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SYNTHESIS AND STRUCTURE OF CYTOTOXIC  

COPPER(II) COMPLEXES BASED ON di(o-TOLYL)PHOSPHINIC  

ACID AND 2,2′-BIPYRIDINE/1,10-PHENANTHROLINE 
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The following series of copper(II) complexes based on di(o-tolyl)phosphinic acid (HL) and 1,10-

phenanthroline (phen), 5-chloro-1,10-phenanthroline (Cl-phen), 4,7-dimethyl-1,10-phenanthroline 

(dmphen), 2,2′-bipyridine (bipy) is prepared and characterized: [Cu(OH)L]
n
 (1), [Cu(phen)(H2O)L2] (2), 

[Cu(dmphen)(H2O)L2] (3), [Cu(Cl-phen)(H2O)L2] (4), [Cu(bipy)(H2O)L2] (5). According to the XRD data, 

the phosphinate anion L– exhibits a monodentate coordination in mononuclear complexes 2–5 and  

a bidentate-bridge coordination in the polymer complex 1. The cytotoxic activity of the ligands and 

complexes is studied using the A549 (carcinoma) and MRC5 (non-neoplastic fibroblasts) human lung cell 

lines. It is shown that the complexes exhibit pronounced dose-dependent cytotoxicity to these cell lines in 

the 1-50 µM concentration range. 

DOI: 10.1134/S0022476624070175 

Keywords: copper(II) complexes, di(o-tolyl)phosphinic acid, 1,10-phenanthroline, crystal structure, 

cytotoxicity, selectivity index. 

INTRODUCTION 

The past decades have witnessed an increased interest in transition metal compounds as potential therapeutic agents 

[1-4]. Metal-containing compounds are part of effective medicinal and diagnostic products and are highly important for the 

pharmaceutical industry. For example, cisplatin, carboplatin, and other platinum based coordination compounds are used in 

the treatment of tumor diseases, auranofin containing gold(I) ions is employed in the case of rheumatoid arthritis, sodium 

pertechnetate is utilized as radiopharmaceuticals, etc. 

Widely discussed cytotoxic properties of coordination compounds [5-7] allow them to be utilized as a starting 

platform for the development of antitumor drugs. One such successful examples is copper(II) complexes based on 2,2′-

bipyridine, 1,10-phenanthroline, and amino acids/acetylacetonates derivatives patented under the name of “Casiopeinas®” 

[8, 9]. One of such complexes is currently subject of the phase I of clinical trials in Mexico [10]. 
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The obtained results confirmed that copper(II) complexes based on 2,2′-bipyridine and 1,10-phenanthroline are 

promising objects for the search for new antitumor drugs. When designing such compounds, the following O-donor systems 

are often used as additional ligands: carboxylic acid derivatives [11-13] (e.g., salicylic acid [14, 15]), N-oxides [16], 

biologically active ligands (norfloxacin, levofloxacin, indomethacin, doxycycline, tetracycline, etc.) [17-20], chromone 

[21, 22], etc.). However, only some of these complexes have been studied in detail in terms of their selectivity, and still  

a smaller number have been studied in vivo to confirm their antitumor activity [23]. 

In the present work, were prepared and characterized copper(II) complexes based on di(o-tolyl)phosphinic acid and 

1,10-phenanthroline/2,2′-bipyridine derivatives. It was shown that the 1,10-phenanthroline containing complexes in the 

concentration range 1-50 µM exhibit a pronounced cytotoxic non-selective effect on the A549 cell line of human lung 

carcinoma. 

EXPERIMENTAL 

The complexes were prepared using commercial copper(II) acetate hydrate (analytical-grade), 1,10-phenanthroline 

monohydrate, 2,2′-bipyridine, 4,7-dimethyl-1,10-phenanthroline, and 5-chloro-1,10-phenanthroline (reagent-grade). 

Synthesis of di(o-tolyl)phosphinic acid (HL). 30% H2O2 (2 mL) and di(o-tolyl)chlorophosphine (1 g, 0.004 mol) 

were added to a solution of NaOH (1 g, 0.025 mol) in distilled water (30 mL). The reaction mixture was stirred for 1 h at 

70 °C, cooled down and supplemented with an aqueous 20% HCl solution up to pH 2. The product was extracted by 

dichloromethane (2×20 mL), the organic layer was dried over Na2SO4, and filtered. The solvent was removed in a vacuum. 

The resulting white powder was dried in air. Yield: 81% (0.80 g). Elemental analysis (%), calculated for C14H15O2P: C 68.3, 

H 6.1; found: C 68.7, H 6.0. 1H NMR (δ, ppm): 7.47-7.32 (m, 3H, Ph), 7.27-7.10 (m, 5H, Ph), 2.32 (s, 6H, CH3). NMR 
31P{1H} (δ, ppm): 36.27. IR spectrum, ν, cm–1: 457, 478, 494, 538, 554, 579, 669, 698, 718, 760, 810, 941, 993, 1032, 1047, 

1086, 1142, 1204, 1248 ν(P=O), 1277 ν(P=O), 1285 (P=O), 1379, 1452, 1474, 1566, 1595, 1641, 2928, 2963, 3015, 3061, 

3443, 3499 (OH). 

Synthesis of [Cu(OH)L]
n
 (1). A weighted sample of di(o-tolyl)phosphinic acid (0.040 g, 0.16 mmol) was added to  

a weighted sample of copper(II) acetate (0.017 g, 0.08 mmol) dissolved in a 4:1 mixture of ethyl alcohol and water (5 mL) 

upon slight heating up to 50 °C. After a lavender-blue precipitate was formed, the solution was evaporated for 20 min at 

70 °C. The precipitate was filtered through a glass filter, washed with 1 mL portions of ethyl alcohol, and dried in air. Some 

small amount of XRD quality [Cu(OH)L]
n
 crystals were formed in the mother liquor. Yield: 80% (0.022 g). Elemental 

analysis (%), calculated for C14H15CuO3P: C 51.6, H 4.6; found: C 52.1, H 4.9. IR spectrum (ν, cm–1), main bands: 1125, 

1140, 1202, 1275 ν(P=O); 1454, 1474, 1568, 1593 Rring, 2420 ν(O–H⋯O=P); 2924, 2962, 3017, 3061, 3086 ν(C–H); 3375, 

3620 ν(O–H). 

Synthesis of [Cu(phen)(H2O)L2] (2). A weighted sample of 1,10-phenanthroline (0.020 g, 0.10 mmol) was 

dissolved in 3 mL ethyl alcohol, supplemented with a weighted sample of copper(II) acetate monohydrate (0.020 g, 

0.10 mmol), and dissolved upon heating up to 50 °C. The resulting bright blue solution was supplemented under stirring by  

a weighted sample of di(o-tolyl)phosphinic acid (0.049 g, 0.20 mmol). Some time after the latter was dissolved, a pale blue 

precipitate was formed. The precipitate was filtered, washed with several 1 mL portions of ethyl alcohol, and dried in air. 

Yield: 63% (0.049 g). Elemental analysis (%), calculated for C40H38CuN2O5P2: C 63.9, H 5.1, N 3.7; found: C 63.3, H 5.2,  

N 4.0. IR spectrum (ν, cm–1), main bands: 1138, 1173, 1202, 1273 ν(P=O); 1425, 1454, 1472, 1495, 1520, 1591, 1632 Rring, 

2421 ν(O–H⋯O=P); 2926, 2953, 3009, 3061 ν(C–H); 3462 ν(O–H). TGA: 3.1% mass loss at 175 °C. Calculated for 1H2O: 

2.4%. 

Synthesis of [Cu(dmphen)(H2O)L2] (3). A weighted sample of 4,7-dimethyl-1,10-phenanthroline (0.010 g, 

0.050 mmol) was dissolved in 3 mL ethyl alcohol, supplemented with a weighted sample of copper(II) acetate monohydrate 

(0.010 g, 0.050 mmol) that was dissolved upon slight heating up to 50 °C. A weighted sample of di(o-tolyl)phosphinic acid 
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(0.025 g, 0.10 mmol) was added to the resulting solution. Some time after it dissolved, a pale green precipitate was formed. 

The solution with the precipitate was evaporated to half the original volume at 80 °C. The precipitate was filtered, washed by 

1 mL portions of ethyl alcohol, and dried in air. Dimethyl sulfoxide (0.50 mL) was added to the mother liquor, and 

[Cu(dmphen)(H2O)L2]⋅3H2O (3a) crystals suitable for XRD were formed after a few months, which could not be though 

collected because of small quantities. Yield: 60% (0.024 g). Elemental analysis (%): calculated for C42H42CuN2O5P2 - C 64.6, 

H 5.4, N 3.6; found - C 63.7, H 5.8, N 3.9. IR spectrum (ν, cm–1), main bands: 1138, 1163, 1202, 1231, 1273 ν(P=O); 1425, 

1454, 1474, 1495, 1526, 1581, 1593, 1610, 1625 Rring, 2413 ν(O–H⋯O=P); 2922, 2960, 3007, 3047 ν(C–H); 3443 ν(O–H). 

TGA: mass loss 3.2% at 130 °C. Calculated for 1H2O: 2.3%. 

Synthesis of [Cu(Cl-phen)(H2O)L2] (4). A weighted sample of 5-chloro-1,10-phenanthroline (0.021 g, 0.10 mmol) 

was dissolved in ethyl alcohol (3 mL). A weighted sample of copper(II) acetate monohydrate (0.021 g, 0.10 mmol) was 

added to the obtained solution an dissolved upon slight heating up to 50 °C. A weighted sample of di(o-tolyl)phosphinic acid 

(0.049 g, 0.20 mmol) was added to the resulting solution. Some time after it dissolved, a pale green precipitate was formed; 

the solution with the precipitate was evaporated to half the original volume at 80 °C. The precipitate was filtered, washed 

with 1 mL portions of ethyl alcohol, and dried in air. Yield: 84% (0.066 g). Elemental analysis (%),calculated for 

C40H37ClCuN2O5P2: C 61.1, H 4.7, N 3.6; found: C 60.6, H 4.9, N 3.8. IR spectrum (ν, cm–1), main bands: 1136, 1171, 1202, 

1273 ν(P=O); 1423, 1454, 1520, 1585, 1618 Rring, 2446 ν(O–H⋯O=P); 2922, 2945, 3003, 3057, 3086 ν(C–H); 3470 ν(O–H). 

TGA: 2.7% mass loss at 180 °C. Calculated for 1H2O: 2.3%. 

Synthesis of [Cu(bipy)(H2O)L2] (5). A weighted sample of 2,2′-bipyridine (0.016 g, 0.10 mmol) was dissolved in 

ethyl alcohol (3 mL). A weighted sample of copper(II) acetate monohydrate (0.021 g, 0.10 mmol) was added to the solution 

and dissolved upon slight heating up to 50 °C. A weighted sample of di(o-tolyl)phosphinic acid (0.050 g, 0.20 mmol) was 

added to the obtained solution. After its dissolution, a pale blue precipitate was formed. The solution was filtered through  

a glass filter, washed with 1 mL portions of ethyl alcohol, and dried in air. After several months, a small amount of 

[Cu(bipy)(H2O)L2] crystals suitable for XRD were formed in the mother liquor. Yield: 51% (0.039 g). Elemental analysis 

(%),calculated for C38H38CuN2O5P2: C 62.7, H 5.3, N 3.9; found: C 62.7, H 5.2, N 4.0. IR spectrum (ν, cm–1), main bands: 

1138, 1163, 1202, 1253, 1273 ν(P=O); 1447, 1474, 1497, 1568, 1593, 1603, 1608 Rring, 2428 ν(O–H⋯O=P); 2925, 2952, 

3011, 3053, 3075 ν(C–H); 3472 ν(O–H). TGA: 4.5% mass loss at 160 °C. Calculated for 1H2O: 2.5%. 

The CHN analysis was performed at the Analytical Laboratory of NIIC SB RAS on a Vario MICRO cube analyzer 

according to the standard procedure. The IR spectra were registered on a Scimitar FTS 2000 FTIR spectrometer in the region 

of 4000-400 cm–1. The samples were prepared in the form of suspensions in vaseline and fluorinated oil and PE and pressed 

in KBr pellets. Powder XRD was performed on a Shimadzu XRD-7000S diffractometer (CuKα radiation, λ = 1.54056 Å, Ni-

filter, 2θ range from 5° to 40°, counting time per point = 1 s). The studied samples were ground in an agate mortar in the 

presence of heptane; the resulting suspension was deposited to the polished side of a standard quartz cuvette; after the 

heptane dried, the sample was a thin (~100 µm) even layer. The thermogravimetric analysis was performed on a NETZSCH 

TG 209 F1 Iris Thermo Microbalance instrument  in helium in open Al2O3 crucibles at a heating rate of 10 °C/min. 

XRD. The XRD study of single crystals of 1, 3a, 5 was conducted according to the standard procedure on a Bruker 

D8 Venture diffractometer (MoKα monochromatic graphite radiation, λ = 0.71073 Å) at 150 K. The measurements were 

conducted using ϕ- and ω-scanning. Absorption corrections were introduced using the SADABS program [24]. The 

structures were solved and refined with the SHELXTL program [25, 26] using the Olex2 interface [27]. Atomic displacement 

parameters for non-hydrogen atoms were refined anisotropically. Positions of hydrogen atoms were calculated geometrically 

and refined using a riding model. The outer sphere of 3a contains disordered water molecules. The electron density 

corresponding to three water molecules in the system was removed by using the Solvent Mask function of the Olex2 

program. The crystal data and structure refinements are listed in Table 1. The XRD data were deposited with the Cambridge 

Crystallographic Data Centre (CCDC No. 2352372-2352374) and can be obtained free of charge at http://www.ccdc. 

cam.ac.uk/data_request/cif. 
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TABLE 1. Crystal Data and Structure Refinement Details for 1, 3a, 5 

Compound 1 3a 5 

Empirical formula C14H15CuO3P C42H48CuN2O8P2 C38H38CuN2O5P2 
M, g/mol 325.77 834.33 728.18 

Crystal system Monoclinic Triclinic Triclinic 
Space group P21/c 1P 1P

a, b, c, Å 7.1099(9),  
15.4517(17),  
12.3317(15) 

11.263(3),  
13.622(3),  
14.304(3) 

10.7045(12),  
12.4863(13),  
13.7658(14) 

α, β, γ, deg 90,  
94.605(5),  

90 

91.958(8),  
113.173(7),  
98.831(8) 

69.060(3),  
86.387(4),  
86.873(4) 

V, Å3 1350.4(3) 1982.8(8) 1714.0(3) 
Z 4 2 2 

Dcalc, g/cm3 1.607 1.307 1.411 

μ, mm–1 1.735 0.677 0.777 

Crystal size, mm 0.65×0.55×0.20 0.090×0.030×0.010 0.125×0.025×0.013 

2θ Range for data collection, deg 4.23-55.05 3.95-49.55 3.79-50.77 

Index ranges –8 ≤ h ≤ 9, 
–20 ≤ k ≤ 20, 
–16 ≤ l ≤ 16 

–13 ≤ h ≤ 13, 
–16 ≤ k ≤ 14, 
–16 ≤ l ≤ 16 

–12 ≤ h ≤ 12, 
–13 ≤ k ≤ 15, 
–16 ≤ l ≤ 16 

Reflections collected / unique 13910 / 3092 15716 / 6697 14819 / 6223 

Rint, Rσ 0.0568,  0.0518 0.1018,  0.1896 0.0859,  0.1439 

Restraints / parameters 0 / 180 1 / 478 1 / 440 
GOOF on F2 1.069 0.987 0.979 

Final R indices [I > 2σ(I)] R1 = 0.0537,  
wR2 = 0.1218 

R1 = 0.0746, 
wR2 = 0.1501 

R1 =0.0628, 
wR2 = 0.1159 

R indices (all data) R1 = 0.0785,  
wR2 = 0.1333 

R1 = 0.1601,  
wR2 = 0.1818 

R1 = 0.1273,  
wR2 = 0.1384 

Largest diff. peak and hole, e/Å3 1.41 / –0.59 0.74 / –0.43 0.60 / –0.70 
CCDC No. 2352372 2352374 2352373 

 

Cytotoxic activity. The experiments were conducted with a A549 cell line of human lung carcinoma (Biolot, 

Russia) and MRC5 non-tumor human lung fibroblasts (State Research Center of Virology and Biotechnology VECTOR, 

Russia). Cell viability was estimated by the double staining method using Hoechst 33342 and propidium iodide (PI) 

fluorescent dyes according to the standard procedure described earlier in [28]. The cells were seeded into 96-well plates and 

cultured in DMEM (MRC5) or DMEM/F12 (A549) media  in a CO2 incubator at 37 °C. After 24 h, the compounds dissolved 

in ethanol in the 0.20-50 µM concentration range were added, and the cells were incubated for 48 h. The cells were stained by 

Hoechst 33342 (Sigma-Aldrich) and propidium iodide (Invitrogen) for 30 min at 37 °C. The records were performed on  

an IN Cell Analyzer 2200 (GE Healthcare, UK) in the automatic mode using 4 fields per well. The obtained images were 

analyzed using the In Cell Investigator program to determine live, dead, and apoptotic cells in the entire population. The 

result is presented as the percentage of cells from three independent experiments ± standard deviation. The experimental 

dependence of the percentage of living cells on the compound concentration was approximated by a nonlinear function. The 

LC50 parameter was calculated as the compound concentration causing 50% cell death. 
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Fig. 2. Structure of [Cu(OH)L]
n
 (1). 

 

 

Fig. 3. Structure of [Cu(dmphen)(H2O)L2]⋅3H2O (3a) with intramolecular hydrogen bonding (green 
dashed line) and π-staking (blue dashed line) (a); intermolecular H-bond between neighboring 
molecules (b); packing of non-covalent dimers (different colors) into a polymer chain due to 
intermolecular π-staking (c) (see the electronic version). 

 

molecule and the ligand oxygen with O–H⋯O distances equal to 2.668 Å (3a) and 2.709 (5) Å. Besides, the phenyl group of 

the L– anion and dmphen/bipy are connected by a π–π interaction with a length of 3.568 Å (3a) and 3.744 Å (5), respectively 

(Fig. 3a). Two neighboring molecules of the complex (water molecule and oxygen of the phosphinate anion) are connected 

by intermolecular hydrogen bonds with distances 2.586 Å (3a) and 2.575 Å (5), thus leading to the formation of a non-

covalent dimer (Fig. 3b). Such dimers are packed into a polymer chain due to π-staking between dmphen or bipy with  



a

o

c

p

s

a

r

2

s

in

2

2

p

A

s

th

 

 

a dis

of Cu

calcu

posit

signi

assig

rings

2922

spec

nter

2.57

2446

parti

ABC

spec

herm

stanc

u–N

ulate

tion

ifica

gned

s (b

2-30

tra 

rmol

5-2.

6 cm

icula

C str

tros

mog

ces 

N(dm

Th

ed f

ns an

antly

Co

d to 

and

086 

as 

lecu

.660

m–1 (

ar, t

ruct

scop

Th

grav

3.53

mph

he po

from

nd i

y af

omp

P=O

ds of

cm–

bro

ular 

0 Å.

(Fig

the s

ture 

py da

herm

ime

32 Å

hen/b

owd

m the

inte

ffect

oun

O st

f va
–1). T

oad 

hyd

 Ap

g. 5)

spec

of 

ata a

mal 

etric 

 

Å (3

bipy

der X

e XR

ensit

ting 

nd 1–

tretc

aryin

The

ν(O

drog

ppare

. Su

ctrum

the 

agre

stab

ana

3a) a

y) is

XRD

RD 

ties 

the 

–5 w

chin

ng i

 com

O–H

gen b

entl

uch s

m o

ν(O

ee w

bility

alys

and 

 1.9

D da

data

of 

cry

were

gs (

inten

mpl

H) b

bon

ly, th

struc

of th

OH)

well 

y o

is d

3.69

990-

ata s

a, th

refl

ystal

e ch

(stro

nsity

exes

band

nds b

hese

ctur

he d

) ba

with

f th

data,

94 Å

2.03

show

hus c

lecti

 pac

harac

ong b

y at

s co

ds a

betw

e int

re of

dime

and 

h th

he m

, a l

Å (5

32 Å

wed

conf

ions

ckin

cteri

band

t 142

ontai

at 3

ween

tera

f the

ethy

with

e str

mixe

loss 

5) (F

Å, an

d tha

firm

, ap

ng of

ized

ds a

23-1

in c

375

n wa

ctio

e hig

lpho

h m

ruct

ed-l

of 

Fi

Fig. 

nd th

at co

ming

ppar

f mo

d by 

at 11

1632

coor

-347

ater 

ons c

gh-f

osph

maxim

tural

igan

one

g. 4

3c).

hat 

omp

g the

rentl

onon

IR 

125-

2 cm

dina

70 c

mo

corr

freq

hinic

ma 

l dat

nd c

 coo

4. Po

. Th

of C

plexe

eir p

ly d

nucl

spec

-127

m–1)

ated

cm–1

olecu

respo

quen

c ac

at 2

ta. 

com

ordi

owd

he le

Cu–O

es 1

purit

due 

lear 

ctro

75 cm

), C–

d wa
1. A

ules

ond

ncy r

cid M

2800

mplex

inate

er X

engt

O(H

–5 a

ty (F

to 

com

oscop

m–1)

–H 

ater 

Acco

s and

s to

regio

Me2

0 cm

xes 

ed w

XRD

th of

H2O)

are 

Fig.

the 

mple

py. 

), st

stre

mol

ordin

d ox

 the

on o

2P(O

m–1

2–5

wate

D pa

f the

) is 

crys

4). 

fac

exes

The

tretc

etchi

lecu

ng 

xyge

e add

of th

O)OH

(A)

5 w

er m

attern

e Cu

1.98

stall

Com

ct th

s. 

e spe

chin

ings

ules 

to 

en a

ditio

he IR

H co

), 24

was 

mole

ns o

u–O

81 Å

line,

mple

hat 3

ectr

g-de

s of 

(2–

the 

atom

onal

R sp

onn

400

stud

cule

of 1,

O(L–)

Å (3

, and

exes

3a 

a of

efor

f alk

–5) o

XR

ms o

l wi

pect

necte

cm–

died

e in 

, 2, 3

) bo

a) a

d th

s 3 a

cont

f the

rmat

kyl g

or h

RD 

of di

de b

trum

ed in
–1 (B

d in

the

3a, 5

ond i

and 2

he X

and 

tain

e com

tion 

grou

hydro

dat

i(o-t

band

m is 

nto 

B), 

n the

e com

5. 

in th

2.03

XRD

3a e

ns th

mpl

vib

ups 

oxid

ta, c

tolyl

d of

typi

dim

and

e 2

mpl

he c

31 Å

 pat

exhi

hree

lexe

brati

and

de-a

com

l)ph

f ν(O

ical 

mers 

d 17

5-60

lexe

comp

Å (5)

ttern

ibit 

e ou

s ha

ons 

d aro

anion

mplex

hosp

O–H

for 

by 

700 c

00 °

s oc

plex

). 

ns o

sign

uter-

ave c

of h

oma

ns (

xes 

phina

H⋯O

pho

stro

cm–

°C r

ccur

xes i

f 1, 

nific

-sph

char

hete

atic 

(1) m

1–5

ate 

O=P

osph

ong 
–1 (C

rang

rs at

is 1

5 ar

cant

here 

ract

erocy

ring

man

5 c

anio

P) str

hinic

H-b

C) [

ge. 

t 16

.941

re s

t dif

wa

erist

ycle

gs (w

nifes

conta

ons 

retc

c ac

bond

31].

Acc

0-18

1-2.

imil

ffere

ater 

tic f

es an

wea

sted 

ain

with

ching

cids 

ds e

. Th

cord

80 °

164

lar t

ence

mol

frequ

nd b

ak b

in t

intr

h di

gs a

[31-

exhib

hus, 

ding 

°C (

1

Å, 

to th

es in

lecu

uen

benz

band

their

ra-

istan

at 24

-33]

bits 

the

to 

(Fig

471

that

hose

n the

ules,

ncies

zene

ds at

r IR

and

nces

413-

]. In

 the

e IR

the

. 6).

1

t 

e 

e 

, 

s 

e 

t 

R 

d 

s 

-

n 

e 

R 

e 

.  



1

 

 

 

A

d

f

p

1472

An 

deco

follo

param

2 

exce

omp

owin

met

C

C

C

epti

osit

Th

ng lu

ter c

Comp

H

Cu(O

Cisp

on 

tion 

he a

ung 

calcu

TA

pou

HL 

OAc

1 

2 

3 

4 

5 

plati

is c

beg

ctio

cell

ulate

 

ABL

und 

c)2 

in 

com

gins 

on o

l lin

ed a

LE 2

mpou

at 2

of di

nes: 

as th

2. C

und 

235 

i(o-t

A54

he su

Cytot

3, 

°C f

toly

49 (

ubst

toxi

whe

for 1

yl)ph

(carc

ance

Fig

ic A
A

ere 

1,10

hosp

cino

e co

g. 5.

F

Activ
Ace

5

5.

4.

this

0-ph

phin

oma)

once

. IR 

Fig. 

vity 
etate

A5

>1

–

–

5.2±

.07±

.56±

>1

>5

s pr

hena

nic a

) an

entra

spe

6. T

of C
e and

549

00

– 

– 

±0.2

±0.0

±0.0

00

50 

roce

anthr

acid

nd M

ation

ectru

Ther

Com
d Ci

2 

01 

08 

ess b

rolin

d HL

MRC

n ca

um o

rmo

mple
ispla

beg

ne b

L an

C5 (n

ausin

of 2

ograv

xes 
atin 

LC5

ins 

base

nd c

non-

ng 5

rec

vim

1–5

Aft

50, μ

at 

d co

com

-tum

50%

orde

metri

5, di
ter 4

μM

room

omp

mplex

mor 

% cel

ed in

c da

i(o-t
48 h

m t

plexe

xes 

fibr

ll de

n flu

ata f

tolyl
h of I

M

52

4

3.8

4.0

40

temp

es an

1–5

robla

eath.

uori

for 2

l)Ph
Incu

MR

>10

>10

2.2±

4.0±

89±

05±

0.3±

>5

pera

nd a

5 on

asts

. 

inate

2–5.

hosp
ubat

C5

00 

00 

±6.4

±0.2

±0.06

±0.03

±3.7

50 

ature

at 16

n hu

). T

ed o

 

phin
tion

4 

6 

3 

7 

e an

60 °

uma

The r

oil. 

ic A

nd t

°C fo

an c

resu

 

 

Acid

term

or th

cell 

ults a

d HL

mina

he c

viab

are l

L, Co

ates 

omp

bilit

liste

opp

Se

by 

plex

ty w

ed in

er(I

elect

<

130

x 5 w

was 

n Ta

II) 

tivity

–

–

–

0.77

0.77

0.89

<0.4

–

0-14

with

esti

able

y in

7 

7 

9 

40 

40 °

h bip

imat

 2 fo

ndex

C. 

py. 

ted 

for th

x 

Fur

for 

he L

rther

the

LC50

r 

e 

0 



r

c

p

d

rang

comp

phen

data 

ge (5

plex

nanth

earl

Ex

5-10

xes 

hrol

lier 

 

xpos

00 µ

1–5

line 

repo

Fig

for

sing 

µM) 

5 ex

and

orte

g. 7.

r 48 
 

the 

for 

xhib

d its

ed, th

. Su
h. 

 cel

48 

ited

s der

he c

urviv

lls to

h d

d bo

riva

cytot

val o

o th

did n

oth c

ative

toxi

of A

e ac

not 

cyto

es, a

icity

A549

ction

chan

ostat

are m

y of 

9 an

n of 

nge 

tic a

mos

1 an

nd M

f di(o

the

and 

t pr

nd 5

MRC

o-to

e rat

cyt

rono

5 is a

C5 c

olyl)

te o

totox

ounc

an o

cells

)pho

f th

xic 

ced: 

orde

s un

osph

heir 

effe

the 

er of

nder 

hinic

pro

ects 

LC

f ma

the

c aci

lifer

(Ta

C50 v

agnit

e act

id H

ratio

able

value

tude

tion 

HL a

on a

e 2, 

es v

e low

of 

and 

and/

Fig

vary 

wer 

2–5

cop

/or t

g. 7)

fro

(LC

5 and

pper

their

. Th

m 3

C50 ∼

d di

(II) 

r de

he p

3.89

∼ 40

i(o-t

ace

eath 

prop

 µM

0-50

toly

etate

(LC

perti

M to 

 µM

l)ph

e in 

C50 >

ies o

5.2

M, M

hosp

the 

> 10

of 2

2 µM

MRC

phin

stud

00 µ

2–4,

M. C

C5 ce

ic a

died

µM),

, co

Com

ells)

acid 

d con

, wh

ontai

mpare

). 

HL

ncen

hile 

inin

ed w

 

L 

1

ntra

cop

g 1

with

473

ation

pper

,10-

h the

3

n 

r 

-

e 



 

1474 

The cytotoxicity was studied both on human tumor cell lines and on non-tumor ones in order to calculate selectivity 

indices for the synthesized compounds. The indices were determined as the ratio of LC50 on the MRC5 line to its value on the 

A549 line. For 2–5, the selectivity indices are close to 0.8-0.9, indicating that these complexes are not selective to the tumor 

cell line. In the case of 5, fibroblasts are even more sensitive to the complex than tumor cells: the action of 50 µM of the 

complex for 48 h caused ∼75% fibroblast death, whereas the death of A549 increases relative to the control group and 

reaches ∼12% only upon the action of 100 µM of the complex (Fig. 7). 

CONCLUSIONS 

Copper(II) complexes based on derivatives of 1,10-phenanthroline/2,2′-bipyridine and di(o-tolyl)phosphinic acid 

were prepared and characterized. It was established that copper has a planar square environment in the [Cu(OH)L]
n 

polymer 

complex and a distorted square-pyramidal environment  in [Cu(LN–N)(H2O)L2] mononuclear complexes. At the same time, the 

L– phosphinate anion has different coordinations: a bidentate-bridge of coordination in the first case and a monodentate one 

in other complexes. It was shown that 1,10-phenanthroline based complexes exhibit pronounced dose-dependent cytotoxicity 

exceeding that of cisplatin on the A549 and MRC5 cell lines, while the cytotoxicity of the 2,2′-bipyridine based complex is 

an order of magnitude lower. At the same time, none of the compounds of this series demonstrated selectivity to the A549 

tumor cell line. 
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