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AHOTANIIA

Kopnin K. €. Cunre3 HOBMX IMIHOTIJAaHTOIHOBMX MOXIZHHUX 3
NPOTUBIPYCHOI0 TAa NPOTHPAKOBOK aKTHBHicTIO. — KBamdikamiiiHa HaykoBa
poboTa Ha mpaBax PyKOMUCY.

Jucepramiss Ha 3100yTTS HAYKOBOTO CTymeHs jJokTopa (imocodii 3a
cnemianpHicTIO 102 "Ximis" (10 — Ilpuponunyi Hayku). — [HCTUTYT GloopraHiyHOT
ximii Ta HagToximii iM. B. I1. Kyxaps. — InctutyT 6i00praniunoi ximii Ta HadTOXIMIT

M. B. I1. Kyxaps, Kuis, 2021.

Huceprartiisi mpucBsiueHa po3poOIili HOBUX MIJXOMIB JI0 CHUHTE3y PI3HOMAaHITHUX
IMIHOT1IaHTOIHOBUX  MOXIJHMX, TOJOBHMUM 4YUHOM — 13 (apMakopopHUM
cynbamiTHUM YTpYIyBaHHSIM, Y TOMY 4YHCHl 3 (parMeHTaMu aMIHOKHUCIIOT 1
TpUGITyOpPOMETUIAIA3UPUHY, @ TAKOXK MOILIYKY Cepe]l CAHTE30BaHUX PEYOBUH HOBUX
IPOTUPAKOBUX Ta MPOTUBIPYCHUX 3aCO0IB.

3aBAsSKM aHANI3y JIITEpaTypHUX JaHUX IIOAO 3aCTOCyBaHHSA N-alui-2-aMiHO-
3,3-IUXJIOPOAKPWIOHITPUIIIB ~ JII1  CHUHTE3y  PI3HOMAHITHUX  TE€TePOLMKITYHUX
CTPYKTYp BCTAaHOBJEHO, IO ULHMKI3amli 3a ydacTio N-kapOamoin-2-amiHo-
3,3-AUXJIOPOAKPUIIOHITPHUIIIB, K1 BEAYTh 10 YTBOPEHHS 1Mia30J11TMHOBUX MOX1THUX,
JOCIIIIKEH] JIMIIEe Ha KUIbKOX Mpukiagax. Ll nepeTBopeHHs MOriau 6 cTaTh 3py4HUM
IHCTPYMEHTOM I OJCpKaHHSA PI3HOMAHITHUX MOXITHUX IMIHOTITAHTOIHY 13 (IO
BKpail BaXJIMBO JJIS MMOJANBIIIOTO MPAKTHYHOTO BUKOPHCTAHHS) BUCOKUM CTYIICHEM
dynkmionanizamii. Came 11eit Hanpsim 1 OyB TOJIOBHUM y MPECTaBICHIN POOOTi.

Mo Haioro gociiKeHHs 0yJIo BIIOMO JIMIIE JIeKIIbKa MoXigHux N-kapOaMoi-
2-aMiHO-3,3-ANXJIOPOAKPUIIOHITPUITY, 1 iX OJEepKaHHS HE € TPUBIAIBHOIO 33Jauero.
Hamu Oynmo moka3zaHo, MmO iX CHHTE3 IUIIXOM B3aeMOJil 2-aMiHO-3,3-AUXII0pO-
akpunoHiTpuiny (ADAN) 13 akTUBHHUMH TMOXIJTHUMH KapOOHAaTHOI KHCIIOTH €
IpernapaTuBHO JONUIBHUM TPUHAWMHI y BHMAnKy ¢eHuTi3omianary. 3 130Tio-
mianataMu ADAN 3a KIMHaTHO1 TeMIiepaTypu He pearye, a mpu HarpiBaHHl CyMill
ocmotoeThes.  AmwmoBaHHss ADAN  miankizaMiHOKapOOHUIXJIopUaaMu  (Malio-

JOCTYITHUMHU PEareHTaMu) BiIOyBa€ThCS 3aHAATO MOBLILHO, 1 33J0BTO J0 JOCSITHCHHS



OPUMHATHOI KOHBepcii mounHae po3kiagatuce ADAN. Haromicte 13 mnomi-
GyHKIIOHATPHUMHU TOXIIHUMH — 2-XJIOPOETUJI- Ta 3-XJIOPOMPOILUIi30liaHaTaMH —
ADAN pearye no0pe 3 yTBOPEHHSIM BiANOBIIHUX CEYOBUH 3 BUCOKHMMHU BUXOJaMHU.
Ha »xanp, npu crnpoO1 rereponukiizamii OCTaHHIX BUHUKAKOTH IMEBHI CKJIaJHOLII.
JlolaBaHHST OCHOBU JI0 TAKUX CEUOBUH CIIPUYMHSIE YACTKOBE OCMOJICHHS PeaKI[iiHOT
CyMilli, MPOTe XpOMaTorpa(iqHo BCE K BAAETHCA BUAUINTH OCHOBHHMHA MPOAYKT. Y
BUIAJIKY XJOPOMPOMIBHOI TOXITHOT TICHS KOPOTKOTPUBAJIOTO KHWIT'STIHHS B
IPUCYTHOCTI OCHOBHM Oyso oTpumaHo 1-(3-xjmoponporii)-4-(AuXI0pOMETHIIEH)-5-
IMIHOIM1JJa30J11TUH-2-0H. XJIOPOETUJIbHA MOXIJHA TAKOX IIBUJKO ITUKII3YETHCA B
1-(2-xmopoetwin)-4-(TUXI0pOMETUIICH )-5-IMIHOIMIAa30T1IUH-2-0H, aje Ha I[bOMY
peakiiss HE 3YNUHSETHCS: TPUBAJE KHUITATIHHS TPUBOAUTH JIO0 YTBOPCHHS
HEOUIKYBAaHOTO  TPOAYKTY —  3-(AMXJIOpOMETHIIeH)-5,6-auriapoiminaszo[2,1-b]-
okcazon-2(3H)-iminy. Jlns moBeneHHs OyJOBM BHINE3rafaHUX MPOAYKTIB OyIo0
BUKOPHUCTAHO IBOBUMIPHI reTeposiiepH1 Kopessii y crektpax AMP.

N-(2,2-Tuxyiopo-1-111aHOCTeHT)CEUOBHHU 13 OJHUM UM JIBOMA METHJIBHUMU
3aMICHUKaMHU y TOJIOKEeHH1 N’ ONTUMalIbHO CUHTE3YBaTH MOUYMHAKOYY 13 KOHJEHCAIll1
XJIOPATIO 3 BIiJIMTOBITHOI CEUYOBHMHOIO 3 HACTYITHWM BBEICHHSM HITPWJIBHOI TPYMH
niero cuiimaniay. Hamu Gyiio BCTaHOBIIEHO, IO HANPSM ITMKIII3allii TAKUX CEYOBUH
3aJIeKUThH BIJ] XapaKTepy aMmiHy, [0 BUCTYIA€ IUKII3ylounM areHToM. [Tpu oOpooiii
1-(2,2-nuxnopo-1-mianoeTeHn)-3-(11 )METUICEUOBUHA aMiHOM Y PO3YMHI METAHOIY
B npucyTHocTi Et;N B CliIOBUX KUIBKOCTAX YTBOPIOIOTHCA 2,5-A1aM1HOOKCA30JIH.
Bracmiok 3acTocyBaHHS 10 IIbOTO TIEPETBOPEHHS YMOB TEPMOIMHAMIYHOTO
KOHTpOJTIO, Y BUNAAKY 1ii Ha 1-(2,2-auxiiopo-1-1ianoerenin)-3-(11)MEeTHICEUOBUHU
MOpdOTIHY Ta MOXIJHMUX MINEpa3uHy HaM BAANOCS MiABUIIUTH BMICT 2,5-I1aMiHO-
4-111aHOOKCA30IIIB JI0 MPUUHATHOTO piBHA. Aje mpu mii Ha 1-(2,2-muxmmopo-1-1iaHo-
€TEH1J1)-3-METHJICEUOBHHY  OCH3WJIaMiHIB  Bi0yBaJlach  TI'e€TEPOLMKIIZAIIS 10
IHIIOMY THILY, 3@ YYacTIO JIBOX €KBIBAJIEHTIB aMiHy Ta 3 YTBOPEHHAM 4,5-1u(0eH3mII-
amino)-1-metmn-1 H-iminazon-2(5H)-onis. bymoBa ocranHix Oymna OJHO3HAYHO
noBeneHa 3a nonomoror PCA.

Xnopocynb(oHLTI30MIaHAT — OJIWH 13 He0araTh0X JOCTIKEHUX HAMH TTOXITHUX

KapOOHATHOI KHUCIOTH, 3JaTHUX e(QEeKTUBHO amuioBatu amiHorpyny ADAN.



Xapaktep B3aeMOfii MK HHUMH OUTBII CKIagHUN, HDK amuioBanHs ADAN,
Hampukiaa, QeHurizomianarom: mpu Aii Ha ADAN  xnopocynbdoHimizoniaHaTy
3YMUHUTUCSA Ha CTajli CEYOBMHM HE BJAETHCS 1 TETEPOLMKII3AIS BiIOyBa€ThCs
BIJ[pa3y B peakUIiHIA cywimn 0e3 [J10JaTKOBOTO BHECEHHS OCHOBU. Biache
TeTEPOLMKIII3AIlisA  TeX  BIAOyBaeTbcsl 3a OUIBII  CKJIQJAHOK  CXEMOH, 1
XJIOpOCYIb(OHITbHA TPYIIa BUSBISETHCS MPUETHAHOIO HE 10 CHAOIUKIIYHOTO aTOMY
a30Ty TETEPOLHMKIY, a JI0 €K30LMKIIYHOTO aToOMy a30Ty IMIHOTPYIHU. YTBOpPEHUU
TakuM  4UHOM  (5-(IHUXJIOPOMETUIICH )-2-0KCOIMI1a30J11IMH-4-1J11]1eH )CyIbhaMoi-
XJIOPUA, HE AWBISIYACh HA 3HAYHY KUIBKICTh TOJSPHUX PEAKI[IHHO3JATHUX
¢dbparMeHTiB, TOPIBHSAHO CTilkmii: y armocdepi aprony mpu 0 °C iforo moxHa
30epiraT IOCUTh TPUBAIMIA Yac.

[Ipn  mocmimkeHHI peakIiiHOi 37aTHOCTI  (5-(AMXJIOPOMETHIICH )-2-0KCO-
1M171230111 TUH-4-1111/1eH ) CyIb(aMOiTXJIOpUy MO BIAHOIICHHIO J0 aMiHIB BUSBUJIOCH,
IO BIJMOBIJHI CyJb(aMiTu MOXKHAa OTPUMATH 3a Y4acTIO PI3HOMAHITHHUX AaMiHiB:
IpOCTUX anipaTUYHUX, HUKIOOYTHIaMiHy, O€H3MIIaMIHIB Ta TPUNITAMIHY, HACUYEHUX
MUKJIIYHUX BTOPUHHUX aMiHIB; TaKOX IS peakilisi Oyie pe3yJbTaTUBHOIO JIJIsi €CTEPiB
OPUPOAHUX T4 CHHTETUYHHX aMIHOKHCIIOT, amiaKky, a TakoxX N-Boc-ryaninuny. [lpu
NOBEeACHHI OyJOBH OTpHUMaHUX CyJib(amifiB, 3 OMNISAY Ha BEIUKY KUIBKICTb
reTepoaTOMHHUX YTPYIyBaHb, IO HEOJHO3HAYHO 1IEHTU(DIKYIOTHCA 3a JOIMOMOTOI0
CHEKTpaJbHUX MeTonuK, OyB 3acrtocoBaHudi PCA Mop¢omiHOBOI MOXiTHOI.
(5-(JImxmopomeTHIieH)-2-0KCcoiMi1a30iuH-4-1TieH))cyabdaminn  Tokazanu  cebe
3MaTHUMU JI0 TMOJAJBIINX XIMIYHUX MoAudiKaiii. YCHIMHUMUA OyJId TPU THUIIU
NEPEeTBOPEHb: TIiAPONi3 €CTepHOi Tpymu, 3HATTA Boc-3axucTy Ta CeNneKTHBHE
MOHOMETHJIIOBAHHS aTOMY a30Ty 1M1J1a30JI0HOBOTO (hparMeHTy.

s BBenieHHS B 6a30BY CTPYKTYPY (5-(AMXITIOPOMETHIICH )-2-0KCOIMI1Ta301111uH-
4-imimen)cynbdaminy (GoTodyTaMBOTO TPUDIYyOPOMETHINIA3UPHHOBOTO (PparMeHTy
HaMU OyJI0 po3poOJIEHO HACTYNMHY CHUHTETHYHY cxeMy. KomepiiitHo nocTymHi
N-Boc-noxiJH1 a3eTUMHYy, MIPOJIJIUHY Ta MINEPUIUHY 31 CHUPTOBOIO TPYIOIO
(MpuegHAHOIO IO IUKITY 3a PI3HUMH TOJIOKEHHSIMU abo Oe3mocepeanno, abo uepes
METUJICHOBY JIaHKY) 3a JOIMOMOIOI CTaHJApPTHUX peakiiil Oyjo MociiJoBHO

nepetBopeHo  Ha: 1) ampmerigm (32 peakuiero  CBepHa);  2) moXigH1



TpudryopoeTanoy (BHACHIIOK KOHAEHCAIIT 3 TPU(DIYOPOMETHITPUMETUIICHIIAHOM);
3) TpudryopoMeTuakeToHu (OKUCHEHHs peareHToM Jlecca — Maprina); 4) okcumu Ta
O-1o3u(ME3WIT)OKCUMU; 5) N1a3upuHU (32 OJHOKOJIOOBUM METOJIOM 4Yepe3 CTadilo
YTBOpPEHHS nia3upuanHy). bymoBy oxpemux mnpenctaBHUKiB — 3-(3-(Tpudiyopo-
Metun)-3 H-miazupun-3-in)azetuauny 1a  2-(3-(tpudiryopometun)-3 H-aia3upuH-
3-umniponiauHy — OyJlo OJHO3HAYHO MIATBEpKEHO 3a jonomororw PCA.
Cunre3oBaHi aMiHU 13 TPUGDIYOPOMETUIAIa3UPUHOBUM (PparMEHTOM pearyioTh i3
(5-(muxI0pOMETHIIEH)-2-0KCOIM11a301AuH-4-1T11eH )cyabdamoinxnopuaom y TI'D
y npucyTHocTi 2 ekB Et3N npu Hu3bK1l Temneparypi Ta CIIBBIIHOILIECHHI PEarcHTIB
1:1, yrBoproroun BianoBiaHi (5-(IUXI0pOMETHIIEH )-2-0KCOIM11a30J11IuH-4-1J11]1eH )-
cynbbamiaim 13 TpUGIYOPOMETUIIA3UPUHOBUM  3aMICHHUKOM Y CKJajl
aMIHOKOMIIOHEHTH.

Jns mochipKeHHS NUIBSIXIB MOMKJIMBOI B3a€MOJIII OTpUMaHUX J1a3UPHUHIB 13
CepeNoBUIeM, MU TPOBeIN (HOTOXIMIYHHNA EKCIEPUMEHT 3a Y4YacTI0O MOJCIBHOI
CIIOJIYKU: 1-to3un-4-(3-(tpudayopomernn)-3 H-ngiazupuH-3-i1)ninepuanny.
BusiBuiioch, mo Jjisi yTBOPEHOTO MpU OIMPOMIHEHHI KapOeHy peasi3yloThCs JBa
MOXJIMBHX IUISXU IEPETBOPEHHS: MPU ONPOMIHEHHI Y CHUPTOBOMY pO3YMHI Ha
noBXKWHI XBUJl 350 HM BigOyBaeThes 13oMmepu3aliisi B alkeH — 1-to3un-4-(2,2,2-
TpUGIYOPOETUIIACH )TINEPUIMH, — aJlle 3a MEHILOI JOBXUHHU XBWIl y 310 HM, OKpiM
aJIkeHy, OyJ0 3HaWEeHO MOMITHY KUIBKICTh MPOAYKTY BKIUHEHHs mo OH-3B's3ky —
1-to3mn-4-(2,2,2-tpudiyopo-1-merokcuetuwn)minepuauny.  Omxe,  kapoeHOIinwH,
OTPUMaHl IpPHU ONPOMIHEHHI TAKUX A3UPUJMHIB, JIMCHO MOXYTh BKJIMHIOBATHUCH Y
3B'I3KM MOJIEKYJI CEPEIOBHUIIA, IO pOOUTH OOTPYHTOBAHUM iX MOJAJBIIE BUBUCHHS Y
SKOCT1 (POTOMITOK.

[Ipm anamizi MTPOTUBIPYCHOI AaKTUBHOCTI N-[5-(IUXJIOPOMETHIICH)-2-0KCO-
1M1/1a30.11 IMH-4-1J11/1eH [cynb(damiaiB OyJi0 BUSBICHO, IO HAWBUIIY aKTUBHICTh MPOTH
mramy Gardner Human polyomavirus 1 (BK-Bipycy) BusiBisiorh (Z£)-N-[5-(am-
XJIOPOMETHIICH )-2-0KCOIMiIa301i TuH-4-1111eH |- N “IUKI00y THIICYTh(hami Ta
(2)-1-([5-(muxsT0pOMETHIIEH )-2-0KCOIMITa30.1i TH-4- 1711 IeH | CyTh(haMOT )T TTe pr InH-

4-xapboHoBa kucaoTa; npotu mramy AD169 Human cytomegalovirus — (Z)-N-[5-



(IUXJTOPOMETHIICH )-2-0KCO1Mi1a301quH-4-11171eH |-N “(4-meTokcudenun)cynbdamis,
mpem-0yTUIOBUI ecTep (£)-4-(N-(5-(nuxJ10pOMETHIICH )-2-0KCO1MI1 12301111 H-
4-inien)cynbdamoin)minepasun- 1 -kapOOHOBOT KHCIIOTH, METUIIOBHH ecTep (Z£)-4-(N-
(5-(nuxIopoMeTHIIeH)-2-0KCOIM11a301AuH-4-1T1/1eH ) cyabdhaMoin)minepuanH-
3-xkapOoHOBOT KHCIOTH Ta MeTwioBuid ectep (Z£)-4-(N-(5-(nuxiaopomeTuieH)-2-
OKCOIM1a3011IMH-4-1T11eH ) cyIb(haMoin)a3e THANH-3-KapOOHOBOT ~ KUCIIOTH;  JIB
OCTaHHI CIIOJIYKH TaK0X MOMITHO MpUTHIYyBaiau po3BUTok mramy GDGr K; Human
cytomegalovirus.

Pirenb MIPOTHUPAKOBOT aKTUBHOCTI N-[5-(muxopomeTusieH)-2-0Kco-
1M1J1a30J11 IUH-4-171171eH |cyibdaMiliB  TAKOK BHUSIBUBCA CYTTE€BO 3aJICKHUM  Bij
XapakTepy 3aluIIKy amiHy. byno BcTaHOBIEHO, MO0 TMOXiJAHI HE3aMIIIEHOTO
OeH3WIaMiHy Ta 4-XJ10p0oOEH3WIaMIHy — MaJIOAKTHBHI, ajie TI0sIBa y napa-moJIoKEHHI
OCH3WJILHOTO 3aMICHUKA EJIEKTPOHOAOHOPHOI TPyHmH — METHUIBHOI 9H, OCOOIHBO,
METOKCUJIBHOT — MPOTHPAKOBY AKTHBHICTH PI3KO 30UIBIIYE; TTOMIPHO aKTUBHUMU €
noxijHi Tpuntaminy ta N-Boc-minepasuny. Haii0nbm edexTuBHI 1HTIOITOPU pOCTY
PaKOBHX KJIITHH MOXKHa pO3AUTMTA Ha J1B1 rpymu: 1) cynbdamigm Ha OCHOBI
OCH3WJIMETWIAMIHY Ta  alUIMETHWIaMiHy; 2) cyibdaMmign MiHepuauHy  Ta
CTUII30HINEKOTATY.

BcranoBneHHss  in vivo  TOCTPOi ~ TOKCHYHOCTI  €THJIOBOIO  €CTEpy
(£)-1-[5-(nuxI0poMeTUIIeH )-2-0KCO1M11a30J11 TUH-4-171171eH | cyib(haMOois } TinepuIuH-
4-xkapOOHOBOT KHUCJIOTH (CIOJYyKH, MPOTHPAKOBA aKTUBHICTH SKOI Oyna OnHIi€0 13
HAWBHUILKX ), TO3BOJWIO BIIHECTU JaHY PEYOBUHY /10 MAJTOTOKCHUYHUX. TOKCHUYHICTD
11€1 peyOBUHU OyJia HaBITh HIKUYOI HIK TOKCUYHICTH (£)-N-[S-(IuxiopomMeTuseH)-
2-okcoiMiiazoniguH-4-iiaeH [mopdorin-4-cynbponaminay, sKaid OyJI0 BHU3HAHO
HEMEePCHEKTUBHUM [JIsi BUBYEHHS MPOTUPAKOBOI akTUBHOCTI. Llei ¢akT 30inbirye
[IAHCM HAa BHUKOPUCTaHHS Yy MaillOyTHbOMY JOCIIJKYBAaHUX T1JaHTOTHOBUX
cynbdamifiB K JTIKapChbKUX 3aCO01B.

[TopiBHSIHHA TPOTUPAKOBOI €(PEKTUBHOCTI N-[5-(IUXIOPOMETHIIEH)-2-0KCO-
iMifa3omiguH-4-miaeH |cynbdaMiiB - cynbhaMigiB 13 BIAOMHUMH MPOTHPAKOUMHU
npenaparaMi MOKa3ajo JIMIIE MOMIPHY KOPEJIil0, TAKUM YUHOM, MEXaHI3M [ii

TaKUX Cylb(paMigiB B MOJAIBIIOMY HOTPEOyE OKPEMOTO BUBUCHHS.



Kniwwuosi cnoea: N-xapb6amoin-ADAN, iMiHOTIZaHTOIHM, CyJIb(oHaMIIH,

TpUGIYyOpPOMETUIAIa3UPUHHU, TPOTUBIPYCHA AKTUBHICTh, MPOTUPAKOBA AKTUBHICTb.

SUMMARY

Kornii Y. Eu. Synthesis of new iminohydantoin derivatives with antiviral
and anticancer activity. — Qualifying scientific work on the rights of a manuscript.

Thesis for a scientific degreeof Doctor of Philosophy in specialty by specialty
102 "Chemistry" (10 — Natural sciences). — V.P. Kukhar Institute of Bioorganic
Chemistry and Petrochemistry, NAS of Ukraine. — V.P. Kukhar Institute of
Bioorganic Chemistry and Petrochemistry, NAS of Ukraine, Kyiv, 2021.

This work is devoted to the development of new approaches to the synthesis of
various iminohydantoin derivatives, mainly with pharmacophore sulfamide groups,
including fragments of amino acids and trifluoromethyldiazirine; and the search for

new anticancer and antiviral drugs among the synthesized substances is devoted too.

By the analysis of literature data on the N-acyl-2-amino-3,3-dichloro-
acrylonitrile for the synthesis of various heterocyclic structures using, it was found
that cyclizations with the participation of N-carbamoyl-2-amino-3,3-dichloro-
acrylonitrile, which lead to the formation of imidazolidinone derivatives, was
investigated by only a few examples. These transformations could be a convenient
tool for obtaining various derivatives of iminohydantoin with (which is extremely
important for further practical use) a high functionalization. The synthesic
developments in this branch of heterocyclic chemistry were the main purpose of this
work.

Before our study, only a few derivatives of N-carbamoyl-2-amino-3,3-
dichloroacrylonitrile were known, and their preparation is not a trivial task. We have
shown that their synthesis by the interaction of 2-amino-3,3-dichloro-acrylonitrile
(ADAN) with active derivatives of carbonic acid is preparative, at least in the case of

phenylisocyanate. ADAN doesn't react with isothiocyanate at room temperature, and



the heating causes mixture degradation. The acylation of ADAN with
dialkylaminocarbonylchlorides (inaccessible reagents) is too slow, and ADAN begins
to decompose long before an acceptable conversion is reached. But ADAN reacts
well with polyfunctional derivatives (2-chloroethyl- and 3-chloropropylisocyanates)
to form the corresponding ureas in high yields. Unfortunately, the subsequent
heterocyclization accompanied by difficulties. The addition of a base to such ureas
caused a partial degradation of the reaction mixture; however, chromatographically, it
was still possible to isolate the main product. In the case of the chloropropyl
derivative, after short-term reflux in the presence of a base, 1-(3-chloropropyl)-
4-(dichloromethylene)-5-imino-imidazolidin-2-one was obtained. The chloroethyl
derivative also quickly cyclized to 1-(2-chloroethyl)-4-(dichloromethylene)-
5-iminoimidazolidin-2-one, but the reaction didn't stop there: prolonged reflux led to
the unexpected product (3-(dichloromethylene)-5,6-dihydroimidazo[2,1-b]Joxazole-
2(3H)imine) formation. To prove the structure of the aforementioned products, two-
dimensional heteronuclear correlations in the NMR spectra were used.
N-(2,2-Dichloro-1-cyanoethenyl)ureas with one or two methyl substituents in
the N' position are optimally synthesized starting from the condensation of chloral
and the corresponding urea followed by the connection of a nitrile group by the
action of silyl cyanide. We have found that the direction of cyclization of such ureas
depends on the nature of the amine, which was added for cyclization. Treatment of
1-(2,2-dichloro-1-cyanoethenyl)-3-(di)methylureas with amine in methanol solution
in the presence of Et;N led to 2,5-diaminooxazoles forming in trace amounts. As a
result of applying the thermodynamic control conditions to this transformation in the
case of morpholine and piperazine derivatives action on 1-(2,2-dichloro-
1-cyanoethenyl)-3-(di)methylureas, we achieved to increase 2,5-diamino-4-cyano-
oxazoles yeilds to satisfactory level. However, when 1-(2,2-dichloro-1-cyano-
ethenyl)-3-methylurea was treated with the excess of benzylamines, heterocyclization
occurred in a different way, with two equivalents of amine participation and the
4,5-di(benzylamino)-1-methyl-1H-imidazol-2(5H)-ones formation. The structure of

the last ones was unambiguously proved by X-ray structural analysis using.



Chlorosulfonyl isocyanate is one of the few carbonic acid derivatives that was
caused the effectively acylation of the amino group of ADAN. The scheme of them
interaction is more complex than the acylation of ADAN, for example, with phenyl
isocyanate: when ADAN is treation with chlorosulfonyl isocyanate it isn't possible to
stop at the urea stage, and heterocyclization occurs immediately in the reaction
mixture without addition of a base. The actual heterocyclization also occurs
according to a complex order, and the chlorosulfonyl group turns out to be attached
not to the endocyclic Nitrogen atom of the heterocycle, but to the exocyclic Nitrogen
atom of the imino group. The (5-(dichloromethylene)-2-oxoimidazolidin-
4-ylidene)sulfamoyl chloride, which was formed in such manner, is relatively stable
(despite the significant amount of polar reaction fragments): in an argon atmosphere
at 0 °C it can be stored for a rather long time.

As a result of studying the (5-(dichloromethylene)-2-oxo-imidazolidin-
4-ylidene)sulfamoyl chloride interaction with amines, it was shown that the
corresponding sulfamides can be obtained with the participation of various amines:
simple aliphatic amines, cyclobutylamine, benzylamines and tryptamines, saturated
cyclic secondary amines; this reaction will be effective also for esters of natural and
synthetic amino acids, ammonia, as well as N-Boc-guanidine. The proving of the
obtained sulfonamides structure was complicated by the large number of
heteroatomic groups, which are ambiguously identified by spectral techniques, so
X-ray analysis of the morpholine derivative was used. (5-(Dichloromethylene)-
2-oxoimidazolidin-4-ylidene) sulfamides demonstrate the ability to further chemical
modifications. Three types of transformations were successful: hydrolysis of the ester
group, removal of the Boc-protection, and selective monomethylation of the Nitrogen
atom of the imidazolone fragment.

To connection a photosensitive trifluoromethyldiazirine fragment into the basic
structure of (5-(dichloromethylene)-2-oxoimidazolidin-4-ylidene)sulfamides, we
developed the following synthetic scheme. Commercially available N-Boc derivatives
of azetidine, pyrrolidine, and piperidine with an alcohol group (linked to the ring at
different positions either directly or through the methylene unit) were successively

converted using standard reactions into: 1) aldehydes (by Swern reaction)



2) trifluoroethanol derivatives (due to condensation with trifluoromethyl-
trimethylsilane) 3) trifluoromethyl ketones (oxidation with the Dess — Martin
periodinane) 4) oximes and O-tosyl(mesyl)oximes; 5) diaziridine (according to the
one-pot method through the stage of diaziridine formation). The structure of was
unambiguously confirmed by X-ray analysis of 3-(3-(trifluoro)methyl)-3 H-diazirin-3-
ylazetidine and 2-(3-(trifluoromethyl)-3H-diazirin-3-yl)pyrrolidine. The synthesized
amines with a trifluoromethyldiazirine fragment reacted with (5-(dichloromethylene)-
2-oxo-imidazolidin-4-ylidene)sulfamoyl chloride in THF in the presence of 2 equiv
of Et;N at a low temperature and a reagent ratio of 1 : 1, forming the corresponding
(5-(dichloromethylene)-2-oxoimidazolidin-4-ylidene)sulfamides with
trifluoromethyldiazirine substituent in the amino component.

To study the diazirins potential interaction with the medium, we conducted a
photochemical experiment with the participation of a model compound — 1-tosyl-
4-(3-(trifluoromethyl)-3 H-diazirin-3-yl)piperidine. It was found that two possible
ways of transformation were realized for the created carbene: the isomerization into
alkene — 1-tosyl-4-(2,2,2- trifluoroethyliden)piperidine (when the alcohol solution
was treated by 350 nm irradiation), or the intercalation into OH-bond (on 310 nm
irradiation not only the alkene, but the small amount of 1-tosyl-4-(2,2,2-trifluoro-
1 methoxyethyl)piperidine was formed). Thus, the carbenoids obtained by irradiation
of such aziridines can indeed wedge in the bonds of the molecules of the medium,
which makes their further investigation as photomarkers worthwhile.

By investigation of the antiviral activity of N-[5(dichloromethylene)-2-oxo-
imidazolidin-4-ylidene]sulfamides, it was found that (Z)-N-[5-(dichloromethylene)-
2-oxoimidazolidin-4-ylidene]-N'-cyclobutylsulfamide and (2)-1-([5-(dichloro-
methylene)-2-oxoimidazolidin-4-ylidene]sulfamoyl)piperidine-4-carboxylic acid are
the more active compound against Human polyomavirus 1 (Gardner strain).
(£)-N-[5-(Dichloromethylene)-2-oxoimidazolidin-4-ylidene]-N'-(4-methoxyphenyl)-
sulfamide, tert-butyl ester of (Z)-4-(N-(5-(dichloromethylene)-2-oxoimidazolidin-
4-ylidene)sulfamoyl)piperazine-1-carboxylic acid, methyl ester of (Z£)-4-(N-(5-
dichloromethylene)-2-oxoimidazolidin-4-ylidene)sulfamoyl)piperidine-3-carboxylic

acid and methyl ester of (Z)-4-(N-(5-dichloromethylene)-2-oxoimidazolidin-4-



ylidene)sulfamoyl)azetidine-3-carboxylic acid were active against the strain AD169
of Human cytomegalovirus 1. The two last compounds also significantly suppressed
the growth of the Human cytomegalovirus GDGr K17 strain.

The indexs of the N-[5-(dichloromethylene)-2-oxo-imidazolidin-4-ylidene]-
sulfamides anticancer activity also demonstrated significantly dependent on the
nature of the amine residue. For example, it was found that the derivatives of
unsubstituted benzylamines and 4-chlorobenzylamine are inactive, but the appearance
of the electron-donor group (methyl or, expressly, methoxy) in the para-position of
the benzyl substituent increases anticancer activity significantly. The tryptamine and
N-Boc-piperazine derivatives are moderately active. The most effective inhibitors of
the cancer cells growth can be divided into two groups: 1) sulfamides based on
benzylmethylamine and alylmethylamine; 2) piperidine and methylisonipecotate
sulfamides.

Establishment of in vivo general toxicity shown that the ethyl ester of
(£)-1-{[5-(dichloromethylene)-2-oxoimidazolidin-4-ylidene]sulfamoyl} piperidine-
4-carboxylic acid (a compound with one of the highest anticancer activity) can be
classified as low-toxic. The toxicity of this substance was even lesser than the
toxicity of (Z£)-N-[5-(dichloromethylene)-2-oxo0-imidazolidin-4-ylidene]morpholine-
4-sulfonamide, which was found to be unpromising for the study of anticancer
activity. This fact increases the chances of future using of the investigated hydantoin
sulfamides as drugs.

Comparison of the N-[5-(dichloromethylene)-2-oxo-imidazolidin-4-ylidene]-
sulfamides anticancer efficiency with known anticancer drugs showed only a
moderate correlation, thus, the mechanism of action of such sulfonamides requires a
separate study in the future.

Keywords: N-carbamoyl-ADAN, iminohydantoins, sulfonamides, trifluoro-
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