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Abstract—A series of polymer complexes of Gd(I11) and Eu(Il1I) with 3-furancarboxylic (HFur) and 5-nitro-
2-furancarboxylic (HNfur) acids differed in the composition and coligands presented by solvent molecules
(CH;0H/C,H;0OH/H,0) is synthesized: [Gd(Fur);(CH;0H)(C,H;OH)], (I), [Gd(Nfur);(CH;0H),],
CH;CN (II), [Eu(Fur);(C,HsOH)], (III), and [Eu(Nfur);(H,0),],-:3CH3;CN (IV). According to the X-ray
diffraction (XRD) data, all complexes are 1D coordination polymers in which the lanthanide cation has the
coordination number 8 (LnOyg) to form the environment as a doubly augmented triangular prism (I, IT) or a
square antiprism (III, IV). The supramolecular levels of the polymers are stabilized due to intra- and inter-
molecular hydrogen bonds between the coordinated solvent molecules and O atoms of the chelate-bound
anions of the acid and via two types of noncovalent C—H...O and N—O...x interactions that significantly con-
tribute to an additional stabilization of the crystal packings. The biological properties of complexes I, II, and
IV are studied with respect to the model nonpathogenic strain Mycolicibacterium smegmatis.
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INTRODUCTION

Investigation of routes for the formation and isola-
tion of rare-earth element (REE) coordination com-
pounds is an actively developed area caused by attrac-
tive physicochemical properties of coordination deriv-
atives of lanthanides, in particular, luminescence,
unusual magnetic characteristics, for instance, the
manifestation of properties of single-molecule mag-
nets [1—5] or a possibility of using these molecular
architectures as precursors for the formation of films
and coatings on various supports [6]. Some REE che-
lates find use in medicine as contrast agents in mag-
netic resonance tomography (e.g., gadolinium and
samarium drugs) and can be applied as substances
with antibacterial properties [7—13]. In addition, REE
ions, for example, Nd**, Sm?*, or Yb3*, are used for
luminescence in vivo visualization due to their ability
to emit in the near-IR range. This property makes it
possible to detect such molecules via the animal tissue
of a significant thickness [14]. In fact, similar sub-
stances simultaneously combining pronounced lumi-
nescence (phosphorescence) properties and biological
activity are promising for the use as bioactive lumino-
phores for both visualization and treatment, which is
presently very topical trend of chemical biomedical
studies.
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The d-metal complexes with different furancarbox-
ylic acids and N-donor ligands were studied and their
biological activity was established in vitro against the
model nonpathogenic strain M. smegmatis [15—20]
and test SKOV3 cancer line (ovary adenocarcinoma)
[21]. In this case, the Tb(I11), Ho(III), La(III), and
Eu(IIT) complexes with 2-furancarboxylic acid
demonstrated perspective luminescence properties
[22—28]. However, this series contains no REE com-
pounds with other furancarboxylic acids (HFur,
HNfur), which substantially impedes the selection of
bioactive REE-bearing compounds for further bio-
medical studies and, possibly, for their applications in
practice.

The purpose of this work is to develop procedures
for the synthesis of gadolinium(IIl) and euro-
pium(I1I) complexes with Fur~ and Nfur~ anions, to
determine their structures, and to study the biological
properties in vitro against the model nonpathogenic
strain M. smegmatis.

EXPERIMENTAL

The complexes were synthesized in air using the
following solvents (without additional purification):
acetonitrile (special purity grade, Khimmed), ethanol,
and methanol. The following commercially available
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reagents were used for the synthesis: HFur (98%,
Acros), HNfur (98%, Acros), gadolinium acetate
hydrate (Acros), and ecuropium acetate hydrate
(Acros). Elemental analysis was conducted on an
automated Carlo Erba EA 1108 C,H,N analyzer. IR
spectra were recorded on a Perkin-Elmer Spectrum 65
FT-IR spectrophotometer by the attenuated total
internal reflectance (ATR) method in a frequency
range of 400—4000 cm™!.

The biological activity was determined in the
M. smegmatis mc? 155 test system by the paper disk
method. The inhibition zone of growth of the strain,
which was seeded with a lawn on an agar medium,
around the paper disks containing the substance in
different concentrations was detected. The bacteria
washed from Petri dishes with the M-290 Tryptone
soya agar medium (Himedia) were grown overnight in
the Lemco-TW liquid medium (Lab Lemco’ Powder
5g L' (Oxoid), Peptone special 5 g L=' (Oxoid),
NaCl 5 g L, Tween-80) at 37°C to the logarithmic
mean growth phase at the absorbance OD600 = 1.5
and mixed with the molten M-290 agar medium in a
ratio 1 : 9 : 10 (culture: Lemco-TW: M-290). The cul-
ture was incubated at 37°C for 24 h. The MIC (mini-
mum inhibitory concentration) was considered to be
the concentration of the substance at which the growth
inhibition zone is minimum.

Synthesis of [ Gd(Fur),(CH;OH)(C,H;O0H)], (I). A
weighed sample of HFur (0.22 g, 2 mmol) was added
to a solution of Gd(OAc);:3H,0 (0.1 g, 0.4 mmol) in
methanol (10 mL), and the mixture was stirred at 60°C
for 1 h. Ethanol (5 mL) was added to the resulting
solution, and the reaction mixture was stored at room
temperature for 2 days. Formed colorless crystals were
separated from the mother liquor. The yield of com-
pound I was 0.17 g (78%).

For C18H19011Gd
Anal. calcd., %
Found, %

C, 38.02
C, 38.19

H, 3.36
H, 3.41

IR (ATR; v, cm™): 3147 w, 2970 w, 1667 m, 1557 s,
1508 s, 1424 s, 1368 s, 1306 m, 1181 m, 1073 w, 920 w,
890 m, 778 s, 676 w, 614 m, 549 m, 463 s.

Synthesis of [Gd(Nfur);(CH;0H),],-CH;CN (II).
A weighed sample of HNfur (0.3 g, 2 mmol) was added
to a solution of Eu(OAc);3H,0 (0.1 g, 0.4 mmol) in
methanol (10 mL), and the mixture was stirred at 60°C
for 1 h. Acetonitrile (5 mL) was added to the resulting
solution, and the reaction mixture was stored at room
temperature for 2 days. Formed colorless crystals were

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

UVAROVA et al.

decanted from the mother liquor. The yield of com-
pound IT was 0.18 g (80%).

For C;yH (N,4O,,Gd
Anal. caled., %  C, 31.27
Found, % C, 31.43

H, 2.21
H,2.44

N, 7.68
N, 7.58

IR (ATR; v, cm™"): 3129w, 2971 m, 1677 m, 1595 s,
1569s, 1530 s, 1486 m, 1409 s, 1335s, 1212 m, 1085 w,
1041 m, 1022 m, 960 w, 879 w, 836 w, 779 s, 737 m,
593w, 516 w, 485 s, 421 m.

Synthesis of [Eu(Fur);(C,H;OH),], IID. A
weighed sample of HFur (0.22 g, 2 mmol) was added
to a solution of Eu(OAc);3H,0 (0.1 g, 0.4 mmol) in
methanol (10 mL), and the mixture was stirred at 60°C
for 1 h. Ethanol (5 mL) was added to the resulting
solution, and the reaction mixture was stored at room
temperature for 2 days. Formed colorless crystals were
decanted from the mother liquor. The yield of com-
pound III was 0.2 g (87%).

For C19H21011Eu
Anal. calcd., %
Found, %

C, 39.53
C, 39.34

H, 3.67
H, 3.44

IR (ATR, v, cm™"): 3370 w, 3058 w, 1605 s, 1558 s,
1543 s, 1477 s, 1415 s, 1400 s, 1367 s, 1220 m, 1192 m,
1140 w, 1078 w, 1043 w, 1009 m, 883 w, 848 m, 814 m,
781s, 754s, 725 s, 668 w, 616 m, 596 m, 546 w, 459 s.

Synthesis of [ Eu(Nfur);(H,0),],:3CH;CN (IV). A
weighed sample of HNfur (0.3 g, 2 mmol) was added
to a solution of Eu(OAc);3H,0 (0.1 g, 0.4 mmol) in
methanol (10 mL), and the mixture was stirred at 60°C
for 1 h. Acetonitrile (5 mL) was added to the resulting
solution, and the reaction mixture was stored at room
temperature for 7 days. Formed colorless crystals were

decanted from the mother liquor. The yield of com-
pound IVwas 0.2 g (84%).

For C21H19N6017Eu
Anal. caled., %  C, 32.36
Found, % C, 32.26

H, 2.46
H,2.14

N, 10.78
N, 10.98

IR (ATR, v, cm™!): 3404 m, 3032 m, 2969 m,
1671 m, 1597 s, 1561 s, 1566 s, 1535 s, 1488 m, 1465 w,
1410 s, 1331 s, 1210 m, 1085 m, 1061 m, 1041 m,
1022 m, 991 w, 877 w, 860 w, 836 w, 778 s, 731 m,
590 w, 485 s, 418 m.

XRD of compounds I-IV was carried out on a
Bruker ApexII diffractometer (MoK, A = 0.71073 A,
graphite monochromator, CCD detector). A semiem-
pirical absorption correction was applied using the
SADABS program [29]. The structures were solved
using the ShelXT program [30] and refined by full-
matrix least squares using the Olex2 program [31] in
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Table 1. Selected crystallographic data and experimental and structure refinement parameters for compounds I-IV

Value
Parameters

I II II1 v
Empirical formula CgH90,,Gd CoH;N4O;,Gd C9H,;0Eu C,H9NgzO;Eu
Fw 568.58 730.61 577.32 779.38
Crystal system Triclinic Monoclinic Triclinic Triclinic
Space group P1 P2,/c P1 P1
a, A 9.6981(11) 12.941(2) 9.568(7) 9.7002(3)
b, A 9.7221(11) 9.5419(14) 9.613(6) 10.7733(3)
c, A 11.1393(13) 22.345(3) 11.356(9) 14.4037(4)
o, deg 87.654(4) 90 83.49(3) 98.574(2)
B, deg 83.242(4) 104.179(5) 89.58(3) 93.192(2)
Y, deg 76.332(4) 90 76.56(2) 93.622(2)
v, A3 1013.4(2) 2675.2(7) 1009.1(13) 1482.20(7)
zZ 2 4 2 2
Peates &/cm’ 1.863 1.814 1.900 1.746
W(MoK,), cm™! 3.331 2.566 3.169 2.203
20 ,ax> deg 24.712 24.406 24.711 25.998
F(000) 558 1436 572 772
Number of reflections 6919 11920 5401 27086
Independent reflections 3425 4373 3346 5806
Rin 0.0467 0.0866 0.0550 0.0501
Observed reflections with 3068 2940 3123 5361
1>206(1)
GOOF 1.090 1.031 1.078 1.058

Ry, wR, (I > 26(1))

Apmaxs Pmin> e/AS

0.0544, 0.1430

3.444/-2.172

0.0587, 0.1410

1.172/—1.910

0.0618, 0.1571

4.372/-3.577

0.0278, 0.0633

1.268/—0.850

the anisotropic approximation for non-hydrogen
atoms. The hydrogen atoms of the water molecules
were localized from the difference Fourier syntheses,
positions of other hydrogen atoms were calculated
geometrically, and all of them were refined in the iso-
tropic approximation by the riding model. The geom-
etries of polyhedra of the metal atoms were deter-
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mined using the SHAPE 2.1 program [32]. Selected
crystallographic data and refinement parameters for
compounds I-IV are given in Table 1.

The full set of XRD parameters was deposited at
the Cambridge Crystallographic Data Centre (CIF
files CCDC nos. 2232748 (1), 2232749 (1I), 2232751
(IIT), and 2232750 (IV); deposit@ccdc.cam.uk).
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Fig. 1. Fragment of the polymer chain in compound I. Dashed lines show the system of hydrogen bonds.

RESULTS AND DISCUSSION

The exchange reaction of gadolinium acetate
hydrate with HFur (3 mol) in methanol at 60°C for
30 min results in the full exchange the anions and for-
mation of a finely crystalline phase, the recrystalliza-
tion of which from an ethanol—methanol (1 : 1) mix-
ture affords single crystals of [Gd(Fur);-
(CH;0H)(C,Hs;OH)], (I) suitable for XRD. The
reaction of HNfur with gadolinium acetate hydrate in
methanol, under similar conditions with the addition
of acetonitrile, leads to the formation of
[Gd(Nfur);(CH,OH),],CH;CN (II) being, as com-

Table 2. Selected bond lengths (A) for compounds I-IV

pound I, a 1D coordination polymer. Similar reac-
tions for europium acetate hydrate under the same
conditions lead to polymer complexes [Eu(Fur);-
(C,HsOH)],, (IIT) and [Eu(Nfur);(H,0),],- 3CH;CN
(IV). Thus, the variations with the solvents showed
that the Gd*" cations can coordinate simultaneously
molecules of alcohols: methanol and ethanol
(I)/methanol (II), whereas the Eu’* cations tend to
form bonds with molecules of ethanol (III) or water
(IV) under equivalent synthetic conditions.

Complexes I and III crystallize in the triclinic
space group P1 with the inversion center between the

1I

I1I v

Bond length, A :
Gd
Ln—O (Fur) 2.321(6)—2.497(6)
Ln—0O (solv) 2.465(6), 2.494(6)
Ln...Ln 4.642(1), 5.114(1)

2.299(7)—2.394(6)
2.467(7), 2.524(7)

4.457(1), 5.099(1)

2.265(5)—2.526(6) 2.311(2)—2.527(2)

2.282(6), 2.368(6) 2.423(2), 2.437(2)

4.560(3), 5.070(3) 4.903(1), 4.913(1)

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49
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Fig. 2. Polyhedra of the REE ions (Gd is green, Eu is pink) in the structures of complexes (a) I, (b) II, (¢) III, and (d) IV.

Ln(1) and Ln(1A) ions. The REE ions in the struc-
tures of compounds I (Fig. 1) and III coordinate four
bridging Fur~ anions resulting in the formation of lin-
ear polymer chains of similar structure directed along
the b axis. Each lanthanide ion additionally coordi-
nates one chelate-bound Fur~ anion and two solvent
molecules thus building up its environment to a doubly
augmented triangular prism in the case of the Gd>* ion
(Fig. 2a, GdOg, CShM = 1.700 [32]) or to a square
antiprism in the case of the Eu®* ion (Fig. 2¢, EuOy,
CShM = 1.682). On going from Gd** to Eu®*, an
insignificant elongation of the Ln—O bonds in com-
plexes I and III and shortening of the Ln...Ln dis-
tances in the polymer chain are observed (Table 2).
Interestingly, among the presented complexes, com-
plex III exhibits the shortest bonds between Eu®* and
solvent (ethanol) molecules (2.282(6), 2.368(6) A;
Table 2). According to the Cambridge Structural
Database (CSD), the lanthanide compounds similar

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

to complexes I and III were synthesized for benzoic
[33, 34] and 3-nitrobenzoic [35] acid anions.

Compounds II and IV of different structures were
synthesized for Eu(I1I) and Gd(III) with Nfur™ anions
under similar conditions. For instance, complex II
(Fig. 3) crystallizes in the monoclinic space group
P2,/c with the inversion center between the Gd(1) and
Gd(1A) ions. Each Gd*" ion coordinates six Nfur
anions to form a polymer chain directed along the
b axis. The Gd*" ions in the polymer chain structure
build up their environments to a doubly augmented
triangular prism (Fig. 2b, GdOg, CShM = 0.749) due
to the coordination of the O atoms of two MeOH mol-
ecules. According to the CSD data, several complexes
with the structures similar to that of complex II with
anions of 4-pyridine-carboxylic [36], 3,5-dinitroben-
zoic [37], and trichloroacetic [38] acids were
described.

No.9 2023
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Fig. 3. Fragment of the polymer chain in compound II. Dashed lines show the system of hydrogen bonds. Solvate molecules are

omitted.

Complex IV crystallizes in the triclinic space group

P1 with the inversion center between the Eu(l) and
Eu(1A) ions. Unlike compound II, where each Nfur~
anion performs the bridging function, the polymer
chain of compound IV is formed of two bridging Nfur—
anions, and the third anion is coordinated to the metal
ion via the chelate mode (Fig. 4). The Eu’" cation
builds up its environment to a square antiprism due to
the coordination of two water molecules (Fig. 2d,
EuOg, CShM = 2.066). Selected bond lengths for
complexes II and IV are given in Table 2. Distinctive
features of aqua complex IV are the increased Eu...Eu
distances (4.903(1), 4.913(1) A; Table 2) among the
compounds discussed.

The packings of complexes I-IV exhibit an addi-
tional stabilization of the polymer chain due to the for-
mation of hydrogen bonds between the coordinated

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

solvent molecules and O atoms of the chelate-bound
acid anion (Table 3). Noncovalent interactions C—
H...O are also formed to stabilize the supramolecular
polymer layer (Table 3). The use of anions of 5-nitro-
2-furancarboxylic acid in the case of complexes II and
IV leads to the formation of additional noncovalent
interactions N—O...t (Table 4), which considerably
contribute to the stabilization of the crystal packings of
the synthesized complexes. Solvate acetonitrile mole-
cules incorporate into the crystal lattices of complexes
II and IV due to the C—H...N and C—H...O interac-
tions (Table 3).

The antibacterial activity of compounds I, II, and
IV was determined toward the nonpathogenic strain
M. smegmatis. (Compound III is an isostructural ana-
log of compound I and, hence, its biological activity
was not studied.) It is known that the resistance of

No.9 2023
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Fig. 4. Fragment of the polymer chain in compound IV. Dashed lines show the system of hydrogen bonds. Solvate molecules are

omitted.

mycobacteria to chemotherapeutical agents is related
to a low permeability of the mycobacterial cell wall and
its unusual structure. M. smegmatis are rapidly growing
nonpathogenic bacteria and, therefore, are used as the
model organism for slowly growing bacteria M. tuber-
culosis and for the primary screening of antiphthisic
drugs. As follows from the data in Table 5, complexes
I, II, and IV (MIC > 1000 nmol/disk) are poorly active
compared to reference substances Isoniazid (INH)
and Rifampicin (Rif), unlike individual furancarbox-
ylic acids, whose values of MIC are reliably higher
than those of the complexes, which indicates a
decrease in the bioefficiency of the substances against
the mycobacterial strain during complex formation. At
the same time, we have found [14—20] that the transi-
tion metal (copper(Il), zinc(Il), cobalt(1l, III),
nickel(II), and iron(II)) complexes with furoate
anions exhibit biological activity against M. smegmatis,
which significantly increases upon the introduction
into the complex of N-donor ligands, in particular,
1,10-phenanthroline or 2,2'-bipyridine. Possibly, the
synthesis of adducts of the discussed complexes and,
as a consequence, the transformation of polymers into
molecular compounds would enhance the biological
accessibility of substances for mycobacterial cells.

Thus, four 1D coordination polymers of gadolin-
ium(III) and europium(1Il) in which the lanthanide

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

cations are bound by the bridging furoate anions were
synthesized. The supramolecular level is stabilized due
to numerous hydrogen bonds and noncovalent inter-
actions joining the coordinately bound chains into the
single polymer motif. The study of the biological
properties of the complexes showed a low bioactivity
against the nonpathogenic strain M. smegmatis.
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Table 3. Geometric parameters of hydrogen bonds in the crystal packings of compounds I-IV

DoH. A Distance, A Angle
D—-H symmetry code H..A D..A D-H...A, deg
I
O(10)—H(10)...0(4) 0.84 l—x,1—y,1—z 1.92 2.751(8) 169
O(11)—H(11)...0(1) 0.84 l—x,2—y,1—-2 2.55 3.085(9) 123
C(3)—H(3)...0(8) 0.95 l—x,1—y,1—-z2 2.39 3.241(12) 149
C(9)—H(9)...0(3) 0.95 x,y,1+z 2.55 3.407(13) 150
C(13)—H(13)...0(2) 0.95 l—x,2—-y,1-2 2.54 3.350(11) 144
C(16)—H(16B)...0(11) 0.98 2.57 3.169(14) 119
I
O(16)—H(16)...0(1) 0.853(16) |1 —x,—y, 1 —¢ 2.36(7) 2.911(10) 123(7)
O(17)—H(17)...N(4) 0.87(4) 1.98(4) 2.813(13) 161(5)
C(3)—H(3)...0(12) 0.93 l—x,1—y,1—-2 2.47 3.323(12) 153
C(4)—H(4)...0(4) 0.93 2—x,1/2+y,3/2—z2 2.50 3.423(14) 169
C(9)—H(9)...0(4) 0.93 l—x,—y,1—z 2.47 3.176(14) 133
C(14)—H(14)...0(10) 0.93 —x, —1/2+y,1/2 -z 2.56 3.400(14) 151
C(19)—H(19B)...0(14) 0.96 —x, —1/2+y,1/2 -z 2.56 3.345(17) 144
C(19)—H(19C)...0(9) 0.96 x,—1+yz 2.44 3.135(17) 129
I
O(10)—H(10)...0(4) 0.84 l—x,2—y,1—¢ 2.07 2.822(8) 148
O(11)—H(11)...0(5) 0.84 l—x,1—y,1—2z 1.90 2.689(8) 156
C(3)—H(3)...0(8) 0.95 l—x,2—y,1—2z 2.38 3.171(11) 141
C(9)—H(9)...009) 0.95 x,y, 1+z 2.46 3.346(14) 155
C(15)—H(15)...0(2) 0.95 l—x,1—y,1—z 2.40 3.251(11) 149
C(16)—H(16B)...0(11) 0.99 2.55 3.094(11) 114
C(17)—H(17B)...0(2) 0.98 l—x,1—y,1—-z2 2.50 3.140(12) 123
C(18)—H(18)...0(9) 0.99 —1+xyz 2.59 3.574(13) 170
C(18)—H(18B)...0(10) 0.99 2.50 3.072(12) 116
v
O(16)—H(16A)...0(1) 0.85 l—x,1—y,1—¢ 2.07 2.822(8) 148
O(16)—H(16B)...N(7S) 0.85 1.90 2.689(8) 156
O(17)—H(17A)...N(4S) 0.85 2.38 3.171(11) 141
O(17)—H(17A)...0(2) 0.93 —x,—y, 1 —z 2.46 3.346(14) 155
C(4)—H(4)...0(5) 0.96 —X, =y, =% 2.40 3.251(11) 149
C(3S)—H(3SA)...0(8) 0.93 —x,1—y,1—-z 2.55 3.094(11) 114
C(8)—H(8)...0(12) 0.93 l—x,1—y,1—z 2.50 3.140(12) 123
C(9)—H(9)...N(1S) 0.93 l—x,1—y,1—-z2 2.59 3.574(13) 170
C(13)—H(13)...0(7) 0.93 —x, 1=y, 1—z 2.50 3.072(12) 116
C(14)—H(14)...0(4) 0.93 —x, =y, 1 —z2
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Table 4. Interactions N—O...7t in the crystal packings of compounds II and IV

Interaction 0—Cg, A Symmetry code Angle N—O...Cg, deg*
1I
N(1)—0O(5)...n(Fur) 3.465(10) 1+x,1/2—y,1/2+¢ 114.7(6)
N(2)—0(9)...n(Fur) 3.385(10) l—x,1—y,1—z2 128.7(7)
N(3)—0(14)...n(Fur) 3.510(10) —x,1—y,1—2 71.7(6)
v
N(1)—O(4)...n(Fur) 3.208(3) x,—1+yz 105.0(2)
N(2)—0(9)...n(Fur) 3.341(3) —x,1—y,—z2 105.64(19)
N(3)—0(15)...n(Fur) 3.227(3) l—x,—y,1—2 116.9(2)
* Cg are centroids of aromatic rings.
Table 5. Results on antibacterial activity against M. smegmatis
MIC, nmol/disc Inhibition zone, mm
Compound Literature
24 h 24 h 120 h
1 2000 6.0 £ 0.5% 0
I 1500 6.0 £ 0.5% 0
v 2000 6.6 = 0.5% 6.1 £0.5*
[Cu(Fur),(CH;CN)] 280 6.5+ 0.5% 0 [21]
[Cu(Nfur),(H,0),] 1248 6.0 £ 0.5* 0 [39]
[Cu(Fur),(Phen)] 4 7 £0.5*% 7 +£0.5* [15]
[Zn(Fur),(Bpy)] 92 6.5+0.5 6.5+0.5 [16]
Hfur 55 7 +0.5* 6 +0.5%
Hnfur 1000 6.2 +0.5% 0
INH 730 7.0 £ 0.5 6.5 £ 0.5
Rif 6 6.5+0.5 6.5+0.5

* The inhibition growth zone of the bacterial culture initially formed after several hours of growth begins to grow over the whole zone
surface; empty rows mean that the inhibition zone is absent. 0—there is no growth inhibition zone of the bacterial strain.
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