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CHUHTE3 I AHTUIIPOII®EPATUBHA AKTUBHICTbD 3-APWJI-5-{[(1- APWUJI-1H-
TETPA30JI-5-UI)TIOIMETUJI}-1,2,4-OKCA TIA30JIIB
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Cunre3oBaHo uuMmano HoOBHX  3-apui-5-{[(1-apun-1H-terpason-5-inm)rio|mernn}-1,2,4-
OKCa/lia3oMiB Ta JOCI/PKEHO iX aHTHIpoiidepaTnBHy akTHBHICTH Ha 60 JIHIIX PAaKOBHX KIITHH.
Bubpani cHoiyku NposSBWIM HEBHUCOKY AKTUBHICTH, IO CBITYUTH MPO HEOOXIMHICTH iX 3HAYHOL
XIMI9HOT MOIA(IKAIIIT 331151 BITKPHUTTS aKTHBHUX arcHTIB.
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1. Beryn

[oxigni S-mepkanrto-1H-TeTpazoily NaBHO INPHUBEPTAIOTh YBAry IOCHIJHUKIB SIK
MEPCICKTUBHI YIPYNOBAHHS IS BBEICHHS B JIKOMOMIOHI MOJCKYIHM B paMKax KOHIICIIIIii
(parMeHT-Opi€HTOBAaHOTO JMW3aiHYy JIiKapchKuX 3aco0iB. OAHUM 13 mepmux JiKiB, IO
MicTnnu uer ¢parment, OyB Oera-naktamuuii aHtn6iotnk lledamangon (Cefamandole),
Ak Bke moHan 40 pOKIB BHUKOPUCTOBYIOTH JUIsi JIIKYBaHHS pI3HUX 1H(]EKIiH,
CIPUYMHEHNX YYTIMBUMH IITaMaMH OakTepidd, 30Kkpema, iH(QEKIIl HIKHIX AUXaTbHUX
UIIXiB, 1HGEKIii CEeYOBMBIMHMX UUIIXIiB, I1H(eKumii mKipy, iH(eKnii KicTok Ta
cyrno6iB [1, 2]. 3romom Oymo omepkaHo 1ie Oarato aHTHOIOTHKIB, [0 MICTSTh
5-mepkanro-1H-terpasonosuit ¢pparment — cefotiam, cefotetan, cefoperazone ra in. [3]. 3
IHIIOTO0 OOKY, HEe(aJIOCIOpHHHM, SIKI MICTATh OiYHMHI JaHIfor N-METHJITIOTETpa3ony,
OB SI3YIOTH 3 MOOIYHUME eeKTaMH, 10 CIPUYHHSIOTH 3ropTaHHs Kposi [4]. HemonasHo
cepito  HOBUX mOXigHUX 5-(1,2,3-TpHasoniMerHicynbhaHin)TeTpa3oly CHHTE3yBald
peaknieto CUAAC, BOHM BHSBWIM TOMIpHY a00 XOpoIly aHTHMIKpOOHY aKTHBHICTh
MOPIBHAHO 31 cTaHAapTHUMH mpenaparamu [5]. Peakmiero xmopareraMigoTiazony 3
5-mepkanrorerpazonamu OTpUMYBAIIU 2-(1H-tetpazon-5-incynsdanin)-N-riazon-2-
ianeramiam, mo Oyiu JOCiiDKeHi Ha mporusanansHy aito [6]. Ioxigui 5-(1-apun-1H-
TeTpaszoi-5-incynbhaninmerin)-N-kcunomnipanosun-1,3,4-okca(tia)ria3on-2-aMiHiB
nposiBuan  iHriOyBanHss PTP1B Ta mnpurnivenns wikpoopranizmiB [7]. bimsmr Toro,
3amaTeHToBaHo  2-[(1-(madTanin-1-in)-1H-Terpason-5-in)Tio]-N-(2-HiTpodenin)aneramin,
SKUH € TIOTY>)KHUM HEHYKJICO3HUIHUM iHTI0ITOPOM 3 HAHOMOJISIPHOIO aKTHBHICTIO 3BOPOTHOI
TpaHcKpunTasu s JikyBanas BT [8].

3py4YHUM LUIIXOM CHHTE3Y TaKHX CIIOJYK € OJiepKaHHs S-Mepkanto-1H-terpazoiy 3
PI3HOMaHITHHX 130TiONiaHATIB peakuicro 1,3-AUMOIIPHOTO IMKIONPUEIHAHHS 3 a3UI0M
HaTpifo, TPUMETHJICWIUT a3WJ0M UM iX CHHTETHYHUM EKBIB&JICHTOM Ta MNOJAIBIINM
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ANKUTIOBAaHHSAM TioNoBOI rpymu. Llei miaxix My BUKOPHUCTOBYBAIH IJISi CHHTE3Y JITaHIIB
mini(l) 3 mimEnMu BractuBocTamu [9-13].

3Bakaloun Ha JOCTYIHICTb METOJIB CHHTE3y 3a3HAuCHHWX PEUOBHH Ta iXHI HiHHI
BJIACTHUBOCTI, y IIbOMY JOCIIPKEHH] ITOCTaBICHO 3aBAaHHA OEP>KaTH HOBi CHOIYKH IHOTO
psimy ¥ OmiHUTH iX aHTUNpOITi(epaTHBHI BIACTHBOCTI.

2. Pe3ynbTaTH 10CHIKEHDb Ta iX 00rOBOpEeHHS

Buxinni 5-mepkanrto-1H-terpa3onid MU OJEepKalld 3 KOMEpPLIHHO JOCTYIHHUX
apomatnyHux amiHiB 1. Criepiny mMeronom Kanys3a aminu 1 neperBoproBaiiv y BiJNOBiAHI
i3oTionianatn 2. HacrynHoro peakiiero i3oriomiaHaTiB 2 3 a3uWaoOM HaTpil0 y BOAL
CHHTE30BaHO MLiJbOBI S-mepkanTto-1H-Terpazonu 3 3 MPAaKTUYHO KiJbKICHUM BHXOJIOM.
Bopnouac 5-(xnopmerwni)-3-apui-1,2,4-okcaniazonn 4 mu onepxanu pasimie [14], ixHi
XapaKTEPUCTUKHU BiIOBIIAIOTh JiTeparypHUM aaHuM [15]. Peakuieto 5-mepkanrto-1H-
TerpazoniB 3 3 S-(xymopmerwn)-3-apui-1,2,4-okcamiazonamMu 4 CHHTE30BaHO MiJIbOBI
CIOJIYKH, SIKI JIOCHIDKYBAIIM Ha aHTHITPOITi(hepaTUBHY aKTUBHICTH (JMB. CXEMY).

RZ
N S RN
.S _ [ —
M2 cs, BN NS NaN; 1,0 y N)\ Mo N Ps
2, Bl3 3, H2 N‘N SH 4a,b N o.
R! : \ /N
1) Et0OCOCl g 1 R! N
R
4: R?=H (a), 4-Cl (b)
la-d 2a-d 3a-d Sa-d R2
1,2,3: R! = 2-F (a), 2-Cl (b), 4-Cl (c), 2,4-Cl, (d) 5: R?= 4-Cl, R! = 2-F (a), 2-Cl (b),

R?=H, R! = 4-Cl (¢), 2,4-Cl, (d)
Cunres 3-apun-5-{[(1-apun-1H-terpazon-5-in)rio|merwin } -1,2,4-okcaaiazonis 5
Synthesis of 3-aryl-5-{[(1-aryl-1H-tetrazol-5-yl)thio]Jmethyl}-1,2,4-oxadiazoles 5

Cunre3oBani crnonykun 5a-d Oyno TomaHO Ta OI[IHEHO B  KOHIIEHTpaIii
10° M Ha naneti 3 npUGIM3HO MICTACCATH JiHii paKoBHX KIiTHH. JIiHiT MyXIMHHUX KITiITHH
JIIOIMHA OTPHMAHO 3 JIEB’SITH PI3HUX THUIIB paky: JiekeMii, HeAPiIOHOKIIITHHHUX JIETEHIB,
toBcTol Kuiky, [[HC, MenaHoMu, paky siE4HUKIB, HUPOK, MPOCTATH Ta MOJIOYHOI 3aJI03H.
IlepBrHHI TPOTHMPAKOBI aHami3W MPOBOMMIM 3rigHO 3 mpoTtokoiomM NCI  CIHA
(http://dtp.nci.nih.gov), sikuit OyB omucaHuii B iHIIOMY AociipkeHHi [16]. Pesynbraru mis
KOXHOI CIIOJYKH ITOJIaHO sK BijcoTok pocty kmituH (GP, %). Hianmason pocty (%) moka3sye
HaHWKYNHN 1| HAMBAIIMHI pICT, SKUI BUSBICHO cepell PiI3HUX JIIHIH PaKOBHUX KIIITHH JIFOIUHI
(muB. TaOIUITO).

Sx OaunmMo 3 HaBemeHWX Yy TaONWII JaHWX, BHUOpaHi NPEACTABHUKU IHOTO
MOJIEKYJIIPHOTO KapKacy 3arajioM He BUSIBHJIM BHCOKOi akTHBHOCTI. HalBuIy akTHBHiCTH
JeMOHCTpyBaia cronyka 5d. 3okpema, 1151 crionyka iHrioysana pict 44 % (GP = 66.01 %)
kaitud ninii UO-31 paky HUpoK. BapTo BigMiTHTH, 110 CIOJYKH 5D i 5C TakoK MposIBIsIN
akTuBHICTh moa0 kit UO-31, npurniuytoun ix pict Ha maibke 30 % (GP = 73.35 Ta
72.53 %), BimnoeimHo. Kpim Toro, crmosiyka 5d Oyna HallakTHUBHIIIOK BiJHOCHO KIITHH
paxy monouHoi 3ano3u T-47D (GP = 75.69 %) i writun minii neiikemii (CCRF-CEM, K-562,
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MOLT-4, RPMI-8226, SR). 3aranom KmiTHHH JieiikeMmil Oyld HAWYIyTIMBIIMMU 1O i
CHOJYK 5, HATOMICTb TTAaHENi paKy S€YHUKIB Ta IIPOCTATH OYIU PE3UCTCHTHI.

Hani npotumyxmHHOTO cKpuHiHry 3-apun-5-(((1- apun-1H-retpa3on-5-in)rio)meTn)-
1,2,4-okcamiazonie 5 B koHmeHTpanii 10~ M
Anticancer screeening data of 3-aryl-5-{[(1-aryl-1H-tetrazol-5-yl)thio]methyl}-1,2,4-
oxadiazoles 5 at concentration of 10° M

Bincorok pocty kit (GP, %) 3a nif Ha HUX cIONyK
Nwiw)\s NEH;I)\ NN?I:I)\ Ni]ﬁ)\
b O, . N N NS o. T\ﬁN S
F\© \\§ h Cl\@ \\(]}I s © \\§ /N cl \\{I}IO\/N
Q 2|y o o
cl a| <
5a 5b 5c 5d
Jletikemis
CCRF-CEM 97.43 89.77 93.76 83.47
K-562 93.74 93.49 91.14 83.71
MOLT-4 92.77 97.18 94.89 89.25
RPMI-8226 102.18 95.12 95.88 85.77
SR 88.21 98.58 102.95 87.22
HenpioHokmi-
TUHHUI pak
JIeTeHiB 96.82 85.24 98.85 99.12
NCI-H322M 85.01 84.55 76.79 76.89
NCI-H522
Pax ToBcTO1
KHUIIKH 100.38 87.29 92.06 89.78
HCT-116
Menanoma
SK-MEL-2 94.64 95.21 85.03 86.51
UACC-62 101.21 109.87 92.34 88.59
Pak Hupok
A498 78.17 91.78 101.04 98.77
CAKI-1 93.83 87.09 90.79 83.44
UOo-31 82.68 73.35 72.53 66.01
Pax monounoi
3aJ1034
T-47D 78.00 92.93 98.52 75.69

3. BucHoBKkH

3pyYHUMH CHHTETHYHUMHU IIEPETBOPEHHSAMH OJEP)KaHO NPEICTaBHUKH HOBOTO
MOJIEKYJISIPHOTO KapKacy, sKi JOCIIUKEHO Ha MIPOTUITYXJIMHHY aKTUBHICTH. 3’SCOBaHO, 110
CIIONIYKH BOJIOAIIOTh HEBUCOKOIO aKTHBHICTIO, IPOTE MAIOTh JEAKY CEJICKTUBHY IO IOJO0
kiituH UO-31 paky Hupok. OmepikaHi pe3ylbTaTH CBiq4aTh HPO HEOOXIAHICTH 3HAYHOI
MoauGikamii MOJEKYISIPHOTO KapKacy A BIAKPUTTS OLTBII aKTUBHUX CIONYK.
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4. Marepiaiin Ta METOANKA eKCIIEPUMEHTY

Crextpu SAMP 3ammcyBanm Ha mpuianax Varian Mercury 3 po0OOY0OI0 4acTOTOIO
400 MI'r st 'H, posunuanK JIMCO-dg. Ximiuni 3minienns (8, M.4.) HaBeIEHO CTOCOBHO
curHary TMC. Mac-cnektpu 3ammcani 3a jgomomoroto Agilent 1100 cepii LC/MSD 3
pexxumom ioHizamii API-ES/APCI. JInst BCiX CIIOMYK OTPHUMAaHO 33/I0BiJIbHI 3HAYCHHS
enemenTHOro anamizy (C, H, N). KorcranTtu crionyk 3 BiiNOBIAAIOTH JTEPATypHUM JaHUM:
3a—[17]; 3b —[18]; 3c — [19] Ta 3d — [20].

Cunre3 3-apua-5-{[(L-apui-1H-rerpazoa-5-in)rio]mernin}-1,2,4-okcagiazonis 5

5-Mepkanro-1H-Terpazon 3 (10 mmounb) pomaBaiu no pozunny KOH (0,56 wr,
10 mmonb) y 10 mut eranoiy 3a HarpiBaHHs. [licist yTBOpEHHsS PO3YHMHY A0 peaxiiifHOi
cymimi ponmaBaiu S-(xiopmerni)-3-apui-1,2,4-okcaia3on Ta HarpiBajy O YTBOPEHHS
ocany. OXoNoKyBaIH 10 KIMHATHOI TeMIeparypu. TBepay pedoBHHY Bii(dinbTpOBYBaJIH,
MPOMHBAIN €TaHOJIOM 1 CYILIHITH.

3-(4-X.110p(])eHi.11)-5-{[(1-(2-¢T0p(})enin)-1H-TeTpa30J1-5-i.11)Tio]MeTm1}-1,2,4-
okcangiazon 5a. Buxig 93 %. Cmektp H SAMP (400 MI'u, IMCO-dg), 8, M. u.: 4,98
(c,2H CHy), 7,44-7,58 (M, 4H, Ha), 7,65-7,76 (M, 2H, Hpr), 7,98 (7, J = 8,4 ', 2H, ;
Har-2,6). Mac-criextp (CI), m/z: 389 [M+H+]. Bmaiineno, %: C, 49.51; H, 2.52; N, 21.58.
C16H10CIFNGOS. O6uncneno, C, 49.43; H, 2.59; N, 21.62.

3-(4-X.110pcl:eHiJ1)-5-{[(l-(2-xn0p(11)eni.11)-1H-TeTpa3o.11-5-iJ1)Tio]Mernﬂ}-l,2,4-
okcaniazoa 5b. Buxin 95 %. Crnexktp "H SIMP (400 MI'm, IMCO-dg), 8, m. u.: 4,98
(c, 2H, CHy), 7,53 (a, J = 8,4 T'y, 2H, Ha-2,6), 7,60-7,78 (m, 4H, Har), 7,99 (m, J = 8,4 I'ry,
2H, Ha-2,6). Mac-cniektp (CI), m/z: 405, 407 [M+H"]. 3naitneno, %: C, 47.53; H, 2.44;
N, 20.71. C15H10C|2NGOS. O6‘II/ICHCHO, C,47.42; H, 2.49; N, 20.74.

5-{[(1-(4-Xnopenin)-1H-reTpazon-5-in)rio]mernn}-3-penin-1,2,4-oxcaniazon
5¢. Buxin 97 %. Cnektp 'H amp (400 MTI't, IMCO-dg), 8, m. u.: 4,98 (c, 2H, CHy),
7,48-7,56 (M, 3H, Ha), 7,66 (1, J = 8,8 Ty, 2H, Hp), 7,70 (1, J = 8,8 Ty, 2H, Hp,) 7,98
(m, J = 8,0 T, 2H, Ha-2,6). Mac-ciektp (CI), m/z: 371 [M+H"]. 3naiineno, %: C, 51.73;
H, 2.93; N, 22.75. C16H;;CINGOS. O6uucneno, C, 51.83; H, 2.99; N, 22.66.

5-{[(1-(2,5-Auxaopdenin)-1H-rerpason-5-in)rio|mermi}-3-penin-1,2,4-
okcagiazon 5C. Buxix 97 %. Crnektp 'H amp (400 MTI'u, IMCO-dg), 8, M. u.: 4,99
(c, 2H, CHy), 7,48-7,56 (M, 3H, Ha,), 7,64-7,68 (M, 2H, Ha), 7,76 (n.m, J = 2,0 ta 8,8 I'1,
1H, Ha-3), 7,80 (o, J = 8,8 I'y, 1H, Har4), 7,91 (n, J = 2,0 Ty, 1H, Ha-6), 7,99
(m,3J=8,0Twu, 2H, Ha-2,6). Mac-cnektp (CI), m/z: 405, 407 [M+H']. 3maiizeno,
%: C, 47.51; H, 2.40; N, 20.77. C15H10CI.NgOS. O6uncneno, C, 47.42; H, 2.49; N, 20.74.
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Derivatives of 5-mercapto-1H-tetrazole have long attracted the attention of researchers as
promising groups for introduction into drug-like molecules within the concept of fragment-oriented
drug design. One of the first drugs to contain this fragment was the beta-lactam antibiotic
Cefamandole, which has been used for over 40 years to treat various infections caused by susceptible
strains of bacteria, including lower respiratory tract infections, urinary tract infections, skin infections,
bones and joints. Subsequently, a number of antibiotics containing the 5-mercapto-1H-tetrazole
fragment were obtained. Recently, a series of new derivatives of 5-(1,2,3-
triazolylmethylsulfanyl)tetrazole was synthesized by the CUAAC reaction, their antimicrobial activity
showed moderate or good results compared to standard drugs. Moreover, 2-[(1-(naphthalen-1-yl)-1H-
tetrazol-5-yI)thio]-N-(2-nitrophenyl)acetamide is discovered for HIV treatment as a potent non-
nucleoside nanomolar inhibitor of reverse transcriptase activity.

A convenient route for the synthesis of such compounds is the preparation of 5-mercapto-1H-
tetrazole from various isothiocyanates by the reaction of 1,3-dipolar cycloaddition with sodium azide,
trimethylsilyl azide or their synthetic equivalent, and subsequent alkylation of the thiol group.

Given the availability of methods for the synthesis of these compounds and their valuable
properties, the study aims to obtain a number of compounds and evaluate their antiproliferative
properties.
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The starting 5-mercapto-1H-tetrazoles were obtained from commercially available anilines.
First, the anilines were converted to the corresponding isothiocyanates by the Kaluza method. The
next reaction of isothiocyanates 2 with sodium azide in water synthesized the target 5-mercapto-1H-
tetrazoles 3 with approximately quantitative yield. At the same time, 5-(chloromethyl)-3-aryl-1,2,4-
oxadiazoles were obtained by us earlier. The reaction of 5-mercapto-1H-tetrazoles 3 with
5-(chloromethyl)-3-aryl-1,2,4-oxadiazoles 4 synthesized the target compounds, which were tested for
antiproliferative activity.

The synthesized compounds 5a-d were submitted and evaluated at a concentration of 10° M
on a panel of approximately 60 cancer cell lines. Human tumor cell lines have been derived from nine
different types of cancer: leukemia, non-small cell lung, colon, CNS, melanoma, ovarian, kidney,
prostate, and breast cancer. Primary anti-cancer assays were performed according to the US NCI
protocol (http://dtp.nci.nih.gov). The results for each compound are presented as the percentage of
cell growth (GP, %).

Unfortunately, the selected representatives of this molecular scaffold did not show high
activity. Compound 5d showed the highest activity. In particular, this compound inhibited the growth
of 44 % (GP = 66.01 %) of UO-31 kidney cancer cells. It should be noted that compounds 5b and 5¢
were also active against UO-31 cells, inhibiting their growth by almost 30 % (GP = 73.35 and
72.53 %), respectively. In addition, compound 5d was most active against T-47D breast cancer cells
(GP =75.69 %) and a number of leukemia cell lines (CCRF-CEM, K-562, MOLT-4, RPMI-8226,
SR). In general, leukemia cells were the most sensitive to compounds 5, while ovarian and prostate
cancer panels were resistant.

By convenient synthetic transformations we obtained representatives of the new molecular
framework, which were investigated for antitumor activity. The compounds were found to have low
activity, but have some selective effect on UO-31 kidney cancer cells. The obtained results indicate
the need for significant modification of the molecular scaffold to discover more active compounds.
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