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ANOTACIJA

Metaloproteinazu HDAC un ADAM potencialo inhibitoru iegiiSana un ar to saistita
sintézes metoZu izveide. Nikitjuka A., zinatniskais vaditajs Dr. Chem., prof. A.Jirgensons.
Promocijas darbs 155 lappuses, 76 attéli, 31 tabula, 113 literatairas avoti, 5 pielikumi. LatvieSu
valoda.

Darba ir apkopota literatira par dizintegrina un metaloproteinazém (ADAM), histona
deacetilazes (HDAC) lomu organisma un paslaik zinamiem tas inhibitoriem. Sintez€ti vairaki
aziridinokstimu funkciju saturoS$i Vorinostata struktiiranalogi. legiiti dazadi benzosultama cikla
hidroksamskabju atvasinajumi. Veikta iegito savienojumu biologiskas aktivitates datu analize.
Promocijas darba pétijuma rezultata ir izstradatas jaunas skabes jutigas aizsarggrupas, kuru
efektivitate pieradita hidroksamskabju un sulfonamidu sinteze.

ADAM METALOPROTEINAZE, HISTONA DEACETILAZE, AZIRIDIN-1-ILOKSIMI,
SULFONAMIDI, HIDROKSILAMINS, PRENIL- UN 2-METILPRENIL- AIZSARGGRUPAS.



ANNOTATION

Synthesis of the potential metalloproteinases HDAC and ADAM inhibitors and the
development of related synthetic methods. Nikitjuka A., supervisor Dr. Chem., prof.
A. Jirgensons. PhD thesis. 155 pages, 76 figures, 31 table, 113 literature references, 5 appendices.
In Latvian.

PhD thesis summarizes the literature about disintegrin and metalloproteinase (ADAM) and
histone deacetylase (HDAC), their role in organism and known-to-date inhibitors. Aziridinoxime
moiety containing Vorinostat structural analogues were synthesized. Various benzosultam cycle
hydroxamic acid derivatives were obtained. The biological activity data of obtained products was
analyzed. The acid-labile protecting groups efficient in the synthesis of hydroxamic acids and
sulfonamides were developed in the frame of PhD project.

ADAM METALLOPROTEINASE, HISTONE DEACETYLASE, AZIRIDIN-1-
YLOXIMES, SULFONAMIDES, HYDROXYLAMINE, PRENYL-  AND 2-
METHYLPRENYL- PROTECTING GROUPS.
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IEVADS

Laundabigie audzgji ir sabiedribas veselibas probléma visa pasaulé un arT Latvija. Ka
liecina statistika, pe&djos desmit gados saslimstiba ar onkologiskajam slimibam Latvija
paliclindjusies vairak neka par 20%.' Véza arstéSana ir sare’gita un tai nepiecie$ama
multidisciplinara pieecja. Neraugoties uz progresu kirurgija un radioterapija, sistematiskas
kimijterapijas koncepcija paliek arvien aktualaka. Lielakajai dalai paslaik izmantoto
farmakologisko preparatu véza arstéSanai piemit zema selektivitate, kas nozimé letalu iedarbibu
gan uz laundabigiem, gan uz normaliem audiem. Cipa ar onkologiskam slimibam galvenais
mérkis ir izstradat biologiski aktivus savienojumus, kas lautu efektivi un selektivi cinities ar
laundabigiem audzg&jiem, neictekmgjot veselas Stnas. Pateicoties pédéjo gadu pétijumiem ir
noskaidroti vairaki kancerogenézes procesi, kas palidz identificét jaunus molekularus mérkus un
attistit merktiecigu Kimijterapiju, kuras pamatuzdevums ir iedarboties uz specifiskiem
molekulariem mérkiem (parsvara protetniem) iesaistitiem audzgju augSana vai progresijé.2

Paslaik medicinas kimija liela uzmaniba tiek pieversta metaloproteiniem un to aktivitates
modulatoriem (inhibitoriem). Daudzi no tiem tiek izvirziti ka jauni terapeitiskie mérki cina par
cilvéka veselibu. Lielaka dala no metaloproteiniem ir cinka saturoSie enzimi (paslaik ir pazistami
vairak ka 300 pe'lrste'wji).3 Konstatéts, ka cinka saturoSie enzimi ir iesastiti vairakos
patofiziologiskajos un patogenétiskajos procesos.

Promocijas darba ietvaros apliikotas divas dazadas enzimu grupas — transmembranu
ADAMI10 un ADAM17, ka art histona deacetilaze (HDAC). Minétajiem enzimiem aktivaja
enzimu doména atrodas cinka atoms. ADAM grupas enzimi piedalas Stinas virsmas proteinu
noskelSanas procesos, tiem ir svariga loma Stnas adh€zijas reguléSana, migréSana un signalu
pﬁrraidé.4 HDAC kopa ar histona acetiltransferazém (HAT) regulé histonu acetiléSanas-
deacetilésanas procesu §tina. Minéto procesu nepareiza reguléSana ir galvenais onkologisko Stinu
veidoSanas un proliferéSanas c€lonis.

Ka promocijas darba meérki meés izvélgjamies izpétit aziridinilamidoksimu funkciju ka
hidroksamskabes funkcijas bioizosteru HDAC inhibitoros un izveidot jaunus potencialus cinka
saturoSu enzimu ADAM10/17 inhibitorus. Lai Tstenotu izvirzito mérki, bija nepiecieSams atrast
citotoksisku savienojumu klases, kas biitu sp&jigas saistities ar cinka saturo$o apgabalu.’

Balstoties wuz literatiiras datiem, secin3jam, ka sulfonamidu hidroksamskabju

atvasindgjumiem piemit augsta inhibitoru aktivitate uz ADAM17,%’ turklat savienojums TMI-1



(1) tiek virzits klinisko pétijumu II fazeé. Par iesp&jamo ADAMI10/17 inhibitoru savienojumu klasi

izvirzijam benzosultama cikla hidroksamskabju atvasinajumus ar visparigo struktiiru 2.
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o 0=8-N o
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o —
TMI-1 (1) 2 (R = alkinil, heteroaril)

S1 darba ietvaros més veicam ne tikai hidroksamskabes grupu saturo$o savienojumu sintézi,
bet ari ka potencialus HDAC inhibitorus izvirzijam Vorinostata (3) analogus (4), kuros
hidroksamskabes funkcija ir aizvietota ar amidoksima funkciju. Aziridinu saturoSu amidokstmu
atvasinajumu pretvéza aktivitate tika pieradita ari citos Latvijas Organiskas sintézes institiita

veiktajos péﬁjumos.8

Vorinostats (3) 4

Lai sasniegtu izvirzito mérki, tika formuléti $adi darba uzdevumi:
1) analizet literatiiras datus par dizintegrinu un metaloproteinazém (ADAM10 un ADAM17),
ka arT histona deacetilazes (HDAC) inhibitoriem, to darbibas mehanismu un klasifikaciju;
2) aplikot amidoksimu iegtiSanas reakcijas un izstradat metodes $adu grupu ievadiSanai
meérka savienojumos;
3) attistit benzosultama ciklu saturo$u hidroksamskabju sintézes metodes;
4) sintez€t un raksturot jaunu savienojumu grupu ar dazadiem propargilgrupas aizvietotajiem,
ka arT ievadit struktira 2 heterocikliskus aizvietotajus;
5) pieradit mono- un diaizsargata hidroksilamina izmantoSanas efektivitati sintéz€, izmantojot
biivbloku pieeju;
6) ieglit VVorinostata-tipa aziridinoksimu saturosus strukttiranalogus
7) veikt sintez€to savienojumu struktiiras aktivitates likumsakaribu izpéti.

Promocijas darba zinatniska novitate:



- attistitas jaunas sintézes metodes aziridinoksimu saturoSu Vorinostata analogu iegiiSanai, ka

ari izpétitas §Ts savienojumu klases atvasinasanas iespgjas;

- realiz€ta jauna pieeja benzosultamciklu saturoSo hidroksamskabju iegtiSanai, izmantojot

buvbloku strategiju;

- izstradatas jaunas hidroksamskabju un sulfonamidu aizsarggrupas (prenil- un 2-metilprenil-

), attistitas to iegliSanas metodes, izpétits sintétiskais pielietojums un aizsarggrupu stabilitate.
Darba praktiska nozime ir formulgjama sekojosi: rezultata tiek iegiiti un raksturoti jauni
potenciali cinku saturoSu enzimu inhibitori; ir izdariti secinajumi par struktiiras-aktivitates
kopsakaribam; pieradita jaunas aizsarggrupas efektivitate ka O-aizsarggrupa hidroksamskabju
sint€z€; paplasinats sulfonamidu zinamais aizsarggrupu klasts ar divam jaunam skabes jutigam

aizsarggrupam (prenil- un 2-metilprenil-).

Promocijas darba rezultati ir apspriesti 9 starptautiskas zinatniskas konferences.
Promocijas darba rezultatu aprobacija:
Zinatniskas publikacijas

1. Nikitjuka A.; Nekrasova A.; Jirgensons A. Methylprenyl and Prenyl Protection for
Sulfonamides; Synlett 2015 (No.26.), 183-186.

2. Nikitjuka A.; Shestakova I.; Romanchikova N.; Jirgensons A. Synthesis and biological
evaluation of aziridin-1-yl oxime-based vorinostat analogs as anticancer agents; Chem.
Heterocycl. Comp. (Engl. Ed.) 2015, vol.51, 647-657.

3. Nikitjuka A.; Jirgensons A. Synthesis, chemical and biological properties of aziridine-1-
carbaldehyde oximes (Minireview); Chem. Heterocycl. Comp. (Engl. Ed.) 2014, Vol.49,
1544-1559.

4. Nikitjuka A.; Jirgensons A. Synthesis of Hydroxamic Acids by Using the Acid Labile O-2-
Methylprenyl Protecting Group. Synlett. 2012, (No. 20), 2972-2974.

5. Grigorjeva A.; Jirgensons A.; Domracheva I.; Yashchenko E.; Shestakova I.; Andrianov V.;
Kalvinsh 1. Synthesis of novel [1-aziridinyl-(hydroxyimino)methyl]arenes and their
cytotoxic activity; Chem. Heterocycl. Comp. (Engl. Ed.) 2009, Vol .45, 161-168

Konferencu tezes
1. Nikitjuka A.; Nekrasova A.; Jirgensons A. Acid-labile Methylprenyl Protection for
Sulfonamides, Balticum Organicum Syntheticum, 6.-9. junijs, 2014, Vilna, Lietuva,

stenda referata balva
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. Nikitjuka A.; Jirgensons A. The Development of Original Anti-Cancer Agents. 33th
Edition of the European School of Medicinal Chemistry (ESMEC) — ESMEC stipendijas
balva, 7.-12. julijs, 2013, Urbino, Italija, stenda referats

. Nikitjuka A.; Jirgensons A. Synthesis and Biological Evaluation of Aziridin-1-yl Oximes
as Potential Antitumor Agents. XVth International Conference Heterocycles in Bio-
organic Chemistry, 27.-30. maijs, 2013, Riga, Latvija , stenda referats.

Nekrasova A.; Nikitjuka A. The Study of the Possible Utility of 2-Methylprenyl Protective
Group, LU, Kimijas fakultate, 2013, Riga, Latvija.

Nekrasova A.; Nikitjuka A. (darba vaditajs) 2-Methylprenyl Group as Acid Labile Alcohol
Protection, Materials of the 8th Paul Walden Symposium on Organic Chemistry, 13.-14.
maijs, 2013, Riga, Latvija, stenda referats .

. Nikitjuka A.; Jirgensons A. The Use of 2-Methylprenil Protective Group in Organic
Synthesis. Latvian University 71. Scientific Conference, Organic Chemistry Section, 22.
februaris, 2013, Riga, Latvija, mutiskais referats.

Nikitjuka A.; Jirgensons A.; Stebele K.; Sjakste N. Synthesis and Structure-Activity
RelationShips of Aziridin-1-yl Oximes as antitumor Agents, XXII EFMC International
Symposium on Medicinal Chemistry, 2.-6. septembris, 2012, Berline, Vacija, Stenda
referats.

Nikitjuka A.; Jirgensons A. The synthesis of ADAM10 and ADAML17 Inhibitors,
Materials of the 7th Paul Walden Symposium on Organic Chemistry, 13.-14 maijs, 2011,
Riga, Latvija, stenda referats.

. Nikitjuka A.; Jirgensons A. Synthesis of Suberic Acid Based Aziridin-1-yl Oximes and
Their Analogues as Novel Antitumor Agents, 1st RSC/SGC Symposium on Chemical
Biology for Drug Discovery, 8.-9. decembris, 2009, Oksforda, Lielbritanija, stenda

referats.
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LITERATURAS APSKATS

1.1 ADAM grupas metaloproteinazes

Promocijas darba ietvaros dalu no p&tijjumiem veltijam cilvéka ADAM (a disintegrin and
metalloproteinase - dizintegrina un metaloproteinaze) grupas enzimu ADAM10 un ADAM17
inhibitoru izveidei. Vairaki ped€jo gadu pétijumi parada, ka ADAM grupas enzimi ir potenciali
biologiskie mérki pretvéza terapija, it ipasi krits un plausu véza arstnieciba.’ Literatiiras apskata
ir sniegts parskats par ADAM uzbiivi, patofiziologisko lomu audzgju attistiba *° un paslaik
zinamajiem inhibitoriem.

Apkopojot informaciju par ADAM grupas metaloproteinazém jaatzimé, ka visplasak
izpétitie ADAM metaloproteinazes parstavji ir ADAMI10 un ADAMI17." Ito et al sava
apskatraksta uzsver, ka ADAM10 un ADAMI17 metaloproteinazu pamatfunkcija ir biologiski
aktivu ligandu proteolitiska noSkelSana no Stinas virsmas, tada veida ietekmgjot funkcionali
dazadas signalizacijas molekulas, ieskaitot augSanas faktorus, citokinus, adh&zijas molekulas
u.c.? Jau 1997. g. Black et al nopublicgja datus par ADAMI17 nepiecieSamibu embrionalaja
attrstiba, ka ar1 vélak paradijas dati par ADAMIO iesaisti imiinsistéma un kaulu veidos$anas
proces5.13

ADAM metaloproteinazes raksturojums un struktira. ADAM ir transmembrano proteinu
grupa, kas piedalas Stinas fenotipa regulésana ietekmgjot §tinas adh&ziju, migraciju, proteolizi un
signalu parraidi. Tas pieder pie daudzapgabalu cinka(Il)-saturuSo endopeptidazu - metzincin
apaksgrupas, kuru pieskaita pie M12 adamalizina proteinazes apakégrupas.“ Cilveka genoma ir

konstatétas 25 ADAM proteinazes.™*®

Literatura biezi vien tam tiek pieskirti divi vai vairaki
nosaukumi, tacu visplasak pielieto ’ADAM” nomenklatiiru.

ADAM proteini tiek sintezéti endoplazmatiskaja tikla.'” ADAM ka proteini sastav no
aptuveni 750 aminoskabém un tiem raksturigi noteikti apgabali (domeéni), kuri saglabajas visos
parstavjos.*'® ADAM sastav no arpusSiinas apgabala, kurd ietilpst N-gala proapgabals un
metaloproteinazes apgabals (Zn), dizintegrina apgabals (Dis), cisteiniem bagats apgabals (Cys),
EGF apgabals un transmembranais apgabals (TM). ADAM izraisita transmembrano proteinu
noskelSana atbrivo SkistoSo arpus Siinas doménu, kas iesaistas talaka Stinu reguléSana un signalu

parraidé (1.1. att.).
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¢ N-gala proapgabals — cisteina atlikums, kas atrodas $aja apgabala, koordin&jas ar cinka atomu,

ka rezultata metaloproteinazes apgabals tiek uzturéts neaktiva konformacija. Tas tiek noSkelts ar
furina tipa enzimiem.

e Metaloproteinazes apgabals — aktivais centrs satur cinka un tidens atomus, kuri koordingjas ar

trim histidina atlikumiem un ir nepiecieSami hidrolitiskai proteinu SkelSanai. Aktivajam centram
ir raksturiga cinka helatéjosa nemainiga aminoskabju seciba — HEexxHxxGxxH (viena burta
kodgtais pieraksts, x - jebkuru aminoskabju atlikums) un metionina atlikums, kas veido 1,4-B-
metionina pagriezienu (met-turn) spirales aktivaja centra.

¢ Dizintegrina apgabals — ir aptuveni 90 aminoskabju saturo$s doméns. 90.gados, kad identificgja

ziditaju ADAM, tika izvirzita hipotéze, ka dotais dizintegrina apgabals saistas ar integrinu.
Paslaik ir pieradits, ka arpusStinas dizintegrina abgabals mijiedarbojas ar integrina apgabalu un
stingri ietekm@ Sunas adh@ziju un Stinas-$iinas mijiedarbibu.

¢ Cisteiniem bagats un EGF-Iidzigs apgabals — §1 apgabala loma nav lidz galam izprasta, bet

vairaki autori uzskata, ka cisteins kopa ar dizintegrina apgabalu piedalas katalitiskas aktivésanas
regul€Sana un proapgabalu noskelSana.

o Citoplazmatiskais apgabals — Sis apgabals mainas gan péc aminoskabju skaita, gan aminoskabju

secibas. Citoplazmatiskais apgabals aktivi piedalas proteinazes funkcijas regulésana, atbildot uz
iekSmolekulariem signaliem (signalizacija iekSpuse-arpuse). Tas, savukart, neizslédz to lomu

signalizacija arpuse-iekSpuse, kad arpussiinas apgabals saistas ar substratu.

Metaloproteinazes
apgabals

Dizintegrina apgabals ar C-formas
cistetnu bagato apgabalu

Citoplazmatisks apgabals Transmembralais substrats
(piem. CD44, L1, EGF)

1.1 att. Piedavata ADAM apgabalu struktiira

Takeda un Iidzautori 2006. gada piedavaja metaloproteazes/dizintegrina/cisteiniem bagato
apgabalu  (MDC) arhitekttiru, lai izskaidrotu molekularo mehanismu ADAM substratu

atpaziSanas procesa.™ Vini secinaja, ka MDC apgabali veido C-formas strukttiru, kur cisteiniem
P p 1) pg
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bagatais apgabals ir vérsts uz metaloproteinazes apgabala katalitisko pusi. Cisteiniem bagatais
apgabals ietver hipermainigo regionu (HRV), kas bitiski atSkiras visiem ADAM proteinazu
grupas parstavjiem. Autori uzsver, ka hipermainigais regions spélé nozimigu lomu substrata
piesaistiSanas procesa.

Enzimi ADAMI10, ADAMI17 un veézis — kopigais un atSkirigais. Atskiriba no citam
ADAM proteinazém, ADAM10 un ADAML17 nesatur EGF-lidzigu apgabalu un §is proteinazes
noske] arpussiinas apgabalu tie$i pie $tinas membranas (juxtamembrane cleavage), atbrivojot
$kistofo ektodoménu no $tinas virsmas.? Metaloproteinazes ADAM10 un ADAM17 (saukts ar1
ka TACE - audzgju nekrozes faktora o—konvertgjosais enzims) uzrada novérojamu ietekmi uz
fiziologiskiem un patofiziologiskiem procesiem. No agrinas attistibas lidz pilnigai nobrieSanai
ADAMI10 un ADAMI17 ir sastopamas vairakos audos un tiek ekspresétas neironos, vaskularajas
Stnas, leikocitos un audzgju Stnas. Jaatzime, ka palielinata ADAM17 ekspresija ir noveérojama
vairakos véza tipos: kriiSu, smadzenu, resnas zarnas, nieru, aknu, olnicu, prostatas un aizkunga
dziedzera audzgjos. Parmériga ADAMI10 eckspresija tiek konstatéta resnas zarnas, kunga,
prostatas, olnicu vézos un leikémija. Loti iesp&jams, ka abas metaloproteinazes modulé audzgju
progresiju, ictekmgjot atskirigus Sunas celus.”’ Merktieciga metaloproteinazu ADAMI10 vai
ADAMI17 izslégsana no peles genoma viennozimigi pieradija abu proteinazu nepiecieSamibu
normalajos fiziologiskajos procesos.*>?

ADAMI17 jeb TACE selektivi parver§ membransaistito pro-TNF-o par TNF-o $kistoSo
formu. TNF-a (jeb TNF) ir proteins, kas ietekmé dazadus regul€joSos procesus: S$iinas
izdzivoSanu, proliferéSanu un apaptozi. TNF spgj aktivizét kodola faktoru kB (NF-kb)
signalizacijas celu, kas ir galvenais Siinas izdzivoSanas signals (pret-apaptozes signals), ka ar1
TNF aktivizé c-Jun N-terminalas kinazes (JNK) signalcelu, kura aktivéSana veicina $iinas navi.
Tadgjadi, no vienas puses, TNF var izraisit pretvéza 1pasibas, inducgjot audz&ju Stinas navi, bet,
no otras puses, TNF stimulé proliferéSanu, migréSanu un angiogenézi vairakam vézu §tinam, kas
ir rezistenti pret TNF apaptozes signz‘11iern.23’24 Bereta un lidzautori izvirzija hipotézi, ka vairakas
Stinas, kuras ADAMI0 un ADAMI17 ir ekspresétas lidzigd daudzuma, ADAMI17 aktivitate
attieciba pret TNF domin€ salidzinajuma ar ADAMI10. Turklat, §tinas ar samazinatu ADAM17
[imeni (specifiskas inhibésanas dél), ADAMI10 parnem TNF konvertazes lomu. ADAMI17
nepietickamibas gadijuma ADAMI10 ieslédz proTNF SkelSanas sp&ju. Tas nozimé, ka ADAMI10

TNF konvertazes sp&ju janem veéra, meklejot specifiskus, terapeitiskus ADAM17 inhibitorus.”
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ADAM17 spgj atbrivot dazadus endogénos ligandus, taja skaita: transform&joSo augSanas
faktoru (TGF)-a, amfiregulinu, epiregulinu un heparinu saistoSo epidermisko augsanas faktoru
(HB-EGF) un TNF. ADAMI17 inhibitori varétu biit Joti noderigi to audz&ju formu arstéSanai,
kuras ir atkarigas no EGFR/Her-2 signaliem, ka ari TNF inducétam disfunkcijam. Savukart,
ADAM10 metaloproteinaze no membranas virsmas atbrivo ne tikai betacelulinu (betacellulin) un
EGF arpusstinas apgabalus, bet arT Her2/ErbB2. ADAMI10 inhibitori varétu sp€lét nozimigu lomu
audzgju $uinas, kuras ir novérojama EGFR/ErbB1 vai/un Her4/ErbB4 receptoru disregulacija.

Le Gall grupa, p&tot membranas proteinu ADAMIO un ADAMI17 noskelSanas
pamatmehanismu, konstatgja, ka TGF-a, TNF-o proteinu atbrivoSana ir atkariga tikai no
ADAMI17. Savukart, ADAMI0 var piedalities art ADAMI17 substratu noskelSana no Stnu
virsmas. ADAMI10 ir identificéts ka alternativs enzims ADAMI17 substratu SkelSanai tados
gadijumos, kad ADAM17 tiek izslégts vai inhibats.”®

ADAMI10, ADAMI17 un dualie ADAMI0/17 inhibitori. VEza arst€Sana ar ADAM
inhibitoriem var izradities loti efektiva, jo tas var ietekm@t veza Stinas proliferéSanu un invaziju.
Jaatzimé, ka ADAM grupas enzimu strukturala lidziba ar vairakam matricas metaloproteinazém
(MMP, matrix metalloproteinase) substrata piesaistiS$anas apgabala rada gritibas specifisku
ADAM inhibitoru izveido$ana. Zinamas vismaz cetras potencialas pieejas, kas lauj bloket
ADAM proteinazes aktivitati: mazmolekularie sintétiskie inhibitori, monoklonalas antivielas,
attiritas vai sintétiskas ADAM proapgabala formas un modificétas dabiskas inhibitoru formas
(TIPS, tissue inhibitors of metalloproteinase).?’ Talak apskatisim tikai sintgtiskus
mazmolekularus ADAM10, ADAMI17, taja skaita dualus ADAMI10/17 inhibitorus, kas ir
nonakusi [idz kliniskiem pe@tjjumiem vai/un tiek izmantoti ka misdienu pretvéza preparati.
Lielaka dala no zinamajiem inhibitoriem ir hidroksamskabi saturoSie savienojumi, kas saistas ar
ADAM metaloproteinazes apgabala esoso cinka jonu.”®

GI254023X (5) (1.2. att.) ir plasi izpétits ADAMI0 inhibitors ar 100 reizes augstaku
selektivitati pret ADAMI10 vis-a-vis ADAM17. Inhibitors 5 bloké IL-6 receptoru veidoSanu, ka

ari transmembrana proteina CX3CL1 un CX3CL16 noskelsanu.?
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1.2. att. GI1254023X inhibitora (5) struktara

Konstatéts, ka kriisu véza Stnu linijas gadijuma, inhibitora 5 iedarbibas rezultata notiek
Sinu migracijas, invazijas un proliferéSanas samazinaSanas. Turklat karcinomas un melanomas
Stinu linijas gadijuma ADAMI10 inhib&Sana ar 5 Strauji samazina $iinu augSanu un migraciju.
Paslaik tas ir vienigais selektivais ADAMI10 inhibitors, kura pretvéza aktivitate bija testéta tikai
in vitro.

Zhong grupa publicgja petijumu, kura, péc plasas hidroksamskabju bibliotekas skrininga,
tika identificéts jauns peptidiskais ADAM17 inhibitors Hmx-Phe-Ser-Asn (6) (1.3. att.) ar
augstaku ADAM17 receptorsaistibu. ®

Leuag V21402
eu SNERK ,/Leu401 3791le . ‘:&lla421
Valdd0. x5 L 70 A1a4a39 N\ Lo Leud28
. His415  ° e |1 Asn389 ) His393 4 H
Hisd0¢ @ Pro437 N His3874, Alad19  HN" (53
@ = Alad439 ' R% S Ala421 R
His405 ~— = = x> His383 ~— = = /K
O - 0= Onigysg e - H o =70
Jo. J\/’\H/N ~_OH Jo. )\/’\WN “_OH
HON N HON N
H o H O H O H O
= = OH = = = OH =
Glu406  [ouzqg  Gly346 Glu384  [eu32g8  Gly326
6 Hxm-Phe-Ser-Asn un ADAM17 6 Hxm-Phe-Ser-Asn un ADAM10

kompleksgjosa mijiedarbiba, tidenraza saites, hidrofoba mijiedarbiba

1.3 .att. ADAM17 un ADAM10 katalitiska apgabala modeleta kompleksa struktiira ar selektivo
peptidisko inhibitoru Hxm-Phe-Ser-Asn (6), un LigPlot programmas aprékinatas nekovalentas
mijiedarbibas

P&c iegitajiem rezultatiem var secinat, ka ADAMI17 un ADAMIO0 inhibitoru-receptoru
saistibas apgabali ir Joti Iidzigi, katram ir divas kompleks&josas mijiedarbibas ar cinka jonu. R ir
telpisks, aromatisks aizvietotajs, kas ievietojas katalitiskaja kabata, veidojot hidrofobas un van
der Waals mijiedarbibas ar Val440, Leu348, Val401, Leud401 un Ala439 metaloproteinazes
ADAM17 gadijuma. ADAMI0 katalitiska kabata ir lielaka, un ligands 6 veido vajas, nepolaras
saites ar Leu328, Ala421 un Ile379. Aspargina atlikums (Rz) veido stipras tidenraza saites ar

ADAM17 Asn389 un Tyr390. Savukart inhbitora 6 R? apgabals neiesaistas specifiskas
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mijiedarbibas ar ADAMI10 Kkatalitisko kabatu. Minétas inhibitora 6 receptora mijiedarbibas
atSkiribas lava iegtt 7 reizes lielaku inhibitoras aktvitates selektivitati pret ADAML17.

2001. gada Levin un lidzautori publicgja pirmos datus par metaloproteinazes inhibitoriem,
kas satur&ja sulfonamidu fragmentu.7'31 Velak pétijumos tika pieradita svariga loma attalumam
starp sulfonamida slapekli un cinka atomu helat&joso hidroksamskabes grupu. ST propargilgrupas
fragmentu (R) saturo$a hidroksamskabju 7 (1.4. att.) s€rija uzradija augstu aktivitati arl uz

ADAM17 (1.1. tabula).

A
N on
RO ﬁZOO
(6]
7

1.4. att. Potenciala inhibitora 7 struktiira

1.1.tabula
Sulfonamidu saturo$u hidroksamskabju aizvietotaji un metaloproteinazu inhbitora 7a-h aktivitate

Savienojums R ADAM17 MMP1 MMP13
(ICs0, NM) | (ICs0, NM) | (ICs0, NM)
1 (TMI-1) -CH,C=CCH3; 8 7 3
7a (TMI-5) -CH,CCCH,OH 20 33 8
7b CH,C=CH 19 1 1
7c -(CH,),C=CH 32 2 1
7d -CH,CHCHCH3 35 7 2
7e -(CH,),CHj 42 7 9
7f -CH,C=C(CH,),0OH 62 35 14
79 -CH,C=C(CH);0H 40 159 86
7h -CH,C=C(CH),OH 53 101 17

Ar §ts savienojumu Klases inhibitoru TMI-1 (1) tiek veikti II fazes kliniskie p&tijumi un tas
tiek uzskatits par labako dualo inhibitoru, kas iedarbojas uz ADAM17, MMP1/2/13 ar ICsg
veértibam 8.4 nM, 6.6 nM, 4.7 nM un 3.0 nM attiecigi. Apratastats (TMI-5, 7a) lidzigi ka TMI-1
(1) ir tiomorfolina atvasinajums, kur propargilgrupa R modificéta ta, lai uzlabotu savienojumu
Skidibu. Neskatoties uz augstu aktivitati in vitro (ICsp = 0.44 uM), TMI-5 (7a) savienojuma

pétisana tika partraukta II kliniskaja faze nepietiekosas in vivo efektivitates del.
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2004. gada Zhang grupa izveidoja TMI-1 1 linearo NH-sulfonamidu hidroksamskabes
analogu TMI-2 8 (1.5. att.), kas uzradija loti augstu ADAM17 inhibitoro aktivitati un selektivitati
pret MMP-1,-7,-9,-14 (1.2. tabula).*

S Q
Ot g
— iy ~ . =

= N " oH HO\NJ ,, NH
o 5200 H
) OH

TMI-1 (1) TMI-2 (8)

1.5. att. Potencialo inhibitoru 1 un 8 struktiiras

1.2. tabula
TMI-1 un TMI-2 enzimatiska skrininga rezultati in vitro
o ADAM17 ADAM10 MMP1 MMP13
Inhibitors
(ICsp, NM) (ICs0, NM) (ICso, NM) | (ICsp, NM)
TMI-2 (8) 2 1090 2471 96
TMI-1 (1) 3,5 - 7 3

Selektivais ADAM17 inhbitors TMI-2 8 (WAY-18022, PF-5480090) dzivnieku modelos
neizraisa balsta un kustibas sistémas sindromu (musculoskeletal syndrome), kas ir raksturiga
blakne MMP inhibitoriem. P&tTfjumi uz krtiSu v€za linijam uzradija, ka inhibitors 8 blok& EGFR
un TGF-a atbrivosanu, ka arT samazinas Stinu invaziju un proliferésanas Itmeni atkariba no $tinu
tipa. TMI-2 8 efektivitate uzlabojas kombinacija ar zinamiem HER2 inhibitoriem (neratinibs,
afatinibs).

Viens no padzilinati pétitiem ADAM grupas inhibitoriem ir INCB3619 9 (1.6. att.), kas ir
otras paaudzes orali aktiva, mazmolekulara, nepeptidiska molekula ar sp&u inhibét HER
proteinus. Dualais ADAM10/17 inhibitors INCB3619 9 samazina gan heregulina (HER), gan
amfiregulina (AR), gan TGF-a, gan HB-EGF noskelSanu. Salidzinajuma ar citiem pétitiem
metaloproteinazes inhibitoriem, 9 ir selektivs uz ADAMI10 un ADAMI17, bet tas uzrada ari
zinamu aktivitati uz vairakam MMP gimenes metaloproteinazém, pieméram, MMP2 un MMP12
(1.3. tabula).*

INCB3619 9 analogs INCB7839 10 (1.6. att.) ir vienigais ADAM10/17 dualais inhibitors,
kura efektivitate ir kliniski parbaudita uz HER2-pozitivu kriiSu véza tipu. P&tijjumos tika
konstatéts, ka INCB3619 (9) administréSanas laika samazinas EGFR/HER ligandu (piem&ram,

HER2) noskelSana no Stinas virsmas. Rezultata samazinas SkistoSa HER2 veidoSanas devas
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atkariga veida, nenovéro balsta un kustibas sist€mas trauc€umus un adas izsitumus, kas ir

raksturigs anti-EGFR terapijas blakusefekts.

H H
Ho N0 0 o Mz0 o
- N ~ N
VCI\¢O = v(/\l\iOk/N\Q
(ONG O-
INCB3619 (9) INCB7839 (10)

1.6. att. Potencialo inhibitoru 9 un 10 struktiiras
1.3. tabula

Inhibitoru 9 un 10 aktivitate uz ADAM metaloproteinazém
Receptors ADAM10 | ADAM17 | ADAM9 | ADAM33 | MMP1 MMP2 | MMP12
INCB3619

22 14 >5000 1026 >5000 35 17
(ICs0, NM)
INCB7839

19 43 >5000 - >5000 131 1724
(ICs0, NM)

ADAM10 un ADAM17 metaloproteinazes pamatfunkcija organisma ir to receptoru
noskel$ana no §tinu virsmas, kuri ir iesaistiti vairakos $tinu cikla biologiski nozimigos procesos.
Palielinata ADAM ekspresija ir novérota vairakos véza tipos, ka ari Citu saslim$anu gadijumos
(astma, reimotoidalais artrits). PE€d€jos gados ir aprakstiti dazi selektivie ADAM10 un ADAM17
sintétiskie inhibitori. Lielaka dala no tiem satur hidroksamata funkciju, kas helaté cinka jonu
aktivaja receptora kabata.

1.2 Histona deacetilaze

Promocijas darba ietvaros ka potencialu mérki pretvéza terapijai izvirzijam ziditaja cinku
saturo$u histona deacetilazi (HDAC). Sis enzims ir iesaistits histona acilé$ana, veicinot hromatina
konformacijas izmainas, tada veida ietekm&jot génu ekspresiju.** HDAC deacilé arT nehistona
tipa substratus: transkripcijas kofaktorus, Saperonus, DNS laboSanas, replikacijas un
rekombinacijas regulatorus. HDAC disregulé$sana un mut€Sana ir tieSi saistita ar laundabigu
audzg&ju attistibu, apoptozi, angiogengzi un §tnu invaziju.

2009. Gada Finnin et al nopublicgja datus par histona deacetilazes homologa (35%
sekvences homologija ar ziditaju HDACUII klasém) saistiSanu ar inhibitoru 3. Kops ta laika

36,37

tika nopublicéti vairaki apskatraksti gan par HDAC ekspresiju laundabigos audzgjos, gan par

19



potencialiem inhibitoriem un to klasif11<a‘10iju,38‘39 gan par iesp&jamo selektivo HDAC izoformu
nomaksanu,***

Turpmakaja literatliras apskata nodala ir sniegts parskats par HDAC struktioru, ta
klasifikacija un funkcionalais mehanisms. Pievérsta uzmaniba HDAC enzimu lomai laundabigu
audzgju attistiba, ka ar1 aprakstiti paslaik zinamie HDAC inhibitori.

Histona deacetilazes raksturojums. Histona deacetilaze (HDAC) ir enzims, kur$ iesaistits
hromatina remodeléSana, ka ari piedalas epigenétiskaja génu ekspresijas regulésana. HDAC
funkcija ir acetil- grupas noSkelSana, padarot iesp&jamu RNS-polimerazes un kofaktoru
pieejamibu DNS struktiirai.***> Augsts histona [Tmenis ir saistits ar palielinatu transkripcijas
aktivitati, savukart, zems acetiléSanas limenis norada uz géna ekspresijas nomaksanu.*®

Eikariotu $tnas transkripciju ietekm& DNS sapakoSanas veids. DNS parasti atrodas ciesi
sapakota stavokli, lai noverstu transkripcijas faktoru pieejamibu. Augsti organizétu un dinamisku
proteina-DNS kompleksu sauc par hromatinu.** Hromatina pamatsubvieniba ir nukleosoma, kurai
ir oktam@ra struktira (to veido kodola ¢etri histona protetni, H3/H4 un H2A/H2B tetramé&ri) un
tai apkart atrodas 146 DNS nukleotidu pari. Nukleosomas sava starpa tiek savienotas ar histona
proteinu H1 un veido ,,nukleosomu diegu”- hromatinu. Génu transkripcijas procesa notiek
nukleosomu modifikacija, ka rezultata DNS struktiira klust pieejamaka piesaistiSanas proteiniem.
Ar nukleosomas modifikaciju saprot DNS metilésanu, fosforilésanu vai kodola histona
acetilesanu/deacetilgsanu.*?

HDAC Kkatalitiskais apgabals ir veidots no aptuveni 350 aminoskabém. PiesaistiSanas
(aktivais) apgabals sastav no mazliet izliektas caurulveida kabatas ar paplaSinatu dobumu.
Acetilgrupas noSkelSana notiek caur ladinu parneses sistemu, kas sastav no diviem blakus
esoSiem histidina atlikumiem, diviem aspartatiem un tirozina atlikuma.

Svariga komponente ladinu parneses sistéma ir Zn®" jons, kas atrodas katalitiskas kabatas
dobuma. Histonu acetiléSana ir domata histonu pozitivu ladinu neitraliz€Sanai un mijiedarbibas
atvieglo transkripcijas faktoru piesaistisanos un sekojosu génu transkripciju, turklat HDAC regulé
post-transkripcijas acetiléSanu daudziem ne-histona proteiniem, ieskaitot transkripcijas faktorus,
Saperonus un signalizacijas molekulas.*

Finnin grupa konstatgja,® ka in vitro attirita HDAC homologa deacetilazes aktivitate ir
atkariga no Zn®* joniem. Japiemin, ka deacetilazes aktivitate nav izteikta Ca®*, Cu**, Fe?*, Mg**

un Mn?* kofaktoru klatieng. Nedaudz HDAC deacetilazes aktivitate ir novérojama péc homologa
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inkub&Sanas ar Co”". Pétljuma autori piedavaja iespgjamo HDLC (histone deacetylase like
protein) katalitiskas aktivitates mehanismu. Histona deacetilazes lidzigaja proteina (HDLC) cinka
atomam apkart ir divi histidina-asparaginskabes atlikumi (His131-Asp166 un His132-Aspl73),
tirozina atlikums (Tyr297) un cinks, kas ir koordinéts ar divam asparaginskabém (Asp258,
Aspl168) un vienu histidinu (His170). Minéta struktiira ir raksturiga visam cCinku-saturo$am
histona deacetilazém. Piedavataja lizina deacetiléSsanas mehanisma (1.7. att.) cinks ir helatéts ar
tidens molekulu un acetil-lizinu. P&c nukleofila tidens uzbrukuma karbonilgrupai (A), veidojas
acetilanjons, kas ir stabilizéts ar divam cinka-skabekla nekovalentajam saitém, ka ari veido
tdenraza saiti ar Tyr297 hidroksilgrupu (B). P&dgja stadija Skelas - starpprodukta oglekla-

slapek]a saite, veidojot acetata anjonu un protonétu lizinu (C).
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1.7. att. Piedavatais deaciléeSanas mehanisms

Literatura ir piedavati arT citi deaciléSanas mehanismi. Pieméram, Vanommeslaeghe et al
uzskata, ka His131 ir protonéts ar idens molekulu. Tyr297 veido Gidenraza saiti ar atlikuso
hidroksidanjonu, kas uzbrik lizina karbonilgrupai. Hidroksilgrupas ierosinata mehanisma

koncepcija ir apSaubama, jo veidojas liela ladinu starpiba (-2), kas nav raksturiga cinku saturo$am
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proteinazem.*® Corminboeuf et al piedavata deaciléSanas mehanisma atslégas stadija ir Gdens
molekulas nukleofilais uzbrukums, ko atvieglo His132 sp&ja piesaistit tidens molekulas protonu.
Parejas stavoklis ir stabilizéts ar diviem His-Asp atlikumiem un Tyr297.%

Kodola histona acetiléSanas homeostaze tiek regul€ta ar histona acetiltransferazi (HAT) —
enzimu, kura darbiba ir pretéja histona deacetilazes darbibai. Lidzsvars starp histona acetiléSanu
un deacetiléSanu veselas Stnas ir labi noreguléts. Tiek uzskatits, ka disbalanss acetiléSanas
procesa var izraisit ve@za attistibu izmainitas hromatia struktliras un geénu transkripcijas
disregulacijas d&].*®

Histona deacetilazes inhibitori. Parmerigs histona deaciléSana Iimenis asoci€jas ar véza
patologiju, veicinot audzgju regulgjoso génu apspiesanu. HDAC inhibitori (HDACi) sekmé
aciléto histonu Iimena palielinasanos, kas no jauna ierosina hromatina atkarigus procesus
(proliferésanu, $tunu ciklu kontroli u.c.). Izmainas HDAC génu ekspresija, to disregulé$ana vai
mutéSana ir saistita ar laundabigo audzgju attistibu.*® Vairaku HDAC (I, II un IV) modificéta
ekspresija ir noverota dazados véza tipos. HDAC genu izsl€gsana, it pasi HDACI1,-2,-3 un -6,
vairakos véza tipos (zarnu, krasu, plausu un leikémija) ierosina apoptozi un Stnu cikla
apstadinasanu. Tas pierada, ka HDAC aktivitatei ir atslégas funkcija S$tnu izdzivoSanas
kapacitaté, ietekméjot audzgju nomaksanas faktorus.*

Literatura aprakstitie histona deacetilazes inhibitori tiek klasificeti atkariba no kimiskas
struktiiras: hidroksamskabes (Trihostatins A, Vorinostats, Oksamflatins, Tubacins), cikliskie
tetrapeptidi  (Apicidins, Romidepsins), benzamidi (Entinostats, Mocetinostats), alifatiskas
karbonskabes (Valproats, Butirats) un epoksiketoni (Trapoksins).50 Zinams, ka hidroksamskabes
saturoSie inhibitori ir aktivi pret vairakiem HDAC tipiem (plasas iedarbibas inhibitori), savukart,
benzamidi un cikliskie tetrapeptidi ir selektivi tikai pret daziem HDAC tipiem (izoformas
selektivie inhibitori).

Visplasak izpétitie ir hidroksamskabes funkciju saturoSie HDAC neselektivie inhibitori.
Trihostatins A tiek izmantots tikai laboratorijas eksperimentos augstas toksicitates del.
Vorinostats un Belinostats paslaik tiek izmantots T-limfomas arstéSana. Citi hidroksamskabes
klases inhibitori (piem., Resminostats, Abeksinostats) paslaik ir kltnisko p&tijumu etapa. Mainot
dazadas farmakofora dalas, var panakt HDACi selektivitati pret noteiktam HDAC izoformam un
palielinat inhibitoru pretvéza efektivitati.

Imit&jot dabisko substratu (acetiléta lizina atlikums), HDACI uzbtve atbilst visparigam

farmakoforam (1.8. att.). Tas ietver virsmas atpaziSanas dalu (cap), kas caur savienojoSo
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elementu (SE) piesaistits pie aktivaja kabata izvietota linkera un cinku saistosas grupas (CSG),

kas helaté aktivaja kabata eso$o cinka jonu (Zn®").

s | imkern 1 56 zad

1.8. att. Visparigs HDACI farmakofors

Plasak literattra ir aprakstits Vorinostats (3, 1.9. att., suberoilanilida hidroksamskabe
SAHA vai Zolinza), kurs ir pirmais HDAC Kliniski test&tais inhibitors. Tam piemit nanomolara
aktivitate (ICsp <86 nM), un kops 2006. gada tiek kliniski izmantots adas T $tunas limfomas
arstéSanai. Vorinostats ir mazmolekulara (M=264) lineara hidroksamskabe, kas inhibé HDAC
aktivitati un tadgjadi panak aciléto histonu akumuléSanu. Rezultata tiek blok&ta Stnu
proliferésana un inhib&ta audz&ju augsana. Tas ir plasa spektra HDAC izoformu inhbitors (I un II

klases HDAC enzimi).

. 0
N _OH
\”/\/\/\)J\N
S i
3
1.9. att. Vorinostata struktiira

Kristaliska HDLP-Zn?*-SAHA kompleksa rentgenstruktira parada, ka hidroksamskabes
funkcija koordingjas ar cinku caur karbonil- un hidroksilgrupam, veidojot penta-koordingtu Zn®*
kompleksu. Hidroksamskabes grupa ari veido tidenraza saites ar diviem histidina atlikumiem un
Tyr297 hidroksilgupu. Vorinostata linkeris (sp? hibridizéta C6 alkilkede) ievietojas caurules tipa
hidrofoba kabatas apgabala, veidojot vajas van der Waals mijiedarbibas ar HDAC katalitiskas
kabatas virsmu.

Vorinostats inhibé $tnu proliferéSsanu vairaku véza $tnu Iinijas: prostatas, krasu, olnicu,
karcinomas u.c. Vorinostats inhibé audzg&ju augsanu pelu modelos in vivo, administréjot preparatu
gan orali, gan parenterali. Labi rezultati noveroti prostatas, kriiSu, plausu véza, leikémijas un

dazadu tipa karcinomu arstésana.

1.3 (Aziridin-1-il)karbaldehidoksimu sintéze un kimiskas ipasibas

Viens no promocijas darba virzieniem ir veltits aziridinsaturo$u oksimu sintézei. Literatiiras
avotos 81 teéma nav plasi aprakstita, tapec uzskatam, ka ir svarigi apkopot un sistematizet visu
zinamo informaciju.

(Aziridin-1-il)karbaldehidokstmus ar visparigo strukttiru 11 (1.10. att.) literattira sauc ari
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par aziridin-1-ilokstmiem, aziridinoksimiem un/vai l-aziridin-1-hidroksimidoilatvasinajumiem.
Neskatoties uz to, ka aziridin-1-ilokstmu sint€ze un to transformacijas nav plasi aprakstitas,
literatiira minétie piemeri liecina par §is savienojumu klases potencialu dazadu heterociklisku
savienojumu sint€z€. Japiemin, ka vairakiem aziridinokstmiem piemit ievérojama citotoksiska

aktivitate, kas lauj uzskatit So savienojumu klasi par perspektivu pretvéza agentu izveidoSanai.

2 R4
RlAWLRs

N
~ ,OH

R)\ N
11

1.10. att. Aziridin-1-iloksima vispariga struktiira
1966. gada Rajagopalam un Talaty realiz&ja 1-arilaziridinokstma 13 sintézi, kur$ veidojas

benznitrilu N-oksidu 12 reakcija ar etilén- vai propilénimina ekvimolaru daudzumu (1.11. att.),

(1.4. tabula).™

R
/N*O- HI\,I>_ R | h OH
R N2
P @N
R? Et,O R2

12 13

1.11. att. 1-Arilaziridinoksima 13 iegiiSana no benznitrila N-oksida 12

1.4. tabula
1-Arilaziridinoksima 13 atvasinajumi

\[3 Produkts 13 R R R®

1. a H Cl

2. b H H

3. c H Cl Cl

4. d Me H

5. e H NO,

(2)-Aziridin-1-il-(5-nitrofuran-2-il)metanonoksimu (16) Sasaki un Yoshioka ieguva no (Z)-

24

norada, ka 14 kalpo ka prekursors reagétsp&jiga N-oksida 15 veidosanai.

N-hidroksi-5-nitrofuran-2-karbimidoilhlorida (14) un aziridina &teri pie 0°C (1.12. att.). Autori
52
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1.12. att. (Z2)-Aziridin-1-il-(5-nitrofuran-2-il)metanonoksima (16) sintéze

Johnson et al izveidoja efektivu metodi aziridin-1-ilbenzaldoksimu 18 sérijas sintézei,
sakot no hloroksima 17 (1.13. att.),”® ka bazi N-oksida generéSanai in situ izmantojot

trietilaminu.>

A

R4 Cl B< R* N
R3 ~ .OH HN R3 _
R2 R! ']1;‘]5:/(\) R2 R!
2
17 18

1.13. att. Aziridin-1-ilbenzaldoksimu 18 sintéze

1.5. tabula
Aziridin-1-ilbenzaldoksimu 18 atvasinajumi

Nr. | Produkts 18 R R’ R® R* Iznakums, %
1. a H H H H 64

2. b H Cl H H 65

3. c H H NO, H 72

4, d H NO, H H 52

5. H H H Cl 90

6. f H Cl H Cl 57

7. g H Me H H 57

8. h Cl H H Cl 93

Lidzigu pieeju izmantoja Grigorjeva et al piridin-, fenil- un naftalinsaturosu aziridin-1-
ilokstmu 19-21 ieglSanai no attiecigiem hlorokstmiem acetonitrila trietilamina klatieng

(1.14. att.).}

I\II,OH
X
| v T
> N.
0 NN Non © ~"OH
ome N OMe %
19 (50%) 20 (44%) 21 (14%)

1.14. att. Aziridin-1-ilokstmi 19-21
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Lidzigi Cho et al ieguva aziridin-1-iloksimus 23 aizvietoto aziridinu reakcija ar aromatisko
hloroksimu 22 (1.15. att.).>® Aprakstitaja procediira ka baze kalpoja parakuma pemtais aziridins.
Izmantojot min&to sintStisko pieeju, produkti 23a-g iegiti ar labiem un apmierinoSiem

iznakumiem.

R3 R* 3 4
R R
W ~7
R!' ¢l E R!' N
~ ,OH
N \N”OH
R? R2
22 23

1.15. att. Aziridin-1-ilbenzaldoksimu 23 sinteze

1.6. tabula
1-Arilaziridinoksima 23 atvasinajumi

Nr Produkts - R? R? - Iznakums,
23 %
1. a H H H Me 66
2. b Cl Cl H Me 65
3. c H Br H Me 71
4. d H OMe H Me 56
5. e H OCH; Me Ph 67
6. f H | OCH,CO,Et H Me 71
7. g H | OCH,CO,Et H CO;Me 35

(2)-Etil-2-(aziridin-1-il)-2-(hidroksimino)acetata atvasinajumu 25a,b sintézi realizgja
Eremeev et al 1982. gada (1.16. att).”® Ka izejvielu autori izmantoja (Z)-etil-2-hloro-2-
(hidroksimino)acetatu 24, kas reakcija ar neaizvietotu vai monoaizvietotu aziridinu trietilamina
klatiené veidoja produktus 25a,b ar labiem iznakumiem (54-55%). Lidzigi Cho et al ieguva
aziridin-1-ilanalogus 25c-d no glioksilskabes esteriem (1.7. tabula).”®

R! R? R! R2
Cl N N
H
Etomk\N,OH Etom)\\N,OH
0 TEA, Et,0 o
24 25

1.16. att. Aziridin-1-ilanalogu 25 sintéze no glioksilskabes esteriem 24
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Aziridin-1-ilokstmu 25 atvasinajumi

Nr. | Produkts 25 R R Iznakums, %
1. a CONH, H 55
2. b H H 54
3. c Me Ph 71
4, d Me H 81
5. e -(CH,)s- 62

1.7. tabula

Literatura ir aprakstita viena reaktora aziridin-1-ildioksima 27 sint€ze no hlordioksima 26

reakcija ar mono-,di- vai neaizvietotu aziridinu (1.17. att.).”® Produktus 27a-d,g,h ieguva bez

papildus bazes pievienosanas reakcijas maisijumam, toties trietilamina (1.5 ekviv) pievienoSana

bija nepiecieS$ama savienojumu 27e,f sintézei. Sakotn&ji no dioksimiem 26 in situ generé

nitriloksidu, kas stajas reakcija ar aziridiniem. Iegtito dioksimu 27 iznakumi varié no 40% lidz

60%, atkariba no aizvietotaja pie aziridina cikla (1.8. tabula). Autori piemin, ka reakcija starp

metilhlordioksimu 26 (R=CH3) un aziridin-2-karboksamidu 27 (R>=CONH,) ka blakusprodukts

veidojas ari furoksans 28 (27e:28=2:1). To skaidro ar elektronatvelkoso grupu saturoSa aziridina

mazaku reag€tsp&ju, ka rezultata in situ genertais nitriloksids stajas dimeriz&Sanas reakcija,

veidojot furoksanu.

1
Rl R WLR R? CH, CH,
cl - =N
R\H\\N/OH A RW)N\\N,OH HdNT\?/_\{: ;)OH
HO’lN TEA, Et,0 HO'LI N ~oe ©
26 27a-h 28

1.17. att. Aziridin-1-ilbenzaldoksima 27 sintéze no hlordioksima analogiem 26

Aziridin-1-ilbenzaldoksima 27 atvasinajumi

Nr. | Produkts 27 R R R? Iznakums, %
1. a H H H 40
2. b Me H H 59
3. c Ph H H 45

27

1.8. tabula



4. d H H CONH, 53
5. e Me H CONH;, 59

1.8. tabulas turpinajums

Nr. | Produkts 27 R R R Iznakums, %
6. f Ph H CONH, 53
7. g Me Me H 74
8. h Ph Me Me 69

(12, 2Z)-1,2-Di(aziridin-1-il)etan-1,2-diondioksima 31 sintézi realiz&ja no dihlorglioksima

atvasinajuma 29, un aziridina, ka bazi izmantojot trietilaminu (1.18. att.).”*’

R

Cl

N /(\
Clﬁ)\\N,OH H NW)\N’
| I 31a R=H (27-47%)

TEA, Et,0
2 31b R=Me (68%)
NaHCO3
DCM [O N_ N O

1.18. att. Diaziridin-1-ildioksima atvasinajumu 31 sintéze no dihlorglioksima 29

Musluoglu un Ahsen (1999. gada) zinoja par 31a sintézi no cianogéna di-N-oksida 30 ta
reakcija ar aziridinu -40 °C temperatiira.”® Cianogéna N-dioksida §kidums 30 dihlormetana tika
legiits, sildot (1Z,ZZ)-Nl,N2-dihidroksioksalilimidoildihloﬁda 29 suspensiju dihlormetana un 1M
natrija karbonata maisjjuma. Neskatoties uz cianogéna di-N-oksida stabilitati pazeminatas
temperatiiras, gala savienojuma iznakums bija tikai 27%.

Aziridin-1-ilokstmu 35 sinté€zei ka izejvielas tika izmantoti aromatiskie vai
heteroaromatiskie nitrili 32 (1.19. att.). Tie tika parveidoti par attiecigiem amidokstmiem 33, kas
diazoteéSanas reakcijas rezultata veidoja hloroksimus 34, kuri savukart trietilamina klatiené

veidoja attiecigos mono-, bis- vai tris-(aziridin-1-il)okstmus 35 (1.9. tabula).®

NH,OH*HCI,
N _|EN| LC(%» H‘ NaNO2 + H‘ Ar*N OH
N H,0, MecOH, NHz n konc.HCI N TEA,MeCN, Ny P
ist.t.- 40°C 0°C-ist.t. 0 °C- ist.t. R
32 33 34 35

1.19. att. Aziridin-1-iloksimu 35 sintéze no aromatiskiem vai heteroaromatiskiem nitriliem 32
28



1.9. tabula

Mono-, bis- un tris-( aziridin-1-il)okstmus 35 atvasinajumi

Nr. Produkts 35 Ar R n
1. a hinolin-2-il H 1
2. b hinolin-2-il CO,Me 1
3. C hinolin-2-il CONH, 1
4, d piridin-2,6-il H 2
5. e piridin-2,6-il CONH;, 2
6. f piridin-3,5-il H 2
7. g piridin-2,5-il H 2
8. h piridin-2,4-il H 2
9. i benz-1,4-il H 2
10. j benz-1,4-il CONH;, 2
11. k benz-1,3-il H 2
12. | benz-1,3,5-il H 3
13. m furan-2,5-il H 3
14, n Furan-3,4-il H 2

Plenkiewicz izstradaja pavisam atskirigu pieeju aziridin-1-iloksimu 39 sintézei. Ta ietvera
norbornéna 36 reakciju ar aromatiskajiem azidoksimiem 37 (1.20. att.). Rezultata veidojas
triazolina atvasinajumi 38, kuri termiski sadalijas par attiecigiem aziridin-1-iloksimiem 39. Sis
metodes triikums ir ilgais reakcijas laiks (10 dienas), kas nepiecieSams triazolina 38 iegiiSanai ar

augstu iznakumu (1.10. tabula). DiemZgl autors nenorada gala produkta 39 iznakumus.

N;
HO. A
N R @[N\ HO,
37 ‘N A N
Q I
benzols )\ -N, R
ist.t,, 10 dienas R =N ksilols
OH
36 38 39

1.20. att. Aziridin-1-iloksimu 39 sintéze no norbornéna 36 un aromatiskiem azidoksimiem 37
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1.10. tabula

Aziridin-1-iloksima 39 atvasinajumi un iznakumi

Nr. Produkts 39 R Iznakums, %
1. a Ph,CH- 57
2. b (p-Tol)CsH,CH- 58
3. c 4-(Tol),CH- -
4. d Ph -

Lidzigos reakcijas apstaklos diéna 40 reakcija ar azidoksimu 41 lava selektivi iegiit
ciklopievienosanas produktus 42a-d ka regioizoméru maisijjumu (1.21. att.). Jaatzimé, ka
azidokstmu 41 daudzuma palielinasana (Iidz 2 ekviv) reakcijas gaitd neizraisija
dubultciklopievienoSanas produktu veidoSanos. Kars€jot abi ciklopievienoSanas izoméri 42 un

42’ sadalijas par aziridin-1-iloksimu atvasinajumu 43 (1.11. tabula).

{:@:N‘N

/I\E N on
HO. =~ =/
N R 2 SN
41 R A N-OH
a
@@ benzols ksilols <:K\/FN_<
ist. t., 10 dienas R>/N 43 :
40 N oom Mo
O
N
42'

1.21. att. Aziridin-1-iloksimu atvasinajumu 43 sinteze

1.11. tabula
Aziridin-1-iloksima 43 atvasinajumi un iznakumi
Nr. Produkts 43 R Iznakums, %
1. a Ph,CH- 82
2. b (p-Tol),CH- 74
3. c Ph 66
4. d Ph,CH- 64

Literatura ir aprakstita aziridin-1-iloksimu 31a sp&ja veidot kompleksus ar dazadiem
metaliem. Ta 2007. gada Johnson et al publicgja pétijumus par aziridin-1-iloksimu
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kompleksésanos ar Fe(IIl) joniem. Autori secinaja, ka aziridin-1-iloksimam 31a nav izteiktas
Fe(IIl) jonu helat&josas 1pasibas, kas varetu bt saistits ar samazinatu aziridina cikla slapekla
atoma bazicitati.®® Savukart, sildot savienojumu 31a ar Ni(II), Co(Il) un Pd(II) saliem etanola,
veidojas attiecigie kompleksi 44, 45 (1.22. att.). Autori piedava, ka Ni(ll) un Co(ll) joni veido
N,N-helatetos vicinalos kompleksus 44a,b,*® savukart Pd(Il) veido N,O-sesloceklu helatu 45, kas
pieprasa 1,2-di(aziridin-1-il)etan-1,2-diondiokstma (31a) (1E,2Z)-konfiguraciju. Kompleksu 44b
un 45 struktira tika pieradita ar 'H-KMR un masspektrometrijas analizém, diemzgl,

rengentstruktiiranalize netika ieg1‘1ta.58

—H--
(6] O
L\N /Tl\I\ /Il\I\ N/l L\NIN\Q I?IH N/l
N \N/M\N:LN VN Sy P \/VL
| I 0.7
Y/ (lj"H/O 7 oH N N7
44a M = Co(II); 44b M = Ni(Il) 45

1.22. att. Aziridin-1-iloksima 31b kompleksi ar daZzadiem metaliem

Aziridin-1-iloksTmu kimiskas ipasibas var iedalit divas grupas. Pirma grupa ir aziridina
cikla modificésanas reakcijas, kas noved pie citas heterocikliskas sistémas (pieméram, 1,2,4-
oksadiazoli, oksazolini un 1,2,5-oksadiazini) veidoSanas. Otra grupa ir oksima funkcijas
modificéSanas vai aziridina cikla uzSkelSanas reakcijas, kuras neizraisa jaunu heterociklu
veido§anos.

Jaunu heterociklu sintéze. 1966. gada tika publicéta jauna metode 3-(4-hlorfenil)-5,6-
dihidro-4H-1,2,4-oksadiazina 46 sintézei, kas ietver skabes katalizétu (Z)-aziridin-1il(4-
hlorofenil)metanoksima 13a izomerizaciju (1.23. att.). Reakcija notiek 1sa laika intervala, sildot

izejvielu 13a koncentréta salsskabg, kam seko apstrade ar natrija hidroksida tidens $kidumu.>

| 1. HCI (konc.) s .0
N7 N
2.NaOH, H,0
Cl Cl
13a

1.23. att. 3-(4-Hlorfenil)-5,6-dihidro-4H-1,2,4-oksadiazina 46 sintéze

Savienojuma 16 apstrade ar salsskabi acetona istabas temperattra veido 3-(5-nitrofuran-2-
il)-5,6-dihidro-4H-1,2,4-oksadiazinu 47 ar 51% iznakumu (1.24. a'[t.).52
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ON_0 N-OH ON_o HN
D—( 1. HCI, acetons D—<\ _>
N N-O

L> 2. Na,CO; .

1.24. att. 3-(5-Nitrofuran-2-il)-5,6-dihidro-4H-1,2,4-oksadiazina 47 sintéze

Savienojumu 47 struktira tika pieradita tikai ar elementu analizes un infrasarkanas
spektrometrijas metodém. Saskana ar autoru piedavato reakcijas norisi, gala produkta 47
veidosanas notiek sakotn&ji uzskelot aziridina ciklu ar skabi, kam seko starpprodukta ciklizésanas
bazes klatbiitné.

Eremeev et al (1982. gada) ieguva bis-1,2,4-oksadiazinu no aziridin-1-ilglioksima 31b
(1.25. att).® Reakcija veidojas divi regioizoméri 48a un 48b ar dazadu metilgrupu novietojumu
oksadiazina cikla. No ta autori secindja, ka dioksima 31b reakcija ar salsskabi notiek neselektiva

aziridina cikla uzskelSana.

~Me NH
N 1. HCI 48a

/A\N\’)\\ ~OH
Me r N 2. NaOH

o N ( vai Na,CO3) - 2
H

31b Me Me

1.25. att. bis-1,2,4-Oksadiazina 48a un 48b sintéze

1996. gada Johnson et al publicgja pétijumu par 1,2,4-oksadiazina veido$sanu no 2,2-
dimetil-aziridin-1-iloksimiem.>® Atkartojot Rajagopalan un Talaty ** piedavato procediiru, autori
ieguva vélamo produktu 49 ar iznakumu mazaku par 1% (1.26. att). Vini konstat&ja, ka zemais
reakcijas iznakums ir saistits ar savienojumu 49 un/vai 50 hidrolizi par benzoskabi produktu
izolésanas laika. Apstrades procediiras modificéSana uzlaboja gala produktu 49 iznakumu lidz
20-73%. Johnson et al izpétija arT pakapenisko pieeju: aziridin-1-iloksimu 18a-h apstrade ar HCI
dioksana lava iegit produktus 50a-h (1.12. tabula). Savienojumu 50b strukttiru pieradija ar
rentgentstruktiiras palidzibu. Jaatzim€, ka starpsavienojuma 50 apstrade ar NaH dioksana
nodroSinaja 4,5-dihidro-1,2,4-oksadiazola 51a,b,g nevis 5,6-dihidro-4H-1,2,4-oksadiazinu 49
veidoSanos. Raksta autori arT piedava iespéjamo reakcijas produktu 51 veidosanas mehanismu,

tomer tas ir apSaubams un ir nepiecieSami papildus petijumi mehanisma noskaidrosanai. Divi 4,5-
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dihidro-1,2,4-oksadiazoli 5la,g tika paklauti oksidéSanas reakcijai ar NCS DMF S§kiduma,

veidojot oksadiazolus 52a,9.%®

R3
2 4
1. HCI, H,0 R R ;
2. NaOH, H,0 N
|
‘ R' N j(
(6)

49a-h (20 - 73%)
3 Rj

R’ R} R
R R* X R? R? R2 R* R, R,
HCI
| 1,4-dioksans | Cl  1,4-dioksans = o DMF 0
R N-on R' N R! HN\§\ R; N\§\
“OH

18a-h 50a-h (31 - 98%) 51a (79%); 51b (66%); 52a (81%),
51g (95%) 52g (85%)

1.26. att. bis-1,2,4-Oksadiazinu 49a-h un oksadiazolu 52a,g sintéze
1.12. tabula

Aziridin-1-iloksima 49 atvasinajumi

Nr. | Produkts 49 R R R® R
1. a H H H H
2. b Cl H H H
3. C H NO,

4, d H NO, H

5. e H H H Cl
6. f H Cl H Cl
7. g H Me H H
8. h Cl H Cl H

Aziridin-1-iloksimi paklaujas cikla paplasinaanas reakcijam dazadu Luisa skabju
iedarbibas rezultata. Ta, piem&ram, Cho et al publicgja (2006. gada) &rtu un vieglu viena reaktora
5,6-dihidro-4H-1,2,4-oksadiazina 53 sintézi ar vidéjiem lidz augstiem iznakumiem no aziridin-1-

iloksimiem 23a-g, 25c-e skandija(III) triflata un TMSCI klatieng (1.27. att, 1.13 tabula).”

1
R woon S€OTD; R0
tN_</ TMSCI I N
R2ONTR
R? R DCM o
23a-g, 25¢c-e 53
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1.27. att. Oksadiazina 53 sintéze

1.13. tabula
5,6-Dihidro-4H-1,2,4-oksadiazina 53 atvasinajumi un iznakumi
N, Produkts 53 R R R’ Iznakums, %
1. a COOEt -(CH,),- 45
2. b COOEt Me H 61
3. c Ph Me H 69
4. d 3-Cl,4-MeOCsH; Me H 72
5. 4-MeOCgH, Me H 81
6. f 4-MeOCgH, -(CH,)s- 42

Autori noskaidroja Luisa skabju Yb(OTf);, AgOTf, Cu(OTf),, BF3Et,0 un Sc(OTf); sp&ju
katalizét 1,2,4-oksadiazina 53 veidoSanos. P&tfjumu rezultati paradija, ka tikai Yb(OTf)3 un
Sc(OTf)3 sekmé ciklizé$anas procesu, tomér vélamais produkts veidojas ar zemiem iznakumiem.
Iznakumu Sc(OTf); kataliztai reakcijai izdevas uzlabot reakcijas maisljumam pievienojot
TMSCI (1.1. ekviv). So efektu autori skaidro ar to, ka TMSCI aizsarga hidroksilgrupu un tadgjadi
nelauj substratam veidot kompleksu ar Luisa skabi.™

Campbell et al realizéja selektivu aziridin-1-iloksima 55 iekSmolekularu ciklizéSanu,
veidojot 2-amino-5-fenil-4,5-dihidro-1H-imidazol-1-olu (56) (1.28. att.). Aziridin-1-ilokstmu 55
genergja in situ no 2-fenilaziridin-1-karbonitrila (54) ta reakcija ar hidroksilaminu. Var piepemt,
ka aziridina cikla uzskelSana ar trietilamina hidrogénhloridu veidojas starppodukts 55a, kura
notiek hidroksiguanidina funkcijas iekSmolekulara N-alkilésana. Gala produktu 56 struktaru
autori pieradija tikai ar *H-KMR spektriem.®

HON_ NH, HON
| mNom I EGN*HCL | Ph )—NH, f’<N o
NH —> N«
Ph/u Ph/g Cl \(
NH,
54 55 55a 56

1.28. att. 2-Amino-5-fenil-4,5-dihidro-1H-imidazol-1-olu (54) sintéze

Sasaki un Yoshioka (1971. gade'l)52 publicgja datus par (Z)-2-(aziridin-1-il)-2-
(hidroksimino)-1-feniletanona (57) cikla paplasinasanu katalitiska jodidjonu daudzuma klatieng,

kas |ava iegiit benzoiloksazolinu 58 ar 22% iznakumu (metode A) (1.29. att.).?

34



(6] O

/N‘OH Metode A: Nal, acetons O
-/
N N

VAN Metode B: Nal, HCl/acetons
57 58

1.29. att. Benzoiloksazolina 58 sintéze

Reakcijas iznakumu izdevas palielinat lidz 60%, izmantojot salsskabi acetona (metode B).
Japiemin, ka savienojuma 58 struktiira nav pieradita ar KMR spektroskopiju.

Aziridina cikla un aziridin-1-iloksimu oksima funkcijas kimiskas izmainas. Sasaki un
Yoshioka sava darba parbaudija (Z)-aziridin-1-il(5-nitrofuran-2-il)metanonoksima (16) stabilitati.
Autori novéroja, ka aziridina cikls ir stabils reakcija ar anilinu vai p-aminotoluolu, pat varot
toluola 8 h.> ledarbojoties uz aziridin-1-iloksimu 16 ar etikskabes anhidridu istabas temperatiira,
ar fenilizocionatu varosa benzola vai ar benzoilhloridu trietilamina klatieng, veidojas O-atvasinati
produkti 16a-c. Savukart reakcija ar 4-nitrobenzoska@bi vai 5-nitrofurankarbonskabi varosa
etanola izejviela 16 notika aziridina cikla uzskelSana, veidojot produktus 16d un 16e ar

apmierino$iem iznakumiem. (1.30. att.)

)
S—NHPh
ON_ o

N

16b >

PhNCO
benzols, A, 71%

ON__0  N-OH O,N - O,N —OA
T~ Reoon K a0 TTH
HN .
“\_coor  EtOH N> iste, 55% >
A 16 16a

16d R=4-NO,C¢H, (50%);

16e R=5-nitrofuran-2-il (30%) benzoilhlorids

TEA, THF, ist.t., 80%

1.30. att. Aziridin-1-iloksima 16 atvasinajumu iegiSana
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Hidrolitiska aziridina cikla atvérSanas reakcija tika nov€rota savienojuma 43 reakcija ar
2M serskabi. Rezultata  veidojas N'-hidroksi-N-(3-hidroksibiciklo[2.2.1]heptan-2-
il)benzimidamids (59a) ar 80% iznakumu (1.31. att.), tacu, reakciju veicot atSkaidita salsskabg,

veidojas produktu 59a un 59b maisijums.

@:N—{\ skabe ©/ \ﬁ + @ m/
N-OH N\OH N\OH
59a

43 59b

skabe: H,SO,4 (2M), ar atteci,1h, 59a (80%);
skabe: HCI (10-15%), ist.t., 2h,59a (32%) un 59b (46%).

1.31. att. Hidrolitiska aziridina cikla atvér§ana savienojuma 43
Eremeev et al pétija aziridin-1-ilgliokstmu 27b,g un 3lab reakciju ar Kkalija
heksacianoferatu amonjaka tidens $kiduma (1.32. att.). Sajos apstak]os autori novéroja furoksanu

60a-d veidosanos (1.14.tabula).”®

Rl
HO"N  N-OH K;Fe(CN 27N (o}
/] 3Fe(CN)g R N \
R N__R? NHyH,0 N, N%,
|><Rl ist.t. o
27b,g, 31a,b 60a-d

1.32. att. Furoksanu 60a-d atvasinajumu iegiSana

1.14. tabula
Furoksana 60 atvasinajumi
Nr. Produkts 60 R R R
1. a aziridin-1-il H H
2. b Me Me H
3. c Me-aziridin-1-il Me H
4. d Me H H

Divu (aziridin-1-il)furoksanu regioizoméru 61a un 61lb veidoSanas ar attiecibu 3:1 tika
novérota, oksidgjot (1Z,2Z)-1-(aziridin-1-il)-2-feniletan-1,2-diondiokstmu (27h, anti) (1.33. att.).

Termodinamiski mazak stabilais izomérs 61b izomerizgjas par savienojumu 61a varosa toluola.
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HO-N N-OH

\ /
Ph>_<N

L >
27h-anti K FG(CN) Ph\ (N (\N\ \/Ph
d ‘ Nér \N i N/+ \N
OH OH -0-N< - -0- N~
NN NHyH,0 9 70 0" o
>\ (/ iSt.t. 61a 61b
Ph N
L>
PhCH,, A

27h-amphi

1.33. att. Furoksanu 61a un 61b iegiiSana

Ar noluku noskaidrot aziridin-1-ilgliokstmu 27 konfiguracijas ietekmi uz furoksanu 61
izoméru attiecibu, autori realiz€ja oksidé$anu, izmantojot tikai izom&ru 27h-amphi. Rezultata
veidojas abi furoksanu regioizoméri 61a,b, kas ir pretruna ar 1970. gada publicétajiem Gagneux

un Meier rezultatiem.®
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REZULTATU IZVERTEJUMS

2.1 Aziridinoksimu saturoS$u inhibitoru sintéze

Ieprieksgjie petijumi paradija, ka aziridinoksima funkciju saturoSiem savienojumiem piemit
augsta citotoksiskd aktivitite uz dazadam 3Gnu linijam, ts. cilvéka fibrosarkomam.®
Aziridinoksima grupai piemit strukturala lidziba ar hidroksamskabes funkciju, un ta var
komplekséties ar metala (pieméram, nikela vai paladija) joniem (1.22. att.). M@&s izvirzijam
hipotézi, ka aziridinoksima grupas komplekséSanas ar metala jonu cinka metaloproteinazes
palielinatu aziridina elektrofilitati, kas veicinatu cikla atvérSanu ar enzima nukleofilajam grupam.
Tas rosinaja mas izveidot HDAC inhibitora — VVorinostata (3) strukturalos analogus (4) (2.1. att.),

kuros hidroksamskabe ir aizstata ar aziridinoksima funkciju un parbaudit So savienojumu

aktivitati.

_OH
i l
N\H/\/\/\)\N
SN 7
4
2.1. att. Vorinostata strukturalais analogs 4

Merka savienojumu 4 sint€zi sakam no komerciali pieejamas oktandikarbonskabes 62.
Sakotngji starpproduktu — oktandiskabes monoanilidu 63 méginajam iegit péc Stowell et al
piedavatas metodes (2.2. att.).° Anilinu kopa ar oktandiskabi karsgjam 180 °C temperatiira, ta
rezultata veidojas monoanilida 63 un dianilida maistjums, kurus atdalijam baziskas-skabas

ekstrakcijas procesa.

Amlms

’h\
HOOC™ '6COOH
18 OC ©/ \H/Hf\’COOH

62 45% - 50%

2.2. att. Monoanilida 63 sintéze

Ta ka v€lama starpprodukta 63 iznakums bija ap 50%, nolémam izmantot A. Mai procediru
(2.3. att).?® Saskapa ar to sakuma ieguvam oktandikarbonskabes anhidridu 64, kuru paklavam

reakcijai ar anilinu vai anilina atvasinajumiem 65 (metode A).
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A
4
64

MeOH,
A,3h,
80%

(0)
ACZO

A,3h,
90%

noocthcoon
62

Metode B

nooctHcoome

67

2.3. att. Starpproduktu 66a-h sintéze

Saja reakcija novérojam monoanilidu 63 un dianilidu (ap 10%) veidoanos. Dianilidi
veodoja nogulsnes reakcijas gaita, tapéc reakcijas maisijjuma filtréSana ]ava atbrivoties no
nevélama blakusprodukta. VElamie monoamidi 63 tika iegiti ar labu iznakumu, un tos paklavam
esterificéSanas reakcijai ar metiljodidu kalija karbonata klatien€. 4-Feniloksianilinam (65f) piemit
loti vaja Skidiba THF, lidz ar to cikliska skabes anhidrida uzskelSanas reakciju nevargja veiksmigi
realizét. Anilidu 66f ieguvam péc modificétas pieejas (Metode B). Ta ieklava cikliska anhidrida
64 uzskelsanu ar metanolu un talaku monometilestera 67 reakciju ar 4-feniloksianilinu (65f),

izmantojot EDCI, HOBt un TEA. P& metodes B ieguvam ar1 starpproduktu 66a, kas saturgja

neaizvietotu anilinu (2.1. tabula).

Metode A

| o NH;
< 65 N
R h \H/H;COOH
THEF, ist. t., 30 min L = 0
60 - 85% 63
MCI, K2C03’
DMEF, ist. t., 16 h
o NH;
» t
R 65a,f N >COOMe
EDCL HOBt,TEA, .~ O
DMF, ist. t. 66a-h

Oktanamida estera 66 atvasinajumi
Nr. R Produkts 66 (iznakums, %) Metode
1. H a(77) B
2. 4-F b (40)* A
3. 4-Me c (36)* A
4. 4-Me d (42)* A
5. 2,6-Me; e (72)* A
6. 4-OPh f (62) B
7. 4-OEt g (62)* A
8. 4-Et h (23)* A

*rekinot no savienojuma 64

legiitos esterus 66a-h divu pakapju sintéz€ transform&jam par aldehidiem 68 (2.4. att.).

Sakotngji estera funkciju reducgjam par spirtu ar litija aluminija hidridu, kam sekoja oksidéSana
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ar piridinija hlorhromatu (PCC). Aldehidus 68a-h parvértam par aldoksimiem 69a-h reakcija ar

hidroksilamina hidrogénhloridu natrija hidrogénkarbonata vai natrija acetata klatiené tidens-

etanola maistjuma (2.2. tabula).

H
N
' coome
(0]
R

66a-h

1. LiAlH, THF, 0 °C
2. PCC, DCM, ist. t.

H
e
6
(6] (0]
R

H,NOH*HCl
NaOAc (vai NaHCO;)

68a-h

2.4. att. Aldoksima atvasinajumu 69 iegiSana

H,0, EtOH, ist.t., 16 h

Oktanamida atvasinajumi 68, 69 un to iznakumi

NI R . Produkts 68 .Produkts 69
(iznakums, %)* | (iznakums, %)
1. H a (58) a (89
2. 4-F b (49) b (56)
3. 4-Me C (48) c(74)
4. 4-OMe d (45) d (72)
5. 2,6-Me, e (31) e (86)
6. 4-OPh f (28) f(92)
7. 4-OEt g (20) g (90)
8. 4-Et h (66) h (75)

*reékinot no savienojuma 66a-h

O H
R

69a-h

2.2. tabula

Atslégas stadija aziridin-1-il-oksimu 4 sint€z€ ir aziridina cikla ievadisana.®” Lai realizétu

So parvertibu, vispirms, hlorgjot okstmus ieguvam hidroksimidoilhloridus, kurus bez izdaliSanas

paklavam reakcijai ar trietilamina parakumu,

lai in situ generétu N-oksidu. Aziridina

pievienos$ana reakcijas maisijumam lava mums iegiit mérka savienojumus 4a-h ar zemiem vai

apmierino§iem iznakumiem (2.5. att., 2.3. tabula). Zemu produktu iznakumu pédgja stadija var

skaidrot ar aziridina cikla zemo stabilitati un tendenci atverties silikagéla klatieng, ka ari sp&ju

polimerizéties.68

1. NCS, Py, DCM, 35°C

@%MH

R OH
69a-h

2.5. att. Mérka savienojumu 4a-h iegiSana

2. Aziridins, TEA,
DCM, ist. t.,2,5h
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Aziridinamidokstmu atvasinajumi 4a-h un to iznakumi

2.3. tabula

Nr. R Produkts 4 (iznakums, %)
1. H a (26)
2, 4-F b (41)
3. 4-Me c(11)
4. 4-OMe d (70)
5. 2,6-Me; e (16)
6. 4-OPh f(4)
7. 4-OFt g (42)
8. 4-Et h (42)

Aldoksima 69a hlorésanas reakciju realizéjam DMF, izmantojot N-hlorsukcinimidu (2.6.
att.). Peéc aziridina pievienoSanas un produkta izoleSanas, ieguvam mono- vai dihlorétu gala
produktu 4i vai 4j, atkariba no izmantota NCS daudzuma.”

1. NCS (2 ekviv), DMF, " 1. NCS (3 ekviv), DMF,

Cl
H H
N\”/WNA 70°C, 1,5h N H 70°C, 3 h AN N
jemy: SR &
N
Cl ~oH o/N 0 cl
4i 4

2. Aziridins, TEA (0] N\OH 2. Aziridins, TEA

0 °C Iidz ist. t., 1 h, 42% 0°C Iidz ist.t., 1 h, 29% H

69a
2.6. att. Meérka savienojumu 4i un 4j iegiiSana

Ar noluku papla$inat jaunieglito savienojumu klastu, kas lautu izdarit secinajumus par
struktiiras — aktivitates likumsakaribam, sintez&jam analogus ar dazadu alifatiskas k&des garumu,
ka arT ieguvam analogus ar aizvietotu aziridina gredzenu. Analogu sintézei izmantojam ieprieks
izstradato stratégiju, kura aziridin-1-iloksimu funkciju ievadijam p&dgja sintézes stadija.

Analogu 70 sintézi realiz&jam, sakot no komerciali pieejama cikloheptanona 71, kuru

paklavam reakcijai ar kalija persulfatu etanola, serskabes klatiens.”

legito 6-
hidroksiheptankarbonskabes esteri 72 oksidéjam ar PCC un aldehida grupu aizsargajam ar 1,3-
dioksalana aizsarggrupu 73. Baziska hidrolize un tai sekojosa sametinasanas reakcija ar anilinu,
izmantojot jaukto anhidridu metodi, un aizsarggrupas noskelSana skaba videé lava iegut
starpproduktu 74.™ Aldehidam 74 reaggjot ar hidroksilaminu natrija hidrogénkarbonata klatieng,

ieguvam aldoksimu 75 (2.7. att.).
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o

1. K2S2089
H,S0,, EtOH, 85% HO(CH,),OH 0
© onctTcookt &thcooa >

2. PCC, DCM, 72% 5 p-TsOH, PhH, )

A,3h, 78%
71 72 73

H H
1. NaOH (1M), THF, ist. t., 73% N 0 NH,OH*HCI N N.
O e O
O

2. PhNH,, IBCF, O H NaHCO;, H
DMF, ist. t., 1 h, 94% H,O/EtOH,
3. HC1 (1M), THF, 70 °C, 3 h, 74 ist. t., 16 h, 60% 75
54%

2.7. att. Aldoksima 75 iegiiSana

Starpproduktu 76 sintézi sakam no g-kaprolaktona (77), kuru uzskélam ar anilinu. Iegiitaja
starpsavienojuma spirta funkciju oksidéjam ar PCC un aldehidu 78 parvértam par aldoksimu 75

péc ieprieks aprakstitas procediras (2.8. att).”

1. Anilins, THF,

H H

92% *

o ° NWO NH,OH*HCl NWN\OH

2. PCC, DCM, 0 H NaHCO; H,0/EtOH, O H
78% ist. t., 16 h, 82%

77 78 76

2.8. att. Aldoksima 76 iegtiSana

Aldoksimus 75 un 76 hlorgjam ar NCS un iegiitos hidroksimidoilhloridus in situ parvértam
par nitrila N-oksidiem, apstradajot reakcijas maisijumu ar trietilamina parakumu. P&c aziridina

pievienosanas, izdalfjam mérka savienojumus 70 un 79 ar zemiem iznakumiem (2.9. att.).

2. Aziridins, TEA,

DCM, ist. t., 2.5 h
75, n=>5 70, n=4, 6%

76, n=4 79, n=5, 6%

ﬁWH 1. NCS, Py, DCM, 35°C EWN&
@ o N @ g
“OH o N\OH

2.9. att. Merka savienojumu 70 un 79 iegiiSana

No literatiras datiem ir zinams, ka aizvietotiem aziridiniem bicikliskas sisteémas ir augstaka
stabilitate vaju nukleofilu klatiens. Analogu 80 ar 7-azabiciklo[4.1.0]heptanu”'* 81 aziridina
vieta ieguvam péc iepriekS iztradatas pieejas no okstma 69a. Lidzigi ieguvam analogu 82 ar

aziridin-2-karboksamida grupu (2.10. att.).
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@ 1. NCS, Py, u " I.NCS,Py,  HN
u N DCM, 35°C m DCM, 35°C "
jrﬁ\( o N 2. Aziridin-1- N N

Al 2.81, TEA, DCM, oH ~ |
0 Ny karboksamids, TEA, N ¢
H
80

ist.t., 2.5 h, 34% . )
69a DCM, ist.t., 2.5 h, 14% HO™ oy

2.10. att. Mérka savienojumu 80 un 82 iegiiSana

Strukttiras — aktivitates likumsakaribu pétjjumiem savienojumu biblioteku papildinajam ar
amidokstmu 85. Ta sintézi sakam no komerciali pieejamas 6-bromoheksanskabes (83) (2.11. att).
Reakcija ar natrija cianidu to transform&jam par 6-cianoheksanskabi, kuru talak paklavam
sametinasanas reakcijai ar anilinu EDCI un HOBt klatiené. Iegtto starpproduktu 84
transform€jam par amidokstmu 85 ar kvantitativu iznakumu, varot to izopropanola

hidroksilamina un natrija karbonata klatieng.

H
Br{ COOI 1. NaCN, DMF, 92% ©/ TH\\ NH,OH*HCI, NaHCO; @ng
5 2

2. PhNH,, EDCI, 2-PrOH, A, 50%

o
HOBt, DMF, 539
83 ’ »33% 84 85 H

2.11. att. Amidoksima 85 iegtiSana

Amidoksimi var veidot konfiguracionali stabilus izomérus’. Visi miisu iegiitie aziridin-1-
ilokstmi 4a-j, 70 un 79 selektivi veidojas ka viens izomérs. Lai noskaidrotu ta konfiguraciju,
veicam viena izveleéta savienojuma 4i konfiguracijas noteik$§anu ar 2D-KMR NOESY spektra
palidzibu. Saskana ar taja novéroto NOE mijiedarbibu starp hidroksilprotonu un aziridina cikla
metilén- grupas protonu, var izdarit secinajumus par amidoksima funkcijas (Z)-konfiguraciju

(2.12. att.).

N N N N
(6] N (¢} N
Cl OH Cl HO/

4i (2) 4i ()

2.12. att. Aziridin-1-iloksima 4i iespéjamas konfiguracijas

Visiem iegutajiem aziridin-1-iloksimu atvasinajumiem 4a-i, 70, 79, 80, 82 wun
amidokstmam 85 noteicam citotoksisko aktivitati uz dazadam S§tnu Iijam. Salidzinajumam

citotoksiskas aktivitates tabula ieklavam art Vorinostata 3 citotoksicitates datus (2.4. tabula).
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2.4. tabula
Vorinostata (3) un ta analogu toksicitate (LDsg) un citotoksitate (ICs) savienojumiem 4, 70, 79,
80, 82 un 85

H2NZO
NQ N

H \ H H H
o Oy T Oy, O

R OH OH

4a-i, n=6 80 82 85

70, n=5

79, n=4

1Cso, MM**
. . LD501
Nr. | Savienojums R R HT1080 MG22A
mg/kg 3T3 (NS)
KV MTT KV MTT

1. 3 - NT 247 247 NT NT
2. 4a H 87 0.6 0.3 1.0 1.0
3. 4b 4-F 92 0.9 0.6 0.6 0.9
4, 4c 4-Me 121 0.8 1.3 3.6 4.6
5. 4d 4-OMe 128 1.0 1.3 2.7 2.7
6. 4e 2,6-Me, 482 >10 >10 >10 >10
7. 4f 4-OPh 153 NT 1.0 NT 0.5
8. 49 4-OFEt 233 NT 1.5 NT 3.0
9. 4h 4-Et 146 NT 0.9 NT 0.6
10. 4i 4-Cl 97 0.6 0.6 1.2 0.9
11. 4j 2,4-Cl, 358 >10 NT >10 NT
12. 70 H 220 7.3 3.6 7.3 3.6
13. 79 H 261 3.8 3.8 7.6 7.7
14. 80 - 275 >10 >10 >10 >10
15. 82 - 2191 >10 NT >10 NT
16. 85 - 873 >10 >10 >10 >10

*LDso, mg/kg - vid€ja letala deva jeb vielas daudzums, kas izraisa navi 50% no parbaudé izmantotajam $tinam;
**|Cgo, UM vielas koncentracija, kas izraisa navi 50% no parbaud€ izmantotajam $iinam,;

3T3 - peles embrija fibroblasti, veselas $tinas; HT1080 - cilvéka plausu fibrosarkoma; MG22A - peles hepatoma.
Vizualizacija: NS — neitralais sarkanais; MTT — 3-(4,5-dimetiltiazol-2-il)-2,5-difenil-2H tetrazolija bromids; KV-
kristalvioletais; NT — nav testeéts;

%00 literatiiras '°

No 2.4. tabula apkopotajiem biologiskas aktivitates datiem redzams, ka analogi 4a-d uzrada
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augstu citotoksisko aktivitati uz audz&ja Sunam, kas HT1080 $inu gadijuma bija nedaudz
augstaka par Vorinostatu 3. Ja alifatiskas kédes garums n=6, tad aizvietotaju ievadiSana anilina
gredzena 4-pozicija lava saglabat augstu aktivitati, kas tikai nedaudz mainas atkariba no
aizvietotaja. Savienojumi 4e, 4j ar diviem aizvietotajiem pie fenilfunkcijas bija neaktivi.
Savienojumiem 70 un 79 ar saisinatu alifatiskas kédes garumu n=4, 5 nov€rojam strauju
citotoksiskas aktivitates kritumu salidzinajuma ar analogu 4a (n=6). Aizvietotdji pie aziridina
cikla negativi ietekmgja gala savienojuma aktivitati (savienojumi 80 un 82). Aziridina cikla
aizvietoSana ar amidoksima funkciju (savienojums 85) padarija savienojumu pilnigi neaktivu
(savienojums 70 ar aziridina funkciju ir aktivs). Saskapa ar ICCVAM un NICEATM
protokoliem77 noteicam savienojumu LDsg uz $tinu kultiiras 3T3. P&c toksicitates savienojumus
4a-d, 4f, 4h un 4i klasificgjam ka toksiski (LDsg <25-200 mg/kg), savienojumi 4e, 4g, 4j,70, 79,
80 un 85 ir kaitigi ( LDsp <200-2000 mg/kg), savukart, savienojums 82 ir nekaitigs, jo LDsg >
2000 mg/kg.

Vairakiem Vorinostata 3 analogiem (4a,b,d,f,g,h,i) parbaudijam histondeacetilazes (HDAC)
inhib&sanas aktivitati, izmantojot Vorinostatu ka references inhibitoru. Tam nolikam izmantojam
HDAC fluorometrisko Stinu aktivitates testu (HDAC FLUOR DE LYS®), kas nodroSina

informaciju par deacetilazes aktivitati uz dazadam HDAC formam (2.5. tabula).

2.5. tabula
Aziridin-1-iloksimu HDAC inhibitora aktivitate
. ICs0, uM, ICs0, uM,
. Savienojums 30 min inkubésana 3 h inkubésana

1. 3 0.1 0.1
2. 4a 61 70
3. 4b 36 37
4 4d 13 20
5 4f 32 31
6. 49 28 30
7. 4h 40 24
8. 4i 177 NT

Iegitie rezultati paradija, ka Vorinostata analogu ICsq Vértibas ir ievérojami augstakas par
references inhibitoru. Zema HDAC inhibitora aktivitate norada, ka HDAC nav farmokologiskais
mérkis, kas atbildigs par augsto aziridin-1-iloksimu citotoksisko aktivitati.

2.2 ADAM10 un ADAM17 inhibitoru sintéze

Palielinata ADAM ekspresija ir novérota vairakos véZza tipos, astmas, reimotoidala artrita

u.c. Literatiras apskata ir aplukoti biologiskie procesi, kas iesaistas laundabigu audzgju
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veidoSanas procesa. IpaSa uzmaniba pievérsta ADAMIO un ADAMI17 potencialam noskelt
ligandus, kas stimul€ $tinu proliferésanu, migré$anu un invaziju: Notch signalcelu, EGFR/HER

tipa ligandi un TNF faktors.™

Misu meérkis bija atrast jaunus, patent€jamus ADAMI10/17 inhibitorus ar augstu
selektivitati attieciba pret pargjiem ADAM grupas enzimiem. leprieks€jos petijumos miisu grupa
tika izveidota benzosultama ciklu saturoSo hidroksamskabes analogu sérija, no kuras divus
parstavjus (2a un 2b) identificgjam ka ADAM10/17 inhibitorus.”® Tos izvirzijam ka perspektivus
bazes savienojumus struktliras optimiz€Sanai ar mérki sasniegt iesp&jami augstu ADAMI10/17
inhibitoro aktivitati. Darba gaita saglabajam neskartu benzosultama ciklu un cinka jonu

helatgjoso hidroksamskabes funkciju (2.13. att).

o O

O:'S_N O:'S_N
O oHn O oun
2a 2b
ADAMI0 ICsy=0.1 pM ADAMI0 IC5,=0.1 pM
ADAMI17 ICsy = 0.006 uM ADAM17 IC5y= 1 uM

2.13.att. Strukturas optimizacijai izveletie ADAM10/17 inhibitori

Merka savienojumu sintézi sakam no komerciali pieejamas O-formilbenzosulfonskabes
natrija sals 86.%% Horner-Wadsworth-Emmons reakcija ar trimetilfosfonoacetatu ieguvam O-
(metoksikarboniletenil)benzosulfonskabes sali 87. No ta savukart DMF katalizéta reakcija ar
tionilhlorida parakumu ieguvam benzosulfonskabes hloridu 88 ar kopgjo iznakumu 52% (2.14.

att.). legtito produktu izmantojam ka bivbloku 2a un 2b analogu sérijas izveidoSanai.

. o o
o Na o o Q Q
0=S-0" MeO. 1 O=S—O’| OMe 0=S-Cl OMe
N, MeO” ~owe SOCI, DMF (kat.)
K,CO5 H,0, ist.t., 68% Na"(K™) PhH, A, 77%
86 87 88

2.14. att. Buvbloka 88 sintéze

Savienojumu 2a analogu sintéze un to ADAMI17 inhibitora aktivitate. Lai uzlabotu
savienojuma ADAML17 inhibitoro aktivitati, nolémam aizstat naftalina sisttmu ar dazadiem
heterocikliem: hinolinu, benzofuranu, benzotiazolu un hinoksalinu, kas var€tu radit papildus

46



mijiedarbibu ar enzima aktivaja centra esoSajiem aminoskabju atlikumiem. Mérka savienojuma
2a analogu iegiiSanu realiz€jam tris pakapju sintézeé: benzosulfonskabes hlorida reakcija ar
heteroaromatiskiem aminiem, estera grupas skaba hidrolize un hidroksamskabes funkcijas
ievadiSana.

Benzosulfonskabes hloridu 88 paklavam reakcijai ar izvélétajiem heterocikliskajiem
aminiem 1,4-dioksana un 1 M NaHCOj; tdens $skiduma maisijuma. Rezultata veidojas valgja un
cikliska produktu maisijums 89 un 89, ka ar1 novérojam dal&ju estera funkcijas hidrolizi. legtto
produktu maisijumu bez papildus attiriSanas paklavam estera grupas skabai hidrolizei (2.15. att.).

Iegiito savienojumu iznakumi apkopoti 2.6 tabula.

o 0 R o 0 R
o=h-c1 o 1. RNH, NaHCO; (1 M), 0<}_y o=l o
S 1,4 - dioksans OH . “~
OMe . _ OH
2. HCV/ 1,4-dioksans,
80 °C

88 89 89'

2.15. att. Benzsulfonskabes 88 hlorida reakcija ar dazadiem aminiem

sausa THF (Pieeja A, 2.16. att.). Reakcija ar hidroksilaminu ieguvam hidroksamskabes 2c¢ un

2d.8

2.6. tabula
Sulfonamidu 89, 89’ atvasinajumi un to iznakumi
Nr. Savienojums R Iznakums, %
1. 89c ] 23
N~ “CH,
2. 89d ! “ 25
\N
S N
3. 89 \©j ] 33
\N
4, 8of §\©f\> 47
(6]
5, 89g ;\@% 36
S

Iegiitos skabes atvasinajumus aktivéjam ar karbonildiimidazola (CDI) parakumu (3 ekviv)
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oy o N OH
OH H,NOH*HCI N
CDI, THF
Pieeja A
89 2¢,d
’ H,NOTHP (90)
o R R R
EDCI, HOBT o R 4 0
DMF, ist.t. O=5-N N/OTHI: O=S-NH O
Pieeja B @m H ©/\/“\N/OTHP
H
89’ 9le-g 91'e-g
HCI (1M)

1,4-dioksans
ist.t.

O R

O=¢_N JOH
S )\\N
@ H

2e-g

2.16. att. Hidroksamskabes atvasinajumu 2c-g iegtiSanas cel§

Par alternativu pieeju (Pieeja B, 2.16 att.) vélamo mérka savienojumu 2e-g iegiSanai
izvirzijam literatira zinamu metodi, izmantojot O-tetrahidro-2H-piran-2-ilhidroksilaminu
(THPO-NH,, 90).” Savienojumu 9le-g sintézi veicam DMF, izmantojot EDCI un HOBt ka
aktivéSanas reagentus sametinasanai ar O-THP aizsargatu hidroksilaminu. Iegitos
monoaizsargatus hidroksamskabes izomérus atdalijam ar kolonnu hromatografiju. Reakcija
notika ar vidgjiem iznakumiem, 24% (2e), 51% (2f) un 24% (2g). Aizsarggrupas nonemsanu
realiz€jam skaba vide istabas temperattira (2.16. att.).

Savienojumu 2f sintézei nepiecieSamo aminu ieguvam no komerciali pieejamas
karbonskabes, izmantojot Curtius reakciju (2.17. att.). Skabi 92 suspend&am tBuOH un
pievienojam difenilfosforilazidu (DPPA) un TEA, rezultata ieguvam Boc-aizsargatu aminu 93.
Produktu 93 apstradajam ar trifluoretikskabi istabas temperatiira un iegtito reakcijas produktu 94
izmantojam ka buvbloku savienojumu 89f iegtiSanai saskana ar iepriekSminétajam (2.15. un 2.16.

att.) metodém.

(0]
o DPPA, TEA j\OT R \ _TFA _ TEA"HN \
N tBuOH, ar atteci o) \©E> DCM, ist.t. \©\/(>
o 78% O 100%
92 93 94

2.17. att. Savienojuma 94 sintézes cel$
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Savienojumiem 2c-g noteicam ADAMI17 inhbitoro aktivitati (2.7. tabula). Aktivakie §is
s€rijas savienojumi bija 2d, 2f un 2g, kas inhib&a ADAM17 mikromolara koncentracija. Pargjie
§is s€rijas parstavji 2¢ un 2e bija neaktivi (NA). Uzradita aktivitate iegiitas s€rijas savienojumiem
bija zemaka ka lidersavienojumam 2a. Tas lika domat, ka naftalina cikla apmaina pret vienu vai
divu heteroatomu saturosu ciklu negativi ietekmé inhibitoru piesaisti aktivaja enzima apgabala.
Nemot veéra, ka iegiitie savienojumi neuzradija daudzsoloSu ADAMI17 inhbitoro aktivitati, tie
netika parbauditi uz ADAMI10 un p&tijumus $aja s€rija partraucam.

2.7. tabula

Meérka savienojuma 2a,c-g biologiska aktivitate uz ADAM17
Nr. Savienojums ICsq, ADAM17, uM

R
1, 2a ; 1
<
2 2 m NA
N CH,

F
3, 2d 4 32
N
& N
4, 2e “ ] NA
9
5. of efjij\/\§ 5
@)
6. 29 ¢ @[N\> 55
S

Inhbitora 2 analogu sintéze un ADAM10/17 inhbitora aktivitate. Balstoties uz literatiiras
datiem, secingjam, ka, modificgjot lidersavienojuma 2b butinilgrupu, var panakt lielaku
selektivitati uz ADAM grupas enzimiem.?’ Tapéc izveidojam savienojuma 2b analogu sériju, pie
butinilgrupas terminala oglekla ievadot aromatiskus/heteroaromatiskus ka ar7 alkoksi-
aizvietotajus.

Sakotngji arilbutinilgrupu saturo$u analogu sintézei izvélgjamies pieeju, kas balstas uz
biivbloka 100 Sonogashira sametinasanu ar arilhalogenidiem (2.18 att.). Sim noliikam veicam
sulfonskabes hlorida 88 reakciju ar p-aminofenolu 95 NaHCO; (1M)/dioksana maisijuma
paaugstinata temperatiira, iegiistot starpproduktu 96. legiito skabi parvertam par N,O-diaizsargatu
hidroksamskabi 98 reakcija ar N,O-diaizsargatu hidroksilaminu 97, EDCI un HOBT klatiené
DMF. N,O-Diaizsargata hidroksamskabes funkcija savienojuma 98 nodrosinaja selektivu
hidroksilgrupas alkilésanu ar mezilpropargilspirtu 99 nakoSaja sintézes stadija, neskarot

hidroksamskabes NH vai OH grupas (pK 8-10).% N,O-Diaizsargatu hidroksilaminu 97 sintezi
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realizéjam péc literatiira aprakstitas metodes.®® Hidroksamskabes aizsarggrupu izveli pamatojam
ar to, ka dimetoksibenzil- un trimetoksibenzilgrupas péc Barlaam grupas publicétajiem datiem,
noske] ar atSkaiditu trifluoretikskabi (10 vol%), kas ir svarigi skabes jutigu substratu klatieng.
Eksperimentali piemekl&jam labakos alkileSanas reakcijas apstaklus N,O-diaizsargatas
hidroksamskabes 98 modificésanai. Izmantojam K,COj3 (4 ekviv) un katalitisku tetrabutilamonija
jodida daudzumu (TBAI, 20%), kas krietni paatrinaja reakcijas norisi un veicinaja produkta 100

veidoSanos ar augstu iznakumu.

OH H. _.O OH

171’ "DMB
ST
9 EDCI, HOBT Q
S-N

p-aminofenols (95) 0=} _N O=\%_

1 M NaHCOs/dioksans, DMF, ist.t., 12h
TMB
80°C oH SN
0 ODMB
98
N X
\\ Q \  RX (1012-d), 0
9 oms _Pd(PPhy),Cly @ \
K,CO; TBAI(kat.) Cul, plperldms o\f?é_N R
DMF, ist.t., 12 h v B PhCH; 40 °C, 3h
o ’ m TMB
N
(0]

OMe

ODMB

100 ODMB
102a (R=3-piridins, 89%)
102b (R=2-piridins, 22%)
102¢ (R=1-fluorobenzols, zimes)
102d (R=4-metilbenzols, zZimes)

2.18. att. Lidersavienojuma 2b analogu sintéze, izmantojot N,O-diaizsargatu hidroksilaminu (97)

Buvbloka 100 paladija kataliz€ta sametinaSanas reakcija bija veiksmiga tikai ar 3-
jodpiridinu (101a), kad ve€lamo produktu 102a ieguvam ar 89% iznakumu. Sametinasanas
reakcijas apstaklos ar 2-brompiridinu (101b) me&s novérojam savienojuma 98 veidosanos,
izejvielas 100 zimes, ka ari citus neidentificétus blakusproduktus, bet vélamais produkts 102b
veidojas tikai ar 22% iznakumu. Piperidins ir pietiekosi stipra baze (pKs=11), kas iesp&jams
veicinaja propargilétera noskelSanu dotajos reakcijas apstaklos. Reakcijas ar citiem ariljodidiem,
pieméram, 1-fluoro-2-jodbenzolu (101c) vai 1-jodo-4-metilbenzolu (101d), saskana ar SH-MS
datiem, veidojas tikai zimes no produkta.

Ta ka ieprieks aprakstita sintétiska strat€gija neattaisnojas, izveidojam alternativu pieeju,

kas ietvéra fenola buivbloka 98 alkilésanu ar propargilarilatvasinagjumiem 103 (2.19. att.).
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Vajadzigos aizvietotajus pie propargilgrupas ievadijam Sonogashira sametinasanas reakcija starp

2-propin-1-olu (104) un komerciali pieejamiem arilhalogenidiem 101

O
OH @ AN
// 1. MsCl, TEA, o Q =
-1 104, Pd(PPh,),CI 0 SS-N \_ ¥
RE | > 3200 __ DCM, -20°C, 1,5h R
N . / TMB
Cul, piperidins, ) 2.98, K,CO; TBAI N
R T \
PhCH,/MeCN, 35°C DMEF, ist.t., 12h ©  OpmB
101 103 105
105a (R=2-F, 80%) 105g (R=3-OCF;, 80%)
105b (R=3-F, 59%) 105h (R=4-Me, 85%)
105¢ (R=4-F, 65%) 105i (R=2-OMe, 84%)

105d (R=2-CF5, 78%)  105j (R=3-OMe, 82%)
105¢ (R=3-CF;, 83%) 105k (R=H, 86%)
105f (R=4-CF5, 99%)

2.19. att. Mérka savienojuma 2b analogu sintéze

Sonogashira sametinasanas reakciju realizéjam toluola/acetonitrila maisijuma Pd(PPhs),Cl,
katalizatora klatbutné piperidina parakuma (2 ekviv) un izdalijam produktus 103 ar labiem
iznakumiem (74-99%). Talak iegutus propargilspirta atvasinajumus paklavam reakcijai ar
metansulfonskabes hloridu bazes klatiené. O-Mezilétais spirts kalpoja ka alkil§joSais agents
reakcija ar buvbloku 98, veidojot starpproduktus 105 (2.19. att.).

Aizsarggrupas nosSkelSana starpproduktos 105a-k bija problematisks posms mérka
savienojuma 2b atvasinagjumu sintéz€. Vairakos gadijumos iegitas hidroksamskabes nebija
iespejams attirit no reakcijas blakusproduktiem. Aizsarggrupas noSkelSanas reakcija noveérojam
N-TMB-hidroksamskabes veidosanos. P&c literatiiras datiem ir zinams, ka N-monoaizsargatas
hidroksamskabes ir loti stabilas un griti paklaujas noskelSanas reakcijai pat izmantojot tiru
TFA.B Konstatgjam, ka palielinot reakcijas laiku, attieciba starp neaizsargato hidroksamskabi un
N-monoaizsargato produktu nemainas un paliek 1:2 attiecigi. Eksperiment&jot ar reakcijas
apstakliem, novérojam, ka trietilsilana (TESH) pievieno8ana liela parakuma (4 ekviv) pozitivi
ietekm& produkta 106 iznakumu (2.20. att., 2.8. tabula). Ta, pieméram, izejvielas 105h gadijuma
reakcija bez TESH pievienoSanas ieguvam produktu 106h un monoaizsargatas hidroksamskabes
maisijumu, bet ar TESH piedevu tika ieglta 92% tira hidroksamskabe 106h. Izmantojot
procediru ar TESH piedevu, sekmigi izdevas iegit tikai 6 hidroksamskabes no 11 prekursoriem
105a-k.
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O
TFA/ TESH
oD o
“S-N DCM, ist.t. “S-N
N NH
O 0O \

ODMB OH
105a-k, 102a* 106a-1

2.20. att. N,O-Diaizsargato hidroksamskabju 102a, 105a-k aizsarggrupas noskelsanas reakcija

2.8. tabula
Gala produktu 106 aizvietotaji un iznakumi

Nr. R Savienojums 106 (iznakums, %)
1. 2-F 106a (-)°

2, 3-F 106b (-)?

3. 4-F 106¢ (-)?

4. 2-CF, 106d (77%)

5. 3-CF; 106e (64%)

6. 4-CF, 106f (-)®

7. 3-OCF, 1069 (33%)

8. 4-Me 106h (54%)

9, 2-OMe 106i (-)

10. 3-OMe 106j (74%)

11. H 106k (48%)

12. -(102a) 1061 (42%)

% gala produkta tiriba zemaka par 70%

Lai iegutu analogu 109, pirmaja sintézes stadija alkilgjam para-nitrofenolu (108) ar
komerciali pieejamo 5-hloropent-3-in-1-olu (107) (2.21. att). Reakcija notika ar apmierinoSu

iznakumu.
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Cl (0] X
p-nitrofenols (108) \OH

I k,co, DMF,
ist.t., 40 %
HO NO,

107 109

2.21. att. Substrata 109 sintéze

p-Nitrofenola anologu 112 sintézi realiz&jam no komerciali pieejama but-3-in-1-ola (110)
(2.22. att.). Hidroksilgrupu parvértam par tetrahidropiraniléteri maigi skabos apstaklos ar
kvantitativu iznakumu. legtito produktu paklavam hidroksimetiléSanas reakcijai pec literatiira
aprakstitas metodes.® Hidroksilgrupu iegutaja starpprodukta parvértam par metilsulfonata
(mezil-) atvasingjumu 111. Veicam p-nitrofenola (108) alkiléSanas reakciju ar iegito

starpproduktu 111 un sekmigi noskélam aizsarggrupu skabos apstak]os.

OTHP
OH 1.3 4-dihidro-2H-pirans, L. p-nitrofenols (108), 0\ OH
pTsOH (kat.), Et,0, 98 % K,CO;, DMF, ist. t., 60 % 2
Il 2. (CH,O)n, nBulLi, | 2. pTsOH, MeOH, 70 %
-78 °C, THF, 24 % OMs NO,

-20 °C - ist.t., DCM, 80 %

2.22. att. p-Nitrofenola atvasinajuma 112 sinteze

p-Nitrofenola analogos (109, 112) brivo hidroksilgrupu transformgjam par metil&teri un
nitro- grupu reducgjam par aminu ar natrija sulfida nonahidratu. Rezultata ieguvam anilina
atvasinajumus 113a,b, kurus kondensg€jam ar benzosulfonskabes hloridu 88 péc ieprieks
aprakstitas procediras (2.23. att.). legito karbonskabi paklavam sametinasanas reakcijai ar

hidroksilamina hidrogénhloridu karbodiimidazola klatieng.

(6]
o NV (@) N
X, OH
\Hn No\ 1. 88, NaHCO5(1M)/1,4-dioksans @ AN
n S
1. CH,1, NaH, THF tad HCI1 (1M)/1,4-dioksans, A S nO\
NO, 2. Na,S*(xH,0), . 2. H,NOH*HCI, CDI,
MeOH, A ’ THEF, ist.t.

109 (n=1), 113a (n=1, 58% divas stadijas) o NH
112 (n=2) 113b (n=2, 51% divas stadijas) OoH

114a (n=1, 11% divas stadijas)
114b (n=2, 8% divas stadijas)
2.23. att. Inhbitora 2b analogu 114a,b sintéze ar metoksialkil-aizvietotajiem pie butinilgrupas

Ta ka izejvielas konversija bija kvantitativa, zudumi, visticamak, radas reakcijas produktu

— —v

izdaliSanas un attiriSanas gaita.
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ST savienojumu sérija uzradija augstaku ADAMI17 inhib&Sanas sp&ju salidzinajuma ar
savienojuma 2a analogiem. Tacu to inhibitora aktivitate ir vismaz 10 reizes zemaka par inhibitora
2b aktivitati (2.9. tabula). Aktivakais $Ts s€rijas savienojums bija savienojums 106k, kas saturgja
fenilpropargilgrupu, tomér ta aktivitate ir salidzinama ar analogiem 106,9,h, kuri fenilgrupa
satur€ja aizvietotaju 3- vai 4- pozicija. 3-Pozicijas aizvietotaja modifikacija (savienojumi 106e,j)
praktiski neietekméja inhib&Sanas aktivitati, toties 2-vieta aizvietota analoga 106d gadijuma bija
novérojams aktivitates kritums. Savienojumu 114a un 114b alkilkédes pagarinajums par vienu
metiléngrupu neietekmé&ja savienojumu aktivitati. Ta ka iegiita analogu s€rija ir ar zemaku
aktivitati salidzinajuma ar izejas inhibitoru 2D, ta netika parbaudita uz ADAMI10 un pétijumi $aja

serija tika partraukti.

2.9. tabula
Meérka savienojuma 2b analogi un ADAM17 aktivitate
Nr. Savienojums ICso ADAML7 (uM)
1. 2b 0.006
2. 106d 2.40
3. 106e 0.34
4. 1069 0.15
5. 106h 0.41
6. 106j 0.15
7. 106k 0.079
8. 106l 0.44
0. 114a 0.34
10. 114b 0.14

2.3 Hidroksamskabju sintéze, izmantojot skabes jutigo O-2-metilprenilaizsarggrupu

Viens no promocijas darba uzdevumiem bija hidroksamskabes saturo$u savienojumu
sintéze, kas ir aprakstita iepriek$gja nodala. So savienojumu sintézes gaita saskaramies ar
nepiecieSamibu péc efektivas hidroksamskabes ievadiSanas metodes, kas lautu vispirms iegiit
aizsargatu hidroksamskabi, ko, pirms aizsarggrupas noskelSanas, varétu viegli attirit ar tiesas
fazes hromatografiju.

Ka darba merki sakotngji izvirzijam jaunu diaizsargatu hidroksilamina izveidi, kur
hidroksilamina N-aizsardzibai tick izmantota prenilgrupa, kas ir plasi pielietota spirtu® un

karbonskabju aizsargasanai,®® bet retak aminu aizsardzibai.?” Péc literatiras datiem ir zinams, ka

54



prenilaizsarggrupu var noskelt, izmantojot dazadas Luisa skabes (pieméram, Yb(OTf)3,® TiCl,,%¥
ZrCl,, % BF3*Et2087), stipras bazes vai Pd Katalizatorus. Ka skelSanas blakusprodukts veidojas
stabils, gaisto$s diéns — izopréns (t.vir§. =34 °C). Lai noskaidrotu prenilgrupas efektivitati,
izvélgjamies N-prenil-O-benzil-hidroksamskabes aizsarggrupu kombinaciju. Modelsubstrata 120
sintézi sakam no komerciali piecjamiem O-benzilhidroksilamina 115 un di-t-butildikarbonata
116. Iegiito starpproduktu deproton&jam ar stipru bazi un alkilgjam ar prenilbromidu 117. Ieguto
produktu 118 péc Boc-grupas noskelsanas transformgjam par N-prenil-O-benzilhidroksilaminu

119, kuru paklavam reakcijai ar benzoskabes hloridu TEA parakuma (2.24. att.).

BnO-NH,

1. Boc,O, THF, /\)\ TFA/DCM *TFé\)\ benzoilhlorids /\)\

ist.t., 99% Boc. (~\F 1/1 NN __TEA, THF
| ]

2. NaH, 117, DMF, OBn 999, OBn 42%

115 60 °C. 94% 118 119

2.24. att. O-Benzil-N-prenil-diaizsargato hidroksamskabes 114 iegiiSanas cel$

Iegiito O-benzil-N-prenil-diaizsargato hidroksamskabi 120 més paklavam vairakiem
prenilgrupas noskelSanas reakcijas apstakliem (2.25. att., 2.10. tabula). Konstatéjam, ka
hidroksamskabe 120 ir stabila dazadu Luisa skabju klatiené (Fe(acac),; Fe(OAC),; CuCly; ZnCly;
Zn(OTf),), reducgjosos un oksidgjosos apstaklos (ZnCly/NaBHs; (NH4),Ce(NO,)s; 12/Zn), ka ari
Brensteda skabes klatieng (AcCl/MeOH).

O /\)\ (0] (0]
Reagents
ITI = N .OBn . I\‘I:)><
OBn DCM H
120 120a 120b

2.25. att. Prenilgrupas $kélSanas apstaklu izpéte un iesp&éjamo produktu veidosanas

2.10. tabula

Prenilgrupas SkelSanas reakcijas apstakli un reakcijas produktu iznakumi

Nr. Reagents 120a (izol&tais iznakums, %) 120b (izol&tais iznakums, %)
1. AICI; (1 ekviv) - 66
2. FeCl; (15 mol%) - 60
3. DDQ (1.2 ekviv) 58 -

Izmantojot stipras Luisa skabes tadas ka AICl3 vai FeCls, novérojam, ka pamata veidojas

produkts B (66% un 60%) un citi neidentificéti reakcijas produkti. Toties, izmantojot 2,3-dihloro-
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5,6-diciano-1,4-benzohinonu (DDQ),* veidojas vélamais produkts 120a ar 58% iznakumu.
Iegitie rezultati lika mums domat par DDQ ka iesp&jamo N-prenilgrupas noskelsanas reagentu.
Tomér varigjot DDQ daudzumu (1.0 — 3.0 ekviv) un izmantojot dazadas reakcijas piedevas (H20,
HOAc, KHSO4, NaHCO3) un skidinatajus (MeOH, toluols, DMF, THF, EtOAc), mums
neizdevas uzlabot produkta 120a iznakumu. Balstoties uz Siem rezultatiem, izvirzito prenilgrupu
ka hidroksamskabes N-aizsarggrupu atzinam par nederigu.

Savus pétfjumus turpindjam mono-aizsargatu hidroksamskabju sintézes metozu izveideli,
kur prenilgrupa tiek izmantota ka O-aizsarggrupa. Hidroksamskabes konsturéSanai nepiecieSamo
O-prenilhidroksilaminu 123 izdevas iegut N-hidroksiftalimida 121 alkiléSanas reakcija ar
prenilbromidu 117 un tai sekojosu ftalimida SkelSanu ar hidrazinu. Iegito hidroksilaminu
parvértam par hidrogénhloridu 123, kas bija viegli uzglabajams, stabils, pulverveida savienojums
(2.26 att.).

0 /_>7 1. H,NNH,*H,0,
oo _ EtO,istt. ,O\/\(
K,CO; DMSO, 2. HCI/Et,0 “HCI

ist.t., 86% 99%
121 122 123

2.26.att. O-Prenilhidroksilamina hidrogenhlorida 123 iegiSana

Modelsubstrata konstrué$anai izmantojam toluoletikskabi (124), kuru sametinajam ar O-
prenilhidroksilaminu 123 EDCI, HOBt un DIPEA klatiené (2.27 att.). Ieglito monoaizsargato
hidroksamskabi 125 paklavam dazadiem reakcijas apstakliem, iegiitie rezultati ir apkopoti 2.11.

tabula.

on EDCI, HOBt, DIPEA E/O\/ﬁ/ E/OH

1 0
124 DMEF, ist. t., 83% 125 126

2.27. att. Modelsubstrata 124 iegiiSana un aizsarggrupas nonemsana

2.11. tabula
Prenilgrupas $kélSanas reakcijas apstaklu pétijums
Nr. Reakcijas apstakli SH-MS rezultati
1. CAN (1.2 ekviv), MeCN/H,0, ist.t., 12 h stabils
2. CeClj, Nal, MeCN, ist. t., 12 h stabils
3. TsOH, MeOH, ist. t., 12 h stabils
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2.11. tabulas turpinajums

Nr. Reakcijas apstakli SH-MS rezultati

4 AcOH, H,O, THF, ist. t., 12 h stabils

5 HCI/1,4-dioksans, ist. t., 12 h stabils

6. | [Pd(PPh3)4] (5 mol%), DMBA, MeOH, 24 h ar atteci stabils

7 FeCl; (10 mol%), DCM, ist.t.,, 12 h Produktu maisijums

8 BF;*Et,0 (1 ekviv), DCM, ist.t., 4 h Produktu maistjums

9 DDQ (1.2 ekviv), DCM/H0, ist.t.,, 12 h Produktu maisijums (126 saturs 7%)

10. TFA (10 mol%), DCM, ist.t., 12 h Produktu maisTjums (126 saturs 13 %)

11. TMSOTT (10 mol%), DCM, ist.t., 12h Produktu maisijums (126 saturs 31%)

" L: Zn, MeOH. istt., 12 h Produkts 126 100% (izol&tais
iznakums 80%)

O-Prenilaizsargata hidroksamskabe 125 ir stabila vairaku SkelSanas agentu klatieng.
Pieméram, oksid€joso agentu klatieng (1. un 2. ieraksts), skabes klatieng ( 3.-5. ieraksts) un Tsuji-
Trost reakcijas apstaklos (6. ieraksts). Luisa skabes klatiené (7. un 8. ieraksts) veidojas produktu
maisTjums, kuru més neidentificgjam. Konstatgjam, ka, izmantojot DDQ (9. ieraksts),?® 12 h laika
veidojas 7% velama produkta 126, ari TFA vai TMSOTT (10. un 11. ieraksts) klatiené novérojam
produkta veidosanos attiecigi 13 % un 31 % pec SH-MS datiem. Pilnigu izejvielas konversiju par
produktu 126 sasniedzam, izmantojot kristalisko jodu un cinku (12. ieraksts). Sakotng&ji
aizsargato hidroksamskabi 125 apstradajam ar jodu metanola, veidojot jod&tu starpsavienojumu.
(LC-MS dati liecinaja, ka reakcijas gaita notiek prenilgrupas jodésana). To apstradajam ar cinku
un reakcijas maistjumu filtrg§jam caur celitu. Pec filtrata ietvaic€Sanas, ieguvam tiru vélamo
produktu 126 ar 80% iznakumu.

Metode ar 1/Zn/MeOH*™®  sistemu  O-prenilgrupas aizsardzibas noskelanai
hidroksamskabes likas daudzsolosa. Tapéc, lai izpétitu substratu klastu, sintez€jam dazadas O-
prenilaizsargatas hidroksamskabes 127 (R=Ar, alkil), kuras paklavam noskelSanas reakcijai

(2.28. att.). Iegttie dati ir apkopoti 2.12. tabula.

0 1.1, MeOH 0
2 J

o N
RN T e s H

127 128

2.28. att. Aizsarggrupas noskelSanas reakcija
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2.12. tabula
Prenilgrupas skelsanas reakcija (1,/Zn/MeOH ) uz dazadiem substratiem

Nr. Produkts O-Prenilaizsargata hidroksamskabe 128 iznakums, %

6)
1. 128a /\)J\ -0 Produktu maisijums
0

2. 128b /\)L O Produktu maisijums
" NHB(E \/w/ :

0
0
3. 128c . /@MH \/ﬁ/ 45
0

(0]
4, 128d .0 40

Diemzel izvirzita metode nav efektiva nepiesatinatu un N-Boc aizsargatu substratu klatieng

(1. un 2. ieraksts). Strukturali vienkarSaku substratu gadijuma iznakumi bija zemi (3. un 4.
ieraksts). Balstoties uz iegutajiem datiem, secinajam, ka metodei ir bitiski substratu klasta
ierobezojumi, tapéc darbu pie O-prenilgrupas izmantoSanas hidroksamskabes aizsardzibai
partraucam.

M@és pievérsam uzmanibu 2,3-dimetilbut-2-én-1-ilgrupai (2-metilprenilgrupai), kas, péc
musu domam, varétu but labilaka vaji skabos apstaklos, pateicoties metilgrupas karbkatjonu
stabiliz€joSam efektam.” Turklat 2-metilprenilgrupa atbilstu vairakam @&rtas aizsarggrupas
prasibam: a) to atvasinajumi ir viegli raksturojami ‘H-KMR-spektros (neievada jaunu
stereocentru); b) ta ir stabila attiriSanas procesa; c) noskelSanas blakusprodukti ir viegli atdalami
no pamatprodukta. 2-Metilprenilgrupa lidz $im nav plasi apskatita literatira. Ta izmantota tikai
ka alil-tipa spirtu aizsarggrupa, kuru var noskelt radikalu tipa reakcija. 9394

O-Metilprenilhidroksilamina 132 sintézei izmantojam Iidzigu metodi, kuru pielietojam O-
prenilhidroksilamina 123 ieguiSanai. Ta ka alkilgjosais reagents 130 nav komerciali pieejams, ta
sintézi  realizéjam, bromg&jot 23-dimetilbut-2-enu (129) ar NBS.* Saja parvertiba
dibenzoilperoksids (BPO) kalpoja ka radikalu iniciators un N-bromosukcinimids (NBS) ka broma
avots. Reakcijas laika veidojas ar1 dibrométie produkti, tapec sakotngji v€lamo produktu 130
atdalijam no piemaisijumiem ar destilacijas palidzibu. legitais iznakums bija salidzinams ar
literatira minéto iznakumu (ieglts: 54%, lit.: 64%). Turpmakaja sinteézes gaita N-

hidroksiftalimidu (121) paklavam reakcijai ar 1-bromo-2,3-dimetilbut-2-énu (130) kalija

58



karbonata klatiené, kam sekoja ftalimida SkelSana ar hidrazinu. Ieglito aminu parvértam par

hidrogénhlorida sali 132 (2.29. att.).

0 1. H,N-NH,*H,0,
NBS, BP 121 i —
. S, BPO ~ . N-O Et,0, ist. t. o
CCly 110°C K,CO; DMSO, ist.t., { 2. HCI/Et,0, H,N fHCl
40% divas stadijas (¢} 89%
129 130 131 132

2.29. att. O-Metilprenilhidroksilamina 132 hidrogénhlorida sintézes shéma

Ta ka minétais alilbromida atvasinajums 130 ir loti gaistoSs (iesp&jams, ka vielas zudumi
rodas arT izdaliSanas un attiriSanas procesa) un tam piemit stipras lakrimatora Tpasibas, nolémam
starpproduktu neizolét un reakcijas maisijumu paklaut N-hidroksiftalimida (121) alkiléSanai. P&c
reakcijas maisijuma apstrades un attiriSanas uz silikag€la, vélamo produktu 131 divu pakapju
sintéz¢ izdevas iegit ar 40% iznakumu (2.29 att.).

Ka modelsubstratu O-metilprenilgrupas noskelsanas apstaklu izp&tei no karbonskabes 124
un hidroksilamina 132 ieguvam aizsargato hidroksamskabi 133 (2.30. att.). Parbauditie

aizsarggrupas SkelSanas reakcijas apstakli un rezultati ir apkopoti 2.13. tabula.

O 132 0 apstakli o
N .0 N E—— N .OH
OH EDCI, HOBt, DIPEA i H
DMEF, ist. t., 99%

124 133 126

2.30. att. Aizsargatas hidroksamskabes 133 un hidroksamskabes 126 sinteze

2.13. tabula
O-Metilprenilgrupas SkelSanas reakcijas apstaklu pétijums
Nr. Reakcijas apstakli Rezultati (SH-MS)
1. DDQ (1.2 ekviv), DCM/H,0, ist.t., 12 h Produktu maistjums
2. AcClI, MeOH, ist.t., 12 h Produktu maistjums
3. TMSOTT (5 vol%), DCM, ist.t., 12h Produktu maisijums
4, FeCl; (100 mol%), DCM, ist.t., 12 h Produktu maisijums
5. I, Zn, MeOH, ist.t., 12 h Produktu maisijums
6. [Pd(PPhs)4] (5 mol%), MeOH, ist.t., 48 h vai 4 h, Stabils
varot ar atteci
7. TBAF (200 mol%), THF, ist.t., 24 h Stabils
8. NaOH (1 M), THF, ist.t.,, 12 h Stabils
9. TFA (10 vol%), DCM, ist.t.,, 1,5 h 126 (99% izoletais iznakums)
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O-2-Metilprenilhidroksamskabe 133 nav stabila DDQ klatieng (1. ieraksts), Brensteda (2.
ieraksts) un Luisa skabju TMSOTf vai FeCls (3. un 4. ieraksts) klatiené. Min&to reagentu
gadijuma veidojas produktu maisijums ar zemu produkta 126 saturu. Atskiriba no
prenilaizsargatas hidroksamskabes 125, I,/Zn/DCM sistema (5. ieraksts) nebija efektiva 2-
metilprenilgrupas noskelsanai. 2-Metilprenilgrupa ir stabila Pd(0) katalizétas reakcijas,
fluoridjonu un stipras bazes klatiengé (6., 7. un 8. ieraksts attiecigi). DaudzsoloSus rezultatus
aizsardzibas noskel$anai substrata 133 uzradija TFA (9. ieraksts). Pilniga izejvielas konversija
tika sasniegta 1,5 h laika, rezultata veidojot tiru hidroksamskabi 126.

Substratu  klasta izpétei ieguvam strukturali atSkirigas O-2-metilprenilaizsargatas
hidroksamskabes 135 karbonskabju 134 sametinasanas reakcija ar hidroksilamina atvasinajumu
132, ka sametinasanas reagentus izmantojot EDCI (metode A) vai HATU (metode B) (2.31. att.,
2.14. tabula).

132
)OL Metode A: EDCI, HOBt, DIPEA, DMF, ist.t. )OL o
R™ "OH . R™ "N’ A
Metode B: HATU, DCM, ist. t. H
134 135

2.31. att. Aizsargatas hidroksamskabes 135 sintéze
2.14. tabula

Substratu klasts O-2-metilprenilgrupas aizsargatu hidroksamskabju 133 iegiiSanai

Nr. Karbonskabe 134 SametinaSanas metode | Produkts, iznakums, %
0
1. oH A 133,99
0
2. @_ﬂOH A 135a, 95
0 0
3. >——< >—4 B 135b, 90
HO OH
= (@]
4, (YJ\OH B 135¢, 98
NHFmoc
Oy -OH
5. ﬁ A 135d, 93
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2.14. tabulas turpinajums

Nr. Karbonskabe 134 Sametinasanas metode | Produkts, iznakums, %
(0]
6. H/KOH B 135¢, 92
O o)
7 HO>\~©—/<O A 135f, 83
/
[e) OH
8. @\I A 135g, 96
NHCbz
O
9. \OO—/_/%H A 135h, 88
(0]
10, Ny B 135i, 93
OH OH
11. ?@OH A 135j, 83
O

Optimizgjot SkelSanas reakcijas apstaklus, més konstatejam, ka 10 vol% TFA Skidums

dihlormetana lauj sasniegt pilnu izejvielas 135 konversiju pienemama laika intervala (1,5 h — 3 h)

un produkts 136 veidojas ar augstu tiribu (2.32. att.). Iegiito produktu tiribu parbaudijam ar

AESH un KMR analizém. Gadijumos, kad iegitas hidroksamskabes 136 tiriba nebija

apmierino$a, reakcijas maisjjumam pievienojam TES (10 vol%). TES pievienosana ievérojami

uzlaboja gala produkta tiribu, jo saistija reakcijas laika veidoto butandiénilkatjonu. legitie

rezultati ir apkopoti 2.15. tabula.

2.32. att. Substratiem 133, 135a-j aizsarggrupas $kel§anas reakcija

O
R)J\N’O\)ﬁ/
H

133, 135a-j

TFA (10 vol%)

(+TES)

DCM
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Substratu 133 aizsarggrupas noskelSanas reakcijas rezultats

2.15. tabula

Nr. Substrats Laiks, h 136 tiriba %, (AESH)
1. 133 15 1364, 99
2. 135a 3 136b, 97
3. 135b 2 136¢, 92
4. 135¢ 2,5 136d, 96
5. 135d 1,5 136e, 88
6. 135e 2 136f, 97
7. 135f 2 1369, 94
8. 135¢ 2 136h, 99

15 136i, 38
9. 135h

1,5* 91*
10. 135i 3 -

15 136j, 88
11. 135j

3* 91*

*Reakcijas maistjumam pievienots TES 10 vol%

Analizgjot rezultatus aizsarggrupas noskelSanai no hidroksamskabju atvasinajumiem 133
un 135a-j, varam secinat, ka O-2-metilprenilgrupa ir piemérota hidroksamskabes aizsardzibai.
Reakcija tika iegttas hidroksamskabes 136 ar augstu tiribu bez papildus attiriSanas. Metode
strada aktivétas dubultsaites klatiené (2. ieraksts); to var izmantot dihidroksamskabes 136c
iegSanai (3. ieraksts); ta ir savietojama ar Fmoc un Cbz aizsarggrupam (4. un 8. ieraksts), ir
efektiva gan aromatiskas, gan alifatiskas sistémas (1.-3., 7.-9., 11. un 4.-6., attiecigi). Substrata
135i gadijuma gala produktu neizdevas iegit aizsargatas hidroksamskabes loti zemas $kidibas
dihlormetana del (10. ieraksts). Skidinataja daudzuma vai/un TFA daudzuma (Iidz 20 vol%)
palielinaSana neuzlaboja reakcijas iznakumu.

O-2-Metilprenilaizsarggrupas stabilitati un efektivitati pieradijam ari hidroksamskabju
atvasinajumu 133 alkileSanas reakcija ar benzilbromidu un vara katalizéta N-ariléSanas reakcija ar
jodbenzolu (2.33. att.). Alkilésanu realiz€jam deprotongjot hidroksamskabi 133 ar NaH un
pievienojot benzilbromidu neliela parakuma. P&c reakcijas maisijuma apstrades izol&jam
produktu 137a ar 56% iznakumu. Substrata 133 N-ariléSanu veicam péc literatira aprakstitas
metodes, izmantojot Cu,0, K,CO3, DMEDA reagentu sistému toluola.”® Velama produkta 137b
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iznakums bija 60%, lai gan literatira minéta pieméra O-alilaizsargatas hidroksamskabes N-
arilésana notika ar 96%. Pazeminatu reakcijas iznakumu varam skaidrot ar steriski vairak

apgrutinato NH funkciju metilprenilaizvietota hidroksamskabe 133.

BnBr, NaH
@\/ﬁ PhCH,, 12 h, 115 °C 0
N X N AN
H Cu,0, Phl, DMEDA 0
133 PhCH, 20 h, 80 °C 137a (R=Bn, 56%),

137b (R=Ph, 62%)

2.33. att. Hidroksamskabes atvasinajuma 133 N-alkiléSanas un N-ariléSanas reakcija

Abus N-modificétos produktus 137a,b paklavam O-2-metilprenilgrupas noskel$anas
reakcijai (2.34. att.). Pilnigu izejvielas konversiju, izmantotojot TFA (20 vol%) skidumu
dihlormetana, sasniedzam péc 1,5 h un 7 h substratu 137a un 137b gadijumos, attiecigi. N-Ariléta
substrata gadijuma noskelSanas reakcija notika salidzinoSi léni, to var skaidrot ar pazeminatu

elektronu blivumu uz slapekla, kas savukart apgriitina hidroksamskabes protong&sanu.

o 0
o TFA (20 vol%) o
- -.OH
N A DCM, ist. t. N
R R

137a,b 138a (R=Bn, 99%, AESH 90 %)
138b (R=Ph, 99%, AESH 82%)

2.34. att. Substratu 137a,b aizsarggrupu $kel§anas reakcija

Varam apgalvot, ka misu izstradatais O-2-metilprenilhidroksilamins (132) ir vértigs
prekursors hidroksamskabju sintézg. Tas ir iegistams divu pakapju transformacija, sakot no
komerciali pieejamiem reagentiem, ir stabils sals forma un to var uzglabat vairakus ménesus
(vismaz 3). O-2-Metilprenilaizsargatas hidroksamskabes ir viegli raksturojamas KMR spektros,
jo neievada jaunu stereocentru. Piedavata aizsarggrupa ir stabila parejas metalu kataliz&tas
reakcijas, baziska vide, ka ar1 paaugstinata temperatiira.

2.4 2-Metilprenil- un prenilgrupas izmantosana sulfonamidu aizsardzibai un to
stabilitates petijjumi

Metaloproteinazu inhbitoru sintézes gaita (2.2. nodala) paradijas nepiecieSamiba péc
efektivas sulfonamidu aizsardzibas. Literatiira zinamas dazadas sulfonamidu aizsarggrupas: tert-

butil- "% benzil-, 1% difenilmetil-,*®> 4-metoksibenzil-,'®® 2 4-dimetoksibenzil-*** 2.4,6-

106,107

trimetoksibenzil-'®® un alilgrupam. Lidz ar to butu nepiecieSsams paplasinat sulfonamidu
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aizsardzibas klastu ar grupu, ko var viegli ievadit un noSkelt maigos reakcijas apstaklos, veidojot
gaistoSus blakusproduktus. Prenil- tipa aizsarggrupas tiek pielietotas spirtu, karbonskabju un
hidroksamskabju sintéz€s. Sava darba més nolémam izpétit 2-metilprenil- (MePre) un prenil-
(Pre) grupu efektivitati sulfonamidu aizsardzibai.

Balstoties uz literattiras analizi par N-alkilétu sulfonamidu iegiSanu, konstatéjam, ka prenil-
un 2-metilprenil-aizsargatus sulfonamidus 142 (R=H) un 143 (R=Me) ir iesp&jams iegit,

izmantojot dazadas sintétiskas pieejas (2.35. att.).

0.0 R,-NH, NP .
Picsja A RSl __(140) _ prS R 117vai 130
N H

139 141

Pre-NH, (144)

vai 0P Me o 0 Me
N = 2 °s! _—
o ePre-NH, (145) R'" N Me R2ZX RrION Me
Pieeja B H R —_— RZ R
146a (R:H), 142 (R:H),
146b (R=Me) 143 (RZMC)

Me Me
Piccia C j Ph-NH, Ph\N/\/\MC 139
Me H Me
147

2.35. att. Dazadas pieejas sulfonamidu 142 un 143 iegtiSanai

Sulfonamidus 141 var iegiit no sulfonilhloridiem 139 un amtniem 140, p&c tam tos alkilgjot
ar prenilbromidu 117 vai 2-metilprenilbromidu 130 veido tresgjos sulfonamidus 142 un 143
(pieeja A). Otrjos sulfonamidus 146a,b var iegit sulfonilhloridu 139 reakcija ar prenil- vai
metilprenilaminu 144 vai 145 attiecigi. leglitos starpsavienojumus var alkilét vai arilét (pieeja B).
Savukart paladija kataliz€tas hidroaminéSanas reakcijas rezultata var iegit N-(2-
metilprenil)anilinu 147.'% To paklaujot reakcijai ar 139, var iegit tres&jo sulfonilamidu (pieeja
C).

Prenilaminu 144 un 2-metilprenilaminu 145, kas nepiecieSami pieejas B realiz€Sanai
ieguvam Gabriel sintezg, alkilgjot kalija ftalimidu 148 ar attiecigajiem bromidiem 117 un 130,
kam sekoja ftalimidu 149a,b skel$ana ar hidrazinu (2.36. att.).
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R
0 J=< 0 R 1. H,NNH,*H,0,
— 1 NN

®
K DMF, 140 °C | 2. HCl/Et20 R *HCl
(0]
148 149a (R=H, 70%), 144 (R=H, 99%),
149b (R=Me, 67%) 145 (R=Me, 99%)

2.36. att. Prenilamina hidrogenhlorida (144) un 2-metilprenilamina hidrogenhlorida (145) sintéze

Ar noluku parbaudit prenilgrupas izmantoSanas iesp&jas sulfonamidu aizsardzibai, sakotngji
ieguvam modelsubstratu 142a, izmantojot pieeju A (2.35. att.). Prenilgrupas skelSanu veicam

TFA skiduma gan trietilsilana klatiené (metode A), gan bez ta pievienos$anas (metode B) (2.37.

S g
T?I HN
o

att.).

Cl
0=$=0 0=8= Metode A: 0=$=0
1. 652, NaHCO4(1M) TFA (10 vol%),
1,4-dioksans, TES (10 vol%)
A, 3 h, 99% DCM, ist. t.
O\ 2.117, NaH, THF, 32% SN Metode B: O~
TFA (10 vol%)
139
142a DCM, ist. t. 1502

2.37. att. Modelsubstrata 142a sintéze un aizsarggrupas SkelSanas reakcija

Prenilgrupas $kelSanas me&ginajuma trietilsilana klatiené novérojam prenilgrupas
reducésanu, veidojot ka blakusproduktu N-izopentilsulfonamidu (151) (~10%). Bez trietilsilana
piedevas notika konkurgjosa Friedel-Crafts alkilésana, veidojot blakusproduktu 152 (~40%)

saskana ar reakcijas maisijuma "H-KMR spektra datiem (2.38. att.).

N\ 7
S.
N
QN
S \/Y 0
W
~o

151 152

2.38. att. Aizsarggrupas $kel$anas reakcijas blakusprodukti 151 un 152

2-Metilprenilgrupas efektivitati sulfonamidu aizsardziba pieradijam, izmantojot lidzigu

modelsubstratu 143a. Ta sintézi realiz€jam péc Hartwig grupas izstradatas hidroaminéSanas

metodes no anilina 65a, kuras rezultata ieguvam N-2-metilprenilanilinu ar kvantitativu iznakumu.

Produktu paklavam reakcijai ar 4-metoksifenilsulfonilhloridu 139a, NaHCO;3; (1M) un dioksana
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maisijuma. Reakcijas produkts veidojas ar vidéju iznakumu 47%. Lidzigi prenilaizsarggrupas
gadfjumam, 2-metilprenilgrupas SkelSanu veicam TFA skiduma trietilsilana klatiené (metode A)

un bez ta pievienoSanas (metode B) (2.39. att.).

©\ j/k Metode A: /@
1. 2,3-dimetilbut-1,3-diens N TFA (10 vol%), HN

NH2 Pd(PPh3)4, O:é:() TES (IOVOl%) O=é=0
PhCHj; ist. t., 99 % DCM, ist. t.
2.139a, NaHCO; (1M), Metode B:
1,4-dioksans, TFA (10 vol%)

A, 3h, 47 % O DCM, ist. t. _0
65a 143a 150a

2.39. att. Modelsubstrata 143a sintéze un aizsarggrupas SkelSanas reakcija

Konstatgjam, ka pilniga izejvielas konversija tika sasniegta 2h laika. Abos gadijumos
(metode A un metode B) ieguvam tiru N-fenilsulfonamidu 150a ar gandriz kvantitativu
iznakumu. Blakusproduktu veidoSanos reakcijas gaita nenoverojam.

Veicam plasaku substrata klasta izpeti gan prenil-, gan 2-metilprenilaizsardzibas
noskelSanai sulfonamidos, izmantojot SkelSanas reakcijas apstaklus: TFA (10 vol%), TES (6
ekviv), substrata koncentracija dihlormetana 0.1M. Izmantota pieeja subtratu 142, 143 sintézei un
aizsarggrupas SkelSanas iznakumi apkopoti 2.16. tabula. Produktus 150 izolgjam, ietvaic&jot
reakcijas maisijumu. Produktus 142a-c,d, 143k-m (2.,4.,6.,9.,20.-21. ieraksts) attirijam ar
kolonnas hromatografijas palidzibu. Dazu substratu gadijuma 143f,g,k,m (10.,12.,20. un 22.
ieraksts) izmantojam lielaku TFA daudzumu (25 vol%), kas lava saisinat aizsarggrupas

noskelSanas reakcijas laiku.

2.16. tabula
142 un 143 atvasinajumu iegiiSana, aizsarggrupas noskelSanas reakcijas laiks un izolétais iznakums
NI Savienojumi Substrata 142 un 143 | Reakcijas laiks, produkta 150
' 142 (R=H); 143 (R=Me) iegliSanas pieeja iznakums
1. 00 14C3a 20 min, 150a, 99%
4-MeOC(,H4/S"II\I/\)\ 0
2. CoHs R N 60 min, 150a, 89%
Nr Savienojumi Substrata 142 un 143 | Reakcijas laiks, produkta 150
' 142 (R=H); 143 (R=Me) iegliSanas pieeja iznakums
3. 0,0 1asb 20 min, 150b, 99%
e 142D
4, Cells R A 60 min, 150b, 72%
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2.16. tabulas turpinajums

NI Savienojumi Substrata 142 un 143 | Reakcijas laiks, produkta 150
' 142 (R=H); 143 (R=Me) iegliSanas pieeja iznakums
5, o0 o 143c 45 min, 150c, 99%
4 MeCH,~ 5~ N/\)\ 13
6. #BrOCGH, R e 12 h, 150c, 76%
0.0
7. 4—Mec6H4/S‘N% 1a3d 60 min, 150d, 99%
4MeOCgH, R
8. 0y 0 1‘56 45 min, 150e, 9%
4‘“”““5}% 142¢ .
9. A R B 60 min, 150e, 78%
10. N //0% Lt 60 min, 150f, 99%
4-MeCgHy™ 7 N
11. / R 1%2f 60 min, produktu maisijums
12. 0,0 1459 90 min, 150g, 99%
~S. %
4-MeC¢Hy Nﬂ)\
13. Bn R 1£|132g 90 min, produktu maisfjums
14. . //O/\)\ 14|1?'~’3h 60 min, 150h, 99%
4-MeCgH,” > NN
15. H o R 1132h 12 h, produktu maistjums
16. o, 0 /\)\ 11?' 12 h, produktu maistjums
—O. =
MG N 142i .
17. Bu R A 10 h, produktu maistjums
18. 0, //oﬁ)\ 11?] 12 h, 150j, 99%
S »Z
nBuT N 142 .
19. Bn R A 12 h, produktu maistjums
o, 0
20. B S'Nﬁ)\ 143k 12 h, 150k, 92%
2 Gl R
o, 0
21 N SNy 143l 60 min, 1501, 91%
' @s CHs R A ’ ’
o0
22. 3-Br-C6H4/S'N/\)\ l4p3\m 90 min, 150m, 94%
Bn R

2-Metilprenilsulfonamidu aizsardzibu viegli vargja noskelt aromatisku, heteroaromatisku
un alifatisku aizvietotaju saturoSu sulfonamidu gadijuma. Rezultata ieguvam vélamos produktus
150 ar augstiem iznakumiem. Izpémums ir N-tBu-aizvietots sulfonamids 143i un 142i, kura

notika abu grupu noskel$sana (16. un 17. ieraksts). Savukart prenilgrupas SkelSana skabos
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apstaklos substratu 142e-g,j gadijuma notika ar blakus produktu veidoSanos. Tikai sulfonamida

142a aizsarggrupas noskelSanas gadijuma ieguvam produktu 150a ar augstu iznakumu (2.

ieraksts).

Preniltipa sulfonamidu aizsarggrupas stabilitati parbaudijam apstaklos, kurus izmanto citu

aizsarggrupu SkelSanai (2.40. att., 2.17. tabula).

1,

N QN N AN~
o5 @O/ 0= O N X
OBn
142a (R=H) 142¢ (R=H) 142i (R=H) 142e (R=H)
143a (R=Me) 143c (R=Me) 143i (R=Me) 143e (R=Me)
2.40. att. Modelsubstrati 142 un 143
2.17. tabula
Sulfonamidu aizsarggrupas stabilitates petijjums
Lo .. 11 R=Me R=H
Nr. | Savienojums Reakeijas apstakli (izoletais iznakums) (izol&tais iznakums)
Selektiva O- Pre grupas reducésana,
1. 142c, 143c Pd/C’E:ICZ)'(AlCatm)’ benzilgrupas noskelsana O-benzilgrupas
(84%) noSkelSana

2. 142c, 143c

Pd/C, H, (6 atm),

MePre piesatinasana, O-

Pre grupas reducesana,
O-benzilgrupas

EtOAC benzilgrupas noskel$ana .11
noskelSana
Pd(OH),, H, (1atm), | MePre, O-benzilgrupas _ -
3. 142c, 143c EtOH nogkelsana Nav parbaudits
. MePre un O-
4. 142c, 143c BCl (1.5 ?kvw)’ benzilgrupas noskelSana Nav parbaudits
DCM, ist.t.
(98%)
5. 142c, 143c FeCl;, DCM, ist. t. Produktu maisijums Produktu maisijums
5 142i 143] BCl; (1.1 ekviv), MePre un t-Bu t-Bu grupas noskel$ana
' ’ DCM, ist. t. noskelsana (99%) (76%)
7. 142a, 143a NIS, DCM, ist. t. Stabils Nav parbaudits
8. 142a, 143a DDQ, DEM/H,0, ar Stabils Stabils
attecl
DIBAL-H . .
: ' Alilgrupas noskelSana Alilgrupas noskelSana
9. 142e, 143e (dppp)NiLiIIi, PhCHs, (89%) (84%)

Metilprenilaizsargata substrata 143c

sasniedzam selektivu O-benzilgrupas noskelSanu

katalitiskas hidrogeneSanas apstaklos (1 atm), izmantojot Pd/C katalizatoru un EtOAc ka

Skidinataju (1. ieraksts). Toties paaugstinata H, spiediena, Pd/C klatiené, novérojam 2-
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metilprenilgrupas reducésanu (2. ieraksts). 2-Metiprenilgrupa nav stabila ari Pd(OH), klatieng
etanola atmosféras H; spiediena. Savukart prenilgrupa substrata 142c neuzradija stabilitati
neviena no parbauditajiem katalitiskas hidrogeng$anas apstakliem (1-3. ieraksts). Stipras Luisa
skabes, ka BCls, substrata 143c inducgja 2-metilprenilgrupas Skelsanu kopa ar benzilgrupu (4.
ieraksts), arT tBu grupu savienojuma 143i (6. ieraksts). Rezultata ieguvam pirméjos sulfonamidus
ar augstiem iznakumiem. Savukart, selektivu benzilgrupas SkelSanu BCl; klatieng realiz€jam
prenilaizsargatam sulfonamidam 142i ar labiem iznakumiem (6. ieraksts). FeCl; klatiene
novérojam pilnigu izejvielas konversiju par neidenfic€jamiem reakcijas blakus produktiem gan 2-
metilprenil-, gan prenilaizsargatiem sulfonamidiem 142c, 143c (5. ieraksts). Sulfonamids 142a
bija stabils NIS un DDQ klatieng (7. un 8. ieraksts). Selektivu alilgrupas SkelSanu substrata 142e,
143e veiksmigi realiz&jam Ni(0) katalizatora un DIBAL-H klatieng (9. ieraksts) (2.17. tabula).
2-Metilprenilgrupas stabilitati pieradijam Suzuki-Miyaura sametinasSanas reakcijas
apstaklos: aizsargats 3-bromfenilsulfonamids 143m, kurs tika iegiits ka aprakstits ieprieks, stajas
reakcija ar 3-nitrofenilborskabi 153 Cs,COj klatieng, ka katalizatoru izmantojot Pd(PPhs)4 (2.41.
att.). Tas lava iegiit starpsavienojumu 154 ar augstu iznakumu. Nitrogrupas reducéSanu
realiz€jam paladija katalizétos apstaklos Gdenraza atmosféra. legiitajam anilina atvasinagjumam
155 noskélam 2-metilprenilgrupu, izmantojot TFA un TES. Produktu 156 ieguvam ar

kvantitativu iznakumu un augstu tiribu p&c reakcijas maisijuma ietvaicgsanas.

Ry
MePreNH,*HCl, ©/st =
H

NaHCO; (1M)/1,4-dioksans
A, 71% Br 146m

CSzCOj,, BHBI',
DMF, ist.t., 84%

OO0 1. BHNHZ,,

S" NaHCO; (1M) 0,0 Q Q "o
© €1 4-dioksans, A, 52% Sse~ O gy BOM: SN
! /
2. Cs,CO; MePreBr Bn Pd(PPh;), K,CO, O Bn H
DMEF, 84% Br THF/H,0, 85%
139m 143m NO, 154

(0]
(6]

O
Pd/C O o) TFA (10 vol%) Q O
H, (latm) O N TESH (10 vol%)
EtOAc, 99% ~ DCM,istt., 12 h, 99 % HN S

Bn
HN\
155 156 Bn

77\

NH,

2.41. att. Sulfonamida 156 iegiiSana
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Mes paradijam, ka 2-metilprenilaizsarggrupa var tikt pielietota ka sulfonamidu skabes
jutiga aizsardziba. Skabes katalizétas SkelSanas rezultata veidojas gaistoSie blakusprodukti un
mérka savienojums ir ieglistams ar augstu tiribas pakapi uzreiz péc reakcijas maisijjuma
ietvaicéSanas. 2-Metilprenilgrupa ir stabila Pd/C- katalizétas hidrogenéSanas reakcija 1 atm,
Suzuki-Miyaura reakcijas apstaklos, Ni(0) katalizétas reakcijas un oksidéjoSo agentu klatiené
(piem., NIS, DDQ). Prenilaizsarggrupa ari var tikt izmantota sulfonamidu aizsardziba, toties
noverojama dazadu blakusproduktu veidoSanas aizsarggrupas SkelSanas reakcijas gaita, un
iesp&jamo substratu klasts ir ierobezots.

Metilprenilaizsargatas hidroksamskabes un sulfonamida funkcijas izmantoSana
ADAM inhbitoru Kkonstruésana. ADAM inhibitoru izveidoSanas projekta ietvaros bija
nepieciesams izstradat sint€zes metodes sulfonamidu saturoSu nepiesatinatu hidroksamskabju 157
iegtisanai, kas ir sultamsaturoso inhbitoru 2 un 106 virknes tautoméri (2.42. att).

Lai realiz€tu izvirzito uzdevumu, izmantojam jau iepriek$ izstradato sintétisko celu
sultamhidroksamskabes iegiiSanai. Ta ka ir nepiecieSams izvairities no sulfonamida 158 aza-
Michael pievienosanas pie aktivétas dubultsaites reakcija starp benzosulfonskabes hlorida un

arilaminu 159, jaizvélas piemérota aizsarggrupa sulfonamidam, kura bitu stabila sintézes gaita.

O o AG.
NH
.OH
NN X o~
o H 0 “
s | — S. AG | — /\
CSI NH N K

O//
Y4 S/ 159
R R

AG- aizsarggrupa
157 158 R=aril, alkil, heteroaril

2.42. att. Potencialo ADAM10/17 inhibitoru virknes tautoméru 157 vispariga struktiira un iegiiSanas
pieeja

Analizgjot literatira zinamas sulfonamida aizsarggrupas: tert-butil, benzil, difenilmetil, 4-
metoksibenzil, 2,4-dimetoksibenzil, 2,4,6-trimetoksibenzil un alil, secinajam, ka lielaka dala no
tam nav piemérotas mérka savienojumu 157 iegtiSanai. Ta, benzil— un difenilmetilgrupas SkelSana
notick paladija katalizéta hidrogenésana, kas nav savietojama ar misu substratu. 4-
Metoksibenzil-,  2,4-dimetoksinbenzil-  vai  2,4,6-trimetoksibenzilgrupas  noskel$anas
blakusprodukti var€tu traucet iegit galaproduktu ar pietiekoSu tiribu. Alilgrupas noskelSana
notiek DIBAL-H parakuma, (dppp)NiCl, kataliztora klatieng, kas nav savietojami ar
hidroksamskabes funkciju. Tert-butilgrupa vai misu izveidota 2-metilprenilgrupa varétu but

piemérota sulfonamida aizsarggrupa produktu 157 iegtsanai. Sulfonamida konstruésanai
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nepiecieSama anilina buvbloka aizsargaSanai izv€lejamies jau iepriekS aprakstito 2-
metilprenilgrupu.
Anilina buvbloku 160 paklavam reakcijai ar sulfonilhoridu 88 NaHCO;3 (1M) un dioksana

maistjuma, veidojot sulfonamidu 161 .

OBn OBn

H
N AN
O ci /©/ o\ 1. NaOH (2M), o\
@CL\N BnO 160 SN EtOH, 12h, 99% SN

O
™ NaHCO;(1M)/dioksans, | 2.132, HATU, DIPEA, |
o A, 3 h, 59% o DCM, 81%

88 161 o 162 HN.

TFA (10 vol%)
DCM, 2 h,
ist. t., 62 %

2.43. att. Sulfonamida 157 iegiiSana

legiita sulfonamida estera funkciju hidroliz€jam baziskos apstaklos paaugstinata
temperatira un hidrolizes produktu sametingjam ar 132, izmantojot HATU un DIPEA.
Diaizsargato produktu 162 paklavam noSkelSanas reakcijai, rezultata iegiistot sulfonamidu
saturo$o hidroksamskabi 157 ar labu iznakumu. Varam apgalvot, ka izstradata pieeja piemérota

plasai §1s savienojumu sérijas analogu izveidosanai.
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EKSPERIMENTALA DALA

Vispareja informacija

Reakcijam nepiecieSamie reagenti iegadati no kimisko vielu piegadatajiem (Acros, Alfa
Aesar, Apollo Scientific, Fluorochem) un lietoti bez papildus attirisanas.

Planslana hromatografijai lietotas Silica gel F254(Merck) sorbenta plaksnes. Produktu
detektésanai izmantots UV starojums (vilpa garums 254 nm) un/vai attistisana KMnQO, skiduma
(1,5 g KMnQy, 10 g K,CO3, 150 ml H,0, 2,5 ml 5% NaOH).

Kolonnu hromatografijai izmantots silikagels: Silicagel 0,035 — 0,070 mm (Merck) un
etilacetata, petrolétera un dihlormetana eluentu sistémas.

Skidinataji zavéti un attiriti péc standarta procediras, sauss THF, toluols, dietiléteris un
dihlormetans attiriti ar MBraun-SPS 800.

'H un ®C KMR spektri uzpemti ar 200, 300 un 400 MHz spektrometriem. Kimiskas
nobides (&) noraditas miljonajas dalas (m.d.), izmantojot skidinataju ka standartu.

Masspektru uzpemsanai, vielu tiribu noteikSanai un reakciju gaitas novérosanai izmantots
SH/MS vai UESH/MS. Analizes veiktas ar Waters Acquity, kolonna: Acquity UPLC BEH-C18
(2,1 mm x 50 mm, poru izmérs: 1,7 um, (30,0 = 5,0) °C); gradients: 0,01 % TFA tdens
Skidums/MeCN=(90/10) % Iidz (10/ 90) %; plasmas atrums: 0,5 mL/min; analizes ilgums:
8 min.; detektors: PDA (fotodiodes matrica), 220-320 nm, SQ detektors ar
elektronizsmidzinasanas jonu avotu.

Elementanalize veikta ar CARLO ERBA firmas iekartu.

Galaproduktu tiribas noteiktas ar UESH/MS, SH/MS vai/un ar AESH (Apollo C18 , 4.6 x
150 mm, kustiga faze -MeCN - 0.1% H3PQO,, gradients 15 min, 5/95-95/5, plismas atrums 1.0
ml/min, parauga koncentracija 0.2 mg/ml, UV detektors (210 un 254 nm) testiem nodotas vielas,

kuru tiriba bija 85+ %.

Aziridinoksimu saturoSu inhibitoru sinteze

Savienojumu 4, 63, 66-70, 73-75, 79, 80, 82, 85 sint€ze un raksturojums ir publicéti [2.
Pielikums].

Savienojumi 64,%6 72,70 78,199 g1 73.74 g5l10 iegiiti p&c literatira aprakstitam sint€zes metodem.
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ADAMI10 un ADAM17 inhibitoru sinteze

Savienojumi iegti 86, 87 péc literatlira aprakstitam sintézes metodem.”

0 1. RNH, NaHCO; (1 M), om_* ©Q 0 R
0=s—Cl 0O : 2, NaHCO; (I M), os§_N o=t o
e 1,4 - dioksans OH . “~
OMe o OH
2. HCV/ 1,4-dioksans,
80 °C
88 89 89'

Vispariga procediira A heteroarilaizvietota analoga 89 iegiiSanai: Pie attieciga amina
(1 ekviv) Skiduma 1,4-dioksana (1mmol/5mL), pievienoja 3-(2-hlorsulfonilfenil)akrilskabes
metilesteri (1 ekviv) un NaHCO3 (1M, 3 ekviv). Reakcijas maisijumu sildija 80 °C 3h-12h
(reakcijas gaitu kontrolé ar PSH un/vai UESH). P&c pilnigas izejvielas konversijas reakcijas
maisTjumu atdzes€ja lidz istabas temperatiirai. Reakcijas maisijumam pievienoja tideni (20 mL)
un veica ekstrakciju ar EtOAc (2x20mL). Organiskas fazes apvienoja un mazgaja ar pies. NaCl
skidumu (2x50mL). Organisko fazi zavéja virs Na,SO, (b/t), filtrgja, ietvaic€ja. Atlikumu
iz8kidinaja dioksana un pievienoja 1M HCI. Reakcijas maisijumu sildija 80 °C temperatiira 3h -
24h. Reakcijas maisijumu atdzes€ja Iidz ist.t. un ietvaicgja. Atlikumu apstradaja ar acetoniltrilu
un filtr§ja radusas nogulsnes (89c un 89d gadijuma) vai atlikumu izskidinaja EtOAc (20 mL) un
pievienoja 5% NaOH ud.8k. Udens fazi atdalija un paskabinaja ar KHSO4 (5% ud. $k.) lidz
pH=2-3. Produktu ekstrahgja ar EtOAc, organisko fazi zav&ja virs Na,SO,4 (b/i), filtr§ja un

ietvaicgja, lai ieglitu savienojumus 89e, 89f un 89g.

2-(2-(2-Metilhinolin-6-il)-1,1-dioksido-2,3-dihidrobenz[dlizotiazol-3-i)etikskabe (89c)

legiits péc visparigas procediiras A, reakcijas maisijumu varija 7h, 23% iznakums. 'H KMR (200
MHz, DMSO-ds, 6): 2.91 (s, 3H), 2.96 (dd, 2H, J=14.7, 4.9 Hz), 5.98 (dt, 1H, J=5.1, 3.9 Hz),
7.73 —-8.37 (m, 8H), 8.89 (d, 1H, J=7.8 Hz) m.d.

2-(1,1-Dioksido-2-(hinolin-6-il)-2,3,-dihidrobenz[d]izotiazol-3-il)etikskabe (89d)

legiits pec visparigas procediiras A, reakcijas maisijumu varija 4h, 25% iznakums. *H KMR (200
MHz, DMSO-dg, 9): 2.96 (dd, 2H, J= 14.7, 4.7 Hz), 5.98 (dt, 1H J=4.7, 1.6 Hz), 7.69 — 7.91 (m,
4H), 8.02-8.34 (m, 4H), 8.84 (dd, 1H, J=3.9, 8.6 Hz), 9.13 (dd, 1H, J=2.4 un 1.6 Hz) m.d.

2-(1,1-Dioksido-2-(hinoksalin-6-il)-2,3-dihidrobenz[d]izotiazol-3-il)etikskabe (89¢e)
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leglits péc visparigas procediiras A, reakcijas maisijumu varjja 10h, 33% iznakums. 'H KMR
(200 MHz, DMSO-ds, 9): 2.78 (dd, 2H, J=10.6, 3.9 Hz), 6.02 (dd, 1H, J=8.2, 3.9 Hz), 7.70-7.76
(m, 2H), 7.82-7.90 (m, 2H), 8.02-8.08 (m, 2H), 8.22 (d, 1H, J=8.9 Hz), 8.94 (d, 1H, J=1.9 Hz),
8.98 (d, 1H, J=1.9 Hz) m.d.

2-(2-(Benzofuran-5-il)1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-il)etikskabe (89f)

legiits péc visparigas procediiras A, reakcijas maisijumu varija 24h, 47% iznakums. ‘H KMR
(200 MHz, DMSO-ds, 6): 2.80 (dd, 2H, J=14.6, 4.3 Hz), 5.62 (dd, 1H, J=4.3, 3.9 Hz), 7.02-7.07
(m, 1H), 7.40-7.45 (m, 1H), 7.65-7.82 (6H, m), 7.97 (d, 1H, J=7.4 Hz) m.d.

2-(2-(Benz[d]tiazol-5-il)-1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-il)etikskabe (899)

legiits pec visparigas procediiras A, reakcijas maistjumu varija 16h, 36% iznakums. 'H KMR
(200 MHz, DMSO-dg, 9): 2.78 (dd, 2H, J=14.7, 4.2 Hz), 5.72 (dd, 1H, J= 4.3, 3.5 Hz); 7.64-
7.71(m, 3H), 7.79 (dt, 1H, J=6.7, 0.8 Hz), 7.94-8.00 (m, 1H), 8.14-8.18 (m 1H), 8.28 (d, 1H,
J=1.96 Hz), 9.80 (s, 1H) m.d.
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oH H,NOH*HCI N
CDI, THF
89 2¢,d

Vispariga procediira B hidroksamskabes sintézei: Attiecigas skabes 89 (1 ekviv)
Skidumam sausa THF (1mmol/2mL) pievienoja CDI (3 ekviv) un maisija 2h ist. t. argona
atmosfera, tad pievienoja hidroksilamina hidrogénhloridu (3 ekviv) un turpinaja maisit 12h ist.t.
Reakcijas maisijumu ietvaicgja, atlikumu parkristaliz€ja no MeCN/H20 maisijuma, produktu
zaveja 50 °C virs P,0s.
N-Hidroksi-2(2-(2-metilhinolin-6-il)-1,1-dioksido-2,3-dihidroben[d]izotiazol-3-il)acetamids (2C)
legiits péc visparigas procediiras B, 35% iznakums. *H KMR (400 MHz, MeOH-g,, 8): 2.54 (dd,
1H, J=14.7, 7.9 Hz), 2.74 (3H, s), 2.82 (dd, 1H, J=14.6, 5.0 Hz), 5.89 (dd, 1H, J=7.9, 5.0 Hz),
7.49 (d, 1H, J=8.5 Hz), 7.67-7.75 (m, 3H), 7.81 (td, 2H, J=7.6, 1.2 Hz), 7.88-7.97 (m, 2H), 8.29
(d, 1H, J=8.5 Hz) m.d.; *C-KMR (101 Hz): 168.2, 160.9, 146.7, 138.2, 137.8, 135.5, 134.7,
134.0, 131.2, 130.0, 128.1, 126.0, 124.3, 123.5, 122.3, 101.4, 59.7, 38.5, 24.6 m.d.; SH/MS
[M+1]" 384; AESH tiriba 92.5%.

2-(1,1-Dioksido-2-(hinolin-6-il)-2,3-dihidrobenz[d]izotiazol-3-il)-N-hidroksiacetamids (2d)
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legiits pec visparigas procediiras B, 31% iznakums. *H KMR (400 MHz, MeOH-q4, 8): 2.45 (dd,
1H, J=14.7, 7.9 Hz), 2.74(dd, 1H, J=14.7, 5.0 Hz), 5.84 (dd, 1H, J=8.0, 4.9 Hz), 7.49 (dd, 1H,
J=8.4, 4.3 Hz), 7.59-7.67 (m, 2H), 7.68-7.75 (m, 1H), 7.82 (dt, 1H, J= 7.7, 1.7 Hz), 7.90 (dd, 1H,
J=9.1, 2.5 Hz), 7.96 (d, 1H, J=2.5 Hz), 8.04 (d, 1H, J=9.1 Hz), 8.28-8.35 (m, 1H), 8.77 (dd, 1H,
J=4.3, 1.7 Hz) m.d.; ®*C-KMR (101 Hz): 168.2, 151.4, 146.8, 138.2, 135.0, 134.8, 131.7, 131.2,
130.9, 130.4, 127.7, 126.1, 123.4, 122.9, 122.3, 86.8, 59.6, 38.4 m.d.; SH/MS [M+1]" 370;
AESH tiriba 87%.

R H,NOTHP (90)
o 19 EDCI, HOBT o R 4
=SSN OH DMEF, ist.t. Os5-N O
H
89 9le-g

Vispariga procediira C O-aizsargatas hidroksamskabes iegiSanai: Attiecigas skabes 89
Skidumam DMF (1mmol/1mL), pievienoja NH,OTHP (1,5 ekviv), HOBT (1,3 ekviv) un EDCI
(1,5 ekviv). Maisija istabas temperatiira argona atmosféra 12h. Reakcijas maisijumu apstradaja ar
tdeni (20 mL) un produktu ekstrahgja ar EtOAc (2x20 mL). Organiskas fazes apvienoja un
mazgaja ar tdeni (3x40 mL), tad organisko fazi zavgja virs NapSO,, filtréja un ietvaicgja.

Produktu attirTja ar kolonnu hromatografiju, eluents EtOAc.

2-(1,1-Dioksido-2-(hinoksalin-6-il)-2,3-dihidrobenz[d]izotiazol-3-il)-N-((tetrahidro-2H-piran-2-
il)oksi)acetamids (91e)

legiits pec visparigas procediiras C, 24% iznakums. *H KMR (400 MHz, CDCl; 8): 1.43-1.89 (m,
6H, parklajas ar tdens signalu), 2.53-2.62 (m, 1H), 2.99-3.16 (m, 1H), 3.47-3.60 (m, 1H), 3.68-
3.89 (m, 1H), 4.91 (s, 1H), 5.90-6.01 (m, 1H), 7.62-7.74 (m, 3H), 7.88-7.92 (m, 1H), 8.00-8.25
(m, 1H), 8.80-8.88 (m, 2H) m.d.

2-(2-(Benzofuran-5-il)-1,1-dioksido-2,3-dihidroben[d]izotiazol-3-il)-N-((tertahidro-2H-piran-2-
il)oksi)acetamids (91f)

legiits pec visparigas procediras C, 51 % iznakums. *H KMR (400 MHz, DMSO-dg 5):1.40-1.63
(m, 6H), 2.50-2.10 (m, 2H, parklajas ar DMSO signalu), 3.32-3.50 (m, 2H, parklajas ar tdens
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signalu), 4.83 (m, 1H), 5.59-5.67 (m, 1H), 7.05 (dt, 1H, J = 2.2, 1.1 Hz), 7.39-7.49 (m, 1H), 7.65-
7.86 (m, 5H), 7.92-8.00 (m, 1H), 8.10 (dd, 1H, J = 2.2, 1.0 Hz), § 11.05 (s, 1H) m.d.

2-(2-(Benz[d]tiazol-5-il)-1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-il)-N-((tetrahidro-2H-piran-
2-il)oksi)acetamids (919)

legiits pec visparigas procediiras C, 24% iznakums, dzeltena e]la. 'H KMR (400 MHz, CDCl5, 8):
1.48-1.79 (m, 6H), 2.47-2.58 (m, 1H), 2.79-2.89 (m, 1H), 3.61-3.95 (m, 2H), 4.60 (s, 1H), 5.67-
5.78 (m, 1H), 7.57-7.70 (m, 4H), 7.86-7.91 (m, 1H), 8.12-8.22 (m, 2H), 9.02 (s, 1H) m.d.

o o § Ro
024N JOTHP  HCI (1M) O=g-N N,OH
g 1,4-dioksans H
ist.t.
9le-g 2e-g

Tetrahidropirana noSkelSanas vispariga procedira D: O-THP aizsargato
hidroksamskabi (0,4 mmol) izSkidinaja dioksana (4 mL), pievienoja HCI (1M, 3 ekviv), maisija
ist.t. 4-12h. P&c pilnigas aizsarggrupas noskelSanas, reakcijas maisijumam pievienoja pies.
NaHCO; (5 mL) un turpinaja maisit 5 min, tad produktu ekstrah&ja ar EtOAc (10 mL). Organisko

fazi atdalija, Zavg&ja virs Nap,SOy (b/1), filtr§ja, ietvaicgja. Atlikumu parkristalizéja no Et,0.

2-(1,1-Dioksido-2-(hinoksalin-6-il)-2,3-dihidrobenz[d]izotiazol-3-il)-N-hidroksiacetamids (2e)
legiits péc visparigas procediiras D, 33 % iznakums. 'H KMR (200 MHz, DMSO-ds, 8): 2.42-
2.50 (m, 1H, parklajas ar DMSO signalu), 2.78 (dd, 1H, J=10.6, 3.9 Hz), 6.07 (dd, 1H, J=8.2, 3.9
Hz), 7.69-7.76 (m, 2H), 7.82-7.89 (m, 1H); 8.04-8.08 (m, 2H), 8.23 (d, 1H, J=8.9 Hz), 8.89 (pl.
s, 1H,), 8.94 (dd, 1H, J=1.9 Hz), 8.98 (d, 1H, J=1.9 Hz), 10.50 (pl s, 1H) m.d.; SH/MS [M+1]"
371; AESH tirtba 89%.

2-(2-(Benzofuran-5-il)-1,1-dioksido-2,3-dihidrobenz[dlizotiazol-3-il)-N-hidroksiacetamids (2f)

legtts pec visparigas procediiras D, 48% iznakums, bezkrasaina, amorfa viela. 'H KMR (400
MHz, DMSO-ds, 9): 2.38 (dd, 1H, J=14.7, 8.4 Hz), 2.60 (dd, 1H, J=14.7, 4.4 Hz), 5.61 (dd, 1H,
J=8.4, 4.4 Hz), 7.06 (d, 1H, J=2.2 Hz), 7.44 (dd, 1H, J=8.8, 2.2 Hz), 7.62-7.84 (m, 5H), 7.98 (d,
1H, J=7.7 Hz), 8.10 (d, 1H, J=7.7 Hz), 8.87 (pl s, 1H), 10.49 (pl 5,1H) m.d.; **C-KMR (101 Hz):
165.0, 153.3, 147.4, 136.9, 133.7, 133.3, 129.8, 128.9, 128.2, 124.9, 123.8, 121.1, 120.3, 112.3,

106.9, 59.2, 36.5 m.d.; SH/MS [M+1]* 359; AESH tiriba 99%.
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2-(2(Benz[d]tiazol-5-il)-1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-il)-N-hidroksiacetamids (2Q)
legiits péc visparigas procediiras D, 43% iznakums, bezkrasaina, amorfa viela. 'H KMR (200
MHz, DMSO-dg, 8): 2.39-2.45 (m, 1H, parklajas ar DMSO signalu), 5.72 (dd, 1H, J=4.3, 3.5
Hz), 7.64-7.71(m, 3H), 7.79 (dt, 1H, J=6.7, 0.8 Hz), 7.97 (d, 1H, J=7.8 Hz), 8.16 (d, 1H, J=9.0
Hz), 8.28 (d, 1H, J=1.96 Hz), 8.83 (pl s, 1H), 9.82 (pl s, 1H), 10.46 (pl s, 1H) m.d.; SH/MS
[M+1]* 376; AESH ftiriba 94%.

(6]
o DPPA, TEA j\OT % \ __TFA TFA* H,N \
N tBuOH, ar atteci o) \©E> DCM, ist.t. \©\/C>
0 78% O 100%
92 93 94

Benzofuran-5-amina TFA sals (94)
1,3-Benzotiazol-6-karbonskabi (2,80 mmol, 0,5 g, 1 ekviv) suspendéja tBuOH (10 mL), maisija
50 °C temperatiira, pievienoja DPPA (3,9 mmol, 0,85 mL, 1,4 ekviv) un TEA (4,20 mmol,

0,58 mL, 1,5 ekviv). Reakcijas maisijumu sildija ar atteci 90 °C 7h, tad atdzesgja lidz ist. t. un
ietvaicgja. legiito ellaino produktu attirija ar kolonnu hromatografiju, eluents PE/EtOAc (1/1).
Iznakums 77% bezkrasaina, amorfa viela. '"H KMR (400 MHz, CDCls §): 1.54 (s, 9H), 6.71 (s,
1H), 7.13 (dd, 1H, J-8.8, 2.3 Hz), 7.25-7.28 (m, 1H), 7.38-7.41 (m, 1H), 7.59 (d, 1H, J=2.2 Hz),
7.74 (pl s, 1H) m.d. Savienojumu 93 (540 mg, 2,01 mmol) izskidinagja DCM (2 mL) un
pievienoja TFA (2 mL, 50 vol%). Reakcijas maisijumu maisija 2h ist.t. (PSH kontrole).
Ietvaicgja, pievienoja Et,O un filtréja radusas nogulsnes. legitais iznakums 98%, bezkrasaina,
amorfa viela. *H KMR (400 MHz, DMSO-ds, 8): 6.40 (pl s, 2H), 6.64 (s, 1H), 7.01 (dt, 1H,
J=8.7, 2.1 Hz), 7.27-7.37 (m, 2H), 7.54-7.57 (m, 1H) m.d.

OH H. .O. OH
I}I DMB
o W
i 0 0
p-aminofenols (95) 0<% N EDCI, HOBT 04 N
1 M NaHCOj5/dioksans, DMF, ist.t., 12h

N TMB

80°C OH N
© O bpwmB

96 98

2-(2-(4-Hidroksifenil)-1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-il)etikskabe (96)
Pie p-aminofenola (12 mmol, 1,32 g, 1 ekviv) skiduma dioksana (48 mL) pievienoja NaHCO;
(1M, 48 mL, 4 ekviv) un 3-(2-hlorsulfonilfenil)akrilskabes metilesteri (88, 12 mmol, 1,92 g,
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1 ekviv). Reakcijas maisijumu sildija ar atteci 10h, tad atdzes€ja lidz ist.t., pievienoja 5% KHSO,
tdens $kidumu Iidz pH=2-3, ekstrah&ja ar EtOAc. Organisko fazi atdalija un mazgaja ar tdeni,
pies. NaCl skidumu, tad zavéja virs Na,;SO,, filtréja, ietvaicgja. Iznakums 59%, amorfa viela. H
KMR (200 MHz, DMSO-dg, 6): 2.76 (m, 2H), 5.39 (t, 1H, J=5.1 Hz), 6.83 (d, 2H, J=8.8 Hz),
7.27 (d, 2H, J=8.9 Hz), 7.63-7.82 (m, 3H), 7.94 (s, 1H), 9.77 (pl s, 1H) m.d.

0O-(2,4-Dimetoksibenzil)-N-(2,4,6-trimetoksibenzil)hidroksilamins (97)

Savienojums 97 iegiits p&c literatlira aprakstitas sintezes metodes®.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-hidroksifenil)-1,1-dioksido-2,3-dihidrobenz[d]izotiazol-3-
il)-N-(2,4,6-trimetoksibenzil)acetamids (98)

Izejvielas 96 (800 mg, 2,40 mmol, 1 ekviv) skidumam sausa DMF (12 mL) pievienoja HOBT
(3,12 mmol, 0,42 g, 1,3 ekviv), TMBNHODMB (97) (3,60 mmol, 1,31 g, 1,5 ekviv) un EDCI

(3,60 mmol, 0,69 g, 1,5 ekviv) argona atmosfera. Reakciju maisija 16h ist.t., tad pievienoja tideni

(20 mL) un produktu ekstrahgja ar EtOAc (2x20 mL). Organisko fazi atdalija, atkartoti mazgaja
ar tdeni (2x20 mL) un ar pies. NaCl skidumu. (20 mL). Organisko fazi zavéja virs Na,SQOy,
filtrgja, ietvaicgja. Atlikumu parkristaliz€ja no Et,0, iegustot 1,360 g, 73% bezkrasainu amorfu
vielu. 'H KMR (400 MHz, DMSO-dg, 8): 2.42-2.83 (m, 2H, parklajas ar DMSO signalu), 3.56 (s,
3H), 3.68 (s, 3H), 3.72-3.83 (m, 9H), 4,44 (s, 2H), 4,79 (dd, 2H, J=107.4, 13.7, Hz), 5.43 (d, 1H,
J=8.1 Hz), 6.24 (s, 1H), 6.34-6.39 (m, 2H), 6.78-6.90 (m, 4H), 7.25 (d, 2H, J=8.3 Hz), 7.51 (d,
1H, J=7.6 Hz, 1H), 7.63-7.74 (m, 2H), 7.93 (d, 1H, J=7.6 Hz), 9.75 (s, 1H) m.d.; *C-KMR (101
Hz): 170.3, 169.5, 161.4, 160.9, 159.6, 159.1, 157.3, 137.5, 133.8, 133.2, 132.6, 129.7, 129.1,
124.4, 124.2, 120.9, 116.2, 114.3, 104.4, 103.1, 98.0, 90.5, 70.4, 59.8, 58.9, 55.7, 55.3, 55.2,

54.9, 36., 35.7 m.d. SH/MS [M+1]" 665.
O O
N A\ \
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Oss-N O oms Os5-N Pd(PPhy),Cl,  ©SS
TMB K,CO; TBAI(kat.) T™MB Cul, piperidins, TMB
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98 100 102a
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N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-prop-2-in-1-iloksi)fenil)-2,3-dihidrobenz[d]-
izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (100)
Biivbloka 98 (0,5 mmol, 0,33 g, 1 ekviv) skidumam sausa DMF (5 mL) pievienoja K,CO3

(2 mmol, 0,28 g, 4 ekviv) un TBAI (kat.), maisija 15 min un pievienoja 99 (0,55 mmol, 0,07 g, ,
1,1 ekviv). Reakcijas maisijumu turpindja maisit 16h ist.t. argona atmosféra, tad pievienoja tdeni
(20 mL), filtréja radusas nogulsnes, kuras mazgaja ar lielu Gdens daudzumu. Iegiito produktu
7avéja pazeminata spiediena pie 40°C. Iznakums 59%, iedzeltena, amorfa viela. "H KMR (400
MHz, CDCls, 3): 2.47 (t, 1H, J=2.4 Hz0, 2.61-2.70 (m, 1H), 2.80-2.86 (m, 1H), 3.53 (s, 3H), 3.64
(s, 3H), 3.69-3.77 (m, 9H), 4.46 (s, 2H), 4.63 (d, 2H, J=2.5 Hz), 4.77-5.05 (m, 5H), 5.56 (dd, 1H,
J=10.3, 2.9 Hz), 6.06 (s, 2H), 6.11-6.14 (m, 1H), 6.19 (dd, 1H, J=8.2, 2.4 Hz), 6.74 (d, 1H, J=8.2
Hz), 6.91-6.98 (m, 2H), 7.30-7.37 (m, 2H), 7.43-7.51 (m, 3H), 7.70-7.78 (m, 1H) m.d.; **C-KMR
(101 Hz): 170.9, 161.9, 160.1, 159.8, 156.9, 138.1, 134.2, 133.1, 132.9, 129.3, 127.8, 127.7,
125.2,120.2, 116.2, 114.9, 104.3, 103.9, 98.2, 90.5, 78.4, 77.4, 76.0, 71.2, 58.9, 56.3, 55.9, 55.5,
55.4,55.2,37.2, 36.8 m.d.; SH/MS [M+1]" 704.
N-(2,4-Dimetoksifenetil)-2-(1,1-dioksido-2-(4-((3-(piridin-3-il)prop-2-in-1-il)oksi)fenil)-2,3-di-
hidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil))acetamids (102a)

3-Jodpiridina 101a(0,22 mmol, 0,05 g, 1 ekviv) §kidumam sausa toluola (2 mL) argona atmosfeéra

pievienoja Cul (3 mg, 6 mol%), piperidinu (0,44 mmol, 0,04 mL, 2 ekviv) un Pd(PPh3), (5 mg,
3mol%). Reakcijas maistjumu maisija 10 min un tad pievienoja propargilétera 100 (0.24 mmol,
0.17 g, 1.1 ekviv) skidumu toluola (I mL), turpinaja maisit 40 °C temperatiira 3h. Reakcijas
maisjjumu ietvacgja un attirjja ar kolonnu hromatografiju, eluents PE/EtOAc (1/1). Iznakums
70%, bezkrasaina, amorfa viela. 'H KMR (400 MHz, CDCls, 6): 2.73 (dd, 1H, J=17.0, 3.0 Hz),
2.93 (dd, 1H, J=17.0, 10.2 Hz), 3.59 (s, 3H), 3.70 (s, 3H), 3.75-3.84 (m, 9H), 4.52 (s, 2H), 4.86-
5.10 (m, 4H), 5.64 (dd, 1H, J=10.2, 3.0 Hz), 6.12 (s, 2H), 6.16-6.29 (m, 2H), 6.79 (d, 1H, J=8.2
Hz), 7.04-7.09 (m, 2H),7.39-7.47 (m, 2H), 7.50-7.57 (m, 4H), 7.71-7.83 (m, 2H), 8.56 (s, 1H)
m.d.; *C-KMR (101 Hz): 170.9, 161.9, 161.4, 160.2, 159.5, 156.9, 152.3, 149.2, 139.0, 136.9,
134.1, 133.0, 132.8, 129.3, 127.7,125.1, 121.2, 116.1, 114.9, 104.2, 103.9, 98.1, 90.5, 87.2, 84.2,
71.1, 58.9, 56.9, 55.8, 55.5, 55.3, 55.2, 37.3 m.d.; SH/MS [M+1]" 780.

Prop-2-in-1-ilmetansulfonats (99)

Ieguva péc literatiira aprakstitas procediiras, 'H KMR spektrs atbilst literatiiras datiem.™!
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X Cul, pieridins, &/ 2. 98, K,CO; TBAI N
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101 PhCH;/MeCN, 35°C 103 105 ODMB

105a (R=2-F, 80%)
105b (R=3-F, 59%)
105¢ (R=4-F, 65%)
105d (R=2-CF5, 78%)
105e (R=3-CF;, 83%)

105g (R=3-OCF;, 80%)
105h (R=4-Me, 85%)
105i (R=2-OMe, 84%)
105j (R=3-OMe, 82%)
105k (R=H, 86%)

105f (R=4-CF;, 99%)

Savienojumu 103a,d,f,i sintéze un raksturojums atrodams publikacij 3,112

Vispariga procediira E produkta 103 atvasinajumu sintézei: ariljodida atvasinajumu
101 (1 ekviv), Pd(PPh3).Cl; (3 mol%), Cul (6 mol%) un piperidinu (2 ekviv) suspend&ja sausa
toluola argona atmosfera. Reakcijas maisjjumam pievienoja propargilspirtu (104, 1,1 ekviv) un
turpindja maisit pie 40 °C 2 — 4,5 h (PSH kontrole). Reakcijas maisijumu atdzesgja lidz ist.t.,

ietvaic€ja un attirjja ar kolonnu hromatografiju, eluents PE/EtOAc.

3-(3-Fluorofenil)prop-2-in-1-ols (103b)

legtts pec visparigas procediras E, reakciju veica ist.t., 3h, eluents - PE/EtOAc (2/1). Iznakums
22%, briina ella. '"H KMR (200 MHz, CDCls, 8): 1.64 (t, 1H, J=6.0 Hz), 4.50 (d, 2H, J=6.0 Hz),
6.96-7.32 (m, 4H) m.d.

3-(4-Fluorofenil)prop-2-in-1-ols (103c)

legtts péc visparigas procediiras E, reakciju maisija 3h, eluents - PE/EtOAc (4/1). Iznakums
98%, briina ella. 'H KMR (200 MHz, DMSO-ds, 5): 1.68 (pl s, 1H), 4.51 (s, 2H), 6.94-7.07 (m,
2H), 7.36-7.47 (m, 2H) m.d.

3-(3-(Trifluorometil)fenil)prop-2-in-1-ols (103e)

Iegiits péc visparigas procediiras E, reakciju veica ist.t., 3h, eluents - PE/EtOAc (4/1). Iznakums
98%, bezkrasaina amorfa viela. 'H KMR (200 MHz, DMSO-dg, 8): 1.69 (pl s, 1H dalgji parklajas
ar tdens signalu), 4.50 (s, 2H), 7.40-7.48 (m, 1H), 7.53-7.63 (m, 2H), 7.70 (s, 1H) m.d.
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3-(3-(Trifluorometoksi)fenil)prop-2-in-1-ols (103q)

legiits pec visparigas procediiras E, reakciju veica 36 °C, 2,5h eluentu sistéma - PE/EtOAc (1/1).
Reakcijas iznakums 74%. *H KMR (200 MHz, DMSO-dg, 8): 4.31 (s, 2H), 7.35-7.56 (m, 4H)

m.d.

3-(p-Tolil)prop-2-in-1-ols (103h)

Iegiits péc visparigas procediras E , reakciju veica 36 °C, 3,5h, eluentu sistéma - PE/EtOAc (1/1).
Iznakums 91%. *H KMR (200 MHz, CDCls, 5): 1.65 (t, 1H, J=5.9 Hz), 2.35 (s, 3H), 4.31 (d, 2H,
J=5.9 Hz), 6.89-7.07 (m, 2H), 7.34 (m, 2H) m.d.

3-(3-Metoksifenil)prop-2-in-1-ols (103j)

legiits p&c visparigas procediiras E, reakciju veica 36 °C, 3h, eluentu sistéma - PE/EtOAc (1/1).
Iznakums 95%. 'H KMR (200 MHz, DMSO-d6, 8): 3.78 (s, 3H), 4.48(s, 2H), 7.10-7.16 (m, 1H),
7.31-7.41 (m, 3H) m.d.

Vispariga procedira F produkta 105 atvasinajumu sintézei: propargilspirta
atvasingjuma 103 (1 ekviv) skidumam sausa DCM (1 mmol/2 mL) pievienoja TEA (1,2 ekviv),
maisija 15 min ist. t., reakcijas maisijumu atdzeséja lidz -20°C (acetons/sausais ledus) un
piepilinaja MsClI (1.1 ekviv). Tad reakcijas maisijumam lava atsilt 1idz ist. t. un pievienoja tideni
(30 mL), atdalija organisko fazi un to mazgaja ar pies. NaCl §kidumu (30 mL). Organisko fazi
zavéeja virs Na,SOy, filtréja, ietvaicgja. Produktu detektgja ar SH-MS un lika nakamaja reakcija
bez papildus pieradiSanas un attiriSanas. Meziléto produktu (1.4 ekviv), K,CO3 (4 ekviv) un
TBAI (kat.) suspendg€ja sausa DMF (1 mmol/5 mL), maisija 15 min, tad pievienoja biivbloku 98.
Reakciju maisija 16h ist.t., tad pievienoja tGdeni (20 mL) un filtréja radusas nogulsnes vai
ekstrahgja reakcijas maisjjumu ar EtOAC, organisko fazi atdalija, mazgaja ar tdeni, Zaveja ar

Na,SO,, filtrgja un ietvaicgja. Ieglito maistjumu pec vajadzibas attirija ar kolonnu hromatografiju.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-((3-(2-fluorofenil)prop-2-in-1-il)oksi)fenil)-1,1-dioksido-
2.3-dihidroben[dlizotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105a)

legiits pec visparigas procediiras F. Produktu filtréja pec tidens pievienosanas, nogulsnes mazgaja
ar ideni un zavéja 50 °C. Iznakums 80%. 'H KMR (200 MHz, DMSO-dg, 9): 2.45-2.84 (m, 2H,
parklajas ar DMSO signalu), 3.50 (s, 3H), 3.62-3.78 (m, 12H), 4.44 (s, 2H), 4.60-4.89 (m, 2H),
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5.10 (s, 2H), 5.57 (d, 1H, J=7.6 Hz), 6.20 (s, 2H), 6.30-6.41 (m, 2H), 6.81 (d, 1H, J=8.1 Hz),
7.12-7.77 (m, 11H), 7.91-8.01(m, 1H) m.d.; SH/MS [M+1]* 798.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-((3-(3-fluorfenil)prop-2-in-1-il)oksi)fenil)-1,1-dioksido-
2.3-dihidrobenz[dlizotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105b)

Iegtts péc visparigas procediiras F. Produktu filtr&ja pec iidens pievienosanas, nogulsnes mazgaja
ar fideni un zavéja 40 °C. Iznakums 59%. 'H KMR (200 MHz, DMSO-dg, 9): 2.43-2.85 (m, 2H,
parklajas ar DMSO signalu), 3.53 (s, 3H), 3.64-3.80 (m, 12H), 4.44 (s, 2H), 4.60-4.90 (m, 2H),
5.09 (s, 2H), 5.48-5.62 (m, 1H), 6.16-6.41 (m, 4H), 6.75-6.81 (m, 1H), 7.10-7.57 (m, 8H), 7.65-
7.78 (m, 3H), 7.91-7.98 (m, 1H) m.d.; SH/MS [M+1]" 798.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-((3-(4-fluorofenil)prop-2-in-1-il)oksi)fenil)-1,1-dioksido-
2.3-dihidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105¢)

Iegtts p&c visparigas procediiras F. Produktu filtr&ja p&c idens pievienosanas, nogulsnes mazgaja
ar tideni un Zavéja vakuuma 50 °C. Iznakums 65%. 'H KMR (200 MHz, DMSO-dg, 5): 2.44-2.85
(m, 2H, parklajas ar DMSO signalu), 3.52 (s, 3H), 3.62-3.78 (m, 12H), 4.43 (s, 2H), 4.61-4.93
(m, 2H), 5.08 (s, 2H), 5.51-5.60 (m, 1H), 6.20 (s, 2H), 6.31-6.40 (m, 2H), 6.81 (d, 1H, J=8.1 Hz),
7.09-7.27 (m, 4H), 7.36-7.60 (m, 5H), 7.66-7.75 (m, 2H), 7.95 (d, 1H, J=7.0Hz) m.d.; SH/MS
[M+1]7798.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-(2-(trifluormetil)fenil)prop-2-in-1-
iloksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105d)

legiits pec visparigas procediiras F. Produktu filtr&ja péc tidens pievienosanas, nogulsnes mazgaja
ar tideni un zavéja vakuuma 50 °C. Iznakums 78%. '"H KMR (200 MHz, DMSO-dg, 8): 2.45-2.80
(m, 2H, parklajas ar DMSO signalu), 3.53 (s, 3H), 3.64-3.78 (m, 12H), 4.43 (s, 2H), 4.61-4.96
(m, 2H), 5.14 (s, 2H), 5.52-5.61 (m, 1H), 6.21 (s, 2H), 6.30-6.40 (m, 2H), 6.77-6.84 (m, 1H),
7.13-7.44 (m, 5H), 7.49-7.81 (m, 6H) , 7.91-7.98 (m, 1H) m.d.; SH/MS [M+1]" 848.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-(3-(trifluormetil)fenil)prop-2-in-1-il)
oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105e)

legiits péc visparigas procediiras F. Produktu filtrja péc iidens pievienosanas, nogulsnes mazgaja

ar tideni un 7avéja vakuuma 40 °C. Iznakums 83%. *H KMR (400 MHz, CDCls, 8): 2.67-2.77 (m,
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1H), 2.88-2.98 (m, 1H), 3.59 (s, 3H), 3.71 (s, 3H), 3.74-3.84 (M, 9H), 4.52 (s, 2H), 4.74-5.10 (m,
4H), 5.64 (dd, 1H, J=10.1, 2.9 Hz), 6.13 (s, 2H), 6.17-6.29 (m, 2H), 6.76-6.84 (m, 1H), 7.06 (d,
2H, J=8.6 Hz), 7.36-7.49 (m, 3H), 7.51-7.58 (m, 4H), 7.62-7.71 (m, 1H), 7.77-7.84 (m, 1H), 8.00
(pl s, 1H) m.d.; m.d.; *C-KMR (101 Hz): 170.9, 161.8, 161.5, 160.1, 159.4, 156.9, 137.9, 134.1,
132.9, 132.8, 132.3, 132.2, 132.0 (kv, J=10.4, 8.7 Hz), 129.3, 128.7, 128.6, 127.7 (kv, J=12.9, 9.1
Hz), 127.6, 125.1, 121.1, 116.2, 116.1, 114.9, 104.2, 103.9, 98.1, 90.5, 71.1, 58.9, 56.7, 55.8,
55.5, 55.4, 55.3, 55.2, 37.4. 36.7 m.d.; SH/MS [M+1]" 848.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-(4-(trifluorometil)fenil)prop-2-in-1-il)
oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105f)

Iegtts p&c visparigas procediiras F. Produktu filtr&ja p&c idens pievienosanas, nogulsnes mazgaja
ar ideni un 7avéja 50 °C. Iznakums 99%. ‘*H KMR (200 MHz, DMSO-ds, §): 2.45-2.82 (m, 2H,
parklajas ar DMSO signalu), 3.50 (s, 3H), 3.62-3.83 (m, 12H), 4.43 (s, 2H), 4.57-4.91 (m, 2H),
5.12 (s, 2H), 5.50-5.60 (m, 1H), 6.16-6.37 (m, 4H), 6.74-6.86 (m, 1H), 7.13-7.76 (m, 9H), 7.88-
7.98 (m, 1H) m.d.; SH/MS [M+1]" 849.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-(3-(trifluormetiloksi)fenil)prop-2-in-1-il)
oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105q)

legiits pec visparigas procediiras F. Produktu filtr&ja péc tidens pievienosanas, nogulsnes mazgaja
ar tideni un zavéja 50 °C. Iznakums 80%, briina, cieta viela. 'H KMR (400 MHz, CDCls, 8): 2.73
(dd,1H, J=17.2, 3.0 Hz), 2.94 (dd, 1H, J=17.2, 10.2 Hz), 3.60 (s, 3H), 3.71 (s, 3H), 3.75-3.84 (m,
9H), 4.53 (s, 2H), 4.88-5.11 (m, 4H), 5.64 (dd, 1H, J=10.2, 2.9 Hz), 6.12 (s, 2H), 6.18-6.21 (m,
1H), 6.26 (dd, 1H, J=8.2, 2.4 Hz), 6.79 (d, 1H, J=8.2 Hz), 7.02-7.10 (m, 2H), 7.17-7.20 (m, 1H),
7.29-7.45 (m, 5H), 7.50-7.58 (m, 3H), 7.79-7.84 (m, 1H) m.d.; **C-KMR (101 Hz): 171.0, 161.9,
161.5, 160.2, 159.5, 156.9, 149.1, 138.0, 134.2, 133.1, 132.8, 130.5, 129.9, 129.3, 127.7, 125.1,
124.3, 124.1, 121.8, 121.6, 121.4, 121.1 (kv, J=240, 188 Hz), 116.2, 114.9, 104.2, 103.9, 98.1,
90.5, 95.9, 85.1, 71.2, 58.9, 56.9, 55.8, 55.5, 55.4, 55.2, 37.3, 36.7 m.d.; SH/MS [M+1]" 864.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-(p-tolil)prop-2-in-1-il)oksi)fenil)-2,3-di-
hidrobenz[dlizotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105h)

legiits péc visparigas procediras F. Produktu izekstrah&ja no reakcijas maisijuma ar EtOAC un

attirjja ar kolonnu hromatografiju, eluents PE/EtOAc (2/1). Iznakums 85%, brtina, amorfa viela.
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'H KMR (200 MHz, DMSO-ds, 8): 2.29 (s, 3H), 2.44-2.85 (m, 2H, parklajas ar DMSO signalu),
3.52 (s, 3H), 3.60-3.83 (m, 12H), 4.44 (s, 2H), 4.60-4.92 (m, 2H), 5.06 (s, 2H), 5.50-5.62 (m,
1H), 6.21 (s, 2H), 6.29-6.41 (m, 2H), 6.81 (d, 6H, J=8.1 Hz), 7.11-7.21 (m, 4H), 7.30-7.45 (m,
4H), 7.49-7.58 (m, 1H), 7.63-7.76 (m, 2H), 7.90-7.97 (m, 1H) m.d.; SH/MS [M+1]* 794.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-((3-(2-metoksifenil)prop-2-in-1-il)oksi)fenil)-1,1-dioksi-
do-2,3-dihidrobenz[dlizotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105i)

Iegiits péc visparigas procediiras F. Produktu ekstrah&ja ar EtOAc. Iznakums 84%, balta, amorfa
viela. 'H KMR (200 MHz, DMSO-ds, 8): 2.44-2.83 (m, 2H, parklajas ar DMSO signalu), 3.53 (s,
3H), 3.64-3.82 (M, 15H), 4.4 (s, 2H), 4.61-4.92 (m, 2H), 5.07 (s, 2H), 5.54-5.61 (m, 1H), 6.23
(s, 2H), 6.28-6.41 (m, 2H), 6.76-7.21 (m, 6H), 7.32-7.45 (m, 4H), 7.62-7.74 (m, 2H), 7.91-7.98
(m, 1H) m.d.; SH/MS [M+1]" 810.

N-((2,4-Dimetoksibenzil)oksi)-2-(2-(4-((3-(3-metoksifenil)prop-2-in-1-iloksi)fenil)-1,1-dioksi-
do-2,3-dihidrobenz[dlizotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105j)

leglits peéc visparigas procediiras F. Produktu ekstrah&a ar EtOAc un attirija ar kolonnu
hromatografiju, eluents PE/EtOAc (2/1). Iznakums 82%, iedzeltena amorfa viela. 'H KMR (200
MHz, DMSO-ds, 6): 2.44-2.84 (m, 2H, parklajas ar DMSO signalu), 3.52 (s, 3H), 3.64-3.82 (m,
15H), 4.44 (s, 2H), 4.61-4.92 (m, 2H), 5.07 (s, 2H), 5.52-5.60 (m, 1H), 6.24 (s, 2H), 6.28-6.41
(m, 2H), 6.76-7.21 (m, 6H), 7.32-7.45 (m, 4H), 7.60-7.70 (m, 2H), 7.92-7.98 (m, 1H) m.d.;
SH/MS [M+1]" 810.

N-((2,4-Dimetoksibenzil)oksi)-2-(1,1-dioksido-2-(4-((3-fenilprop-2-in-1-il)oksi)fenil)-2,3-dihi-
drobenz[d]izotiazol-3-il)-N-(2,4,6-trimetoksibenzil)acetamids (105k)

legiits pec visparigas procediras F. Produktu filtréja péc idens pievienoSanas, nogulsnes mazgaja
ar tideni un Zavéja vakuuma 50 °C. Iznakums 86%. "H KMR (200 MHz, DMSO-dg, 5): 2.44-2.84
(m, 2H, parklajas ar DMSO signalu), 3.54 (s, 3H), 3.65-3.78 (m, 12H), 4.45 (s, 2H), 4.79 (d, 2H,
J=13.7 Hz), 5.09 (s, 2H), 5.56 (dd, 1H, J=9.7, 3.4 Hz), 6.22 (s, 2H), 6.31-6.38 (m, 2H), 6.81 (d,
1H, J=8.1 Hz), 7.18 (d, 2H, J=8.5 Hz, 2H), 7.35-7.57 (m, 8H), 7.62-7.78 (m, 2H), 7.95 (d, 1H,
J=7.6 Hz) m.d.; SH/MS [M+1]" 780.
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Vispariga metode G aizsarggrupu nonemsanai. N,O—diaizsargato hidroksamskabi 105
(1 ekviv) izskidinaja sausa DCM (1mmol/1mL), piepilingja TFA (10 vol%) un pievienoja TESH
(4 ekviv). Maisija ist. t., novéroja reakcijas krasas mainu. Reakcijas gaitu un produktu veidosanos
apstiprinaja ar PSH un SH/MS. Reakcijas maisTjumu ietvaicgja un produktu pakristaliz&ja no
dietilétera vai attirija ar kolonnu hromatografiju, eluents DCM/MeOH (10/1). Gala produktu
firibu noteica ar AESH.

2-(1,1-Dioksido-2-(4-((3-(2-(trifluormetil)fenil)prop-2-in-1-il)oksi)fenil)-2,3-dihidrobenz[d]izo-
tiazol-3-il)-N-hidroksiacetamids (106d)

legits péc visparigas procediiras G. Produktu péc ietvaic€Sanas attirfja ar kolonnu
hromatografiju. Iznakums 77%. *H KMR (400 MHz, CDCls, §8): 2.43-2.51 (m, 1H), 2.68-2.77 (m,
1H), 4.94 (s, 2H), 5.33-5.45 (m, 1H), 7.06 (d, 2H, J=8.1 Hz), 7.33-7.67 (m, 9H), 7.78 (d, 1H,
J=7.1 Hz), 8.07 (pl s, 1H), 8.87 (pl s, 1H) m.d.; *C-KMR (101 Hz): 166.8, 157.7, 136.0, 134.5,
134.4, 133.4, 131.8 (kv, J=60.4, 30 Hz), 131.6, 130.1, 128.9, 128.7, 127.0, 125.6 (kv, J=10.0m
5.1 Hz), 124.5, 123.4 (kv, J=540, 270 Hz), 121.7, 120.3, 116.3, 85.1, 83.2, 59.4, 56.8, 37.1 m.d.;
SH/MS [M+1]" 517; AESH tiriba 98%.

2-(1,1-Dioksido-2-(4-((3-(3-(trifluormetil)fenil)prop-2-in-1-il)oksi)fenil)-2,3-dihidrobenz[d]izo-
tiazol-3-il)-N-hidroksiacetamids (106€)

legits péc visparigas procediiras G. Produktu pec ietvaic€Sanas attirija ar kolonnu
hromatografiju. Iznakums 64%, ellains produkts. 'H KMR (400 MHz, CDCls, 6): 2.47 (dd, 1H,
J=14.0, 7.2 Hz), 2.65-2.78 (m, 1H), 4.89 (s, 2H), 5.32-5.50 (m, 1H), 7.04 (d, 2H, J=8.1 Hz),
7.30-7.63 (m, 8H), 7.64-7.81 (m, 2H), 9.00 (pl s, 1H) m.d.; *C-KMR (101 Hz): 166.8, 157.7,
136.0, 135.2, 134.3, 133.5, 131.1 (kv, J=65.0, 32.7 Hz), 130.1, 129.1, 129.0, 128.7 (kv, J=6.7, 2.7

85



Hz), 127.1, 125.5 (kv, J=7.8, 3.9 Hz), 124.5, 123.6 (kv, J=540, 270 Hz), 123.1, 121.6, 116.3,
86.1, 85.1, 59.6, 56.8, 37.2 m.d.; SH/MS [M+1]" 517; AESH ftiriba 87%.

2-(1,1-Dioksido-2-(4-((3-(3-(trifluormetiloksi)fenil)prop-2-m-1-il)oksi)fenil)-2,3-dihidrobenz[d]-
izotiazol-3-il)-N-hidroksiacetamids (1069)

leglts péc visparigas procediiras G. Produktu pec ietvaic€Sanas attirja ar kolonnu
hromatografiju. Iznakums 33%. *H KMR (400 MHz, CDCls, §): 2.40-2.52 (m, 1H), 2.63-2.76 (m,
1H), 4.88 (s, 2H), 5.33-5.40 (m, 1H), 6.99-7.23 (m, 3H), 7.28-7.47 (m, 6H), 7.48-7.58 (m, 2H),
7.72-7.80 (m, 1H), 8.20 (pl s, 1H), 9.01 (pl s, 1H) m.d.; *C-KMR (101 Hz): 166.8, 157.7, 149.1,
138.2, 136.2, 134.2, 133.5, 131.6, 130.4, 130.0, 129.2, 128.9, 127.2, 127.1, 124.5, 124.3, 124.0,
120.7 (kv, J=170, 60 Hz), 116.3, 86.0, 84.9, 59.6, 56.9, 37.3 m.d.; SH/MS [M+1]* 533; AESH
tiriba 96%.

2-(1,1-Dioksido-2-(4-((3-(p-toli)prop-2-in-1-il)oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-
hidroksiacetamids (106h)

legits péc visparigas procediras G. Produktu péc ietvaic€Sanas attirija ar kolonnu
hromatografiju. Iznakums 54%. 'H KMR (400 MHz, DMSO-ds, 6): 2.31 (m, 4H), 2.54 (dd, 1H,
J=14.0, 4.0 Hz), 5.07 (s, 2H), 5.48 (dd, 1H, J=8.0, 4.0 Hz), 7.02 (d, 2H, J=9.0 Hz), 7.15-7.21 (m,
3H), 7.35 (d, 2H, J=8.0 Hz), 7.45 (d, 1H, J=9 Hz), 7.62 (d, 1H, J=7.0 Hz), 7.65-7.74 (m, 1H),
7.79 (dt, 1H, J=7.0, 1.0 Hz), 7.95 (d, 1H, J=8.0 Hz), 8.89 (pl s, 1H), 10.51 (pl s, 1H) m.d,;
SH/MS [M+1]" 463; AESH tiriba 97%.

N-Hidroksi-2-(2-(4-((3-(3-metoksifenil)prop-2-in-1-il)oksi)fenil)-1,1-dioksido-2,3-dihidrobenz-
[dlizotiazol-3-i)acetamids (106j)

legits péc visparigas procediiras G. Produktu péc ietvaic€Sanas attirija ar kolonnu
hromatografiju. Iznakums 74%. 'H KMR (400 MHz, CDCls, 8): 2.53 (dd, 1H, J=14.1, 7.9 Hz),
2.72-2.81 (m, 1H), 3.73 (s, 3H), 4.87 (s, 2H), 5.36-5.48 (m, 1H), 6.78-6.86 (m, 1H), 6.89-6.92
(m, 1H), 6.95-7.00 (m, 1H), 7.05 (d, 2H, J=8.9 Hz), 7.13-7.18 (m, 1H), 7.32-7.39 (m, 3H), 7.52-
7.63 (m, 2H), 7.80 (d, 1H, J=7.5 Hz), 8.06 (pl s, 1H), 8,48 (pl s, 1H) m.d.; *C-KMR (101 Hz):
166.5, 161.2, 157.1, 136.2, 136.0, 134.2, 131.5, 132.4, 130.1, 128.7, 128.4, 128.3, 124.5, 121.7,
121.4, 120.3, 116.5, 114.2, 86.1, 84.2, 59.4, 55.4, 37.4 m.d. SH/MS [M+1]* 479; AESH ftiriba
97%.
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2-(1,1-Dioksido-2-(4-((3-fenilprop-2-in-1-il)oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-N-
hidroksiacetamids (106k)

legiits peéc visparigas procediiras G. Produktu péc ietvaic€Sanas attirija ar kolonnu
hromatografiju. Iznakums 48%. *H KMR (400 MHz, CDCls, 3): 2.37-2.48 (m, 1H), 2.62-2.71 (m,
1H), 4.87 (s, 2H), 5.33 (dd, 1H, J=8.1, 4.3 Hz), 7.02 (d, 2H, J=8.1 Hz), 7.27-7.54 (m, 10H), 7.74
(d, 1H, J=6.9 Hz), 8.24 (pl s, 1H), 9.12 (pl s, 1H) m.d.; *C-KMR (101 Hz): 166.9, 157.7, 136.1,
134.2, 131.9, 130.0, 129.0, 128.9, 128.5, 128.4, 124.5, 122.1, 121.6, 116.3, 90.5, 87.7, 83.5, 59.6,
57.1,55.8, 37.2 m.d. SH/MS [M+1]" 449; AESH tiriba 91%.

2-(1,1-Dioksido-2-(4-((3-(piridin-3-i)prop-2-in-1-il)oksi)fenil)-2,3-dihidrobenz[d]izotiazol-3-il)-
N-hidroksiacetamids (1061)

legtits p€c visparigas procediras G. Produktu parkristalizéja no Et;O. Iznakums 42%. 'H KMR
(400 MHz, MeOH-dg, d): 2.48 (dd, 1H, J=14.6, 7.6 Hz), 2.70 (dd, 1H, J=14.6, 4.9 Hz), 5.05 (s,
2H), 5.51-5.58 (m, 1H), 7.17 (d, 2H, J=8.1 Hz), 7.38-7.54 (m, 3H), 7.58-7.80 (m, 3H), 7.83-7.91
(m, 2H), 8.47-8.55 (m, 1H), 8.60 (s, 1H) m.d.; *C-KMR (101 Hz): 168.3, 158.7, 152.7, 149.6,
140.8, 138.2, 135.6, 134.5, 130.9, 130.1, 128.6, 125.9, 125.1, 122.1, 121.4, 116.9, 89.0, 84.2,
60.8, 57.3, 38.4 m.d.; SH/MS [M+1]* 450; ASSH tiriba 91%.

Savienojuma 109 sintéze un KMR raksturojums.”

OTHP
OH 1. 3,4-dihidro-2 H-pirans, 1. p-nitrofenols (108), O\W OH
pTsOH (kat.), Et,0, 98 % K,COj;, DMF, ist. t., 60 % 2
Il 2. (CH,O)n, nBulLi, | 2. pTsOH, MeOH, 70 %
-78 °C, THF, 24 % OMs NO,
3. MsCl, TEA, DCM, 80 %
110 111 112

5-((Tetrahidro-2H-piran-2-il)oksi)pent-2-in-1-ilmetansulfonatas (111)

3-Butinola 110 (20 mmol, 1,51 mL, 1 ekviv) skidumam dietiléteri (40 mL) pievienoja pTSOH
(kat.) un 3,4-dihidro-2H-piranu (80 mmol, 7,30 mL, 4 ekviv) pie 0 °C. Reakcijas maistjumu léni
atsildija 1idz ist.t., turpinaja maisit 20h un ietvaicg€ja. Atlikumu apstradaja ar dietiléteri, radusas
nogulsnes filtrgja, un filtratu ietvaicgja. Iznakums 3,62 g, 98%, bezkrasaina ella. 'H KMR (200
MHz, CDCls, 6): 1.47-1.75 (m, 6H), 1.97 (t, 1H, J=2.7 Hz), 2.50 (td, 2H, J=7.0, 2.7 Hz), 3.48-
3.63 (m, 2H), 3.78-3.91 (m, 2H), 4.62-4.66 (m, 1H) m.d.

87



piepilindja n-BuLi (1,6M, 16,5 mmol, 11 mL, 1,1 ekviv) pie 0 °C, maisija 30 min un pievienoja
paraformaldehidu (90 mmol, 2,9 g, 6 ekviv). Reakcijas maistjumu léni atsildija Iidz ist.t.,
turpinaja maisit 3h un tad pievienoja pies. NH4Cl skidumu. Organisko fazi atdalija, idens fazi
mazgaja ar dietiléteri. Apvienotas organiskas fazes mazgaja ar 1% HCI, pies. NaHCO3 Skidumu,
zaveja virs NaySOs, filtréja un ietvaicja. Produktu attirija ar kolonnas hromatografiju, eluents
EtOAc/MeOH (10/1). Iznakums 0,85 g, 24%, dzeltena ella. *H KMR (200 MHz, CDCls, 5): 1.41-
1.70 (m, 6H), 2.47-2.58 (m, 2H), 3.43-3.60 (m, 2H), 3.77-3.92 (m, 2H), 4.20-4.29 (m, 2H), 4.62-
4.66 (m, 1H) m.d.

Iegiito produktu (1,6 mmol, 0,3 g, 1 ekviv) iz§kidinaja sausa DCM ( 16 mL), pievienoja TEA (1,9
mmol, 0,27 mL, 1,2 ekviv) un atdzesgja reakcijas maistjumu Iidz -20 °C. Tad léni piepilinaja
MsCI (1,8 mmol, 0,14 mL, 1,1 ekviv) un atstaja maisities 1,5 h pie -20 °C. Reakcijas maisijumu
Iéni atsildija Iidz ist.t. un pievienoja tideni (30 mL), produktu ekstrahgja ar DCM (2x20 mL),
organiskas fazes apvienoja, mazgaja ar pies. NaCl skidumu (20 mL), zav€ja virs Na,SQOy, filtr&ja,
ietvaicgja. Iznakums 340 mg, 80%, brina ella. 'H KMR (200 MHz, CDCls, §): 1.41-1.73 (m,
6H), 2.49-2.61 (m, 2H), 3.12 (s, 3H), 3.46-3.62 (m, 2H), 3.74-3.91 (m, 2H), 4.59-4.65 (m, 1H),
4.80-4.83 (m, 2H) m.d.

5-(4-Nitrofenoksi)pent-3-in-1-ols (112)
Produktu 111 (1,3 mmol, 0,34 g, 1 ekviv), K,COs3 (3 ekviv) suspendgja sausa DMF (1mmol/5

mL), maisija 15 min un pievienoja p-nitrofenolu (108, 1,56 mmol, 0,22 g, 1,2 ekviv). Reakciju
maisija 16h ist.t., tad pievienoja tideni (20 mL) un produktu ekstrahgja ar EtOAc (2x20 mL).
Organiskas fazes apvienoja, zavéja virs NapSQy, filtréja un ietvaicja. MaisTjumu attirija ar
kolonnu hromatografiju, eluents PE/EtOAc (4/1). Iznakums 0,23 g, 61%. '"H KMR (200 MHz,
CDCls, 6): 1.41-1.73 (m, 6H), 2.46-2.60 (m, 2H), 3.44-3.63 (m, 2H), 3.70-3.92 (m, 2H), 4.58-
4.66 (m, 1H), 4.81-4.88 (m, 2H), 6.91 (d, 2H, J=9.1 Hz), 8.17 (d, 2H, J=9.1 Hz) m.d.

pTsOH (kat.) un turpinaja maisit 20h ist.t. Reakcijas maisijumu ietvaic€ja, atlikumu suspendgja
tdent (20 mL) un ekstrah&ja ar dietiléteri (40 mL). Organisko fazi atdalija, zaveja virs NaySOy,
filtr&ja un ietvaicgja. Iznakums 0,21 g, 70%. *H KMR (200 MHz, CDCls, §): 2.51 (tt, 2H, J=6.3,
2.2 Hz), 3.72 (t, 2H, J=6.4 Hz), 4.79 (t, 2H, J=2.2 Hz), 6.97-7.10 (m, 2H), 8.14-8.25 (m, 2H)

m.d.
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1. CH;l, NaH, THF

NO, 2. Na,S*(xH,0),

NH
MeOH, ar atteci ? L
109 (n=1), 113a (n=1, 58% divas stadijas)
112 (n=2) 113b (n=2, 51% divas stadijas)

4-((4-Metoksibut-2-in-1-il)oksi)anilins (113a)
Izejvielu 109 (1,93 mmol, 0,4 g, 1 ekviv) izskidinaja sausa THF (20 mL), piebéra NaH (60%

suspensija ella, 2,3 mmol, 0,09 g, 1,2 ekviv) un turpinaja maisit lh ist.t. argona atmosfera. Mel
(2,3 mmol, 0,14 mL, 1,2 ekviv) leni piepilinaja reakcijas maisijumam, turpindja maisit 16h ist.t.
Reakcijas beigas maisijumam pievienoja tideni (20 mL) un ekstrah€ja ar EtOAc. Organisko fazi
atdalija, zaveja virs Na,SO,, filtréja un ietvaicgja. Iznakums 0,43 g, 98%. *H KMR (200 MHz,
CDCls, 3): 3.36 (s, 3H), 4.13 (s, 2H), 4.83 (s, 2H), 7.05 (d, 2H, J=9.0 Hz), 8.22 (d, 2H, J=9.0 Hz)
m.d. Tegtito produktu (1.9 mmol, 0.43 g, 1 ekviv) kopa ar Na,S*9H,0 (7,8 mmol, 1,9 g, 4 ekviv)
suspendéja MeOH (20 mL) un reakcijas maisijumu sildija ar atteci 4 h. Tad atdzesgja Iidz ist.t.,
pievienoja @ideni (40 mL) un ekstrah&ja ar EtOAc (3x20 mL). Organiskas fazes apvienoja un
paskabingja ar HCI (1M). Udens fazi atdalija un pievienoja NaHCO; pies. $kidumu lidz pH=8,
produktu ekstrahgja ar EtOAc. Organisko fazi atdalija, zaveja virs NaySO,4 (b/0), filtréja un
ietvaicgja. Iznakums 0,22 g, 59%, zala ella. '"H KMR (200 MHz, CDCls, 8): 3.36 (s, 3H), 3.48 (pl
s, 2H), 4.13 (s, 2H), 4.65 (s, 2H), 6.60-6.84 (m, 4H) m.d.

4-((5-Metoksipent-2-in-1-il)oksi)anilins (113b)

Tegiits pec analogijas ar 113a.*H KMR (200 MHz, CDCls, 8): 2.42-2.57 (m, 2H), 3.36 (s, 3H),
3.48 (t, 2H, J=6.7 Hz), 4.67 (s, 2H), 6.92-7.02 (m, 2H), 7.38-7.50 (m, 2H) m.d.

(0] \\ o 0
~ 1. 88, NaHCO;(1M)/1,4-dioksans AN
n tad HCI (1M)/1,4-dioksans, A 0 0
04N n\

NH, 2. H,NOH*HCI, CDI,
113a (n=1, 58% divas stadijas) THF, ist.t. et
113b (n=2, 51% divas stadijas) OH

114a (n=1, 11% divas stadijas)
114b (n=2, 8% divas stadijas)

N-Hidroksi-2-(2-(4-((4-metoksibut-2-in-1-il)oksi)fenil)-1,1-dioksido-2,3-dihidrobenz[d]izotia-
zol-3-iDacetamids (114a)
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Pie p-aminofenola atvasinajuma 113a (1,15 mmol, 0,22 g, 1 ekviv) skiduma dioksana (12 mL)
pievienoja 1M NaHCO;3 (3,5 mL, 4 ekviv) un 3-(2-hlorsulfonilfenil)akrilskabes metilesteri 88
(1,25 mmol, 0,3 g, 1 ekviv). Reakcijas maisTjumu sildija ar atteci 4h, tad atdzes¢ja lidz ist.t.,
pievienoja tdeni (20 mL), ekstrah&ja ar EtOAc. Organisko fazi atdalija, zavéja virs Na;SO, (b/1),
filtrgja, ietvaicgja. Iznakums 0.43 g, 90%, briina ella. ‘H KMR (200 MHz, CDCls, §): 2.70-2.95
(m, 2H), 3.36 (s, 3H), 3.59 (s, 3H), 4.15 (s, 2H), 4.77 (s, 2H), 5.36-5.47 (m, 1H), 7.05 (d, 2H,
J=8.9 Hz), 7.39-7.52 (m, 3H), 7.59-7.69 (m, 2H), 7.85-7.91 (m, 1H) m.d.

Iegiito produktu (1 mmol, 0.43 g) suspend€ja dioksana, pievienoja HCI (konc.) un varija ar atteci
2h. Reakcijas maisijumu atdzes€ja lidz ist.t., ietvaic€ja dioksanu un atlikumu suspend&ja tident
(20 mL). Produktu ekstrahgja ar EtOAc (2x20 mL). Organiskas fazes apvienoja, zav&ja virs
Na,SO, (b/n), filtrgja un ietvaicgja. Produktu attirija ar kolonnas hromatografiju, eluents EtOAc.
Iznakums 0,4 g, 97%. *H KMR (200 MHz, CDCls, 8): 2.75-2.95 (m, 2H), 3.38 (s, 3H), 4.14 (s,
2H), 4.78 (s, 2H), 5.41 (t, 1H, J=6.0 Hz), 7.01-7.08 (m, 2H), 7.40-7.73 (m, 5H), 7.85-7.92 (m,
1H) m.d.

Iegtito skabi (0,5 mmol, 0,2 g, 1 ekviv) iz8kidinaja sausa THF (5 mL), pievienoja CDI (1,5 mmol,
0.24 g, 3 ekviv) un maisija 2h ist. t. argona atmosfeéra. Tad pievienoja hidroksilamina
hidrogénhloridu (2 mmol, 0,14 g, 4 ekviv) un turpindja maisit 12h ist.t. Reakcijas maisijumu
ietvaicgja, atlikumu parkristaliz€ja no heksana. Iznakums 0,04 g, 19%.

'"H KMR (400 MHz, DMSO-dg, 8): 2.30-2.62 (m, 2H, parklajas ar DMSO signalu), 3.31 (s, 3H),
4.15 (s, 2H), 4.92 (s, 2H), 5.49 (dd, 1H, J=4.3, 3.9 Hz), 7.11 (d, 2H, J=9.0 Hz), 7.43 (d, 2H,
J=9.0 Hz), 7.62 (d, 2H, J=7.8 Hz), 7.72-7.80 (m, 1H), 7.95 (d, 1H, J=7.8 Hz), 8.89 (pl s, 1H),
10.50 (pl s, 1H) m.d.; **C-KMR (101 Hz): 168.4, 158.9, 138.1, 135.7, 134.4, 131.0, 130.2, 128.5,
125.9, 122.3, 117.2, 84.3, 82.4, 75.2, 74.9, 60.7, 60.4, 57.8, 57.0, 38.3 m.d.; SH/MS [M+1]" 417;
AESH tiriba 90%.

N-Hidroksi-2-(2-(4-((5-metoksipent-2-in-1-il)oksi)fenil)-1,1-dioksido-2,3-dihidrobenz[d]izotia-
zol-3-il)acetamids (114b)

Pie p-aminofenola atvasinajuma 113b (0,5 mmol, 0,10 g, 1 ekviv) skiduma dioksana (5 mL)
pievienoja 1M NaHCO; (2,0 mL, 4 ekviv) un 3-(2-hlorsulfonilfenil)akrilskabes metilesteri (88,

0,5 mmol, 0,13 g, 1 ekviv). Reakcijas maisijumu varija ar atteci 4h., tad atdzes€ja lidz ist.t.,

pievienoja tideni (20 mL), ekstrah§ja ar EtOAc. Organisko fazi atdalija, zavéja virs Na;SOy,
filtrgja, ietvaicgja. Iznakums 0,16 g, 74%. 'H KMR (200 MHz, CDCls, §): 2.34-2.46 (m, 2H),
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2.59-2.86 (m, 2H), 3.26 (s, 3H), 3.34-3.42 (m, 2H), 3.46 (s, 3H), 4.57 (s, 2H), 5.30 (t, 1H, J=6.2
Hz), 6.93 (d, 2H, J=8.9 Hz), 7.27-7.59 (m, 5H), 7.72-7.80 (m, 1H) m.d.

Iegtito produktu (0,36 mmol, 0,16 g) suspend€ja dioksana, pievienoja HCI (konc.) un sildijja ar
atteci 20 h. Reakcijas maistjumu atdzes€ja lidz ist.t., ietvaic€ja dioksanu un atlikumu suspendgja
MeCN (20 mL). Radusas nogulsnes filtréja (neizreaggjusi izejviela) filtratu ietvaicgja. Iznakums
0,14 g, 93%. 'H KMR (200 MHz, CDCls, 8): 2.46-2.56 (m, 2H), 2.80-2.91 (m, 2H), 3.26 (s, 3H),
3.50-3.55 (m, 2H), 4.71 (s, 2H), 5.38-5.46 (m, 1H), 6.99-7.06 (m, 2H), 7.39-7.68 (m, 5H), 7.85-
7.91 (m, 1H) m.d.

mmol, 0,08 g, 3 ekvw) un maisija 2h ist. t. argona atmosféra. Tad pievienoja hidroksilamina
hidrogénhloridu (0,8 mmol, 0,05 g, 4 ekviv) un turpinaja maistt 12 h ist.t. Reakcijas maistjumu
ietvaic€ja, atlikumu parkristaliz€ja no heksana. Iznakums 11%.

'H KMR (400 MHz, DMSO-ds, 8): 2.28-2.62 (m, 4H, parklajas ar DMSO signalu), 3.24 (s, 3H),
3.41 (t, 2H, J=6.3 Hz), 4.81 (s, 2H), 5.49 (dd, 1H, J=7.2, 3.9 Hz), 7.08 (d, 2H, J=9.0 Hz), 7.42
(d, 2H, J=9.0 Hz), 7.61 (d, 2H, J=8.2 Hz), 7.78 (dt, 1H, J=6.7, 0.8 Hz), 7.95 (d, 1H, J=7.8 Hz),
8.88 (pl s, 1H), 10.50 (pl s, 1H) m.d.; SH/MS [M+1]" 431; AESH ftiriba 77%.

Hidroksamskabju sintéze, izmantojot skabes jutigo O-2-metilprenilaizsarggrupu
1. Boc,O, THF, /\)\ TFA/DCM /\)\ benzoilhlorids /\)\
ist.t., 99% Boc. A 11 HN N\ TEA, THF

2. NaH, 117, DMF, OBn 999, OBn 42%
115 60 °C. 94% 118 119

BnO-NH,

tButil (benziloksi)(3-metilbut-2-eén-1-il)karbamats (118)

......

Boc,0. Reakciju maistja 20 h ist.t., ietvaic€ja, atlikumam pievienoja tideni (50 mL) un ekstrah&ja
ar EtOAc. Organisko fazi atdalija, zavéja virs Na,SO,, filtréja, ietvaicgja. Iznakums 2 g, 90%.
Iegtito produktu suspendg€ja sausa DMF (18 mL), pievienoja NaH (60% dispersiju minerale]la)
(10,8 mmol, 0,43 g, 1,2 ekviv) un maisija 30 min, tad Ieni pievienoja prenilbromidu (117, 9,9
mmol, 1,2 mL, 1,1 ekviv) un reakcijas maistjumu sildija 60 °C 16 h. Reakcijas maistjumu
atdzesgja, pievienoja tdeni (40 mL) un ekstrah&ja ar EtOAc (2x40 mL). Organiskas fazes

apvienoja, mazgaja ar udeni, zavéja virs Na;SO,, filtrgja, ietvaicgja. Iznakums 2,45 g, 94%, ella.
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'H KMR (200 MHz, CDCls, §): 1.50 (s, 9H), 1.65 (s, 3H), 1.72 (s, 3H), 3.99 (d, 2H, J=7.4 Hz),
4.82 (s, 2H), 5.24-5.37 (m, 1H), 7.47 — 7.30 (m, 5H) m.d.

O-Benzil-N-(3-metilbut-2-én-1-il)hidroksilamins (119)
N,O-Diaizsargata hidroksilamina (118, 8,3 mmol, 2,44 g) Skidumam sausa DCM (10 mL)

pievienoja TFA. Maistja 1,5 h, tad reakcijas maisijumu ietvaicgja, lai iegiitu vélamo produktu 119
ar 99% iznakumu. 'H KMR (200 MHz, CDCls, 8): 1.66 (s, 3H), 1.72 (s, 3H), 3.99 (d, 2H, J=7.4
Hz), 4.82 (s, 2H), 5.24-5.37 (m, 1H), 7.47 — 7.30 (m, 5H) m.d.; SH/MS [M+1]" 192.

N-(Benziloksi)-N-(3-metilbut-2-n-1-il)benzamids (120)

N-Prenil-O-benzil-aizsargato hidroksilaminu (119, 9 mmol, 2 g, 1 eckviv) piepilingja
benzoilhlorida (18 mmol, 2 mL, 2 ekviv) un TEA (36 mmol, 4,8 mL, 4 ekviv) §kidumam sausa
DCM 0 °C temperatiira. Reakcijas maistjumu Iéni atsildija Iidz ist.t., maisija 2 h, pievienoja ideni
(100 mL) un ekstrah§ja ar DCM. Organisko fazi atdalija, zavéja virs Na,SO, (b/t), filtrgja,
ietvaic€ja. Reakcijas maisijumu attirija ar kolonnas hromatografiju, eluents PE/EtOAc (10/1).
Iznakums 42%."H KMR (200 MHz, CDCls, 8): 1.67 (s, 3H), 1.77 (s, 3H), 4.33 (d, 2H, J=7.4 Hz),
4.68 (s, 2H), 5.32-5.42 (m, 1H), 7.01-7.11 (m, 2H), 7.28-7.32 (m, 1H), 7.34-7.52 (m, 4H), 7.58-
7.68 (m, 2H), 8.07-8.14 (m, 1H) m.d.

o K)\ Reasent o) o)
_— cagents _OBn 0
N N + N
©)L OBn DCM ©)LH ©)L \\><
120 120a 120b
N-(Benziloksi)benzamids (120a)
N,O-Diaizsargatas hidroksamskabes 120 (0,2 mmol, 0,05 g, 1 ekviv) Skidumam DCM (2 mL)

pievienoja Gdeni (0,2 mL) un DDQ (0,24 mmol, 0,05 g, 1,2 ekviv). Reakciju maisija 12h (PSH

kontrole). Reakcijas maisijumu filtrja, filtratam pievienoja pies. NaHCOj3 Skidumu, ekstrah€ja ar
DCM (2x10 mL). Organiskas fazes apvienoja, Zaveja virs Na,SOs, filtr§ja, ietvaicgja. Iznakums
24 mg, 58%. 'H KMR (200 MHz, CDCls, 8): 5.03 (s, 2H), 7.30-7.71 (m, 10H), 8.71 (pl s, 1H)
m.d.; SH/MS [M+1]" 228.

(5,5-Dimetilizoksazolidin-2-il)(fenil)metanons (120b)
N,O-Diaizsargatas hidroksamskabes 120 (0,2 mmol, 0,05 g, 1 ekviv) skidumam sausa DCM (2

mL) pievienoja FeClz (15 mol%) un maisija ist.t. argona atmosféra 16h. Reakcijas maisijumu

ietvaicg€ja, atlikumu attirjja ar kolonnas hromatografiju, eluents PE/EtOAc (2/1). Iznakums 25
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mg, 60%.*H KMR (200 MHz, CDCls, §): 1.26 (s, 6H), 2.07-2.17 (m, 2H), 3.93-4.04 (m, 2H),
7.37-7.45 (m, 3H), 7.74-7.82 (m, 2H) m.d.

Savienojuma 122 sintéze un KMR raksturojums.*

/_>7 1. H,NNH,*H,0,
_ EL0.istt. ,O\/\(
H,N
2. HCVEt,0 *HCI
99%

123
O-(3-Metilbut-2-en-1-iDhidroksilamina hidrogénhlorids (123)

O-Prenilhidroksiftalimida 122 (2 mmol, 0,46 g) Skidumam dietiléteri (10 mL) pievienoja

hidrazina hidratu (2,4 mmol, 0,12 mL, 1,2 ekviv). Maisija 12h, tad reakcijas maisijumu filtr&ja
caur silikagelu (eluents Et,O) un filtratam piepilinaja HCI/Et,O. Nogulsnes filtréja un Zaveja
gaisa. Iznakums 0,27 g, 99%."H KMR (400 MHz, DMSO-ds, 5): 1.68 (s, 3H), 1.73 (s, 3H), 4.51
(d, 2H, J=7.4 Hz), 5.27-5.32 (m, 1H), 10.94 (pl s, 2H) m.d.

on EDCI, HOBt, DIPEA N/O\/ﬁ/ 2.7n, 4h, ist.t. N-OH
: 0 H H
124 DMF, ist. t., 83% 125 126

N-((3-Metilbut-2-&n-1-il)oksi)-2-(0-tolil)acetamids (125)

o-Toliletikskabes (124, 1,3 mmol, 0,19 g, 1 ekviv) Skidumam sausa DMF (5 mL) pievienoja 123
(1,3 mmol, 0,18 g, 1 ekviv), DIPEA (2,6 mmol, 0,42 mL, 2 ekviv), HOBt (1,4 mmol, 0,19 g, 1,1
ekviv) un EDCI (1,4 mmol, 0,27 g, 1,1 ekviv) argona atmosféra un maisija 20h. Reakcijas

maisijjumam pievienoja Udeni (20 mL), ekstrahgja ar EtOAc (2x15 mL), organiskas fazes
apvienoja un mazgaja ar lielu Gidens daudzumu. Organisko fazi zavgja virs NaSOa, filtrgja un
ietvaic€ja. Maistjumu attirija ar kolonnas hromatografiju, eluents PE/EtOAc (4/1). Iznakums 0.24
g, 83%. 'H KMR (200 MHz, DMSO-ds, 8): 1.59 (s, 3H), 1.69 (s, 3H), 2.24 (s, 3H), 3.29 (s, 2H),
4.25 (d, 2H, J=7.2 Hz), 5.25-5.36 (m, 1H), 7.05-7.23 (m, 4H), 11.08 (pl s, 2H) m.d.

N-Hidroksi-2-(o-tolil)acetamids (126a)

......

pievienoja I, (0,57 mmol, 0,15 g, 2,7 ekV1V), turpinaja maisit lh, tad pievienoja Zn pulveri (1,26
mmol, 0,08 g, 6 ekviv). Péc 12 h reakcijas maisijumu ietvaicg€ja, uzlgja DCM, filtr&ja. Filtratam
pievienoja Gideni un organisko fazi atdalija, zaveja virs NapSQOy, filtréja un ietvaicgja. Iznakums
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28 mg, 80%. *H KMR (200 MHz, CDCls, §): 2.33 (s, 3H), 3.68 (s, 2H), 7.19-7.27 (m, 4H, dalgji

parklajas ar skidinataju signalu) m.d.
Savienojumus 127a-d sintez&ja pec analogijas ar 125.

N-((3-Metilbut-2-en-1-il)oksi)kan&lamids (127a)

Reakcijas maisijumu attirjja ar kolonnas hromatografiju, eluents PE/EtOAc (4/1). Iznakums 51%.
'H KMR (200 MHz, DMSO-ds, 8): 1.66 (s, 3H), 1.74 (s, 3H), 4.25-4.41 (m, 2H), 5.28-5.41 (m,
1H), 6.35-6.50 (d, 1H, J=15.8 Hz), 7.30-7.65 (m, 6H), 11.19 (s, 1H) m.d.

tButil (1-(((3-metilbut-2-en-1-il)oksi)amino)-1-okso-3-fenillpropan-2-il)karbamats (127b)

Reakcijas maisijumu attirija ar kolonnas hromatografiju, eluents PE/EtOAc (4/1). Iznakums 58%.
'H KMR (200 MHz, DMSO-ds, 8): 1.30 (s, 9H), 1.62 (s, 3H), 1.70 (s, 3H), 3.89-4.24 (m, 4H),
5.18-5.30 (m, 1H), 7.00-7.12 (m, 1H), 7.15-7.33 (m, 5H), 7.95 (s, 1H), 11.06 (s, 1H) m.d.

3-(4-Metoksifenil)-N-((3-metilbut-2-en-1-il)oksi)propanamids (127¢)

Reakcijas maisijumu attirija ar kolonnas hromatografiju, eluents EtOAc. Iznakums 52%. ‘H
KMR (200 MHz, DMSO-ds, 6): 1.61 (s, 3H), 1.70 (s, 3H), 2.19 (t, 2H, J=7.7 Hz), 2.72 (t, 2H,
J=7.7 Hz), 3.70 (s, 3H), 4.18 (d, 2H, J=7.1 Hz), 5.18-5.34 (m, 1H), 6.82 (d, 2H, J=8.4 Hz), 7.02
(d, 2H, J=8.0 Hz), 10.81 (s, 1H) m.d.

2-Metil-N-((3-metilbut-2-en-2-il)oksi)butanamids (127d).

Reakcijas maistjjumu attirfja ar kolonnas hromatografiju, eluents PE/EtOAc (1/1). Iznakums 70%.
'H KMR (400 MHz, DMSO-d, 8): 0.78 (t, 3H, J=1.4 Hz), 0.96 (d, 3H, J=1.4 Hz), 1.23-1.34 (m,
1H), 1.41-1.51 (m, 1H), 1.62 (s, 3H), 1.72 (s, 3H), 4.20-4.29 (m, 2H), 5.31 (tdt, 1H, J=5.6, 2.8,
1.4 Hz), 10.80 (s, 1H) m.d.

0 1.1, MeOH )OL

Mo N
RN T st H

127a-d 128
Savienojumus 127c,d sintez€ja péc analogijas ar 126

N-Hidroksi-3-(4-metoksifenil)propanamids (128c)
Iznakums 45%. *H KMR (200 MHz, DMSO-dg, 6):2.14-2.26 (m, 2H), 2.69-2.76 (m, 2H), 3.70 (s,
3H), 6.80-6.87 (m, 2H), 7.08-7.12 (m, 2H), 10.33 (s, 1H) m.d.
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N-hidroksi-2-metilbutanamids (127d)
Iznakums 40%. *H KMR (200 MHz, DMSO-dg, 9): 0.80 (t, 3H, J=1.4 Hz), 1.02 (d, 3H, J=1.4
Hz), 1.23-1.34 (m, 1H), 1.41-1.51 (m, 1H), 10.82 (s, 1H) m.d.

Savienojumu 133, 135-138 sintéze un raksturojums ir publicéti [3. Pielikums].

2-Metilprenil- un prenilgrupas izmantosana sulfonamidu aizsardzibai

Savienojumu 142-145, 149a,b, 150, 154-156 sintéze un raksturojums ir publicéti [4. Pielikums].

Metilprenilaizsargatas hidroksamskabes un sulfonamida funkcijas izmantoSana

ADAM inhbitoru konstruésana

OBn OBn
H
N
AN
O _a /©/ \)ﬁ/ o\ 1. NaOH (2M), o\
©/\S;\W BnO 160 SN EOH, 12h, 99% STNTN
O o \\O A\
=
™ NaHCOs;(1M)/dioksans, | 2.132, HATU, DIPEA, |
0 A, 3 h, 59% 0 DCM, 81% 0
88 161 O 162 HN‘O
=

Metil-(E)-3-(2-(N-(4-(benziloksi)fenil)-N-(2,3-dimetilbut-2-én-1-il)sulfamoil)fenil)akrilats (161)

Pie savienojuma 160 (0.3 mmol, 0.09 g, 1 ekviv) skiduma dioksana (2 mL) pievienoja NaHCO3
(IM, 2mL) un 3-(2-hlorsulfonilfenil)akrilskabes metilesteri (88, 0.3 mmol, 0.09 g, 1 ekviv).
Reakcijas maisijumu sildija 3h pie 80 °C, tad atdzesgja Iidz ist. un produktu ekstrah&ja ar EtOAC.

Organisko fazi atdalfja un mazgaja ar tideni, pies. NaCl skidumu, tad zavéja virs Na,SQy, filtréja,
ietvaicgja. Reakcijas maisijumu attirija ar kolonnas hromatografiju, eluents PE/EtOAc (8/1).
Iznakums 59%, '"H KMR (300 MHz, CDCls, 8): 1.31 (s, 3H), 1.48 (s, 3H), 3.75 (s, 3H), 4.17 (s,
2H), 4.98 (s, 2H), 6.20 (d, 1H, J=15.9 Hz,), 6.99 — 6.73 (m, 4H), 7.48 — 7.28 (m, 6H), 7.66 — 7.48
(m, 2H), 7.90 (dd, 1H, J=7.9, 1.4 Hz) 8.30 (d, 1H, J=15.9 Hz) m.d.
(E)-3-(2-(N-(4-(benziloksi)fenil)-N-(2,3-dimetilbut-2-én-1-il)sulfamoil)fenil)-N-((2,3-dimetilbut-
2-&n-1-il)oksi)akrilamids (162)
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Metilakrilatu 161 (0,17 mmol, 0,08 g, 1 ekviv) izskidinaja EtOH (4 mL) un pievienoja NaOH
(IM, 1 mL). MaisTja istabas temperattira 16h. Reakcijas maisijumu ietvaicgja un ekstrahgja ar
EtOAc un KHSO4 (5% skidumu). Organisko fazi atdalija, zavéja virs Na,SO,, filtréja, ietvaicgja,
lai iegfitu amorfo produktu ar kvantitativu iznakumu.'H KMR (300 MHz, CDCls, &): 1.30 (s,
3H), 1.46 (s, 3H), 1.60 (s, 3H), 4.18 (s, 2H), 4.98 (s, 2H), 6.18 (d, 1H, J=15.8 Hz), 6.95 — 6.72
(m, 4H), 7.46-7.29 (m,6H), 7.67 — 7.47 (m, 2H), 7.89 (d, 1H, J=7.8 Hz), 8.35 (d, 1H, J=15.9 H2),
m.d. Iegutas skabes (0.09 g, 0,17 mmol, 1 ekviv) skidumam sausa DCM (4 mL) pievienoja
HATU (0,1 g, 0,26 mmol, 1,5 ekviv), O-metilprenilhidroksilaminu 132 (0,27 g, 0,18 mmol, 1,1
ekviv) un DIPEA (0,03 mL, 0,34 mmol, 2 ekviv) argona atmosfera. Reakciju maisija 1h ist.t., tad
ietvaic€ja un atlikumu attirfja ar kolonnas hromatografiju, eluents PE/EtOAc (2/1). Iznakums
81%, dzeltena ella. *H KMR (400 MHz, CDCls, 8): 1.22 (s, 3H), 1.40 (s,3H), 1.53 (s, 3H), 1.64-
1.73 (m, 9H), 4.10 (s, 2H), 4.37 (s, 2H), 4.92 (s, 2H), 6.67 (m, 2H), 6.88 (d, 2H, J=8.8 Hz), 7.22-
7.58 (m, 8H), 7.80-7.84 (m, 2H), 8.04 (s, 1H) m.d.; 158.5, 158.3, 137.4, 136.7, 134.9, 134.5,
132.9, 132.4, 131.4, 130.9, 129.4, 128.7, 128.3, 128.2, 127.6, 122.3, 121.9, 114.8, 70.2, 53.3,
30.1,21.2, 21.1, 20.6, 20.1, 17.5, 16.8 m.d.; SH/MS [M+1]* 590.

OBn

© OBn
O N /@

S; X TFA (10 vol%)  HN

‘0 0=S=0 0

DCM, 2 h, < on
| 6 ist. t., 62 % N

162 HN\O 157

(E)-3-(2-(N-(4-(benziloksi)fenil)sulfamoil)fenil)-N-hidroksiakrilamids (157)

vol%). Pilnu izejvielas konvérsiju novéroja péc 2h. Reakcijas produktu veido$anos apstiprindja ar
PSH un SH/MS. Reakcijas maistjumu ietvaicg&ja un produktu pakristalizéja no idens. Iznakums:

62%, 5.2 mg. SH/MS [M+1]" 425.
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SECINAJUMI

. Promocijas darba rezultata iegiiti 16 jaunie, iepriek§ nezinami aziridin-1-il oksima
atvasinajumi.

legiitie aziridin-1-ilokstma atvasinajumi 4a-Cc uzrada augstaku citotoksisko aktivitati
salidzinajuma ar strukturalo analogu Vorinostatu.

. Aziridin-1-ilokstmu (4a,b,d,f,g,h,i) zema HDAC inhibitora aktivitate liecina, ka HDAC
nav farmokologiskais mérkis, kas atbildigs par augsto iegiito savienojumu (4a,b)
citotoksisko aktivitati.

. Aziridin-1-iloksTmu Vorinostata (3) analogiem tika konstatéta izteikta struktiiras-
aktivitates korelacija. Noverots biitisks citotoksiskas aktivitates kritums savienojumiem ar
saisinatu alifatiskas kédes garumu (n=4, 5) un analogiem ar aizvietotajiem pie aziridina
cikla (80, 82).

. legitie ADAMI10/17 inhibitori (14 jaunie savienojumi) neuzradija augstaku inhibitoro
aktivitati par savienojumiem 2a un 2b. Ta naftalina cikla apmaina inhibitora 1 pret vienu
vai divus heteroatomus saturosu ciklu negativi ietekméja savienojumu 2c-2g aktivitati.
Aktivakais inhibitora 2b analogs bija savienojums 106k, kas metilpropargilgrupas vieta
saturgja fenilpropargilgrupu. Savukart, aizvietotaju ievadiSana fenilgredzena vai
propargilgrupas pagarinasana par vienu vai diviem oglekla atomiem biitiski neietekméja,

vai arT pazemingja savienojuma aktivitati salidzinajuma ar izejas inhibitoru 2b.

AN

y 9
O:S_N O=%_
mNH (j\}\NH
©  om O on
2a 2b

Izveidots O-2-metilprenilhidroksilamins hidrogénhlorids ka reagents O-aizsargatu
hidroksamskabju iegiiSanai. Hidroksamskabju O-metilprenilaizsardziba ir stabila (parejas
metalu katalizétas reakcijas, baziska vidé, paaugstinata temperatira) un viegli
raksturojama KMR  spektros. Minétas priekSrocibas lauj cerét uz O-2-
metilprenilhidroksilamina plasu pielietoSanu hidroksamskabju sinteze.

Paplasinats sulfonamidu aizsarggrupu klasts ar 2-metilprenil- un prenil-grupam, ko var

noskelt maigos reakcijas apstaklos, veidojot gaistoSus blakusproduktus.
97



8. Izstradatas dazadas pieejas 2-metilprenil- un prenilgrupas ievadisanai sulfonamidos, kas
lauj iegtt treS€jos sulfonamidus ar plasu aizvietotaju daudzveidibu.

9. 2-Metilprenilsulfonamidu aizsarggrupu viegli var noskelt aromatisku, heteroaromatisku
un alifatisku aizvietotaju saturosu sulfonamidu gadijuma, veidojot otr&jos sulfonamidus ar
augstiem iznakumiem.

10. Eksperimentali salidzinot 2-metilprenil- un prenilgrupas stabilitati dazados reakcijas
apstaklos (Luisa skabes, hidrogen€Sana, NIS u.c.), var secinat, ka tas ir efektivas

aizsarggrupas, kas nenoliedzami paplasina zinamo sulfonamidu aizsarggrupu arsenalu.
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SYNTHESIS OF NOVEL [1-AZIRIDINYL-
(HYDROXYIMINO)METHYL]JARENES
AND THEIR CYTOTOXIC ACTIVITY

A. Grigorjeva'#, A. Jirgensons', I. Domracheva', E. Yashchenko',
I. Shestakova', V. Andrianov', and I. Kalvinsh'

The synthesis has been developed for novel potential anticancer agents whose structures contain an
aziridine amidoxime group. The cytotoxic activity of all of the target compounds on different cell lines
are given together with the in vitro ICsy and LDs, values found. The most promising anticancer agents
were found to be the methyl 4-[I-aziridinvl(hydroxyimino)methyl]benzoate, I1-aziridinyl(2-naphthyl)-
methanone oxime, and 1-aziridinyl(2-quinolyl)methanone oxime.

Keywords: aziridine, amidoximes, hydroxyimidoyl chlorides, oximes, cytotoxic activity.

The development of efficient anticancer preparations is a complex problem in contemporary
pharmaceutical chemistry [1]. Problems in cancer medication include especially the emergence of resistance of
infected cells against new preparations and also the need to discover substances suppressing the reproduction of
cancer infected cells without affecting metabolic processes in the host organism cells [2, 3].

Prviously have developed the synthesis of a novel class of cytotoxic agents which contain two
functional groups of an amidoxime [4, 5]. There was aziridine-containing amidoxime derivatives due mostly is
to their high cytotoxicity and anticancer activity. Selected examples of the most active of these compounds were
compounds 1a,b. However, a limitation of these compounds is the restricted possibility of modification of the
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N N N
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basic structure which hinders the improvement of pharmacokinetic properties of novel compounds. In this
connection a search for novel cytotoxic compounds has been carried out. We chose structural analogs of
compounds 1a,b which contain one aziridine amidoxime functional group having the structural formulae 2-5 as
synthetic targets (Table 1).

0
= | MeO ==
0 = N N = N
NT Y “om Z " ~OH X7 “on
OMe Nu’ T}

T}—R‘

2 3 4.5
4X =CH; 5X =N, R'=H, CONH,, CO.Me

Synthesis of compound 2 was carried out in several steps using dimethyl pyridine-2,6-dicarboxylate 6 as
starting material.

= =
NaBH
s PCC
MeD N—’ Ohde . MeD _\]/
S o MeOH CH,CL,
P 58% o OH 64%
7
= NH,OH - HCl = NCS
— | LOR- He | NS
MeO N Py, MeOH MeOD N7 DME
| 66% | 40%
0 0 0 NOH
8
= S
[INﬁ . ELN |
—= MeD = NOH MeO = NOH
N MeCN N
0 Cl 50% ] N
10 <

PCC = pyridinium chlorochromate, NCS = N-chlorosuccinimide

Sodium borohydride (ether solution, 3 equivalents) was used to achieve the selective reduction of one of
the ester groups in the pyridine-2,6-dicarboxylate 6 and a large quantity of methanol was optimum conditions
for preparing compound 7 [6]. Aldehyde 8 was prepared from compound 7 using pyridinium chlorochromate as
oxidant.

The corresponding oxime 9 was obtained in moderate yield using pyridine as the base. The
hydroxyimidoyl chloride 10 was prepared by treating methyl 6-(hydroxyiminomethyl)pyridine-2-carboxylate (9)
with N-chlorosuccinimide in DMF. The reaction was carried out at temperature sligthly increased to 40°C.
Reaction of hydroxyimidoyl chloride 10 with aziridine pgave the final product methyl 6-[1-
aziridinyl(hydroxyimino)methyl]pyridine-2-carboxylate (2). Formation of side products was also observed due
to instability of the aziridine ring.

Hydrolysis of the methyl ester group in compound 2 was unsuccessful, a full degradation of the
aziridine ring occurring under these reaction conditions.
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TABLE 1. Characteristics of Compounds 2-5

i Found, %

0 Empirical _—

Lom; . mfa Calculated. % mp, °C Yicld, %

poe C H N

2 CioHuN:O3 -H0 5068 | S48 | 17.08 9296 50
5021 | 548 | 17356

3 CoHpN;Oy 5985 | 549 | 1239 147-151 44
5999 | 549 | 1272

4 Ci3HiN:O - 0.25H:0 7239 | 569 | 1283 141-142 14
7204 | 581 | 1292

Sa Ci2HyN:O - 0.2H0 6634 | 511 | 199 110-112 17
6647 | 530 | 193%

sh CisHiN:Oy 62.53 | 498 | 15.01 59-62 36
6199 | 383 | 1599

Sc C3HNLOy - 0.2H,0 5864 | 466 | 2051 157-159 25
5886 | 494 | 2112

Commercially available 4-hydroxymethylbenzoic acid (11) was used as the starting material for the
synthesis of 3. The carboxyl group was first esterified [7] and the product 12 obtained was oxidized by using the
Dess-Martin reagent. Further synthesis of compound 3 followed the method reported above for compound 2.

(8]

HO _ma_ .
TMeoH cn 1,
71% o
OH ° Ve
1
OMe
m«
NH,OH - HCI &
—— ‘
= ~ DEE El,u MeCN NOH
-l | 68%

14 Nou

DMP- Dess-Martin reagent

Hydrolysis of the ester group in compound 3 (on attempt to obtain sodium salt) was unsuccessful as in
the preceding experiment with ester 2.

For the preparation of compound 4 the naphthalenecarbaldehyde 16 was treated with hydroxylamine in
the presence of sodium bicarbonate in THF solution. Conversion to the hydroxyimidoyl chloride 18 and
subsequent reaction with aziridine gave the target compound 4.

NH,OH - HCI
NaHCO, NCS
e =
20  THF N~on DMF
88% 98%
OO HNQ - E4N O O
—— —_—
N NOH
~" T~OH MeCN
14 %
18 Cl 4

N
>
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The target compounds Sa-c were synthesized differently to the method reported above. Reaction of the
quinolinecarbonitrile 19 with hydroxylamine in the presence of sodium bicarbonate in acetonitrile solution at
room temperature gave the N-hydroxyquinoline-2-carboxamidine (20) in 77% yield [8].

NH,OH - HC1
| RS NaHCO, | o= NaNO,
e ——————
HON -
- N"' MeOH, H,0 N cone. HCL
N 7% NH Bd%
19 2 20
R
HN '
= Ei,N =
— HON HON I
: > =
N MeCN N
Cl N
2 |)"‘ R Sa-¢

SaR=H,bR=C(O)NH,, ¢ R=C0O:Me

A subsequent diazotization reaction was carried out under quite rigid conditions treating the amidoxime
20 with sodium nitrite in conc. HCL. The hydroxyimidoyl chloride 21 obtained as a result was separated in a
pure state. The product was washed with a large quantity of cold water to remove excess hydrochloric acid.
Compound 21 served as the starting material for preparation of the target compounds Sa-¢ by using aziridine,
the amide or methyl ester of aziridine carboxylic acid as reaction components.

The cytotoxic effect (ICsy) of the target compounds 2-4, Sa-¢ was tested on monolayer cell lines
obtained from the ATCC collection (Tables 2 and 3).

The following cell lines were used: 3T3 — mouse embryonic fibroblasts, HT-1080 — human connective
tissue fibrosarcoma, MG-22A — mouse hepatoma, MDA-MB-453s (MDA) — human breast adenocarcinoma,
estrogen negative, CCRF S-18011 (CCL-8) — mouse sarcoma, monolayer, MCF-7 — human adenocarcinoma,
estrogen positive, Caco-2 — human intestinal adenocarcinoma, H9C2 — rat cardiomyocytes, HepG2 — human
hepatocyte carcinoma, Capan-2 — human pancreatic adenocarcinoma, PANC-1 — human pancreatic carcinoma, and
HPAF-II — human pancreatic carcinoma. The MTT and CV tests were used to investigate the 1Cs, cytotoxic effect.

The results of the CV and MTT tests depended on the level of degradation of the membrane structure
and/or the degree of suppression of the oxidation-reduction system in the cell. To avoid in vive experiments for
determination of the LDy, in vifro test on the cell line 3T3 was used for calculation the LDy, value. Staining was
carried out with Neutral Red as reported in the method "Interagency Coordinating Committee on the Validation
of Alternative Methods and National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods".

Compound 4 and 5a were comparable in their efficiency with 1a and 1b (for compound 4 the effect is on the
Capan-2 line weaker and this may be connected with features of the tumor metabolism). Compound 3 was less
effective but also less toxic, its ICy is comparable with known preparation. Compound 2 had little effect and
compounds 5b and Se were found to be inactive. Compounds 3, 4, Sa could be considered as promising.

EXPERIMENTAL

'H NMR spectra were recorded on a Varian Mercury VX-200 instrument (200 MHz) using DMSO-d; as
solvent (compounds 2-4, Sa-c, 7-10, 14, 15, 17, 18, 20, 21) or CDCl; (compounds 12 ad 13) with TMS as
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internal standard. The course of the reaction and the purity of the product were monitored using TLC on
Kieselgel 60 Fasy plates (Merck) in the system ethyl acetate—hexane in different ratios and vizualized using a UV
lamp with 254 nm filter. Column chromatography used Kieselgel silica gel (35-70 and 60-200 pm). Melting
points were determined on an Optimelt apparatus and are not corrected.

Methyl 6-Hydroxymethylpyridine-2-carboxylate (7). Dimethyl pyridine-2,6-dicarboxylate (6) (1.95 g,
10 mmol) was dissolved in methanol (100 ml), sodium borohydride (1.13 g, 30 mmol) was added, and the reaction
mixture was stirred for 1.5 h at room temperature to reach full conversion of the starting material (TLC
monitoring). At the end of the reaction the filtrate was evaporated. The obtained residue was treated with cold water
(100 ml) and extracted with chloroform (3x30 ml). The extract was washed with water to give 0.97 g (57%) as
colorless crystalline product. "H NMR spectrum, &, ppm (J, Hz): 3.86 (3H, s, OCH3); 4.61 (2H, d, J = 6, CH,OH);
556 (1H,t,.J=6, CH;OH); 7.71 (1H, d, /= 7.4, 5-CH pyridine); 7.93-8.04 (2H, m, 3,4-CH pyridine).

Methyl 6-Formylpyridine-2-carboxylate (8). Compound 7 (1 g, 6 mmol) was dissolved in
dichloromethane (70 ml), pyridinium chlorochromate (1.94 g, .98 mmol) was added, and the mixture stirred for
4 h at room temperature (monitored by TLC). The mixture was filtered through Celite and the filtrate evaporated
and repeatedly filtered through silica gel. After evaporation, the residue was purified by column chromatography
eluting with petroleum ether—ethyl acetate (1:1). Yield 0.63 g (64%). 'H NMR spectrum, &, ppm (J, Hz): 3.94
(3H, s, OCHs); 8.16 (1H, dd, /= 1.4 and J = 6.2, 3-CH pyridine); 8.25 (1H, t, J = 8, 4-CH pyridine); 8.33 (1H,
dd, J=1.4 and .J = 6.0, 5-CH pyridine); 10.02 (1H, s, CHO).

Methyl 6-(Hydroxyiminomethyl)pyridine-2-carboxylate (%). Compound 8 (250 mg, 1.5 mmol) and
hydroxylamine hydrochloride (118 mg, 1.7 mmol) were mixed dry, a mixture of pyridine and methanol (1:1)
was added, and the reaction mixture was refluxed to completion of the reaction (TLC monitoring), then was
evaporated and residue was suspending in dichloromethane and washed with aqueous sodium bicarbonate
solution (10 ml saturated sodium bicarbonate + 40 ml water). The organic layer was separated, dried over
sodium sulphate, and evaporated. Product yield 0.236 g (66%). "H NMR spectrum, &, ppm: 3.88 (3H, s, OCH3);
8.02 (3H, s, pyridine); 8.13 (1H, s, CHNOH); 11.87 (1H, s, CHNOH).

Preparation of Compounds 10, 15, 18 (General Method). N-Chlorosuccinimide (1.20 mmol) was
added to a solution of the starting oxime (1 mmol) in DMF (5 ml). The reaction mixture was stirred for 2 h at
room temperature and then held for 1 h at 40°C (for the synthesis of compound 18 the temperature was raised to
80°C). The mixture was cooled and water with ice (50 ml) was added. After cooling, the precipitate was filtered
and thoroughly washed with cold water.

Compound 10. Yield 55%. '"H NMR spectrum, &, ppm: 3.91 (3H, s, OCH;); 8.08-8.12 (3H, m,
pyridine).

Compound 15. Yield 68%. 'H NMR spectrum, &, ppm: 3.87 (3H, s, OCHs); 7.99 (4H, dd, J = 8.8 and
J=1.3, CsHs).

Compound 18. Yield 98%. 'H NMR spectrum, &, ppm: 7.60 (2H, m, C,yH;); 8.06 (5H, m, C,4H,); 8.35
(1H, s, 1-CH CyHy); 12.53 (1H, s, NOH).

Methyl 4-Hydroxymethylbenzoate (12). 4-Hydroxymethylbenzoic acid (11) (1.09 g, 6.57 mmol) was
dissolved in methanol (30 ml), acidified with HCI (3 ml), and refluxed for 4 h. After cooling, the reaction mixture
was neutralized with triethylamine (TEA) to pH 7 and evaporated. The residue obtained was dissolved in
dichloromethane (20 ml) and washed with a 5% aqueous solution of sodium bicarbonate (2x20 ml). The organic
layer was separated, dried over sodium sulphate, and evaporated. Yield 782 mg (72%). "H NMR spectrum, 8, ppm
(J, Hz): 3.11 (1H, br. s, OH): 3.85 (3H, s, OCHz); 4.67 (2H, s, CHa,); 7.37 (2H, d, J= 8, 2,6-CH Ph); 7.95 (2H, d,
J=8,3,5-CH Ph).

Methyl Formylbenzoate (13). The Dess-Martin reagent (0.54 ml, 1.7 mmol) was added to a solution of
compound 12 (0.264 g, 1.6 mmol) in dichloromethane (10 ml), the reaction mixture was stirred at room
temperature for 12 h, extracted with ether. The organic layer was washed with a saturated solution of sodium
bicarbonate and separated. The aqueous layer was repeatedly extracted with ether. The extracts were
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combined, washed with saturated sodium chloride solution, and dried over sodium sulphate. Evaporation gave
the product which was purified by column chromatography using ethyl acetate—petroleum ether (1:4) as eluent.
Yield 49 mg (18%). "H NMR spectrum, &, ppm (J, Hz): 3.96 (3H, s, OCH;); 7.96 (2H, d, J= 8, 2,6-CH Ph);
8.18 (2H, d, /=8, 3,5-CH Ph); 10.09 (1H, s, COH).

Methyl 4-(Hydroxyiminomethyl)benzoate (14) was prepared by the method reported above for
compound 9. Yield 61%. 'H NMR spectrum, &, ppm (/, Hz): 3.85 (3H, s, OCH3); 7.73 (2H, d, J = 8.8, 2.6-CH
Ph); 7.97 (2H, d, J= 8.2, 3,5-CH Ph); 8.22 (1H, s, CHNOH); 11.87 (1H, s, NOH).

2-Naphthalenecarbaldehyde Oxime (17). Aqueous sodium bicarbonate solution (3 ml) was added to a
solution of compound 16 (312 mg, 2 mmol) in THF (7 ml). After 10 min hydroxylamine hydrochloride (278 mg,
4 mmol) was added. The reaction mixture was held for 12 h at room temperature, exiraction was carried out with
ethyl acetate, extract dried over sodium sulphate and evaporated. Column chromatography of the mixture
obtained gave compound 17 (eluent petroleum ether—ethyl acetate, 1:2). Yield 88%. 'H NMR spectrum, 3, ppm
(/. Hz): 7.57 (2H, m, CpH5); 7.82 (1H, d, J = 8.8, H-4 CyH;); 7.91 (3H, m, CyyH;); 8.00 (1H, s, H-1 C\gH5);
8.29 (1H, s, CHNOH); 11.34 (1H, s, NOH).

N-Hydroxyquinoline-2-carboxamidine (20). Hydroxylamine hydrochloride (139 mg, 2 mmol) was
dissolved in methanol (15 ml), cooled in an ice bath, and an aqueous solution of sodium bicarbonate (168 mg,
2 mmol/5 ml of water) was added with stirring at room temperature for 30 min. Freshly prepared hydroxylamine
solution was added to a solution of the 3-quinolinecarbonitrile (19) (308 mg, 2 mmol) in methanol (15 ml). The
reaction mixture was stirred at room temperature for 1.5 h and then for 1.5 h at 40-50°C. The precipitate formed
was filtered off and washed with a large amount of water. Yield 77%. 'H NMR spectrum, &, ppm (J, Hz): 5.99
(2H, br. s, NH,); 7.62 (1H, dt, J = 1.6 and J = 7.2, 6-CH quinoline); 7.79 (1H, dt, J = 1.4 and 7.2, 7-CH
quinoling); 8.01 (3H, dd, /= 4.2 and J = 7.8, quinoline); 8.33 (1H, d, J = 8.6, 8-CH quinoline); 10.21 (1H, s,
NOH).

Quinoline-2-carboximidoyl Chloride (21). A solution of compound 20 (280 mg, 1.5 mmol) in conc.
HCI (5 ml) was cooled to 0-5°C, an aqueous solution of sodium nitrite (332 mg, 4 mmol/l ml water) was added
and stirred for 1 h at 0-4°C and then at room temperature for 12 h. The precipitate formed was filtered off and
dried in vacuo. Yield of product 0.26 g (84%). 'H NMR spectrum, &, ppm (J, Hz): 7.68 (1H, t, J = 7.4, 6-CH
quinoline); 7.83 (1H, t, J = 7.6, 7-CH quinoline); 8.05 (3H, dd, J = 6.4 and J = 9.4, quinoline); 8.44 (1H, d,
J=8.6, 8-CH quinoline); 10.23 (1H, s, NOH).

Preparation of Target Compounds 2-5 (General Method). A mixture of TEA and aziridine in
acetonitrile was cooled to 0°C. A suspension of the hydroxyimidoyl chloride in acetonitrile was added (2 ml of
solvent for 0.5 mmol of starting material, the reaction being carried out in an inert atmosphere) and the reaction
mixture was held for 30 min at the low temperature and then at room temperature until the reaction was
complete (TLC monitoring). In some cases a precipitate of triethylamine hydrochloride was formed and this was
filtered off. The filtrate was evaporated and the tarry residue was triturated with ether using a glass rod. The
precipitated material was filtered off and washed on the filter with a small amount of ether.

Methyl 6-|1-Aziridinyl(hydroxyimino)methyl]pyridine-2-carboxylate (2) was prepared from TEA
{0.29 ml, 2.1 mmol), aziridine (0.08 ml, 1.6 mmol), and the starting product 10 (113 mg, 0.53 mmol). Yield of
compound 2 70 mg (50%). '"H NMR spectrum, 5, ppm: 2.24 (4H, s, CH; aziridine); 3.90 (3H, s, OCHs); 8.0 (3H,
m, CH pyridine); 10.79 (1H, s, NOH).

Methyl 4-[1-Aziridinyl(hydroxyimino)methyl|benzoate (3). TEA (0.28 ml, 2 mmol), aziridine {0.08
ml, 1.6 mmol), and the starting product 15 (106 mg, 0.5 mmol) were stirred at room temperature for 1 h. Yield
of compound 3 48 mg (44%). '"H NMR spectrum, &, ppm (J, Hz): 2.21 (4H, s, CH, aziridine); 3.86 (3H, s,
OCH;): 7.80 (2H, d. J=8.6, CH Ph); 7.97 (2H. d. /= 8.6, CH Ph): 10.71 (1H, s, NOH).

1-Aziridinyl(2-naphthyl)methanone Oxime (4). TEA (0.56 ml, 4 mmol), aziridine (0.15 ml, 3 mmol),
and the starting product 18 (210 mg, | mmol) were stirred for 1.5 h at room temperature. Yield of compound 4
30 mg (14%). '"H NMR spectrum, 8, ppm: 2.27 (4H, s, CH; aziridine); 7.54 (2H, m, C,oH-); 7.90 (4H, m, CgH5);
8.21 (1H, s, 1-CH C,gH5): 10.54 (1H. s, NOH).
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1-Aziridinyl(2-quinolyl)methanone Oxime (5a) TEA (0.56 ml, 4 mmol), aziridine (0.15 ml, 3 mmol),
and starting product 21 (207 mg, 1 mmol) were stirred at room temperature for 1 h. Yield of compound Sa 37
mg (17%). "H NMR spectrum, 8, ppm (J, Hz): 2.31 (4H, s, CH, aziridine); 7.67 (1H, t,J = 6.4, 6-CH quinoline);
7.78 (1H, t, J = 6.4, 7-CH quinoline); 8.00 (3H, m, quinoline); 8.32 (1H, d, ./ = 8.8, 8-CH quinoline); 10.89
(1H, s, NOH).

1-|Hydroxyimino(2-quinolyl)methyl]aziridine-2-carboxamide (5b). TEA (0.44 ml, 3.2 mmol),
aziridinecarboxamide (206 mg, 2.4 mmol), and the starting product 21 (150 mg, 0.8 mmol) were stirred at room
temperature for 1.5 h. The product was filtered off, washed with ethyl acetate, and dried in vacuo. Yield of
compound 5b 40 mg (25%). '"H NMR spectrum, &, ppm (J, Hz): 2.50 (2H, CH, aziridine, proton signal situated
under the solvent signal); 3.02 (1H, dd, J=3.6 and ./ = 1.5, CH aziridine); 7.09 (2H, s, NH1); 7.58 (1H, s, CH
quinoline); 7.64 (1H, t, J = 6.6, CH quinoline); 7.95 (3H, m, CH quinoline); 8.28 (1H, d, J = 8.8, 8-CH
quinoling); 10.94 (1H, s, NOH).

Methyl 1-[Hydroxyimino(2-quinolyl)methyl]aziridine-2-carboxylate (5¢) TEA (0.56 ml, 3.2 mmol),
methyl aziridine carboxylate (300 mg, 3 mmol) and the starting product 21 {190 mg, 1.0 mmol) wered stirred for
3 h at room temperature. After evaporation, the oily product was purified by column chromatography eluting
with a mixture of ethyl acetate and petroleum ether (1:1). Yield of compound Se¢ 100 mg (36%). 'H NMR
spectrum, &, ppm (J, Hz): 2.67 (1H, d, J= 3.4, CH aziridine); 2.73 (1H, d,./= 6, CH aziridine); 3.23 (1H, proton
signal partly situated under the DyO signal, CH aziridine); 3.61 (3H, s, OCH;); 7.62 (IH, t, J = 6.6, CH
quinoling); 7.78 (1H, dt, /= 1.4 and J = 8, CH quinoline); 7.94 (3H, dd, ./J=4.2 and J= 4.2, CH quinoline); 8.32
(1H, d, /= 8.8, 8-CH quinoline); 11.07 (1H, s, NOH).

Biological Screening. The cytotoxic properties of the target compounds in vitro were determined on 96
well panels using the vital dyes MTT and CV in accordance with methods [9, 10] validated [11].

This work was carried out with the support of the European Regional Development Fund
(VPDI/ERAF/CFLA/OS/APK/2.5.1/000029/014).
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The suberoyl anilide hydroxamic acid (vorinostat) analogs with the aziridin-1-yl oxime moiety as a possible metal chelating functionality
have been synthesized. Their biological activity and stability under physiological conditions have been evaluated. Although some of the
synthesized compounds demonstrated high antiproliferative activity against human HT 1080 fibrosarcoma (HT1080, 1C:0.3-7.7 uM)
comparable o vorinostat (HT 1080, ICy 2.4 uM), they showed only weak hisione deacetylase inhibition activity in HeLa cell line exiracts.

Keywords: aldoxime, aziridin-1-y1 oxime, histone deacetylase, hydroximoyl chloride, suberoy] anilide hydroxamic acid, cytoloxic activity.

Varinostat (suberoyl anilide hydroxamic acid or SAHA) (1)
is a linear hydroxamic acid compound that is a potent
enzyme inhibitor with multiple targets including I and II
class histone deacetylase (HDAC). SAHA consists of a
chelating group (hydroxamic acid moiety) and six-carbon
spacer (connection unit) attached to a hydrophobic group
{phenyl). It has been shown that hydroxamic acid molety of
SAHA binds to a zinc ion in the HDAC catalytic site
allowing the rest of the molecule to lie along the protein
surface with the phenyl ring oriented out of the catalytic

ket.!
poc o

@’HWH'OH

[8]
1

The azindin-1-yl oxime group shows high structural
similarity with hydroxamic acid. Moreover the azindin-
I-y]l oxime moiety has a potential to form a covalent
interaction, particularly when activated with zinc ions.
Following this idea we aimed to synthesize a small
molecule library of SAHA analogs and test their
anticancer, as well as HDAC inhibitory activity. It has been
already shown that aromatic compounds containing
aziridin-1-yl oxime groups show high cytotoxic activity
against different cancer cell lines.”

The key intermediates in the described strategy are the
aliphatic aldoximes 2a-h, 3, and 4, which were converted
to the azindin-1-yl oximes in a two-step one-pot reaction:
formation of hydroximoyl chloride and addition of

09-3 12201515 107-0647€201 5 Springer Science+Business Media New York

N-nucleophile (azindine, aziridine derivative) to the nitrile
oxide generated from the hydroximoyl chloride in situ. An
alternative approach through the appropriate nitrile oxide
starting from the corresponding amidoxime has been
investigated by us previously.® Unfortunately this approach
failed to provide nitrile oxides bearing an alkyl moiety.

The routes used for synthesis of SAHA analogs Sa-l, 6-8
are depicted in Schemes 1-7. Our initial attempt to
synthesize suberoyl anilide was the condensation of suberic
acid with aniline at high temperatures. However, the
desired compound was formed in low yield together with
by-products. This prompted us to use a different synthetic
route proposed by Mai ! Thus, suberoyl anhydride (9) was
obtained in good yields by heating suberic acid with acetic
anhydride.* Anhydride 9 was treated with aniline or aniline
derivatives to afford monoamides 10b—e.g.h which were
converted into the corresponding esters 11b—egh by
reaction with methyl iodide in the presence of potassium
carbonate (Scheme 1, Method I). The second approach to
prepare intermediates 11 involved the conversion of
suberic acid anhydride (9) to its monomethyl ester 12
which was coupled with aniline or aniline derivatives using
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide  (EDCI)
(Scheme 1, Method II).

Esters 11la-h were converted to aldehydes by the
reduction of the ester functionality with lithium aluminum
hydride (LAH) in THF followed by the oxidation with
pyridinium chlorochromate (PCC). The reaction of aldehy-
des with hydroxylamine hydrochloride in the presence of
NaHCO; or NaOAc afforded aldoximes 2a—h.
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Synthesis of oxime 3 was accomplished by the reaction
of cycloheptanone (13) with potassium persulfate in
ethanol in the presence of sulfuric acid, and the resulting
6-hydroxyheptanoic acid ethyl ester was oxidized with
PCC (Scheme 2)° The aldehyde group of the obtained
intermediate 14 was protected as acetal to give compound
15. Basic hydrolysis of the ester group and the coupling of
the resulting acid with aniline was followed by acetal
group cleavage. The resulting aldehyde 16 was suc-
cessfully converted to aldoxime 3 in the presence of
NaHCO,.

The synthetic route to the intermediate 4 starting from
g-caprolactone (17) is outlined in Scheme 3. The capro-
lactone cycle was opened in the reaction with aniline to

Scheme 3

3

give the anilide alcohol which was subsequently oxidized
with PCC to afford aldehyde 18° which was converted to
the aldoxime 4.

Aziridin-1-yl oximes were prepared by chlorination of
oximes 2a~h, 3, 4. This provided hydroximoyl chlorides”
directly converted in sifu to the nitrile oxide by treatment
the reaction mixture with triethylamine in great excess. The
following addition of aziridine allowed to obtain final
compounds 5a-1 in low or moderate yields (Schemes 4, 5).
When N-chlorosuccinimide (NCS) in DMF was used for
the chlorination of aldoxime 2a, hydroximoyl chlorides
with chlorinated benzene ring were formed. This resulted,
after the treatment with aziridine, in monochlorinated
product 5a and dichlorinated product Sb (Scheme 4).

(o3
a 1. PhH, THF H 8] MNHZOHHCI “‘“’H?TGN
2.PCC, CHCL O H NEH-ICOF?::@EG-L O H
17 18 4
Scheme 4

ﬁ 1 NCS (2 equiv), DMF, 70°C, 1.5 h

1. NCS (3 equiv), DMF, 70°C. 3 h

2. Aziridine, 0°C.rt, 1h

/@m’{"h’

648

2. Azindine, 0°C.rt, 1 h

Cl
H
St
I
Cl © N'OH
5b
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The formation of hydroximoyl chloride without phenyl
ring chlorination was successfully carried out with NCS
and catalytic amount of pyridine in chloroform or dichloro-

methane (Scheme 5).!

Scheme 5
1. NCS, Py,
CHLCh, 35°C - H“IfH«‘I’ AN
2a-h. 3.4 — | I
2. Aziridine, EtsN, o a N
CHL ., 2.5h R . “OH
c—|
c d e f [+ h i i k1

R | H 4F 4-Me 4-MeD 2 6-Mep 4-PhO 4-EtD 4-Et H H
6 6 6 51 53 51 65 6 54

To investigate the structure—activity relationship of
aziridin-l-yl oxime moiety, substituted analogs 6 and 7
were prepared following a similar synthetic protocol to that
shown in Scheme 4. 7-Azabicyclo[4.]1.0]heptane required
for the synthesis of compound 6 was obtained according to
the procedure described in literature starting from
cyclohexene oxide (Scheme 6)_9

Finally, the synthesis of amidoxime 8 was realized
starting from the commercially available 6-bromohexanoic
acid (19) which was converted to the corresponding
6-cyanohexanoic acid in the reaction with sodium cyanide,
followed by the reaction with aniline in the presence
of EDCL" Transformation of the nitrile Eroup in coms-
pound 20 to amidoxime group by the reaction with
hydroxylamine in isopropanol gave the desired product 8 in
quantitative yield.

Azirindin-1-yl oxime 5a was used as a model compound
for the mvestigation of the configuration of oxime. The
(Z}configuration of the compound was confirmed by 2D
NMR NOESY spectra which showed a NOE between the
hydroxyl proton and the azirndine methylene protons (Fig. 1).

The stability of compound 5a was assessed by HPLC
method. These studies indicated that compound Sa was
stable at least 4 h in 0.05 M phosphate buffer solution (pH
7.4, 25°C), however after 24 h, it content in the analyzed
solution was 86%, and after 120 h, only 32%.

All synthesized aziridin-l-yl oximes 5a-l. 68, struc-
tural analogs of SAHA, were tested for their cytotoxic
activity on different cell lines (mouse embryonic

O me
CHCR, 35°C

Scheme 6

A

8 AN 8 N
e e
(Zy5a (Er5a

Figure 1. The Z- and E-isomers of compound 5a.

fibroplasts 3T3, human fibrosarcoma HTI080, mouse
hepatoma MG22A) using different colorimetric methods
(NR — neutral red, MTT — 3-(4_5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide, and CV — crystal violet)
(Table 1).

Our results demonstrate that there is a difference in
cytotoxic activity of compounds bearing diverse substi-
tuents at the phenyl moiety. Thus, compounds having
doubly substituted phenyl rings 5b.g are inactive, however,
the activities of other SAHA analogs are comparable. A
variety of substitution is tolerated at position 4 of the
phenyl group when n = 6.

A series of homologous compounds was synthesized
with a different length of the spacer unit between phenyl
and aziridin-1-yl oxime groups. Thus, compounds Skl
containing five- and four-carbon spacer, respectively,
dramatically lost cytotoxic activity in comparison with
compound 5S¢ containing a six-carbon spacer.

The influence of the substitution at the azindine cycle on
the example of compounds 6 and 7 was also examined. The
introduction of azabicyclic function (compound 6) or
carboxamide substituent (compound 7) contributes to the
loss of the cytotoxic activity. The azindine substitution
with amidoxime functionality resulted in inactive com-
pound 8, but it might also be argued that its weak cytotoxic
activity resulted from the shorter spacer unit.

The obtained final compounds can be allocated in one of
the four toxicity categories based on their acute oral
toxicity properties according to the cut-off criteria
established by the current EU rl:gulalii:uns_13 Thus, most of
the newly synthesized SAHA analogs 5a,c—fhj can be
classified as slightly toxic compounds (category 3), while
compounds Sb.g.ik.l, 68 are practically non-toxic (cate-
gory 4).

Selected SAHA analogs Saecd.fh—j were tested for
their ability to act as a histone deacetylase inhibitors in
Hella extract using SAHA as a reference inhibitor (Table 2).
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Table 1. Cytotoxic effect of SAHA analogs on different monolayer cell lines

HN___O
N AN H Q I H NH,
@I' by N i N @ wby
R 9 Moy @ o N @ Wy O Ny
oH O Ny,
5a-l 6 7 8
Com- 3T3 HTI080 HT1080 MG22A MGI2A
pound " R LDq;. mg/kg (NR) ICsept M (CV) 1Cs0, 1 M (MTT) s, p M {CV) ICeo, 1 M (MTT)
SAHA [} — NT* i b 2.4%= NT NT
Sa [} 41 a7 06 0.6 12 09
Sh [} 24-Cla 358 =10 NT =10 NT
Sc [} H BT 06 03 1.0 1o
Sd ] +-F 92 09 0.6 0.6 09
Se ] 4+Mc 121 0.8 1.3 36 4.6
Sf [} 4-MeO 128 1.0 1.3 2.7 27
Sz [} 2.6-Me,y 482 =10 =10 =10 =10
Sh [} 4-Phi} 153 NT Lo NT 05
Si [} 4-Eny 233 NT 1.5 NT 30
Sj [} 4-Et 146 NT 09 NT 06
Sk 5 H 20 73 36 73 36
=1 4 H 261 I8 38 T.6 7.7
1] [ - 75 =10 =10 =10 =10
7 [ - 2191 =10 NT =10 NT
] 5 - 873 =10 =10 =10 =10
* NT —not tested.
=+ See e

The results in Table 2 indicate that aziridin-1-yl oxime
analogs were inactive in HDAC inhibition test. The
synthesized SAHA analogs had significantly lower 1Cs,
values than SAHA. The poor HDAC inhibition of azindin-
1=yl oximes may indicate that HDAC is not the primary
pharmacological target responsible for their biological
activity.

In summary, we have synthesized a series of SAHA
analogs in which hydroxamic acid moiety is replaced by
aziridin-1-yl oxime group. We have shown that some of the
obtained compounds exhibit significant antiproliferative
activity against the growth of monolayer cell lines
including human HTI1080 fibrosarcoma. However, all
tested compounds are weak inhibitors of HDAC suggesting
that aziridin-1-yl oxime analogs of SAHA do not enter

Table 2. HDAC inhibition activity
of selected aziridin-1-yl oximes

Compound 30 ri?uﬂ]::u:{;tiou 3 Iﬁiul:::i;m
SAHA 0.1 0.1
Sa 177 NT
Se 61 TO
sd 36 37
af 13 20
5h 32 31
5i 28 El
5 40 24
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covalent interaction with zinc atom in the HDAC catalytic
pocket. The new enzymatic target of the obtained com-
pound library should be established in the future.

Experimental

'H NMR spectra were recorded on Varian 400 Mercury
(400 MHz), Bruker Fourier 300 (300 MHz), and Varian
200 (200 MHz) spectrometers. “C NMR spectra were
recorded on a Varian 400 Mercury spectrometer (100 MHz).
The 'H chemical shifts are given relative to residual proton
signal of DMSO-ds signal (2.50 ppm) or CDCl; (7.26
ppm), the *C chemical shifts — relative to DMSO-dj signal
(395 ppm). Ultra-performance liquid chromatography
(UPLC) data were obtained on a Waters mass spectrometer
(column Acquity UPLC BEH-CI8) using electrospray
ionization (ESI) in positive mode. Elemental analysis was
performed on a Carlo Erba EA1108 elemental analyzer.
Melting points were determined on a Standard Research
Systems Optimelt melting point apparatus and were uncor-
rected. Purification of compounds was performed by flash
silica gel chromatography using Merck Kieselgel (230400
mesh), eluting with ethyl acetate and light petroleum ether
in different ratios. Thin-layer chromatography was
performed on silica gel and was visualized by staining with
KMnO; or in UV at 210 or 254 nm. Reagents and starting
materials were obtained from commercial sources and used
as received.

Synthesis of target compounds Sa-c was realized
starting from intermediate 12 (Method I1) as follows.
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8-Methoxy-8-oxooctanoic acid (12). The solution of
compound 9 (2.0 g, 12.8 mmol) in methanol (6.5 ml) was
stirred at reflux in pressure tube during 3 h. The reaction
mixture was evaporated to dryness and treated with ether.
The white precipitate formed was filtered off. Yield 1.92 g
(80%). "H NMR spectrum (400 MHz, DMSO-ds), 5, ppm
(/. Hz): 1.15-128 (4H, m, (CH)y(CH,),COyCH;5); 1.37-
1.52 (4H, m. HO,C(CH,CH»CH,),CO-CH,); 2.14 (2H, t,
J =174, CH:CO:CHs); 2.24 (2H. t, J = 74, CH.CO:H):
3.54 (3H, s, CO,CH;, partially overlapped with water
signal); 11.94 (1H, br. s, CO,H).

Methyl 8-oxo-8-(phenylamino)octanoate (11a). Triethyl-
amine (1.7 ml, 12 mmel, 1.5 equiv), EDCI (2.10 g,
10.4 mmol, 1.3 equiv), and HOBT (1.40 g, 10.4 mmol,
1.3 equiv) were added to a solution of the intermediate 12
(1.38 g. 8 mmol) in DMF (& ml), followed by the addition
of aniline (0.73 g. 8 mmel). The reaction mixture was
stirred overnight at room temperature, treated with water
(20 ml), and extracted with AcOEt. The organic phase was
washed with water, dried over Na,80,, filtrated, and evapo-
rated. The residue was purified by flash chromatography
{eluent AcOEt-hexane, 1:2). Yield 1.62 g (77%), white
amorphous solid. 'H NMR spectrum (200 MHz, DMSO-dj),
&, ppm (J. Hz): 1.19-1.34 (4H, m. (CHz2)2(CH2):CO:CHz);
1.42-1.62 (4H, m, NH(CH,CH.CH,),CO,CH,); 2.21-2.29
(4H, m, NHCH.(CH;,CH.CO,CH;): 3.54 (3H, s
COOCH:): 698 (IH, t, J =74, H-4 Ph); 7.24 (2H, t,
J =79, H-3.5 Ph); 7.54 (2H. d, /= 7.4, H-2,6 Ph); 9.80
(1H, s, NH).

8-Hydroxy-N-phenyloctanamide. Lithium alumohydride
{0.12 g, 3.0 mmol, 1.1 equiv) was slowly added to a solution
of intermediate 11a (0.73 g, 2.8 mmol) in dry THF (14 ml)
at 0°C. After the full conversion of the starting material
(TLC control), the reaction mixture was treated with metha-
nol (1 ml), evaporated to dryness, then diluted with ethyl
acetate, and extracted with water. The organic phase was
dried over Na,S0,, filtered, and evaporated. The obtained
crude product was purified by flash chromatography
(eluent AcOEt-hexane, 1:2, gradient to AcOEt). Yield 0.51 g
(79%), white solid. 'H NMR spectrum (200 MHz, DMSO-d;),
&, ppm (J, Hz): 1.21-1.27 (6H, m, (CH1):(CH,),OH); 1.34—
140 (ZH, m, NHC(O)CH:CH:): 149-156 (2ZH, m,
CH-CH,OH): 2.25 (2H, t, J= 7.4, NHC(O)CH.); 3.29-3.34
(2ZH, m, CH,OH, partially overlapped with water signal);
4.28 (1H, t, J=5.1, OH); 6.95-7.00 (1H, m, H-4 Ph); 7.22—
7.27 (2H. m, H-3,5 Ph); 7.52-7.57 (2H. m, H-2,6 Ph); 9.79
(1H, s, NH).

8-Oxo-N-phenyloctanamide. A solution of the obtained
8-hydroxy-N-phenyloctanamide (0.43 g, 1.8 mmol) in
CH,Cl, (18 ml) was added to a suspension of PCC (0.79 g,
3.7 mmol, 2 equiv) and Celite (0.79 g) in CHzClz (18 ml).
The reaction was stirred until the full conversion of the
starting material (TLC control) and filtered through a short
silica gel column, eluting with ether. The filtrate was
evaporated. Yield 0.32 g (74%). white solid. "H NMR
spectrum (200 MHz, DMSO-dy). 6, ppm (J, Hz): 1.22-1.30
(4H., m, (CH:p(CH22CHO); 1.44-1.60 (4H, m,
NHC(O)CHCH.CH,),CHO); 225 (2H, t, J 74,
NHC(O)CH.): 2.38 (2H, td. J = 7.4, J = L6, CH,CHO);
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6.98 (1H, t. /= 7.4, H-4 Ph); 7.19-7.29 (2H, m, H-3.5 Ph);
7.55 (2H, d. J = 75, H-2,6 Ph): 963 (IH, t. J = L6,
CH>CHO); 9.80 (1H, s, NH).

8-(Hydroxyimino)-N-phenyloctanamide (2a). The
obtained 8-oxo-N-phenyloctanamide (0.31 g, 1.3 mmol)
was dissolved in ethanol (5 ml), and sodium acetate (016 g,
2.0 mmol, 1.5 equiv) was added to the solution in one
portion followed by the addition of hydroxylamine
hydrochloride (0.14 g, 2.0 mmol, 1.5 equiv) solution in
water (10 ml). The reaction mixture was stirred for 16 h at
room temperature, and the precipitate that formed was
filtered off and dried in vacuo. Yield 0.29 g (89%), amor-
phous solid. 'H NMR spectrum (400 MHz, DMSO-d;),
&, ppm (J, Hz): 1.24-1.31 (4H, m, (CH.):(CH;);CHNOH);
1.34-1.41 (ZH, m, NHC(O)CHzCHz); 1.49-1.58 (2H. m,
CH,CH,CHNOH); 2.15-222 (2H, m, NHC(O)CH.); 2.25
(2H. t. J = 7.4, CH.CHNOH): 6.60 (IH. t. J = 54,
CHNOH); 6.95-7.00 (IH, m, H-4 Ph); 7.20-7.27 (2H, m,
H-3.5 Ph); 7.49-7.55 (2H, m, H-2,6 Ph); 9.80 (1H, s, NH);
10.68 (1H, s, NOH).

(£)-8~( Aziridin-1-yI)-N-(4-chlorophenyl)-8-(hydroxy-
iminojoctanamide (5a). Aldoxime 2a (0.30 g, 1.21 mmol)
was dissolved in DMF (3 ml); NCS (0.34 g, 2.54 mmol,
2.1 equiv) was added in one portion. The reaction mixture
was kept at 70°C for 1.5 h, then cooled to 0°C, and
aziridine (0.78 ml, 15 mmol) was added. The reaction
mixture was allowed to warm up to room temperature,
stirred for an additional 1 h, diluted with AcOEt, and
extracted with water. The organic phase was washed
several times with AcOEt, dried over Na:50y, filtrated, and
evaporated at water bath temperature 30°C. The residue
was purified by flash chromatography eluting with 5%
Et:N in AcOEt. Yield 165 mg (42%), white solid, mp 127.5-
129°C. 'H NMR spectrum (400 MHz, DMSO-d;). &, ppm
(. Hz): 1.19-1.37 (4H, m, (CH.)>(CH1),C(NC;H,)NOH);
1.34-1.68 (4H, m, (CH:CH:CH:)C(NC:Hy)NOH); 1.99
(4H, s, 2CH; aziridine); 2.02-2.09 (2H, m, partially over-
lapped with aziridine signal, NHC(O)YCH,); 2.27 (2H, t,
J=T4, CHC(NC:Hy)NOH); 731 (2H, d, J= 89, H-3.5 Ar);
7.59 (2H. d, J = 8.9, H-2.6 Ar); 9.49 (1H, s, NOH.); 9.94
(1H, s, NH). ¥C NMR spectrum (100 MHz, DMSO-d;).
&, ppm: 25.4; 26.3; 26.6; 28.8; 28.9; 31.4; 36.8; 121.0;
126.9; 129.0; 138.8; 156.9 (C=NOH); 171.9 (C=0). Found, %:
C 58.40; H 6.70; N 12.60. C|gHx»CIN;O,. Calculated (with
1.4% H:0): C 58.53: H6.91; N 12.80.

(2)-8(Aziridin-1-yl)}-N+24-dichlorophenyl)-8-(hydroxy-
iminojoctanamide (5b). Aldoxime 2a (0.50 g, 2 mmol)
was dissolved in DMF {10 ml); NCS (0.8] g, 6 mmol, 3 equiv)
was added, and the reaction mixture was kept at 70°C for 1 h.
An additional amount of NCS (0.27 g, 2 mmol) was added.
and reaction mixture was heated for 3 h (full conversion of
starting material, TLC control), then cooled to 0°C, and
aziridine (0.52 ml, 10 mmol) was added. The reaction
mixture was allowed to warm up to room temperature,
stirred for an additional 1 h, diluted with AcOEt, and
extracted with water. The organic phase was washed
several times with AcOEt, dried over NaxS0y, filtrated, and
evaporated at water bath temperature 30°C. The residue
was treated with ether, and the precipitate that formed was
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filtered and dried. Yield 210 mg (29%). white solid, mp 112—
114°C."H NMR spectrum {400 MHz, DMSO-dy), 8, ppm
(/. Hz): 122-137 {4H, m, (CH:p(CH:2)2C(NC:H4)NOH);
1.44-1.63 (4H, m., (CH,CH.CH,»C(NC;H,)NOH); 2.02
(4H, s, 2CH; aziridine); 2.08 (2H. t, J = 7.2, NHC(O)CH.):
237 (2H, t, J = 7.2, CH:C(NC:Hy)NOH); 7.39 (IH, dd.
J=8R J=23 H Ar); 763 (IH, d, J=23, H Ar); 7.67-
7.74 (IH, m, H Ar); 9.49 (IH, s, NOH); 9.52 (1H, s, NH).
*C NMR spectrum (100 MHz, DMSO-ds), &, ppm: 25.4;
26.3; 26.6; 28.7; 28.8; 31.3; 36.1; 1279; 129.3; 129.7;
134.7; 156.9 (C=NOH); 172.1 (C=0). Found, %: C 51.50;
H 5.58; N 11.14. CigHaCl:N3Os. Calculated (with 4.8%
HCI), %: C 51.04; H 5.76; N 11.16.

(£)-8-( Aziridin-1-y1)-8-(hydroxyimino)-V-phenyloctan-
amide (5c). Pyridine (0.1 ml) was added to a solution of
NCS (28 mg, 0.2 mmol) in CH;Cl; (2 ml). The solution
was stirred for 15 min, then aldoxime 2a (50 mg, 0.2 mmol)
was added, and the stiming was continued at 35°C until the
reaction mixture became clear. After cooling to room tem-
perature, aziridine (32 pl, 0.6 mmol, 3 equiv) and triethyl-
amine (58 pl, 0.4 mmol, 2 equiv) were added to the reac-
tion mixture, which was then stirred for 2.5 h at room
temperature. The reaction mixture was treated with water
and extracted with AcOEt. The organic phase was dried
over Na;S0y, filtered, and evaporated at water bath tempe-
rature 30°C. The residue was purified by flash chromato-
graphy (eluent 5% Et:N in AcOEt). Yield 26% (15 mg). white
powder, mp 115-117°C. 'H NMR spectrum (400 MHz,
DMSO-dg). 6, ppm (J, Hz): 1.23-132 (4H, m,
(CHa)o(CH:2):C{NC:Ha)NOH);  1.40-1.62 (4H, m.
(CH:CH>CH; ), C(NC,H,NOH); 1.98 (4H, s, 2CH; aziridine);
2.04 (2H, t, J = T4, NHC(O)CH.); 225 (2H. t, J =74,
CH-C(NC:Hg)NOH); 6.97 (1H. t, J = 7.4, H-4 Ph); 7.24
(2H, t. J= 7.8, H-3.5 Ph); 7.54 (2H. d, J = 7.8, H-2.6 Ph);
9.46 (1H, s, NOH); 9.80 (1H, s, NH). C NMR spectrum
(100 MHz, DMSO-ds), 6, ppm: 25.5; 26.3; 26.6; 28.8; 28.9;
31.3; 36.8; 119.4; 123.3; 129.0; 139.8; 1569 (C=NOH):
1716 (C=0). Found, %: C 6534; H 8.02; N 13.78.
CisHz:N30z. Caleulated (with 7% AcOEt), %: C 65.57;
HE.09; N 13.49.

Svynthesis of the target compound 5d was realized
starting from intermediate 10b (Method I) as follows.

8-[(4-Fluorophenyl)amino]-8-oxooctanoic acid (10b).
4-Fluorophenylaniline (117 pl, 1.2 mmol) was added to a
stirred solution of suberic acid anhydride (9) (190 mg,
1.2 mmol) in anhydrous THF (12 ml). After stiming at room
temperature for 30 min, the solid (bisamide) was filtered
off (yield 10-15%), and the filtrate was evaporated. The
residue was treated with diethyl ether, and the precipitate
was filtered and dried in vacuo at room temperature. Yield
190 mg (63%). 'H NMR spectrum (400 MHz, DMSO-ds),
&, ppm (J, Hz): 1.19-1.26 (4H, m, (CH)):(CH,),CO;H):
1.39-1.49 (4H, m, (CH,CH,CH,),CO.H); 2.15 (4H, t,
J= 74, NHC(O)CH»CH:)sCH-CO:H): 6.46-6.52 (2H, m,
H-3.5 Ar); 6.76—6.82 (2H, m, H-2,6 Ar); 9.90 (1H, s, NH);
11.92 (1H, br. s, COOH).

Methyl 8-[(4-fluorophenylfamino]-8-oxooctanoate (11b).
Anhydrous potassium carbonate (0.552 g, 4 mmol) was
added to a stimed solution of intermediate 10b (0.534 g,
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2 mmeol) in DMF (2 ml) in one portion, and the mixture
was stirred for 30 min. Methyl 1odide (75 pl, 1.2 mmol)
was then added, and the reaction mixture was stirred for 16 h at
room temperature. Then it was diluted with water (20 ml)
and extracted with ethyl acetate (2x10 ml). The organic
layers were combined and washed with water (2x20 ml)
and brine (20 ml), dried over potassium sulfate, filtered,
evaporated, and treated with EtO. Yield 0.36 g (64%).
'H NMR spectrum (200 MHz, DMSO-ds), &, ppm (J, Hz):
1L18-133 (4H, m, (CHa)(CH:)CO.CH;); 1.38-1.66
(4H, m, (CH;CH,CH,),C0,CH;); 2.19-233 (4H, m,
NHC(O)CH2(CH2)sCH2CO:CHs); 3.56 (3H, s, CO:CHzs);
7.04-7.16 (2H, m, H-3,5 Ar); 7.58 (2H, dd, /=9.1,.J=5.0,
H-2,6 Ar); 9.89 (1H, s, NH).

Synthesis of aldoxime 2b was carried out starting from
compound 11b analogously to the synthesis of compound 2a.

N-(4-Fluorophenyl)-8-hydroxyoctanamide was pre-
cipitated from Et0. Yield 68%. 'H NMR spectrum
(200 MHz, DMSO-d;), &, ppm (J, Hz): 1.18-1.44 (8H, m,
(CH1)ol CH3)»0H); 1.48-1.63 (ZH, m, CH,CH,0OH); 2.26
(2ZH, t, J = 7.3, NHC(O)CHz); 3.32-3.36 (2H, m, CH.OH
partially overlapped with water signal); 4.32 (1H, t,/=35.2,
OH); 7.03-7.17 (2H, m, H-3,5 Ar); 7.58 (2H, dd, /= 9.2,
J=5.1, H-2.6 Ar); 9.89 (1H, 5, NH).

N-{4-Fluorophenyl)-8-oxooctanamide was purified by
flash chromatography (eluent AcOEt-hexane, 1:1). Yield
72%.'H NMR spectrum (400 MHz, DMSO-d;s), 6. ppm
(J, Hz): 1.17-1.36 (4H, m, {(CHy):{CH;),CHO); 1.42-1.64
(4H, m, (CH,CH.CH,),CHO); 225 (2H, t, J = 7.1,
NHC(O)CH:); 2.39 (2H, t, J = 7.1, CH:CHO, partially
overlapped with DMSO signal); 7.03-7.15 (ZH, m,
H-3.5 Ar); 7.57 (2H, dd, J = 8.9, J= 52, H-2,6 Ar); 9.64
(1H, s, CHO ); 9.8% (1H, s, NH).

(4-Fluorophenyl}-8-(hydroxyiminojoctanamide (Zb) was
precipitated from Et;O. Yield 56%. 'H NMR spectrum
(400 MHz, DMSO-ds). &, ppm (J, Hz): 1.20-1.45 (6H, m,
(CHa)s(CH:).CHNOH); 1.48-1.66 (2H. m, CH.CH.CHNOH);
2.12-2.32 (4H, m, NHC{O)CH»(CH,),CH-CHNOH}); 6.61
(IH, t, J = 5.0, CHNOH); 7.10 (2H, m, H-3,5 Ar); 7.57
(2H, dd, J = 9.0, J = 50, H-2,6 Ar); 989 (1H, s, NH);
10.70 (1H, s, NOH).

(Z£)-8-( Aziridin-1-y1)-N-(4-fluorophenyl)-8-(hydroxy-
iminojoctanamide (5d). Pyndine (0.1 ml) was added to a
solution of NCS (25 mg, 0.19 mmol) in CH>Cl; (2 ml) and
stirred for 15 min. Aldoxime 2b (50 mg, 0.19 mmol) was
then added, and the reaction mixture was heated at 35°C
until the reaction mixture became clear. After cooling to
room temperature, aziridine (29 pl, 0.57 mmol, 3 equiv)
and triethylamine (53 pl, 0.38 mmol, 2 equiv) were added,
the stirring was continued for 1.5 h at room temperature.
The reaction mixture was treated with water and extracted
with AcOEt. The organic phase was dried over Na,;S0,,
filtered, and evaporated at water bath temperature 30°C.
The residue was treated with acetonitrile. Yield 24 mg
(41%), white powder, mp 126—128°C (decomp.). 'H NMR
gpectrum (400 MHz, DMS0-d;), 8, ppm (J, Hz): 1.23-1.33
(4H, m, (CH:2)2(CH2)2C(NC:Hs)NOH): 1.41-1.59 (4H, m,
(CHCH-CH,)oC(NC;H,)NOHY); 1.98 (4H, s, 2CH; aziridine);
204 (2H, t, J= 74, NHC(O)CH:); 2.24 (ZH, t, J= T4,

124



Chemisiry of Heterocyelic Compounds 2015, 51(7), 647-657

CH,C(NC;Hy)NOH); 7.04-7.11 (2H. m, H-3.5 Ar); 7.49—
7.63 (ZH, m, H-2,6 Ar); 9.46 (1H, s, NOH); 9.88% (1H, s,
NH). "*C NMR spectrum (100 MHz, DMSQ-ds), &, ppm
(/. Hz): 25.4; 26.3; 26.6; 28.8; 28.9; 31.4; 36.8; 115.0 (d,
J=22.1)% 1206 (d. J=T7.6); 135.6 (d. J=23) 156.5; 156.9
(C=NOH); 171.9 (C=0). Found. %: C 6249; H 7.13;
N 12.96. C|gH»FN;0,. Calculated (with 5.4% AcOEt), %:
C62.09:H 7.32; N 12.93.

Synthesis of the target compound Se was realized
starting from intermediate 10¢' (Method 1) according to the
procedure described for compound Se.

Methyl 8-[(4-methylphenyljamino]-8-oxooctanoate (11c)
was precipitated from Et0. Yield 60%. "H NMR spectrum
(400 MHz. DMSO-d;). &6, ppm (J. Hz): 1.16-1.32
(4H, m, (CHah(CH2CO:CHz); 1.45-1.56 (4H, m,
{CH.CH>CH, ), CO.CH3); 220 (3H, s, CHaAr); 2.19-2.33
(4H, m, NHC(O)CH»(CH,),CH.CO,CH:); 3.54 (3H. s,
COOCH:): 7.04 (2H, d, J= 84, H-3.5 Ar); 742 (2H, d.
J=84H-2.6 Ar); 9.71 (1H, s, NH).

8-Hydroxy-N-(4-methylphenyljoctanamide was purified
by flash chromatography (eluent AcOEt-hexane, 1:2). Yield
67%.'H NMR spectrum (400 MHz, DMSO-d;), 5, ppm
(/. Hz): 1.20-1.28 (4H, m, {CH:)(CH1):0H}); 1.32-1.41
(ZH, m, NHC(O)CH:CH:); 1.48-1.57 (2H, m, CHx(CH2)20H);
2.20 (3H, s, CH:Ar): 2.19-2.28 (4H, m, NHC(O)CH:):
3.30-3.36 (2H. m, CH,OH, partially overlapped with water
signal); 428 (1H, m, OH); 7.04 (2ZH, d, /=82, H-3.5 Ar);
7.33-7.49 (2H, m, H-2.6 Ar); 9.70 (1H, s, NH).

N-{(4-Methylphenyl)-8-oxooctanamide. Yield 71%.
'H NMR spectrum (400 MHz, DMSO-ds), &, ppm (J, Hz):
1.19-1.30 (4H. m, (CH:)»(CH3),CHO); 1.46-1.56 (4H, m,
{CH,CH>CH,CHO): 2.20 (3H, s, CH3Ar); 2.21-2.25 (2H,
m, NHC(O)CHz); 2.38 (2H, td, ./ = 7.2, J= 1.6, CH:.CHO);
704 (2H, d, /=84, H-3,5 Ar); 742 (2ZH, d. /= 8.4, H-2.6 Ar);
9.62 (1H. t, J= 1.6, CHO); 9.70 (1H. s. NH).

8-(Hydroxyimino}-N-(4-methylphenyljoctanamide (2c).
Yield 74%.'H NMR spectrum (400 MHz, DMSO-d,),
&, ppm (J, Hz): 1.20-1.35 {(4H, m, (CHa)2(CH1);CHNOH);
1.42-1.61 (4H, m, (CH2CH:CH:):XCHNOH); 2.15-2.25
{4H, m. NHC({O)CH,CH:(CH,),CH,CH,CHNOH); 2.19
(3H, s, CH;Ar): 6.60 (1H, t, J = 5.2, CH;,CHNOH); 7.04
(2H, d. J= 8.4, H-3.5 Ph); 7.35 (2H, d, /=84, H-2.6 Ph);
9.70 (1H, s. NH); 10.67 (1H, s, NOH).

(Z)-8-(Aziridin-1-y1}-8-(hydroxyimino)-N-(4-methyl-
phenyljoctanamide (Se). Yield 11%, white powder, mp 111-
113°C.'"H NMR spectrum (400 MHz, DMSO-d,). &, ppm
(/. Hz): 1.18-1.35 (m, 4H, (CHa)x(CH;);C(NC;H,)NOH):
1.42-1.58 (4H, m, (CH:CH:CH:):C(NC:Hs)NOH); 1.98
{(4H, s, 2CH, azirdine); 2.01-2.05 (2H, m, NHC(O)CH:):
2.19 (3H, s, CH3Ar): 2.23 (2ZH. t. J=T7.5, CH.C(NC:H,)NOH]);
6.99-7.07 (2H, m, H-3.,5 Ar); 7.30-7.47 (2H, m, H-2.6 Ar);
9.47 (1H, s, NOH): 9.71 (1H, 5, NH). ’C NMR spectrum
{100 MHz, DMSO-dg), 6, ppm: 20.8 (CH3Ar); 25.5; 26.3;
26.6; 28.8; 28.9; 31.3; 36.8; 119.5 (C-3.5 Ar); 129.4 (C-2.6
Ar); 1322 (C4 Ar): 1372 (C-1 Ar); 156.9 (C=NOH):
1714 (C=0).

Synthesis of the target compound 5f was realized
starting from intermediate 10d" (Method I) according to the
procedure described for compound Se.
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Methyl 8-[(4-methoxyphenyl)amino]-8-oxooctanoate
(11d) was precipitated from water. Yield 65%."'H NMR
spectrum (400 MHz, DMSO-ds), 8, ppm (J, Hz): 1.22—
1.28 (4H., m. (CH:):(CH;).CO.CH;:): 1.44-1.59
(4H, m, (CH,CH,CH;),CO,CH;): 2.19-2.27 (4H, m,
NHC{O)CH2(CHz)4CH2CO:CHs); 3.54 (3H, s, CO:CH;):
3.67 (3H, s, CH;0Ar); 6.82 (2H, d, /=90, H-3.5 Ar); 7.44
(2H, d,./=9.0, H-2,6 Ar); 9.65 (1H, s, NH).

8-Hydroxy-N-(4-methoxyphenyljoctanamide was pre-
cipitated from Et;0. Yield 59%. 'H NMR spectrum
(400 MHz, DMSO-d), &, ppm (J, Hz): 1.24-1.3] (6H, m,
(CH:)s(CH2):0H); 1.32-1.41 (2H, m, NHC(O)CH:CHa):
1.45-1.62 (2H., m. CH,CH,OH); 2.19-2.22 (2H, m.
NHC(O)CH.); 329-350 (2H., m, CH.OH partally
overlapped with water signal); 3.67 (3H, s, CH:0Ar); 4.28
(IH, t, J= 5.1, OH); 6.82 (2H, d, /= 9.0, H-3,5 Ar); T.44
(2H. d../=19.0, H-2.6 Ar); 9.65 (1H, s. NH).

N-(4-Methoxyphenyl)-8-oxooctanamide. Yield 77%.
'H NMR spectrum (400 MHz, DMSO-d;), &, ppm (J, Hz):
1.20-1.30 (4H. m, (CH.);{CH;),CHO); 1.44-1.56 (4H, m,
(CH:CH>CH2)2CHO); 2.18-2.25 (2H, m, NHC(O)YCH:); 2.38
(2H, td, J = 72, J= L6, CH,CHO); 3.67 (3H, s, CH:OAr);
6.82 (2H, d. /=90, H-3.5 Ar) 7.44 (2H. d, J=9.0. H-2.6 Ar);
9.62 (1H. t,J= 1.6, CHO); 9.65 (IH. s, NH).

8-(Hydroxyimino)-N-(4-methoxyphenyljoctanamide (2d).
Yield 72%. "H NMR spectrum (400 MHz, DMSO-dy), &, ppm
(L Hz): 1.22-1.31 (4H, m, (CHz)2(CH2):CHNOH); 1.34-1 43
(2H, m, NHO{O)CH,CHs); 1.49-1.58 (2H, m, CH,CH,CHNOH);
2.16-2.25 {4H, m, NHC(O)CH:(CH,),CH,CHNOH); 3.67
(3H. s, CH:0ATr); 6,60 (1H. t. /=53, CHNOH): 6.82 (2H, d,
J=90,H-35 Ar); 744 (2H, d, J= 9.0, H-2.6 Ar); 9.66 (1H,
s, NH): 10.67 (1H, s, NOH).

(Z£)-8-{Aziridin-1-yI}-8-(hydroxyimino)-N~(4-methoxy-
phenyljoctanamide (5f). Yield 70%. white powder, mp 107.5—
109°C. 'H NMR spectrum (400 MHz, DMSO-d;). &, ppm
(, Hz): 1.19-1.33 (4H, m, {CHz)2(CH2)2C(NC:H4)NOH);
1.42-1.58 (4H. m, (CH,CH.CH,),C(NC;H,)NOH): 1.98
(4H. s, 2CH; aziridine); 2.03 (2H, t. /= 7.4, NHC(O)CH.):
221 (2H. t, J = 74, CH:C(NC;Hs)NOH); 3.67 (3H. s,
CH;0Ar); 6.81 (ZH, d. J = 9.0, H-3.5 Ar); 7.44 (2H, d,
J=19.0, H-2,6 Ar); 948 (1H. s, NOH); 9.67 (1H. s, NH).
C NMR spectrum (100 MHz, DMSO-ds), 8, ppm: 25.6;
263 26.6; 28.8; 289; 31.3; 36.7; 55.6 (CH,OAr); 1142
(C-3.5 Ar); 1211 (C-2,6 Ar); 1329 (C-1 Ar); 1554
(C-4 Ar); 1569 (C=NOH); 171.2 (C=0). Found, %:
C 61.67; H 7.70; N 10.61 Cy;;HzsN;0;. Calculated (with
21% AcOEt), %: C 61.90; H 8.16: N 10.31.

Synthesis of the target compound 5g was realized
starting from intermediate 10e' (Method 1) according to the
procedure described for compound Se.

Methyl 8-|(2,6-dimethylphenyljamino]-8-oxooctano-
ate (11e) was precipitated from water. Yield 85%. 'H NMR
spectrum (400 MHz, DMSO-d,). &, ppm (J, Hz): 1.24-1.39
(4H, m, (CH:p(CH:2)2CO:CHs); 145-1.64 (4H, m,
(CH;CH,CH;)2C0O.CH;); 2.08 (6H, br. s, 2CH;Ar); 2.23—
231 (4H, m, NHC(O)CH.(CH;),CH.CO,CH;); 3.54 (3H,
s, C02CH:): 7.01 (3H, s, H-3.4.5 Ar); 9.12 (1H. br. s, NH).

N-(2,6-Dimethylphenyl)-8-hydroxyoctanamide. Yield
54%.'"H NMR spectrum (400 MHz, DMSO-d;), &, ppm
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(/. Hz): 1.20-1.39 (6H, m. (CH.)s{CH;),OH); 1.46-1.64 (4H,
m, CH.(CH,);CH.CH,0H); 2.08 (6H, br. s, 2CH;Ar); 2.22
(2H, t, J = 7.4, NHC(O)CH:); 3.30-3.48 (2H, m, CH,OH
partially overlapped with water signal); 429 (IH. t, J=5.2,
OH); 7.01 (3H. s, H-3.4.5 Ar); 9.12 (I1H, br. s, NH).

N-(2,6-Dimethylphenyl)-8-oxooctanamide. Yield 58%.
'H NMR spectrum (400 MHz, DMSO-dj), 8, ppm (J, Hz):
1.22-1.39 (4H. m, (CH:)»(CH3),CHO); 1.38-1.70 (4H, m,
{CH:CH>CH:)pCHO); 2.07 (6H, br. s, 2CHAr); 2.24-2.29
(2H, m, NHC(O)CH,); 2.39 (2H, td, J = 7.2, J = 16,
CH,CHOY): 7.01 (3H, s, H-3.4.5 Ar); 9.12 (1H, br. s, NH);
9.64 (1H. t, J= 1.6, CHO).

N+(2,6-Dimethylphenyl)-8-(hydroxyimino)octanamide (2e).
Yield 86%.'H NMR spectrum (400 MHz, DMSO-dg),
&, ppm (J, Hz): 1.21-1.49 (6H, m, (CHa)s(CH2)2CHNOH);
1.55-1.64 (2H, m, CH,CH,CHNOH); 2.08 (6H. s, 2CH3Ar);
215233 (4H. m, NHC(O)CH-(CH,),CH.CHNOH); 6.61
(IH, t, J = 5.3, CHNOH); 7.01 (3H. s, H-3.4.5 Ar); 9.13
{1H, br. s, NH); 10.68 (1H, s, NOH).

(£)-8-( Aziridin-1-yI}-N+(2,6-dimethylphenyl)}-8-(hydroxy-
iminojoctanamide (Sg). Yield 16%, amorphous powder,
mp 125-126.5°C."H NMR. spectrum (400 MHz, DMSO-d),
8, ppm (J; Hz): 1.22-140 (4H, m, (CHa)o(CH;,CING,H,NOH);
1.43-1.63 (4H, m, (CH:CH:CH2:C{NC:HaNOH); 1.98
(4H, s, 2CH; azindine); 2.08 (6H, s, 2CH;Ar); 2.03-2.10
(2H, m, NHC(O)CHa); 2.27 (2H, t, J = 7.3, CHLOMNGH,NOH),
7.01 (3H, s, H-3.4.5 Ar); 9.14 (IH, s, NH); 9.49 (IH, s,
NOH). *C NMR spectrum (100 MHz, DMSQO-dy). &, ppm:
18.5 (2CH;Ar); 25.8; 26.5; 28.7; 28.9; 31.3; 358; 39.2;
126.7 (C-4 Ar); 128.0 (C-3.5 Ar); 135.6 (C-2.6 Ar); 135.7
(C-1 Ar); 156.9 (C=NOH); 171.2 (C=0).

Synthesis of the target compound 5h was realized
starting from intermediate 12 (Method II) according to the
procedure described for compound Sa.

Methyl 8-ox0-8-[(4-phenoxyphenyl)amino]octanoate
(11f). Yield 62%. '"H NMR spectrum (400 MHz, DMS0),
6, ppm: 1.21-1.28 (4H, m, (CHa)x(CH2),CO,CHz); 1.44—
1.58 (4H, m, (CH,CH.CH,)CO.H); 2.23-2.2% (4H, m,
NHC{O)CHx(CH2)sCHCO:H); 3.54 (3H, s, COCH:); 6.86—
6.96 (4H, m, H Ph); 7.00-7.09 (1H, m, H Ph); 727-7.36 (2H,
m, H Ar); 7.47-7.61 (2H, m, H Ar); 9.84 (1H. br. s, NH).

8-Hydroxy-N-(4-phenoxyphenyl)octanamide was recrys-
tallized from EtO. Yield 42%. 'H NMR spectrum (400 MHz,
DMSO-dg), &, ppm (J, Hz): 1.22-128 (6H, br. s,
(CHa)3s(CH2pOH); 1.33-1.58 (4H, m, CHx(CH:2:CH2CH>0H]);
225 (ZH, t, J =74, NHC(O)CH,); 3.34 (2H, g. J = 6.5,
CH,OH); 4.29 (1H. t, J = 5.2, OH); 6.89-6.95 (4H. m.
H Ar); 7.03-7.08 (1H, m, H Ar); 7.29-7.35 (2H, m, H Ar);
7.54-7.58 (2H, m, H Ar); 9.84 (1H, br. s, NH).

8-0x0-N-(4-phenoxyphenyl)octanamide. Yield 66%.
'H NMR spectrum (400 MHz, DMSO-ds), &, ppm (J, Hz):
1.24-1.31 (4H. m, (CH:)»(CH3),CHO); 1.46-1.59 (4H, m,
{CH,CH,CH,,CHO): 2.25 (2H, t, J = 7.4, NHC{O)CH:):
234 (2H. td J=17.2,J=1.6, CH:CHO); 6.90-6.95 (4H, m,
H Ar); 7.03-7.08 (1H, m, H Ar); 7.29-7.35 (2ZH, m, H Ar);
7.54-7.58 (2H, m, H Ar); 9.63 (1H, t. ./ = 1.6, CHO); 9.84
(1H, br. s, NH).

8-(Hydroxyimino)-N-(4-phenoxyphenyljoctanamide (2f).
Yield 92%.'H NMR spectrum (400 MHz, DMSO-dg),
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&, ppm (J, Hz): 1.24-1.31 (4H, m, (CH.):(CH;);CHNOH);
1.35-1.69 (4H, m, (CH;CH.CH;,CHNOH); 2.16-2.27
(4H, m, NHC{O)CH:(CHz)sCH:CHNOH); 6.60 (1H, t,
J =53, CHNOH); 6.90-6.94 (4H, m, H Ar); 7.02-7.07
(IH. m, H Ar); 7.29-735 (2H, m, H Ar) 7.56 (2H, d.
J =189 H Ar); 9.84 (1H, br. s, NH); 10.67 (1H, s, NOH).

(Z£)-8~{ Aziridin-1-yI}-8-(hydroxyimino)-V-(4-phenoxy-
phenyljoctanamide (5h). Yield 4%, colorless oil. 'H NMR
spectrum (400 MHz, CDCL), &, ppm (J/, Hz): 1.24-1.44
(6H. m, (CH:)2(CH3);C(NC,H,)NOH); 1.54-1.76 (4H, m,
(CHCH,CH,)C(NC,H )NOH);  2.12-221 (2H, m,
NHC(0)CH:): 2.17 (4H, s, 2CH: aziridine); 2.28-2.34 (2ZH,
m, CH.C(NC;Hy )NOH): 6.88-6.99 (4H, m, H Ar); 7.05
(IH. t, J =74, H Ar); 7.26-7.31 (2H, m, H Ar partially
overlapped with CDCl:); 7.43-7.51 (2H, m, H Ar). The
signals of NH and NOH protons are not observed due to
exchange with traces of water.

Synthesis of the target compound 5i was realized
starting from the intermediate 10g (Method I) according to
the procedure described for compound Se.

8-[(4-Ethoxyphenyl)amino]-8-oxooctanoic acid (10g).
Yield 73%. "H NMR spectrum (400 MHz, DMSO-dy), &, ppm
(L Hz): 1.19-1.32 (TH, m. (CHaW(CH;pCO-H, OCH;CHs):
1.40-1.60 (4H. m, (CH2CH>CH2)2CO:H); 2.11-2.26 (4H.
m, NHC(O)H(CH:),CH.CO,H): 393 (2H, q. J = 6.9,
OCH-CH;); 6.80 (2H, dd, /=9.0. J= 1.1, H-3.5 Ar); 7.37-
748 (2H. m, H-2.6 Ar); 9.64 (1H. br. s, NH); 11.93 (1H, s,
CO,H).

Methyl 8-[(4-ethoxyphenyl)amino|-8-oxooctanoate (11g)
was precipitated from water. Yield 85%. 'H NMR spectrum
(400 MHz, DMSO-dy). &, ppm (J, Hz): 1.23-1.32 (m, TH.
m, (CH:)(CH;),COCHs, OCH:CH:): 1.44-1.59 (4H,
m, (CH:CH.CH:z):CO:CHs), 2.08-235 (4H, m,
NHC(O)CH(CH,;),CH.CO,CH;): 3.54 (3H. s, CO;CH,):
3.93 (2H, q, J = 6.9, OCH,CH;); 6.80 (2H, dd, J = 9.0,
J=1.2, H-3,5 Ar); 7.22-7.66 (2H, m, H-2.6 Ar); 9.64 (1H,
br. s, NH).

N-(4-Ethoxyphenyl)-8-hydroxyoctanamide was precipita-
ted from Et0. Yield 47%. "H NMR spectrum (400 MHz,
DMSO-dy), &, ppm (J, Hz): 1.18-1 28 (9H, m, (CHx):(CH;)»OH,
OCH,CH;): 1.32-1.41 (2H, m, NHC(O)CH,CH,); 1.46-1.64
(2H. m, CH-CH:OH); 2.21 (2H, t, J = 7.4, NHC(O)CH:):
3.29-3.50 (2H, m, CH;OH partially overlapped with water
signal); 3.93 (2H, q, J = 7.0, OCH,CH3); 428 (IH. t,
J=35.1, OH); 6.71-6.85 (2H, m, H-3,5 Ar); 7.36-7.47 (2ZH,
m, H-2.6 Ar); 9.64 (1H, br. s, NH).

N-(4-Ethoxyphenyl)-8-oxooctanamide. Yield 43%.
'H NMR spectrum (400 MHz, DMSO-ds), &, ppm (J, Hz):
1.22-130 (TH, m, (CH1)(CH),CHO, OCH,CH); 1.45-
1.59 (4H, m., (CH.CH.CH,),CHO); 2.19-222 (2H, m,
NHC(O)CH:); 238 (2H, td. J = 7.2, J = 1.6, CH:CHOY);
3.93 (2H, q, /=T7.0, OCH;CHa); 6.78-6.83 (ZH, m, H-3,5 Ar);
7.34-748 ( 2H. m, H-2.6 Ar); 9.62 (1H, s, CHO); 9.64
(IH, br. 5, NH).

N-(4-Ethoxyphenyl)-8~(hydroxyiminojoctanamide (2g).
Yield 90%. "H NMR spectrum (400 MHz, DMSO-dy), &, ppm
(JL Hz): 1.23-1.31 (TH. m, {CH2)2(CH2)xCHNOH., OCH:CHs):
1.33-142 (2H, m NHC(O)CHCH.): 147-1.57
(2H, m, CH,CH,CHNOH). 2.15-225 (4H, m,
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NHC(O)CH.(CH;),CH.CHNOH); 393 (2H, g, J = 7.0,
OCH.CH;), 6.60 (1H, t, J = 5.3, CHNOH); 6.80 (2H, d.
J =189 H-35 Ar); 743 (2H. d, /= B4, H-2.6 Ar); 9.64
(1H, s, NH); 10.67 (1H. s. OH).

(Z)-B-(Aziridin-1-y1)-N-(3-ethoxyphenyl)-8-(hydroxy-
imino)octanamide (5i) was precipitated from Et20. Yield
42%, o1l with tendency to crystallize, mp 91°C (decomp.).
'H NMR spectrum (400 MHz, DMSO-dy), &, ppm (J, Hz):
1.05 (3H, t, J = 7.0, OCH:CHs); 1.21-1.33 (4H, m,
(CHa)(CH;LC(NC,H,)NOH);  1.35-159 (4H, m.
(CH:CH>CH; ), C(NC,H,NOH); 1.98 (4H, s, 2CH; aziridine);
2.04 (2H, t, J = 7.4, NHC(O)CH:); 2.21 (2H, t, J = 74,
CH,C(NC;Hy)NOHY); 3.93 (2H, g. J= 7.0, OCH,CH;); 6.80
(2H, d. J=8.9, H-3.5 Ar); 7.43 (2ZH, d, J= 8.4, H-2.6 Ar);
9.46 (1H, s, NOH); 9.65 (1H. s, NH). "C NMR spectrum
(100 MHz, DMSO-dg), &. ppm: 148 (CH,CH,0); 25.8;
26.3; 28.7; 28.9; 31.3; 35.8; 39.2; 58.2 (CH.CH,0O); 114.2
(C-3,5 Ar); 121.1 (C-2,6 Ar); 1329 (C-1 Ar); 1554 (C-4
Ar); 156.9 (C=NOH); 171.0 (C=0).

Synthesis of the target compound 5j was realized
starting from intermediate 10h' (Method I) according to the
procedure described for compound Se.

Methyl 8-[(4-ethylphenyljamino]-8-oxooctanoate (11h)
was purified by flash chromatography (eluent AcOEt-
hexane, 1:2). Yield 23%.'H NMR spectrum (400 MHz,
DMSQ0-dg). &, ppm (J, Hz): 1.11 (3H, t, J = 7.6. CH,CH.):
1.21-1.29 (4H, m, (CH:z(CHzCO:H); 145-1.57
(4H, m, (CH;CH,CH;);CO,CHi); 221-227 (4H, m,
NHC(O)CH.(CH,),CH.CO,CH;); 2.50 (2H, q. J = 7.6,
CH»CH: partially overlapped with DMSO signal); 3.54
(3H, s, COOCHs); 7.07 (2H, d, J = 8.5, H-3.5 Ar); 7.44
(2H, d, J=18.5, H-2,6 Ar); 9.71 (1H, s, NH).

N-(4-Ethylphenyl)-8-hydroxyoctanamide was precipi-
tated from Et;0. Yield 83%."H NMR spectrum (400 MHz,
DMSO-dg). &, ppm (J, Hz): 1.11 (3H, t, /= 7.6, CH,CH.):
1.20-1.28 (6H, m, (CHz2)s:(CH:z)20H); 1.33-1.39 (2H, m,
NHC(O)CH.CH.); 1.49-1.57 (2H, m. CH.CH,OH); 2.23
(2H, t. J = 74, NHC(O)CH,): 2.50 (2H. g. J = 7.6,
CH»CH3 partially overlapped with DMSO signal); 3.34
(2H. m, CH,OH partially overlapped with water signal);
429 (IH, &, J= 5.2, OH); 707 (2H, d, J = 8.5, H-3.5 Ar);
744 (2H. d. /=85, H-2.6 Ar); 9.71 (1H, s, NH).

N-(4-Ethylphenyl}-8-oxooctanamide was purified by
flash chromatography (eluent AcOEt-hexane, 1:4). Yield
79%.'H NMR spectrum (400 MHz, DMSO-ds), 4, ppm
(/. Hz): .11 (3H, t, J= 7.6, CH,CH.): 1.22-1.29 (4H, m.
(CH2R(CH;),CHOY); 1.42-1.58 (4H, m, (CHCH;CH;),CHOY);
223 (2H, t, J= 74, NHC{O)CHa); 2.38 (2H, td, J =74,
J= L6, CH,CHO); 2.50 (2H, q, J= T.6, CH,CH; partially
overlapped with DMSO signal); 7.07 (2H, d, J = 84,
H-3.5 Ar); 744 (2H, d, J = 84, H-2,6 Ar); 9.62 (IH, s,
CHO); 9.71 (1H, s, NH).

N-(4-Ethylphenyl)-8-{hydroxyimino)octanamide (Zh).
Yield 75%. "H NMR spectrum (400 MHz, DMSO-ds), &, ppm
(/. Hz): 1.11 (3H, t, J = 7.6, CHyCH,): 1.23-1.31 (4H, m,
{(CHa){CH2pCHNOH); 1.32-1.42 (2H, m, NHC(O)CHCH.):
1.47-1.59 (2ZH, m, CH:.CH,CHNOH); 2.15-2.27 (4H, m,
NHC(O)CH.(CH,),CH.CHNOH); 2.50 (2H, g, J = 7.6,
CH.CH; partially overlapped with DMSO signal); 6.60
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(IH. t, J =54, CHNOH): 7.07 (2H. d, J = 8.4, H-3.5 Ar);
7.44 (ZH, d. J = 8.4, H-2.6 Ar); 9.71 (1H, s, NH); 10.67
(1H, s, NOH).

(£)-8-(Aziridin-1-¥1)-N-(4-ethylphenyl)-8-(hydroxy-
imino)octanamide (5j) was purified by flash chromato-
graphy (eluent 5% EtN in AcOEt). Yield 42%, yellowish
oil. 'H NMR spectrum (400 MHz, DMSO-ds) 6. ppm
(J, Hz): 1.11 (3H, t, J = 7.6, CH,CH,); 1.18-1.31 (4H, m,
(CH2)2(CH2)2CINC:Hs)NOH); 1.42-1.58 (4H, m.
(CHCHyCH,)C(INC,H,)NOH); 1.98 (4H., s, 2CH; aziridine);
2.00-2.06 (2H, m, NHC(O)CH); 2.23 (2H, t, J = 74,
CH-C(NC:HyNOH); 2.50 (2H, g, J = 7.6, CH-CH: partially
overlapped with DMSO signal); 7.07 (2H, d, J = 8.2,
H-3.5 Ar); 744 (ZH, d. J = 8.2, H-2,6 Ar); 9.46 (IH, s,
NOH); 9.72 (1H, s, NH). “C NMR spectrum (100 MHz,
DMSO-dg), 8, ppm: 14.8 (CH;CH,); 25.5; 26.3; 26.6; 28.1
(CH:CH,): 28.8; 28.9; 31.3; 36.8; 119.5 (C-3.5 Ar): 1294
(C-2,6 Ar); 1322 (C-4 Ary 1372 (C-1 Ar) 1569
(C=NOH); 171.4 (C=0).

Synthesis of the target compound Sk was realized
starting from the commercially available cycloheptanone (13)
as follows.

Ethyl 6-(1,3-dioxolan-2-yl)hexanoate (15). p-Toluene-
sulfonic acid (245 mg, 1.3 mmol, 0.2 equiv) and ethylene
glycol (426 ml, 77.6 mmol) were added to a solution of
ethyl 7-oxoheptanoate (14)° (1.12 g. 6.5 mmol) in benzene
(70 ml). The reaction mixture was stirred at reflux with a
Dean—Stark trap for 3 h. Then the reaction mixture was
evaporated to dryness. Yield 1.10 g (78%). 'H NMR
spectrum (200 MHz, DMSO-ds). 6. ppm (/, Hz): 1.16 (3H, t,
J =173, OCH;CH:); 123-1.60 (8H, m, (CH»),CH(OC;H,0));
226 (2H, t, J = 73, C{O)CH:); 3.69-389 (4H, m
CH(OC:Hs0)); 4.02 (2H, g..J = 7.3 OCH:CH:); 4.694.77
(IH, m, CH(OC;H,0)).

6-(1,3-Dioxolan-2-yljhexanoic acid. Aqueous NaOH
solution {1 M, 4.61 ml) was added to a solution of inter-
mediate 15 (1.06 g, 4.61 mmol) in THF (30 ml). The
reaction mixture was stirred overnight at room temperature
and evaporated to dryness to give 710 mg (73%) of white
crystalline product which was submitted to the next reac-
tion step without additional purification and characteri-
zation.

6-(1.3-Dioxolan-2-yI)-N-phenylhexanamide. The crude
6+ 1,3-dioxolan-2-yl}hexanoic acid (325 mg, 1.5 mmol)
was suspended in DMF (16 ml), and isobutyl chloro-
formate (223 pl, 1.7 mmol, 1.1 equiv) was added. The reac-
tion mixture was stimed for | h at room temperature.
Aniline (156 pl, 1.7 mmol, 1.1 equiv) was subsequently
added dropwise, and the reaction mixture was stirred for 2 h at
room temperature. Aqueous potassium bisulfate solution
(1 M, 50 ml) was added to the reaction mixture, and the
product was extracted with AcOEt, the organic phase was
washed several times with water, dried over MNa,S0,,
filtrated, evaporated. The residue was purnfied by flash
chromatography, eluent AcOEt-hexane, 1:1. Yield 385 mg
(94%). '"H NMR spectrum (200 MHz, DMSO-d;), &, ppm
(/. Hz): 1.20-1.65 (6H. m, (CH:2:CH:2CH(OC:HJO));
216 (2H, ¢, J = 72, NHCO)YCH:): 226 (2H, t, J = 72
CH.CH(OCH,O)); 3.63-3.91 (4H, m, CH(OC;H,0)); 4.68—4.78
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(1H, m, CH{OC;H0)); 6.94-7.04 (IH, m, H-4 Ph); 7.25
(2H, t, J =79, H-3,5 Ph); 7.52-7.59 (2H, m, H-2.6 Ph):
982 (1H, br. s, NH).

T-Oxo-N-phenylheptanamide (16). 6-{1.3-Dioxolan-2-yl)-
N-phenylhexanamide (385 mg, 1.46 mmol) was dissolved
in a mixture of THF (10 ml) and aqueous HCI (1 M,
10 ml). The reaction mixture was stirred for 3 h at 70°C,
cooled to room temperature, and extracted with EO. The
organic phase was scparated and dried over NaxS0.,
filtered and evaporated. Yield 185 mg (54%), colorless oil.
'H NMR spectrum (200 MHz, DMSO-dj), &, ppm (J, Hz):
L.17-1.62 (6H, m, (CH:):CH:CHO); 2.10-2.35 (4H, m,
NHC(O)CH.(CH,);CH.CHO); 6.99 (lH, t, J = 7.6,
H-4 Ph); 7.25 (2H. t, J = 7.8, H-3,5 Ph); 7.55 (2H. d.
J=82 H-2,6Ph); 9.63 (1H, s, CHO ); 9.82 (1H, br. s, NH).

7{Hydroxyimino}-V-phenylheptanamide (3) was synthe-
sized using the procedure described for the synthesis of
compound 2a, except by using NaxCOs instead of NaQAc.
Yield 60%. 'H NMR spectrum (200 MHz, DMSO-dg),
&, ppm (J, Hz): 1.12-1.74 (6H, m, (CH,);CH,CHNOH);
2.09-2.32 (4H, m, NHC(O)CH(CH:):CH:CHNOH); 6.59—
6.62 (1H, m, CHNOH); 6.97-7.01 (1H. m, H-4 Ph); 7.25
(2H, t, J= 7.6, H-3.5 Ph); 7.56 (2H. t. J = 7.6, H-2.6 Ph):
Q.82 (1H. s. NH); 10.71 (1H, s, NOH).

(£)-7-(Aziridin-1-yI)-7<{(hydroxyimino)-N-phenylheptan-
amide (5k) was synthesized from compound 3 following
the procedure for the synthesis of compound 5S¢ and purn-
fied by flash chromatography (eluent 5% Et;N in AcOEt).
Yield 6%, white powder, mp 131-132°C. 'H NMR
spectrum (400 MHz, DMSO-ds), &, ppm (J, Hz): 1.23-1.35
(2H, m, CH,(CH,),C(NC;H,NOH); 1.42-1.62 (4H, m,
{CH2CH,)CN(C,H,)NOH); 1.99 (4H, s, 2CH, aziridine);
205 (2H, t, J = 7.4, NHC(O)CH>); 2.25 (2H, t, J = 7.4,
CH,C(NC;Hy)NOH); 6.97 (1H. t, J = 7.9, H-4 Ph); 7.24
(2H, t. J=7.9, H-3.5 Ph); 7.54 (2H. d, J = 7.6, H-2.6 Ph);
9.46 (1H, s, NOH); 9.80 (1H. s, NH)."C NMR spectrum
(100 MHz, DMSO-d). &, ppm: 25.5; 26.4; 26.6; 28.9; 31.3;
36.6; 119.3; 123.3; 129.0; 139.8; 156.9 (C=NOH); 171.6
{C=0). Found %: C 65.46; H 7.63; N 15.60. C;sHxN30a.
Calculated, %: C 65.43; H 7.69; N 15.26.

6~{Hydroxyimino)-V-phenylhexanamide (4) was synthe-
sized from compound 18° using the procedure for the
synthesis of compound 2a, except by using Na,CO; instead
of NaOAc. The product was isolated by filtration, dried,
and used for the next step without additional purification
and characterization.

(£)-6-(Aziridin-1-y1}-6-(hydroxyimino)-V-phenylhexan-
amide (5I) was synthesized from compound 4 following
the procedure for the synthesis of compound Se and
purified by flash chromatography (eluent 5% EGN in
AcOEt). Yield 6%, white powder. mp [28-131°C.
'H NMR spectrum (400 MHz, DMSO-dj), &, ppm (J, Hz):
1.43-1.65 (4H, m, (CH;)»CH,C(NC,H,)NOH); 1.99 (4H, s,
2CH: aziridine); 2.08 (2H. t, J = 7.3, NHC(O)CH:); 227
(2H, t. J = 7.3, CH,C(NC;H,)NOH); 6.99 (1H, t, /=74,
H-4 Ph); 7.24 (2H. t, J = 7.8, H-3,5 Ph); 7.54 (2H, d.
J=T.8, H-2.6 Ph): 9.48 (1H. s, NOH); 9.81 (1H. s, NH).
*C NMR spectrum (100 MHz, DMSO-d;), &, ppm: 25.5;
26.3; 26.6; 31.3; 36.8; 119.4; 123.3; 129.0; 1398; 156.9
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(C=NOH); 17016 (C=0). Found, %: C 6349: H 7.29;
N 15.28. CyHgN:0,. Calculated (with 8% AcOEt), %
C 63.58; H747; N 14.83.

(Z£)-8-(7-Azabicyclo[4.1.0]heptan-7-yI}-8-(hydroxyimina)-
N-phenyloctanamide (6) was synthesized following the
procedure for the synthesis of compound Se. Yield 34%,
oil."H NMR spectrum (400 MHz, DMSO-dg), &, ppm
(J, Hz): 1.07-1.18 (4H, m, 3.4-CH; azabicycle); 1.22-1.35
(4H, m, (CHz2)2( CH2)2C(NCeH1o)NOH); 1.43—1.59 (4H, m,
(CH;CH,CH32CINCeHo)NOH): 1.63-1.74 (2H, m) and
1.74-1.85 (2H, m, 2,5-CH, azabicycle); 1.97-2.04 (2H, m,
NHC(O)CH:); 2.25 (2H, t, J = 74, CH:C(NCsH1a)NOH);
2.31-2.35 (2H. m. 1,6-CH azabicycle); 6.94-7.00 (1H, m,
H-4 Ph); 7.14-728 (2H, m. H-3,5 Ph); 7.54 (2H, dd.
J=109,.0=734, H-2.6 Ph); 9.35 (1H, s, NOH); 9.81 (1H,
s, NH). *C NMR spectrum (100 MHz, DMSO-dy), &. ppm:
20.8; 25.5; 26.3; 26.6; 28.8; 28.9; 31.3; 36.8; 39.2; 119.5
(C-4 Ph); 1294 (C-3,6 Ph); 132.2 (C-2.6 Ph); 1372 (C-1 Ph);
156.9 (C=NOH); 171.4 (C=0). Mass spectrum, m/z: 344
[M+H]".

1-{(1£)-8-Anilino-N-hydroxy-8-oxeoctanimidoyl] aziridine-
2-carboxamide (7) was synthesized following the proce-
dure for the synthesis of compound Sc. Yield 14%, oil
'H NMR spectrum (400 MHz, CDCL), 8, ppm (J, Hz): 1.23—
1.41 (4H. m, (CH:)2(CH;),CN(C;H;CONH;)NOH); 1.44—
.51 (ZH, m, NHC(O)H,CH.): 1.52-1.61 (2H, m,
CH>CH2CN(C2H:CONHz)NOH); 1.62-1.73 (2H, m,
NHC(O)CH,); 2.22-2.32 (3H, m, CH.CNOH, CH aziridine);
2.37-2.48 (IH, m, CH aziridine); 2.51-2.60 (1H, m, CH
aziridine); 6.99-7.07 (1H, m, H-4 Ph); 7.21-7.35 (5H, m,
H-3,5 Ph, NH, NH; partially overlapped with solvent signal);
741-747 (2H, m, H-2,6 Ph); 9.10 (1H, s, NOH). Mass
spectrum, m/z: 333 [M+H]".

(£)-7-Amino-7-(hydroxyimino}-¥-phenylheptanamide (8).
NaHCO; (185 mg, 2.2 mmol, 2.2 equiv) was added to a
solution of hydroxylamine hydrochloride (104 mg, 1.5 mmol,
1.5 equiv) in isopropyl alcohol (2.0 ml). The resulting
mixture was stimed for 15 min, and compound 20" (216 mg,
| mmol) was added. The stirring was continued at 80°C for
36 h until the consumption of the starting material. After
completion of the reaction, the mixture was cooled to room
temperature, precipitate was filtered off, washed with a
small amount of water, and dried in vacuo to provide
product 8 in quantitative yield. White solid, mp 78-80°C
(decomp.). 'H NMR spectrum (400 MHz, DMSQ-ds), 6, ppm
(. Hz): 1.33-1.39 (2ZH, m, CH.(CH,),C(NH;JNOH): 1.53—
1.69 (4H, m, (CH,CH;),C(NH;)NOH); 2.02 (2H, t, J= 7.6,
NHC{O)CH:); 2.35 (2H, t, J= 74, CH:C(NH:)NOH); 5.04
(2H, br. s, C(NH,)NOH); 7.08 (IH, t, J = 7.4, H-4 Ph);
7.34 (2H, t. J=18.2 H-3.5 Ph); 765 (2H. d. /=82, H-2.6 Ph);
8.75 (1H, s, NOH); 9.91 (1H, 5, NH). "C NMR spectrum
(100 MHz, DMSO-=d), 6, ppm: 25.4; 26.6; 28.7; 31.1; 36.8;
1194 (C-4 Ph); 1233 (C-3.6); 129.0 (C-2.6 Ph); 1398
(C-1 Ph); 1533 (C(NHz)NOH): 171.6(C=0). Mass
spectrum, m/z: 250 [M+H]".

Determination of 1Cs; and LDs,. Evaluation of anti-
cancer activity was performed by examining in vitro anti-
proliferative effects of the synthesized compounds in
monolayer tumor cell lines HT1080 (human connective
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tissue fibrosarcoma) and MG22A (mouse hepatosarcoma).
The borderline concentration, relevant to the highest tole-
rated dose, was determined for all target compounds 5a-1,
68 using the 3T3 (mouse Swiss Albino embryo fibro-
blasts) cell line. All cells were obtained from the ATCC
collection. The basal cytotoxicity was used to predict
starting doses for in vive acute oral LDy values in rodent.
Results are summarized in Table 1.

Measurement of cell viability. HT1080 and MG22A
cells were seeded in 96-well plates in Dulbecco's modified
Eagle’s (DMEM) medium containing 10% fetal bovine
serum, 4 mM L-glutamine, without antibiotics, and culti-
vated for 72 h by exposure to the different concentrations
of compounds. After the incubation with the test
compounds, the culture medium was removed, and fresh
medium with 0.2 mg/ml MTT was added in each well of
the plate. After a further incubation (3 h, 37°C, 5% CO.),
the medium with MTT was removed, and 200 pl DMSO
was added at once to each sample. The samples were tested
at 540 nm on a Tecan multiplate reader Infinitel00. The
ICs0 was calculated using the program Graph Pad Prism® 3.0.

Basal cytotoxicity test. The neutral red uptake assay
was performed according to the standard protocol by
Stokes et al.”Balb/fc 3T3 cells (9000 cells/well) were
placed into 96-well plates for 24 h in DMEM containing

% fetal bovine serum and then exposed to the test
compounds over a range of eight concentrations (1000,
316, 100, 31, 10, 3, 1 pg/ml) for 24 h. Untreated cells were
used as a control. After 24 h, the medium was removed
from all plates, and the cells were washed with 200 pl of
phosphate buffered saline (PBS) for each well. Afterwards,
250 pl of neutral red solution was added (0.05 mg/ml NR
in DMEM 24 h preincubated at 37°C and then filtered
before use through 0.22 pm syringe filter). The plates were
incubated for 3 h, and the cells were washed three times
with PBS. The dye within viable cells was released by
extraction with a mixture of acetic acid—ethanol-water,
1:50:49. The absorbance of neutral red was measured using
a spectrophotometer multiplate reader (TECAN Infinite
MI1000) at 540 nm. The optical density (OD) was calcu-
lated using the formula: OD (treated cells) = 100/OD (control
cells). The ICs values were calculated using the program
Graph Pad Prism® 3.0. The in vive starting dose is the
estimated LDsy value calculated by imserting the in vitro
ICsa value into a regression formula: log LDsy (mmolkg) =
0.439 log ICs, (mmol/l) + 0.621."

HDAC inhibition activity evaluation of selected novel
compounds 5a, 6abd.fgh were performed using the
HDAC Fluorimetric Assay/Drug Discovery Kit, a Fluor de
Lys® Fluorescent Assay System (Enzo Life Sci.), accor-
ding to the manufacturer's protocol. Aziridin-1-yl oximes
Sa.c.d.fh—j were dissolved in DMSO to obtain 10 mM
solution and diluted to the desired test concentration in
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HDAC assay buffer. An aliquot (50 pl) of each solution of
the test compounds, as well as the positive control without
inhibitor, were added to the wells containing Hela extract
(0.5 pl, except for the blank experiment) and HDAC
fluorescent Fluor de Lys® Substrate (250 pM), employing
Trichostatin A as a positive control. The HDAC reactions
were allowed to proceed for 30 min at 37°C and then
stopped by the addition of Fluor de Lys® Developer
(50 pl). The well plate was incubated at room temperature
for additional 15 min. The relative fluorescent units (RFLU)
were measured in a Tecan Infinite M1000 reader (excita-
tion and emission wavelength 350 and 460 nm, respecti-
vely). The set of the RFU values for four different concen-
trations of each test compound were used to calculate the
relative HDAC inhibitory activity. Calculation of 1Csy was
done with the GraphPad Prism 5.03 software (GraphPad
Software, La Jolla. CA). All data are the mean of three
independent experiments.

References

Oger, F.; Lecorgne, A Sala, E.; Nardese, V_; Dernay, F..
Chevance, 5., Desravines, D. C. Aleksandrova, N.
Le Guével, B.; Lorenzi, 5.; Beccan, A. R.; Barath, P.; Hart, D. ..
Bondon, A Carretoni, D Simonneaux, G.; Salbert, G.
Jo Med. Chem. 2010, 53, 1937.

Nikitjuka, A.: Jirgensons, A. Chem. Hetereocyel Compd.
2013, 49, 1544, [Khim. Geterotskl. Soedin. 2013, 1669.]
Grigofeva, A Jirgensons, A Domracheva, L; Yashchenko, E.;
Shestakova, L; Andrianov, V. Kalvinsh, 1. Chem. Hetereocyel
Compd. 2009, 45, 161. [Khim. Geterotskl. Soedin. 2009, 203.)
Mai, A_; Esposito, M_; Shardella, G.; Massa, S. Org. Prep.
Proced. Inr. 2001, 33, 391,

Bosone, E.: Farina, P Guazzi, (G.; Innocenti, S.: Maroita, V..
Valcavi, U. Synthesis 1983, 942,

Choi, S. E.; Weerasinghe, 5. V. W.; Pflum, M. K. H. Biorg.
Med. Chent. Lent. 2011, 21, 6139,

Liu K_-C_; Shelton B. R.; Howe B K. J. Org. Chem. 1980, 45,
3916.

Gucma, M_; Golebiewski, W_. M. Syachesis 2008, 13, 1997
Fang, Y.-Q.. Jacobsen, E. N. J Am. Chem. Soc. 2008, 130,
5660.

. Ghosh, 5.; Lobera, M_; Pohlhaus, D. T; Trump, B P; Zhang, C_;
Zuercher, W. WO Patent 2013066836,

. Dai, ¥.; Guo, Y.; Curtin, M. L_; Li, J.; Pease, L. 1.; Guo, 1.;
Marcotte, P. A Glaser, K. B: Davidsen, 5 K.
Michaelides, M. R. Bivorg. Med. Chem. Lett. 2003, /3. 3817.

. Regulation (EC) No 12722008 on classification, labelling, and
packaging of substonces and mivtures, amending and repealing,
Directives  67548/EEC and 1999/45/EC, and  amending
Regudation (EC) No 19072006, hopeur-lex ewropaen’ LexUriSer
LexUrServ.dofuri=(:L:2008:353:0001:1355:EN:PDF

. Stokes, W._ 5. Casati, 5.; Strickland, J.; Paris, M. In Current
Protocols in Toxicology, John Wiley & Sons: New York,
2008, Vol. 36, p. 20.4.1.

. Canonica, S.; Ferrari, M_; Sisti, M. Org. Prep. Proced. Int.
1989, 27, 253,



3.pielikums

Synthesis of Hydroxamic Acid by Using the Acid Labile O-2-Methylprenyl
Protecting Group

Anna Nikitjuka, Aigars Jirgensons*

Synlett 2012, 23, 2972-2974

130



2972

LETTER

Synthesis of Hydroxamic Acids by Using the Acid Labile O-2-Methylprenyl

Protecting Group

Anna Nikitjuka, Aigars Jirgensons®

Latvian Institute of Organic Synthesis, Riga, 1006, Latvia
Fax +371(754)1408; E-mail: aigars@osi.lv

Received: 01.10.2012; Accepted after revision: 02.11.2012

Abstract: Coupling of carboxylic acids with &-2-methylprenyl hy-
droxylamine provided O-protected hydroxamic acids, which could
be deprotecied by treatment with trifluoroacetic acid (TFA) in di-
chloromethane giving volatile by-products. Protected hydroxamic
acids could be N-arylated or alkylated followed by deprotection to
give N-substituted hydroxamic acids.

Key words: protecting  groups, cleavage, carboxylic acids,
hydroxamic acids, hydroxylamine

Hydroxamic acids have received particular attention as
metalloproteinase inhibitors due to their ability to coordi-
nate with metal ions in the active site of an enzyme.! One
of the commonly used methods to install the hydroxamic
acid functionality involves coupling of a carboxylic acid
with an O-protected hydroxylamine followed by deproi-
ection of the resulting intermediate. Such an approach
avoids diacylation and, in addition, the less polar protect-
ed intermediates can be purified prior to deprotection.
Nevertheless, currently used protecting groups for hy-
droxamic acids are often unsuitable due to chemoselectiv-
ity problems and formation of by-products in the
deprotection step that are difficult to remove. For exam-
ple, benzyl protection can be used if no other functional
group sensitive to hydrogenolysis is present in the
molecule? and this method may lead to competitive N-O
bond cleavage?® By-product removal after deprotection
requires chromatography or erystallization of the product
if DMB,* PMB,® Tr® or TBS™ protecting groups are
used. THP is a very convenient protection group that gives
a water-soluble by-product during acidic deprotection.®
However, work-up typically involves agueous extraction,
which is not suitable for water-soluble products. Recently,
a similar O-( 1-isobutoxyethyl) protection has been iniro-
duced that gives volatile by-products under acidic cleav-
age conditions.® A minor disadvantage of O-THP and O-
(1-isobutoxyethyl) protection is that these groups posses a
stereogenic center, which can complicate the NMR spec-
tra.

Our research efforts have focused on developing an alter-
native O-protecting group for hydroxamic acids that could
be cleaved to generate volatile by-products. Initially the
prenyl group was investigated as a potential acid-labile O-
protection for hydroxamic acids. However, this group ap-
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peared to be stable under relatively mild acid conditions
compatible with the hydroxamic acid functionality. Next,
we turned our attention to the 2-methylprenyl group,
which could be more labile under acidic conditions due to
the additional carbenium ion stabilizing effect of the 2-
methyl group.'”

J-Methylprenyl hydroxylamine was prepared according
to Scheme 1. Radical bromination of 2 3-dimethyl-2-
butene (1) gave the allylic bromide,"" which, without pu-
rification, was transformed into N-hydroxyphthalimide
derivative 2. Intermediate 2 was treated with hydrazine
hydrate to give the volatile hydroxylamine, which was
isolated by precipitation as the hydrochloride salt 3.

e

1. HaN-NHz H,0
Etz0, 4 AMS,
T6% | 1 12n
2 HCI, B0

HzN’D\)”‘Y
Hel

3

1. NBS, BPO, CCls

’ 110%C. 4 h
2. N-hydrecyphthalimi
1

K;CG;_DMS:O rt., 12h

A0% over two steps

Scheme 1 Synthesis of O-2-methylprenyl hydroxylamine hydro-
chloride (3)

Carboxylic acids 4a—j (Figure 1) were coupled with hy-
droxylamine derivative 3 using EDCI (method A) or
HATU (method B) to give O-2-methylprenyl-protected
hydroxamic acids Sa—j in good yields (Table 1). Screen-
ing of cleavage conditions at several TFA concentrations
in CH,Cl; revealed that 10 vol% TFA (method C) gave
clean conversion of the protected intermediate Sa into hy-
droxamic acid 6a in a reasonable reaction time (Table 1,
entry 1). These conditions were applied to other protected
hydroxamic acids Sb—j to give pure products 6b—h, with-
out additional purification, according to HPLC and NMR
analysis (Table 1, entries 2—8). The only exceptions were
protected hydroxamic acids 5i and 5j, which gave prod-
ucts 6i and 6j, respectively, with lower purity (Table 1,
entries 9 and 11). In these cases, addition of TESH
(method D) as a cation scavenger improved the purity of
the products (Table 1, entries 10 and 12).!2
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Table 1 Synthesis of Hydroxamic Acids fa—j from Coupling of Carboxylic Acids 4a—j with Hydroxylamine Derivative 3 and Deprotection

f mmﬂml i o HT.FEAS“‘]]'ED&Z Rj\ AOH

4 5 L]
Entry Substrate Protection method*  Yield of 5 (%) Deprotection method®  Time (h) Purity of 6 (%)°
1 4a A 99 C 1.5 9o
2 4b A 95 C 3 97
3 4 B 90 C 2 92
4 4d B 98 C 25 96
5 4 A 93 C 1.5 g8
6 41 B 92 C 2 g7¢
7 4z A 83 C 2 a4
8 4h A o6 C 2 oo
9 4i A B8 C 38
10 D a1
11 4j A B3 C 1.5 B8
12 D 3 a1

“Method A: EDCL HOBRT, DIPEA, DMFA, r.1., 12 h; Method B: HATU, DIPEA, CHCl,, r.t, 0.5 h;
® Method C: TFA (10 vol%)CH,Cl;; Method D: TFA (10 vol%VTESH (10 vol% ) CH;Cl,.
¢ HPLC purity at 254 and 210 nm (the least pure given) if not stated otherwise; quantitative yield by NMR with methylsulfone as internal stan-

dard.

) o]
a 0
H
da Ab dc

HO.
a oH
- a
H o
OH
HF moc OH o
ad de af g

aQ OH 0
\b OH
w O
NHChz l o
4h ai 4

Figure 1 Structure of carboxylic acids 4

The stability of the O-2-methylprenyl-protected
hydroxamic acids was also investigated with Sa under

o for 7 BnBr, NaH
a toluene, 12 h, 115 °C
N =
H for 8 Cuz0, Phl, DMEDA
5a

toluense, 20 h, 80 °C

Scheme 2 Synthesis and deprotection of N-substituted hydroxamic acids

© Georg Thieme Verlag Stutigart - New York

o
'TI.-D\/Lj/
R

7. R=Bn, 56%
8, R=Ph, 62%

various reaction conditions (Table 2). Conditions given in
entries 1—5 were selected as potential alternative deprot-
ection conditions. However, none of them provided hy-
droxamic acid 6a in appreciable yields. The 2-methyl-
prenyl group appeared to be stable to Pd(0) deprotection,
fluoride ions and strongly basic aqueous media.

Finally, we demonstrated that N-substituted hydroxamic
acids can be obtained from their O-2-methylprenyl-pro-
tected precursors (Scheme 2). Substrate 5a was alkylated
with benzylbromide' to give intermediate 7 or arylated
with iodobenzene to give intermediate 8.

Deprotection of compounds 7 and 8 gave hydroxamic ac-
ids 9 and 10. For O-protected N-phenyl substituted hy-
droxamic acid 8, a higher concentration of TFA in CH,Cl,
(20 vol%) was necessary lo achieve the cleavage in a rea-
sonable reaction time. This was attributed to lower elec-
tron density on the oxygen, which prevented protonation
of the hydroxamic acid.

In summary, we have demonstrated that coupling of car-
boxylic acids with (-2-methylprenyl hydroxylamine fol-

for 8 TFA (20 vol%) o

CH;Cly, 1.5h, rt. O
for 10 TFA (20 val3) I
CHzCl, 7 h, rt. R

9, R = B, HPLC purity 90%

10, R = Ph, HPLC purity 82%
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Table 2 Deprotection Conditions Investigated for 5a

Entry Reaction conditions LC/MS result

1 DDQ (1.2 equiv), CHCL/H0, e, 12h mixture

2 AcCl MeOH, r1, 12h mixture

3 L, Zn, MeOH, r.t, 12 h mixture (14% 6a)
4 TMSOTE (5 vol%) CHyCly, et 12 h mixture (20% 6a)
5 FeCl, (100 mol%), CH,CL, rt., 12 h mixture

6 [Pd(PPh;),] (5 mol%s), MeOH, ri, 48 hoor reflux 4 h stable

7 TBAF (2 equiv), THF, r1 24 h stable

8 NaOH (1 M), THF, rt., 12 h stable

lowed by deprotection under acidic conditions is an
efficient method for the synthesis of hydroxamic acids. O-
2-Methylprenyl protection may also be useful for the syn-
thesis of other N-hydroxy compounds such as N-hydroxy-
amidines and N-hydroxyguanidines. This is a topic of
further investigation in our group.
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Abstract 2-Methylprenyl (MePre) is an efficient protection for sulfon-
amides. The acidic cleavage of this group leads to volatile by-products
and the product can be obtained in high purity without additional puri-
fication. MePre group is resistant to Pd[C-catalysed hydrogenolysis at 1
atm, Suzuki-Miyaura reaction, Ni(0) catalysis conditions and oxidising
reagents such as NIS and DDC). The prenyl (Pre) group can also be used
to protect sulfonamides in certain cases; however, the substrate scope
is limited due to the side product formation.

Key words sulfonamides, protecting groups, allylation, cations, cleav-
age

Sulfonamide substructure is often incorporated in phar-
macologically active agents.™* This functionality, due to the
relative acidity and nucleophilicity in the deprotonated
form, may often require protection during the synthesis of
complex compounds. Nevertheless, options for sulfonamide
protection are limited to a few groups such as tert-butyl, >
benzyl5’ diphenylmethyl® 4-methaxybenzyl® 24-dime-
thoxybenzyl,'0 2 4,6-trimethoxybenzyl' and allyl.'>"* Con-
sequently, there is a need to broaden the arsenal of sulfon-
amide protection with groups that are easily installed and
cleaved under mild conditions generating volatile by-prod-
uct{s). The prenyl-type protection has been used for alco-
hols,'*20 carboxylic acids'*-'® and hydroxamic acids;*'
however, to the best of our knowledge it has not been used
to protect sulfonamides. In this article, we report our inves-
tigations on the utility of prenyl and 2-methylprenyl as
acid-labile sulfonamide protecting groups (Figure 1).

D‘:‘S"?G Me
=t "‘I;I - Ma
R* R®
1R%=Me
2R*=H
Figure 1 2-Methylprenyl (MePre)- and prenyl (Pre)-protected sulfon-
amides 1 and 2

0, O Me ]
\\sz ) TFA (10-25 volo) 0%5//
AN TMe R NH

o CHuCl, rt. e

R? = Me; 13 examples, quantitative
R?=H; 4 examples, 72-89%

2-Methylprenyl (MePre) and prenyl (Pre) sulfonamides
1 and 2 can be obtained via several routes (Scheme 1,Table
1). Sulfonamides 4 prepared from sulfonyl chlorides 3 and
amines can be alkylated with prenyl bromides 5 and 6 (path
A). Sulfonamides 9 and 10 obtained from sulfonyl chlorides
3 and N-prenylamines 7 and 8 can be alkylated or arylated
(path B). N-{2-Methylprenyl)anilines 12 prepared via Pd-ca-
talysed hydroamination of dienes 112 can be sulfonylated
with sulfonyl chlorides 3 (Path C).

MePreBr (5}
o 0
QP RENH W/ g orPreBr(g)
path A 2 —_ e 17 EEEE—
R G R N
3 4

MePrehHz (7)
or PreNHz (8) Q.0
B S
F'1

Me REX s

path N = Me !
H
AR =Me
10R=H

Me Me
path C j: L B Ph‘u/\r)\ua o]
Me H
Me
12

hA |

Scheme 1 Preparation of 2-methylprenyl- and prenyl-protected sul-
fonamides

Using the protected sulfonamides 1a and 2a as model
substrates, we found that the cleavage of MePre and Pre
groups can be achieved in acidic conditions (10 vol% TFA in
CH,CL).2 In the case of substrate 1a, addition of triethylsi-
lane as a cation scavenger was beneficial to achieve a clean
cleavage of the MePre group. The workup required only
evaporation of the reaction mixture to provide the product
with high purity. In turn, the deprotection of Pre analogue
2a in the presence of triethylsilane led to the formation of
N-isopentylsulfonamide as a side product resulting from
the Pre group reduction (ca 15%) along with the deprotect-
ed sulfonamide (Table 1, entry 2). In the absence of triethyl-
silane, a considerable amount of competing intramolecular
Friedel-Crafts reaction was observed (ca. 40% by NMR of
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Table 1 Proteolytic Deprotection of Sulfonamides 1 and 24

Entry Deprotection substrate (synthesis path) PG Reaction time, yield
o, 0
e 1a(C) MePre 20 min, quantitative
AMeCeHy™ N 2a(A) Pre 60 min,72%"
Ph
[s)
s
3 '_\,\S._P,F'G b (4) MePre 45 min, quantitative
4 aMeCeHy” N 2b (A) Pre 12 h, 7T6%E
4-BnDCH,
0“\3”0 .
5 =y Tc(A) MePre 60 min, quantitative.
AMeCety™ N
4-MeDCH,
o, 0
6 >¥/< PG 1d (B) MePre 45 min, quantitative
7 A-MeCeHs™ N 2d (E) Pre 60 min, 788
T
R
g /SHN 1e(B) MePre 60 min, quantitative®
9 A-MeCsHd 2e (H) Pre 0 min, misture of products
=
=
a, 0
10 ¢ po 118} MePre 90 min, quantitatives
11 4-MeCgHg f:l 26 (B) Fre 90 min, mixture of products
Bn
0, ,0 ) -
12 \\S’/ PG 1g(B) MePre &0 min, quantitative
13 4-MeCgHy™ ‘H‘ 2q(B) Pre 12 h, mixture of products
P
14 MG SH{'S‘III' PG 1h(A) MePre 12 h, minture of products?
+Bu
o, 0
15 '_‘, iy 1 {C) MePre 20 min, quantitative
16 4-MeOCzH™ N 2i(a) Pre 60 min, 80%®
PFh
o, 0
17 E PG 1 (4) MePre 12 h, quantitative
12 n-Bu I'IJ 25 (A) Pre 12 h, mixture of products
Bn
0
N o
19 | = ‘rld’ 1k (A) MePre 12 h, a2
N/ Ph
o
N 0‘\5/’ PG
20 ‘“f/ N L MePre 60 min, 91%¢
S Ph
o
2 ra .
21 BCHS N Tm (&) MePre 90 min, 4%k

En

* Reaction conditions: TFA {10 vol%), triethylsilane (& equiv), CHxCl if not stated otherwise.

® |solation of the product was achieved by flash chromatography.

< Amount of TFA used in CH,0, was 25 volE.

4The main companents were the product of MePre group deavage and primary sulfonamide (1:1); increasing the reaction time led to primary sulfonamide
formation {full conversion was observed after 72 h).
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crude product). Moreover, a longer reaction time was need-
ed to achieve the complete conversion of Pre-protected sul-
fonamide 2a compared to MePre analogue 1a. The in-
creased lability of MePre group in sulfonamides 1 can be
explained by the small positive carbenium ion stabilising
effect of the 2-methyl substituent.

The substrate scope for MePre deprotection in sulfon-
amides 1 appeared to be quite broad. In the case of most ex-
amples studied, cleavage of the MePre group was efficiently
achieved. An exception was N-t-Bu-substituted sulfon-
amide 1h where the deprotection was accompanied by
cleavage of the t-Bu group (Table 1, entry 14). For Pre pro-
tection the substrate scope was apparently limited: the
cleavage of protecting group in sulfonamides 2 was accom-
panied by side product formation. Only in the case of sul-
fonamide 2i did deprotection provide the desired product
in high yield (Table 1, entry 15).

The stability of the prenyl-type sulfonamide protection
was studied under various conditions used for the cleavage
of other protecting groups. Selective O-debenzylation was
achieved in the MePre-protected sulfonamide 1b under cat-
alytic hydrogenation conditions at 1 atm of H, (Table 2, en-
try 1). Notably, these conditions led to a complete satura-
tion of the Pre group in the substrate 2b (Table 2, entry 2).
At the increased pressure, saturation of MePre group also
took place in the substrate 1b(Table 2, entry 3). The MePre-
protected sulfonamide 1c was resistant to NIS and DDQ (Ta-
ble 2, entries 4 and 5). The allyl group could be selectively
cleaved from sulfonamide 1d under the conditions of Ni{0)
catalysis'? in the presence of MePre group (Table 2, entry 6).
Strong Lewis acids such as BCly promoted the cleavage of
MePre group together with Bn and t-Bu groups in sub-
strates 1b and 1h leading to primary sulfonamides in a very
high yield (Table 2, entries 7 and 8).

The stability of the MePre group under the Suzuki-
Miyaura coupling conditions was demonstrated in the syn-
thesis of biphenyl intermediate 13 from protected bro-
mophenylsulfonamide 1m (Scheme 2). The MePre group
was also stable at the stage of catalytic nitro group reduc-
tion in compound 13 to give the aniline intermediate 14. Fi-
nally, the cleavage of the MePre group provided unprotect-
ed sulfonamide 15.

a D 0
Wl B -ﬁ ~Bn
5., BN 3-(NOJC:HB(OH); N
f|~l cat. Pd(PPh)y, C2C0; M Pr
MePre THE,
Br 85% (brsm)
im
NGE

Table 2 Stability Studies of MePre and Pre-Protected Sulfonamides 1
and 2

En- Com- Conditions Results (yield of product)*
try pound
1 1b PAJC.Hy (1atm).  selective O-debenzylation (84%)
2 2 EtOAC O-debenzylation and saturation of
Pre group
3 1b PdC. H, (6 atm). O-debenzylation and saturation of
EvDAC MePre group
4 1c MNIS, CH,Ch,, rt. stable
5 1c DDQ, CHyCly Hi0,  stable
reflux
[ 1d DIBAL-H, cat. selective allyl group cleavage (89%)
{dpppiNiCl,. tolu-
ene, Lt
7 1b BO, (1.5 equiv), MePre and Bn cleavage (98%)
CHyC,. et
a8 1h B, (1.1 equiv), MePre and t-Bu deavage (99%)
Hy(h. it
* Isolated yield.

In summary, we have demonstrated that the MePre
group can be used as an acid-labile protection for sulfon-
amides. The acid-promoted cleavage of this protecting
group leads to volatile by-products and the product can be
obtained in high purity after evaporation of the reaction
mixture. MePre group is resistant to Pd(C-catalysed hydrog-
enolysis at 1 atm, Suzuki-Miyaura reaction, Ni(0) catalysis
conditions, and oxidising reagents such as NIS and DDQ.
The Pre group can also be used to protect sulfonamides;
however, formation of side products is observed in many
cases and the substrate scope is limited.
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Scheme 2 Stability of MePre in Suzuki-Miyaura coupling and in the reduction of the nitro group
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SYNTHESIS, CHEMICAL AND BIOLOGICAL PROPERTIES
OF AZIRIDINE-1-CARBALDEHYDE OXIMES* (MINIREVIEW)

A. Nikitjuka'** and A. Jirgensons'

This review summarizes all the data available up to date from scientific and patent literature regarding
synthesis, configurational siability, complexation with metals, chemical and biological properties of
aziridine-1-carbaldehyvde oxime derivatives.

Keywords: aziridine, aziridin-1-yl oximes, furoxans, nitrile oxides, 1,2.4-oxadiazines, 1.2 4-oxadiazoles,
oxazolines, configuration, cytotoxic activity.

Aziridine-1-carbaldehyde oxime derivatives with general structure 1 are also called aziridin-1-yl
oximes, aziridine oximes, or l-aziridino-1-hydroxyiminomethyl derivatives in the literature. The synthesis and
modification of aziridin-1-yl oximes is not widely described; however, several examples demonstrate the
potential of this compound class as precursors to different heterocyclic compounds. Another important feature
of aziridin-1-yl oximes is their remarkable cytotoxic activity, which makes them attractive as potential
anticancer agents.

RZ R

RI LY il R.'I

N

/L"N’D' |

R
1
It is important at this point to summarize the known routes to aziridin-1-yl oximes as well as their
chemical and biological properties in order to promote further exploration of this class of compounds. All the
data available up to date from scientific and patent literature are summarized in this review.

SYNTHESIS OF AZIRIDIN-1-YL OXIMES
In 1966, Rajagopalam and Talaty for the first time carried out the synthesis of aziridin-1-yl-

{aryl)methanone oximes 2. These were prepared by the reaction of equimolar amounts of ethylen- or
propylenimine with benzonitrile N-oxides 3 [1].
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ZaR=R'=H.R*=C:bR=R'=R*=H:cR=H.R'=R*=Cl;
dR=Me R'=R*=H; e R =R*=H,R'=N(»

The synthesis of (£)-aziridin-1-yl(5-nitrofuran-2-yl)methanone oxime (4a) was realized from (Z)-N-hydr-
oxy-5-nitrofuran-2-carbimidoyl chloride (5) and aziridine in ether at 0°C by Sasaki and Yoshioka in 1969 [2].
The authors claimed nitrile N-oxide 6 as a reactive intermediate formed from oxime 5.

cl A
" N
O e NP D
‘3}\] N~ f.l:() N B0 N"O"

5 [ ON 4

Johnson et al. presented an efficient synthesis of a series of aziridin-1-yl benzaldoximes 7 starting from
chloroximes 8 [3]. Triethylamine was used as a base to generate in sifu the corresponding N-oxides from
chloroximes 8 [4].

Me
B+ Cl M Wé‘ Me
\\]_,EH 1 |r~r1><r-,h RN
- TEA =~
R’ R' ELO
e R’ r'
RJ
8a—h Ta—h
Starting R R R R Product Yield, %
compound
Sa H H H H Ta 64
b H a H H b 65
Se H NOL H H Te 72
§d H H NO: H 7 52
Se a H H H Te 90
8f a H cl H " 57
Sz H H Me H 7 57
ih fal H H a Th nm*

*nm — The yield was not mentioned in the respective article.

The same approach was used by Grigorjeva et al. to prepare pyridine, benzene, and naphthalene based
aziridin-1-yl oximes 9-11 from the corresponding chloroximes. The authors used triethylamine as a base and
acetonitrile as a solvent [5].

N"OH
.
N N
o \‘/" = 0H
N
OM PN
(&

9 (S0Pa) 10 (44%5) 1 (14%)
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Similary, Cho et al. prepared aromatic aziridin-1-yl oximes 12 in the reaction of substituted aziridines
with aromatic chloroximes 13 derived from the corresponding aldehydes [6]. In the experimental procedure the
authors reported no use of an additional base, excepting aziridine. Likely, an excess of aziridine (3 equiv.)
served as a base for N-oxide generation from the starting molecule 13. The products 12a-g were obtained in
moderate to good yields by using this procedure.

el rt Rﬁ R-l
R' iV . w7
\\] LOH it R M
f . = D
1.0 il
R’ )
R:
13ad 12ag
Starti
e R R R B Product Yicld, %
compound
13a H H H Me 12a 2]
13b (] 1 H Me 12 63
13c H OMe H Me 12e 56
13¢ H OMc (CHyly 12d 9
13c H OMe Me Ph 12e 67
13d H OCHOO:ER H Me 121 T
13d H OCHO0LEt H COuMe 12g 35

The synthesis of (£)-ethyl 2-(aziridin-1-yl)-2-(hydroxyimino)acetates 14a,b was achieved for the first
time by Eremeev et al. in 1982 [7]. The authors used (Z)-ethyl 2-chloro-2-(hydroxyimino)acetate (15) as a
starting material, which reacted with unsubstituted or monosubstituted aziridines in the presence of tri-
ethylamine to give the desired products 14a.b in good yields. Similarly, Cho et al. prepared analogs of aziridin-
1-yl oximes 14c-e from glyoxylic acid ester 15 [6].

RI RJ
Cl
_ i %
E10. *-\J,,Ol 1 !
s : TEA E10., \.‘J LOH
ELO ¢
15 14—
Compound R S Yield, %
l4a CONHz H 55
14b H H 54
14¢ Me Fh 71
l4d Me H 81
14e {CHa)e 62

A one-pot procedure for the synthesis of aziridin-1-yl dioximes 16 in the reaction of chlorodioxime 17
with mono-, di-, or unsubstituted aziridines has also been described [7]. To obtain products 16a-d, g h, no base
was used. However, for the preparation of compounds 16e.f the use of triethylamine (1.5 equiv.) was essential.
The yields of novel dioximes 16 varied from 40 to 80% depending on the substituent in the aziridine ring. The
process involved in situ formation of the corresponding nitrile oxides from dioximes 17 and their subsequent
reaction with aziridines. In the reaction of methylchlorodioxime 17 (R = Me) with aziridine-2-carboxamide
(R' =H, R* = CONHa), the formation of a side product furoxan 18 was observed in a considerable amount (ratio
of compounds 16e/18 is 2:1). This likely was the result of the lower reactivity of the aziridine bearing an
electron-withdrawing group that enabled the dimerization of intermediate nitrile oxide into furoxan as the side
reaction.
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Cl P Me Me
R SRS & | HR N \] _.\J“L
J—— C’"
|\] R ‘-.\r_()u ."r ".
HO™ TEA r N
Fi) N
17 HCY 1oa-h 18
Com- R R! R Yield, %
pound B
16a H H H 40
16b Me H H 59
16¢ Ph H H 45
16d H H CONH; 53
16e Mec H CONH, 59
16 Ph H CONH; 53
16g Me Me H 74
16h Fh Me Me 6%

The synthesis of (1Z.27)-1,2-di(aziridin-1-y])ethane-1,2-dione dioximes 19 was reported by the same
group. The procedure involved dichloroglyoxime derivative 20, obtained by the halogenation of the

corresponding glyoxime, aziridine, and 2 equiv. of triethylamine [7, 8].

R

cl ‘vl
N R R
cl Sy O H Hq \'L?}_—
L] ' TEA 4 o
oo FLO HO-N  N-OH
S « 19a.b
1 M ag, NaHCO —"
CHCL o . i
21

19aR =H (27471 b R=Me (68%4)

In 1999, Musluoglu and Ahsen also reported the synthesis of compound 19a in the reaction of cyanogen
bis(N-oxide) (21) with aziridine at -40°C [9]. The solution of N-oxide 21 in CH,Cl; was obtained by treating the
suspension of (1Z,22)-N N'-dihydroxyethanebis(imidoyl) dichloride (20) with a mixture of CH2Cl; and 1 M agq.
NasCOj;. Despite the stability of the intermediate 21 at low temperature [10], the yield of the final product was

only 27%.

220 (23%)

. AOH
i\'ll N 2 IN’.—\‘
pa

2 N
. ﬁir L
1 ~OH

oo lemp.
22 bp=6(2M0)L crn=3(12%)
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To obtain aliphatic aziridin-1-yl oximes 22, chloroximes were prepared by chlorination of the
corresponding oximes 23 with N-chlorosuccinimide (NCS) and these, without isolation, underwent the reaction
with aziridine in the presence of triethylamine [11, 12]. Upon using an excess of NCS, the authors observed
a concomitant chlorination of the activated aromatic substrate leading to mono- or dichloro derivatives
{compounds 22a or 22b.c, respectively), depending on the amount of the chlorinating agent [13].

It is worth noting that aromatic or heteroaromatic carbonitriles 24 could be used as starting materials for
the synthesis of aziridin-1-yl oximes 25a-n. Nitriles 24 were converted to the corresponding carboxamide
oximes 26, which by diazotization in hydrochloric acid medium gave chloroximes 27. These, in tumn, in the
presence of triethylamine, were converted to the corresponding mono-, bis-, or tris(aziridin-1-yl) oximes 25a-n
[5. 14].

NHzOH -HC
NaHCOO N—OH NalNC,
Ar—f=n] - Ar—k } —_—
77 HZO, MeOH, NH, pp cone. HCI
34 TOOM remp, —» 40P 26 A —» rooim temp.

WAL N—OH

N—=(H
—_— = A - Ar
r . TEA N
Led
¥7 MelN \7
0P —» rooim 1emp. R "
2541
Compound Ar R n Yield, %

1%a Quinolin-2-y1 H 1 17
25h Quinolin-2-y1 CO:Me 1 36
15 Quinolin-2-y1 CONH, 1 25
25d Pyridine-2, 6-diyl H 2 Gl
15 Pyridine-2,6-diyl H 2 nm*
251 Pyridine-3,5-diyl H 2 nm
15 Pyridine-2,5-diyl H 2 nm
25h Pyridine-2.4-diyl H 2 nm
25 Benzene-1 4-diyl H 2 nm
15§ Benzene- 1 4-diyl COMNH; 2 nm
15k Benzene-1,3-diyl H 2 nm
251 Benzene-1.3 5-tmyl H 3 nm
15m Furan-2, 5-diyl H 2 nm
2150 Furan-34-diyl H 2 nm

*nm — The yield was not mentioned in the respective article.
A similar approach involving diazotization of carboxamide oximes 28, derived from nitriles 29, was

used for the synthesis of aliphatic aziridin-1-y] oximes 30 [11, 12].
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1. NaNOs, HC
NHLOHHC PN O 1 A

Y. Y. NIl 2RO Y,
AL N = W - x"‘(v)f\“/

Ar H0, 100°FC Ap Neon T Ar Nl
29 q 28aq 0-20°C Ha—q
Compound Ar X ¥ n Yicld, %
30a Ph CH, (4] 4 ]
30b 2-Br"gHy CH: [a] 3 9
e 3-BrCH, CH, 1) 4 10
3od 4-BriCgHs CH: (0] 3 11
3de Pymidin-2-yl CH: (0] 2 15
301 Pyridin-4-yl CH, o 3 2
30g Quinolin-2-yl CH: o 4 15
30h Cuinolin-4-v1 CH: (o] 3 13
306 Pyridin-2-yl 5 CH, 2 20
30 Pyridin-2-yl 5 CH: 3 20
30k Quinolin-2-y1 5 CH: 3 2
30 Quinolin-2-y1 5 CH, 4 2
3hm Pyrimidin-2-yl s CH; 3 2
30 Pyrimidin-2-yl s CH, 4 3
3o Benzothiazol-2-yl 5 CH; 1 40
3op Benzothiazol-2-yl 5 CH; 2 25
g Benzothiazol-2-yl 5 CH; 3 20

Plenkiewicz developed a completely different synthetic approach towards aziridin-1-yl oximes 31 [15].
Norbornene (32) reacted with azidoximes 33, resulting in triazoline derivatives 34 which thermally decomposed
to the corresponding aziridin-1-yl oximes 31. The disadvantage of this method was the long reaction time for
the formation of triazolines 34 (10 days); however, it resulted in good to high yields of compounds 34. The
author did not mention the yields of the final reaction step.

N
o, 2k N
™ B Yy IICI\
] N A N
_ =

: 4
O = (O
room temp., 10 days g wvlkene R

32 34 k)|
R Yield of compound 34, % Yield of compound 31, %
Ph not isolated 57
PhyCH 95 38
p-Tol{Ph)yCH b nm*
{p-Tolp2CH 96 nm

*nm — The yield was not mentioned in the respective article.

Under the same conditions, reaction of diene 35 with azidoxime 33 gave selectively the addition product
36 [15]. Notably, the use of 2 equiv. of azidoximes 33 did not give the double cycloaddition product.
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OH
N; R)*.\f
||l"l~..N#L\R

6 N—0H
{:@ = . w ~
+ —_— N
PhH R =Nz R

35 room iemp., 10 days >£N\ xvlene 17

N OH

Y

N

36"
R Yicld of compounds 3636, % Yicld of compound 37, %

Ph not isolated 1]
Ph:CH 82 4
(p-TolpCH 74 am*

*nm — The yield was not mentioned in the respective article.

In the above-mentioned reaction, the formation of two isomeric 1,3-dipolar cycloaddition products 36
and 36" was proposed. Both isomers gave the same aziridin-1-yl oxime 37 derivatives.

CONFIGURATIONAL STABILITY OF AZIRIDIN-1-YL OXIMES

Andrianov and Eremeev observed exclusive formation of 1-{aziridin-1-yl)propane-1,2-dione dioxime
{1Z2.2Z)-16b in the reaction of aziridine with chloroxime 17 [16]. In contrast to the analogs — N, N-disubstituted
amino methylglyoxime derivatives — aziridin-1-yl oxime (1Z.2Z)-16b did not undergo thermal isomerization to
oxime (1Z2E)-16b. In the authors' opinion, the thermodynamic stability of isomer (1Z,2Z)-16b is due to
pyramidal configuration of aziridine nitrogen, which shifts methylene groups of aziridine out of the plane of the
amidoxime group, thus minimizing their repulsive interaction with OH group.

HO—™ N=0H HO=N HO—™M N—0OH

HO »

(1Z.22)16b (1Z.2E)+16h 19a

1,2-Di(aziridin-1-yl)ethane-1,2-dione dioxime (19a) exists exclusively as the (1Z.27)-isomer (anti
isomer), which is stable during storage and does not isomerize to the corresponding amphi isomers ((1Z,2E) or
(1E2Z)) [17].

Johnson et al. investigated the Z/E isomerization of aziridin-1-yl oxime 2b [18]. Pure Z-isomer (Z-2b)
was prepared by the reaction of the corresponding chloroxime with aziridine. Ultraviolet irradiation (254 nm) of
a benzene solution of compound Z-2b gave a mixture of both isomers Z-2b and £-2b. The configuration of the
isomers was assigned by downfield-shifted aziridine methylene group signals in 'H NMR spectrum of isomer
Z-2b compared to those of isomer E-2b. To determine the relative stability of isomers Z-2b and E-2b, the
mixture was heated in CDCl; at 100°C. Slow isomerization of E-isomer to Z-isomer was observed (k= 3.5x10"
min™), indicating that isomer Z-2b has a thermodynamically more stable structure. It was an interesting
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observation that O-methyl derivative Z-38, prepared from compound Z-2b, could be transformed to the mixture
of isomers Z-38 and E-38 by irradiation; however, thermal isomerization back to isomer Z-38 was not observed
at 100°C for 6 h.

T A

N - N —_— N \\|4rN ‘*ol I
T o~ b
Ph A
Z-2b E-2b

] Me,SO,. NaOH

OMe
/_‘\“\I"IL hv ‘D'N\[‘PN\“DME

.
9 ‘}“T/ Ph
7o

38 E-38

The authors proposed [18] three possible mechanisms for the thermal isomerization of compound E-2b.
According to mechanism [, the isomerization involves tautomerization to nitrone intermediates 39a,b. Mechanism
II involves tautomerization of compound E-2b to nitroso intermediate 40. Mechanism III involves self-proto-
nation of oxime E-2b to give cation 41a, which isomerizes to compound 41b.

Mechani=m 1

TAN

_\r}N\“I—* '-‘\I':'N:"-D— — =

Fh rh
E-2b 30 Z-Ib
Mechanism 11 /L\
£ — '\_\I/'\“O —— Z¥
Ph
. 40
Mechanizm 11
H OH
FANE FANRR N s
EMm —= "N =N, — N N, —= 7z
Y OH 'T’ H
Ph Ph
4la 41b

COMPLEXATION OF AZIRIDIN-1-YL OXIMES WITH METALS

In 2007, Johnson et al. published the results of a study on aziridin-1-yl oxime 2Zb complexation with Fe(III)
ion [19]. The method of continuous variations (Job's method) was used to determine the stoichiometry of the
complex formed by the reaction of compound 2Zb with Fe(IIl). The authors concluded that aziridin-1-yl oxime
2b could not act as a Fe(IIT) chelating agent likely because of decreased basicity of the aziridine nitrogen.

Ni(Il), Co(Il), and Pd(Il) complexes were prepared by heating compound 19a with a metal salt in EtOH.
For cations Ni(Il) and Co(Il), N.N-chelated vie-dioxime complexes 42ab were proposed [9]. However, for the
Pd(II}), six-membered chelate 43 was suggested, which was formed by coordination of the metal through the N- and
O-atoms. This requires the (1E£2Z)-configuration of 1,2-di(aziridin-1-vl)ethane-1,2-dione dioxime (19a). The
structure of Ni(Il) and Pd(Il) complexes was confirmed by "H NMR and mass spectroscopy; however,
crystallographic X-ray data have not been obtained [9].

1551

147



k-
o0
1 | o ﬁ'\' N

NP N I PN
I» AN S i
N7 TN NN / | 0. #
kY, 1!} & V4 v 1J)|| N

i

42a M=Co{ll), b M =Ni{ll}) 45

N

CHEMICAL PROPERTIES OF AZIRIDIN-1-YL OXIMES

The chemical properties of different types of aziridin-1-yl oximes can be divided into two main groups.
The first is modification of the aziridine ring, leading to other heterocyclic systems such as 1.2 4-oxadiazoles,
oxazolines, and 1,2,5-oxadiazines. The second group includes either chemical modification of the oxime
functionality or cleavage of the aziridine ring, which does not lead to formation of new heterocyclic system.

SYNTHESIS OF OTHER HETEROCYCLES

In 1966 a new method for the synthesis of 3-(4-chlorophenyl)-5,6-dihydro-4f-1.2 4-oxadiazine (44) via
acid-catalyzed isomerization of (Z)-aziridin-1-yl(4-chlorophenyl)methanone oxime 2a was reported. The
reaction proceeded at ashori-time heating in concentrated hydrochloric acid followed by treatment with
aq. NaOH [1].

OH HN
I 1. HC (cone.) ™ 0
N7 2 NaOH.HO
1 Cl
Ia H

Treatment of compound 4a with hydrochloric acid in acetone at room temperature for one day resulted
in the formation of an oily product, which was subjected to reaction with aqueous sodium carbonate to afford
3-(5-nitrofuran-2-yl)-5,6-dihydro-4H-1,2 4-oxadiazine (45) in 51% yield [2].

0N —
E Q MN—0H
< e L0
—_—
p \
3~|> 2. Naz(05, HaO N
da 45

The structure of compound 45 was confirmed only by elemental analysis and infrared spectral data. The
authors suggested that the formation of the final product 45 proceeded through two discrete steps: acid cleavage
of the aziridine ring and ring closure by the treatment with base.

In 1982, Eremeev et al. achieved formation of bi-1,2,4-oxadiazines from aziridin-1-yl glyoxime 19b [7].
Two regioisomers 46a,b having methyl groups in different positions of oxadiazine cycles were formed. The
authors concluded that in the reaction of dioxime 19b with hydrochloric acid, the aziridine ring cleavage
occurred nonselectively.
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In 1996, Johnson et al. published an investigation on 1,2 4-oxadiazine formation from 2,2-dimethylaziridin-
-yl oximes [3]. Repeating the procedure described by Rajagopalam and Talaty [1], they obtained the desired
products 47 in yields less than 1%. They determined that the low yields were due to hydrolysis of compound 47
and/or 48 to benzoic acid during work-up. Slight modification of the work-up improved the yield to 20-73%. A
stepwise procedure was also explored. Treatment of aziridin-1-yl oximes 7a-h with HCI (gas) in dioxane gave
products 48a-h. The structure of compound 48b was proved by X-ray analysis. Interestingly, treatment of
intermediates 48a.b.g with NaH in dioxane provided 4,5-dihydro-1,2 4-oxadiazoles 49a.b.g and not 5,6-dihydro-
4H-1,2 4-oxadiazines 47. The authors provide speculative mechanisms for the formation of products 49;
however, these are questionable, and additional investigations should be done to explain product 49 formation.
4.,5-Dihydro-1.2 4-oxadiazoles 49a.g were oxidized with NCS in DMF solution, providing oxadiazoles 50a.g [3].

3
R* 3 R
R R Me pqe R
e
—
i N dioxane
R' N
TOH
Ta—h
. 1. HOL, HoO
R’
2. NaOH, H:0
R r?
H
™ ) }
1 | Me RI Ne=— }
R M.
LA
47ah Me Me
siag M°
Com Yicld of Yield of Yicld of Yicld of
pound R Rr* R} R* |compound 47, | compound 48, | compound 49, | compound 50,
% % % %
Ta H H H H 20 93 7 81
Th H | «l H H 20 90 66 -
Te H | MOz | H H nm* 98 - —
7d H H | N0, | H 54 9% - —
Te Cl H H H 47 nm - —
ki Cl H cl H 20 3l - -
Tg H H Me H 73 a1 95 _
Th 1 H H 1 45 a3 — #5

*nm — The yield was not mentioned in the respective article.

Aziridin-1-yl oximes can undergo ring expansion in the presence of Lewis acids. Thus, Cho et al., in 2006,
reported a convenient and facile one-pot synthesis of 5,6-dihydro-4/-1,2.4-oxadiazines 51a-j from aziridin-1-y]
oximes 12a-g, 14c-e mediated by scandiumiIII) triflate in the presence of TMSCI [6].
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R! SqOTf);  R!

N~OH  aso) I N
j:”_éfk CHAh A

RN R
R H
12a—g 1dc-e Sla—j
CSL’"’“E 1 R R B | Product | Yield %
12a Ph Me H Sla 6%
12h o,p-tf_'lhf_"}{; Me H Slb 65
12¢ o-(MeO)CH, OMe H sle 81
12d o-(MeO)CHs {CHaly s1d 42
12e o-{ MeONCH, Me Ph Sle 56
121 (B0, CCH.O)CH, | H Me sif 77
12¢ o(EO:CCH:OWHy | CO:Me | H sig 25
l4e ErC Me Ph Slh 56
14d Et0.C Me H s1i 61
14e EtOuC (CHa)s 51 43

The range of Lewis acids, including Yb(OTf);, AgOTf, Cu(OTf),, BF;-Etz0, and Sc(OTf);, was
screened for their ability to catalyze formation of 1,2,4-oxadiazines 51 using oxime 12f as a model substrate. In
the preliminary experiments, only Yb{OTf); and Sc{OTf); were found to facilitate the cyclization, with
unsatisfactory yields, 24% and 45%, respectively. The yield for the Sc(OTf):-catalyzed reaction was improved
to 77% by the addition of chlorotrimethylsilane (1.1 equiv.), which presumably temporarily protects the
hydroxyl group from the formation of a complex with Lewis acid. The reaction afforded 1,2,4-oxadiazine
derivatives 51a-j in moderate yields [6].

The synthesis of 2-amino-5-phenyl-4.5-dihydro- 1 H-imidazol-1-ol (52) was realized by Campbell et al.
by chemoselective intermolecular cyclization. 2-Phenylaziridine-1-carbonitrile (53) was treated with
hydroxylamine, giving oxime 54. The following ring expansion was effected by triethylamine hydrochloride,
presumably via intermediate 54'. The structure of the product 52 was confirmed by the 'H NMR spectrum [20].

M HON, N HOHN, Ph
I N, NH;
| mxon Y maenc pNI f"(
N T : _— N — N NOH
AR A Fh
Pk Ph
53 =4 Cl NH,

&

In 1971, Sasaki and Yoshioka reported the ring expansion reaction of (Z)-2-(aziridin- 1-yl)-2-(hydroxy-
imino}-1-phenylethanone (55) with a catalytic amount of Nal to give benzoyloxazoline 56 in 25% yield [21]. The
yield of product 56 was improved up to 60% by treating compound 55 with concentrated HCI in acetone at
room temperature.

o] O
Y oY
° |
N N
LN =
55

It should be noted that the structure of compound 56 was not proved by NMR spectroscopy. No other
examples of such ring expansion have been published so far.
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CHEMICAL MODIFICATION OF THE AZIRIDINE RING AND OXIME FUNCTIONALITY IN
AZIRIDIN-1-YL OXIMES

Sasaki and Yoshioka reported a study on the reactivity of (Z)-aziridin-1-yl{5-nitrofuran-2-yl)methanone

oxime (4a). They observed that the aziridine ring of this compound is stable in the reaction with aniline or
p-toluidine, even if the reaction mixture is refluxed in toluene for 8 h [2].

N, o N—OCONHPh
v
D—(
[\

PhNCO

Clly A
T1%

ON, _o N-OH (N N—OH  ON,_o N—OAc
| i RCOLH | i Aca0) | 7
I Nj_ E1O¢ [\- TOOIM lEmp. N
oCoR A 55% @a L
4 & R=4-NOCgHy (S07%) PhCOCT
T R=5-nitrofuran-2-v1 { 3(Fa) TEA. room lemp.

b

ON

N=—0Ph
m
N

a >

Treatment of compound 4a with acetic anhydride at room temperature, phenyl isocyanate in refluxing
benzene, or with benzoyl chloride in the presence of triethylamine gave the corresponding O-acyl derivatives
4b-d. Treatment of compound 4a with 4-nitrobenzoic acid or 5-nitrofuran-2-carboxylic acid in refluxing ethanol
resulted in cleavage of the aziridine ring to form products 4e. f in satisfactory yields [2].

Mel or BnBr
EJ_? KOH solid TL‘:?
18-Croma-6 (
REYMN’O“ toluene Ar/h“rfmh]frm
Iad.en—q S0FC 5T7aj
E::::Eid Ar X Y n R Product Yield, %
302 Ph CHy | © 4 |Mec 57a e
30d 4-BrisHs CHa o 3 PhCH: 5Th 13
e Pynidin-2-yl CHz o 2 PhiCH; STe 72
30n Pyrimidin-2-yl s CH, 4 | PhCH, 57d 27
3o Benzothiazol-2-y1 5 CH: 1 Me 5Te ]
30p Benzothiazol-2-yl | S CH, 2 | PhCH, STf 42
g Benzothiazol-2-yl | S CH: 3| PhOH, 57g 50
3o Benzothiazol-2-y1 5 CH: 1 Me 5Th 13(E)L 3 (2
30p Benzothiazol-2-yl | S CH, 7 | Me 5Ti S2(E)5(£)
g Benzothiazol-2-yl | S CH: 3| Me 57 |31(E),28(0)
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O-Methylation of aziridin-1-y] oximes with dimethyl sulfate was already shown above for the synthesis
of compound Z-38. Another example of (-alkylation of aziridin-1-yl oximes 30 with methyl iodide or benzyl
bromide in the presence of strong solid base and 18-crown-6 was provided by Abele et al. [11, 12]. This gave
products of general formula 57 in moderate yields. As indicated by the '"H NMR spectra, the formation of both
isomers E-57 and Z-57 was observed upon alkylation of several substrates 57a.b.h-j. Notably, in the case of
compounds 5Th-j the separation of the mixture of £- and Z-isomers by column chromatography on silica gel
was possible.

Hydrolytic ring opening reaction was observed in the reaction of compound 31d with 2 N H,80, to
form N-hydroxy-N-(3-hydroxybicyclo[2.2.1Theptan-2-yl)benzenecarboximidamide (58a) in 80% yield [15].
When the reaction was carried out in diluted hydrochloric acid, a mixture of products 58a.b was formed.

OH Cl
I H

Ph 1
HaA N Ph N Ph
N-—<\ —_— +
(G2a W T M
31d g N sy OH

HA = LS80, (2 M), A1 b, S8a (807%);
HA = HC] (10-15% aq.), room temp,., 2 h, 58a (33%) + 58b (46%%)

Eremeev et al. studied the reaction of aziridin-1-yl glyoximes 16b.,g and 19a.b with potassium
ferrocyanide in aqueous ammonia. The formation of corresponding furoxans 59a-d was observed [7, 16].

R!

Rl
R;>‘<_.L R KFeCN), R N R
——
4 NH, H,0 i
HO—N  Ne~Op  roomlemp. N Vo
16b.g. 19a.b 9a-d
Starting R R S Product | Yield, %
compound
19a Aziridin-1-y1 H H S9a 46
l6g Me Me | H 59b 58
19k 2-Methylazindin-1-yl Me H S0 i
16b Me H H 504 42

The oxidation of (1Z,2E)-1-(aziridin-1-yl)-2-phenylethane-1.2-dione dioxime (anti-16h) resulted in the
formation of a mixture of two (aziridin-1-yl)furoxan regioisomers 60a and 60b in 3:1 ratio. It was observed that
thermodynamically less stable isomer 60b turned into isomer 60a in refluxing toluene [7].

HO—N, N—OH
R i
PH N,
mo A <
NH;, HyO N&" \{N N N;,{ \(N
room temp. - o B
(1 G0b

Ph

anti-16h
\]/DII N
No ]
Ph N

>

amphi-16h

OH

PhMe, A
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To determine the influence of the configuration of starting aziridin-1-yl glyoximes on the ratio of
isomeric furoxans, the authors performed the oxidation with (1Z,2Z)-1-(aziridin-1-yl)-2-phenylethane-1,2-dione
dioxime (@mphi-16h). This isomer also gave both furoxan regioisomers 60a,b, which was in disagreement with
results published in 1970 by Gagneux and Meier [22]. The authors concluded that the formation of furoxan
isomers did not depend on the configuration of glyoximes 16h. The formation of furoxans 60a.b could be
explained by the similar oxidation rates of oxime and aziridin-1-yl oxime functionalities, and obviously this
difference could not be increased by changing the configuration of oxime.

BIOLOGICAL ACTIVITY

The use of aziridin-1-yl oxime derivatives for the treatment of tumors or cancerous diseases has recently
been investigated [14]. Very high cytotoxic activity was shown in the monolayer cytotoxicity tests on selected
cell lines by the derivatives 19a and 25d,g,i, k.1 (Table 1).
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HO—N N—OI | _
HO—N — N—OH
\\ ,r II—J/\L'- \]—-’ /N“THI 2 \ p /
N N N N
4 B : )
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| |
HO— WO HO. JOH Q\’ N/
N N
< Y v P
2% 25K HO

TABLE 1. Cytotoxic Activity of Compounds 19a, 25d,g.i k.1

Cancer cell line Ko ig/ml
19a 25d 25 25i 15K 151
Calon HT29 0486 | 0017 0.200 0258 0329 | 0670
Stomach GXF 251L 0781 | 0020 0717 0542 1506 | 3.964
Lung LXFL 529 0441 | o027 0.006 0.038 0063 | 0a00
Breast 401 NL 0040 | 0207 0.011 0.018 0060 | 0043
Kidney 944 LL 0923 | oI 0.198 0348 o7se | 0750
Uterus 1138 L 0173 | ooa 0.034 0.038 0066 | 0111

Several compounds 9-11 and 25a-¢ bearing only one aziridin-1-yl functionality were tested for
cytotoxic activity on a number of cell lines: human connective tissue fibrosarcoma HT-1080; mouse
hepatosarcoma MG-22A; human mammary breast adenocarcinoma, estrogen negative MDA-MB-4535 (MDA);
mouse sarcoma CCRF S-180 II (CCL-8); human adenocarcinoma, estrogen positive MCF-7; human colon
adenocarcinoma Caco-2; rat cardiomyocytes H9C2; human hepatocyte carcinoma HepG2 (Hep); human
pancreatic carcinoma MIA-PaCa-2 (MIA); human pancreatic cancer Capan-2; human pancreatic carcinoma
PANC-1. The activity of these compounds was compared with the activity of some bis(aziridin-1-yl) oximes.
Compounds 11 and 25a showed slightly weaker, but still comparable, activity with bis(aziridin-1-yl) oximes
25d.i. Substitution at the aziridine ring considerably decreased the biological activity of compounds 25b.c. The
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LDy was determined for compounds (9-11, 25a-¢) in vifro on mouse embryo fibroplast cell lines 3T3. For the
studied compounds, LDs, varied in the range of 300-600 mg/kg, which corresponds to moderate toxicity [5, 23].

The cytotoxic activity of a limited series of aliphatic analogs of aziridin-1-y]l oximes was investigated.
Compound 300 displayed high cytotoxic activity for a number of cell lines. O-Methylated oxime derivative 57h did
not lose much of cytotoxic activity compared to oxime 30eo. Small changes in the cytotoxic activity were observed
for the separated £- and Z-isomers of O-methyl derivative 57h (Table 2).

.}_S > )
N o g /—/_<\.:J-({M
-

N Z-5Th

TABLE 2. Cytotoxic activity of compounds 300, E-5Th, Z-5Th

Gom T3, HT-1080 MG-214 MDA
pound LDso, | ICse pgfml | 1Cse, pgfml | 1Cs, pg/ml | 1Cs, pgfml | 1Csw, pgiml | 1Cse, pgfml
mgfke | (CV) (MTT) cv) (MTT) (CV) (MTT)
300 176 0.2 0z 03 0.3 0.8 0nE
E-5Th 184 0.6 06 05 0.5 —_
Z-5Th | 553 3 3 3 3 — —_

The authors have not determined the configuration of the unsubstituted aziridin-1-yl oxime 30o;
therefore, direct comparison of compound 30e with isomers of compound 57 cannot be done.

This review attempted to combine all available results concerning the synthesis and chemical and
biological properties of aziridin-1-y] oximes. However, more efficient methodologies are still required for
synthesis of aziridine-1-yl oximes, which will allow one to scale up yields of final products and extend their use
in the synthesis of heterocyclic compounds, as well as in medicinal chemistry.
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