysts for cross-coupling of alkyl halides [35-39], 1-hexene poly-
merization [40], hydrogenation of ketones [37] and CO, conversion
[41]. To the best of our knowledge, the synthesis and applications in
different fields of chiral amine bis(phenolate)-boron complexes are very
rare. The reason for choosing tetradentate amine-bis(phenolate) ligands
containing valinol and salen group in this study, these ligands have
enhanced flexibility, solution processability at low cost and further
structural manipulation properties. Also, the azomethine group (C=N)
has been proven to play a critical role in biological activities of salen
compounds and their antimicrobials activities have been enhanced
when complexing with boron [42]. In addition, (B <— N) and (B-O) units
containing boron-nitrogen compounds have antimicrobial activities
[43].

To the best of our knowledge, the synthesis and applications in
different fields of chiral amine bis(phenolate)-boron complexes are very
rare. To fill the gap, herein we reported the synthesis, characterization
and in vitro antibacterial activities of chiral amine bis(phenolate) ligand
(L), its chiral boron complex (LB) and five different salen groups (1-(3-
Aminopropyl) imidazole (LB,), N,N-Diethyl-p-phenylenediamine (LB3),
2-Picolylamine (LB3), 4-Aminoacetophenone (LB,), and 4-Amino-
2,2,6,6-tetramethyl piperidine (LBs)) containing chiral boron com-
plexes. The structures of all newly synthesized complexes were assigned
by the H and '>C NMR, FT-IR, UV-Vis spectroscopy, LC-MS/MS
spectrometry, and cyclic voltammetry technique as well as elemental
analysis. The in vitro antibacterial activity of compounds was de-
termined against Escherichia coli (ATCC 25922), Bacillus cereus (ATCC
11778), Staphylococcus aureus (ATCC 25923), and Listeria mono-
cytogenes (ATCC 7644) using the broth microdilution method.

2. Experimental section
2.1. General considerations

All organic solvents and starting materials used in the study were
obtained from commercial suppliers and used as received. Since a dry
atmosphere is required, synthesis of chiral boron complex (LB) was
performed under the Ar atmosphere and a Dean-Stark apparatus was
used to remove the water formed during the reaction. The formation of
chiral amine bis(phenolate) ligand (L), its chiral boron complexes (LB),
and salen group containing chiral boron complexes (LB —5)) were
studied using an FT-IR spectrophotometer (Perkin-Elmer Two UATR-
FT-IR) and the results were recorded in the range of 4000 to 400 cm ™~ !
at 25°C equipped with ATR accessory. The electronic absorption
spectra of the synthesized compounds were measured in C;HsOH-CHCl;
solvent within the range of 200 to 1100 nm using a UV-Vis spectro-
photometer (Perkin-Elmer model Lambda 25, with 1 cm quartz cuv-
ettes) at 25 °C. The 'H NMR (400 MHz) and '>C NMR (100 MHz) spectra
in CDCl; solution were recorded on an Agilent Technologies and
spectral results were recorded using TMS as an internal reference.
Chemical shifts were reported in delta (8) units, parts per million (ppm)
downfield from TMS, and J values were given in Hertz. Mass spectra
(MS) were measured using an LC-MS/MS system consisting of a
Quadrupole-Orbitrap Mass Spectrometer (Shimadzu LCMS-8030 series)
under electrospray ionization (ESI) technique. Elemental analyses for C,
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H, and N were performed on a thermos scientific CHNS/O FlashSmart
model elemental analyzer. Thin-layer chromatography (TLC) was con-
ducted on glass plates coated with silica gel. Melting points of all chiral
amine bis(phenolate)-boron complexes have been determined in open
capillary tubes on an Electrothermal 9100 melting point apparatus and
were not corrected. For the electrochemical studies of the chiral boron
complex (LB), and salen group containing chiral boron complexes
(LB(; —s)), the anodic and cathodic potential was measured in deox-
ygenated (N2) acetonitrile solution containing 0.10M tetra-
butylammonium tetrafluoroborate (TBATFB) in the presence of 0.01 M
ferrocene as supporting electrolyte on a Gamry Interface 1000B
Potentiostat/Galvanostat/ZRA equipped with a three-electrode elec-
trochemical cell with a glassy carbon working electrode (0.00785 cm?),
a Pt wire counter electrode and an Ag/Ag”* reference electrode. The
Ag/Ag* electrode used as non-aqueous media reference electrode was
prepared with 0.01 M AgNO; and 0.10 M TBATFB in CH;CN. The po-
tential range was determined as —0.2/1.5V and CV experiments were
performed using 1 mM concentrations of each complex at a scan rate of
50 mVs .

2.2. Synthesis of chiral amine bis(phenolate) ligand (L)

A solution of 4-tert-butyl phenol (2.40g, 16.0 mmol), (R)-(-)-2-
Amino-3-methyl-1-butanol (0.83 g, 8.0 mmol), and 36% aqueous for-
maldehyde (1.5mL, 20.16 mmol) in ethanol/water (35 + 15mL, re-
spectively) was slowly added to a 100 mL two-necked round-bottom
flask at 25 °C and the solutions or mixture were refluxed for 24 h. After
cooling the homogeneous solution to room temperature, a yellow oily
chiral amine bis(phenolate) ligand (L) occurred. CHCl;/C2H50H (1:3)
was used as a solvent for the crystallization of the ligand (L). To obtain
crystals of oily chiral ligand (L), the solvent was evaporated slowly.
However, solid crystal products could not be obtained. Therefore, some
spectroscopic properties of the ligand could not be examined.

Chiral ligand (L): Elemental Analysis (calculated for CpyHs1NO3)
(F.W: 427.6 g/mol) (%): C, 75.84; H, 9.66; N, 3.28. Found: C, 75.80; H,
9.61; N, 3.33. FT-IR (ATR, Omax-cm ): 3580-3142 v(Ar-OH-N), 3064
and 3029 v(Ar-CH), 2960-2872 v(Aliph-CH), 1614-1597 v(o-pheno-
late-C=C), 1520-1462 v(C=C), 1128 v(C—0). 'H NMR (400 MHz;
CDCls): § (ppm) = 8.41 (s, 2H, Ar-OH), 7.30 (d, 2H, J = 8.0 Hz, Ar-
CH), 7.08 (s, 2H, Ar-CH), 6.79 (dd, 2H, J = 8.0 Hz, J = 2.5 Hz, Ar-CH),
4.54 (d, 1H, J = 6.4 Hz, CH-CH,-OH), 4.26-4.19 (m, 1H, (CH3),-CH),
3.95 (s, 4H, Ar-CH»), 3.61 (t, 1H, J = 7.6 Hz, N-CH-CH), 2.88-2.82 (q,
2H, CH,-OH), 1.29 and 1.13 (s, 18H, Ar-C-(CH3);) and 0.99 (d, 6H,
J=6.4Hz, CH-(CH3);). '“C NMR (100MHz; CDCly): &
(ppm) = 153.79, 142.87, 126.14, 125.32, 121.46, and 115.04 (Ar-CH),
84.47 (N-CH), 70.77 (CH»-OH), 59.55 (Ar-CH,), 34.05 (C-(CHs)s3),
31.69 (C-(CHs3)3), 28.60 (CH-(CH3)5), 20.06 and 18.83 (CH-(CHs)).
UV-Vis (Anax/(nm), * = shoulder peak): 277 and 340* (C,HsOH); 272
and 343* (CHCL3).

2.3. Synthesis of chiral boron complex (LB)

Chiral amine bis(phenolate) ligand (L) (3.85g, 9.0 mmol) and 4-
formyl phenyl boronic acid (1.35g, 9.0 mmol) were mixed at 1:1M
ratio in toluene (50 mL) in a 100 mL round-bottom flask with argon (Ar)
connection and refluxed with continuous stirring for 24 h using a Dean-
Stark apparatus to remove the water from-product. The completion of
the reaction was monitored by TLC (thin-layer chromatography) using
CH,Cl,/CH5;0H (1:2) as a mobile phase until observing a single well-
defined peak. Excess solvent was removed under the rotary evaporator
and the resulting product was cooled down slowly to room tempera-
ture. Then, the retained product was washed with n-hexane and crys-
tallized in CHCl3/C,HsOH (1:4) by slow evaporation. The precipitate
was filtered under vacuum to yield the corresponding pure chiral boron
complex (LB).

Chiral boron complex (LB): Yield (%): 84, M.p.=186°C,
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Elemental Analysis (calculated for C34H44BNO,4) (F.W: 541.5 g/mol)
(%): C, 75.41; H, 8.19; N, 2.59. Found: C, 75.37; H, 8.16; N, 2.63. LC-
MS/MS (Scan ES*): m/z = 541.5 [M] ". FT-IR (ATR, vma-cm 1): 3074
v(Ar-CH), 2961-2826 v(Aliph-CH), 2724 v(HC = 0), 1698 v(C=0),
1616-1557 v(o-phenolate-C=C), 1502-1462 v(Ar-C=C), 1285 v(B-0),
1130 v(C—0) and 954 o(B-N). 'H NMR (400MHz; CDCly): §
(ppm) = 9.75 (s, 1H, Ar-CHO), 7.72 (d, 2H, J = 7.6 Hz, Ar-CH), 7.61 (d,
2H, J = 7.6 Hz, Ar-CH), 7.28 (d, 2H, J = 8.4 Hz, Ar-CH), 7.00 (s, 2H,
Ar-CH), 6.91 (d, 2H, J = 8.4Hz, Ar-CH), 4.30 (d, 1H, J = 6.4 Hz, CH-
CH»-OH), 3.96-3.91 (m, 1H, (CH3)>-CH), 3.85 (s, 4H, Ar-CHb), 3.62 (t,
1H, J = 7.6 Hz, N-CH-CH), 2.98-2.83 (q, 2H, CH»-OH), 1.28 and 1.17
(s, 18H, Ar-C-(CHs3)3), 1.02 and 0.94 (d, 6H, J = 6.4 Hz, CH-(CH3)5).
'*C NMR (100 MHz; CDCly): 8 (ppm) = 193.24 (Ar-CHO), 154.55,
142.30, 135.55, 132.66, 129.01, 127.40, 126.13, 124.68, 118.36,
116.94 and 114.80 (Ar-CH), 65.08 and 64.30 (N-CH), 58.24 (CH,-OH),
48.18 (Ar-CH,), 34.04 (C-(CH3)3), 31.57 (C-(CHsz)3), 29.54
(CH-(CHs),), 19.51 and 17.60 (CH-(CH3),). UV-Vis (Apax/(nm),
* = shoulder peak): 258, 283 and 352* (C,Hs0H); 257, 284, and 354*
(CHCl3).

2.4. Synthesis of salen group containing chiral boron complexes (LB¢; — 5))

Five separate 100 mL round-bottom flasks containing the solution of
chiral boron complex (LB) (0.3 g, 0.55 mmol) in absolute ethanol so-
lution (40 mL) were prepared. Then, 1-(3-Aminopropyl) imidazole
(0.07 g, 0.55 mmol) for (LB,), N,N-Diethyl-p-phenylenediamine (0.09 g,
0.55 mmol) for (LB»), 2-Picolylamine (0.06 g, 0.55 mmol) for (LB3), 4’
Aminoacetophenone (0.08g, 0.55mmol) for (LB4), and 4-Amino-
2,2,6,6-tetramethyl piperidine (0.06g, 0.55mmol) for (LBs) were
added in to the each separate solution. Three drops of HCOOH was
added into the reaction mixture as a catalyst. The reaction mixture was
refluxed for 8h with continuous stirring and then the mixture was
cooled down slowly to room temperature. The progress of the reaction
was monitored by TLC as described above. Excess solvent was removed
under the rotary evaporator. The obtained products were crystallized in
CHCl3/C;HsOH (1:3) by slow evaporation. Then, yellow or pale-yellow
solid products, which typical colors of salen compounds, were obtained
and dried in vacuo.

Complex (LB;): Yield (%): 80, M.p. = 108 °C, Elemental Analysis
(calculated for C4oHs3BN4O3) (F.W: 648.7 g/mol) (%): C, 74.06; H,
8.24; N, 8.64. Found: C, 74.01; H, 8.19; N, 8.69. LC-MS/MS (Scan ES*):
m/z = 648.7 [M]*. FT-IR (ATR, vmax-cm~ 2): 3115 v(-OH), 3046 v(Ar-
CH), 2959-2869 v(Aliph-CH), 1643 and 1614 v(C=N), 1598-1554 v(o-
phenolate-C=C), 1503-1463 v(Ar-C=C), 1285 v(B-0), 1131 v(C-0)
and 952 v(B-N). *H NMR (400 MHz; CDCls): § (ppm) = 9.97 (s, 1H,
HC=N), 7.83 (s, 1H, imidazole HC=N), 7.79-6.98 (m, 12H, Ar-CH and
imidazole-CH), 4.37 (s, 1H, CH-CH5-OH), 4.09-4.01 (m, 4H, imidazole
N-CH, and CH=N-CH,), 3.90 (s, 4H, Ar-CH,), 3.87-3.81 (m, 1H,
(CH3)»-CH), 3.54 (t, 1H, J = 6.4 Hz, N-CH-CH), 3.07-2.98 (q, 2H, CH>-
OH), 2.05-1.96 (m, 2H, CH,-CH»-CH>), 1.28 (s, 18H, Ar-C-(CH3)3), 1.07
and 0.98 (d, 6H, J = 6.4 Hz, CH-(CH>)). '*C NMR (100 MHz; CDCl5): §
(ppm) = 162.72 (HC=N), 154.69, 142.07, 136.82, 135.95, 132.60,
129.25, 128.22, 126.30, 124.77, 119.06, 118.53, 118.11, 116.52 and
114.80 (Ar-CH), 64.98 and 64.40 (N-CH), 57.67 (CH,-OH), 48.29
(HC=N-CHs), 45.11 (Ar-CH,), 43.14 (imidazole N-CH,), 34.06 (C-
(CHs3)3), 31.62 (C-(CH;)3), 30.01 (CH2-CH»-CHs), 29.52 (CH—(CHs)s),
19.34 and 17.60 (CH-(CH3z)5). UV-Vis (Apax/(nm), * = shoulder peak):
221, 254 and 285* (C,H5OH); 256, 283 and 354* (CHCl3).

Complex (LB2): Yield (%): 83, M.p. = 104 °C, Elemental Analysis
(calculated for C44HsgBN303) (F.W: 687.8 g/mol) (%): C, 76.84; H,
8.50; N, 6.11. Found: C, 76.80; H, 8.46; N, 6.16. LC-MS/MS (Scan ES*):
m/z = 687.8 [M]*. FT-IR (ATR, vpaecm ') 3055 uo(Ar-CH),
2069-2869 vu(Aliph-CH), 1610 u(C=N), 1591-1549 v(o-phenolate-
C=CQ), 1508-1448 v(Ar-C=C), 1283 v(B-0), 1149 v(C—0) and 953 v(B-
N). 'H NMR (400 MHz; CDClg): § (ppm) = 9.95 (s, 1H, HC=N),
7.78-6.61 (m, 14H, Ar-CH), 4.00 (s, 4H, Ar-CH,), 3.81 (d, 1H,
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J = 6.4Hz, CH-CH,-OH), 3.46-3.26 (m, 5H, (CH),-CH and N-CH,),
3.18 (d, 1H, J = 6.8 Hz, N-CH-CH), 2.82 (s, 2H, CH,-OH), 1.29 and 1.24
(s, 18H, Ar-C-(CHs3)1), 1.13 (t, 6H, J = 6.4 Hz, N-CH>—(CH3)>). 0.96 and
0.84 (d, 6H, J = 6.4 Hz, CH-(CHs)-). '*C NMR (100 MHz; CDCl;): §
(ppm) = 168.54 (HC=N), 156.20, 155.74, 142.04, 132.30, 129.93,
128.22, 127.78, 127.49, 126.58, 125.60, 124.55, 124.13, 123.06,
122.21, 118.63, 116.65, 116.00, 114.90, 112.26 and 111.13 (Ar-CH),
64.98 and 64.22 (N-CH), 62.47 (CH,-OH), 45.68 (Ar-CH,), 44.50 (N-
CH,), 34.03 (C-(CH3)3), 31.58 (C-(CH3)3), 29.41 (CH-(CH3)»), 19.28
and 17.60 (CH—(CHs),), 12.67 and 12.42 (N-(CH,-CHs),). UV-Vis
(Amax/(nm), * = shoulder peak): 272, 322, 401, 467 and 592
(C,HsOH); 274, 329, 399, 481 and 596* (CHCls).

Complex (LB3): Yield (%): 86, M.p. = 118 °C, Elemental Analysis
(calculated for C,4yHsoBN3O3) (F.W: 631.7 g/mol) (%): C, 76.06; H,
7.98; N, 6.65. Found: C, 76.01; H, 7.95; N, 6.71. LC-MS/MS (Scan ES *):
m/z=631.8 [M]*. FI-IR (ATR, v,.-cm~'): 3073 u(Ar-CH),
2961-2869 vo(Aliph-CH), 1646 and 1611 v(C=N), 1594-1562 v(o-
phenolate-C=C), 1504-1442 o(Ar-C=C), 1282 u(B-0), 1132 v(C—0)
and 951 o(B-N). 'H NMR (400 MHz; CDCl;): § (ppm) = 9.98 (s, 1H,
HC=N), 8.45 (d, 1H, J = 6.8 Hz, Ar-CH) 7.79 (s, 2H, Ar-CH), 7.73-6.96
(m, 11H, Ar-CH), 4.94 (s, 2H, HC=N-CH>), 4.36 (d, 1H, J = 4.8 Hz, CH-
CH,-OH), 3.98 (s, 4H, Ar-CH,), 3.85-3.77 (m, 1H, (CH3)»-CH), 3.02 (t,
1H, J = 7.6 Hz, N-CH-CH), 2.08-2.03 (q, 2H, CH,-OH), 1.34 (s, 18H,
Ar-C-(CHs)3), 1.09 and 1.03 (d, 6H, J = 6.8 Hz, CH-(CH3),). *C NMR
(100 MHz; CDCl3): § (ppm) = 166.33 (HC=N), 155.01, 149.10,
136.82, 132.58, 132.30, 129.16, 127.84, 127.52, 127.30, 124.57,
121.61, 118.63, 116.76 and 110.08 (Ar-CH), 65.12 and 64.98 (N-CH),
64.07 (C=N-CH,), 57.76 (CH,-OH), 48.20 (Ar-CH,), 34.02 (C-(CH3)3),
31.60 (C-(CHs)3), 29.63 (CH-(CHs),), 22.77 and 17.63 (CH-(CHs),).
UV-Vis (Apax/(nm), * = shoulder peak): 228, 258, 287* and 364*
(CoHsOH); 242, 257, 285%, and 372* (CHCl).

Complex (LB,): Yield (%): 82, M.p. = 237 °C, Elemental Analysis
(calculated for C4,Hs;BN2O4) (F.W: 658.7 g/mol) (%): C, 76.59; H,
7.80; N, 4.25. Found: C, 76.53; H, 7.76; N, 4.31. LC-MS/MS (Scan ES*):
m/z = 658.7 [M]*. FT-IR (ATR, vgac-cm~ 1): 3351 v(-OH), 3073 v(Ar-
CH), 2964-2869 vu(Aliph-CH), 1679 vo(C=0), 1629 o(C=N),
1589-1552 v(o-phenolate-C=C), 1507-1442 v(Ar-C=C), 1280 v(B-0),
1134 v(C—0) and 953 uo(B-N). 'H NMR (400 MHz; CDCly): §
(ppm) = 9.92 (s, 1H, HC=N), 8.11-6.73 (m, 14H, Ar-CH), 4.39 (d, 1H,
J = 6.8 Hz, CH-CH,-OH), 4.05 (s, 4H, Ar-CH,), 3.88-3.72 (m, 1H,
(CHs)»-CH), 3.07 (t, 1H, J = 6.8 Hz, N-CH-CH), 2.51 (s, 2H, OC-CH),
2.02-1.97 (q, 2H, CH»-OH), 1.30 (s, 18H, Ar-C-(CHs3)3), 1.05 and 0.98
(d, 6H, J=6.4Hz, CH-(CH;),). *C NMR (100 MHz; CDCl,): §
(ppm) = 176.33 (CH5-C=0), 166.34 (CH3-C=0), 155.01, 149.10,
136.82, 132.58, 132.30, 129.16, 127.84, 127.52, 127.30, 126.09,
124.57, 122.31, 121.61, 118.63, 116.76, and 110.08 (Ar-CH), 65.12
and 64.98 (N-CH), 57.76 (CH,-OH), 48.20 (Ar-CH,), 34.01 (C-(CHs)s),
31.60 (C-(CHs)3), 29.63 (CH-(CHj),), 22.77 (OC-CH3), 19.30 and 17.63
(CH—(CH3)3). UV-Vis (Apnax/(nm), * = shoulder peak): 225, 287* and
323 (C.HsOH); 238, 291, and 332* (CHCL,).

Complex (LBs): Yield (%): 80, M.p. = 98°C, Elemental Analysis
(calculated for C43He2BN303) (F.W: 679.8 g/mol) (%): C, 75.97; H,
9.19; N, 6.18. Found: C, 75.93; H, 9.16; N, 6.23. LC-MS/MS (Scan ES*):
m/z = 679.8 [M] . FT-IR (ATR, Umax-cm ™~ 1): 3221 v(-OH), 3047 v(Ar-
CH), 2960-2795 v(Aliph-CH), 1640 v(C=N), 1584-1524 v(o-pheno-
late-C=C), 1510-1465 v(Ar-C=C), 1281 v(B-0), 1134 v(C—0) and 951
v(B-N). 'H NMR (400 MHz; CDCls): § (ppm) = 9.95 (s, 1H, HC=N),
8.38 (s, 1H, Ar-CH), 7.80 (d, 2H, J = 6.8Hz, Ar-CH), 7.31 (d, 2H,
J = 6.8Hz, Ar-CH), 6.99 (d, 2H, J = 6.8 Hz, Ar-CH), 6.75 (d, 2H,
J = 6.8 Hz, Ar-CH), 4.35 (d, 1H, J = 6.8 Hz, CH-CH»-OH), 4.06 (t, 1H,
J = 6.8 Hz, N-CH-CH), 3.92 (s, 4H, Ar-CH>), 3.86-3.76 (m, 1H, (CH3)»-
CH), 3.07 (t, 1H, J = 6.8 Hz, HC=N-CH-CH,), 2.05-2.02 (q, 2H, CH,-
OH), 2.04 (s, 1H, NH), 3.07 (d, 4H, J = 7.6 Hz, HC=N-CH-CH>), 1.29
(s, 18H, Ar-C-(CHs)3), 1.09 and 1.02 (d, 6H, J = 5.1 Hz, CH—(CHs),).
3C NMR (100 MHz; CDCly): § (ppm) = 167.83 (HC=N), 154.70,
142.33, 135.93, 132.81, 132.58, 129.16, 128.46, 127.62, 126.32,
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124.59, 118.62, 116.51 and 114.78 (Ar-CH), 64.99 and 64.40 (N-CH),
60.52 (CH,-OH), 55.51 (NH-CH—(CHs),), 48.31 (Ar-CHy), 43.21 (HC=
N-CH-(CH»)5), 40.90 (HC=N-CH-(CH>)>), 34.06 (C-(CH3)1), 31.57 (C-
(CHs)3), 29.52 (CH=(CHs)), 25.98 and 25.50 (NH-CH-(CHs)), 19.29
and 17.56 (CH-(CHs)3). UV-Vis (Apa/(nm), * = shoulder peak): 225,
258, 283 and 358* (C,;HsOH); 255, 285, and 360* (CHCl,).

2.5. In vitro antibacterial activity screening of chiral boron complexes

The in vitro antibacterial activity of compounds was tested against
the following organisms: Escherichia coli (ATCC 25922), Bacillus cereus
(ATCC 11778), Staphylococcus aureus (ATCC 25923), and Listeria
monocytogenes (ATCC 7644). The minimum inhibitory concentration
(MIC) defines the lowest concentration of an antimicrobial compound
that inhibits the visible growth of a microorganism. The MIC values of
the chiral boron compounds were determined using the broth micro-
dilution method based on the Clinical Laboratory Standard Institute
(CLSI) guidelines M07-A9 [44] with slight modifications. Briefly, three
to four discrete bacterial colonies with similar morphology selected
from a 24-hour agar plate were inoculated into 4 mL sterile Luria-Ber-
tani (LB) broth and incubated at 35 °C for a few hours. The turbidity of
bacterial suspension was adjusted to 0.5 McFarland Standard (ap-
proximately 1.0 to 2.0 X 10° colony forming units per mL) with sterile
saline. An additional 1:150 dilutions were created in Luria-Bertani (LB)
broth to achieve the turbidity that each well contains approximately
5.0 x 10° CFU/mL after inoculation. The compounds were dissolved in
Dimethyl sulfoxide (DMSO) at a concentration of at least 15 fold higher
than the highest concentration to be tested and diluted the final stock
concentration with LB broth so that the final concentration of DMSO
during the experiment was in a safe range for strains that we used. To
create a concentration gradient of each compound, the following steps
were applied: 50 pL of LB broth was added in all wells of a 96-well
round-bottom microdilution plate. The highest concentration of com-
pounds in LB broth was added (50 pL) to the wells at the first row and
serial two-fold-dilutions were performed by pipetting 50 uL of solution
from row one to row nine. Bacteria suspension (50 pl) prepared in
15 min were added to wells in row 1-8 and 11. Each well of columns 9,
10, and 11 were served as compound sterility control, broth sterility
control, and growth control, respectively. The plate was wrapped with
parafilm to prevent dehydration and incubated at 35°C for 24h. A
redox dye, resazurin, was used to determine the MIC values since each
compound has an absorbance at 600 nm and turbidity-based spectro-
scopic detection could not be performed. After incubation, 30 uL of
0.015% resazurin was added to all wells and the plate was incubated at
35 °C for 2-4 h to observe the color change of columns from blue to pink
as a result of reduction of resazurin by viable bacterial cell. The lowest
concentration of compounds with no change of resazurin color was
considered as the Minimum Inhibitory Concentration (MIC). Each
compound was tested in duplicates in a 96-well microdilution plate and
each experiment was repeated three times using three independent
cultures for tested bacteria.
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3. Results and discussion
3.1. Synthesis and characterization

The synthetic routes for the preparation of all targeted compounds
are shown in Scheme 1-3. First, we focused on the key process to syn-
thesize chiral amine bis(phenolate) ligand (L) by the reactions of 4-tert-
butyl phenol, (R)-(-)-2-Amino-3-methyl-1-butanol, and 36% aqueous
formaldehyde in 1:2:1 M ratio in refluxing ethanol/water for 24h
(Scheme 1). After that, the reaction of chiral amine bis(phenolate) li-
gand (L) and 4-formyl phenyl boronic acid in refluxing toluene for 24 h
using a Dean-Stark apparatus in order to remove the water from-pro-
duct gave the chiral boron complex (LB) (Scheme 2). Then, salen group
containing chiral boron complexes (LB _s)) have been prepared by
the condensation reaction of chiral boron complex (LB) and various
primary amines in refluxing ethanol in the presence of three drops
HCOOH as catalyst under mild conditions (Scheme 3). The resulting
chiral amine bis(phenolate) ligand (L) and corresponding chiral boron
complexes (LB and LB(; _s5)) were soluble in several organic solvents
and compounds were stable in the solid-state. The formation of chiral
amine bis(phenolate) ligand and its chiral boron complexes were fully
characterized through a combination of 'H and '*C NMR, FT-IR,
UV-Vis, LC-MS/MS spectrometry, melting point, elemental analysis,
and cyclic voltammetry technique. Postulated structures of the newly
prepared chiral amine bis(phenolate) ligand and its chiral boron com-
plexes were in full agreement with their spectroscopic and elemental
analyses results. Attempts to grow suitable crystals of the chiral amine
bis(phenolate) ligand and its chiral boron complexes for single crystal
X-Ray structures were not successful. However, the obtained spectro-
scopic and analytical results of chiral amine bis(phenolate) ligand and
its chiral boron complexes were consistent with the proposed structure.
TLC was performed to check the reaction completion and purity of
compounds and the results revealed that the compounds were suffi-
ciently pure. For the relevant spectral data associated with the syn-
thesized chiral amine bis(phenolate) ligand (L) and its chiral boron
complexes (LB and LB(; _s5)), see the Supporting Information (ESI).

3.2. Spectroscopic studies

Infrared (FT-IR) spectral data were used to characterize the pro-
posed structures of the chiral amine bis(phenolate) ligand (L), the
corresponding chiral boron complex (LB) and salen groups containing
chiral boron complexes (LB(; _s)). The summary of results from FT-IR
analysis of the synthesized all compounds are given in the experimental
section and in Figs. S1-57. The FT-IR spectra of chiral amine bis(phe-
nolate) ligand (L) showed that the v(Ar-OH~N) vibrations are present in
the region 3580-3142cm ' along with v(C—0) at 1128 cm . This
observation indicates the formation of chiral amine bis(phenolate) li-
gand (L) by the reaction of three starting substances. On the other hand,
the disappearance of v(Ar-OH~N) band and ortho-phenolate or other
v(Ar-C=C) with v(C—0) stretching vibrations shifting to a different
region in chiral boron complexes (LB and LB(; _s)) indicates the de-
protonation of two (Ar-OH) groups and the coordination of two phe-
nolic oxygen to boron center. Additionally, the appearance of two new
bands at 1285-1280 cm ! and 954-951 cm !, may be assigned to v (B-
0) and v (B-N) vibrations for chiral boron complexes (LB and LB(; _s)),
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(phenolate) ligand (L).
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Scheme 3. Synthesis of proposed salen group containing chiral boron complexes (LB —s)) a) 1-(3-Aminopropyl)imidazole for (LB;), b) N,N-Diethyl-p-phenyle-
nediamine for (LBy), ¢) 2-Picolylamine for (LB3), d) 4’-Aminoacetophenone for (LB4) and e) 4-Amino-2,2,6,6-tetramethyl piperidine for (LBs), respectively.

respectively [45-47]. The other characteristic absorption band ob-
served in the spectra of salen groups containing chiral boron complexes
(LB, _5)) in the region 1646-1610cm ™' may be assigned to imine
v(HC=N) group [2,48], which confirms that the aldehyde group is
converted to imine group in the salen group containing chiral boron
complexes. Furthermore, the stretching vibrations of other groups in-
dicate the formation of all compounds and the results are in good
agreement with the proposed structures.

The UV-Vis electronic spectral measurements of the chiral amine
bis(phenolate) ligand (L), the corresponding chiral boron complex (LB)
and salen group containing chiral boron complexes (LB(; -5y) have
been recorded at the scanning range of 200 nm 1200 nm in C;HsOH and
CHCl; solvents at room temperature. The obtained electronic transition
results are presented in Figs. 1-3 and $8-510. The maximum absorption
bands of chiral amine bis(phenolate) ligand (L) in the range of
277-340nm in C,HsOH and 272-343 nm in CHCl;. Whereas, the cor-
responding chiral boron complex (LB and LB(; s)) typically display a
Amax Value at the range of 221-592 nm for C;HsOH and 238-596 nm in
their UV-Vis spectra which might be ascribed to the t — x* transitions
in the conjugated ring system of chiral boron complex (LB and LB(; _s))
with n — xt* transition of nonbonded electrons or s-to-vacant B p-or-
bital transition, respectively [45]. However, the aldehyde group of

39

2,54

Absorbance

0.5+

T
240 290 340 390 440
Wavelength [nm]

Fig. 1. UV-Vis spectrum of chiral amine bis(phenolate) ligand (L) in CoHsOH.

chiral boron complex (LB) is converted to imine group in the salen
group containing chiral boron complexes (LB —s)) shows the sig-
nificant influence on the electronic properties of (LB —5)) complexes,
which indicated an effective mn-conjugation in the salen group.
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Fig. 2. UV-Vis spectrum of chiral boron complex (LB) in C,HsOH.

34

in CHCl3
in CZH5OH

(a)

2,44 (b)

1,84

1,24

Absorbance

0,64

T T T
250 350 450 550 650 750
Wavelength [nm]

Fig. 3. UV-Vis spectrum of salen group containing chiral boron complex (LB,)
in C;HgOH and CHCl;,

Additionally, compared to other chiral boron complexes, especially the
electronic absorption transition of the complex (LB,) has shown quite
interesting results. The red-shift of the maximal absorption of (LB2)
compared with those of LB, LB;, and LB(3 5, complexes might be due
to its relatively high polarity of the conjugated skeleton or inter-ligand
charge transfer of the aromatic ring and the azomethine (-CH=N) unit.

The 'H and '*C NMR spectral results were verified that the proposed
chiral amine bis(phenolate) ligand (L), the corresponding chiral boron
complex (LB), and salen group containing chiral boron complexes
(LB —5)) were properly synthesized. The chemical shifts in NMR
spectra of chiral amine bis(phenolate) ligand and the corresponding
various chiral boron complexes in CDCl; using TMS as internal stan-
dard, unambiguously confirmed theirs proposed structures (511-S17
and experimental part). The formation of proposed chiral amine bis
(phenolate) ligand (L) can be easily spotted in the 'H NMR spectrum
due to the presence of D-O exchangeable protons (Ar-OH) of the phe-
nolie group around at § = 8.41 ppm as singlet and proton (CH-CH,-OH)
of aliphatic hydroxyl at 4.54 ppm as a doublet, respectively [49,50].
Additionally, the H NMR spectra of chiral amine bis(phenolate) ligand
(L) showed the signals of the aliphatic (CH3),-CH) proton in the range
4.26-4.19 ppm, while the benzylic (CH,) protons appeared around at
8 = 4.90 ppm. All other signals in the "H NMR spectra of chiral amine
bis(phenolate) ligand (L) are present at their expected positions and
gave suitable resonances that are in good agreement with the proposed
structure. The number of carbon resonances observed in the *C NMR
spectrum is in good agreement with the proposed structure of the chiral
amine bis(phenolate) ligand (L). On the other hand, 13¢ NMR spectra of
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the newly prepared chiral amine bis(phenolate) ligand (L) showed new
characteristic signals due to the carbons of the N-CH at § = 84.47 ppm
and (Ar-CH;) at § = 59.55 ppm. In addition, other aromatic and alkyl
group carbon atoms were observed in their usual position as shown in
the experimental section. Because of the 'H NMR spectroscopic studies,
the formation of chiral boron complexes was confirmed by the dis-
appearance of the phenolic hydroxyl proton signals and chemical shifts
of the aryl groups. In other words, both the phenolic OH group and the
arylamino group are coordinated to the boron center, according to a
comparison with the corresponding chemical shifts of the free chiral
amine bis(phenolate) ligand (L). In the 'H NMR spectrum of chiral
boron complex (LB), one sharp singlet at 9.75 ppm is displayed for the
Ar(CHO) unit which confirms the binding of the boron center to the two
phenolic oxygen of free chiral ligand (L) and formation of B-O bond.
However, in the "H NMR spectrum of salen group containing chiral
boron complexes (LB(; _s)), the presence of the highly deshielded re-
sonances in the range 9.92-9.97 ppm for the characteristic azomethine
(HC=N) proton [51], confirmed this chiral boron complexes, as ex-
pected. Moreover, the **C NMR spectra results can be analyzed in an
analogous manner to that of the proton spectra and the chemical shift of
13C NMR peaks supports the formation of chiral boron complex (LB)
and salen group containing chiral boron complexes (LB —s5)). A com-
parison of the 3¢ NMR results of chiral boron complex (LB) and salen
group containing chiral boron complexes (LB —s)), it was seen that
different resonance signals in chemical shifts, which confirms the pri-
mary amines attached to the chiral boron complex (LB) and formation
chiral boron complexes (LB —5)). From 13C NMR spectral scans, the
signal for the aldehyde group carbon (Ar-CHO) was observed at
193.24 ppm for chiral boron complex (LB), corresponding salen group
containing chiral boron complexes (LB —s)) the aldehyde group is
converted to the azomethine group and the characteristic azomethine
group carbon resonances appeared in the range 176.33-162.72 ppm,
which another evidence that the formation of the chiral boron com-
plexes. In addition, all aromatic and alkyl group carbon atoms were
observed in their usual position as shown in the experimental section.

For compounds characterization, the LC-MS/MS spectral results
were confirmed the proposed structures for the chiral boron complex
(LB) and salen group containing chiral boron complexes (LB(; —s)) re-
corded in methanol. Since the chiral amine bis(phenolate) ligand (L) is
an oily product, the LC-MS/MS of the chiral ligand could not be taken.
The LC-MS/MS of the chiral boron complexes (LB) and corresponding
salen group containing chiral boron complexes (LBu —s)) showed mo-
lecular ion peaks and characteristic fragment ions, which these results
show the mononuclear nature of these chiral boron complexes. In ad-
dition, mass spectral data confirmed the appropriate isotope distribu-
tion and the isotopic distribution of parent ions in the spectra demon-
strated the presence of one atom of boron in all chiral boron complexes.
The fragmentation pattern is summarized in Figs. S18-5S23 and in the
experimental part. In light of this LC-MS/MS spectral results, the chiral
boron complex (LB) exhibits the ion peak that is found at m/
z = 541.5Da [M]*. On the other hand, the LC-MS/MS ion peaks of
salen group containing chiral boron complexes (LB(; —s,) are located at
m/z = 648.7 Da [M]" for (LB;), at m/z = 685.4 Da [M]" for (LB.), at
m/z = 631.8Da [M] " for (LB3), at m/z = 658.7 Da [M]* for (LB.),
and at m/z = 682.8Da [M]" and for (LBs), respectively.

3.3. Electrochemical studies

The electrochemical properties of chiral boron complex (LB) and
salen group containing chiral boron complexes (LB -—s5)) were ex-
amined by CV. To calculate the energies of HOMO and LUMO levels of
(LB) and (LB¢; -5)) boron complexes, the redox potential of ferrocene
(Fe/Fe ') used as a known reference was assumed to be —4.8 eV [52].
Onset oxidation potentials (E,,°"**") and onset reduction potentials
(Ered®™") were used to estimate the energies of HOMO and LUMO levels
of each complex. The band gap HOMO (E; = 1234 eVnm/Apa,(nm))
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Fig. 4. Cyclic voltammograms of (LB) and (LB —s)) in acetonitrile solution
containing 0.1 M TBATFB in the presence of 0.01 M ferrocene/ferrocenium (Fc/
Fe™) as internal standard at GC electrode. (Scan rate = 50 mVs™1!).

Table 1
Electrochemical data of the boron complexes (LB and LB _s)).

Complexes Fooq ®™  Eg, ®™  Apax E, (eV) HOMO(eV) LUMO(eV)

(4%} w) (nm)
(LB) —-1.28 0.58 258 478 —-5.38 —0,60
(LB,) -1.31 0.56 254 4.86 —~5.36 —0,50
(LB,) -1.37 0.53 272 454 —-533 —0,79
(LBy) -1.36 0.54 258 4.78 —~5.34 —0.56
(LBy) -1.33 0.53 258 4.78 —-5.33 —0.55
(LBs) -1.35 0.52 258 4.78 -5.32 —0.54

was measured by using maximum wavelengths obtained from the
UV-Vis electronic spectral measurements of (LB) and (LB(; - s,) boron
complexes in the ethanol solvent, separately. The cyclic voltammo-
grams of (LB) and (LB(; _s)) boron complexes are presented in Fig. 4
and the electrochemical data of these boron complexes are summarized
in Table 1. As presented in Fig. 4, the cyclic voltammograms of (LB) and
(LB - 5)) boron complexes showed a quasi-reversible profile. The (LB),
(LB,), (LB3), and (LB4) chiral boron complexes showed two reduction
events, while (LB3) and (LBs) chiral boron complexes showed one re-
duction event (in the region outside the potential range of —0.12V /
0.45V of Fe/Fc* redox probe). Onset reduction potentials of (LB _5))
chiral boron complexes (E.q°™"= —1.31V, —1.37V, —1.36V,
—1.33V, —1.35V, respectively) were more negative compared to that
of (LB) complex (E,q"™" = —1.28 V). However, the maximum wave-
lengths obtained from UV-Vis electronic spectral measurements were
almost the same for (LB), (LB;) and (LB(z —5)) while it was interestingly
different for the (LB3) boron complex. Therefore, the band gap of chiral
(LB,) boron complex was measured at a lower value (4.54 eV) than that
of (LB), (LB;) and (LB;3_sy) chiral boron complexes. Hence,

Concentration (pug/mL)

Control

0.5 025 0.125 ’_l_\
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experimental results obtained from the electrochemical and optical data
showed that (LB,) boron complex had a much lower LUMO energy level
(—0.79eV) than that of (LB), (LB,) and (LB —5)) chiral boron com-
plexes. The boron complex with the lowest electrochemical LUMO level
is to have the lowest band gap in UV-Vis absorbance spectroscopy [53].
In this regard, electrochemical analyzes comply with UV-Vis electronic
spectral measurements. Besides, as seen in Fig. 4, it can be said that
(LB,) chiral boron complex catalyzes Fc/Fe* redox probe more due to
the aromatic ring and azomethine unit involved in its structure. (LB),
(LB,) and (LBs) chiral boron complexes showed two oxidation events,
(LB,) and (LBs) one oxidation event, (LB,) three oxidation events (the
region outside the potential range of —0.12V/0.45V of Fc/Fc" redox
probe). Onset oxidation potentials (E,,°™") of the (LB _5)) chiral
boron complexes are + 0.56V, +0.53V, +0.54V, +0.53V, +0.52V,
respectively, which shows that they are closer to being negative com-
pared to the oxidation potential (E,°™*" = +0.58V) of (LB) chiral
boron complex (Table 1). Thus, HOMO levels of the (LB _s,) chiral
boron complexes are higher than (LB) chiral boron complex with minor
differences (maximum 0.06 eV'). In addition, N, N-Diethyl-p phenyle-
nediamine has no significant shifting effect on the electrochemical
oxidation potential [54]. Taking a stand from this result, it can be said
that 2-Picolylamine, Aminoacetophenone, 4-Amino-2,2,6,6-tetramethyl
piperidine structures used while deriving (LB) chiral boron complex do
not show a significant shifting effect on their oxidation potential.

3.4. Antimicrobial activity

In vitro antibacterial activity of the chiral boron complexes (LB and
LB(; —s5)) was determined against one Gram-negative and three Gram-
positive bacteria strain by resazurin-aided broth microdilution method.
The antibacterial effectiveness of a compound is measured by the
minimum inhibitory concentration (MIC). The lowest concentration of
the tested compound that inhibits the growth of bacterial strain was
taken as MIC (Fig. 5). The lower MIC value means more effective an-
tibacterial activity represented by the test compound. Table 2 presents
the MIC value of each chiral boron complex (LB and LB, _5)) against
tested bacterial strains. Since DMSO was used as a solvent, there was a
limitation of the concentration that could be tested. All chiral boron
complexes were prepared in a higher concentration according to their
solubility to overcome the toxic effect of DMSO. The highest con-
centration of the chiral boron complexes that could be applied to the
microdilution plate was 1024 pg/mL. All chiral boron complexes have
moderate antibacterial activity against both Escherichia coli (ATCC
25922) and Staphylococcus aureus (ATCC 25923). Chiral boron (LBy),
(LBs) and (LBs) complexes exhibited activity against Bacillus cereus
(ATCC 11778) while (LB), (LB3) and (LB4) had no effect. The chiral
boron complex (LB) has a MIC value of 512 ug/mL. The addition of
salen groups to the chiral boron complex (LB) was improved the ac-
tivity of chiral boron compounds, except (LB3). Among the tested chiral
boron complexes, N,N-Diethyl-p-phenylenediamine containing chiral
boron complex (LB2) showed the highest antimicrobial activity against
all strains. The addition of N,N-Diethyl-p-phenylenediamine group to

Fig. 5. An example result of the Broth microdilution

method of boron complex (LB2) against Escherichia

coli. The concentration of (LB2) decreases from

16 pg/mL to 0.125pg/mL through column 1 to
‘ column 8. Columns 9 and 10 confirm the sterility of
both media and test complexes. Column 11 is used
L for growth control which proves the growth of
Escherichia coli by changing the natural blue color of
resazurin to pink which is the reduced form. Row A
and B are identical. The lowest concentration with no
color changes in the row is taken as the MIC value
(4 ug/mL). (For interpretation of the references to
color in this figure legend, the reader is referred to
the web version of this article.)



A. Kilic, et al.

Table 2
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Results of the MIC values for the tested boron complexes (LB and LB(; _s,) against four bacterial strains.

MIC Value (pg/mL)

G-negative

Gram-positive

Escherichia coli Bacillus cereus

Staphylococcus aureus Listeria monocytogenes

(LB) 512 - 512 -
(LB,) 256 512 256 -
(LB5) 4 4 4 512
(LB3) 512 - 512 -
(LB,) 512 - 256 -
(LBs) 128 512 128 -

“.” indicates no activity against tested bacteria at the concentration of 1024 ug/mL.

the chiral boron complex dramatically increased the inhibition activity References

of the chiral boron complex. Moreover, the chiral (LB,) boron complex
was the only complex that exhibited antimicrobial activity against
Listeria monocytogenes at the tested concentration. The obtained results
of electrochemical data (Table 1) of the chiral boron complexes re-
vealed that the chiral boron (LB,) complex has the minimum calculated
value of the energy gap (Eg) which is defined as the difference between
the orbital energies of HOMO and LUMO (highest occupied molecular
orbital-lowest unoccupied molecular orbital) and also the same com-
plex is the one which represented the maximum antibacterial activity.

4. Conclusion

In this study, we describe the successful synthesis of chiral amine bis
(phenolate) ligand (L), its chiral boron complex (LB), and salen group
containing chiral boron complexes (LB(; _5)). Each compound was
characterized by NMR (*H, and '*C), FT-IR, UV-Vis, LC-MS/MS spec-
troscopy, melting point, cyclic voltammetry as well as elemental ana-
lysis. The target chiral boron compounds (LB and LB(; s)) are soluble
in several organic solvents and stable in the solid-state. Electrochemical
studies showed that all chiral boron complexes have relatively low
HOMO energies ranging from —5.32 to —5.38¢eV. Also, electro-
chemical studies showed that 2-Picolylamine, Aminoacetophenone, 4-
Amino-2,2,6,6-tetramethyl piperidine structures used while deriving
chiral boron (LB) complex do not show a significant shifting effect on
their oxidation potential. Biologically, the antibacterial potentials of the
chiral boron complexes showed that N,N-Diethyl-p-phenylenediamine
group containing chiral boron complex (LB;) have the highest activity
against all the tested bacteria strains with the lowest MIC value of 4 ug/
mL and the rest showed reasonably good potential. However, this study
introduced a series of chiral boron complexes antibacterial activity in
vitro, thus are worthy of further study of developing novel drugs of
promising antibacterial activity effect.
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