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Aim. To synthesize the novel purine bioisosteres — indazole derivatives and evaluate inhibi-
tory activity of these compounds towards CK2 in the in vitro system. Methods. Chemical
synthesis, 'H and 13C NMR spectroscopy, LC-MS method, determination of residual enzyme
activity using ATP consumption tests with a luciferase Kinase-Glo® luminescent kinase assay.
Results. Known synthetic methods of indazole chemistry were originally applied to the syn-
thesis of 3-aryl-indazole-7-carboxylic acids. Conditions of cross-coupling of 3-bromo-indazole
derivatives with arylboronic acids were substantially improved. 3-aryl-indazole 5- and 7-car-
boxylic acids have shown ICj in a range 3.1-6.5 uM in luciferase luminescent kinase assay.
Conclusions. The synthesis of 3-aryl-indazole-7-carboxylic acids has been developed. Novel
inhibitors of the protein kinase CK2 among indazole derivatives have been identified among
the 3-aryl-indazole 5- and 7-carboxylic acids. It has been shown the crucial impact of car-
boxyl group on the inhibitory activity of studied compounds.

Keywords: Indazole, chemical synthesis, luciferase luminescent kinase assay, protein kinase
inhibitor, protein kinase CK2.

Introduction

Casein kinase 2 (CK2) is a serine/threonine
protein kinase usually consisting of two cata-
lytic subunits (o)) and/or (a’) and two regula-
tory (B) subunits. This enzyme stands out
among the most protein kinases by its high
pleiotropicity. CK2 is involved in various bio-
logical processes — it has hundreds of sub-
strates for phosphorylation [1] and can use

both ATP and GTP as a phosphate source [2].
For a long time, this ubiquity was considered
as an obstacle to use CK2 in the drug develop-
ment until discovering the fact that cancer cells
are much more dependent on CK2 than normal
cells [3]. It has turned CK2 into an important
player in overcoming drug resistance, albeit
with some limitations [4]. Abnormally high
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levels of CK2 occur during the various neuro-
degenerative, inflammatory, cardio-vascular
diseases, virus infections and all the cancers
having been examined [5, 6]. This increased
CK2 level having no genetic background often
reduces the treatment efficiency, so until the
reasons are not clarified the only possible way
of attenuating CK2 activity is therapeutic use
of the potent and selective CK2 inhibitors [7].

A number of CK2 inhibitors belonging to
different chemical classes have been published
[8—11] and one of them — silmitasertib
(CX-4945) — is undergoing clinical trials now
supporting the notion that CK2 is recognized
as a druggable protein kinase. Therefore, the
discovery of small-molecular CK2 inhibitors
is a significant area of medicinal chemistry
research.

Earlier, we found a number of chemical
classes of CK2 inhibitors using the computer-
aided drug design approach. Here we are rep-
resenting the CK2 inhibitors identified among
the indazole derivatives. Purine bioisosteres
are a common target in search for new binders
of the ATP-binding site as protein kinase in-
hibitors [7]. The indazole carboxylic acid de-
rivatives drew our attention for two reasons:
the first — an indazole ring is a bioisostere of
an adenine ring, the second — a carboxyl
group is an essential part of several indazole-
containing CK2 inhibitors, such as 4,5,6,7-tet-
rabromo-1H-indazole and 3,4,5,6,7-pentabro-
mo-1H-indazole derivatives [8], benzo[g]in-
dazole derivatives [9] and a series of 4,6-di-
substituted pyrazine derivatives including in-
hibitor CC04820. The silmitasertib (CX-4945)
molecule also contains a carboxyl group in-
volved in electrostatic interaction with the
Lys68 of CK2 ATP-binding site. Thus, this
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work aims at the synthesis of indazole-carbox-
ylic acids and related derivatives and evalua-
tion of their inhibitory activity against CK2 in
the in vitro system.

Materials and Methods

Starting materials and solvents were purchased
from commercial suppliers and used without
further purification. NMR spectra were re-
corded on a Varian VXR 400 instrument at
400 MHz for '"H NMR and 101 MHz for 3C
NMR spectra. Chemical shifts are described as
parts per million (&) downfield from an internal
standard of tetramethylsilane, and spin multi-
plicities are given as s (singlet), d (doublet),
dd (double doublet), td (triple doublet), t (trip-
let), q (quartet), quintet (quintet) or m (over-
lapped multiplets). HPLC-MS analysis was
performed using the Agilent 1100 LC/MSD SL
separations module and Mass Quad G1956B
mass detector with electrospray ionization (+ve
or —ve ion mode as indicated), and HPLC was
performed using a Zorbax SB-C18, Rapid
Resolution HT cartridge, 4.6 mm x 30 mm,
1.8 um i.d. column (Agilent P/N 823975-902)
at a temperature of 40 °C with gradient elution
of 0—100 % CH;CN (with 1 mL/L HCOOH)/
H,O (with 1 mL/L HCOOH) at a flow rate of
3 mL/min and a run time of 2.8 min. Compounds
were detected at 215 nm using a diode array
G1315B detector. All tested compounds gave
> 95 % purity as determined by these methods.

3-Phenyl-1H-indazole-7-carboxylic acid
hydrochloride (8). Procedure A: The mixture
of 1.00 g (2.71 mmol) of 1-tert-butyl-7-ethyl
3-bromoindazole-1,7-dicarboxylate 6, 0.35 g
(2.88 mmol) of phenylboronic acid, 0.50 g
(4.72 mmol) of sodium carbonate, 0.03 g
(0.136 mmol) of palladium diacetate, 0.10 g
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(0.38 mmol) of triphenylphosphine, 15 ml of
ethanol and 5 ml of water was refluxed under
stirring in Ar atmosphere for 16 hours. After
evaporation of solvents under reduced pressure
the residue was diluted with 20 ml of dichlo-
romethane and 10 ml of water, dark insoluble
precipitate was filtered off and two layers were
separated. Chromatographic purification of the
residue after evaporation of the dichlorometh-
ane layer mixed with the insoluble precipitate
gave 0.11g (15 %) of ethyl 3-phenyl-1H-inda-
zole-7-carboxylate 7; 'TH NMR (400 MHz,
DMSO-dg) 6 13.16 (br s, 1H), 8.28 (d, J =
7.7 Hz, 1H), 8.04 (d, J= 7.2 Hz, 1H), 7.96 (d,
J=17.6 Hz, 2H), 7.50 (d, /= 7.3 Hz, 2H), 7.39
(t, J=7.8 Hz, 1H), 7.28 (t, J = 7.6 Hz, 1H),
4.50 (q, J = 6.7 Hz, 2H), 1.45 (t, J = 6.9 Hz,
3H). Acidification of the aqueous layer gave
0.32 g (43 %) of precipitate of 3-phenyl-1H-
indazole-7-carboxylic acid hydrochloride 8 as
light grey powder m.p. 158°C 'H NMR
(400 MHz, DMSO-dy) 6 13.01 (br s, 1H), 8.23
(d, J= 8.1 Hz, 1H), 8.00 (d, J = 7.2 Hz, 1H),
7.94 (d, J = 7.4 Hz, 2H), 7.47 (t, J = 7.3 Hz,
2H), 7.36 (t, J = 7.3 Hz, 1H), 7.25 (t, J =
7.7 Hz, 1H). BC NMR (101 MHz, DMSO-dy)
o 167.1, 144.4, 140.2, 133.9, 129.1, 129.0,
128.0, 127.5, 126.3, 122.4, 120.6, 114.5. LC-
MS (ESI) t, = 0.886, m/z 239.0 ([M+H]").
Procedure B: The mixture of 1.00 g
(2.71 mmol) of 1-tert-butyl-7-ethyl 3-bro-
moindazole-1,7-dicarboxylate 6, 0.35 ¢
(2.88 mmol) of phenylboronic acid, 0.50 g
(4.72 mmol) of sodium carbonate, 0.03 g
(0.136 mmol) of palladium diacetate, 0.075 g
(0.135 mmol) of dppf, 15 ml of ethanol and
5 ml of water was refluxed under stirring in Ar
atmosphere for 16 hours. Then 0.45 g (8 mmol)
of potassium hydroxide were added and the

mixture was refluxed for one more hour. After
evaporation of solvents under reduced pressure
the residue was diluted with 20 ml of water,
treated with charcoal and filtered. Acidification
of the mother liquid gave 0.62 g (83 %) of
3-phenyl-1H-indazole-7-carboxylic acid hy-
drochloride 8 as a light grey precipitate.
Procedure C: The mixture of 1.00 g
(2.71 mmol) of 1-tert-butyl-7-ethyl 3-bromoin-
dazole-1,7-dicarboxylate 6, 0.35 g (2.88 mmol)
of phenylboronic acid, 0.80 g (7.14 mmol) of
potassium tret-butoxide, 0.035 g (0.133 mmol)
of Pd(dba),, 0.085 g (0.137 mmol) of BINAP,
10 ml of toluene was refluxed under stirring
in Ar atmosphere for 16 hours. Solvent was
evaporated under reduced pressure, the residue
was diluted with 20 ml of water, then 0.45 g
(8 mmol) of potassium hydroxide were added
and the mixture was refluxed for one hour.
After discoloration with charcoal and filtration
the mother liquid was acidified giving 0.13 g
(48 %) of 3-bromo-1H-indazole-7-carboxylic
acid hydrochloride 15 as a light brown pre-
cipitate. 'H NMR (400 MHz, DMSO-dy)
0 13.48 (s, 1H), 8.06 (d, J= 7.2 Hz, 1H), 7.87
(d, J=28.0 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H).
3-Pyridin-3-yl-1H-indazole-5-carbonit-
rile (9). As beige powder m.p. 108°C. 'H NMR
(400 MHz, DMSO-dy) 6 13.78 (s, 1H), 9.16
(s, 1H), 8.57 (d, J= 6.8 Hz, 2H), 8.34 (d, J =
7.9 Hz, 1H), 7.71 (d, J= 8.7 Hz, 1H), 7.61 (d,
J=8.6 Hz, 1H), 7.47 (dd, J=7.2, 4.9 Hz, 1H).
13C NMR (101 MHz, DMSO-d;) 6 149.3,
148.1, 142.8, 142.4, 134.5, 129.0, 128.4, 127.5,
124.0, 120.3, 119.7, 112.5, 104.5. LC-MS
(ESI) t, = 0.663, m/z 221.0 ((M+H]+).
3-pyridin-3-yl-1H-indazole-5-carboxylic
acid dihydrochloride (10). As beige powder
m.p. 123°C. 'H NMR (400 MHz, DMSO-dj)
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0 13.60 (br s, 1H), 12.50 (br s, 1H), 9.14 (br
s, 1H), 8.62 (s, 2H), 8.30 (d, J= 7.0 Hz, 1H),
7.96 (d, J = 8.4 Hz, 1H), 7.62 (d, J = 8.4 Hz,
1H), 7.53 (br s, 1H). 3C NMR (101 MHz,
DMSO-dg) 6 167.7, 149.1, 147.9, 143.5, 142.4,
134.3,129.4,127.1,124.2, 123.4, 120.2, 110.8.
LC-MS (ESI) t, = 0.565, m/z 240.0 ([M+H]+).
3-(4-Methoxy-phenyl)-1H-indazole-5-
carboxylic acid (11). As white powder m.p.
246°C. 'TH NMR (400 MHz, DMSO-d,) 6 12.94
(br s, 2H), 8.61 (s, 1H), 7.93 (d, J = 8.6 Hz,
1H), 7.87 (d, J = 8.2 Hz, 2H), 7.54 (d, J =
8.7 Hz, 1H), 7.05 (d, J = 8.2 Hz, 2H), 3.83
(s, 3H). 3C NMR (101 MHz, DMSO-dy) &
167.8, 159.5, 145.1, 143.6, 128.4, 126.8, 126.2,
124.0, 123.8, 120.2, 114.5, 110.3, 55.3. LC-MS
(ESI) t, = 0.794, m/z 269.0 ((M+H]+).
3-(3-Fluoro-phenyl)-1H-indazole-5-
carboxylic acid (12). As beige powder m.p.
86 °C. 'TH NMR (400 MHz, DMSO-d;) 6 13.44
(brs, 1H), 12.67 (br s, 1H), 8.63 (s, 1H), 7.95
(d, J=8.2 Hz, 1H), 7.79 (d, J = 7.7 Hz, 1H),
7.67 (d,J=10.0 Hz, 1H), 7.58 (d, /= 8.9 Hz,
1H), 7.53 (t, J = 6.4 Hz, 1H), 7.14 (td, J =
8.24, 1.93 Hz, 1H). 13C NMR (101 MHz,
DMSO-d,) 6 167.9, 164.2 (d, J = 245.1 Hz),
144.0, 143.8, 136.1 (d, J = 7.5f Hz), 131.0
(d, J = 7.8 Hz), 127.1, 124.5, 123.7, 123.1,
120.2, 115.0 (d, J = 20.0 Hz), 113.9 (d, J =
23.0 Hz), 110.8. LC-MS (ESI) t, = 0.821,
m/z 257.0 ((M+H]+).
3-(4-Fluoro-phenyl)-1H-indazol-5-ylamine
(13). As light brown powder m.p. 98°C. 'H
NMR (400 MHz, DMSO-dy) 6 12.72 (br s,
1H), 7.92 (br s, 2H), 7.28 (d, J = 8.7 Hz, 1H),
7.20 (t,J=8.3 Hz, 2H), 7.13 (s, 1H), 6.84 (d,
J = 8.3 Hz, 1H), 4.60 (br s, 2H). 3C NMR
(101 MHz, DMSO-dy) & 162.8 (d, J =
2443 Hz), 142.3, 140.6, 136.8, 131.5, 128.2
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(d, J = 6.7 Hz), 121.2, 118.4, 1155 (d, J =
21.2 Hz), 111.0, 101.6. LC-MS (ESI) t, =
0.613, m/z 228.0 ((M+H]+).

3-(4-Fluoro-phenyl)-1H-indazole-5-
carbonitrile hydrochloride (14). As white pow-
der m.p. 135°C. 'H NMR (400 MHz,
DMSO-d;) 6 13.74 (br s, 1H), 8.53 (s, 1H),
7.94 (d, J=8.2 Hz, 1H), 7.92 (d, J= 1.1 Hz,
1H), 7.70 (d, J = 8.7 Hz, 1H), 7.60 (d, J =
8.7 Hz, 1H), 7.48 (t, /= 7.8 Hz, 1H), 7.37 (d,
J = 7.1 Hz, 1H). 3C NMR (101 MHz,
DMSO-d,) 6 142.7 (d, J = 244.3 Hz), 134.9,
134.3,130.6, 128.1, 127.3, 126.8, 125.7, 120.0,
119.5, 112.4, 104.3. LC-MS (ESI) t, = 1.002,
m/z 238.0 ((M+H]+).

The enzyme activity of protein kinase CK2
was determined using ATP consumption tests.
Each reaction mixture contained 3 pl of buffer
solution (20 mM Tris-HCI pH 7.5, 50 mM
KCl, 10 mM MgCl,), 3 ul of peptide substrate
RRRDDDSDDD (2 mg/ml), 0.02 pl (10 units)
of recombinant human CK2a catalytic subunit
obtained by us [10], 13 pl of H,O and 1 pl of
inhibitor 300 uM stock solution in dimethyl-
sulfoxide (DMSO).

The reaction was started with addition of
10 pl of 3 ATP solution (30 uM ATP, 30 mM
MgCl,, 15 mM MOPS pH 7.2) to each micro-
plate well. The microplate was put on
“TERMIT” incubator and incubated at 31 °C
for 20 min.

The reaction was stopped by adding 30 pl
of luciferase mix (Kinase-Glo® Luminescent
Kinase Assay, Promega) to each microplate
well. Luciferase suppresses ATP consumption
by kinase and starts the luciferase reaction. The
luminescence was counted with Victor reader
using Dual Luciferase assay protocol. The heat-
ing option on “Victor” was switched on 21 °C.
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Results

In order to provide enough hydrophobic inter-
actions to keep binding in the pocket of ATP-
binding site we have focused on a synthesis of
indazole-carboxylic acids carrying the aryl-
moiety at the 3-rd position of the indazole ring.

The synthesis of 3-aryl-indazole-5-carbo-
xylic acid derivatives as the inhibitors of va-
rious protein kinases was reported earlier
[11-14]. At the same time only few instances
of synthesis of indazole-7-carboxylic acids and
no examples of synthesis of 3-aryl-substituted
indazole-7-carboxylic acids have been repor-
ted. Here we are representing a method of
synthesis of 3-phenyl-indazole-7-carboxylic
acid that can be easily applied to the synthesis
of any 3-aryl-substituted indazole-7-carboxy-
lic acid. We have used synthetic methods
known for indazole derivatives with other
substitution. The indazole ring assembly starts
from the 3-methyl-anthranilic acid 1 ester
(Fig. 1). Bromination or iodination of the in-
dazole-7-carboxylic acid ester 2 leads to the
3-halogeno-substituted intermediates 3 [15]
that could possibly be converted into the 3-ar-
yl-indazole-7-carboxylic acid 4 esters under
the Suzuki-Miyaura cross-coupling conditions.
This convenient synthetic route may involve
a wide range of aryl- and heteroaryl-boronic

Br

acids, however, it requires additional steps of
protection/deprotection of NH on the indazole
ring. The halogen on the 3-rd position of the
indazole ring shows no reactivity unless it's
NH is covered with a protective group, more-
over, NH-arylation with the arylboronic acids
takes place under the same conditions as cross-
coupling.

Moving along this synthetic route
(Scheme 1) we have obtained the ethyl inda-
zole-7-carboxylate 2 in moderate yield by the
nitrosylation of the ethyl 3-methylanthranilate
1 with tret-butylnitrite in acetic acid. After the
bromination and the N-Boc protection, this
intermediate was used in the Suzuki-Miyaura
cross-coupling with phenylboronic acid.
Several attempts were unsuccessful. The cross-
coupling product was not formed when
BINAP-Pd(0), tBuOK in toluene were used.
However, the ethyl 3-phenyl-indazole-7-car-
boxylate appeared in the reaction mixture
when the reaction ran in aqueous ethanol me-
dia in presence of Pd(PPh;), and Na,CO; as a
base. The replacement of Pd(PPh;), with
Pd(OAc),/dppf enhanced the yield of the pro-
cess. Noteworthy, under the conditions of men-
tioned reaction the indazole moiety complete-
ly lost its N-Boc protection. Additionally, a
significant amount — up to half the ethyl es-

Fig. 1. Preparation of the 3-aryl-indazole-7-carboxylic acids from an indazole-7-carboxylic acid ester.
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ter — underwent hydrolysis, so, it turned out
reasonable to complete the hydrolysis by add-
ing KOH and refluxing for one more hour
before the isolation of the final product. The
1solation of carboxylic acid also has an advan-
tage — the rest of a catalyst and most impuri-
ties can be easily removed from the basic
aqueous solution with further precipitation of
the 3-phenyl-indazole-7-carboxylic acid after
acidification (Fig. 2).

5-substituted 3-aryl-1H-indazoles 9-14
were synthesized following known procedures.

Discussion

We have tested the compounds 8-14 for in-
hibitory activity toward human CK2a cata-
lytic subunit using Kinase-Glo® Luminescent
Kinase Assay. The chemical structure of sub-
stituents and ICs, values are presented in
Table 1.

Several important structural features of in-
dazole derivatives can be identified from a
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Fig. 2. Conditions: a:
AcOH, BuONO, 10°C +
r.t., 12h; b: NBS, DMF,
r.t., 8h; c: Boc,0, dioxane,
reflux, 1h; d: PhB(OH),,
Na,CO;, Pd(OAc),, dppf,
8 EtOH, H,0, reflux, over-
night.

qualitative analysis of their activity toward
CK2. As can be seen from Table 1, CK2 in-
hibitory activity of the studied derivatives

Table 1. Structure and inhibitory activity towards
CK2 of indazole derivatives.

R3
R; {
N
N
H
R7
Cpd R; Rs R, ICs0, nM
8 @ H COOH 52
—N
9 CN H >10
N\ /
—N
10 L) COOH H 3.4
11 OO COOH H 5.1
' \
F
12 ‘ :< COOH H 6.5
13 @F NH; H >10
14 OF CN H >10
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strongly depends on the presence of a car-
boxyl group in their structures regardless of
the position in phenyl moiety. Compound 8
with a carboxyl group at the 7-th position of
the indazole ring shows the same level of in-
hibition of CK2 as compounds 10-12 with a
carboxyl group at the 5-th position. In our
opinion[, the] electrostatic interaction between
negatively charged carboxylate and side chain
residues of the ATP-binding pocket of CK2
plays an important role in the affinity of com-
pounds 8 and 10-12. Compounds 9 and 14
having neutral nitrile group (which meanwhile
can act as a hydrogen bond acceptor in the
same way as carboxylate) demonstrate no in-
hibitory activity unlike the corresponding car-
boxylic acid derivatives. Compound 13 with
the slightly basic hydrogen bond donor amino
group also shows no inhibitory activity. The
structure of the aromatic R; substituents in a
range of the studied compounds seems not to
be important. A slight advantage of the pyri-
dine moiety over phenyl rings among other
reasons may be a result of the contribution of
higher polarity pyridine ring in the water solu-
bility of the compound.

Conclusion

The synthesis of 3-aryl-indazole-7-carboxylic
acid has been developed. Novel inhibitors of
the protein kinase CK2 among indazole de-
rivatives have been identified. The activity of
the studied compounds strongly depends on
the presence of carboxyl group as substituent
Rs or R;. The identified indazole derivatives
have shown promising inhibitory activity to-
ward CK2, although they require further che-
mical optimization and biological investiga-
tions.
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InenTudikaniss HoBux iHridiTopiB nporeinkiHazn
CK2 cepen noxignux ingasomny

B. C. Buogin, C. C. Jlykamios, 1. I1. bopucenko,
O. B. boposuxos, M. B. IIporononos, B. I. baxona,
C. M. Apmomrok

Meta. CunTe3 HOBHX 010i30CTepiB ITypHHY — ITOXITHHX
1Ha301Ty Ta IepeBipKa iHTiOyBaJIbHOI aKTUBHOCTI OTpH-
MaHHMX CIIOJIyK 1010 nporteinkinazu CK2 B cucremi
in vitro. Metomm. Ximiunuii cunTe3, crekrpockoris 'H
ta 13C SIMP, meton BEPX 3 mac-nerexropoM. BuznaueHHst
3aJIMIIKOBOT €H3UMHOI aKTUBHOCTI 3a BUTparoro AT i
JIIOMIHECHICHIIIE€I0 JIordepasHoi peakuii B cucTeMi
Kinase-Glo®. Pe3yasrarn. BimoMi CHHTETHYIHI METOTH
xiMii iHIa301my OysI0 BIEpIIE 3aCTOCOBAHO JUISi CHHTE3Y
3-apwii-inaa3on-7-kapOOHOBUX KUCIOT. Byno cyrreBo
BIOCKOHAJIEHO YMOBH KpOC-CIOJyHYECHHS ITOXiTHHMX
3-Opom-iHaa30i1y 3 ApUIOOPOHOBUMH KHCIIOTaMH. 3-apHJl-
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1HIa3011 5- Ta 7-KapOOHOBI KHUCIOTH TIPOIEMOHCTPYBAaIH
B sormepasnomy kiHazHoMy TecTi ICsy B Mexax 3.1—
6.5 uM. BucHoBku. byino po3pobieHo cuHTe3 3-apui-
1H/1a3011-7-KapOOHOBHUX KUCIIOT. Cepe MoXiqHuX 3-aprii-
1H/1a3011 5- Ta 7-KapOOHOBHX KHCJIOT Oyi0 3HAWIECHO HOBI
iHrioiTopu npoteinkinazu CK2. Byno nponreMoHCTpOBaHO
BUpIMIATEHAUN BIUTUB KapOOKCHIIFHOI TPYIIN HA 1HT10yBab-
Hy aKTHBHICTB TOCII/DKCHHAX CITOTYK.

KawuoBi caosa: [Hma3o0m, XiMIYHHA CHHTE3, JTFOMi-
HECIIEHTHUH oIudepasHuil TecT, iHTri0IiTop MpoTeiHKi-
HasH, nporeinkinaza CK2.

NnenTuduxkauuss HOBLIX HHTHONTOPOB
nporennknHa3bl CK2 cpenn npou3BoaHbIX
MHAA30]12

B. C. Bnosun, C. C. Jlykamos, 1. I1. BopuceHko,
A. B. boposuxkos, H. B. IIporononos, B. I. bmxona,
C. M. fpmomrok

Iean. CuHTE3 HOBBIX OHMOM30CTEPOB ITypHHA —IPON3BO-
JIHBIX MHJIa30J1a ¥ TIPOBEpKa MHIHOUPYIOLIEH aKTHBHOCTH
TIOTyYEHHBIX COSANHEHNI OTHOCUTEIILHO MTPOTEHHKUHA3HI
CK2 B cucreme in vitro. Metonbl. XUMHUYECKHI CHHTES,
criektpockorust IMP Ha simpax 'H u 13C, meton BOXX ¢
Macc-zerekropoM. OnpesiesieHHe 0CTaTOYHON SH3UMHOM
aKTUBHOCTH 110 pacxony AT® u IOMHHECICHITUH JTIOIH-
(hepaznoii peakiu B cucreme Kinase-Glo®. Pe3ybrarhl.
HI3BecTHBIE CHHTETHYECKHE METOIBI XUMHHN MH/1a3071a ObUTH
BIEPBBIC IPHIMEHEHBI UL CHHTE3a 3-april-MHAa3071- 7-Kap-
OOHOBBIX KUCJIOT. BbIIIM CyIIIECTBEHHO YCOBEPLICHCTBOBA-
HBI YCJIOBHSI KPOCC-COYETAHMS IPOU3BOJHBIX 3-OpOM-HH-
Jla3oJia ¢ aprIOOPHBIMU KUCIOTaMH. 3-apil-MHAA300 5- 1
7-xkapOOHOBBIC KUCIIOTHI IMTPOIEMOHCTPHUPOBAITH B JTtOITH(e-
pazHoM kmuHa3HOM Tecte ICs5, B mpenenax 3.1-6.5 pM.
BsiBoabl. brut pa3paboran curTes 3-apr-uHIa3071-7-Kap-
00oHOBBIX KHCIOT. Cpeay MPOW3BOIHBIX 3-apHIil-MHAA30I
5- 1 7-kapOOHOBBIX KHCIIOT OBUTH OOHApy>XEHBI HOBBIC
nHrHOHTOPHI potenHkrHA36I CK2. Bpio mponeMoHcTpH-
POBaHO pelIaroliee BIMSIHIE KapOOKCHIBHOM IPYIIIIBI HA
MHTUOHMPYIOITYIO aKTHBHOCTD UCCIICIOBAHHBIX COSIMHEHHUI.

Kanwuyenbie cJjoBa: MHga30m, XUMHUYECKUI CUHTES,
JIFOMHHECLIEHTHBIH JTtor(epasHblil TeCT, HHTUOUTOp IpO-
TEMHKHIHA3bI, TpoTenHKuHaza CK2.
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