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Aim. To increase the capacity of antitumor therapy based on DNA damage it is important to minimize the repair
of DNA lesions that can be achieved by inhibiting the activity of key DNA repair enzymes. To this end several
benzopentathiepine and benzo[1,3]dithiol derivatives were synthesized and tested as inhibitors of the key base
excision repair (BER) enzymes, PARP1, DNA polymerase 3, and APE1. Methods. The procedure of synthesis of
several new compounds was developed. The inhibitory capacity of the compounds was estimated by comparison
of the enzyme activities in specific tests in the presence of compounds versus their absence. Results. Benzopenta-
thiepine derivative bearing trifluoromethyl group at the I-st position was shown to be a weak inhibitor of
PARPI. Cyclic substituents at the 1-st position attached through amide bond bring about moderate enhance-
ment of pol B inhibition. Each studied substituent at the 1-st position considerably increases the inhibition of
APEI-catalyzed hydrolysis of AP sites as compared to parent compound. Conclusions. Several new inhibitors of
BER enzymes were revealed. The directions for further modification of compounds to improve their inhibitory
activity were found out.

Keywords: DNA polymerase 3, poly(ADP-ribose)polymerase 1, apurinic/apyrimidinic endonuclease 1, polysul-

fide, pentathiepine, inhibitor.

Introduction. The base excision repair (BER) enzymes
repair alkylated, oxidative and IR-induced damage of
DNA. Poly(ADP-ribose)polymerase (PARP1), DNA
polymerase B (pol ) and apurinic/apyrimidinic endo-
nuclease 1 (APE1) are the key enzymes of BER pro-
cess. These enzymes expression is often enhanced in tu-
mor cells therefore their activity suppression may lead
to apoptosis and sensitize to action of apoptosis induc-
tors as it was shown for APE1 and PARP1 [1]. Sensi-
tizing of tumor cells to chemotherapeutic agents and ir-
radiation action by the BER enzymes inhibition is con-
sidered as perspective approach in oncotherapy [1].

Varacine analogs were chosen as candidates for the
BER enzyme inhibitors on the basis of computer mo-
deling and its known antitumor activity [2].
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Materials and methods. Synthesis of varacine ana-
logs. Compound 1 was synthesized from 4-chloro-3,5-
dinitrobenzotrifluoride using inexpensive reagents in a
two-stage process, in accordance with the procedure pro-
posed earlier [3]. Modification of compound 1 at the
position 1 was conducted through corresponding acyl
chlorides. Dithiol compounds 4 and 5 were synthesized
from corresponding benzopentathiepines by interaction
with methylene chloride. For the best of our knowledge
compounds 2, 3, 3HCI, 4 and 5 are new. Structures of
the compounds were established using 'H, °C and "F
NMR, and high-resolution HPLC-MS.

Enzymes. Human recombinant PARP1, rat recom-
binant pol B and human recombinant APE1 were pre-
pared according to [4, 5, 6], respectively. The enzyme
activity tests for pol 3, APE1 and PARP1 were carried
out as described previously [5, 6, 7], respectively.
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Inhibitory characteristics of compounds in specific reactions

catalyzed by PARPI, DNA polymerase B and APE1 (see Figure)
Designation PARll)lr:fv:/o @ DNA p%y?:i;e B*, % APEZI :n ]\‘? @
1 93 86 76
2 83 36 15
3 81 33 10
3-HCI 93 42 12
4 77 57 13
5 77 93 8.5
6 37 34 23
7 18 72 20

*Residual activity of the enzyme in the presence of compounds (at
defined concentration) versus control.
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Results and discussion. The influence of 8-trifluo-
romethyl-1,2,3,4,5-benzopentathiepine-6-amine (com-
pound 1, Table) and its derivatives on the activity of key
BER enzymes was studied. The effect of the compounds
on DNA polymerase activity of pol B, autopoly(ADP-ri-
bosyl)ation of PARP1 and AP site cleavage by APE1
were analyzed. The results are shown in Table. An inhi-
bitory potential of compounds was estimated as residu-
al activity (RA) of the enzymes in specific activity tests
in the presence of an indicated concentration of com-
pound versus its absence.

Among pentathiepines bearing the trifluorome-
thyl group at the 5-th position, the compound 7 with
NHCOCEF, group at the 1-st position proved to be the
most efficient in PARP1 inhibition (RA is 18 %). Re-
placement of NHCOCF, group to bulky substituents re-
sults in a decrease of the inhibitory activity (RA is 83,
81 and 93 % for the compounds 2, 3 and hydrochloride
of 3, respectively).
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NHCOCH,

Comparative analysis of compounds bearing diffe-
rent substituents revealed a trend of influence of the sub-
stituent structure on the inhibitory properties in PAR
synthesis; these data may be useful in further design of
potential inhibitors.

Piperidine and pyrrolidine substituents at the 1-st
position attached via amide bond, induced marked en-
hancement of inhibitory properties of compounds in
DNA synthesis catalyzed by pol 3; RA of pol B dropped
from 86 % for parent pentathiepine 1 to 33—36 % for new
derivatives (Table). On the contrary, transition from pen-
tathiepines to dithiols results in a decrease or even loss
of inhibitory activity testifying to importance of penta-
thiepine cycle in the compounds for inhibition of pol .
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/S/ /s/ of new derivatives
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In the case of APE1, introduction of substituents to
the 1-st position also results in enhancement of inhibi-
tory characteristics (RA decreases from 76 % to 8.5—
23 % (Table); and cyclic substituents are more efficient
compared to acyclic ones in their influence on the inhi-
bitory characteristics (RA is 8.5-15 % and 20-23 %,
respectively). It should be noticed that for APE1 unlike
pol B presence of the pentathiepine cycle in derivatives
is not critical for their inhibitory properties since penta-
thiepine and dithiol derivatives with the same substi-
tuent at the 1-st position bring about equal inhibition.

It is worthy of notice that destabilization of penta-
thiepine cycle caused by introduction of pyrrolidine or
piperidine substituents (the compounds 2 and 3) render
their properties to intrinsic ones of naturally occurring
varacines and consequently enhancing the likelihood
of manifestation of their antitumor activity.

Conclusions. Thus, the specific regularities were
revealed for each BER enzyme. For instance, the acyc-
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lic substituents at the 1-st positions seem to be promi-
sing for PARPI inhibitors. In the case of pol 3 the di-
thiol derivatives are ineffective as compared with penta-
thiepines, while the dithiol and pentathiepine derivati-
ves are comparable in APE1 inhibition. As a whole, the
data obtained allow us to propose the directions of fur-
ther compound modification for the selective inhibition
of certain base excision repair stages.
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[Monicynb¢iaHi croayKH K IHIIGITOPH KIFOUOBUX
(depmeHTiB excuu3iiiHoi penapallii OCHOB

Pestome

Mema. [LJob niosuwumu eghexmusHicmb nPOMUNYXIUHHOI mepanii,
3acno6anoi na nowkooicennax JJHK, easxciusum e minimizysamu ycy-
HeHHS YUX NOUKOOIICEHb, Y020 MOICHA OOCASIMU, NPUSHIYYIOUU AKMUB-
Hicmb Ktovosux ghepmenmis penapayii’ JJHK. /s yvo2o cunmeszosano
i npomecmosano Oexiibka NOXiOHUX OeHzonewmamieniny i 6ensofl,

3]oumiony sk ineibimopu Knouosux ghepmenmis excyusitinoi penapayii

ocnos (EPO), I1API11, /IHK nonimepasu B i APE1. Memoou. Po3po6-
JIeHo npoyedypu CUHmMe3y Hu3Ku Hogux choayk. Ineibimopni énacmueo-
cmi CROIYK OYIHIO8ANU, NOPIGHIOIOYU (hepMEHMAMUBHY AKIMUBHICIb )
cneyughiuHux mecmax 3a nPUCYmMHOCMI i 8i0CYMHOCMI NOMEHYIUHUX
ineibimopis. Pesynemamu. [1oxione benzonenmamieniny, sike Micmumby
mpughmopmemunbHy pyny y nepuiomy nor0ACeH i, GUABUNLOC M AKUM
ineibimopom ITAPIII. Ilpuednanus 00 nepuiozo NONONCeHHs yepe3
amiOHUll 368 "A30K YUKTYHUX 3AMICHUKIE NPU3BOOUNMDb 00 0€s1KO20 NOCU-
nenns ineioyeanns JJTHK-nonimepasu . Yci susueni samicnuxu y nep-
WIOMY NONONHCEHHI 3HAUHO 30I1bULYIOMb IH2I0Y8aAHHS po3wenieHHs AP-
catimis, axe kamanizyemovca APE1, nopienano 3 @uxioHumu cnoayxa-
mu. Bucnosku. Busisneno oexinvki incibimopis pepmenmie EPO. Bus-
HAYEeHO MAKONC WIISXU NOOATbulol MoOOuikayii cnoiyk 07 nokpa-
WjeHHs! IXHIX IH2IOIMOPHUX XapaKmepucmux.

Knrouoei crosa: [[THK-nonimepasa B, noni(A4P-pubosa)nonimepa-
3a 1, anypunosa/anipumiounosa endonykieasa 1, nonicyno@io, nem-
mamienix, iH2i6imop.
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Ionucynshuansle coeqUHEHNS KaK HHTHOUTOPBI KIFOYEBBIX
(hepMEHTOB HKCLIU3UOHHOM pernapauyu OCHOBAHHUH

Pestome

Lenv. Ymobul nosvicums 3¢hghexmusHocms npomusoonyxonesou me-
panuu, ochoséannou Ha nospexcoenusx [JHK, eascno munumusupo-
8amMb UCHPAGIEHUE FMUX NOBPENHCOEHUL, YMO MOHCem OblMb OOCMUSHY-
Mo 3a cuem nooaeIeHUs. AKMUBHOCIU KIIOUE8bIX (pepMeHmos penapa-
yuu JJHK. /[na 5moeo 6viau cunmesuposansi u npomecmuposaHbl He-
CKONIbKO NPOU3800HbIX benzonenmamuenuna u 6ensofl,3]oumuona 6
Kavecmee UHSUOUMOPOB KIIOUEBbIX hepMenmos IKCYU3UOHHOU pena-
payuu ocnosanutl (OPO), IIAPI1I, IHK nonumepasel f u APEI. Me-

moowl. Paspabomanwl npoyedypsl cunmesa psaoda HOGbIX cOeOUHeHUil.
Hneubumopnvie cnocobnocmu coeouHeHuti OYeHUsamU, CpaeHUBAs
pepmenmamunyo akmueHOCHb 8 CReYUDUUECKUX MeCmax 6 npucym-
cmeuu u 8 omcymcemeue noOmeHyuanbHulx uneubumopos. Pesynema-
mut. [Ipouzeoonoe benzonenmamuenunda, Hecywee mpughmopmemuo-
HYIO 2PYRNY 8 NEPBOM NONOICEHUU, OKAZANOC MASKUM UHSUOUMOPOM
TIAPII]. [Ipucoedunenue Kk nepeoMY HOLOICEHUIO Yepe3 AMUOHYIO CB513b
YUKTUYECKUX 3amecmumenetl nPUgooUm K HeKOmopomy YCUneHuio ut-
eubuposanus [JHK-nonumepasvl B. Bce usyuennvie samecmumenu 6
NnepeoM NONOICEHUU 3HAYUMENbHO YEeTULUBAIOM UHSUOUPOBAHUe pac-
wennenusi AP-caiimos, kamanusupyemozo APE1, no cpagnenuro ¢ uc-
X00HbiM coedunenuem. Boieoost. Obnapysiceno HeckoIbKo HOBbIX UH-
eubumopos ghepmenmos DPO. Buvisignenvt maxaice nymu danvhetiuieli
MoOupurayuu coeOurenuil O YayHuenus ux UHUOUMOPHbIX Xapax-
mepucmux.

Knrouesvie crnosa: JHK-nonumepasa B, noau(A4P-pubosa)nonu-
mepasa 1, anypunosas/anupumuounosas 3HO0HYKIeaza 1, noaucyins-
¢uo, nenmamuenun, uneubUMOP.
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